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Description
TECHNICAL FIELD
[0001] The present disclosure relates to a blood pressure measuring device.
BACKGROUND ART

[0002] When a hemodialysis is performed, in order to allow a sufficient amount of blood to circulate extracorporeally,
the artery in a deep region of a patient’s arm is connected (anastomosed) by surgery to the vein in his or her subcutaneous
tissue, thus providing a shunt blood vessel such that blood directly flows from the artery into the vein without passing
through capillaries.

[0003] Meanwhile, during the hemodialysis, blood pressure sometimes decreases. Thatis why during the hemodialysis,
it is recommended that blood pressure be measured frequently. Currently, blood pressure is generally measured by the
following method: First, one of the arms with no shunt blood vessel is wrapped with a cuff, which is then inflated to
squeeze the artery completely, thus temporarily stopping arterial blood flow. Thereafter, the cuff pressure is gradually
lowered to measure a pressure at which blood starts flowing again through the artery. The reperfusion of the arterial
blood flow is detected by sensing either the noise (Korotkov’s sound) caused by the arterial blood flow or the vibration
of the skin over the artery. According to this blood pressure measuring method, the blood flow is once stopped with the
artery squeezed with the cuff, and therefore, the blood pressure of a patient cannot be measured on his or her arm with
a shunt blood vessel provided to allow a sufficient amount of blood to circulate extracorporeally. This forces the patient
to undergo a hemodialysis with one of his or her arm with the shunt blood vessel, provided to allow a sufficient amount
of blood to circulate extracorporeally, and the other arm of his or hers, on which his or her blood pressure is being
measured, both put in rest position, thus causing a great deal of discomfort to him or her. In addition, this method does
not allow his or her blood pressure to be measured continuously.

[0004] Thus, a continuous blood pressure measuring method has been proposed as an alternative method for meas-
uring the blood pressure without temporarily stopping the blood flow (see, for example, Patent Document 1). According
to this alternative method, a pressure sensor is put on the patient’'s arm skin over the artery. Next, a flexible bag, having
an inflatable and shrinkable internal chamber and made of fabric, rubber, a synthetic resin, or any other suitable material,
is further placed on the pressure sensor. Then, the flexible bag is fastened with a band made of fabric, rubber, a synthetic
resin, or any other suitable material, and inflated to produce a pressure that is not so high as to completely squeeze the
artery. In this state, the arterial pressure (blood pressure) applied to the pressure sensor is measured continuously.

CITATION LIST
PATENT DOCUMENTS
[0005] PATENT DOCUMENT 1: WO 2004/069049
NON-PATENT DOCUMENTS
[0006]
NON-PATENT DOCUMENT 1: McGee at al., "Critical Care," Vol. 11, No. 5
NON-PATENT DOCUMENT 2: Genji Yamanaka, "Intensive Care for Seriously Injured," Vol. 13, No. 1, p. 13
NON-PATENT DOCUMENT 3: McGee WT, Horswell JL, and Calderon J: "Validation of a Continuous Cardiac Output
Measurement Using Arterial Pressure Waveforms," Crit Care, 2005, Vol. 9, pp. 24-25
SUMMARY
TECHNICAL PROBLEM
[0007] However, attempting to measure a patient’s blood pressure by such a method on his or her arm provided with
the shunt blood vessel will make the pressure sensor, fastened with the band and the flexible bag, waver as his or her
blood pressure, of which the highest value is defined by a systolic blood pressure and the lowest value is defined by a
diastolic blood pressure, varies in a period of approximately one second. Thus, the pressure variation detected by the

pressure sensor attenuates too much to measure the blood pressure accurately.
[0008] Meanwhile, the blood pressure is determined by a cardiac output representing the amount of blood pumped
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out of the heart and by a peripheral vascular resistance produced by a peripheral contraction of the systemic blood
vessel. That is why if the blood pressure decreases during the hemodialysis, either the cardiac output or the peripheral
vascular resistance decreases (see, for example, Non-Patent Document 1). In other words, measuring the cardiac output
and the peripheral vascular resistance during the hemodialysis would allow a decrease in blood pressure during the
hemodialysis to be predicted. Actually, however, the peripheral vascular resistance is calculated by dividing the blood
pressure by the cardiac output. Thus, once the cardiac output has been measured, a decrease in blood pressure during
the hemodialysis is predictable.

[0009] Nevertheless, to measure the cardiac output, a catheter needs to be inserted deep into the pulmonary vein
through the aorta (see, for example, Non-Patent Document 2), which makes it virtually impossible to continuously
measure the cardiac output, as well as the blood pressure, during the hemodialysis.

[0010] According to another method for measuring the cardiac output, a catheter is inserted into the artery to analyze
an arterial waveform thus measured (see, for example, Non-Patent Document 3). This method also requires directly
inserting a catheter into the artery, which makes it virtually impossible, either, to continuously measure the cardiac output,
as well as the blood pressure, during the hemodialysis.

SOLUTION TO THE PROBLEM

[0011] A blood pressure measuring device according to an aspect of the present disclosure includes: a pressure
measuring tool; a fastening member configured to fasten the pressure measuring tool in rest position onto a skin region
covering an anastomotic region of a shunt blood vessel; and a control circuit configured to receive an input signal from
the pressure measuring tool and to process the input signal to calculate a pressure inside the anastomotic region of the
shunt blood vessel. This configuration substantially eliminates the waver of the pressure measuring tool with the anas-
tomotic region’s pulsation, thus allowing the pressure inside the anastomotic region to be measured accurately and
continuously. In addition, this configuration also allows for obtaining an arterial waveform because the pressure inside
the anastomotic region is virtually equal to the arterial pressure.

[0012] In one embodiment of the blood pressure measuring device according to the present disclosure, the fastening
member may keep a distance constant between the pressure measuring tool and a surface of the skin region opposite
from the pressure measuring tool. Normally, the anastomotic region of a shunt blood vessel is present stably right over
the radius and ulna of a patient’s forearm. Thus, supposing the radius and ulna are located under the anastomotic region,
the lower wall of the anastomotic region does not waver as the anastomotic region pulsates, while the upper wall of the
anastomotic region vertically wavers. Thus, keeping the distance constant between the pressure measuring tool and
the surface of the skin region opposite from the pressure measuring tool allows the pressure inside the anastomotic
region to be measured accurately and continuously with the pressure measuring tool fastened in rest position onto the
skin region covering the anastomotic region of the shunt blood vessel.

[0013] In another embodiment of the blood pressure measuring device according to the present disclosure, the fas-
tening member may be an inflexible band to wrap around an arm at a site where there is the anastomotic region of the
shunt blood vessel.

[0014] In still another embodiment of the blood pressure measuring device according to the present disclosure, a
portion of the inflexible band to contact with the surface of the skin region opposite from the pressure measuring tool
may have a larger area than another portion of the inflexible band to contact with the pressure measuring tool. This
configuration decreases the pressure applied from the portion of the inflexible band to contact with the surface of the
skin region opposite from the pressure measuring tool to the arm. Thus, even wrapping the arm with the inflexible band
does not obstruct the blood flow through the arm’s vein.

[0015] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
pressure measuring tool may have a flat plate shape. The pressure measuring tool in such a flat plate shape is unlikely
to do damage to the anastomotic region.

[0016] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
pressure measuring tool may have a curved surface. Implementing a pressure measuring tool with a curved surface, of
which the area is large enough to fully cover the anastomotic region raised from under the skin, allows for measuring
the pressure inside the anastomotic region while protecting the anastomotic region.

[0017] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
pressure measuring tool may include a strain sensor.

[0018] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
control circuit may continuously process the input signal received from the pressure measuring tool to calculate a periodic
change in pressure inside the anastomotic region as a continuous waveform.

[0019] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
control circuit may respectively calculate a highest pressure and a lowest pressure inside the anastomotic region based
on a local maximum value and a local minimum value of the continuous waveform.
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[0020] In yet another embodiment of the blood pressure measuring device according to the present disclosure, the
control circuit may calculate a cardiac output based on the continuous waveform. A blood pressure measuring device
according to the present disclosure can obtain at least as accurate an arterial waveform as the one measured with a
catheter inserted into the artery, and therefore, can calculate a cardiac output by analyzing the arterial waveform. The
invention is defined by the appended claims, the description with its embodiments and examples is for illustrative purpose
only.

ADVANTAGES OF THE INVENTION

[0021] Ablood pressure measuring device according to the presentdisclosure can not only measure the blood pressure
and obtain an arterial waveform both accurately and continuously but also estimate a variation in cardiac output as well.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

[FIG. 1] lllustrates an exemplary blood pressure measuring device.

[FIG. 2] A cross-sectional view illustrating how a sensor may be fastened in an exemplary embodiment.
[FIG. 3] A cross-sectional view illustrating an exemplary sensor holder.

[FIG. 4] A cross-sectional view illustrating how a sensor may be fastened in another exemplary embodiment.
[FIG. 5] lllustrates a variation of the blood pressure measuring device.

[FIG. 6] Shows an exemplary output of a strain sensor.

[FIG. 7] Shows how to calculate a cardiac output.

DESCRIPTION OF EMBODIMENTS

[0023] FIG. 1 illustrates, by way of example, a situation where a shunt blood vessel is formed in a patient’s forearm.
A blood pressure measuring device according to this embodimentincludes: a strain sensor 110 serving as an exemplary
pressure measuring tool; and a band 120 serving as an exemplary fastening member. As shown in FIG. 1, the strain
sensor 110 as an exemplary pressure measuring tool is fastened, with the band 120 as an exemplary fastening member,
onto the patient’s skin region over an anastomotic region of a shunt blood vessel 201. As used herein, the "shunt blood
vessel" refers to the vein directly connected to the artery to extract blood from the patient’s body. The "anastomotic
region" refers herein to a portion of the shunt blood vessel in the vicinity of another portion thereof connected to the
artery. The intravascular pressure inside the anastomotic region (hereinafter referred to as an "anastomotic region
pressure") is equal to the blood pressure. Thus, measuring the anastomotic region pressure allows for measuring the
blood pressure. At the anastomotic region, the blood vessel is approximately one-tenth as thick as the artery. Also,
anatomically speaking, the anastomotic region is located right under the skin. Thus, as shown in FIG. 2, the anastomotic
region is raised due to the intravascular pressure and protrudes with respect to the other area of the skin. For this reason,
the intravascular pressure can be extracorporeally measured more easily at the anastomotic region than at the artery.
[0024] Meanwhile, the anastomotic region is susceptible to an external force far more easily than the artery is. That
is why if a sensor for measuring the intravascular pressure had such a shape as easily hurting the skin overthe anastomotic
region and the vascular wall of the anastomotic region, then the anastomotic region could be hurt so much as to make
the patient bleed profusely, and in a worst-case scenario, even bring him or her to death. Therefore, the strain sensor
suitably either has a flat plate shape or is curved along the anastomotic region.

[0025] In FIG. 1, the fastening member is implemented as a band 120 made of an inflexible material. Wrapping the
arm having the shunt blood vessel 201 with the band 120 at the anastomotic region allows the strain sensor 110 to be
fastened onto the skin over the anastomotic region such that the anastomotic region of the shunt blood vessel 201 is
not blocked but still deformed.

[0026] Normally, the anastomotic region of the shunt blood vessel is present stably right over the radius and ulna of
a patient’s forearm. Thus, supposing the radius and ulna are located under the anastomotic region, the lower wall of the
anastomotic region does not waver as the pressure inside the anastomotic region varies, while the upper wall of the
anastomotic region vertically wavers. Thus, the distance D1 between the surface of the skin opposite from the anastomotic
region and the surface of the skin over the shunt blood vessel (i.e., the bottom of the strain sensor 110) does not vary.
In such a state, the periodically varying pressure inside the anastomotic region of the shunt blood vessel is directly
applied in real time to the strain sensor 110. This allows the pressure waveform inside the anastomotic region, i.e.,
arterial waveform, to be measured accurately.

[0027] Optionally, the band 120 may have its length adjusted such that the strain sensor 110 can be fastened onto
the skin over the anastomotic region with the anastomotic region of the shunt blood vessel 210 not blocked but still
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deformed.

[0028] In FIG. 1, the band 120 includes a body portion 121 of a narrower width to contact with the strain sensor 110
and a broader portion 122 of a broader width than the body portion. The broader portion 122 contacts with a portion of
the arm opposite from the anastomotic region. Providing the broader portion 122 allows the pressure applied from the
band 120 to that portion of the arm opposite from the anastomotic region to be distributed broadly. That is to say, this
weakens the pressure applied from the band 120 to that portion of the arm opposite from the portion to which the strain
sensor 110 is fastened. This reduces the possibility of causing hemostasis upstream of the region provided with the
band 120, thus allowing the patient to wear this blood pressure measuring device more comfortably. Note that the
fastening member just needs to fasten the strain sensor 110 such that the anastomotic region of the shunt blood vessel
201 is not blocked but still deformed and that the distance between the surface of the skin opposite from the anastomotic
region of the arm and the strain sensor 110 does not vary. That is why the fastening member does not have to be the
band but may also be a holder 123 with a U-cross section such as the one shown in FIG. 3, for example. The holder
123 may be made of a resin, a metal, or any other suitable material.

[0029] Any type of strain sensor may be used as the strain sensor 110 serving as the pressure measuring tool, as
long as the sensor can detect the periodic pressure variation in the anastomotic region of the shunt blood vessel 201.
Nevertheless, the strain sensor 110 suitably has as high sensitivity as possible and as low power consumption as
possible. For example, a strain sensor, having a gauge factor of at least 2, suitably equal to or greater than 5, more
suitably equal to or greater than 10, and even more suitably equal to or greater than 20, may be used. Specifically, a
metallic resistance strain sensor, a semiconductor strain sensor, a magnetostrictive effect strain sensor, or any other
suitable type of strain sensor may be used, for example. Among other things, it is recommended to use a semiconductor
strain sensor that uses a semiconductor piezoelectric resistance, because that type of sensor has high sensitivity and
low power consumption. Furthermore, the strain sensor 110 suitably has a flat plate shape, because the strain sensor
of that type can be easily fastened over the anastomotic region of the shunt blood vessel 201 and carries a low risk of
hurting the anastomotic region of the shunt blood vessel. A small-sized strain sensor of approximately 5 mm to 2 cm
square is particularly suitable, because such a small strain sensor can be easily fastened over the anastomotic region
of the shunt blood vessel 201.

[0030] The pressure measuring tool may be a combination of the strain sensor 110 and any other type of member. In
that case, the pressure measuring tool may have the shape of a dish with a curved surface that can cover the anastomotic
region raised from under the skin. Covering the anastomotic region of the shunt blood vessel 201 with such a dish-
shaped cover having a curved surface during the hemodialysis would significantly reduce the risk of the anastomotic
region being hurt due to an external force. As shown in FIG. 4, the dish-shaped pressure measuring tool 150 having a
curved surface has its outer surface implemented as a plastic cover 151 and its inner surface implemented as a gelled
liquid bag 152, to which the strain sensor 110 is adhered. The gelled liquid bag 152 is a flexible bag having a constant
volume, and is enclosed in a space formed by a plastic cover. Thus, the gelled liquid bag 152 turns into a dish shape
having a curved surface with a virtually constant width, covering the anastomotic region of the shunt blood vessel 201.
Therefore, the distance D1 between the strain sensor 110 adhered to the gelled liquid bag 152 that has turned into a
dish shape having a curved surface with a virtually constant width and the arm’s skin region opposite from the strain
sensor 110 is constant. As long as the anastomotic region is deformed+ with the gelled liquid bag 152, the pressure is
directly applied from the anastomotic region to the strain sensor 110. The strain sensor 110 itself has a plate shape,
and therefore, does not hurt the anastomotic region.

[0031] The anastomotic region pressure measuring device according to this embodiment includes a control circuit 130
which drives the strain sensor 110, receives a signal from the strain sensor 110, and processes the signal, thereby
calculating the pressure inside the anastomotic region. The control circuit 130 includes a driver 132 for driving the strain
sensor 110 and a processor 133 for processing the output signal of the strain sensor 110.

[0032] An appropriate circuit may be selected as the driver 132 depending on the type of the strain sensor 110 to use.
If the strain sensor selected produces a resistance variation, a Wheatstone bridge circuit may be used, for example.
[0033] The processor 133 may include a converter for converting the signal received from the strain sensor 110 into
digital data, and an arithmetic circuit for calculating the pressure inside the anastomotic region by performing arithmetic
processing on the digital data. Optionally, the processor 133 may further include a memory circuit for storing signal data
and processed data and a display device for displaying the results. When provided, the display device may display either
only the value of the pressure inside the anastomotic region or the pressure value and an output signal waveform of the
strain sensor 110 in combination. If necessary, not only the pressure inside the anastomotic region but also other types
of data such the patient’s body temperature may be displayed as well. Alternatively, the processor 133 may have no
display and may be configured to transmit data to a central processing unit with a built-in computer and other devices,
perform batch processing on not only the data but also other kinds of information collectively, and display the results.
[0034] Although the driver 132 and the processor 133 are integrated together in the control circuit 130 in the example
illustrated in FIG. 1, the driver 132 and the processor 133 may be separated from each other as shown in FIG. 5. In that
case, performing wireless communication between the driver 132 and the processor 133 would facilitate providing the
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processor 133 at a remote location distant from the patient. Even so, just placing a sensor and minimum required driver
and communications circuit on the patient’s body surface allows his or her blood pressure to be monitored continuously.
This significantly alleviates the burden on the patient who is having his or her blood pressure measured. Optionally, the
driver 132 and the processor 133 may be hardwired with each other.

[0035] FIG. 6 shows an exemplary output waveform of the strain sensor 110. In FIG. 6, the ordinate represents the
strain (in pe) and the abscissa represents the time (in 0.1 s). The anastomotic region of the shunt blood vessel, which
is a region where the vein is anastomosed to the artery, dilates and contracts as the heart contracts and dilates. The
anastomotic region of the shunt blood vessel is located near the patient’s body surface and has a thin wall. Thus, the
pulse waves coming from the anastomotic region are directly reflected on the skin surface to produce a minimal strain
on the skin surface. Thus, putting a stain sensor on the skin over the anastomotic region to detect the strain on the skin
surface allows for obtaining a signal representing the contraction of the anastomotic region of the shunt blood vessel.
The output signal of the strain sensor 110 arranged over the anastomotic region of the shunt blood vessel a shown in
FIG. 2 basically draws an amplitude waveform having local maximum and local minimum values. This waveform may
be regarded as an arterial pressure waveform. The local maximum value represents the strain produced in the anastomotic
region of the shunt blood vessel due to the contraction of the heart, while the local minimum value represents the strain
produced in the anastomotic region of the shunt blood vessel due to the dilatation of the heart. Thus, the local maximum
value of the arterial pressure waveform is correlated to the highest pressure inside the anastomotic region of the shunt
blood vessel (which is equal to a systolic blood pressure), while the local minimum value thereof is correlated to the
lowest pressure inside the anastomotic region of the shunt blood vessel (which is equal to a diastolic blood pressure).
[0036] Placing, before using the blood pressure measuring device, the strain sensor of the device on the flat surface
of a stage, and then putting a predetermined weight (e.g., a weight of 136 g having a bottom area of 1 cm2) on the strain
sensor (which applies a pressure of 100 mmHg to the strain sensor) allows the strain sensor to be calibrated. In this
manner, the conversion factor can be calculated based on the strain produced by putting the weight on the strain sensor
and the strain under the atmospheric pressure.

[0037] As can be seen from the foregoing description, the blood pressure measuring device according to this embod-
iment can obtain the arterial pressure waveform continuously. Thus, even though it is a noninvasive device, the shunt
blood pressure measuring device according to this embodiment allows the blood pressure to be monitored continuously.
[0038] The "blood pressure" generally measured is the pressure inside the artery. However, to exhibit its property of
being able to have a high intravascular pressure, the artery is located relatively deep under the body surface so as not
to be easily affected by an externally applied physical force. That is why to obtain an arterial pulse wave, the artery is
generally strongly compressed or even invaded.

[0039] On the other hand, the anastomotic region of the shunt blood vessel is located right under the skin and has a
wall which is just one-tenth as thick as the artery and which is significantly dilated. Thus, putting a sensor over the
anastomotic region of the shunt blood vessel and fastening the sensor so that its position does not change even as the
anastomotic region of the shunt blood vessel dilates or contracts will allow for obtaining a waveform corresponding to
the arterial pulse wave and calculating, based on the waveform, the pressure inside the anastomotic region corresponding
to the blood pressure. However, the structure of the anastomotic region of the shunt blood vessel would make the
anastomotic region easily affected by an external physical force. Once the anastomotic region has been affected, there
is a significantly increased risk of its rupture. In that case, it is not beneficial to apply varying pressures to the anastomotic
region or to press a sensor with a protruding portion against the anastomotic region. Taking these disadvantages into
account, according to this embodiment, the pressure inside the anastomotic region is measured with a flat plate sensor
with no protruding portion. In addition, according to this embodiment, covering the anastomotic region with a curved
pressure measuring site allows for measuring the pressure inside the anastomotic region while protecting the anastomotic
region.

[0040] For example, in the case of a forearm, the shunt blood vessel may be formed of the vein located between the
skin surface and the radius and ulna. These two bones play the role of a hard bed to put the anastomotic region of the
shunt blood vessel on. Thus, even if the raised anastomotic region is pressed downward, the anastomotic region of the
shunt blood vessel is supported by those two bones and does not move downward. Fastening the strain sensor on the
skin over the anastomotic region such that the distance between the skin surface opposite from the arm’s anastomotic
region and the strain sensor does not vary with the anastomotic region raised just like an aneurysm not blocked, but still
deformed, with the compression via the strain sensor will prevent the anastomotic region from moving downward. As a
result, the pressure inside the anastomotic region (i.e., the blood pressure) is directly applied to the strain sensor.
Compressing the raised anastomotic region with the use of a flexible band or cuff would allow the strain sensor to move
up and down as the pressure inside the anastomotic region of the shunt blood vessel varies, thus making the blood
pressure waveform detected gentler than that of an actual wave.

[0041] Using the blood pressure measuring device according to this embodiment allows for continuously monitoring
not only the blood pressure but also the cardiac output as well.

[0042] Next, it will be described how to obtain the cardiac output by analyzing the pressure waveform (which is virtually
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equal to the arterial waveform) of the pressure measured inside the anastomotic region by the blood pressure measuring
device according to the present disclosure. First, the systolic phase start point of the pressure waveform representing
the pressure inside the anastomotic region is supposed to be time t = 0. If, on the pressure waveform representing the
pressure inside the anastomotic region, the amount of the arterial blood flow at the time t is V(t), the cardiac output
(stroke volume) is SV(t), and the amount of blood flowing out into the capillaries is Q(t), then in the systolic phase (i.e.,
the phase in which the aortic valve is opened and which precedes the notch on the pressure waveform shown in FIG.
7), the following Equation (1) is satisfied:

dv(t)

o - ovVO-QMm - (D

[0043] On the other hand, supposing the amount Q(t) of blood flowing out into the capillaries is proportional to the
blood pressure P(t) and inversely proportional to the total peripheral vascular resistance R, the following Equation (2)
is satisfied:

P(t)

QM) = (2)

[0044] The following Equation (3) is derived by substituting Equation (2) for Equation (1):

dv(y
dt

— V(1) Pg) )

[0045] Furthermore, supposing the amount V(t) of the arterial blood flow is proportional to the blood pressure P(t), the
following Equation (4) is obtained:

V(t) =0 X P(t) + Veonst - (4)

[0046] The following Equation (5) is derived by differentiating both sides of Equation (4) with t.

v _ ey

dt dt ®)

[0047] The following Equation (6) is derived by substituting Equation (5) for Equation (3):

AP

" =SV(t)—

P
R (6)

[0048] Equation (6) may be rewritten into the following Equation (7):

dP(H) PO

SV(t)=a R

(7)

[0049] Therefore, the stroke volume SV may be given by the following Equation (8), where t1 represents the time
when the notch occurs in FIG. 7 (i.e., when the aortic valve is closed):
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sv =["sv(t)d
= [ SV(t)dt

=oc'[“dp(t)dt+ PO 4
10 dt t0 R

1 ett
:oc[l)(tl)—lo(o)]+E j P(OdE - (8)

[0050] On the other hand, after the aortic valve has been closed (i.e., after the notch has occurred), SV(t) = 0. Thus,
Equation (1) may be rewritten into the following Equation (9):

VO _ o
5 QW O

[0051] Supposing the amount Q(t) of blood flowing out into the capillaries is proportional to the blood pressure P(t)
and inversely proportional to the total peripheral vascular resistance R, the following Equation (10) is satisfied:

O

Q(t) = R (10)

[0052] The following Equation (11) is derived by substituting Equation (10) for Equation (9):

dv) Py
TR (11)

dt

[0053] Furthermore, even after the aortic valve has been closed, the amount V(t) of the arterial blood flow would be
proportional to the blood pressure P(t). That is to say, Equation (5) is satisfied even after the aortic valve has been
closed. Thus, the following Equation (12) is derived by substituting Equation (5) for Equation (11):

JIPO PO
R

dt

[0054] The following Equation (13) is derived by performing integration on both sides of Equation (12) in the range of
t1-t2:

a[P(t2)—P(t1)]:—% J:zP(t)dt e (13)

[0055] Equation (13) may be further rewritten into the following Equation (14):

- fz P(t)dt
R = tl
a[P(t2) - P(tD)]

(14)

[0056] The following Equation (15) is derived by substituting Equation (14) for Equation (8):

“p(tydt
SV = a{[P(tl) - P(t0)] - [P(t2) - P(t]) | 22—} .- (15)
P(t)dt

t1
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[0057] On the other hand, the stroke volume SV, before the dialysis may be given, based on Equation (15), by the
following Equation (16):

[ py(at
SV, = af[P, (t1) — P, (10)] - [P, (12) - P, (1) ]2—} - (16)

P, (1)dt

[0058] In this case, the following Equation (17) for calculating SV/SV, may be derived from Equations (15) and (16):

"P(t)dt
[P(t1) - P(t0)] - [P(t2) - P(t) ] 24—
j P(t)dt
SV/SV, = 0 e (17)
j P, (t)dt
[P, (1)~ P, (10)] - [P, (12) — P, (1) | 24—

[ Pyt

[0059] Equation (17) may be rewritten into Equation (18) for obtaining SV at an arbitrarily point in time based on the
initial value SV, of SV.

p(t)dt
[P(t1) - P(t0)]- [P(t2) - P(t]) | 1o—
[Pt
SV = o SV, (18)
j P, (t)dt
[Po (tl) -P (tO)]— [Po (t2)- P (tl)]ltg—
jl Py (t)dt

[0060] Next, it will be described how to give SV, at the start of the hemodialysis. First, the cardiac output CO (L/min)
is calculated by the following Equation (19) using a cardiac index:

CO=CIxBSA ... (19)

where BSA represents the patient’s body surface area (m2) and may be calculated by the Fujimoto formula represented
by the following Equation (20):

BSA = [88.83 x HT"® x BW***] /10000 ... (20)

where HT represents the patient’s height (cm), BW represents his or her weight (kg), and Cl represents a cardiac index.
The value of the patient’s cardiac index Cl may be considered equal to a normal person’s cardiac index 4.0 L/min/m2.
This is because even if the patient suffers from cardiac failure, he or she keeps a normal cardiac index by increasing
the total body water and also increasing the tonicity of his or her sympathetic nervous system. Thus, the patient’s cardiac
output is calculated by the following Equation (21):

CO=4xBSA .. (21)

[0061] If the heart rate is designated by HR, the stroke volume SV (ml) may be represented by the following Equation
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(22):
SV, =1000 x CO/HR ... (22)

[0062] The following Equation (23) is derived by substituting Equations (19) and (20) for Equation (22):

SV = 4000 x [88.83 x HT"** x BW"***]/10000/HR ... (23)

[0063] In this case, supposing the number of seconds per heart beat is T2 (sec), the heart rate HR may be given by
HR = 60/T2. If this equation is substituted for Equation (22), then SV = 1000 X CO / (60/T2) is satisfied. Meanwhile,
SV, =1000 X CO/(60/T2) is satisfied. The following Equation (24) is derived by substituting this equation for Equation
(18):

"p(t)dt
[P(t1) - P(10)] - [P(t2) - pm)]j‘g()
j P(t)dt
CO/60/T2)= 4 x CO, (60/T2,)--- (24)
P, (t)dt
[P, (t1) - P, (0)] - [P(J(tz)—Po(tl)]ItZi()

jt Py (Dt

[0064] Rewriting Equation (24) allows for deriving the following Equation (25) for calculating the cardiac output at an
arbitrarily point in time.

fﬁ%ﬂdt
[P(t1) - P(10)] - [P(t2) - P(1)| 21—
; P(t)dt T2,
CO= a X CC)0 X AN
P,(t)d
[P, (t1) - P, (10)]- [P, (t2) - P, <t1)]f‘f;(t)t
jt P (t)de

(25)

[0065] Also, the peripheral vascular resistance SVR (mmHg/L/min) at an arbitrarily point in time during the dialysis
may be calculated by the following Equation (26) based on the mean blood pressure MBP and the cardiac output CO:

svrR = MBP . (26)
CO

[0066] The mean blood pressure MBP may be obtained by the following Equation (27):

[ Pwydt+[ Pty

MBP = <2
T2

27)

[0067] InFIG. 1, illustrated is an example in which the shunt blood vessel is formed in the patient’s forearm to measure
his or her blood pressure on the forearm. If the shunt blood vessel is formed in his or her upper arm or lower limb, the
blood pressure may also be measured in the same way at each of those sites.

[0068] Note that the stroke volume at the beginning of a hemodialysis for obtaining a cardiac output is calculated
based on a standard value of the cardiac index. Alternatively, an individual patient’s value measured by chest ultra-
sonography may also be used as the stroke volume at the beginning of the hemodialysis.
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INDUSTRIAL APPLICABILITY

[0069] A blood pressure measuring device according to the present disclosure is able to measure the blood pressure
continuously and accurately, and is useful for measuring the blood pressure during a medical treatment or therapy.

DESCRIPTION OF REFERENCE CHARACTERS

[0070]

110  Strain Sensor

111 Strain Sensor’s Body
112 Case

113  Opening

114  Upper portion

115  Lower Portion

120 Band

121 Body Portion

122  Broader portion

123  Holder

130  Control Circuit

132  Driver

133  Processor

150 Pressure Measuring Tool
151  Plastic Cover

152  Gelled Liquid Bag

201 Shunt Blood Vessel
Claims

1. A blood pressure measuring device comprising:

a pressure measuring tool (110);

a fastening member (120, 123) configured to fasten the pressure measuring tool in rest position onto a skin
region covering an anastomotic region of a shunt blood vessel (201); and

a control circuit (130) configured to receive an input signal from the pressure measuring tool and to process the
input signal to calculate a pressure inside the anastomotic region of the shunt blood vessel, characterized in that
the pressure measuring tool includes a strain sensor configured to detect an arterial pressure waveform in the
anastomotic region, and

the fastening member keeps a distance constant between the pressure measuring tool and a surface of the
skin region opposite from the pressure measuring tool.

The blood pressure measuring device of claim 1, wherein
the fastening member is an inflexible band to wrap around an arm at a site where there is the anastomotic region
of the shunt blood vessel.

The blood pressure measuring device of claim 2, wherein
a portion of the inflexible band to contact with the surface of the skin region opposite from the pressure measuring

tool has a larger area than another portion of the inflexible band to contact with the pressure measuring tool.

The blood pressure measuring device of any one of claims 1-3, wherein
the pressure measuring tool has a flat plate shape.

The blood pressure measuring device of any one of claims 1-3, wherein
the pressure measuring tool has a curved surface.

The blood pressure measuring device of any one of claims 1-5, wherein
the control circuit continuously processes the input signal received from the pressure measuring tool to calculate a

1"
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periodic change in pressure inside the anastomotic region as a continuous waveform.

7. The blood pressure measuring device of claim 6, wherein
the control circuit respectively calculates a highest pressure and a lowest pressure inside the anastomotic region
based on a local maximum value and a local minimum value of the continuous waveform.
8. The blood pressure measuring device of claim 6 or 7, wherein
the control circuit calculates a cardiac output based on the continuous waveform.
9. The blood pressure measuring device of any one of claims 1 to 8, wherein
the fastening member fastens the pressure measuring tool so as not to block the anastomotic region.
Patentanspriiche
1. Blutdruckmessvorrichtung, umfassend:
ein Druckmessinstrument (110);
ein Befestigungselement (120, 123), das dazu konfiguriert ist, das Druckmessinstrument in Ruhelage auf einer
Hautregion zu befestigen, die eine Anastomosenregion eines Blutgefafles (201) mit Shunt bedeckt; und
eine Steuerschaltung (130), die dazu konfiguriert ist, ein Eingangssignal vom Druckmessinstrument zu emp-
fangen und das Eingangssignal zu verarbeiten, um einen Druck innerhalb der Anastomosenregion des Blutge-
faBes mit Shunt zu berechnen, dadurch gekennzeichnet, dass
das Druckmessinstrument einen Dehnungssensor einschlieRt, der dazu konfiguriert ist, eine Arteriendruckwel-
lenform in der Anastomosenregion zu erkennen, und
das Befestigungselement einen Abstand zwischen dem Druckmessinstrument und einer Oberflache der Haut-
region, die dem Druckmessinstrument gegentiberliegt, konstant halt.
2. Blutdruckmessvorrichtung nach Anspruch 1, wobei
das Befestigungselement ein unflexibles Band ist, das an einer Stelle, an der sich die Anastomosenregion des
BlutgefalRes mit Shunt befindet, um einen Arm geschlungen wird.
3. Blutdruckmessvorrichtung nach Anspruch 2, wobei
ein Abschnitt des unflexiblen Bandes, der die Oberflaiche der dem Druckmessinstrument gegeniberliegenden Haut-
region berthrt, eine gréRere Flache aufweist als ein anderer Abschnitt des unflexiblen Bandes, der das Druckmess-
instrument berihrt.
4. Blutdruckmessvorrichtung nach einem der Anspriiche 1-3, wobei das Druckmessinstrument eine flache Plattenform
aufweist.
5. Blutdruckmessvorrichtung nach einem der Anspriiche 1-3, wobei das Druckmessinstrument eine gekrimmte Ober-
flache aufweist.
6. Blutdruckmessvorrichtung nach einem der Anspriiche 1-5, wobei
die Steuerschaltung das vom Druckmessinstrument empfangene Eingangssignal kontinuierlich verarbeitet, um eine
periodische Druckénderung innerhalb der Anastomosenregion als eine kontinuierliche Wellenform zu berechnen.
7. Blutdruckmessvorrichtung nach Anspruch 6, wobei
die Steuerschaltung jeweils einen héchsten Druck und einen niedrigsten Druck innerhalb der Anastomosenregion
auf Basis eines lokalen Maximalwerts und eines lokalen Minimalwerts der kontinuierlichen Wellenform berechnet.
8. Blutdruckmessvorrichtung nach Anspruch 6 oder 7, wobei
die Steuerschaltung ein Herzzeitvolumen auf Basis der kontinuierlichen Wellenform berechnet.
9. Blutdruckmessvorrichtung nach einem der Anspriiche 1 bis 8, wobei

das Befestigungselement das Druckmessinstrument so befestigt, dass die Anastomosenregion nicht blockiert wird.
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Revendications

1.

Dispositif de mesure de la pression sanguine comprenant :

un outil de mesure de pression (110) ;

un élément de fixation (120, 123) configuré pour fixer I'outil de mesure de pression dans une position de repos
sur une région de la peau recouvrant une région anastomotique d’un vaisseau sanguin de dérivation (201) ; et
un circuit de commande (130) configuré pour recevoir un signal d’entrée a partir de I'outil de mesure de pression
et pour traiter le signal d’entrée afin de calculer la pression a 'intérieur de la région anastomotique du vaisseau
sanguin de dérivation,

caractérisé en ce que

I'outil de mesure de pression comporte un capteur de contrainte configuré pour détecter une forme d’onde de
pression artérielle dans la région anastomotique, et

I'élément de fixation maintient une distance constante entre I'outil de mesure de pression et une surface de la
région de la peau opposée a I'outil de mesure de pression.

Dispositif de mesure de la pression sanguine de la revendication 1, dans lequel
I'élément de fixation est une bande non flexible a enrouler autour d’'un bras a un site ou se trouve la région anas-
tomotique du vaisseau sanguin de dérivation.

Dispositif de mesure de la pression sanguine de la revendication 2, dans lequel

une partie de la bande non flexible pour entrer en contact avec la surface de la région de la peau opposée a I'outil
de mesure de pression a une superficie plus grande qu’une autre partie de la bande non flexible pour entrer en
contact avec I'outil de mesure de pression.

Dispositif de mesure de la pression sanguine de I'une quelconque des revendications 1 a 3, dans lequel
I'outil de mesure de pression a une forme de plaque plate.

Dispositif de mesure de la pression sanguine de I'une quelconque des revendications 1 a 3, dans lequel
I'outil de mesure de pression a une surface incurvée.

Dispositif de mesure de la pression sanguine de I'une quelconque des revendications 1 a 5, dans lequel
le circuit de commande traite en continu le signal d’entrée regu a partir de 'outil de mesure de pression pour calculer
un changement périodique de pression a l'intérieur de la région anastomotique en tant que forme d’onde continue.

Dispositif de mesure de la pression sanguine de la revendication 6, dans lequel

le circuit de commande calcule respectivement la pression la plus élevée et la pression la plus basse a l'intérieur
de la région anastomotique sur la base d’'une valeur maximale locale et d’une valeur minimale locale de la forme
d’onde continue.

Dispositif de mesure de la pression sanguine de la revendication 6 ou 7, dans lequel
le circuit de commande calcule un débit cardiaque sur la base de la forme d’onde continue.

Dispositif de mesure de la pression sanguine de I'une quelconque des revendications 1 a 8, dans lequel
I'élément de fixation fixe I'outil de mesure de pression de maniéere a ne pas bloquer la région anastomotique.
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FIG.6
CORRESPONDS TOSYSTOLCBLOOD PRESSURE.
1 \
siist
| ] HRNANE
\ WUV RYER
YA NN N AN
\ CORRESPONDS TO DIASTOLIC BLOOD PRESSURE

0 2 4 6 81012141618 2022 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

P(t)

TIME (0.1s)

FIG.7

NOTCH

/

t1

t2

TIME

17



EP 3 269 299 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2004069049 A [0005]

Non-patent literature cited in the description

e MCGEE. Critical Care, vol. 11 (5 [0006] e MCGEEWT ; HORSWELL JL ; CALDERON J. Val-
* GENJIYAMANAKA. Intensive Care for Seriously In- idation of a Continuous Cardiac Output Measurement
Jjured, vol. 13 (1), 13 [0006] Using Arterial Pressure Waveforms. Crit Care, 2005,

vol. 9, 24-25 [0006]

18



TRBR(F) mENEFRE

K (BE)S EP3269299B1 K (nE)R
RiES EP2016776271 RiEHR
FRIFE(FRR)AE) EEBKILH

BRiE (TR A(F) BERKA K

HARBHEAIRAGE) BEBKRARLE

patsnap

2019-05-22

2016-03-23

[#R1& B8 A SHINZATO TORU
MIWA MASAMIKI
UEDA MITSUTAKA
MITSUHASHI MAKOTO
NUMOTO HIRONORI
KA SHINZATO, TORU
MIWA, MASAMIKI
UEDA, MITSUTAKA
MITSUHASHI, MAKOTO
NUMOTO, HIRONORI
IPCH %S A61B5/022 A61B5/00
CPCH¥%E A61B5/02241 A61B5/02007 A61B5/022 A61B5/4848 A61B5/6831 A61B5/7278 A61B2562/0261
£ 5 2015079527 2015-04-08 JP
H N FF 3Tk EP3269299A1
EP3269299A4
SAERBEE Espacenet
FEF)

REARXFT-—HOENERE  2F  EHNETEM0,RERHF
120, EMERFEHINETEI0EEEHLVEL  BEEBERZIR
ME20189 )& XA R Ak X3 | i pl e 8130 , AT HRWCREELNE
TENMMOWRARS , ALBRARFS , MITESRME2010YE X
NEVES.

U
|


https://share-analytics.zhihuiya.com/view/b093ddf4-0f59-4a30-9040-28c17aed7ef4
https://worldwide.espacenet.com/patent/search/family/057071886/publication/EP3269299B1?q=EP3269299B1

