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A sphygmomanometer includes a cuff and a main body. The
main body is equipped with a substrate, a pump and a
pressure sensor that are attached to one surface of the
substrate, and a plate-shaped member opposed to an other
surface of the substrate on an opposite side of the one
surface of the substrate. The substrate includes a first
through-hole and a second through-hole. The other surface
of the substrate and an opposing surface of the plate-shaped
member opposed to the other surface constitute the planar
direction passage extending in a planar direction along the
other surface of the substrate. The planar direction passage
communicates with a fluid bag of the cuff. The sphygmo-
manometer further includes a pressurization controller and a
blood pressure calculator. The pressurization controller con-
trols pressing the measured site through the planar direction
passage. The blood pressure calculator calculates a blood
pressure.
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FIG.14B
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SPHYGMOMANOMETER, DEVICE, AND
BLOOD PRESSURE MEASUREMENT
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Application No. PCT/JP2017/046553,
filed Dec. 26, 2017, which claims priority to Japanese Patent
Application No. 2017-042493, filed Mar. 7, 2017. The
contents of these applications are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a sphygmomanom-
eter, device, and a blood pressure measurement method.

Discussion of the Background

[0003] Conventionally, as this kind of sphygmomanom-
eter, for example, as disclosed in Japanese Patent Applica-
tion Publication No. 2013-220187, the cuff that includes a
fluid bag and is worn while binding the measured site and
the main body equipped with the pump and the pressure
sensor are disposed while overlapping each other in a
thickness direction. In this sphygmomanometer, the pump
and the fluid bag are connected through a first fluid path (air
piping) extending straight in the thickness direction, and the
pressure sensor and the fluid bag are connected through a
second fluid path (air piping) extending straight in the
thickness direction. Consequently, miniaturization in a pla-
nar direction (a direction in which a plane perpendicular to
the thickness direction extends) of the product is achieved.

SUMMARY OF THE INVENTION

[0004] According to a first aspect of the present disclo-
sure, a sphygmomanometer includes

[0005] a cuff to be worn while binding a measured site,
and

[0006] a main body, wherein

[0007] the main body is equipped with a substrate, a pump

and a pressure sensor that are attached to one surface of the
substrate, and a plate-shaped member opposed to an other
surface of the substrate on an opposite side of the one
surface of the substrate,

[0008] the substrate includes a first through-hole at a
portion corresponding to a fluid discharge port of the pump,
and a second through-hole at a portion corresponding to a
fluid intake port of the pressure sensor,

[0009] the other surface of the substrate and an opposing
surface of the plate-shaped member opposed to the other
surface constitute the planar direction passage extending in
a planar direction along the other surface of the substrate,
[0010] the planar direction passage communicates with a
fluid bag of the cuff, and

[0011] the sphygmomanometer further includes

[0012] a pressurization controller to control pressing the
measured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage, and

[0013] a blood pressure calculator to calculate a blood
pressure based on an output of the pressure sensor while the
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fluid is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second through-
hole.

[0014] According to a second aspect of the present dis-
closure, a device includes

[0015] a cuff to be worn while binding a measured site,
and
[0016] a main body including a blood pressure measure-

ment element, wherein

[0017] the main body is equipped with a substrate, a pump
and a pressure sensor that are attached to one surface of the
substrate as the blood pressure measurement element, and a
plate-shaped member opposed to the other surface of the
substrate on an opposite side of the one surface of the
substrate,

[0018] the substrate includes the first through-hole at a
portion corresponding to a fluid discharge port of the pump,
and the second through-hole at a portion corresponding to a
fluid intake port of the pressure sensor,

[0019] the other surface of the substrate and an opposing
surface of the plate-shaped member opposed to the other
surface constitute the planar direction passage extending in
a planar direction along the other surface of the substrate,
[0020] the planar direction passage communicates with a
fluid bag of the cuff, and the device further includes
[0021] a pressurization controller to control pressing the
measured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage, and

[0022] a blood pressure calculator to calculate a blood
pressure based on an output of the pressure sensor while the
fluid is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second through-
hole.

[0023] According to a third aspect of the present disclo-
sure, a blood pressure measurement method for measuring a
blood pressure of a measured site using a sphygmomanom-
eter including a cuff that is worn while binding the measured
site and a main body which is equipped with a substrate, a
pump and a pressure sensor that are attached to one surface
of the substrate, and a plate-shaped member opposed to an
other surface of the substrate on an opposite side of the one
surface of the substrate, the substrate including a first
through-hole at a portion corresponding to a fluid discharge
port of the pump and a second through-hole at a portion
corresponding to a fluid intake port of the pressure sensor,
the other surface of the substrate and an opposing surface of
the plate-shaped member opposed to the other surface
constituting a planar direction passage extending in a planar
direction along the other surface of the substrate, and the
planar direction passage communicating with a fluid bag of
the cuff, the blood pressure measurement method includes
[0024] while the cuff is worn on the measured site,
[0025] controlling pressing the measured site with supply-
ing fluid from the pump to the fluid bag through the first
through-hole and the planar direction passage, and

[0026] calculating a blood pressure based on an output of
the pressure sensor while the fluid is introduced from the
fluid bag to the pressure sensor through the planar direction
passage and the second through-hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
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obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings.

[0028] FIG.1is a view illustrating an external appearance
of a sphygmomanometer according to an embodiment of the
present invention when the sphygmomanometer is obliquely
viewed with a belt fastened.

[0029] FIG. 2is a view illustrating the external appearance
of the sphygmomanometer when the sphygmomanometer is
obliquely viewed with the belt opened.

[0030] FIG. 3Ais a view illustrating a section taken along
a line IITA-IITA in FIG. 3B.

[0031] FIG. 3B is a view illustrating a planar layout when
a cuff structure in FIG. 2 is in an expanded state while an
inner circumferential surface is set to a forefront.

[0032] FIG. 4A is an enlarged view illustrating a vicinity
of a leading end of the cuff structure in FIG. 3B.

[0033] FIG. 4B is a view illustrating a section taken along
a line IVB-IVB in FIG. 4A.

[0034] FIG. 5A is a view illustrating a planar layout of a
pressing cuff included in the cuff structure.

[0035] FIG. 5B is a view illustrating a planar layout of a
backboard included in the cuff structure while the pressing
cuff is set to a background.

[0036] FIG. 6 is a view illustrating a back side of a main
body of the sphygmomanometer when the sphygmomanom-
eter is obliquely viewed.

[0037] FIG. 7 is a view illustrating the back side of the
main body including a curler included in the cuff structure
in a disassembled state in which a back lid is removed.
[0038] FIG. 8 is a view illustrating an inside of the main
body when the main body is viewed obliquely from above.
[0039] FIG. 9 is a view illustrating the inside of the main
body when the main body is viewed obliquely from below.
[0040] FIG. 10 is a view illustrating a sectional structure
in the vicinity of a planar direction passage provided in the
main body.

[0041] FIG. 11 is a view illustrating a block configuration
of a control system of the sphygmomanometer.

[0042] FIG. 12 is a flowchart illustrating an operation
when a user performs blood pressure measurement with the
sphygmomanometer as a blood pressure measurement
method according to an embodiment of the present inven-
tion.

[0043] FIG. 13 is a flowchart illustrating processing in
which the user wears the sphygmomanometer on a left wrist.
[0044] FIG. 14A is a perspective view illustrating a state
in which the user wears the cuff structure on the left wrist
using a right hand.

[0045] FIG. 14B is a perspective view illustrating a state
when the user uses a right hand to collectively bind the left
wrist and the cuff structure with a belt.

[0046] FIG. 14C is a perspective view illustrating a state
in which the sphygmomanometer is worn on the left wrist of
the user.

[0047] FIG. 15 is a view illustrating a section perpendicu-
lar to the left wrist while the sphygmomanometer is worn on
the left wrist of the user.

[0048] FIG. 16A is a view illustrating a section (corre-
sponding to a section taken along a line XVA-XVA in FIG.
15) of a portion through which a tendon of the left wrist
passes in a pressurized state.

[0049] FIG. 16B is a view illustrating a section (corre-
sponding to a section taken along a line XVB-XVB in FIG.
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15) of a portion through which a radial artery of the left wrist
passes in the pressurized state.

[0050] FIG. 17 is a view illustrating a pressure Pc of a
sensing cuff and a pulse wave signal Pm that are detected by
a second pressure sensor mounted on the main body.
[0051] FIG. 18 is a view illustrating a blood pressure
measurement error when water is used as a pressure trans-
mitting fluid stored in the sensing cuff and an amount of
water stored in the sensing cufl is variably set.

[0052] FIG. 19 is a scatter diagram illustrating a relation-
ship between a reference blood pressure value and a blood
pressure measurement error when the amount of water
stored in the sensing cuff'is variably set to “small amount of
water”=0.16 ml, “appropriate amount”=0.3 ml, “large
amount of water”=0.8 ml for a plurality of users.

[0053] FIG. 20 is a view illustrating the back side of the
main body including the curler included in the cuff structure
in the disassembled state in which a back lid is removed
corresponding to FIG. 7, with respect to a first modification
in which the structure of the planar direction passage of the
sphygmomanometer is modified.

[0054] FIG. 21 is a view illustrating a sectional structure
in the vicinity of a planar direction passage provided in a
main body of a first modification corresponding to FIG. 10.
[0055] FIG. 22A is a view illustrating a section taken
along a line XXIIA-XXIIA in FIG. 22B.

[0056] FIG. 22B is a view illustrating a planar layout of a
cuff structure of the first modification when the cuff structure
is in the expanded state while the inner circumferential
surface of the cuff structure is set to the forefront.

[0057] FIG. 23A is a view illustrating a planar layout of
the pressing cuff included in the cuff structure.

[0058] FIG. 23B is a view illustrating a planar layout of
the backboard included in the cuff structure while the
pressing cuff is set to a background.

[0059] FIG. 24 is a view corresponding to FIG. 10 illus-
trating a sectional structure in the vicinity of the planar
direction passage provided in the main body in a second
modification in which the structure of the planar direction
passage of the sphygmomanometer is modified.

DESCRIPTION OF THE EMBODIMENTS

[0060] The embodiments will now be described with
reference to the accompanying drawings, wherein like ref-
erence numerals designate corresponding or identical ele-
ments throughout the various drawings.

[0061] Hereinafter, embodiments of the present invention
will be described in detail with reference to the drawings.
[0062] (Configuration of Sphygmomanometer)

[0063] FIG. 1 illustrates an external appearance of a
sphygmomanometer according to an embodiment of the
present invention (the whole is indicated by the reference
numeral 1) when the sphygmomanometer is obliquely
viewed with a belt 2 fastened. FIG. 2 illustrates the external
appearance of the sphygmomanometer 1 when the sphyg-
momanometer 1 is obliquely viewed with the belt 2 unfas-
tened.

[0064] As illustrated in FIGS. 1 and 2, the sphygmoma-
nometer 1 roughly includes a main body 10, the belt 2 that
extends from the main body 10 to be worn while binding a
measured site (in this example, as illustrated in FIG. 14C, a
left wrist 90 is intended to be measured as the measured
site), and a belt-shaped cuff structure 20 in which one end
20f is attached to the main body 10. In this example, a



US 2019/0328324 Al

dimension in a width direction X of the belt 2 is set to 29
mm. In this example, a thickness of the belt 2 is set to 2 mm.
In this example, the belt 2 and the cuff structure 20 constitute
a cuff CF.

[0065] In this example, the main body 10 includes a case
10B having a substantially short cylindrical shape, a circular
glass 10A attached to an upper portion (in FIGS. 1 and 2) of
the case 10B, and a back lid 10C (see FIG. 6) attached to a
lower portion of the case 10B. Pairs of protruding lugs 10B1,
10B2 and 10B3, 10B4 (in FIGS. 1 and 2) on the left and right
sides are integrally provided on side surfaces of the case 10B
in order to attach the belt 2. In this example, the case 10B
and the back lid 10C are made of stainless steel.

[0066] A display 50 constituting a display screen is pro-
vided in a glass 10A of the upper portion of case 10B. On
the side surface of the front side (in FIGS. 1 and 2) of the
main body 10, a measurement switch 52A that gives an
instruction to start or stop blood pressure measurement, a
home switch 52B that returns the display screen of the
display 50 to a predetermined home screen, and a recording
call switch 52C that instructs the display 50 to display a
measurement record such as a blood pressure and an activity
mass in the past are provided (these switches are collectively
referred to as the operation unit 52). Also, inside the main
body 10, a blood pressure measurement element including a
pump 30 is mounted (to be described in detail later). In this
example, the sphygmomanometer 1 includes the functions
of an activity meter and a pulse monitor. That is, the
sphygmomanometer 1 is configured as a multifunctional
device having an aspect of a wristwatch type wearable
device. The main body 10 is small and thin so as not to
interfere with the daily activities of a user. In this example,
the thickness of the main body 10 is set in a range of 10 mm
to 12 mm.

[0067] As can clearly be seen from FIG. 2, the belt 2 has
a belt-shaped first belt 3 extending from the main body 10
to one side (right side in FIG. 2) in one direction and a
belt-shaped second belt 4 extending from the main body 10
to the other side (left side in FIG. 2) in one direction. A root
3e of the first belt 3 on the side closer to the main body 10
is attached to the lugs 10B1, 10B2 of the main body 10 so
as to be turnable as illustrated by a two-way arrow A about
a connecting rod 7 (known spring rod) extending in a width
direction X of the belt. Similarly. a root 4e of the second belt
4 on the side closer to the main body 10 is attached to the
lugs 10B3, 10B4 of the main body 10 so as to be turnable
as illustrated by a two-way arrow B about a connecting rod
8 (known spring rod) extending in the width direction X of
the belt.

[0068] A tail lock 5 is attached to a leading end 3/ of the
first belt 3 on the side farther from the main body 10. The tail
lock 5 is a known type, and includes a frame-shaped body
5A having a substantial U-shape, a prong 5B, and a con-
necting rod 5C extending in the width direction X of the belt.
The frame-shaped body 5A and the prong 5B are attached to
the leading end 3fof the first belt 3 on the side farther from
the main body 10 so as to be turnable as indicated by a
two-way arrow C about the connecting rod 5C. Between the
leading end 3/ 'and the root 3¢ of the first belt 3, ring-shaped
belt holders 6A, 6B are integrally provided at a predeter-
mined position with respect to a longitudinal direction
(corresponding to a circumferential direction Y of the left
wrist 90) of the first belt 3. An inner circumferential surface
3a of the first belt 3 does not protrude toward the inner
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circumferential side at places of the belt holders 6A, 6B, but
is formed substantially flat (locally although it curved as a
whole). Consequently, the belt 2 uniformly binds and
restrains the outer circumferential side of the cuff structure
20.

[0069] A plurality of small holes 4w, 4w, . . . are made
between the root 4e and the leading end 4f on the side farther
from the main body 10 in the second belt 4 while being
pierced in a thickness direction of the second belt 4. When
the first belt 3 and the second belt 4 are fastened, a portion
connected to the leading end 4f of the second belt 4 is passed
through the frame-shaped body 5A of the tail lock 5, and the
prong 5B of the tail lock 5 is inserted into one of the plurality
of small holes 4w, 4w, . . . of the second belt 4. Consequently,
the first belt 3 and the second belt 4 are fastened as illustrated
in FIG. 1.

[0070] In this example, the first belt 3 and the second belt
4 constituting the belt 2 are made of a plastic material
exhibiting flexibility in the thickness direction and substan-
tial non-stretchability in the longitudinal direction (corre-
sponding to the circumferential direction Y of the left wrist
90). Consequently, the belt 2 can easily bind and restrain the
outer circumferential side of the cuff structure 20 during the
wear, and assist compression of the left wrist 90 during the
blood pressure measurement (to be described later). The first
belt 3 and the second belt 4 may be made of a leather
material. Although the frame-shaped body SA and the prong
5B that constitute the tail lock 5 are made of a metal material
in this example, the frame-shaped body 5A and the prong 5B
may be made of a plastic material.

[0071] As illustrated in FIG. 2, the cuff structure 20
includes a curler 24 disposed at an outermost circumference,
a pressing cufl 23 that is a fluid bag disposed along an inner
circumferential surface of the curler 24, a backboard 22 that
is a reinforcing plate disposed along the inner circumferen-
tial surface of the pressing cuff 23, and a sensing cuff 21 that
is a fluid bag disposed along the inner circumferential
surface of the backboard 22.

[0072] FIG. 3B illustrates a planar layout when the cuff
structure 20 in FIG. 2 is in the expanded state while an inner
circumferential surface 20a of the cuff structure 20 is set to
a forefront. FIG. 3A illustrates a section taken along a line
TIA-ITTA in FIG. 3B. FIG. 4A is an enlarged view illustrat-
ing a vicinity of a leading end of the cuff structure 20 in FIG.
3B. FIG. 4B illustrates a section taken along a line [VB-IVB
in FIG. 4A. FIG. 5A illustrates a planar layout of the
pressing cuff 23. FIG. 5B illustrates a planar layout of the
backboard 22 while the pressing cuff 23 is set to a back-
ground.

[0073] As illustrated in FIGS. 3A and 3B, each of the
curler 24, the pressing cuff' 23, the backboard 22, and the
sensing cuff 21 has an elongated belt shape in one direction
(Y direction). In this example, the dimension in the width
direction X of the curler 24 is set to W1=28 mm, the
dimension (excluding the edges on both welded sides) in the
width direction X of the pressing cuff 23 is set to W2=25
mm, the dimension in the width direction X of the backboard
22 is set to W3=23 mm, and the dimension (excluding the
edges on both welded sides) in the width direction X of the
sensing cuff 21 is set to W4=15 mm. The dimension (exclud-
ing the root 24f attached to the main body 10) in the
longitudinal direction Y of the curler 24 is set to L.1=148
mm, the dimension in the longitudinal direction Y of the
pressing cuff 23 is set to [L2=140 mm, and the dimension in
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the longitudinal direction Y of the backboard 22 is set to
L3=114 mm, and the dimension in the longitudinal direction
Y of the sensing cuff 21 is set to L4=110 mm.

[0074] As can be seen from FIGS. 4A and 4B, the sensing
cuff 21 includes a first sheet 21A on the side that is in contact
with the left wrist 90 and a second sheet 21B opposite to the
first sheet 21 A, the circumferential edges 21m of the first and
second sheets 21A, 21B come close contact with each other
by welding, and the sensing cuff 21 is formed into a bag
shape. In this example, as illustrated in FIG. 4B, sags 21r,
217 extending along the longitudinal direction Y of the
sensing cuff 21 in a natural state are provided at places
continuous with the edges 21m, 21m on both sides with
respect to the width direction X of the sensing cuff 21. As
illustrated in FIG. 4A, the sag 217 extending along the width
direction X of the sensing cuff 21 in the natural state is
provided at the places continuous with the edges 21m on
both sides (only the edge 21m on the leading end side is
illustrated in FIG. 4A) with respect to the longitudinal
direction Y of the sensing cuff 21 in the first sheet 21A. For
example, the sag 217 can be formed by a known method
when the circumferential edges 21m of the first and second
sheets 21A, 21B are welded and brought into close contact
with each other. As can be seen from FIGS. 3A and 3B, a
flexible tube 38 that supplies a pressure transmitting fluid (in
this example, air) to the sensing cuff 21 or discharges the
pressure transmitting fluid from the sensing cuff 21 is
provided at an end of the root side (+Y side) with respect to
the longitudinal direction Y of the sensing cuff 21. In this
example the first and second sheets 21A, 21B is made of a
stretchable polyurethane sheet (thickness t=0.15 mm). The
inner circumferential surface 20a of the cuff structure 20 is
constructed with the first sheet 21A of the sensing cuff 21.

[0075] As seen from FIGS. 4A and 4B, the pressing cuff
23 includes two fluid bags 23-1, 23-2 stacked in the thick-
ness direction. The two stretchable polyurethane sheets
(thickness t=0.15 mm) are opposed to each other, and the
circumferential edges 23m1, 23m2 of the polyurethane
sheets are welded to form the fluid bags 23-1, 23-2. As
illustrated in FIG. 5A, the dimension in the longitudinal
direction Y of the fluid bag 23-1 on the inner circumferential
side is set slightly smaller than the dimension (L.2) in the
longitudinal direction Y of the fluid bag 23-2 on the outer
circumferential side. A flexible tube 39 that supplies the
pressure transmitting fluid (in this example, air) to the
pressing cuff 23 or discharges the pressure transmitting fluid
from the pressing cuff 23 is provided at the end of the root
side (+Y side) with respect to the longitudinal direction Y of
the fluid bag 23-2 on the outer circumferential side. A
plurality (in this example, four) of through-holes 230, 230,
. are made between the fluid bag 23-1 on the inner
circumferential side and the fluid bag 23-2 on the outer
circumferential side adjacent to the fluid bag 23-1. Conse-
quently, a pressurization fluid (in this example, air) can flow
between the two fluid bags 23-1, 23-2 through the through-
holes 230, 230, . . . Consequently, when the pressing cuff 23
receives the supply of the pressurization fluid from the side
of the main body 10 through the flexible tube 39 in the worn
state, the two stacked fluid bags 23-1, 23-2 are inflated to
press the left wrist 90 as a whole.
[0076] In this example, the backboard 22 is made of a
plate-shaped resin (in this example, polypropylene) having
a thickness of about 1 mm. As can be seen from FIGS. 3A
and 3B, the backboard 22 extends into a belt shape beyond
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a length of the sensing cuff 21 in the longitudinal direction
Y (corresponding to the circumferential direction of the left
wrist 90). Thus, the backboard 22 acts as a reinforcing plate,
and can transmit pressing force from the pressing cuff 23 to
the entire region in the longitudinal direction Y (correspond-
ing to the circumferential direction of the left wrist 90) of the
sensing cuff 21. As can be seen from FIGS. 4A and 5B, in
the inner circumferential surface 22a and the outer circum-
ferential surface 225 of the backboard 22, a plurality of
/-shape or U-shape grooves 2241, 2242 in a section extend-
ing in the width direction X are formed in parallel with each
other while separated from each other in the longitudinal
direction Y. In this example, the grooves 22d1, 22d2 are
provided at the same position while corresponding to each
other between the inner circumferential surface 22a and the
outer circumferential surface 225 of the backboard 22.
Consequently, the backboard 22 becomes thinner at the
places of the grooves 22d1, 2242 as compared with other
places, and is easy bend. Thus, when the user collectively
binds the left wrist 90 and the cuff structure 20 with the belt
2 during the wear (step S22 in FIG. 13), the backboard 22
does not prevent the cuff structure 20 from being curved
along the circumferential direction Y of the left wrist 90.
[0077] In this example, the curler 24 is made of a resin
plate (in this example, polypropylene) having the thickness
of about 1 mm and a certain degree of flexibility and
hardness. As can be seen from FIGS. 3A and 3B, in the
expanded state, the curler 24 extends into the belt shape
beyond the length of the pressing cuff 23 in the longitudinal
direction Y (corresponding to the circumferential direction
of the left wrist 90). As illustrated in FIG. 7, in the natural
state, the curler 24 has a curved shape along the circumfer-
ential direction Y surrounding the left wrist 90. Conse-
quently, the shape in the natural state of the cuff structure 20
is kept curved along the circumferential direction Y of the
left wrist 90 as illustrated in FIG. 2.
[0078] Rounds 22, 24r curved in a direction going away
from the measured site (in this example, the left wrist 90) are
formed at the circumferential edge of the inner circumfer-
ential surface 224 of the backboard 22 and the circumfer-
ential edge of the inner circumferential surface 24a of the
curler 24. Consequently, the user is prevented from feeling
discomfort due to the wear of the cuff structure 20.
[0079] As illustrated in FIG. 6, the back lid 10C is
provided on the back side of the main body 10. The back lid
10C has four through-holes 10C1, 10C2, 10C3, 10C4, and is
fixed to the back side of the case 10B by screws (not
illustrated) through the through-holes 10C1, 10C2, 10C3,
10C4. Filter-equipped intake and exhaust ports 10Bo, 10Bo,
... are provided in a portion hidden behind the root 3e of
the first belt 3 on the side surface of the case 10B (the same
holds true for a portion hidden behind the root 4e of the
second belt 4). Consequently, air can flow between the inside
and the outside of the case 10B while a domestic water proof
function is implemented. As illustrated in FIGS. 10 and 21,
an engaging unit 10Be that engages the edge of back lid 10C
may be provided in the back side of the case 10B.
[0080] FIG. 7 illustrates the back side of the main body 10
including the curler 24 in a disassembled state in which the
back lid 10C is removed. An inner case member 11 as a
substrate on which the blood pressure measurement element
is mounted is accommodated in the case 10B of the main
body 10. In this example, the inner case member 11 is made
of a synthetic resin (for example, acrylonitrile butadiene
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styrene (ABS) resin). Three protrusions 11p1, 11p2 and 11p3
are formed on one side (in FIG. 7, a left side) of a back
surface 1lb of the inner case member 11. A ring 24o having
a shape collectively enclosing the three protrusions 11p1,
11p2 and 11p3 is formed in the root 24f of the curler 24. In
assembling the main body 10, the three protrusions 11p1,
11p2 and 11p3 of the inner case member 11 is fitted in the
ring 240 of the root 24f of the curler 24. The root 24fof the
curler 24 is sandwiched between a portion around the three
protrusions 11p1, 11p2, 11p3 in the back surface 1Ib of the
inner case member 11 and edges 10Ce, 10Cf on one side of
the back lid 10C of the main body 10 opposed to the portion
around the three protrusions 11p1, 11p2, 11p3.

[0081] Consequently, as illustrated in FIG. 2, one end 20f
of the cuff structure 20 (the root 24f of the curler 24) is
attached to the main body 10. The other end 20e of the cuff
structure 20 (the leading end 24e of the curler 24) is a free
end. As a result, the cuff structure 20 is opposed to the inner
circumferential surfaces 34, 4a of the belt 2, and can be
separated from the inner circumferential surfaces 3a, 4a.
[0082] In the case that the cuff structure 20 is attached to
the main body 10 in this way, the one end 20/ of the cuff
structure 20 is reliably held by the main body 10. At time of
maintenance service, by opening the back 1lid 10C of the
main body 10, the cuff structure 20 can be exchanged with
respect to the main body 10 regardless of the belt 2. The
dimension in the longitudinal direction Y (corresponding to
the circumferential direction of the left wrist 90) of the cuff
structure 20 can be set to the optimum dimension regardless
of the belt 2.

[0083] Inthe sphygmomanometer 1, the main body 10 and
the belt 2 are formed separately from each other, and the belt
2 is attached to the main body 10, so that the belt 2 can also
be replaced with respect to the main body 10 regardless of
the cuff structure 20 during maintenance service.

[0084] In FIG. 7, a spacer plate 372 and a plate-shaped
member 371 along the back surface 1lb of the inner case
member 11 are sandwiched between the back surface 115 of
the inner case member 11 and the back lid 10C of the main
body 10. In this example, the spacer plate 372 is made of a
synthetic resin (for example, polyurethane), and the plate-
shaped member 371 is also made of a synthetic resin (for
example, an ABS resin). Two surfaces 372a, 3720 of the
spacer plate 372 are in close contact with the back surface
1Ib of the inner case member 11 and an opposing surface
371a of the plate-shaped member 371 opposed to the back
surface 115, and maintain the inner case member 11 and the
plate-shaped member 371 in a state in which the inner case
member 11 and the plate-shaped member 371 are separated
from each other in a thickness direction 7. At the same time,
the spacer plate 372 constitutes two planar direction pas-
sages 390, 380 extending in a planar direction H (a direction
perpendicular to the thickness direction Z) along between
the back surface 1lb of the inner case member 11 and the
opposing surface 371a of the plate-shaped member 371.
That is, the spacer plate 372 includes inner circumferential
walls 372d, 372¢ making two holes penetrating through the
spacer plate 372 in the thickness direction Z. The inner
circumferential walls 372d, 372¢ form patterns of a first
planar direction passage 390 and a second planar direction
passage 380. Cylindrical lateral pins 390p, 380p as the first
flow port are integrated with the end of the first planar
direction passage 390 and the end of the second planar
direction passage 380 so as to allow the fluid to flow. The
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lateral pins 390p, 380p pierce in the planar direction H
between the inner circumferential walls 372d, 372e of the
spacer plate 372 and an outer circumferential wall 372/
opposed to the inner circumferential walls 372d, 372¢ (the
state in which lateral pins 390p, 380p pierce is illustrated by
a broken line in FIG. 9). When the cuff structure 20
including the curler 24 is attached to the main body 10, the
flexible tube 39 from the pressing cuff 23 is airtightly fitted
to the lateral pin 390p, and is easy to attach. The flexible tube
38 from the sensing cuff 21 is air-tightly fitted to the lateral
pin 380p, and is easily attached. Consequently, the pressing
cuff 23 and the sensing cuff 21 are communicated with the
first planar direction passage 390 and the second planar
direction passage 380 through the flexible tubes 39, 38,
respectively. The lateral pins 390p, 380p as the first flow port
is oriented toward the planar direction H, so that the lateral
pins 390p, 380p can contribute to the low profile of the
product. In this example, the flexible tubes 39, 38 constitute
a first flexible passage. The structure of the passage in the
main body 10 will be described later.

[0085]

[0086] FIG. 11 illustrates a block configuration of a con-
trol system of the sphygmomanometer 1. In addition to the
display 50 and the operation unit 52, a main Central Pro-
cessing Unit (CPU) 100 as a control unit, a sub-CPU 101, a
memory 51 as a storage, an acceleration sensor 54, a
communicator 59, a battery 53, a first pressure sensor 31 that
detects pressure of the pressing cuff 23, a second pressure
sensor 32 that detects pressure of the sensing cuff 21, a pump
30, an on-off valve 33, and a pump drive circuit 35 that
drives the pump 30 are mounted as the blood pressure
measurement element that performs the blood pressure
measurement in the main body 10 of the sphygmomanom-
eter 1. The main CPU 100 mainly controls the operation of
the entire sphygmomanometer 1, and the sub-CPU 101
mainly controls the operation of an air system. Hereinafter,
for convenience, the main CPU 100 and the sub-CPU 101
will be simply referred to as the CPU 100 in combination.

[0087] The display 50 is constructed with a Liquid Crystal
Display (LCD) in this example, and displays information
related to the blood pressure measurement such as a blood
pressure measurement result and other information accord-
ing to a control signal from the CPU 100. The display 50 is
not limited to the LCD, but may be another type of display
50 such as an organic Electro Luminescence (EL) display.
The display 50 may include a Light Emitting Diode (LED).

[0088] As described above, the operation unit 52 includes
the measurement switch 52A that gives an instruction to start
or stop the blood pressure measurement, the home switch
52B that returns the display screen of the display 50 to the
predetermined home screen, and the recording call switch
52C that instructs the display 50 to display the measurement
record such as the blood pressure and the activity mass in the
past. In this example, these switches 52A to 52C are con-
structed with push switches, and input an operation signal to
the CPU 100 in response to the instruction such as the start
or stop of the blood pressure measurement from the user.
The operation unit 52 is not limited to the push switch, but
may be constructed with, for example, a pressure-sensitive
(resistive) or proximity (electrostatic capacitive) touch panel
switch. A microphone (not illustrated) may be provided to
input the instruction to start the blood pressure measurement
by user’s voice.

(Block configuration of control system)
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[0089] The memory 51 non-transiently stores data of a
program controlling the sphygmomanometer 1, data used to
control the sphygmomanometer 1, setting data setting vari-
ous functions of the sphygmomanometer 1, data of the
measurement result of the blood pressure value, and the like.
The memory 51 is also used as a work memory or the like
when a program is executed.

[0090] The CPU 100 performs various functions as a
controller according to the program controlling the sphyg-
momanometer 1 stored in the memory 51. For example,
when performing the blood pressure measurement function,
the CPU 100 controls drive of the pump 30 and the on-off
valve 33 based on the signals from the first pressure sensor
31 and the second pressure sensor 32 in response to the
instruction to start the blood pressure measurement from the
measurement switch 52A of the operation unit 52. The CPU
100 controls the calculation of the blood pressure value, a
pulse, and the like based on a signal from the second
pressure sensor 32.

[0091] The acceleration sensor 54 is constructed with a
three-axis acceleration sensor integrally incorporated in the
main body 10. The acceleration sensor 54 outputs an accel-
eration signal representing the acceleration of the main body
10 in three directions orthogonal to one another to the CPU
100. In this example, the output of the acceleration sensor 54
is used to measure the activity mass.

[0092] The communicator 59 is controlled by the CPU 100
to transmit predetermined information to an external device
through the network, or to receive information from the
external device through the network to deliver the informa-
tion to the CPU 100. The communication through the
network may be conducted in a wireless or wired manner. In
this embodiment, the network is the Internet. However, the
network is not limited to the Internet, but may be another
type of network such as an in-hospital Local Area Network
(LAN) or one-to-one communication using a USB cable or
the like. The communicator 539 may include a micro USB
connector,

[0093] In this example, the battery 53 is constructed with
a rechargeable secondary battery. The battery 53 supplied
power to an element mounted on the main body 10, in this
example, each of the elements including the CPU 100, the
memory 51, the acceleration sensor 54, the communicator
59, the first pressure sensor 31, the second pressure sensor
32, the pump 30, the on-off valve 33, and the pump drive
circuit 35.

[0094] The pump 30 is constructed with a piezoelectric
pump in this example, and is driven by the pump drive
circuit 35 based on a control signal supplied from the CPU
100. The pump 30 is connected to the pressing cuff 23
through the first planar direction passage 390 and the
flexible tube 39, which constitute a first passage FP1, so as
to be able to pass the fluid to the pressing cuff 23. The pump
30 can supply air as the pressurization fluid to the pressing
cuff 23 through the first planar direction passage 390 and the
flexible tube 39. An exhaust valve (not illustrated) in which
opening and closing are controlled according to on and off
of the pump 30 is mounted on the pump 30. That is, the
exhaust valve closes to assist sealing of the air in the
pressing cuff 23 when the pump 30 is turned on, and the
exhaust valve opens to discharge the air in the pressing cuff
23 to atmosphere through the flexible tube 39 and the first
planar direction passage 390 when the pump 30 is turned off.
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The exhaust valve has a function of a check valve, and the
air to be discharged does not flow backward.

[0095] The pump 30 is connected to the sensing cuff 21
through the second planar direction passage 380 and the
flexible tube 38, which constitute a second passage FP2, so
as to be able to pass the fluid to the sensing cuff 21. An on-off
valve (in this example, a normally open electromagnetic
valve) 33 is interposed in the second passage FP2 (in fact,
between the first planar direction passage 390 and the
second planar direction passage 380). The opening and
closing (opening degree) of the on-off valve 33 is controlled
based on a control signal supplied from the CPU 100. When
the on-off valve 33 is in the open state, the air can be
supplied and stored as the pressure transmitting fluid from
the pump 30 to the sensing cuff 21 through the second
passage FP2.

[0096] In this example each of the first pressure sensor 31
and the second pressure sensor 32 is constructed with a
piezoresistive pressure sensor. The first pressure sensor 31
detects the pressure in the pressing cuff 23 through the first
planar direction passage 390 and the flexible tube 39 that
constitute the first passage FP1. The second pressure sensor
32 detects the pressure in the sensing cuff 21 through the
second planar direction passage 380 and the flexible tube 38
that constitute the second passage FP2.

[0097] The compact sphygmomanometer 1 is integrally
configured by mounting the above blood pressure measure-
ment element on the main body 10. Thus, the sphygmoma-
nometer 1 is convenient for the user.

[0098] (Structure of passage in main body)

[0099] As illustrated in FIG. 8 (when the inside of the
main body 10 is viewed obliquely from above), the pump 30
is disposed in the main body 10 so as to straddle from the
substantial center of the surface (one surface) 11a of the
inner case member 11 to a left-side periphery (in FIG. 8).
The on-off valve 33, the first pressure sensor 31, and the
second pressure sensor 32 are disposed along a front-side
periphery (in FIG. 8) of the surface 11a of the inner case
member 11. Each of these blood pressure measurement
elements 30, 31, 32, 33 has a flat outer shape along the
surface 11a of the inner case member 11 in order to achieve
the low profile the product. As can be seen from FIG. 9 (the
inside of the main body 10 is viewed obliquely from below,
for convenience, the plate-shaped member 371 is not illus-
trated), an air discharge port 30d of the pump 30, an air
intake port 31d of the first pressure sensor 31, an air intake
port 32d of the second pressure sensor 32, an inlet 337 and
an outlet 33¢ of the on-off valve 33 are provided in an
abutting surface that abuts on the surface 11a of the inner
case member 11. The inner case member 11 includes a first
through-hole 11c¢ at a position corresponding to the air
discharge port 304 of the pump 30. The inner case member
11 also includes second through-holes 114, 11e at positions
corresponding to the air intake port 314 of the first pressure
sensor 31 and the air intake port 32d of the second pressure
sensor 32, respectively. The inner case member 11 includes
third through-holes 11g, 11/ at positions corresponding to
the inlet 33; and the outlet 33e of the on-off valve 33,
respectively.

[0100] The inner circumferential wall 372d of the spacer
plate 372 collectively surrounds the first through-hole 11c,
the second through-hole 114, and the third through-hole Ilg
in the planar direction H. That is, the first planar direction
passage 390 is disposed so as to straddle the air discharge
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port 30d of the pump 30, the air intake port 31d of the first
pressure sensor 31, and the inlet 33/ of the on-off valve 33
along the back surface (other surface) 115 of the inner case
member 11. The inner circumferential wall 372¢ of the
spacer plate 372 collectively surrounds the second through-
hole 11e and the third through-hole 11% in the planar
direction H. That is, the second planar direction passage 380
is disposed so as to straddle the outlet 33e of the on-off valve
33 and the air intake port 324 of the second pressure sensor
32 along the back surface 115 of the inner case member 11.
[0101] FIG. 10 illustrates a sectional structure in the
vicinity of the first planar direction passage 390 provided in
the main body 10. The first planar direction passage 390 is
restricted by the back surface 115 of the inner case member
11 and the opposing surface 371a¢ of the plate-shaped
member 371 in the thickness direction Z, and restricted by
the inner circumnferential wall 3724 of the spacer plate 372
in the planar direction H. Similarly, the second planar
direction passage 380 in FIG. 9 is also restricted by the back
surface 11b of the inner case member 11 and the opposing
surface 371a of the plate-shaped member 371 in the thick-
ness direction 7, and restricted by the inner circumferential
wall 372¢ of the spacer plate 372 in the planar direction H.
In the state in which the main body 10 is assembled, the
flexible tubes 39, 38 constituting the first flexible passage are
fitted and attached to the lateral pins 390p, 380p as the first
flow port, respectively. Consequently, as described above,
the first planar direction passage 390 communicates with the
pressing cuff 23 through the lateral pin 390p and the flexible
tube 39. Similarly, the second planar direction passage 380
communicates with the sensing cuff 21 through the lateral
pin 380p and the flexible tube 38.

[0102] Thus, during the blood pressure measurement, as
illustrated by an arrow FL1 in FIG. 10, the air can be
supplied from the air discharge port 304 of pump 30 to the
pressing cuff 23 through first through-hole 11¢, the first
planar direction passage 390, and flexible tube 39. The air
can be supplied from the air discharge port 304 of the pump
30 to the sensing cuff 21 through the first through-hole 11¢,
the first planar direction passage 390, the on-off valve 33 in
the open state, the second planar direction passage 380, and
the flexible tube 38. At this point, the air is introduced from
the pressing cuff 23 to the air intake port 31d of the first
pressure sensor 31 through the flexible tube 39, the first
planar direction passage 390, and the second through-hole
11d. The air is introduced from the sensing cuff 21 to the air
intake port 324 of the second pressure sensor 32 through the
flexible tube 38, the second planar direction passage 380,
and the second through-hole 11e. Thus, the pressures of the
pressing cuff 23 and the sensing cuff 21 are detected by the
first pressure sensor 31 and the second pressure sensor 32,
respectively.

[0103] In this example, the thickness of the spacer plate
372 in FIG. 10 is set to t1=0.8 mm, the thickness of the
plate-shaped member 371 is set to 2=0.6 mm, and the
thickness of the back lid 10C is set to t3=0.8 mm. Thus, the
thickness from the back surface Ilb of the inner case member
11 to an outer surface 10Cb of the back lid 10C becomes
t1+12+t3=2.2 mm. Consequently, the low profile of the
product can be achieved.

[0104] As illustrated in FIG. 10, an adhesive 360 as a
sealing unit is provided between the surface 11a of the inner
case member 11 and the abutting surface around the air
discharge port 304 of the pump 30. Thus, the pump 30 is
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attached to the surface 11a of the inner case member 11 in
a fluid tight manner (in this example, airtight). Although not
illustrated, similarly an adhesive as the sealing unit is
provided between the surface lla of the inner case member
11 and the abutting surface around the air intake port 31d of
the first pressure sensor 31, the abutting surface around the
air intake port 324 of the second pressure sensor 32, and the
abutting surface around the inlet 33 and the outlet 33¢ of the
on-off valve 33. Consequently, the first pressure sensor 31,
the second pressure sensor 32, and the on-off valve 33 are
attached to the surface 11a of the inner case member 11 in
the fluid tight manner (in this example, airtight). As a result,
the air is prevented from leaking between the surface 11a of
the inner case member 11 and the abutting surfaces of the
blood pressure measurement elements 30, 31, 32, 33.
[0105] In this example, the plate-shaped member 371 is
made of a synthetic resin. However, the present invention is
not limited to the embodiment. The plate-shaped member
371 may include a layer made of stainless steel or another
metal to increase mechanical strength of the plate-shaped
member 371. Consequently, the thickness of the plate-
shaped member 371 can be set thinner as compared with the
case that the plate-shaped member 371 is made of only a
general synthetic resin material. As a result, the low profile
of the product can further be achieved.

[0106] (Operation of blood pressure measurement)
[0107] FIG. 12 illustrates a flowchart when the user per-
forms blood pressure measurement with the sphygmoma-
nometer 1.

[0108] As illustrated in step Si of FIG. 12, the user wears
the sphygmomanometer 1 on the left wrist 90 as the mea-
sured site. In wearing the sphygmomanometer 1, as illus-
trated in FIG. 14A, the user wears the cuff structure 20 on
the left wrist 90 using a right hand 99 (step S21 in FIG. 13).
At this point, in the natural state, the cuff structure 20 is
curved along the circumferential direction Y of the left wrist
90 by the curler 24. Thus, in this example, the user fits the
cuff structure 20 in the outer circumferential surface of the
left wrist 90 using the hand (in this example, the right hand
99) of a right half body on the opposite side of a left half
body on the side to which the left wrist 90 belongs, which
allows the cuff structure 20 to be easily worn on the left wrist
90. In the state in which the cuff structure 20 is worn on the
left wrist 90, the cuff structure 20 grips the left wrist 90 even
if the user releases the right hand 99 from the cuff structure
20, so that the cuff structure 20 (and the belt 2 and the main
body 10) hardly comes off from the left wrist 90.

[0109] Subsequently. as illustrated in FIG. 14B, the user
collectively bonds the left wrist 90 and the cuff structure 20
with the belt 2 using the right hand 99. Specifically, a portion
connected to the leading end 4f'of the second belt 4 is passed
through the frame-shaped body 5A of the tail lock 5 of the
first belt 3, and the prong 5B of the tail lock 5 is inserted into
one of the plurality of small holes 4w, 4w, . . . of the second
belt 4. Consequently, as illustrated to FIG. 14C, the first belt
3 and the second belt 4 are fastened (step S22 in FIG. 13).
Consequently, the belt 2 extending from the main body 10
binds the left wrist 90, and the belt-shaped cuff structure 20
in which the one end 20fis attached to the main body 10 is
disposed on the inner circumferential side closer to the left
wrist 90 than the belt 2.

[0110] In the sphygmomanometer 1, the cuff structure 20
can be separated from the inner circumferential surfaces 3q,
4a of the belt 2, and the other end 20e on the opposite side
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of the one end 20f of the cuff structure 20 becomes a free
end. Thus, when the first belt 3 and the second belt 4 are
fastened, the cuff structure 20 receives inward force from the
belt 2, and the cuff structure 20 can be slid or deformed just
along the outer circumferential surface of the left wrist 90.
Consequently, in the worn state, the cuff structure 20 and the
belt 2 are in substantially close contact with the outer
circumferential surface of the left wrist 90 in this order. In
this way, the sphygmomanometer 1 can easily be worn on
the left wrist 90.

[0111] Specifically, as illustrated in FIG. 15, in the worn
state, the bag-shaped pressing cuff’ 23 extends along the
circumferential direction Y of the left wrist 90 on the inner
circumferential side of the curler 24 included in the cuff
structure 20. The bag-shaped sensing cuff 21 included in the
cuff structure 20 is disposed on the inner circumferential side
with respect to the pressing cuff 23 to contact with the left
wrist 90, and extends in the circumferential direction Y so as
to cross an artery passage portion 90a of the left wrist 90.
The backboard 22 included in the cuff structure 20 is
interposed between the pressing cuff 23 and the sensing cuff
21, and extends along the circumferential direction Y of the
left wrist 90. The main body 10 and the belt 2 are not
illustrated in FIG. 15. A radius 93, an ulna 94, a radial artery
91, an ulnar artery 92, and a tendon 96 of the left wrist 90
are illustrated in FIG. 15.

[0112] When the user presses the measurement switch
52A of the operation unit 52 provided in the main body 10
(step S2 in FIG. 12), the CPU 100 initializes a processing
memory area (step S3 in FIG. 12). The CPU 100 turns off the
pump 30 through the pump drive circuit 35 to open the
exhaust valve built in the pump 30, and maintains the on-off
valve 33 in the open state to discharge the air in the pressing
cuff 23 and the sensing cuff 21. Subsequently, adjustment of
0 mmHg of the first pressure sensor 31 and the second
pressure sensor 32 is controlled.

[0113] Subsequently, the CPU 100 acts as a pressurization
controller and a fluid storage controller to turn on the pump
30 through the pump drive circuit 35 (step S4 in FIG. 12),
and maintains the on-off valve 33 in the open state to start
the pressurization of the pressing cuff 23 and the sensing cuff
21 (step S5 in FIG. 12). In a pressurization process, the
pump 30 is driven through the pump drive circuit 35 while
the pressures of the pressing cuff 23 and the sensing cuff 21
are monitored by the first pressure sensor 31 and the second
pressure sensor 32, respectively. Consequently, the control is
performed such that the air is sent to the pressing cuff 23
through the first passage FP1 (including the first planar
direction passage 390 and the flexible tube 39), and such that
the air is sent to the sensing cuff 21 through the second
passage FP2 (including the second planar direction passage
380 and the flexible tube 38). Consequently, the air can
successfully be supplied from the pump 30 to the pressing
cuff 23 and the sensing cuff 21.

[0114] Subsequently, in step S6 of FIG. 12, the CPU 100
acts as the fluid storage controller to determine whether the
pressure of the sensing cuff 21 has reached a predetermined
pressure (in this example, 15 mmHg) or whether a prede-
termined drive time of the pump 30 has elapsed (in this
example, 3 seconds). The reason the determination is made
is that it is required to check whether an appropriate amount
of air has been stored in the sensing cuff 21. When the
negative determination is made in step S6 of FIG. 12, the
processing waits until the pressure of the sensing cuff 21
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reaches a predetermined pressure or the predetermined drive
time of the pump 30 elapses. The “appropriate amount” of
the pressure transmitting fluid stored in the sensing cuff 21
will be described later.

[0115] When the affirmative determination is made in step
S6 of FIG. 12, it is determined that the appropriate amount
of air has been stored in the sensing cuff 21. In step S7 of
FIG. 12, the CPU 100 acts as the pressurization controller,
closes the on-off valve 33, and continues the control of
supplying the air from the pump 30 to the pressing cuff 23
through the first passage FP1. Consequently, the pressing
cuff 23 is inflated and the pressure is gradually applied to
press the left wrist 90. At this point, the backboard 22
transmits the pressing force from the pressing cuff 23 to the
sensing cuff 21. The sensing cuff 21 presses the left wrist 90
(including the artery passage portion 90a). In the pressur-
ization process, the CPU 100 monitors a pressure Pc of the
sensing cufl 21, namely, the pressure of the artery passage
portion 90a of the left wrist 90 using the second pressure
sensor 32 in order to calculate the blood pressure value, and
acquire a pulse wave signal Pm as a fluctuation component.
FIG. 17 illustrates waveforms of the pressure Pc of the
sensing cuff 21 and the pulse wave signal Pm obtained in
this pressurization process.

[0116] FIGS. 16A and 16B schematically illustrate a sec-
tion along the longitudinal direction (corresponding to the
width direction X of the cuff) of the left wrist 90, in the
pressurized state in which an appropriate amount of air is
stored in the sensing cuff 21 and the on-off valve 33 is
closed. FIG. 16A illustrates a section (corresponding to a
section taken along a line XVA-XVA in FIG. 15) of a portion
through which the tendon 96 of the left wrist 90 passes. On
the other hand, FIG. 16B illustrates a section (corresponding
to a section taken along a line XVB-XVB in FIG. 15) of a
portion through which the radial artery 91 of the left wrist 90
passes. As illustrated in FIG. 16B, the portion through which
the radial artery 91 of the left wrist 90 passes is relatively
soft, so that a gap 21w in which air exists remains between
the first sheet 21 A and the second sheet 21B of the sensing
cuff 21. Thus, the portion of the sensing cuff 21 opposed to
the radial artery 91 can reflect the pressure of the artery
passage portion 90a of the left wrist 90. On the other hand,
as illustrated in FIG. 16A, the portion through which the
tendon 96 of the left wrist 90 passes is relatively hard, so that
the first sheet 21A and the second sheet 21B contact with
each other in a portion corresponding to the substantial
center in the width direction X of the sensing cuff 21.
However, at the place continuous with the edges 21m, 21m
on both sides in the width direction X of the sensing cuff 21,
gaps 21w’, 21w’ in which air exists along the longitudinal
direction Y remain because the sags 217, 217 extending along
the longitudinal direction Y (corresponding to the circum-
ferential direction of the left wrist 90) are provided as
described above. As a result, the air stored in the sensing cuff
21 can flow along the longitudinal direction Y of the sensing
cuff 21 through the gaps 21w, 21w". Thus, the sensing cuff
21 can successfully transmit the pressure applied to the
artery passage portion 90a of the left wrist 90 to the second
pressure sensor 32 in the main body 10 as the pressure of the
air (the pressure transmitting fluid).

[0117] Subsequently, in step S8 of FIG. 12, the CPU 100
acts as a blood pressure calculator, and applies a known
algorithm by an oscillometric method to try to calculate the
blood pressure value (a systolic blood pressure SBP and a
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diastolic blood pressure DBP) based on the pulse wave
signal Pm acquired at this time.

[0118] At this point, when the blood pressure value cannot
be calculated because of insufficient data (NO in step S9),
the pieces of processing in steps S7 to S9 are repeated as
long as the cufl pressure does not reach an upper limit
pressure (for safety, for example, 300 mmHg is previously
decided).

[0119] When the blood pressure value can be calculated
(YES in step S9), the CPU 100 stops the pump 30 (step S10),
opens the on-off valve 33 (step S11), and performs the
control of discharging the air in the pressing cuff 23 and the
sensing cuff 21. Finally, a measurement result of the blood
pressure value 1s displayed on the display 50 (step S12).
[0120] The blood pressure calculation may be performed
in not the pressurization process of the pressing cuff 23 but
a decompression process.

[0121] As described above, in the sphygmomanometer 1,
the air is stored in the sensing cuff 21 every time the blood
pressure is measured, and the second pressure sensor 32
detects the pressure Pc of the sensing cuff 21, namely, the
pressure itself of the artery passage portion 90a of the left
wrist 90 separately from the pressing cuff’ 23. Thus, as a
result of setting of a smaller dimension (for example, about
25 mm) in the width direction X of the cuff CF (including
the belt 2 and the cuff structure 20), the blood pressure can
accurately be measured even if the pressing cuff 23 is largely
inflated in the thickness direction to generate a compression
loss during the pressurization. In the wear state, the sensing
cuff 21 extends in the circumferential direction Y so as to
cross the artery passage portion 90a of the left wrist 90.
Thus, when the user actually wears the sphygmomanometer
1 on the left wrist 90, even if the cuff is displaced to some
extent in the circumferential direction Y of the left wrist 90
along with the main body 10, the sensing cuff 21 does not
come off from the artery passage portion 90a of the left wrist
90. Thus, the blood pressure measurement value can be
prevented from varying with respect to the actual blood
pressure, and resultantly the blood pressure can accurately
be measured.

[0122] In the above example, each time the blood pressure
is measured, the air as the pressure transmitting fluid is
stored in the sensing cuff 21, and the air is discharged after
the measurement is completed. However, the present inven-
tion 1s not limited to the above example. The pressure
transmitting fluid may be stored in the sensing cuff 21 and
sealed at a manufacturing stage of the sphygmomanometer
1.

[0123] (Appropriate amount of pressure transmitting fluid
stored in sensing cuff)

[0124] FIG. 18 illustrates a blood pressure measurement
error (average value) when water is used as a pressure
transmitting fluid stored in the sensing cuff 21 and an
amount of water stored in the sensing cuff 21 is variably set.
As used herein, the blood pressure measurement error means
a difference obtained by subtracting a blood pressure value
(a systolic blood pressure SBP, this is referred to as a
“reference blood pressure value™) measured by a standard
(correct) sphygmomanometer from a blood pressure value
(systolic blood pressure SBP) measured by the sphygmo-
manometer 1 for a certain user (subject). That is, (blood
pressure measurement error)=(blood pressure value mea-
sured by sphygmomanometer 1)-(reference blood pressure
value).
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[0125] As can be seen from FIG. 18, when the amount of
water stored in the sensing cuff 21 falls within a range wa of
0.26 ml +0.05 ml, the blood pressure measurement error is
within +5 mmHg, which is considered to be an appropriate
amount.

[0126] In FIG. 18, when the amount of water exceeds the
appropriate range wa, the blood pressure measurement error
increases on the positive side. This is attributed to the fact
that the water also exists on a hard portion such as the tendon
96 in the section of FIG. 15 to increase the internal pressure
of the sensing cuff 21 during the pressurization, and that
because the portion through which the radial artery 91 and
the ulnar artery 92 in the left wrist 90 pass is relatively soft,
the water more than necessary exists in the portion to inflate
the sensing cuff 21, and the internal pressure of the sensing
cuff 21 is increased by the amount of inflating tension. In
FIG. 18, when the amount of water falls below the appro-
priate range wa, the blood pressure measurement error
increases on the negative side. This is attributed to the fact
that the amount of water around the artery becomes too
small.

[0127] As aresult, in this example, it is considered that the
pressure transmitting fluid stored in the sensing cuff 21 has
the suitable range wa of 0.26 ml £0.05 ml. A criterion for a
determination whether the pressure of the sensing cuff 21
has reached a predetermined pressure (in this example, 15
mmHg) or a determination whether a predetermined drive
time of the pump 30 has elapsed (in this example, 3 seconds)
in step S6 of FIG. 12 described above is set so as to satisfy
the condition that the amount of air as the pressure trans-
mitting fluid stored in the sensing cuff 21 falls within the
range wa of 0.26 ml £0.05 ml.

[0128] The appropriate amount of pressure transmitting
fluid stored in the sensing cuff 21 depends on a size of the
sensing cuff 21 and the like.

[0129] (Verification Result)

[0130] The scatter diagram in FIG. 19 illustrates a rela-
tionship between the reference blood pressure value and the
blood pressure measurement error when the amount of water
as the pressure transmitting fluid stored in the sensing cuff
21 is variably set to “small amount of water™=0.16 ml,
“appropriate amount”=0.3 ml, “large amount of water”=0.8
ml with respect to a plurality of users (in this example,
measurement is performed three times for each of five
subjects whose systolic blood pressure SBP ranges from 97
mmHg to 149 mmHg). When the amount of water is
“appropriate”, as illustrated by a O sign in FIG. 19, the
blood pressure measurement etrors are decreased for the
plurality of users. On the other hand, in the case of the “large
amount of water”, as illustrated by a x sign in FIG. 19, the
blood pressure measurement errors for the plurality of users
are increased on the positive side. In the case of the “small
amount of water”, as illustrated by a ¢ sign in FIG. 19, the
blood pressure measurement errors for the plurality of users
are increased on the negative side.

[0131] From this verification result, in the sphygmoma-
nometer 1 of the embodiment of the present invention, it can
be said that the blood pressure can accurately be measured
even if the dimension in the width direction X of the cuff is
set small (in this example, the substantial dimension in the
width direction of the sensing cuff 21 is set to W4=15 mm
and the substantial dimension in the width direction of the
pressing cuff 23 is set to W2=25 mm).
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[0132] In particular, when the plurality of users actually
wear the sphygmomanometer 1 on the left wrist 90 to
measure the blood pressure, some users may displace the
cuff together with the main body 10 to a certain extent in the
circumferential direction Y of the left wrist 90. At this point,
in the verification result of FIG. 19, when the amount of
water is appropriate, the blood pressure measurement errors
are suppressed for the plurality of users. Thus, in the
sphygmomanometer 1, it is possible to confirm that the
blood pressure can accurately be measured even if the cuff
is displaced along with the main body 10 to some extent in
the circumferential direction Y of the left wrist 90.

[0133] (First Modification)

[0134] A first modification in which the structure of the
planar direction passage in the main body 10 is modified will
be described below. It is assumed that the disposition of the
blood pressure measurement elements 30, 31, 32, 33
mounted on the surface 11a of the inner case member 11 in
FIG. 8 is maintained.

[0135] In the first modification, as illustrated in FIG. 20, a
plate-shaped member 373 made of a synthetic resin (for
example, an ABS resin) is provided so as to be sandwiched
between the back surface 115 of the inner case member 11
and the back lid 10C of the main body 10. In the first
modification, the spacer plate 372 in FIG. 7 is omitted in
order to promote the low profile of the product.

[0136] Specifically, as illustrated in FIG. 20, shallow bot-
tomed grooves 11m, 11z having a circular pattern along the
planar direction H are formed in the back surface 115 of the
inner case member 11.

[0137] In an opposing surface 373a of the plate-shaped
member 373 opposed to the back surface 1Ib of the inner case
member 11, a shallow bottomed groove 373m (see FIG. 21)
is formed at a position corresponding to the bottomed
groove 11m. Although not illustrated, similarly a shallow
bottomed groove (represented by reference numeral 373n
not illustrated) is formed in a portion corresponding to the
bottomed groove 11z in the opposing surface 373a of the
plate-shaped member 373. When the main body 10 is
assembled, in the back surface 115 of the inner case member
11 and the opposing surface 373a¢ of the plate-shaped
member 373, the portions corresponding to the surroundings
of the bottomed grooves 11m, 373m are in close contact with
each other to constitute a first planar direction passage 391.
Although not illustrated, similarly in the back surface 115 of
the inner case member 11 and the opposing surface 373a of
the plate-shaped member 373, the portions corresponding to
the surroundings of the bottomed grooves 11n, 373# are in
close contact with each other to constitute a second planar
direction passage (designated by the reference numeral 381
not illustrated). The first planar direction passage 391 com-
municates with the first through-hole 1l¢, the second
through-hole 11d in FIG. 9, and the third through-hole 11g,
and therefore communicates with the air discharge port 304
of the pump 30, the air intake port 31d of the first pressure
sensor 31, and the inlet 33 of the on-off valve 33. The
second planar direction passage 381 communicates with the
second through-hole 11e and the third through-hole 11/ in
FIG. 9, and therefore communicates with the outlet 33e of
the on-off valve 33 and the air intake port 324 of the second
pressure sensor 32.

[0138] As illustrated in FIG. 20, recesses 373d, 373¢
having a circular pattern along the planar direction H are
provided in a back surface 373b opposed to the opposing
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surface 373a of the plate-shaped member 373. In the centers
of the recesses 373d, 373e, short cylindrical nipples 373p,
373¢ are formed as a second flow port piercing through the
plate-shaped member 373 in the thickness direction Z,
respectively. The nipples 373p, 373¢ communicate with the
first planar direction passage 391 and the second planar
direction passage 381, respectively.

[0139] FIG. 20 illustrates an extension portion 23e of the
pressing cuff 23 and an extension portion 21e of the sensing
cuff 21 as a second flexible passage between the back
surface 3735 of the plate-shaped member 373 and the back
lid 10C of the main body 10. In this example, as illustrated
in FIGS. 22A and 22B corresponding to FIGS. 3A and 3B,
the extension portion 21e is provided at the end on the root
side (+Y side) in the longitudinal direction Y of the sensing
cuff 21 in order to elongate the first and second sheets 21A,
21B in a thinning manner to supply the pressure transmitting
fluid (in this example, air) to the sensing cuff 21 or to
discharge the pressure transmitting fluid from the sensing
cuff 21. A short cylindrical portion 21s piercing through the
second sheet 21B as an opposing sheet on the outer circum-
ferential side (the side opposed to the nipple 373¢) in the
thickness direction is formed at the leading end (the end on
the +Y side) of the extension portion 21e. As illustrated in
FIGS. 23A and 23B corresponding to FIGS. 22A and 22B
and FIGS. 5A and 5B, the extension portion 23e is provided
at the end on the root side (+Y side) in the longitudinal
direction Y of the fluid bag 23-2 on the outer circumferential
side of the pressing cuff 23 in order to elongate the two
sheets constituting the fluid bag 23-2 in a thinning manner
to supply the pressure transmitting fluid (in this example,
air) to the pressing cuff’ 23 or to discharge the pressure
transmitting fluid from the pressing cuff 23. A short cylin-
drical portion 23s piercing through the opposing sheet on the
outer circumferential side (the side opposed to the nipple
373p) of the fluid bag 23-2 in the thickness direction is
formed at the leading end (the end on the +Y side) of the
extension portion 23e.

[0140] When the cuff structure 20 including the curler 24
is attached to the main body 10, the short cylindrical portion
23s of the extension portion 23e from the pressing cuff 23 is
airtightly fitted to the nipple 373p in FIG. 20, and is easy to
attach. Consequently, the pressing cuff 23 is communicated
with the first planar direction passage 391 (that is, the
bottomed grooves 11m, 373m) through the extension portion
23e. The short cylindrical portion 21s of the extension
portion 21e from the sensing cuff 21 is airtightly fitted and
easily attached to the nipple 373¢ in FIG. 20, and is easy to
attach. As a result, the sensing cuff 21 is communicated with
the second planar direction passage 381 (that is, the bot-
tomed grooves 11, 373r) through the extension portion
2le.

[0141] Thus, during the blood pressure measurement, as
illustrated by an arrow FL2 in FIG. 21, the air can be
supplied from the air discharge port 304 of pump 30 to the
pressing cuff 23 through first through-hole 1lc, the first
planar direction passage 391, and the extension portion 23e.
The air can be supplied from the air discharge port 304 of the
pump 30 to the sensing cuff 21 through the first through-hole
11c, the first planar direction passage 391, the on-off valve
33 in the open state, the second planar direction passage 381,
and the extension portion 2le. At this point, the air is
introduced from the pressing cuff 23 to the air intake port
31d of the first pressure sensor 31 through the extension



US 2019/0328324 Al

portion 23e, the first planar direction passage 391, and the
second through-hole 11d. The air is introduced from the
sensing cuff 21 to the air intake port 32d of the second
pressure sensor 32 through the extension portion 21e, the
second planar direction passage 381, and the second
through-hole 11e. Thus, the pressures of the pressing cuff 23
and the sensing cuff 21 are detected by the first pressure
sensor 31 and the second pressure sensor 32, respectively.
[0142] In this example, the thickness of the plate-shaped
member 373 in FIG. 21 is set to t4=0.7 mm, the thicknesses
of the extension portions 21e, 23e are set to t5=0.6 mm, and
the thickness of the back lid 10C is set to t6=0.8 mm. Thus,
the thickness from the back surface 115 of the inner case
member 11 to the outer surface 10Cb of the back lid 10C
becomes t4+t5+t6=2.1 mm. Consequently, the low profile of
the product can be achieved.

[0143] The depths of the bottomed grooves 373m, 373n
and the recesses 3734, 373e in the plate-shaped member 373
are all set to 0.3 mm. As to a breakdown of the thickness t5
of the extension portion 21e, the thickness of each of the first
and second sheets 21A, 21B becomes t=0.15 mm, and the
thickness of a passage layer between the first and second
sheets 21A, 21B becomes 0.3 mm. The breakdown of the
thickness t5 of the extension portion 23e is similar to that of
the thickness of the extension portion 21e.

[0144] The nipples 373p, 373¢ are provided in the
recesses 373d, 373e, respectively, so that the dimension in
which the nipples 373p, 373¢ protrude from the back surface
373b of the plate-shaped member 373 can be reduced in the
thickness direction Z to contribute to the low profile of the
product.

[0145] In the opposing surface 10Ca of the back lid 10C
opposed to the back surface 115 of the inner case member
11, a recess 10Cd is provided at the positions corresponding
to the nipples 373p, 373¢ and the short cylindrical portions
23s, 21s fitted to the nipples 373p, 373¢ in the planar
direction H. Thus, in the pressurized state, the sheet on the
inner circumferential side (the lower side in FIG. 21) of the
extension portion 23e of the pressing cuff 23 and the sheet
on the inner circumferential side of the extension portion
2le of the sensing cuff 21 are inflated toward the recess
10Cd. Thus, the first planar direction passage 391 and the
second planar direction passage 381 can effectively be
secured. Conversely, it can be said that the recess 10Cd of
the back lid 10C contributes to the low profile of the product.
[0146] In the first modification, the bottomed grooves
11m, 11x are provided in both the back surface 115 of the
inner case member 11 and the opposing surface 3734 of the
plate-shaped member 373, respectively. However, the pres-
ent invention is not limited to the first modification. Altet-
natively, a bottomed groove may be provided in one of the
back surface 115 of the inner case member 11 and the
opposing surface 373a of the plate-shaped member 373 to
constitute the first planar direction passage 391 and the
second planar direction passage 381.

[0147] In the first modification, the inner case member 11
and the plate-shaped member 373 are different from each
other. However, the present invention is not limited to the
first modification. Alternatively, while including the bot-
tomed grooves 11m, 373m and 11z, 373n, the inner case
member 11 and the plate-shaped member 373 may be made
of an integral member in which a material and a composition
are spatially continuous. Consequently, when the main body
10 is assembled, the first planar direction passage 391 and
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the second planar direction passage 381 can easily be
provided in the main body 10.

[0148] For example, the integral member can be formed
by using a commercially available three-dimensional printer
(3D printer). For example, Computer Aided Design (CAD)
data representing the three-dimensional shape of the integral
member is prepared and input to the 3D printer. Using the
3D printer, the integral member is formed by, for example,
a powder sinter layered shaping method with nylon (poly-
amide) as a material. Consequently, the integral member can
easily be prepared.

[0149] In the first modification, the short cylindrical
nipples 373p, 3734 as the second flow port are formed in the
back surface 3734 of the plate-shaped member 373, and the
short cylindrical portions 21s, 23s are provided in the
opposing sheets constituting the extension portion 21e of the
sensing cuff 21 and the extension portion 23e of the pressing
cuff 23 as the second flexible passage. However, the present
invention is not limited to the embodiment. For example, it
is assumed that the back surface 3735 of the plate-shaped
member 373 is formed flat while including a first opening (in
this example, two openings) constituting the second flow
port. It is assumed that a second opening (in this example,
each one opening) penetrating through each of the opposing
sheets constituting the extension portion 21e of the sensing
cuff 21 and the extension portion 23e of the pressing cuff 23
as the second flexible passage in the thickness direction 7 is
formed in each of the opposing sheets. It is assumed that
each of the opposing sheets constituting the extension por-
tion 21e of the sensing cufl’ 21 and the extension portion 23e
of the pressing cuff 23 is in close contact with the back
surface 3734 of the plate-shaped member 373 while the two
second openings overlap and communicate with the two first
openings. With such a configuration, during the assembly,
for example, each opposing sheet adheres to the back surface
37354 of the plate-shaped member 373 with an adhesive or a
double-sided adhesive tape interposed therebetween, which
allows the easy attachment of the second flow port and the
second flexible passage. The back surface 3736 of the
plate-shaped member 373 is formed flat while including the
first opening constituting the second flow port, and the
elements (for example, the short cylindrical portions 21s,
23s) extending in the thickness direction Z are not required
for the extension portion 21e of the sensing cuff 21 and the
extension portion 23e of the pressing cuff 23, so that it can
further contribute to the low profile of the product.

[0150] (Second Modification)

[0151] A second modification in which the structure of the
planar direction flow passage in the main body 10 is modi-
fied will be described below. It is assumed that the dispo-
sition of the blood pressure measurement elements 30, 31,
32, 33 mounted on the surface 11a of the inner case member
11 in FIG. 8 is maintained.

[0152] Inthe second modification, as illustrated in FIG. 24
corresponding to FIG. 10, a spacer plate 374 made of a
synthetic resin (for example, polyurethane) is provided so as
to be sandwiched between the back surface 115 of the irner
case member 11 and the back lid 10C of the main body 10.
Two surfaces 374a, 374b of the spacer plate 374 are in close
contact with the back surface 115 of the inner case member
11 and the opposing surface 10Ca of the back lid 10C
opposed to the back surface 115, respectively, and maintain
the inner case member 11 and the plate-shaped member 371
in the state in which the inner case member 11 and the
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plate-shaped member 371 are separated from each other in
the thickness direction Z. In order to promote the low profile
of the product, the plate-shaped member 371 in FIG. 7 is
made common to the back lid 10C constituting the back
surface of the main body 10 in the second modification. In
other words, in the second modification, the plate-shaped
member 371 is constructed with the back lid 10C.

[0153] Similarly to the spacer plate 372 illustrated in FIG.
7 (and FIG. 9), the spacer plate 374 in FIG. 24 includes a
pattern (constructed with an inner circumferential wall
3744d) of a first planar direction passage 392 corresponding
to the first planar direction passage 390 in FIG. 7 and a
pattern (constructed with an inner circumferential wall 374e
not illustrated) of a second planar direction passage (desig-
nated by the reference numeral 382 not illustrated) corre-
sponding to the second planar direction passage 380 in FIG.
7.

[0154] The first planar direction passage 392 is formed
between the back surface 115 of the inner case member 11
and the opposing surface 10Ca of the back lid 10C of the
main body 10 in the thickness direction Z, and restricted by
the inner circumferential wall 374d of the spacer plate 374
in the planar direction H. Although not illustrated, similarly
the second planar direction passage 382 is formed between
the back surface 1lb of the inner case member 11 and the
opposing surface 10Ca of the back lid 10C of the main body
10 in the thickness direction 7, and restricted by the inner
circumferential wall 374e of the spacer plate 374 in the
planar direction H.

[0155] In the second modification, at the circumferential
edge on one side (the left side in FIG. 24) of the back lid
10C, cylindrical lateral pins 392p, 382p are provided as a
third flow port that pierces through the circumferential edge
in the planar direction H to protrude to the outside. The
lateral pins 392p, 382p as the third flow port is oriented
toward the planar direction H, which can contribute to the
low profile of the product. The circumferential edge of the
back lid 10C in which the lateral pins 392p, 382p are
provided is hermetically sealed by a circumferential edge
374f on one side of the spacer plate 374.

[0156] The lateral pins 392p, 382p communicate with the
first planar direction passage 392 and the second planar
direction passage 382, respectively. During the assembly of
the sphygmomanometer 1, the flexible tube 39 from the
pressing cuff 23 is airtightly fitted and easily attached to the
lateral pin 392p. The flexible tube 38 from the sensing cuff
21 is airtightly fitted and easily attached to the lateral pin
382p. Consequently, the pressing cuff 23 and the sensing
cuff 21 are communicated with the first planar direction
passage 392 and the second planar direction passage 382
through the flexible tubes 39, 38, respectively. In this
example, the flexible tubes 39, 38 constitute a third flexible
passage.

[0157] Thus, during the blood pressure measurement, as
illustrated by an arrow FL3 in FIG. 24, the air can be
supplied from the air discharge port 304 of pump 30 to the
pressing cuff 23 through first through-hole 11¢, the first
planar direction passage 392, and flexible tube 39. The air
can be supplied from the air discharge port 304 of the pump
30 to the sensing cuff 21 through the first through-hole 11¢,
the first planar direction passage 392, the on-off valve 33 in
the open state, the second planar direction passage 382, and
the flexible tube 38. At this point, the air is introduced from
the pressing cuff 23 to the air intake port 31d of the first
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pressure sensor 31 through the flexible tube 39, the first
planar direction passage 392, and the second through-hole
11d. The air is introduced from the sensing cuff 21 to the air
intake port 324 of the second pressure sensor 32 through the
flexible tube 38, the second planar direction passage 382,
and the second through-hole 11e. Thus, the pressures of the
pressing cuff 23 and the sensing cuff 21 are detected by the
first pressure sensor 31 and the second pressure sensor 32,
respectively.

[0158] In this example, the thickness of the spacer plate
374 in FIG. 24 is set to t7=0.8 mm, and the thickness of the
back lid 10C is set to t8=0.8 mm. Thus, the thickness from
the back surface 115 of the inner case member 11 to the outer
surface 10Cb of the back lid 10C becomes t7+t8=1.6 mm.
Consequently, the low profile of the product can be
achieved.

[0159] In the above embodiment, the main body 10
includes two planar direction passages of the first planar
direction passage 390 (or 391, 392) and the second planar
direction passage 380 (or 381, 382). However, the present
invention is not limited to the embodiment. For example, the
main body 10 may include only one planar direction pas-
sage. Conversely, the main body 10 may include at least
three planar direction passages.

[0160] Inthe embodiment, by way of example, the sensing
cuff 21 is in direct contact with the left wrist 90 as the
measured site. However, the present invention is not limited
to the embodiment. The sensing cuff 21 may indirectly
contact with the left wrist 90 with another member (for
example, a cover member) interposed therebetween.

[0161] Inthe embodiment, the measured site on which the
sphygmomanometer is worn is the left wrist 90. However,
the present invention is not limited to the embodiment. The
sphygmomanometer of the embodiment of the present
invention may be configured so as to be optically symmetri-
cal with respect to the sphygmomanometer 1 in FIGS. 1 and
2, and may be worn on the right wrist. The measured site
may be a site except for the wrist, such as the upper arm or
the leg.

[0162] In the embodiment, the main body 10 and the belt
2 are formed separately from each other, and the belt 2 is
attached to the main body 10. However, the present inven-
tion is not limited to the embodiment. The main body 10 and
the belt 2 may integrally be molded.

[0163] In the embodiment, the first belt 3 and the second
belt 4 of the belt 2 are fastened or released by the tail lock
5. However, the present invention is not limited to the
embodiment. For example, the first belt 3 and the second belt
4 may be connected to each other while a three-fold type
buckle that can be opened and closed is interposed therebe-
tween.

[0164] In the embodiment, the CPU 100 mounted on the
sphygmomanometer 1 acts as the fluid storage controller, the
pressurization controller, and the blood pressure calculator
to perform the blood pressure measurement (the flowchart in
FIG. 12). However, the present invention is not limited to the
embodiment. For example, a substantial computer device,
such as a smartphone, which is provided outside the sphyg-
momanometer 1, may act as the fluid storage controller, the
pressurization controller, and the blood pressure calculator,
and cause the sphygmomanometer 1 to perform the blood
pressure measurement (the flowchart in FIG. 12) through the
network 900.
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[0165] For example, the main body of the sphygmoma-
nometer may be configured as a table-top type separated
from the cuff, and connected to the cuff (fluid bag) through
a fluid-flowable tube.

[0166] The above embodiments are illustrative only, and
various modifications can be made without departing from
the scope of the present invention. The plurality of embodi-
ments described above can be made independently, and the
embodiments can also be combined. Although various fea-
tures in different embodiments can independently be estab-
lished, the features in different embodiments can also be
combined.

[0167] According to a sphygmomanometer of the present
embodiment, the sphygmomanometer includes a cuff to be
worn while binding a measured site and a main body,
wherein

[0168] the main body is equipped with a substrate, a pump
and a pressure sensor that are attached to one surface of the
substrate, and a plate-shaped member opposed to an other
surface of the substrate on an opposite side of the one
surface of the substrate,

[0169] the substrate includes a first through-hole at a
portion corresponding to a fluid discharge port of the pump,
and a second through-hole at a portion corresponding to a
fluid intake port of the pressure sensor,

[0170] the other surface of the substrate and an opposing
surface of the plate-shaped member opposed to the other
surface constitute the planar direction passage extending in
a planar direction along the other surface of the substrate,

[0171] the planar direction passage communicates with a
fluid bag of the cuff, and the sphygmomanometer further
includes:

[0172] a pressurization controller to control pressing the
measured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage; and

[0173] a blood pressure calculator to calculate a blood
pressure based on an output of the pressure sensor while the
fluid is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second through-
hole.

[0174] As used herein, the “planar direction passage”
means a path extending in the planar direction and flowing
the fluid along the extending direction.

[0175] The “fluid bag” included in the cuff has may be a
single fluid bag or a plurality of fluid bags.

[0176] The “fluid” is typically air, but may be another gas
or liquid.
[0177] In the sphygmomanometer of the present embodi-

ment, while the cuff is worn while binding the measured site,
the pressurization controller supplies the fluid from the fluid
discharge port of the pump to the fluid bag through the first
through-hole and the planar direction passage, and performs
the control of pressing the measured site. At this point, the
fluid is introduced from the fluid bag to the fluid intake port
of the pressure sensor through the planar direction passage
and the second through-hole. In this state, the blood pressure
calculator calculates the blood pressure based on an output
of the pressure sensor (oscillometric method).

[0178] Inthe sphygmomanometer, the other surface of the
substrate and the opposing surface of the plate-shaped
member opposed to the other surface constitute the planar
direction passage extending in the planar direction along the
other surface of the substrate. Thus, the low profile of the
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product can be achieved as compared with the case that the
pump, the pressure sensor, and the fluid bag are connected
by the air piping extending straight in the thickness direction
as disclosed in Japanese Patent Application Publication No.
2013-220187.

[0179] Preferably the main body is integrated with the
cuff. The “integrated” includes the case that the main body
is integrally molded with the cuff and the case that the main
body is formed separately from the cuff and integrally
attached to the cuff. On the other hand, the main body may
be configured as a table-top type separated from the cuff, and
connected to the cuff (fluid bag) through a fluid-flowable
tube.

[0180] In the sphygmomanometer of the embodiment,
each of the pump and the pressure sensor has a flat outer
shape along the one surface of the substrate.

[0181] In the sphygmomanometer of the embodiment,
each of the pump and the pressure sensor has the flat outer
shape along the one surface of the substrate. Thus, the low
profile of the product can be achieved.

[0182] In the sphygmomanometer of the embodiment,
[0183] the sphygmomanometer further includes a spacer
plate disposed along between the substrate and the plate-
shaped member to keep the substrate and the plate-shaped
member in a state in which the substrate and the plate-
shaped member are separated from each other in a thickness
direction,

[0184] wherein both surfaces of the spacer plate are in
close contact with the substrate and the plate-shaped mem-
ber,

[0185] the spacer plate includes an inner circumferential
wall making a hole penetrating through the spacer plate in
the thickness direction, and

[0186] the inner circumferential wall collectively sur-
rounds the first through-hole and the second through-hole in
the planar direction to form a pattern of the planar direction
passage.

[0187] The sphygmomanometer of the embodiment
includes the spacer plate disposed along between the sub-
strate and the plate-shaped member to keep the substrate and
the plate-shaped member in the state in which the substrate
and the plate-shaped member are separated from each other
in the thickness direction. Both surfaces of the spacer plate
are in close contact with the substrate and the plate-shaped
member. The spacer plate includes an inner circumferential
wall making a hole penetrating through the spacer plate in
the thickness direction. The inner circumferential wall col-
lectively surrounds the first through-hole and the second
through-hole in the planar direction to form a pattern of the
planar direction passage. Thus, the planar direction passage
can easily be configured while communicate with commu-
nicating with the first through-hole and the second through-
hole.

[0188] In the sphygmomanometer of the embodiment,
[0189] a first flow port piercing in the planar direction
between the inner circumferential wall of the spacer plate
and an outer circumferential wall opposed to the inner
circumferential wall is provided, and

[0190] the planar direction passage communicates with
the fluid bag through the first flow port and a first flexible
passage connected to the first flow port.

[0191] In the sphygmomanometer of the embodiment, the
first flow port piercing in the planar direction between the
inner circumferential wall of the spacer plate and the outer



US 2019/0328324 Al

circumferential wall opposed to the inner circumferential
wall is provided. The planar direction passage communi-
cates with the fluid bag through the first flow port and the
first flexible passage connected to the first flow port. Con-
sequently, the fluid can be supplied from the pump to the
fluid bag through the first through-hole, the planar direction
passage, the first flow port, and the first flexible passage. The
fluid can be introduced from the fluid bag to the pressure
sensor through the first flexible passage, the first flow port,
the planar direction passage, and the second through-hole.
The first flow port is oriented toward the planar direction,
which can contribute to the low profile of the product.
[0192] In the sphygmomanometer of the embodiment, the
first flow port includes a cylindrical lateral pin protruding
from the outer circumferential wall of the spacer plate along
the planar direction, and a flexible tube constituting the first
flexible passage is fitted and attached to the lateral pin.
[0193] In the sphygmomanometer of the embodiment, the
first flow port includes the cylindrical lateral pin protruding
from the spacer plate along the planar direction, and the
flexible tube constituting the first flexible passage is fitted
and attached to the lateral pin. Thus, during the assembly, the
first flow port and the flexible tube constituting the first
flexible passage can easily be attached to each other.
[0194] In the sphygmomanometer of the embodiment,
[0195] a bottomed groove extending along the planar
direction is formed on one or both of the other surface of the
substrate and the opposing surface of the plate-shaped
member,

[0196] the bottomed groove communicates in common
with the first through-hole and the second through-hole, and
portions corresponding to a surrounding of the bottomed
groove in the other surface of the substrate and the opposing
surface of the plate-shaped member are in close contact with
each other, whereby the bottomed groove constitutes the
planar direction passage.

[0197] As used herein, the “bottomed groove” means a
groove including a bottom in the substrate or the plate-
shaped member in which the groove is formed. The “bot-
tomed groove” does not include a slit or the like penetrating
through the substrate or the plate-shaped member in the
thickness direction.

[0198] In the sphygmomanometer of the embodiment, the
bottomed groove extending along the planar direction is
formed on one or both of the other surface of the substrate
and the opposing surface of the plate-shaped member. The
bottomed groove communicates in common with the first
through-hole and the second through-hole, and portions
corresponding to a surrounding of the bottomed groove in
the other surface of the substrate and the opposing surface of
the plate-shaped member are in close contact with each
other. Consequently, the bottomed groove constitutes the
planar direction passage. Thus, the planar direction passage
can easily be configured while communicate with commu-
nicating with the first through-hole and the second through-
hole.
[0199]
[0200] a second flow port piercing through the plate-
shaped member in the thickness direction is provided in the
plate-shaped member, and

[0201] the planar direction passage communicates with
the fluid bag through the second flow port and a second
flexible passage connected to the second flow port.

In the sphygmomanometer of the embodiment,
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[0202] In the sphygmomanometer of the embodiment, the
second flow port piercing through the plate-shaped member
in the thickness direction is provided in the plate-shaped
member. The planar direction passage communicates with
the fluid bag through the second flow port and a second
flexible passage connected to the second flow port. Conse-
quently, the fluid can be supplied from the pump to the fluid
bag through the first through-hole, the planar direction
passage, the second flow port, and

[0203] the second flexible passage. The fluid can be intro-
duced from the fluid bag to the pressure sensor through the
second flexible passage, the second flow port, the planar
direction passage, and the second through-hole.

[0204] In the sphygmomanometer of the embodiment,
[0205] a recess is provided on a back surface on an
opposite side of the opposing surface of the plate-shaped
member, a short cylindrical nipple constituting the second
flow port is formed in the recess,

[0206] the second flexible passage is formed into a bag
shape by bringing circumferential edges of two elongated
sheets into close contact with each other, the second flexible
passage includes a fluid-flowable short cylindrical portion
formed by piercing through an opposing sheet on a side
opposed to the nipple in the two sheets in the thickness
direction, and

[0207] the short cylindrical portion is fitted and attached to
the nipple.
[0208] In the sphygmomanometer of the embodiment, the

short cylindrical nipple constituting the second flow port is
formed in the recess provided on the back surface on the
opposite side of the opposing surface of the plate-shaped
member. The second flexible passage is formed into a bag
shape by bringing circumferential edges of two elongated
sheets into close contact with each other, and the second
flexible passage includes a fluid-flowable short cylindrical
portion formed by piercing through an opposing sheet on a
side opposed to the nipple in the two sheets in the thickness
direction. The short cylindrical portion is fitted and attached
to the nipple. Thus, during the assembly, the second flow
port and the second flexible passage can easily be attached
to each other. The nipple is provided in the recess, so that the
dimension in which the nipple protrudes from the back
surface of the plate-shape member can be reduced in the
thickness direction to contribute to the low profile of the
product.

[0209] In the sphygmomanometer of the embodiment,
[0210] a back surface on the opposite side of the opposing
surface of the plate-shaped member is formed flat while
including a first opening constituting the second flow port,
[0211] the second flexible passage is formed into a bag
shape by bringing the circumferential edges of two elon-
gated sheets into close contact with each other,

[0212] the second flexible passage includes a second open-
ing formed by piercing through an opposing sheet on the
side opposed to the opposing surface of the plate-shaped
member in the two sheets in the thickness direction, and
[0213] the opposing sheet is in close contact with the back
surface of the plate-shaped member while the second open-
ing overlaps and communicates with the first opening.
[0214] In the sphygmomanometer of the embodiment, the
back surface on the opposite side of the opposing surface of
the plate-shaped member is formed flat while including the
first opening constituting the second flow port. The second
flexible passage is formed into the bag shape by bringing the



US 2019/0328324 Al

circumferential edges of two elongated sheets into close
contact with each other, and the second flexible passage
includes the opening formed by piercing through the oppos-
ing sheet on the side opposed to the opposing surface of the
plate-shaped member in the two sheets in the thickness
direction. The opposing sheet is in close contact with the
back surface of the plate-shaped member while the second
opening overlaps and communicates with the first opening.
Thus, during the assembly, for example, the opposing sheet
adheres to the back surface of the plate-shaped member with
an adhesive or a double-sided adhesive tape interposed
therebetween, which allows the easy attachment of the
second flow port and the second flexible passage. The back
surface on the opposite side of the opposing surface of the
plate-shaped member is formed flat while including the first
opening constituting the second flow port, and the element
(for example, the short cylindrical portion) extending in the
thickness direction is not required for the second flexible
passage, so that it can further contribute to the low profile of
the product.

[0215] In the sphygmomanometer of the embodiment, the
substrate and the plate-shaped member are made of an
integral member in which a material and a composition are
spatially continuous while including the bottomed groove.
[0216] As used herein, the “integral member in which the
material and the composition are spatially continuous” can
be formed using, for example, a commercially available
three-dimensional printer (3D printer). In the case that the
substrate and the plate-shaped member are integrated with
each other by welding or adhesion, because a welded place
or a adhesion place becomes spatially discontinuous with
another place with respect to the material or the composi-
tion, the case is not included in the “integral member in
which the material and the composition are spatially con-
tinuous™.

[0217] In the sphygmomanometer of the embodiment, the
substrate and the plate-shaped member are made of the
integral member in which a material and a composition are
spatially continuous while including the bottomed groove.
Thus, during the assembly, the planar direction passage can
easily be provided in the main body.

[0218] In the sphygmomanometer of the embodiment, the
plate-shaped member is constructed with a back lid consti-
tuting a back surface of the main body.

[0219] In the sphygmomanometer of the embodiment, the
plate-shaped member is constructed with a back 1id consti-
tuting the back surface of the main body. Thus, the low
profile of the product can further be attained as compared
with the case that the plate-shaped member is provided
separately from the back lid. The sphygmomanometer can
easily be configured without increasing the number of
components.

[0220] In the sphygmomanometer of the embodiment,
[0221] a third flow port piercing through a circumferential
edge of the back 1id in the planar direction is provided at the
circumferential edge, and

[0222] the planar direction passage communicates with
the fluid bag through the third flow port and a third flexible
flow passage connected to the third flow port.

[0223] In the sphygmomanometer of the embodiment, the
third flow port piercing through the circumferential edge of
the back lid in the planar direction is provided at the
circumferential edge. The planar direction passage commu-
nicates with the fluid bag through the third flow port and a
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third flexible flow passage connected to the third flow port.
Consequently, the fluid can be supplied from the pump to the
fluid bag through the first through-hole, the planar direction
passage, the third flow port, and the third flexible passage.
The fluid can be introduced from the fluid bag to the pressure
sensor through the third flexible passage, the third flow port,
the planar direction passage, and the second through-hole.
The third flow port is oriented toward the planar direction,
which can contribute to the low profile of the product.
[0224] In the sphygmomanometer of the embodiment, the
third flow port includes a cylindrical lateral pin protruding
outward from the back lid along the planar direction, and a
flexible tube constituting the third flexible passage is fitted
and attached to the lateral pin.

[0225] In the sphygmomanometer of the embodiment, the
third flow port includes the cylindrical lateral pin protruding
outward from the back lid along the planar direction, and the
flexible tube constituting the third flexible passage is fitted
and attached to the lateral pin. Thus, during the assembly, the
third flow port and the flexible tube constituting the third
flexible passage can easily be attached to each other.
[0226] In the sphygmomanometer of the embodiment,
[0227] the fluid intake port is provided in an abutting
surface of the pressure sensor while the fluid discharge port
is provided in an abutting surface of the pump abutting on
the one surface of the substrate, and

[0228] a sealing unit that fluid-tightly attaches the pump
and the pressure sensor to the one surface of the substrate is
provided between the one surface of the substrate and the
abutting surface around the fluid discharge port of the pump
and the abutting surface around the fluid intake port of the
pressure sensor.

[0229] As used herein, the “fluid-tight” means either air-
tight or liquid-tight.

[0230] In the sphygmomanometer of the embodiment, the
fluid intake port is provided in the abutting surface of the
pressure sensor while the fluid discharge port is provided in
the abutting surface of the pump abutting on the one surface
of the substrate. Thus, the pump can deliver the fluid to the
planar direction passage through the fluid discharge port
provided in the abutting surface of the pump and the first
through-hole. The pressure sensor can introduce the fluid
from the planar direction passage through the second
through-hole and the fluid intake port provided in the
abutting surface of the pressure sensor. The sealing unit that
fluid-tightly attaches the pump and the pressure sensor to the
one surface of the substrate is provided between the one
surface of the substrate and the abutting surface around the
fluid discharge port of the pump and the abutting surface
around the fluid intake port of the pressure sensor. Thus, the
fluid is prevented from leaking between the one surface of
the substrate and the abutting surfaces of the pump and the
pressure sensor.

[0231] In the sphygmomanometer of the embodiment, the
plate-shaped member includes a layer made of stainless steel
or another metal.

[0232] In the sphygmomanometer of the embodiment, the
plate-shaped member includes a layer made of stainless steel
or another metal, so that mechanical strength of the plate-
shaped member is enhanced. Thus, the thickness of the
plate-shaped member can be set thinner as compared with
the case that the plate-shaped member is made of only a
general synthetic resin material. As a result, the low profile
of the product can further be achieved.
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[0233] 1In the sphygmomanometer of the embodiment,
[0234] the cuff includes a belt that extends from the main
body and is worn while binding the measured site, and
[0235] cuff structure having a belt-shape and being dis-
posed opposite to an inner circumferential surface of the
belt, one end of the cuff structure being attached to the main
body, and

[0236] the cuff structure includes

[0237] pressing cuff having a bag-shape, extending along
a longitudinal direction of the cuff structure, and being one
of the fluid bags, such that the pressing cuff receives supply
of a pressurization fluid to press the measured site,

[0238] a sensing cufl having a bag-shape to store a pres-
sure transmitting fluid, being disposed along an inner cir-
cumferential surface of the pressing cuff, extending in the
longitudinal direction so as to cross an artery passage
portion of the measured site, and being one of the fluid bags,
and

[0239] a backboard interposed between the pressing cuff
and the sensing cuff and extending along the longitudinal
direction to transmit pressing force from the pressing cuff to
the sensing cuff.

[0240] As used herein, in the “belt” that “extends from the
main body”, the main body and the belt may be integrally
molded, or the main body and the belt may be formed
separately from each other and the belt may be attached to
the main body. As to the belt itself, the first belt extending
on one side in one direction from the main body and the
second belt extending on the other direction from the main
body may be fastened or released by the tail lock, or coupled
together by a buckle that can be opened and closed. The
“inner circumferential surface” of the belt means a surface
that becomes the inner circumferential side in the mounted
state binding the measured site. Similarly, the “inner cir-
cumferential surface” of the pressing cuff means the surface
that becomes the inner circumferential side in the mounted
state binding the measured site.

[0241] The “pressure transmitting fluid” may be stored in
the sensing cuff at the manufacturing stage of the sphyg-
momanometer, or stored in and discharged from the sensing
cuff each time the blood pressure is measured.

[0242] The “longitudinal direction” of the cuff structure
corresponds to the circumferential direction of the measured
site in the mounted state binding the measured site.

[0243] 1In the sphygmomanometer of the embodiment, the
belt extending from the main body binds the measurement
site, and the belt-shaped cuff structure in which one end
attached to the main body is worn on the measured site while
disposed on the inner circumferential side closer to the
measured site than the belt. In the worn state, the bag-shaped
pressing cuff included in the cuff structure extends along the
circumferential direction of the measured site. The bag-
shaped sensing cuff included in the cuff structure is disposed
on the inner circumferential side with respect to the pressing
cuff, and extends in the circumferential direction so as to
cross the artery passage portion of the measured site. The
backboard included in the cuff structure is interposed
between the pressing cuff and the sensing cuff, and extends
along the circumferential direction of the measured site.
[0244] During the blood pressure measurement, for
example, the pressure transmitting fluid is stored in the
sensing cuff In that state, the pressurization controller per-
forms the control of pressing the measured site by supplying
the pressurization fluid from the pump mounted on the main
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body to the pressing cuff. At this point, the backboard
transmits the pressing force from the pressing cuff to the
sensing cuff. The sensing cuff presses the measured site
(including the artery passage portion). During a pressuriza-
tion process or a decompression process of the pressing cuff,
the blood pressure calculator calculates the blood pressure
based on the pressure of the pressure transmitting fluid
stored in the sensing cuff (oscillometric method).

[0245] In the sphygmomanometer, the sensing cuff detects
the pressure itself applied to the artery passage portion of the
measured site. Thus, as a result of setting of a smaller
dimension (for example, about 25 mm) in the width direc-
tion of the belt and the cuff structure (that is, the cuff), the
blood pressure can accurately be measured even if the
pressing cuff is largely inflated in the thickness direction to
generate a compression loss during the pressurization. In the
worn state, the sensing cuff extends in the circumferential
direction so as to cross the artery passage portion of the
measured site. Thus, when the user actually wears the
sphygmomanometer on the measured site, even if the cuff is
displaced to some extent in the circumferential direction of
the measured site along with the main body, the sensing cuff
does not come off from the artery passage portion of the
measured site. Thus, the blood pressure measurement value
can be prevented from varying with respect to the actual
blood pressure, and resultantly the blood pressure can accu-
rately be measured.

[0246] Because the cuff structure is not attached to the
belt, the dimension in the longitudinal direction (corre-
sponding to the circumferential direction of the measured
site) of the cuff structure can be set to the optimum size
regardless of the belt.

[0247] Desirably the belt has flexibility in the thickness
direction of the belt, and is made of a material exhibiting
substantially non-stretchability in the longitudinal direction
(corresponding to the circumferential direction of the mea-
sured site) of the belt. Consequently, the belt can easily bind
and restrain the outer circumferential side of the cuff struc-
ture during the wear, and assist compression of the measured
site during the blood pressure measurement.

[0248] According to another aspect of the present embodi-
ment, a device includes

[0249] a cuff to be worn while binding a measured site,
and
[0250] a main body including a blood pressure measure-

ment element, wherein

[0251] the main body is equipped with a substrate, a pump
and a pressure sensor that are attached to one surface of the
substrate as the blood pressure measurement element, and a
plate-shaped member opposed to the other surface of the
substrate on an opposite side of the one surface of the
substrate,

[0252] the substrate includes the first through-hole at a
portion corresponding to a fluid discharge port of the pump,
and the second through-hole at a portion corresponding to a
fluid intake port of the pressure sensor,

[0253] the other surface of the substrate and an opposing
surface of the plate-shaped member opposed to the other
surface constitute the planar direction passage extending in
a planar direction along the other surface of the substrate, the
planar direction passage communicates with a fluid bag of
the cuff, and the device further includes
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[0254] a pressurization controller to control pressing the
measured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage, and

[0255] a blood pressure calculator to calculate a blood
pressure based on an output of the pressure sensor while the
fluid is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second through-
hole.

[0256] The “device” of the present disclosure broadly
includes a device having a blood pressure measurement
function, and may be configured as a wristwatch type
wearable device such as a smart watch.

[0257] In the device of the present embodiment, the other
surface of the substrate and the opposing surface opposed to
the other surface of the plate-shaped member constitute the
planar direction passage along the substrate. Thus, the low
profile of the product can be achieved.

[0258] According to yet another aspect of the present
embodiment, a blood pressure measurement method for
measuring a blood pressure of a measured site using a
sphygmomanometer including a cuff that is worn while
binding the measured site and a main body which is
equipped with a substrate, a pump and a pressure sensor that
are attached to one surface of the substrate, and a plate-
shaped member opposed to an other surface of the substrate
on an opposite side of the one surface of the substrate, the
substrate including a first through-hole at a portion corre-
sponding to a fluid discharge port of the pump and a second
through-hole at a portion corresponding to a fluid intake port
of the pressure sensor, the other surface of the substrate and
an opposing surface of the plate-shaped member opposed to
the other surface constituting a planar direction passage
extending in a planar direction along the other surface of the
substrate, and the planar direction passage communicating
with a fluid bag of the cuff, the blood pressure measurement
method includes,

[0259]

[0260] controlling pressing the measured site with supply-
ing fluid from the pump to the fluid bag through the first
through-hole and the planar direction passage, and

[0261] calculating a blood pressure based on an output of
the pressure sensor while the fluid is introduced from the
fluid bag to the pressure sensor through the planar direction
passage and the second through-hole.

[0262] In the blood pressure measurement method of the
embodiment, when the cuff is worn while binding the
measured site, the fluid is supplied from the fluid discharge
port of the pump to the fluid bag through the first through-
hole and the planar direction passage to perform the control
to press the measured site. At this point, the fluid is intro-
duced from the fluid bag to the fluid intake port of the
pressure sensor through the planar direction passage and the
second through-hole. In this state, the blood pressure is
calculated based on the output of the pressure sensor. In the
blood pressure measurement method, the fluid can success-
fully be supplied from the pump to the fluid bag, and the
fluid pressure can successfully be transmitted from the fluid
bag to the pressure sensor.

[0263] As apparent from the above, the low profile of the
product can be achieved in the sphygmomanometer and the
device of the present embodiment. In the blood pressure
measurement method, the fluid can successfully be supplied

while the cuff is worn on the measured site,
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from the pump to the fluid bag, and the fluid pressure can
successfully be transmitted from the fluid bag to the pressure
Sensor.

[0264] The above embodiments are illustrative, and are
modifiable in a variety of ways without departing from the
scope of this invention. It is to be noted that the various
embodiments described above can be appreciated individu-
ally within each embodiment, but the embodiments can be
combined together. It is also to be noted that the various
features in different embodiments can be appreciated indi-
vidually by its own, but the features in different embodi-
ments can be combined.

What is claimed is:

1. A sphygmomanometer comprising:

a cuff to be worn while binding a measured site; and

a main body, wherein

the main body is equipped with a substrate, a pump and
a pressure sensor that are attached to one surface of the
substrate, and a plate-shaped member opposed to an
other surface of the substrate on an opposite side of the
one surface of the substrate,

the substrate includes a first through-hole at a portion
corresponding to a fluid discharge port of the pump,
and a second through-hole at a portion corresponding to
a fluid intake port of the pressure sensor,

the other surface of the substrate and an opposing surface
of the plate-shaped member opposed to the other sur-
face constitute the planar direction passage extending
in a planar direction along the other surface of the
substrate,

the planar direction passage communicates with a fluid
bag of the cuff, and

the sphygmomanometer further comprises:

a pressurization controller to control pressing the mea-
sured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage; and

a blood pressure calculator to calculate a blood pressure
based on an output of the pressure sensor while the fluid
is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second
through-hole.

2. The sphygmomanometer according to claim 1, wherein
each of the pump and the pressure sensor has a flat outer
shape along the one surface of the substrate.

3. The sphygmomanometer according to claim 1, further
comprising a spacer plate disposed along between the sub-
strate and the plate-shaped member to keep the substrate and
the plate-shaped member in a state in which the substrate
and the plate-shaped member are separated from each other
in a thickness direction,

wherein both surfaces of the spacer plate are in close
contact with the substrate and the plate-shaped mem-
ber,

the spacer plate includes an inner circumferential wall
making a hole penetrating through the spacer plate in
the thickness direction, and

the inner circumferential wall collectively surrounds the
first through-hole and the second through-hole in the
planar direction to form a pattern of the planar direction
passage.

4. The sphygmomanometer according to claim 3, wherein

a first flow port piercing in the planar direction between the
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inner circumferential wall of the spacer plate and an outer
circumferential wall opposed to the inner circumferential
wall is provided, and

the planar direction passage communicates with the fluid

bag through the first flow port and a first flexible
passage connected to the first flow port.

5. The sphygmomanometer according to claim 4, wherein
the first flow port includes a cylindrical lateral pin protrud-
ing from the outer circumferential wall of the spacer plate
along the planar direction, and

a flexible tube constituting the first flexible passage is

fitted and attached to the lateral pin.

6. The sphygmomanometer according to claim 1, wherein
a bottomed groove extending along the planar direction is
formed on one or both of the other surface of the substrate
and the opposing surface of the plate-shaped member,

the bottomed groove communicates in common with the

first through-hole and the second through-hole, and
portions corresponding to a surrounding of the bot-
tomed groove in the other surface of the substrate and
the opposing surface of the plate-shaped member are in
close contact with each other, whereby the bottomed
groove constitutes the planar direction passage.

7. The sphygmomanometer according to claim 6, wherein
a second flow port piercing through the plate-shaped mem-
ber in the thickness direction is provided in the plate-shaped
member, and

the planar direction passage communicates with the fluid

bag through the second flow port and a second flexible
passage connected to the second flow port.

8. The sphygmomanometer according to claim 7, wherein
a recess is provided on a back surface on an opposite side of
the opposing surface of the plate-shaped member, a short
cylindrical nipple constituting the second flow port is
formed in the recess,

the second flexible passage is formed into a bag shape by

bringing circumferential edges of two elongated sheets
into close contact with each other,

the second flexible passage includes a fluid-flowable short

cylindrical portion formed by piercing through an
opposing sheet on a side opposed to the nipple in the
two sheets in the thickness direction, and

the short cylindrical portion is fitted and attached to the

nipple.

9. The sphygmomanometer according to claim 7, wherein
a back surface on the opposite side of the opposing surface
of the plate-shaped member is formed flat while including a
first opening constituting the second flow port,

the second flexible passage is formed into a bag shape by
bringing the circumferential edges of two elongated
sheets into close contact with each other,

the second flexible passage includes a second opening
formed by piercing through an opposing sheet on the
side opposed to the opposing surface of the plate-
shaped member in the two sheets in the thickness
direction, and

the opposing sheet is in close contact with the back
surface of the plate-shaped member while the second
opening overlaps and communicates with the first
opening.

10. The sphygmomanometer according to claim 6,

wherein the substrate and the plate-shaped member are made
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of an integral member in which a material and a composition
are spatially continuous while including the bottomed
groove.

11. The sphygmomanometer according to claim 1,
wherein the plate-shaped member is constructed with a back
lid constituting a back surface of the main body.

12. The sphygmomanometer according to claim 11,
wherein a third flow port piercing through a circumferential
edge of the back 1id in the planar direction is provided at the
circumferential edge, and

the planar direction passage communicates with the fluid
bag through the third flow port and a third flexible flow
passage connected to the third flow port.

13. The sphygmomanometer according to claim 12,
wherein the third flow port includes a cylindrical lateral pin
protruding outward from the back lid along the planar
direction, and

a flexible tube constituting the third flexible passage is
fitted and attached to the lateral pin.

14. The sphygmomanometer according to claim 1,

wherein

the fluid intake port is provided in an abutting surface of
the pressure sensor while the fluid discharge port is
provided in an abutting surface of the pump abutting on
the one surface of the substrate, and

a sealing unit that fluid-tightly attaches the pump and the
pressure sensor to the one surface of the substrate is
provided between the one surface of the substrate and
the abutting surface around the fluid discharge port of
the pump and the abutting surface around the fluid
intake port of the pressure sensor.

15. The sphygmomanometer according to claim 1,
wherein the plate-shaped member includes a layer made of
stainless steel or another metal.

16. The sphygmomanometer according to claim 1,
wherein the cuff includes:

a belt that extends from the main body and is worn while

binding the measured site; and

cuff structure having a belt-shape and being disposed
opposite to an inner circumferential surface of the belt,
one end of the cuff structure being attached to the main
body, and

the cuff structure includes:

pressing cuff having a bag-shape, extending along a
longitudinal direction of the cuff structure, and being
one of the fluid bags, such that the pressing cuff
receives supply of a pressurization fluid to press the
measured site;

a sensing cufl’ having a bag-shape to store a pressure
transmitting fluid, being disposed along an inner cir-
cumferential surface of the pressing cuff, extending in
the longitudinal direction so as to cross an artery
passage portion of the measured site, and being one of
the fluid bags; and

a backboard interposed between the pressing cuff and the
sensing cuff and extending along the longitudinal direc-
tion to transmit pressing force from the pressing cuff to
the sensing cuff.

17. A device comprising;

a cuff to be worn while binding a measured site; and

a main body including a blood pressure measurement
element, wherein

the main body is equipped with a substrate, a pump and
a pressure sensor that are attached to one surface of the
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substrate as the blood pressure measurement element,
and a plate-shaped member opposed to the other sut-
face of the substrate on an opposite side of the one
surface of the substrate,

the substrate includes the first through-hole at a portion
corresponding to a fluid discharge port of the pump,
and the second through-hole at a portion corresponding
to a fluid intake port of the pressure sensor,

the other surface of the substrate and an opposing surface
of the plate-shaped member opposed to the other sutr-
face constitute the planar direction passage extending
in a planar direction along the other surface of the
substrate,

the planar direction passage communicates with a fluid
bag of the cuff, and the device further comprises:

a pressurization controller to control pressing the mea-
sured site with supplying fluid from the pump to the
fluid bag through the first through-hole and the planar
direction passage; and

a blood pressure calculator to calculate a blood pressure
based on an output of the pressure sensor while the fluid
is introduced from the fluid bag to the pressure sensor
through the planar direction passage and the second
through-hole.

18. A blood pressure measurement method for measuring

a blood pressure of a measured site using a sphygmoma-
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nometer including a cuff that is worn while binding the
measured site and a main body which is equipped with a
substrate, a pump and a pressure sensor that are attached to
one surface of the substrate, and a plate-shaped member
opposed to an other surface of the substrate on an opposite
side of the one surface of the substrate, the substrate
including a first through-hole at a portion corresponding to
a fluid discharge port of the pump and a second through-hole
at a portion corresponding to a fluid intake port of the
pressure sensor, the other surface of the substrate and an
opposing surface of the plate-shaped member opposed to the
other surface constituting a planar direction passage extend-
ing in a planar direction along the other surface of the
substrate, and the planar direction passage communicating
with a fluid bag of the cuff, the blood pressure measurement
method comprising:
while the cuff is worn on the measured site,

controlling pressing the measured site with supplying
fluid from the pump to the fluid bag through the first
through-hole and the planar direction passage; and

calculating a blood pressure based on an output of the
pressure sensor while the fluid is introduced from the
fluid bag to the pressure sensor through the planar
direction passage and the second through-hole.
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