
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
81

1 
98

8
A

1
*EP003811988A1*

(11) EP 3 811 988 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
28.04.2021 Bulletin 2021/17

(21) Application number: 19822788.6

(22) Date of filing: 21.06.2019

(51) Int Cl.:
A61M 1/36 (2006.01) G01L 7/00 (2006.01)

(86) International application number: 
PCT/JP2019/024656

(87) International publication number: 
WO 2019/245018 (26.12.2019 Gazette 2019/52)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 22.06.2018 JP 2018119263

(71) Applicant: Nikkiso Company Limited
Tokyo 150-6022 (JP)

(72) Inventors:  
• OKAMOTO Shingo

Makinohara-shi, Shizuoka 421-0496 (JP)
• KAWAJIRI Hiroyuki

Makinohara-shi, Shizuoka 421-0496 (JP)
• NISHIDA Kosei

Makinohara-shi, Shizuoka 421-0496 (JP)

(74) Representative: von Hirschhausen, Helge
Grosse - Schumacher - 
Knauer - von Hirschhausen 
Patent- und Rechtsanwälte 
Nymphenburger Straße 14
80335 München (DE)

(54) MEDICAL INSTRUMENT MANUFACTURING METHOD AND MANUFACTURING DEVICE

(57) The present invention relates to a method of
manufacturing a medical device. The medical device in-
cludes a case obtained by mating a first case portion and
a second case portion to each other, the case having a
housing space inside; an elastic membrane as an elastic
member attached to the case and with which a first hous-
ing space covered by the first case portion and a second
housing space covered by the second case portion are
separated from each other; fixing parts provided at re-
spective peripheries of the first case portion and the sec-
ond case portion and at which the first case portion and
the second case portion that are mated to each other are
fixed to each other; holding surfaces provided at the re-
spective peripheries of the first case portion and the sec-
ond case portion and between which a peripheral edge
of the elastic membrane is held; and a sealing part pro-
vided at the periphery of the first case portion or the sec-
ond case portion on an inner side with respect to the
fixing parts and that seals an entirety of the peripheral
edge of the elastic membrane held between the holding
surfaces. When fixing at the fixing parts and sealing by
the sealing part are performed to assemble the first case
portion and the second case portion together, an air gap
produced between the sealing part and the fixing parts
is depressurized or heated.
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Description

Technical Field

[0001] The present invention relates to a method and
apparatus of manufacturing a medical device including
an elastic membrane with which a first housing space
covered by a first case portion and a second housing
space covered by a second case portion are separated
from each other.

Background Art

[0002] In general, dialysis treatment is performed by
using a blood circuit for causing blood collected from a
patient to extracorporeally circulate and return into the
body. Such a blood circuit basically includes, for exam-
ple, an arterial blood circuit and a venous blood circuit
that are connectable to a dialyzer (a blood purifier) in-
cluding hollow fiber membranes. The arterial blood circuit
and the venous blood circuit are provided at distal ends
thereof with an arterial puncture needle and a venous
puncture needle, respectively. The patient is punctured
with the puncture needles, and extracorporeal circulation
of blood in the dialysis treatment is thus performed.
[0003] To detect the pressure of blood that extracor-
poreally circulates through a blood circuit, a pressure de-
tector has been proposed as disclosed by PTL 1, for ex-
ample. The pressure detector includes a case connect-
able to a blood circuit, and a diaphragm (a membrane
member) attached inside the case and with which a liquid-
phase portion to be supplied with blood in the blood circuit
and a gas-phase portion to be supplied with air are sep-
arated from each other, the diaphragm being displacea-
ble in accordance with the pressure of the blood supplied
to the liquid-phase portion, the pressure detector being
capable of detecting the pressure of the blood by detect-
ing the pressure in the gas-phase portion with a pressure
detection sensor. With such a known pressure detector,
since the liquid-phase portion and the gas-phase portion
are separated from each other by the membrane mem-
ber, the pressure of the blood in the blood circuit can be
detected accurately while the blood is prevented from
touching the air in the gas-phase portion.

Citation List

Patent Literature

[0004] PTL 1: JP2017-504389 (a Published Japanese
Translation of a PCT Application)

Summary of Invention

Technical Problem

[0005] In the above known pressure detector, when
the half-piece cases (the first case portion and the second

case portion) are mated to each other and the peripheries
thereof are fixed to each other by ultrasonic welding or
the like, the entirety of the peripheral edge of the dia-
phragm is sealed by a sealing part provided on the first
case portion or the second case portion. Therefore, a
closed space is produced between the sealing part and
the fixing part (the welded part). Consequently, in the
welding process, the pressure in the closed space may
increase excessively.
[0006] If the pressure in the closed space increases
excessively in a case where the pressure detector as a
finished product is subjected to, for example, autoclave
sterilization, annealing, or a high-temperature environ-
ment of use, the pressure in the closed space further
increases to possibly displace the diaphragm in the radial
direction and reduce the sealability, resulting in a defec-
tive or malfunctioning product. In particular, if press-fitting
such as ultrasonic welding is performed in fixing the first
case portion and the second case portion to each other,
the pressure increase in the closed space is significant,
which increases the probability of radial displacement of
the diaphragm.
[0007] Such a problem is not specific to pressure de-
tectors including diaphragms and also occurs in other
medical devices each including an elastic membrane with
which housing spaces in a first case portion and a second
case portion are separated from each other. The present
applicant has decided to thoroughly examine the way of
improvements in quality and reliability of such a medical
device by suppressing the occurrence of excessive pres-
sure increase in an air gap produced between the sealing
part and the fixing part.
[0008] The present invention has been conceived in
view of the above circumstances and provides a method
and apparatus of manufacturing a medical device in
which the occurrence of excessive pressure increase in
an air gap produced between a sealing part and a fixing
part is suppressed for improvements in quality and reli-
ability.

Solution to Problem

[0009] According to the invention of Claim 1, there is
provided a method of manufacturing a medical device,
the medical device including a case obtained by mating
a first case portion and a second case portion to each
other, the case having a housing space inside; an elastic
membrane as an elastic member attached to the case
and with which a first housing space covered by the first
case portion and a second housing space covered by
the second case portion are separated from each other;
fixing parts provided at respective peripheries of the first
case portion and the second case portion and at which
the first case portion and the second case portion that
are mated to each other are fixed to each other; holding
surfaces provided at the respective peripheries of the
first case portion and the second case portion and be-
tween which a peripheral edge of the elastic membrane
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is held; and a sealing part provided at the periphery of
the first case portion or the second case portion on an
inner side with respect to the fixing parts and that seals
an entirety of the peripheral edge of the elastic membrane
held between the holding surfaces. When fixing at the
fixing parts and sealing by the sealing part are performed
to assemble the first case portion and the second case
portion together, an air gap produced between the seal-
ing part and the fixing parts is depressurized or heated.
[0010] According to the invention of Claim 2, in the
method of manufacturing a medical device according to
Claim 1, the first case portion and the second case portion
that are mated to each other with the elastic membrane
interposed in between are secured to a jig; the fixing at
the fixing parts and the sealing by the sealing part are
performed to assemble the first case portion and the sec-
ond case portion together; at least the first case portion
and the second case portion that are secured to the jig
are hermetically enclosed in an enclosed space; and the
enclosed space is depressurized or heated.
[0011] According to the invention of Claim 3, in the
method of manufacturing a medical device according to
Claim 2, after the enclosed space is depressurized or
heated, the enclosed space is pressurized or cooled.
[0012] According to the invention of Claim 4, in the
method of manufacturing a medical device according to
any of Claims 1 to 3, the case is connectable to a flow
route for liquid; the first housing space serves as a liquid-
phase portion to be supplied with the liquid in the flow
route; the second housing space serves as a gas-phase
portion to be supplied with gas; the elastic membrane is
a membrane member with which the liquid-phase portion
and the gas-phase portion are separated from each other
and that is displaceable in accordance with a pressure
of the liquid supplied into the liquid-phase portion; and
the medical device serves as a pressure detector that
detects the pressure of the liquid in the flow route by
detecting a pressure in the gas-phase portion.
[0013] According to the invention of Claim 5, there is
provided an apparatus of manufacturing a medical de-
vice, the medical device including a case obtained by
mating a first case portion and a second case portion to
each other, the case having a housing space inside; an
elastic membrane as an elastic member attached to the
case and with which a first housing space covered by the
first case portion and a second housing space covered
by the second case portion are separated from each oth-
er; fixing parts provided at respective peripheries of the
first case portion and the second case portion and at
which the first case portion and the second case portion
that are mated to each other are fixed to each other;
holding surfaces provided at the respective peripheries
of the first case portion and the second case portion and
between which a peripheral edge of the elastic mem-
brane is held; and a sealing part provided at the periphery
of the first case portion or the second case portion on an
inner side with respect to the fixing parts and that seals
an entirety of the peripheral edge of the elastic membrane

held between the holding surfaces. The apparatus in-
cludes a depressurizing unit or a heating unit. When fixing
at the fixing parts and sealing by the sealing part are
performed to assemble the first case portion and the sec-
ond case portion together, the depressurizing unit or the
heating unit depressurizes or heats an air gap produced
between the sealing part and the fixing parts.
[0014] According to the invention of Claim 6, the ap-
paratus of manufacturing a medical device according to
Claim 5 further includes a jig to which the first case portion
and the second case portion that are mated to each other
with the elastic membrane interposed in between are se-
cured; and an enclosing unit that hermetically encloses
at least the first case portion and the second case portion
that are secured to the jig in an enclosed space. When
the fixing at the fixing parts and the sealing by the sealing
part are performed to assemble the first case portion and
the second case portion together, the depressurizing unit
or the heating unit depressurizes or heats a hermetically
enclosed space produced in the enclosing unit.
[0015] According to the invention of Claim 7, in the ap-
paratus of manufacturing a medical device according to
Claim 6, after the enclosed space is depressurized or
heated, the enclosed space is pressurized or cooled.
[0016] According to the invention of Claim 8, in the ap-
paratus of manufacturing a medical device according to
any of Claims 5 to 7, the case is connectable to a flow
route for liquid; the first housing space serves as a liquid-
phase portion to be supplied with the liquid in the flow
route; the second housing space serves as a gas-phase
portion to be supplied with gas; the elastic membrane is
a membrane member with which the liquid-phase portion
and the gas-phase portion are separated from each other
and that is displaceable in accordance with a pressure
of the liquid supplied into the liquid-phase portion; and
the medical device serves as a pressure detector that
detects the pressure of the liquid in the flow route by
detecting a pressure in the gas-phase portion.

Advantageous Effects of Invention

[0017] According to the invention of each of Claims 1
and 5, when the fixing at the fixing parts and the sealing
by the sealing part are performed to assemble the first
case portion and the second case portion together, the
air gap produced between the sealing part and the fixing
parts is depressurized or heated. Therefore, the occur-
rence of excessive pressure increase in the air gap pro-
duced between the sealing part and the fixing parts can
be suppressed. Consequently, improvements in quality
and reliability can be achieved.
[0018] According to the invention of each of Claims 2
and 6, the first case portion and the second case portion
that are mated to each other with the elastic membrane
interposed in between are secured to the jig; the fixing
at the fixing parts and the sealing by the sealing part are
performed to assemble the first case portion and the sec-
ond case portion together; at least the first case portion
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and the second case portion that are secured to the jig
are hermetically enclosed in an enclosed space; and the
enclosed space is depressurized or heated. Therefore,
depressurization or heating of the air gap can be
achieved efficiently.
[0019] According to the invention of each of Claims 3
and 7, after the enclosed space is depressurized or heat-
ed, the enclosed space is pressurized or cooled. There-
fore, the finished product can be taken out after the en-
vironment is stabilized. Hence, an improvement in quality
can be achieved.
[0020] According to the invention of each of Claims 4
and 8, the case is connectable to the flow route for liquid;
the first housing space serves as the liquid-phase portion
to be supplied with the liquid in the flow route; the second
housing space serves as the gas-phase portion to be
supplied with gas; the elastic membrane is the membrane
member with which the liquid-phase portion and the gas-
phase portion are separated from each other and that is
displaceable in accordance with the pressure of the liquid
supplied into the liquid-phase portion; and the medical
device serves as the pressure detector that detects the
pressure of the liquid in the flow route by detecting the
pressure in the gas-phase portion. Therefore, the occur-
rence of excessive pressure increase in the air gap pro-
duced between the sealing part and the fixing parts is
suppressed. Consequently, the quality and reliability of
the pressure detector can be improved.

Brief Description of Drawings

[0021]

[Fig. 1] Fig. 1 is a schematic diagram of a dialysis
apparatus (a blood purification apparatus) to which
a pressure detector as a medical device according
to a first embodiment of the present invention is ap-
plied.
[Fig. 2] Fig. 2 is a plan view of the pressure detector.
[Fig. 3] Fig. 3 is a front view of the pressure detector.
[Fig. 4] Fig. 4 is a sectional view taken along line IV-
IV illustrated in Fig. 2 (with a membrane member
displaced toward the side of a liquid-phase portion).
[Fig. 5] Fig. 5 is a sectional view taken along line IV-
IV illustrated in Fig. 2 (with the membrane member
displaced toward the side of a gas-phase portion).
[Fig. 6] Fig. 6 is a sectional view taken along line VI-
VI illustrated in Fig. 2.
[Fig. 7] Fig. 7 is a third-angle projection of a first case
portion included in the pressure detector.
[Fig. 8] Fig. 8 is a third-angle projection of a second
case portion included in the pressure detector.
[Fig. 9] Fig. 9 includes a plan view and a front view
of the membrane member included in the pressure
detector.
[Fig. 10] Fig. 10 is an enlarged sectional view of the
pressure detector and illustrates a state established
before fixing at fixing parts and sealing by a sealing

part are achieved.
[Fig. 11] Fig. 11 is an enlarged sectional view of the
pressure detector and illustrates a state established
after fixing at the fixing parts and sealing by the seal-
ing part are achieved.
[Fig. 12] Fig. 12 is a schematic diagram of an appa-
ratus of manufacturing the pressure detector.
[Fig. 13] Fig. 13 is a schematic diagram of the appa-
ratus of manufacturing the pressure detector.
[Fig. 14] Fig. 14 is a flow chart illustrating a method
of manufacturing the pressure detector (in which de-
pressurization is performed).
[Fig. 15] Fig. 15 is a flow chart illustrating a method
of manufacturing the pressure detector (in which
heating is performed).
[Fig. 16] Fig. 16 is a plan view of a diaphragm pump
(a pump including a gas-phase-portion case with a
single port) as a medical device according to another
embodiment of the present invention.
[Fig. 17] Fig. 17 is a sectional view taken along line
Xc-Xc illustrated in Fig. 16.
[Fig. 18] Fig. 18 is a plan view of a diaphragm pump
(a pump including a gas-phase-portion case with five
ports) as a medical device according to yet another
embodiment of the present invention.
[Fig. 19] Fig. 19 is a sectional view taken along line
Xd-Xd illustrated in Fig. 18.

Description of Embodiments

[0022] Embodiments of the present invention will now
be described specifically with reference to the drawings.
[0023] A blood purification apparatus applied to a first
embodiment is a dialysis apparatus for giving dialysis
treatment and basically includes, as illustrated in Fig. 1,
a blood circuit including an arterial blood circuit 1 and a
venous blood circuit 2, a dialyzer 3 (a blood purifier) pro-
vided between the arterial blood circuit 1 and the venous
blood circuit 2 and that purifies blood flowing through the
blood circuit, a blood pump 4, an air-trap chamber 5 pro-
vided to the venous blood circuit 2, a dialysis device 6
that supplies dialysate to the dialyzer 3 and drains waste
liquid from the dialyzer 3, a physiological-saline supply
line L3 (a substitution-fluid supply line) that allows phys-
iological saline as a substitution fluid to be supplied to
the blood circuit, and a storage unit 7 that stores the phys-
iological saline as the substitution fluid.
[0024] The arterial blood circuit 1 is provided with an
arterial puncture needle a connectable to a distal end
thereof through a connector, and the blood pump 4, which
is of a peristaltic type, at a halfway position thereof. The
venous blood circuit 2 is provided with a venous puncture
needle b connectable to a distal end thereof through a
connector, and the air-trap chamber 5 at a halfway posi-
tion thereof. The air-trap chamber 5 is capable of trapping
bubbles in the liquid and is provided with a filtering net
(not illustrated), thereby being capable of trapping, for
example, thrombi and the like at the time of blood return.
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In this specification, a side on which the puncture needle
for blood removal (blood collection) is provided is referred
to as the "arterial" side, and a side on which the puncture
needle for blood return is provided is referred to as the
"venous" side. The "arterial" side and the "venous" side
are not defined in accordance with which of the artery
and the vein is to be the object of puncture.
[0025] The blood pump 4, which is a peristaltic pump
provided to the arterial blood circuit 1, is capable of un-
dergoing normal rotation and reverse rotation and caus-
ing the liquid in the blood circuit to flow in the direction
of rotation thereof. Specifically, the arterial blood circuit
1 includes a squeezable tube that is softer and has a
larger diameter than other flexible tubes forming the ar-
terial blood circuit 1. The blood pump 4 includes rollers
for squeezing the squeezable tube in the direction of liq-
uid delivery. When the blood pump 4 is activated, the
rollers rotate and thus squeeze the squeezable tube (a
portion of the blood circuit), whereby the liquid in the tube
can be made to flow in the direction of rotation (the di-
rection in which the rollers rotate).
[0026] When the blood pump 4 is activated to undergo
normal rotation (leftward rotation in the drawing) while a
patient is punctured with the arterial puncture needle a
and the venous puncture needle b, the patient’s blood
flows through the arterial blood circuit 1 and reaches the
dialyzer 3, where the blood is purified. Then, the blood
flows through the venous blood circuit 2 while undergoing
bubble removal in the air-trap chamber 5 and returns into
the patient’s body. That is, the patient’s blood is purified
with the dialyzer 3 while being caused to extracorporeally
circulate through the blood circuit from the distal end of
the arterial blood circuit 1 to the distal end of the venous
blood circuit 2. When the blood pump 4 is activated to
undergo reverse rotation (rightward rotation in the draw-
ing), the blood in the blood circuit (a portion of the arterial
blood circuit 1 that is between the distal end and a position
where the blood pump 4 is provided) can be returned to
the patient.
[0027] The dialyzer 3 has, in a housing thereof, a blood
introduction port 3a, a blood delivery port 3b, a dialysate
introduction port 3c, and a dialysate delivery port 3d. The
blood introduction port 3a is connected to the arterial
blood circuit 1. The blood delivery port 3b is connected
to the venous blood circuit 2. The dialysate introduction
port 3c and the dialysate delivery port 3d are connected
to a dialysate introduction line L1 and a dialysate drain
line L2, respectively, extending from the dialysis device 6.
[0028] The dialyzer 3 houses a plurality of hollow fib-
ers. Spaces inside the respective hollow fibers form flow
routes for blood, and spaces between the inner surface
of the housing and the outer surfaces of the hollow fibers
form flow routes for dialysate. The hollow fibers each
have a number of microscopic holes (pores) extending
therethrough from the outer surface to the inner surface,
thereby forming a hollow fiber membrane. Impurities and
the like contained in the blood are allowed to permeate
through the hollow fiber membranes into the dialysate.

[0029] On the other hand, the dialysis device 6 includes
a liquid delivery unit such as a duplex pump provided
over the dialysate introduction line L1 and the dialysate
drain line L2. A bypass line that bypasses the liquid de-
livery unit is provided with an ultrafiltration pump for re-
moving water from the patient’s blood flowing in the dia-
lyzer 3. One end of the dialysate introduction line L1 is
connected to the dialyzer 3 (the dialysate introduction
port 3c), and the other end is connected to a dialysate
supply device (not illustrated) that prepares a dialysate
at a predetermined concentration. One end of the dia-
lysate drain line L2 is connected to the dialyzer 3 (the
dialysate delivery port 3d), and the other end is connected
to a drainage unit, not illustrated. The dialysate supplied
from the dialysate supply device flows through the dia-
lysate introduction line L1 into the dialyzer 3, and further
flows through the dialysate drain line L2 into the drainage
unit.
[0030] The air-trap chamber 5 is provided with an over-
flow line extending from the top thereof. The overflow line
is provided with a clamp unit, such as an electromagnetic
valve, at a halfway position thereof. When the clamp unit
such as an electromagnetic valve is opened, the liquid
(a priming solution or the like) flowing in the blood circuit
can be made to overflow through the overflow line.
[0031] The physiological-saline supply line L3 (the
substitution-fluid supply line) is connected at one end
thereof to the arterial blood circuit 1 between the position
where the blood pump 4 is provided and the distal end
of the arterial blood circuit 1 through a T-shaped pipe or
the like. The physiological-saline supply line L3 forms a
flow route (such as a flexible tube or the like) through
which the physiological saline (the substitution fluid) to
substitute for the blood in the blood circuit is allowed to
be supplied to the arterial blood circuit 1. The physiolog-
ical-saline supply line L3 is provided at the other end
thereof with the storage unit 7 (a so-called "saline bag"),
in which a predetermined amount of physiological saline
is stored. The physiological-saline supply line L3 is fur-
ther provided at a halfway position thereof with an air-
trap chamber 8.
[0032] The physiological-saline supply line L3 accord-
ing to the present embodiment is further provided with a
clamp unit 9 (such as an electromagnetic valve or the
like). The clamp unit 9 is capable of opening and closing
the physiological-saline supply line L3, thereby closing
and opening the flow route. The state of the physiological-
saline supply line L3 is arbitrarily switchable by opening
or closing the clamp unit 9, between a closed state where
the flow route is closed and an open state where the
physiological saline (the substitution fluid) is allowed to
flow. The clamp unit 9 may be replaced with a general-
purpose device such as a pair of forceps with which the
flow route of the physiological-saline supply line L3 can
be manually closed and opened.
[0033] The blood circuit applied to the present embod-
iment is provided with a pressure detector 10 as a medical
device. The pressure detector 10 is connected to the ve-
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nous blood circuit 2 at a position between the dialyzer 3
and the air-trap chamber 5 and is capable of detecting
the pressure of the blood flowing in the venous blood
circuit 2 (the blood circuit). Specifically, as illustrated in
Figs. 2 to 6, the pressure detector 10 includes a case C
connectable to the flow route for liquid (in the present
embodiment, the venous blood circuit 2 (the blood cir-
cuit)), and a membrane member M provided in the case
C and with which a liquid-phase portion S1 to be supplied
with the liquid in the flow route (in the present embodi-
ment, the blood in the venous blood circuit 2 (the blood
circuit)) and a gas-phase portion S2 to be supplied with
air are separated from each other, the membrane mem-
ber M being displaceable in accordance with the pressure
of the liquid (blood) supplied to the liquid-phase portion
S1. The pressure detector 10 is capable of detecting the
pressure of the liquid in the flow route (the venous blood
circuit 2) by detecting the pressure in the gas-phase por-
tion S2 with a pressure detection sensor P.
[0034] The case C is a hollow molded component ob-
tained by molding a predetermined resin material or the
like. The case C is a combination of a liquid-phase-portion
case Ca defining the liquid-phase portion S1 and a gas-
phase-portion case Cb defining the gas-phase portion
S2. Specifically, the case C is obtained by mating the
liquid-phase-portion case Ca (a first case portion) and
the gas-phase-portion case Cb (a second case portion)
to each other and having a housing space inside. The
liquid-phase-portion case Ca has an inlet port C1 and an
outlet port C2 integrally molded therewith. The inlet port
C1 and the outlet port C2 are each connectable to the
flow route for liquid and allow the flow route to commu-
nicate with the liquid-phase portion S1. The gas-phase-
portion case Cb has a connection port C3 integrally mold-
ed therewith. The connection port C3 is connectable to
one end of a pipe portion K, to be described below, and
allows the one end to communicate with the gas-phase
portion S2. The functions of the inlet port C1 and the
outlet port C2 of introducing and discharging the liquid
may be switched therebetween (that is, the liquid may
be discharged from the inlet port C1 while being intro-
duced into the outlet port C2).
[0035] The liquid-phase-portion case Ca has an annu-
lar holding surface m1 (see Fig. 7) at the outer periphery
thereof. The gas-phase-portion case Cb has an annular
holding surface m2 (see Fig. 8) at the outer periphery
thereof. When the liquid-phase-portion case Ca and the
gas-phase-portion case Cb are mated to each other into
an assembly, a periphery Ma of the membrane member
M is placed between the holding surface m1 and the hold-
ing surface m2. Thus, the membrane member M can be
attached in a sealed manner. A space thus provided in
the case C is separated (sectioned) by the membrane
member M into the liquid-phase portion S1 and the gas-
phase portion S2.
[0036] The membrane member M serves as a dia-
phragm provided in the case C and is made of a flexible
material that is displaceable or deformable in conformity

with pressure change occurring in the liquid-phase por-
tion S1 or the gas-phase portion S2. The membrane
member M according to the present embodiment is an
elastic member attached to the case C and with which
the liquid-phase portion S1 (a first housing space) cov-
ered by the liquid-phase-portion case Ca (the first case
portion) and the gas-phase portion S2 (a second housing
space) covered by the gas-phase-portion case Cb (the
second case portion) are separated from each other. As
illustrated in Fig. 9, the periphery Ma of the membrane
member M projects laterally so as to be held between
the holding surfaces m1 and m2. If the pressure of the
liquid (the hydraulic pressure) in the liquid-phase portion
S1 is low, as illustrated in Fig. 4, the membrane member
M is displaced toward the side of the liquid-phase portion
S1, whereby the capacity of the gas-phase portion S2 is
increased. If the pressure of the liquid (the hydraulic pres-
sure) in the liquid-phase portion S1 is high, as illustrated
in Fig. 5, the membrane member M is displaced toward
the side of the gas-phase portion S2, whereby the ca-
pacity of the gas-phase portion S2 is reduced.
[0037] The gas-phase-portion case Cb has an opening
Cb1 (see Fig. 8) substantially at the center of the bottom
thereof. The opening Cb1 provided in the inner surface
(the bottom) of the gas-phase-portion case Cb allows the
flow route in the connection port C3 and the gas-phase
portion S2 to communicate with each other. Accordingly,
air (gas) is allowed to be introduced into or discharged
from the gas-phase portion S2 in accordance with the
displacement of the membrane member M. The pipe por-
tion K is connected at one end thereof to the connection
port C3 and at the other end thereof to the pressure de-
tection sensor P (a pressure-detecting unit). Therefore,
as air (gas) is introduced or discharged through the open-
ing Cb1 with the displacement of the membrane member
M, the pressure detection sensor P can detect the pres-
sure in the gas-phase portion S2. Note that the connec-
tion port C3 is not limited to the one to be connected to
the pipe portion K and may be connected to another el-
ement capable of transmitting the pressure in the gas-
phase portion S2 to the pressure detection sensor P.
Furthermore, as illustrated in Fig. 8, the gas-phase por-
tion S2 has a plurality of ribs Cb2 in recesses Cb4 and
around the opening Cb1. The ribs Cb2 project radially
about the opening Cb1.
[0038] The inlet port C1 according to the present em-
bodiment is a portion (a projected portion) connectable
to the flow route for liquid (the blood circuit) and includes,
as illustrated in Figs. 4 and 5, a flow-route portion C1a
through which the liquid (blood) flows into an inlet opening
Ca1 (see Fig. 7) of the liquid-phase portion S, and a con-
necting portion C1b connectable to the flow route (the
blood circuit). Specifically, the flow-route portion C1a and
the connecting portion C1b are continuous with each oth-
er in the axial direction thereof in the projected portion
forming the inlet port C1. When a tube forming the flow
route is connected to the connecting portion C1b, the
liquid in the flow route can be made to flow into the flow-
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route portion C1a and then into the liquid-phase portion
S1 through the inlet opening Ca1. Note that the inlet port
C1 may be shaped as a recess to which the tube forming
the flow route is to be connected.
[0039] The outlet port C2 according to the present em-
bodiment is a portion (a projected portion) connectable
to the flow route for liquid (the blood circuit) and includes,
as illustrated in the drawings, a flow-route portion C2a
through which the liquid (blood) having flowed into the
liquid-phase portion S1 is discharged from an outlet
opening Ca2 (see Fig. 7), and a connecting portion C2b
connectable to the flow route (the blood circuit). Specif-
ically, the flow-route portion C2a and the connecting por-
tion C2b are continuous with each other in the axial di-
rection thereof in the projected portion forming the outlet
port C2. When a tube forming the flow route is connected
to the connecting portion C2b, the liquid having flowed
into the liquid-phase portion S1 can be made to flow into
the flow-route portion C2a and then to be discharged to
a flow route (the blood circuit) on the downstream side.
Note that the outlet port C2 may be shaped as a recess
to which the tube forming the flow route is to be connect-
ed.
[0040] As illustrated in Figs. 10 and 11, the liquid-
phase-portion case Ca (the first case portion) and the
gas-phase-portion case Cb (the second case portion)
have fixing parts Q2 and Q3 at the respective peripheries
thereof. Furthermore, the liquid-phase-portion case Ca
has a sealing part Q1 at the periphery thereof on the inner
side with respect to the fixing parts Q2 and Q3 (on the
inner side of the liquid-phase-portion case Ca and the
gas-phase-portion case Cb). In the present embodiment,
the sealing part Q1 is provided only at the periphery of
the liquid-phase-portion case Ca. Alternatively, the seal-
ing part Q1 may be provided only at the periphery of the
gas-phase-portion case Cb on the inner side with respect
to the fixing parts Q2 and Q3, or at each of the peripheries
of the liquid-phase-portion case Ca and the gas-phase-
portion case Cb on the inner side with respect to the fixing
parts Q2 and Q3.
[0041] The fixing parts Q2 and Q3 are provided at the
respective peripheries of the liquid-phase-portion case
Ca and the gas-phase-portion case Cb and for fixing the
liquid-phase-portion case Ca and the gas-phase-portion
case Cb to each other in a state where the two are mated
to each other. In the present embodiment, as illustrated
in Fig. 10, when the liquid-phase-portion case Ca and
the gas-phase-portion case Cb are mated to each other,
the fixing parts Q2 and Q3 come into contact with each
other. Furthermore, as illustrated in Fig. 11, when an ul-
trasonic wave is applied to the liquid-phase-portion case
Ca and the gas-phase-portion case Cb that are pressed
against each other, the fixing parts Q2 and Q3 melt,
whereby the liquid-phase-portion case Ca and the gas-
phase-portion case Cb are welded to each other. In other
words, the liquid-phase-portion case Ca and the gas-
phase-portion case Cb according to the present embod-
iment are press-bonded to each other by ultrasonic weld-

ing and are thus fixed (welded) to each other, whereby
a housing space (including the liquid-phase portion S1
and the gas-phase portion S2) is provided thereinside.
[0042] The sealing part Q1 is provided at the periphery
of the liquid-phase-portion case Ca or the gas-phase-
portion case Cb on the inner side with respect to the fixing
parts Q2 and Q3 and seals the entirety of the peripheral
edge of the membrane member M held between the hold-
ing surfaces m1 and m2. In the present embodiment, as
illustrated in Fig. 10, the sealing part Q1 is a ridge pro-
jecting from the holding surface m1 of the liquid-phase-
portion case Ca toward the holding surface m2 of the
gas-phase-portion case Cb. As illustrated in Fig. 11, in
the process of melting the fixing parts Q1 and Q2 and
fixing the two to each other by applying an ultrasonic
wave to the liquid-phase-portion case Ca and the gas-
phase-portion case Cb that are pressed against each
other, the sealing part Q1 compresses the periphery Ma
of the membrane member M in the thicknesswise direc-
tion and thus seals the periphery Ma.
[0043] When the liquid-phase-portion case Ca and the
gas-phase-portion case Cb are fixed to each other by
melting the fixing parts Q2 and Q3 and the sealing by the
sealing part Q1 is thus achieved, an air gap α is produced
between the sealing part Q1 and the fixing parts Q2 and
Q3. The air gap α is a space produced in the process of
bringing the liquid-phase-portion case Ca and the gas-
phase-portion case Cb into contact with each other so
as to be welded to each other. The air gap α is sealed
by the sealing part Q1. Therefore, if neither depressuri-
zation nor heating according to the present embodiment
is performed, the pressure thereinside may increase ex-
cessively.
[0044] Now, an apparatus of manufacturing the pres-
sure detector as a medical device according to the
present embodiment will be described.
[0045] As illustrated in Figs. 12 and 13, the manufac-
turing apparatus includes an ultrasonic welding appara-
tus 11, a jig 12, an enclosing unit R, and a depressurizing
unit 13. When the welding (fixing) at the fixing parts (Q2
and Q3) and the sealing by the sealing part Q1 are per-
formed to assemble the liquid-phase-portion case Ca
(the first case portion) and the gas-phase-portion case
Cb (the second case portion) together, an enclosed
space produced in the enclosing unit R is depressurized.
[0046] The jig 12 includes a mounting portion 12a on
which the liquid-phase-portion case Ca (the first case
portion) and the gas-phase-portion case Cb (the second
case portion) that are mated to each other with the mem-
brane member M interposed in between are mounted
and positioned. The jig 12 is set below the ultrasonic
welding apparatus 11. The ultrasonic welding apparatus
11 includes a horn 11a capable of generating an ultra-
sonic wave. The ultrasonic welding apparatus 11 is ca-
pable of pressing the horn 11a against the liquid-phase-
portion case Ca (the first case portion) and the gas-
phase-portion case Cb (the second case portion) that are
secured to the mounting portion 12a of the jig 12, thereby
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applying the ultrasonic wave thereto.
[0047] As illustrated in Figs. 10 and 11, the fixing parts
Q2 and Q3 of the liquid-phase-portion case Ca and the
gas-phase-portion case Cb against which the horn 11a
has been pressed by the ultrasonic welding apparatus
11 are pressed against each other and fixed (welded) to
each other by the effect of the ultrasonic wave. Further-
more, pressing the horn 11a causes the sealing part Q1
to compress the membrane member M, whereby sealing
is achieved. Consequently, housing spaces (the liquid-
phase portion S1 and the gas-phase portion S2) are pro-
duced thereinside.
[0048] The enclosing unit R is a container or the like
in which a hermetically enclosed space can be produced
thereinside. As illustrated in Fig. 13, the enclosing unit R
is capable of hermetically enclosing at least the liquid-
phase-portion case Ca (the first case portion) and the
gas-phase-portion case Cb (the second case portion)
that are secured to the jig 12. The enclosing unit R has
a door or the like. When the door is open, the liquid-
phase-portion case Ca (the first case portion) and the
gas-phase-portion case Cb (the second case portion)
can be put into or taken out of the enclosing unit R. When
the door is closed, a hermetically enclosed space can be
produced.
[0049] The depressurizing unit 13 is, for example, a
blower or the like capable of exhausting the air from the
enclosing unit R to the outside and thus reducing the
pressure in the enclosing unit R. When the fixing at the
fixing parts Q2 and Q3 and the sealing by the sealing
part Q1 are performed to assemble the liquid-phase-por-
tion case Ca (the first case portion) and the gas-phase-
portion case Cb (the second case portion) together, the
depressurizing unit 13 depressurizes the enclosed space
produced in the enclosing unit R. Therefore, when the
fixing at the fixing parts Q2 and Q3 and the sealing by
the sealing part Q1 are performed to assemble the liquid-
phase-portion case Ca (the first case portion) and the
gas-phase-portion case Cb (the second case portion) to-
gether, the air gap α produced between the sealing part
Q1 and the fixing parts Q2 and Q3 can be depressurized.
[0050] The depressurizing unit 13 may be replaced
with a heating unit 13. The heating unit 13 is, for example,
a heater or the like capable of heating the air in the en-
closing unit R. When the fixing at the fixing parts Q2 and
Q3 and the sealing by the sealing part Q1 are performed
to assemble the liquid-phase-portion case Ca (the first
case portion) and the gas-phase-portion case Cb (the
second case portion) together, the heating unit 13 heats
the enclosed space produced in the enclosing unit R.
Therefore, when the fixing at the fixing parts Q2 and Q3
and the sealing by the sealing part Q1 are performed to
assemble the liquid-phase-portion case Ca (the first case
portion) and the gas-phase-portion case Cb (the second
case portion) together, the air gap α produced between
the sealing part Q1 and the fixing parts Q2 and Q3 can
be heated.
[0051] Now, methods of manufacturing the pressure

detector as a medical device according to the present
embodiment will be described with reference to flow
charts illustrated in Figs. 14 and 15.
[0052] First, a method in which depressurization by the
depressurizing unit 13 is performed will be described with
reference to the flow chart illustrated in Fig. 14. The liquid-
phase-portion case Ca is positioned with respect to the
jig 12 and is secured to the jig 12 (S1). Subsequently,
the membrane member M is set on the secured liquid-
phase-portion case Ca (S2). Then, the gas-phase-por-
tion case Cb is set on the membrane member M (S3),
whereby the liquid-phase-portion case Ca (the first case
portion) and the gas-phase-portion case Cb (the second
case portion) are mated to each other with the membrane
member M interposed in between.
[0053] Subsequently, a hermetically enclosed space
is produced in the enclosing unit R, and the depressuriz-
ing unit 13 is activated, whereby the enclosed space is
depressurized (S4). In the depressurized state, the ultra-
sonic welding apparatus 11 is activated to press the horn
11a against the liquid-phase-portion case Ca (the first
case portion) and the gas-phase-portion case Cb (the
second case portion), whereby the fixing parts Q2 and
Q3 are pressed against each other and fixed (welded) to
each other by the effect of the ultrasonic wave. Further-
more, pressing the horn 11a cases the sealing part Q1
to compress the membrane member M, whereby sealing
is achieved. Thus, the liquid-phase-portion case Ca (the
first case portion) and the gas-phase-portion case Cb
(the second case portion) can be joined to each other
into an assembly (S5).
[0054] When the assembling of the liquid-phase-por-
tion case Ca (the first case portion) and the gas-phase-
portion case Cb (the second case portion) is complete,
the enclosed space in the enclosing unit R is pressurized
(S6). Subsequently, the door or the like of the enclosing
unit R is opened, and the assembly is taken out of the
enclosing unit R (S7). In S6, it is preferable to increase
the pressure to, for example, the atmospheric pressure
but is only necessary to increase the pressure to a level
at which the door of the enclosing unit R can be opened.
Thus, a series of welding steps ends, establishing a state
where the pressure in the air gap α produced between
the sealing part Q1 and the fixing parts Q2 and Q3 of the
assembly is negative to the atmospheric pressure. Note
that S1 and S3 may be modified such that the gas-phase-
portion case Cb is set in S1 and the liquid-phase-portion
case Ca is set on the membrane member M in S3. Fur-
thermore, S6 may be omitted.
[0055] Now, a method in which heating by the heating
unit 13 is performed will be described with reference to
the flow chart illustrated in Fig. 15. The liquid-phase-por-
tion case Ca is positioned with respect to the jig 12 and
is secured to the jig 12 (S1). Subsequently, the mem-
brane member M is set on the secured liquid-phase-por-
tion case Ca (S2). Then, the gas-phase-portion case Cb
is set on the membrane member M (S3), whereby the
liquid-phase-portion case Ca (the first case portion) and
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the gas-phase-portion case Cb (the second case portion)
are mated to each other with the membrane member M
interposed in between.
[0056] Subsequently, a hermetically enclosed space
is produced in the enclosing unit R, and the heating unit
13 is activated, whereby the enclosed space is heated
(S4). With the heating, the enclosed space is depressu-
rized. In the depressurized state, the ultrasonic welding
apparatus 11 is activated to press the horn 11a against
the liquid-phase-portion case Ca (the first case portion)
and the gas-phase-portion Cb (the second case portion),
whereby the fixing parts Q2 and Q3 are pressed against
each other and fixed (welded) to each other by the effect
of the ultrasonic wave. Furthermore, pressing the horn
11a cases the sealing part Q1 to compress the mem-
brane member M, whereby sealing is achieved. Thus,
the liquid-phase-portion case Ca (the first case portion)
and the gas-phase-portion case Cb (the second case
portion) can be joined to each other into an assembly
(S5) .
[0057] When the assembling of the liquid-phase-por-
tion case Ca (the first case portion) and the gas-phase-
portion case Cb (the second case portion) is complete,
the enclosed space in the enclosing unit R is cooled (S6).
Subsequently, the door or the like of the enclosing unit
R is opened, and the assembly is taken out of the en-
closing unit R (S7). In S6, it is preferable to cool the en-
closed space to, for example, the room temperature (the
temperature outside the enclosing unit R) but is only nec-
essary to cool the enclosed space to a level at which the
assembly can be held by the hand when taken out of the
enclosing unit R. Thus, a series of welding steps ends,
establishing a state where the pressure in the air gap α
produced between the sealing part Q1 and the fixing parts
Q2 and Q3 of the assembly is negative to the atmospheric
pressure. Note that S1 and S3 may be modified such that
the gas-phase-portion case Cb is set in S1 and the liquid-
phase-portion case Ca is set on the membrane member
M in S3. Furthermore, S6 may be omitted.
[0058] The pressure detector 10 as a medical device
manufactured as above is heated at a temperature lower
than or equal to the transition point or softening point of
glass and is then cooled. Thus, an annealing process for
removing the internal (residual) stress in the resin is per-
formed. After the annealing process, autoclave steriliza-
tion is performed in which the pressure detector 10 is
heated in saturated vapor for sterilization. Autoclave ster-
ilization is performed in a high-pressure environment cre-
ated by raising the boiling point so that the environment
can have some moisture even at high temperatures. Sub-
sequently, a drying process is performed. Thus, the pres-
sure detector 10 as a medical device that has been wet-
ted in autoclave sterilization is dried.
[0059] According to the present embodiment, when the
fixing (welding) at the fixing parts Q2 and Q3 and the
sealing by the sealing part Q1 are performed to assemble
the liquid-phase-portion case Ca (the first case portion)
and the gas-phase-portion case Cb (the second case

portion) together, the air gap α produced between the
sealing part Q1 and the fixing parts Q2 and Q3 is depres-
surized or heated. Therefore, if the assembly including
the liquid-phase-portion case Ca (the first case portion)
and the gas-phase-portion case Cb (the second case
portion) is subjected to annealing, autoclave sterilization,
or a high-temperature environment of use, the occur-
rence of excessive pressure increase in the air gap α
produced between the sealing part Q1 and the fixing parts
Q2 and Q3 can be suppressed. Consequently, improve-
ments in quality and reliability can be achieved.
[0060] Furthermore, the liquid-phase-portion case Ca
(the first case portion) and the gas-phase-portion case
Cb (the second case portion) that are mated to each other
with the membrane member M (the elastic membrane)
interposed in between are secured to the jig 12; the fixing
(welding) at the fixing parts Q2 and Q3 and the sealing
by the sealing part Q1 are performed to assemble the
liquid-phase-portion case Ca (the first case portion) and
the gas-phase-portion case Cb (the second case portion)
together; at least the liquid-phase-portion case Ca (the
first case portion) and the gas-phase-portion case Cb
(the second case portion) that are secured to the jig 12
are hermetically enclosed in an enclosed space; and the
enclosed space is depressurized or heated. Therefore,
depressurization or heating of the air gap α can be
achieved efficiently. In particular, according to the
present embodiment, after the enclosed space is depres-
surized or heated, the enclosed space is pressurized or
cooled. Therefore, the finished product can be taken out
after the environment is stabilized. Hence, an improve-
ment in quality can be achieved.
[0061] Furthermore, the case C according to the
present embodiment is connectable to the flow route for
liquid; the first housing space serves as the liquid-phase
portion S1 to be supplied with the liquid in the flow route;
the second housing space serves as the gas-phase por-
tion S2 to be supplied with gas; the elastic membrane is
the membrane member M with which the liquid-phase
portion and the gas-phase portion are separated from
each other and that is displaceable in accordance with
the pressure of the liquid supplied into the liquid-phase
portion; and the medical device serves as the pressure
detector 10 that detects the pressure of the liquid in the
flow route by detecting the pressure in the gas-phase
portion S2. Therefore, the occurrence of excessive pres-
sure increase in the air gap α produced between the seal-
ing part Q1 and the fixing parts Q2 and Q3 is suppressed.
Consequently, the quality and reliability of the pressure
detector 10 can be improved.
[0062] While an embodiment has been described
above, the present invention is not limited thereto. For
example, the enclosing unit R may provide a hermetically
enclosed space that encloses the entirety of the ultra-
sonic welding apparatus 11 and the jig 12. Moreover, the
entire atmosphere of the room where the assembling of
the liquid-phase-portion case Ca (the first case portion)
and the gas-phase-portion case Cb (the second case
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portion) is performed may be depressurized or heated.
Furthermore, in the above embodiment, the liquid-phase-
portion case Ca (the first case portion) and the gas-
phase-portion case Cb (the second case portion) are
welded to each other by melting the fixing parts Q2 and
Q3 with an ultrasonic wave. As an alternative to ultrasonic
welding, another fixing process (such as laser welding,
or an assembling process of press-fitting or screwing)
may be employed.
[0063] The pressure detector 10 according to the
above embodiment is connected to a position of the ve-
nous blood circuit 2 that is between the dialyzer 3 and
the air-trap chamber 5. Alternatively, the pressure detec-
tor 10 may be connected to another position of the blood
circuit (for example, a position of the arterial blood circuit
1 that is between the distal end and the blood pump 4,
or a position of the arterial blood circuit 1 that is between
the blood pump 4 and the dialyzer 3). The blood circuit
to which the present pressure detector 10 is to be con-
nected may be of another type. For example, the blood
circuit may be provided with the present pressure detec-
tor 10 instead of the air-trap chamber 5.
[0064] The liquid-phase-portion case Ca is not limited
to the one having two ports serving as the inlet port C1
and the outlet port C2 as in the above embodiment. For
example, the liquid-phase-portion case Ca may be the
one having a single port C4 as illustrated in Figs. 16 and
17, or the one having five ports (C5 to C9) as illustrated
in Figs. 18 and 19. In the example illustrated in Figs. 18
and 19, the number of ports to be provided to the liquid-
phase-portion case Ca is not limited to five and may be
four, six, or seven or more.
[0065] The above embodiment concerns the pressure
detector 10 provided to a blood circuit intended for dial-
ysis treatment. Alternatively, the present invention may
be applied to another medical device (such as a dia-
phragm pump) including a case obtained by mating a
first case portion and a second case portion to each other,
the case having a housing space inside; an elastic mem-
brane as an elastic member attached to the case and
with which a first housing space covered by the first case
portion and a second housing space covered by the sec-
ond case portion are separated from each other; fixing
parts provided at the respective peripheries of the first
case portion and the second case portion and at which
the first case portion and the second case portion that
are mated to each other are fixed to each other; holding
surfaces provided at the respective peripheries of the
first case portion and the second case portion and be-
tween which the peripheral edge of the elastic membrane
is held; and a sealing part provided at the periphery of
the first case portion or the second case portion on the
inner side with respect to the fixing parts and that seals
the entirety of the peripheral edge of the elastic mem-
brane held between the holding surfaces.
[0066] For example, if the one illustrated in Figs. 16
and 17 is used as a diaphragm pump, the following con-
figuration may be employed: an air pump 20 and a pres-

sure sensor 21 are connected to the connection port C3,
the port C4 is connected to the flow route for liquid, and
a valve Va and a valve Vb are provided to the upstream
side and the downstream side, respectively, of the flow
route, whereby the diaphragm pump is controlled. In such
a case, when the air pump 20 is activated with the valve
Va open and the valve Vb closed, the membrane member
M is attracted toward the wall of the gas-phase-portion
case Cb (the second case portion). Thus, the liquid can
be introduced into the liquid-phase-portion case Ca. On
the other hand, when the air pump 20 is activated re-
versely with the valve Va closed and the valve Vb open,
the membrane member M is attracted toward the wall of
the liquid-phase-portion case Ca (the first case portion).
Thus, the liquid in the liquid-phase-portion case Ca can
be discharged. With the repetition of the above activation
of the air pump 20 and operation of the valves Va and
Vb, the medical device can function as a diaphragm
pump. The above drawings illustrate a case where the
pressure sensor 21 is capable of detecting the attraction
of the membrane member M to the wall of the liquid-
phase-portion case Ca (the first case portion) or the gas-
phase-portion case Cb (the second case portion). Alter-
natively, such a pressure sensor 21 may be omitted.
[0067] As another example, if the one illustrated in
Figs. 18 and 19 is used as a diaphragm pump, the fol-
lowing configuration may be employed: an air pump 20
and a pressure sensor 21 are connected to the connec-
tion port C3, the ports C5 to C9 are connected to respec-
tive flow routes for liquid, and valves V1 to V5 are pro-
vided to the respective flow routes, whereby the dia-
phragm pump is controlled. In such a case, when the air
pump 20 is activated with the valve V1 open and the other
valves V2 to V5 closed, the membrane member M is at-
tracted toward the wall of the gas-phase-portion case Cb
(the second case portion). Thus, the liquid can be intro-
duced into the liquid-phase-portion case Ca. On the other
hand, when the air pump 20 is activated reversely with
the valve V1 closed and the other valves V2 to V5 open,
the membrane member M is attracted toward the wall of
the liquid-phase-portion case Ca (the first case portion).
Thus, the liquid in the liquid-phase-portion case Ca can
be discharged. With the repetition of the above activation
of the air pump 20 and operation of the valves V1 to V5,
the medical device can function as a diaphragm pump.
The above drawings illustrate a case where the pressure
sensor 21 is capable of detecting the attraction of the
membrane member M to the wall of the liquid-phase-
portion case Ca (the first case portion) or the gas-phase-
portion case Cb (the second case portion). Alternatively,
such a pressure sensor 21 may be omitted.

Industrial Applicability

[0068] The present invention is applicable to any meth-
od and apparatus of manufacturing a medical device in
any other mode or for any other use in which when fixing
at fixing parts and sealing by a sealing part are performed
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to assemble a first case portion and a second case por-
tion together, an air gap produced between the sealing
part and the fixing parts is depressurized or heated. Ref-
erence Signs List
[0069]

1 arterial blood circuit
2 venous blood circuit
3 dialyzer (blood purifier)
4 blood pump
5 air-trap chamber
6 dialysis device
7 storage unit
8 air-trap chamber
9 clamp unit
10 pressure detector
11 ultrasonic welding apparatus
12 jig
13 depressurizing unit (heating unit)
L1 dialysate introduction line
L2 dialysate drain line
L3 physiological-saline supply line
C case
Ca liquid-phase-portion case (first case portion)
Ca1 inlet opening
Ca2 outlet opening
Cb gas-phase-portion case (second case por-

tion)
Cb1 opening
Cb2 rib
Cb3 ridge
Cb4 recess
C1 inlet port
C1a flow-route portion
C1b connecting portion
C2 outlet port
C2a flow-route portion
C2b connecting portion
C3 connection port
M membrane member (elastic membrane)
Ma periphery
P pressure detection sensor (pressure-detect-

ing unit)
S1 liquid-phase portion (first housing space)
S2 gas-phase portion (second housing space)
K pipe
Q1 sealing part
Q2, Q3 fixing part
m1, m2 holding surface
α air gap
R enclosing unit

Claims

1. A method of manufacturing a medical device, the
medical device including
a case obtained by mating a first case portion and a

second case portion to each other, the case having
a housing space inside;
an elastic membrane as an elastic member attached
to the case and with which a first housing space cov-
ered by the first case portion and a second housing
space covered by the second case portion are sep-
arated from each other;
fixing parts provided at respective peripheries of the
first case portion and the second case portion and
at which the first case portion and the second case
portion that are mated to each other are fixed to each
other;
holding surfaces provided at the respective periph-
eries of the first case portion and the second case
portion and between which a peripheral edge of the
elastic membrane is held; and
a sealing part provided at the periphery of the first
case portion or the second case portion on an inner
side with respect to the fixing parts and that seals an
entirety of the peripheral edge of the elastic mem-
brane held between the holding surfaces,
wherein when fixing at the fixing parts and sealing
by the sealing part are performed to assemble the
first case portion and the second case portion to-
gether, an air gap produced between the sealing part
and the fixing parts is depressurized or heated.

2. The method of manufacturing a medical device ac-
cording to Claim 1, wherein the first case portion and
the second case portion that are mated to each other
with the elastic membrane interposed in between are
secured to a jig; the fixing at the fixing parts and the
sealing by the sealing part are performed to assem-
ble the first case portion and the second case portion
together; at least the first case portion and the sec-
ond case portion that are secured to the jig are her-
metically enclosed in an enclosed space; and the
enclosed space is depressurized or heated.

3. The method of manufacturing a medical device ac-
cording to Claim 2, wherein after the enclosed space
is depressurized or heated, the enclosed space is
pressurized or cooled.

4. The method of manufacturing a medical device ac-
cording to any of Claims 1 to 3, wherein the case is
connectable to a flow route for liquid; the first housing
space serves as a liquid-phase portion to be supplied
with the liquid in the flow route; the second housing
space serves as a gas-phase portion to be supplied
with gas; the elastic membrane is a membrane mem-
ber with which the liquid-phase portion and the gas-
phase portion are separated from each other and
that is displaceable in accordance with a pressure
of the liquid supplied into the liquid-phase portion;
and the medical device serves as a pressure detec-
tor that detects the pressure of the liquid in the flow
route by detecting a pressure in the gas-phase por-
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tion.

5. An apparatus of manufacturing a medical device, the
medical device including
a case obtained by mating a first case portion and a
second case portion to each other, the case having
a housing space inside;
an elastic membrane as an elastic member attached
to the case and with which a first housing space cov-
ered by the first case portion and a second housing
space covered by the second case portion are sep-
arated from each other;
fixing parts provided at respective peripheries of the
first case portion and the second case portion and
at which the first case portion and the second case
portion that are mated to each other are fixed to each
other;
holding surfaces provided at the respective periph-
eries of the first case portion and the second case
portion and between which a peripheral edge of the
elastic membrane is held; and
a sealing part provided at the periphery of the first
case portion or the second case portion on an inner
side with respect to the fixing parts and that seals an
entirety of the peripheral edge of the elastic mem-
brane held between the holding surfaces,
the apparatus comprising:
a depressurizing unit or a heating unit, wherein when
fixing at the fixing parts and sealing by the sealing
part are performed to assemble the first case portion
and the second case portion together, the depres-
surizing unit or the heating unit depressurizes or
heats an air gap produced between the sealing part
and the fixing parts.

6. The apparatus of manufacturing a medical device
according to Claim 5, further comprising:

a jig to which the first case portion and the sec-
ond case portion that are mated to each other
with the elastic membrane interposed in be-
tween are secured; and
an enclosing unit that hermetically encloses at
least the first case portion and the second case
portion that are secured to the jig in an enclosed
space,
wherein when the fixing at the fixing parts and
the sealing by the sealing part are performed to
assemble the first case portion and the second
case portion together, the depressurizing unit or
the heating unit depressurizes or heats a her-
metically enclosed space produced in the en-
closing unit.

7. The apparatus of manufacturing a medical device
according to Claim 6, wherein after the enclosed
space is depressurized or heated, the enclosed
space is pressurized or cooled.

8. The apparatus of manufacturing a medical device
according to any of Claims 5 to 7, wherein the case
is connectable to a flow route for liquid; the first hous-
ing space serves as a liquid-phase portion to be sup-
plied with the liquid in the flow route; the second
housing space serves as a gas-phase portion to be
supplied with gas; the elastic membrane is a mem-
brane member with which the liquid-phase portion
and the gas-phase portion are separated from each
other and that is displaceable in accordance with a
pressure of the liquid supplied into the liquid-phase
portion; and the medical device serves as a pressure
detector that detects the pressure of the liquid in the
flow route by detecting a pressure in the gas-phase
portion.
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