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1 DESCRIPTION FLOW CONTROL APPARATUS AND MEDICAL
INJECTION CIRCUIT USING THE SAME 5 Technical Field [0001] The
present invention relates to a flow control apparatus, and in particular, to
a flow control apparatus that functions as an anti-free flow mechanism
during the injection of a transfusion and the administration of a 10 drug
with respect to a patient, and an injection circuit using the flow control
apparatus. Background Art [000PESOREATSRENY, in order to define the
flow rate of a transfusion to be injected into a patient, a transfusion pump
has been used. The transfusion 15 pump is attached to a transfusion
circulF tape CHONA TR SfUSRIADRATH HpaheinrdliiodeAand prdlidds &N
transfusion tube constityt; i ircuit with a peristalsis,
thereby feeding a transﬁiﬁ&ﬁiﬁ@mﬁg&gmiﬁore, generally,
as the transfusion pump, a finger-type transfusion pump and a roller-type
transfusion pump are known. 20 [0003] The finger-type transfusion pump
irrebadsad pligkdity of fingers arranged in a row along a transfusion tube,
loxvs t I fir ' rat Yy :
B B e e R Rl S B0 D and in
paiteictyiae, ttansflisionopuno apgladesia et dhrotationasber aatidediofiew

them to perfqrm.a circulation motign, therehy 25 provijding the transfusion
A AT SR e TIGGAPTR h BEHGHS rLA AH CARE Gfgpom of a
Hanswsian-pyyeps fas pafiestllandriatieiethe deaddiousiaiets 4310 control

following: when a transfusion pump is removed while a clamp provided in
HPARAAHS- of a puncture needle of a transfusion tube is not closed after
e rersss fArgnsfusing is 30 completed, a transfusion in an amount

more than necessary is injected into a 2

[0002] Conventionally, in order to define the flow rate of a transfusion to be

injected into a patient, a transfusion pump has been used. The transfusion
pump is attached to a transfusion circuit connecting a transfusion bag to a
puncture needle and provides a transfusion tube constituting the transfusion
circuit with a peristalsis, thereby feeding a transfusion at a set flow rate.
Furthermore, generally, as the transfusion pump, a finger-type transfusion
pump and a roller-type transfusion pump are known.

[0003] The finger-type transfusion pump includes a plurality of fingers
arranged in a row along a transfusion tube, and allows the plurality of fingers
to reciprocate separately, thereby providing the transfusion tube with a
peristalsis. Furthermore, the roller-type transfusion pump includes a pair of
rotation rollers and allows them to perform a circulation motion, thereby
providing the transfusion pump with a peristalsis.

[0004] The injection of a transfusion using such transfusion pumps has a
free-flow problem. The free-flow refers to the following: when a transfusion
pump is removed while a clamp provided in the vicinity of a puncture needle
of a transfusion tube 1s not closed after the process of transfusing is

completed, a transfusion in an amount more than necessary is injected into a
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patient's body. [0005] Furthermore, the free-flow problem may occur even
in the case of the administration of a dryig through a syringe pump. For
example, in the case where a syringe iS removed from a pump body
when a patient pulls a drug 5 tube or the like, a drug in an amount more
than a defined amount may be injected into a patient. Furthermore, if a
drug in an amount more than necessary is administered in the
nemenisraads. of a drug, the life of a patient maybe threatened. Thus, to

[ﬁﬁﬁgf‘t f?‘%%'f%vgi;]ﬁsxﬁ}o{ﬁé B “? %belead'ﬁflié"sé{cact&%“e%g %{l@%(%%énof the

€ process o sing. 1000061 In order to solvé suc e
prhhienstfatiexasfipledragransfugion puingeguippned Fith exsanpiléca fthw case

mechanism has been propgsed (for example, see Patent Document 1).
TS RS AEER O TS OB B R DB TSB A RRAPRLE LS & drug
capnosackaian arBR{sinsasevics:ior AReRITR/MIos SN Aclesinaiat (iR be

previously attached to a transfusion tube. The open/close 15 apparatus Is

ity & padisaionf U BOeYe s @ \ies Bnue papamatapore than
. ISi . t i .
%%854%%&’8%85%&%%{ %ﬁ'?ﬂe"&ﬁe?ﬁagfsasak o B Qg !Eﬁ@%ﬁ!fé'&’f‘g Jpatient

bove-mentioned dedicat p Is closed automatically to cr
thayttentfusidenelde, fhbreh s mmyiagt thedrfiotidn ofadranphdiont in the

0007] Accordingly, if.the transfusign pump disclosed ip Patent Document
R OB A A T < AR SR O TRRTRE e ransfusion
fabediom hdémensisbiensnuip Koldiawlpribisapess ékadmgelianeidfusion
transfusion intQ a patient in an amqunt more than necessary is

BUBpPeagRP By dITE thriRrNE s keR anrsh apenshes Reamrongsed (for
methnd dorarpuaninayeadlaw, s coRceiabiede R hmahRdiQtiosed

incorporating a valve apparatus that does not pass a fluid unless a

pacBsten riesen bdt watamppsigheran andnjebrmdsirecet fdoropsaimple osing
see Ratent Document 2). In the injegtion_cjrcuit in which the valye

A T e T B R i gy cose
lowp pressuie dheadrirésausa)y ahaftisierleeHpVb eadguradselibat drageiladgens an

%%gntj’?ﬁo%g E)%\feo 'tgq:irgnsfusion pump so as to remove the transfusion tube,
the above-mentioned dedicated clip is closed automatically to crush the
transfusion tube, thereby stopping the injection of a transfusion.

[0007] Accordingly, if the transfusion pump disclosed in Patent Document 1
1s used, even if an attempt is made so as to remove the transfusion tube from
the transfusion pump while a clamp is open, the injection of a transfusion
into a patient in an amount more than necessary is suppressed by the
anti-free flow mechanism.

[0008] In addition, as a method for preventing free-flow, it is conceivable to
use a method for incorporating a valve apparatus that does not pass a fluid
unless a pressure reaches a set value or higher in an injection circuit (for
example, see Patent Document 2). In the injection circuit in which the valve
apparatus is incorporated, it is considered that a fluid does not flow at a low
pressure (head pressure) at a time free-flow occurs, so that free-flow can be

prevented.
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Patent Document 1: JP 2004-73822 A Patent Document 2: JP
2004-501686 A Disclosure of Invention,Problem to be Solved by the
Invention 5 [0009] However, the above-mentioned anti-free flow
mechanism disclosed in Patent Document 1 has the following problem:
the anti-free flow mechanism is contained in a transfusion pump, so that it

cannot be applied to another existing transfusion pump. There also is the
Rmtmm@mmem k HERGOGioRIEBE fvith a dedicated clip attached

%l;uetret% Brewou 25 iﬁqggﬁq %%{%% Ang the above-mentioned anti-free

ow mechanlsm in Patent ocument 1, so that an existing
ﬁhﬂe}tumtubémmmbhe used. [0010] Thus, in order to use the

ment| g E@n%rﬁ; echanlsm disclosed in Patent Document
rft HIKS \éeél {f&hsfusion pump and a transfusion
[BDQBY\’W‘E&W@@%'Qﬁ@ﬁﬁ%@e%@ﬁﬁ%ﬁ%&%ﬁ%ﬁ dOES:AIRR IR RPN osed in
that a syringe pump cannot be applied to the above-mentioned anti-free

sAERdisdescsdh mipliesrins seohiem the asvihisrer {lewumerbanism
éﬁhﬁﬂ RSP, %Can%gte&a%%‘ﬁ) ﬁ%‘é‘%‘l‘%‘éé’xﬁ'ﬁv‘% BB%%’@%% ’ Wi%(ﬁﬁ&%r

atent Document o existing various
ea:rsﬁﬁgrttmmsfesﬂha iperepse 'ﬁmleealﬂnemﬁ:haﬁﬂwvmgqrrwﬂemtme

B BT & L AP RURE. R STTACHh R roauired

ﬂftrﬂtgﬁxgltﬁ'é\glﬂ)b@aﬂd@fﬁﬁﬁ@tﬁaﬁﬁﬁ"ﬂ@@!ﬂ%ﬁd&ﬂ%@&ﬁ%ﬁ}t&me@m@éﬁent
apparatus after the completion of prlmlng, resultlng in a complicated

eAschatip thobapersiingHars i s e i sedo
pEBYISte ailow GOBHAL - ABRAA R AL SO MR REAROYR G RENRY mech anism

problems, is applicable irrespective of the kind and structure of a pump,
dmlewdp@li@mnsibpﬂemn thetosceerensanyf oowsfidw mitisbatsmaking

Exg ﬁﬁ%@”@%@ 'fai’}{% %”% ”b'”‘e“ﬁj iy C;'ﬁ%‘r'%ﬁ‘&'% 9403 0% tment
appa atu eans for Solvin
cost. There also is a problem that a syringe pump cannot be applied to the
above-mentioned anti-free flow mechanism disclosed in Patent Document 1 in
terms of a structure.
[0011] On the other hand, the above-mentioned valve apparatus disclosed in
Patent Document 2 can be applied to existing various pumps, which can
minimize the increase in a treatment cost. However, when the
above-mentioned valve apparatus disclosed in Patent Document 2 is
incorporated in an injection circuit, it becomes impossible to perform priming,
using a head pressure. This makes it necessary to attach a valve apparatus
after the completion of priming, resulting in a complicated priming operation.
[0012] An object of the present invention is to provide a flow control
apparatus that solves the above-mentioned problems, is applicable
irrespective of the kind and structure of a pump, and is capable of
suppressing the occurrence of free-flow without making a priming operation
complicated, and an injection circuit using the flow control apparatus.

Means for Solving Problem



10

15

20

25

30

[00131 In order to achieve the above object, a flow control apparatus of
the present invention includes: a tubulay outside member; a tubular inside
member inserted in the outside member; and a valve member, wherein
the inside member includes a through-hole passing through a side wall of
the 5 inside member in a thickness direction and a contact portion that is

in contact with the outside member in an order in a direction from one
gleprtegachiersideshneeothiscsparding wartes snpoanias of the
i i her ' he insj f S
D R i 0 B
thenmsiota msentibe iotheolOwieemepsemnygahdreofatne mutsibermehereiristhe

T e A PO ST A B i e g the
iheideniaehbertiona anc-iesaileirnsa Av-npashiatafiid sagethetaith

the through-hale. [00141 Furthermore, in order to achieve the above

pRfdac an ifdboprditdnmenhanepiaserd shvertiditniioncd emiens tening
aPewemaationechilRy GOl ABPARLHG! thEREFSANE RIS placed

t_ube, and a secon‘d tube, wherein the firsttube is connected to the one
opshingtbethepgrite ofidhbaraftadmberoandrmssasainty arfivdiesupplied at

secqnd tube is connected. to thg other opening of. the outsjde member, of
ﬁwge% v eon r%loarppgepa%s}? egféeo(fﬁﬁglf%/gﬁt‘ligﬁ ][Bﬁlﬁ'flr%ealég roﬁ) the
b @boperdanfiginatidnilacoardide ta shehlieisdontield apparatliscadelfditied
injection circuit of present invention, for example, the se%es&kjpre ofa
ShasbrAUR e e HRB R BeSAR ARTATHIREAHER WitPdRg Ak yFhdiehe
Betuiteg ohihseadeiaeathet her iAW ciherabyofaCcawaente P Rrms a

free-flow can be suppressed. Furthermore, in the flow control apparatus

Sew prtihpdaiddrbeseiheneptbsdn thyengdnbale outside member can
icall h that do t. _
figf o@“ﬂt?’é%x%@fﬁ%@ }fn\ﬁ’ﬂfég% QEH%?%%% ,z%q%tve oBje ??%{;}%ﬁ ngm circuit

rough a valve member can be forme e use’of &
pﬁ_ﬂﬂqe mﬂbmq_jnim'mgim mhkatbpreshirst ahd aboids mempboadoisvorem trol
prming operation, 30 Euermors, e Jou EOP L SRR OLNS. wheren
the Hirst tube is connected to the one opening of the inside member of the flow
control apparatus, and the second tube is connected to the other opening of
the outside member of the flow control apparatus.
Effects of the Invention
[0015] Based on the above configuration, according to the flow control
apparatus and the injection circuit of present invention, for example, the set
pressure of a valve member can be set to be a value higher than that of a flow
pressure at a time of the occurrence of free-flow, whereby the occurrence of
free-flow can be suppressed. Furthermore, in the flow control apparatus and
the injection circuit in the present invention, an outside member can be
deformed elastically, whereby another flow path that does not pass through a
valve member can be formed. Thus, the use of another flow path enables
priming by a head pressure and avoids complications for a priming operation.

Furthermore, the flow control apparatus of the present invention can be
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incorporated in an injection circuit easily, and is applicable irrespective of

the kind and structure of a pump. Briefg)escription of Drawings [0016]

[FIG. 1] FIG. 1 shows views illustrating an outer appearance of a flow 5
control apparatus in Embodiment 1 of the present invention, FIG. 1A is a

top view, and FIG. IB is a side view. [FIG. 2] FIG. 2 shows cross-sectional
views illustrating a configuration of the flow control apparatus shown in
PR IR RIBITHRSEOR cEtONAISAS L akeh 1516pg rableina sipeafive of the

HS _éﬁdaéﬁ%{g‘rggfiﬁ 3?ngxl%;_ross-s.ec:tionaI view taken along a cut line

B-B'in FIG. 113. [FIG. 3 is a cross-sectional view showing a
Burisifi ® asaripdiovonsituamg tigs flow control apparatus shown in FIG. 1.

4 Vi illustrati insid b tituting t
e G e R Gl 8 e eyt ol flow
tIfetrdBdpPaerRss-Ge Biahaldviesnikem elengraseultine &rfom) FIG. s a top

[FIG. 5] FIG. 5 shows views illustrating a valve member constituting the
YiS cohtdl Kpphiattid SHRWHSHFIG. 1, FIG. 5A is a top view, FIG. 5B is

a Cross-ReRtonpiigWolakeq,810NG & LB PR G sBaRfidF1C. 5C

is 20 a cross-sectional view taken along a cut line E-E' in FIG. SA. [FIG.
e]rHigumikd anarbteesBetiormal triehashewitigsasberalmwhith thd™Male\ is a
member is opgned in the flow control argtussh inRIG, 1 ol
e S e e AR R I W BT 2B i
oeseheiisaeibiied lkstcdiy indhe fliwecBrB iadiGatB.shown 25 in

crouit bl RGA: | SSRGS n G IR RS SPE 08 dF Aagber
SHOVIRARRCHMTRIG oiRE A G sean: SHEWhITEMbpdiment 1 as a drug
inje(_:ti_on circuit. 30 g:IG. 10] FIG. 10 is a view showing an example using

the ,n]e(ﬁﬂrﬁ}g 4] FIG. 4 shows views illustrating an inside member
constituting the flow control apparatus shown in FIG. 1, FIG. 4Ais a side
view, and FIG. 4B is a cross-sectional view taken along a cut line C—~C’in FIG.
4A.

[FIG. 5] FIG. 5 shows views illustrating a valve member constituting
the flow control apparatus shown in FIG. 1, FIG. 5Ais a top view, FIG. 5B is
a cross-sectional view taken along a cut line D-DY in FIG. 5A, and FIG. 5C 1s
a cross-sectional view taken along a cut line E-K’ in FIG. 5A.

[FI1G. 6] FIG. 6 is a cross-sectional view showing a state in which the
valve member is opened in the flow control apparatus shown in FIG. 1.

[FI1G. 7] FIG. 7 is a cross-sectional view showing a state in which the
outside member is deformed elastically in the flow control apparatus shown
m FIG. 1.

[FIG. 8] FIG. 8 is a view showing an example using the injection
circuit in Embodiment 1 as a transfusion circuit.

[FIG. 9] FIG. 9 is a view showing an example using the injection
circuit in Embodiment 1 as a drug mjection circuit.

[FIG. 10] FIG. 10 is a view showing an example using the injection
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circuit in Embodiment 1 as a blood-collecting circuit. [FIG. 11] FIG. 11
shows cross-sectional views illustrating.a cross-sectional configuration of
a flow control apparatus in Embodiment 2 of the present invention, and
FIGS. 11A and 11B respectively show 5 cross-sections in different cut
directions. [FIG. 121 FIG. 12 shows views illustrating an inside member
constituting the flow control apparatus shown in FIG. 11, FIG. 12Ais a side
sl tahd Rt otl® 4o b esss Isoorell sesin gxiepvatong a cut line F-F' in

FIG. 12 [ ] F1G,. 13 shows views illustrating.an qQuter
ppearaaGot o A o s R e a e
dnvesrtientiand kknb o34 en 13 B @xecvietyell dp shiffatestidilésilaniment 2 of
Furthermore, the viewing djrection in, FIG, 13Ais perpendicular to the
&h@%@%@ﬂm&mwe@qﬁﬁg&lﬂ?ﬁdlﬁwm 5$08%¥ional
Miswsdlugating aitcenfigiratingbiiae flow control apparatus shown in
FIG. 13, FIG. 14Ais a cross-sectional view taken along a cut line G-G' in

FIG. 138 Hnd1RIG B Sshosresgesee dbrat vasin e ingiiracsabine
-H' i A I 0SS- [@nal vi : :
s i e
thewrasdrif 100 iR ndiarcrase feddnibAiandti5Brredpegtiveht Shonl'—F in
ﬁﬁs- ections in different cut directions. The viewing direction in FIG.
is]‘%é"rpendicular to the viewing direction in FIG. 15B. [FIG. 16] FIG.

16 showgprpses$eaioned LieywesiakanAiNag A ing bliterFlspdbance of a

FIG. 16A shows a state in which an outside member is not 25 deformed
Bprrontyohanme vgsshomodingrdid ofiibe presnty mEmband FIGS.

detormac sasticallye REFEHRIANALINE UGN [GBLALRARN CONEN i ewing

apparatus of the present invention includes: a tubular outside member; a
thbedsiomsivd HherhBAnnsertea ththkroltside viewbeg, dB@etnohandiér. 13B.

e e e ] H P G e BB L LR DO fing a
configuration of the flow control apparatus shown in FIG. 13, FIG. 14Ais a
cross-sectional view taken along a cut line G—-G in FIG. 13B, and FIG. 14B is
a cross-sectional view taken along a cut line H- in FIG. 14A,

[FIG. 15] FIG. 15 shows cross-sectional views illustrating a
configuration of a flow control apparatus in Embodiment 4 of the present
invention, and FIGS. 15A and 15B respectively show cross-sections in
different cut directions. The viewing direction in FIG. 15A1s perpendicular
to the viewing direction in FIG. 15B.

[FIG. 16] FIG. 16 shows cross-sectional views taken along a cut line
I-Iin FIG. 15A, FIG. 16A shows a state in which an outside member is not
deformed elastically, and FIG. 16B shows a state in which the outside
member is deformed elastically.

Description of the Invention
[0017] A flow control apparatus of the present invention includes: a tubular
outside member; a tubular inside member inserted in the outside member;

and a valve member, wherein the inside member includes a through-hole
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passing through a side wall of the inside member in a thickness direction

and a contact portion that is in contact with the outside member in an

order in a direction from one opening of the inside member to the other
opening thereof. The valve member is placed in the other opening of the
inside member, and 5 passes only a fluid supplied at a set pressure or

higher from the one opening of the inside member to the other opening
e Thwoeghs el drewrldofstio rmesidle onmsitb dyeinlef shivdah esaslicatition and
Ehgéﬁgycﬁor@gl%r?&ﬁa‘frﬁé’%@ﬂg@@ O e %ﬁéhi’ﬁé‘{ é’%*}‘é?nqé%rble#"%%eé‘xg]%% ina
outside Thember and thé coritact portion, ‘and theé gap torms a tflow path o

difledth booithear onighoihen theoobthbaleside [06A8]dn thelabeemandidngdthereof.
low control apparatus fthg preé%ent invention, it is preferred that a
ARl rig

f
Lol v msmReoH CoRiRpT SDTEREE Wit e e, and
AResaJORIROLIOR: ATdhE ARV EX &’@H&%%é%‘i&‘ﬁe herseRtackBstion i disening

case, a gagg)gto be a flow path can be formed easily when the outside

phdhbBrdddafsrmberdiasheathersponoprinenesmoréhinahtside member is

b mentio, flow control I f th sent invention, itis. . ..
e A e AL AR B PRI ot Runicatine
pathorhéhdtrsuglcdrtach svitrethethatsidside meathamapal tibe qpasiigned-tion,
on pne side qf the thrgugh-hgle, and, the outside memper is formed so.as
?619(; 588 Efaéf%rﬂr?é‘fi@ﬁ‘% afar%gmrﬁo%? ah 't 8%%%%%5‘%9}@0
Pemiast WitiHb e secoReRMACH FRIHOMYREhis'RFaardRAnKRal ISR

portion that is in contact with the second contact portion. According to the
sHGviempddmieiesteck iy nsRivReRIBENR s Eomrect dliergnoutinte

. : oort . oLt N
Y SR A e L M e B o
tippacatte:t[0020hiIn thim dboveasertigapdebhbadimentaihis podierfedhdteasily

a groove is_formed along an quter periphery .of the outside member
B{ﬁméﬁﬁg%@gﬁle Z"?’ ?%%%:%ﬁ%%?évflf]’?%éc ¢ond contact portion of
foe mitsermrmerand the sbgiarmahiandiiad ewesiarolnasisiatus of the

contact with the second contact 30 _portion on an outer surface of the
BreseRt invepBerriisif pustersd ghat the mside memberx further includes a

second contact portion that is in contact with the outside member in a portion
positioned on one side of the through-hole, and the outside member is formed
so as to cause elastic deformation in a region other than the portion that is in
contact with the second contact portion, which is larger than that in the
portion that is in contact with the second contact portion. According to the
above embodiment, since the inside member is in contact with the outside
member via the second contact portion even if the outside member is
deformed elastically, a fluid is unlikely to leak outside of the flow control
apparatus.

[0020] In the above-mentioned embodiment, it is preferred that a groove is
formed along an outer periphery of the outside member between the portion
that is in contact with the second contact portion of the outside member and
the region other than the portion that is in contact with the second contact

portion on an outer surface of the outside member. This further can
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strengthen the contact between the second contact portion of the inside
member and the outside member when,the outside member is deformed
elastically. [0021] Furthermore, in the e:%ove-mentioned embodiment, it
also is 5 preferred that the outside member includes a thin portion whose
thickness is smaller than that in the portion that is in contact with the
second contact portion in the region other than the portion that is in
@@mlwmheecgeéeﬁﬁb ebwiesnt Borteaomhiscaitert mdiengiibe inside

gontactbetwagn i Cﬁé‘%""%@"rﬂ?“ 01{531(?%”5"16 embﬁefa@%e*sf
erorm

outside member when tﬁe oUtside member i astrca
a2t Hlrthermore, in the above mentioned embodiment, it is preferred

protruding fr an outer surface of the outside m mber is
tﬂ@%ﬂé n?W?ﬁ&“r‘é’@B‘ﬁ gtn H‘iﬁ é"&é‘r%ﬁ‘%ﬁ 5&%&
??Q@%%Mé%ﬁ@@ﬁtbﬂéhﬁe@ﬂb%gﬁlMﬁwé iﬂﬁli'ﬁrﬁ%ﬁﬁl YHasé %ﬁl@ness 18

low 15 control apparatus can elastically deform the outside member

saieudhanribais r@mwbﬁt[mepm@m%ﬂﬁébeﬂneaﬁge%d contact
gr{)r? 65 gL that ?e%%?lo ﬁ@xnﬁﬁ A rsg% n“?ﬁac%‘i de.mg A%Ae second

iameter, a pair o memb ers protruding towar the other side are
poavidd g artihe. pdios dsdrantieesitbof M&Zﬁrpmﬂhineﬂmms ithe second

contact with .the ¢ actp ion in the ou r and .the pair o
o Lo RS B Theher AT e B mahe Py e
eapagediesBeh @thﬁfdﬂﬂfeﬂﬁlﬁﬁﬂﬂhﬂjﬁmeter DOFUOH interposed
Eereﬁetween Even in this case, a user of the flow control apparatus can

Ehsmmare. dtrshrahersoeerianedsmhedimen bapiskralegred
2R DS RERS P Q2 RN TRRREA N HhE ARA YR PAEAANEE A S A Bber is

apparatus of the present invention, it is preferred to use a valve member
inciutiad mvidiee egostiortiverntham bkmmtsiﬁape toatediscasti: tuuth dhd

Cl%s% on E‘x‘?:[f %Qq'y% fihe '“%f‘a[% memper: and gyprotiuding Eoer}c'%? the flow
protrudes e Valve portion and 1s’inserted In the’insi

et airparibasothardpetiadl9 deform the outside member easﬂy using the
protruding member.

[0023] Turthermore, it also is preferred that a portion on the other side of
the outside member has a small diameter, a pair of members protruding
toward the other side are provided on the portion on the other side of the
portion that is in contact with the contact portion in the outside member, and
the pair of members are placed so that one member and the other member
are opposed to each other with the small-diameter portion interposed
therebetween. Even in this case, a user of the flow control apparatus can
elastically deform the outside member easily using the pair of protruding
members.

[0024] Furthermore, in the above-mentioned flow control apparatus of the
present invention, it is preferred to use a valve member including a valve
portion in an umbrella shape formed so as to cover and close the other
opening of the inside member, and a protruding portion that protrudes from

the valve portion and is inserted in the inside member from the other opening
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of the inside member, wherein the protruding portion is formed so that a
gap to be a flow path of a fluid is present between the protruding portion
and an inner surface of the inside member when the protruding portion is
inserted in the inside member, is fixed to the inside member while the
other opening of 5 the inside member is closed with the valve portion, and
further is deformed elastically to cancel closing by the valve portion when

e hamrsissriermd osrasseteiitths urdsubpipatiougs feerged sethvekn gap

. " . ’ h
T 38R O 4R R R R R B B an
benensamnted, aihththmiliexaembes whan oherptiominihe pasgdonhemserted in

id.is supplied.at the set pressure can be enhanced, [0025] .
R Ao 6 i T amae R ao f bsmeneaigs of
ihe abave-menfinned tRNEPaTH apeaaiusitheRresaTuRYeIR M dormed
first tube, and a second tube, wherein the first tube is connected to the

elsaeAliseinsgche anEhn dhierlsethemiin cohem thepainesoaran is
e secopdiubaiscanpeaias (R R-athec &Bﬁ%@@w@ééﬂ%}?&‘ﬁﬂﬂ%ﬁ‘%ﬁe‘@ﬁ% of

of the flow control apparatus. [0026] (Embodiment 1) Hereinatfter,
thatrotideparani=am ththinjeetion dnguitirti 20 Entbedietgntesofher higher.

resent invention will be described with reference to FIGS. 1 tg 10. First,
s i G HATAtIE 1) LR RRSHE o B G SEEF DsARHES
&x0ctn {8027 hinl Gp drabiows:vigvesckisivdiling arflosiiersaniindiancs @ha set

flow control apparatus in Embodiment 1 of the present invention, FIG. 1A
RIS e Desenhirfed B is a side view. FIG. 2 shows cross-sectional

viRwslillysiiatipgccentiguratien & theflovheent oharPRFaiHRARRW N Rudes at

FIG. 1, FIG. 2Ais a cross-sectional view taken along a cut line A-A"in
Ratihe abe o aBiene dtioss cuttiohabyisvataleerf tienprasantiny @18on, a

EISUIE (AT 108 A RS U e o
viemsipoefitheam sidsidembobeith@ flow control apparatus, and the second
tube is connected to the other opening of the outside member of the flow
control apparatus.

[0026] (Embodiment 1)

Hereinafter, the flow control apparatus and the injection circuit in
Embodiment 1 of the present invention will be described with reference to
FIGS. 1to 10. First, the flow control apparatus in Embodiment 1 will be
described using FIGS. 1to 7.

[0027] FIG. 1 shows views illustrating an outer appearance of a flow control
apparatus in Kmbodiment 1 of the present invention, FIG. 1A 1s a top view,
and FIG. 1B is a side view. FIG. 2 shows cross-sectional views illustrating a
configuration of the flow control apparatus shown in FIG. 1, FIG. 2Ais a
cross-sectional view taken along a cut line A-A’in FIG. 1A, and FIG. 2B isa
cross-sectional view taken along a cut line B—B’in FIG. 1B. In FIGS. 1 and
2, arrows (excluding arrows V and W) represent flow directions of a fluid.

[0028] FIG. 3 is a cross-sectional view showing an outside member
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constituting the flow control apparatus shown in FIG. 1. FIG. 4 shows

views illustrating an inside member co[ﬁtituting the flow control apparatus
shown in FIG. 1, FIG. 4Ais a side view, and FIG. 4B is a cross-sectional

view taken along a cut line C-C'in FIG. 4A. 5 [0029] FIG. 5 shows views
illustrating a valve member constituting the flow control apparatus shown

in FIG. 1, FIG. 5A is a top view, FIG. 5B is a cross-sectional view taken

etonstj tusintdinkeDlovinamIGoba pata U SsBoNs & dtbiss-beclidfmldmwws views
(FkeRAGS Rk BENEIC, S0, 0030LFIG 83 ASIaPSSSEIOnA] dhown
view showrg a state in which the valve ember is openedin the tlow

NO M6}, ap ddict usishkowside Sy Lakd@ THISID trassreestienalovielwiew taken

showing a state in which outside member is deformed elastically in

ot b ?ﬁ@@h‘ﬁuﬁfﬁo@% in FIG. 1. Both of FIGS. 6 and 7 are
RioesTsartiansliews (akeR ARNG: N LHHIPE AeABbEr dhEHINRISAMR flow
way as in FIG. 2A. 15 [0031] As shown In FIGS. IA and IB, a tube 2 for

soppiolrpadnatuardrevmpe Bior disEHardidgisne temaee dilaened ts a

g T t % | :
e e L T AT e R is
thve zostonl of theiflewimgemaloner otatflin: Bo- U8 A Mthdut the

inf ternal force, the flo trol. tus 11i figured
T e oo SCBaLT N SHOM B LALR ot NERED 785 Kplye
st PIeSSIH epiriighardedisavamnaidoappes attididismppliediR presg@eT is a

lower than the set pressure. On the other hand, when an outside member
AresgETer AL ASTE Al BYE S Shadent fEhdeh et ddarapper is deformed

apRAtAR, L PAsesR &SR Ml WHSHRRISA RE R R\CSEY(E IPWes AN HeeY. 6

pressure. This will be described specifically below. [0033] As shown in
RIGIST 22eamdsgBettimfloinionwsdidisparking thacutiénatediisiddG. 1A1n the
member 4 an.in?’?@ r@ﬁmber 10, and a valve member 20. The outside

s

same way as i1 , . .
member Xﬁas a‘tubularshape, and includes an opening 5 on an 30

psyehm sigleoandiaFapeing 6ed aBlanwndiecafosisiepisiedd @ M)id dnd a
tube 3 for discharging the fluid are attached to a flow control apparatus 1.
The flow control apparatus 1 controls the flow of a fluid supplied from the
tube 2. As used herein, “flow control” refers to the control of the flowing
manner of a fluid.

[0032] Without the influence of an external force, the flow control apparatus
1 is configured so as to pass only a fluid supplied in an arrow direction (see
FIG. 1B) at a set pressure or higher and so as not to pass a fluid supplied at a
pressure lower than the set pressure. On the other hand, when an outside
member 4 is deformed elastically by the external force, the flow control
apparatus 1 passes also the fluad supplied at a pressure lower than the set
pressure. This will be described specifically below.

[0033] As shown in FIGS. 2A and 2B, the flow control apparatus 1 includes
the outside member 4, an inside member 10, and a valve member 20. The
outside member 4 has a tubular shape, and includes an opening 5 on an

upstream side and an opening 6 on a downstream side (see FIG. 3).
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Similarly, the inside member 10 also has a tubular shape, and includes an
opening 16 on the upstream side and aﬂ]opening 17 on the downstream
side (see FIG. 4). [0034] Furthermore, the inside member 10 is inserted in
the outside member 5 4. The valve member 20 is placed at the opening
17 on the downstream side of the inside member 10. In Embodiment 1,
the tube 2 is connected to the opening 16 on the upstream side of the

msidamgnbe 18 dandehbrabE0Zisodoame drebittathshapen mydenel wies an
downstr side of the outside,member 4. [0035 rtheymoye, as,shown .
R TR R PR SR o LA TR ARt

(aelud@Es adthrough-hole 14 and a first contact portion 11 that comes into

ontact with the outside member, which are disposed in_ this order in a
[0S B Eere RRBEEAR dSTE T the 1 fhrlttsidgensmber

the apeningve Reine dow ISHRRRISIHE L ERG RO QIEIE RASESE-eam side

through a side wall of the inside member 10 in a thickness 15 direction. In

pichaB)side raprebentdthelledtnrbrdiment thr shgriuhse 13 canttested to the
Eﬁ%‘é%%ﬁérﬁ %%lv%oﬁgé’t’}%%(ﬁla@%%do? %E?l g&%d% {enlﬁﬂ%?cef 03980 {Mhe 3 is

onvex portions are formed albng an outer
penipbendofotikd ngidsinembenthe. divactossisediiprod tkac todeexember 4.

D et B PR TSGR B AR 1B,
prsitienad areiipsPRireamdkie{9nhe-0PRBIB 16:8We) Pfdheontact portion

through-hole 14 in the inside member 10 is formed so as to come into

ddrithat nmemiecontachae th the oulsiste mamber, TR gbasndisposed in
RS9 A SRR TP RER ﬂgw%é@ﬁhﬁ)sﬁlamﬂs%%ﬁ%ﬁ%pf@entﬁ]%

portion 13 will be referred to as 25 the second contact portion 13. [0037
Dpstiedbe sideve thefigersdtign] hoEnhediovenstteanesidhe ildidethrough-hole

e e R AR R T A
iinsecapniactiporion 4B and the.pecant conéaimatiGnistHdteragzh-hole 14
S PN RO i the Jowhairaam Gdé of The \ncid6 mamber 10

[0036] In Embodiment 1, two convex portions (ribs) 12 are formed along an
outer periphery of the inside member 10. 'The cross-section of each convex
portion 12 is formed in a trapezoidal shape, and top portions of the convex
portions 12 form the first contact portion 11. Furthermore, a portion 13
positioned on the upstream side (on the opening 16 side) of the through-hole
14 in the inside member 10 1s formed so as to come into contact with an inner
surface of the outside member. The portion 13 functions as a second contact
portion. In the subsequent description, the portion 13 will be referred to as
the second contact portion 13.

[0037] Due to the above configuration, in Embodiment 1, when the inside
member 10 is inserted in the outside member 4, the inside member 10 comes
into contact with the inner surface of the outside member 4 by the first
contact portion 11 and the second contact portion 13. Thus, as shown in

FIGS. 2A and 2B, as long as the outside member 4 1s not deformed, a fluid



5

10

15

20

25

30

does not pass between the outside member 4 and the inside member 10.
[0038] In Embodiment 1, although two gnvex portions 12 are formed on
the inside member 10, the number of the convex portions is not limited.
The number of the convex portions 12 may be set in accordance with the
sealing 5 property required in the first contact portion 11. That is, if the
sealing property between the outside member 4 and the first contact

geesornl passreebirechtbhiseoiniricesataderutiiad Possitsic ameanabeyet(of
nuex tigns 12 may,be increased. On the other hapd, if it.is

B O B o ek D R oo on the

amidbemuidide 10, thennlen BeideS ciibedrater ) she snsibenolibaednveRhe

portions 1€£ay be decreased. Furthermore, in Embodiment 1, although _.

{Hé“&%Sg?- ﬁ&ﬂ‘b‘f%@"%‘r‘?\‘?&xlgo‘i‘ﬁ%}ﬁ & SE S AGEOR RS pRY e sealing

PREPErtiNeeFRRSE 8E PR BaRR Ak i FRBKEIPOMAA 112 I$M®Be sealing

particularly limited. The cross-sectional shape of the convex portion may

BEoReHENBREGPenstnienbridsines et 4 75 drdpedordt [oodeyt portion 11is
FAIECN 1,25 S00HO L EIGR RALCHALD BT EIGRARA 56 v

valve member 20 Is configured so t a fluid sup at a set
prassure 18righbe passasstitoufmthieevalkiemembeif20 s atasinredbpeaingly

1 th t ide of the insid ber 10 to t ing 17
i g SRV e
aterinerellddskandddvaiap eHionAhRAdR e tbaing peitiasad2t 438491be

The valve portion 21 and the protruding portion 22 are integrally formed
gearpisedial ExsthermoredsiBigbediment hridtBoushstbe eugsersection of the

BRReERisoand Y auoNsiintsighiRermpRA S BLASIPIN SR B8SIHEAY AP shape

examplées of the rubber material include natural rubber, isoprene rubber,

bfithdienn e bertBmréhesunhgieridmulanbr IngedibiEnechioseprarien al
B o AR SR R e R A SR kg =
ﬁgapti_mmoplastiq elastomer include styrene-based, polyolefin-based,

PR 0 ghorde based, polvursliaRe-bsed, BSSTHZ % A o 5, he
valve member 20 is configured so that only a fluid supplied at a set pressure
or higher passes through the valve member 20 from the opening 16 on the
upstream side of the inside member 10 to the opening 17 on the downstream
side. In Embodiment 1, the valve member 20 includes an umbrella-shaped
valve portion 21 and a protruding portion 22.

[0040] The valve portion 21 and the protruding portion 22 are integrally
formed of a material excellent in elasticity, such as various kinds of rubber
materials and various kinds of thermoplastic elastomers. Specifically,
examples of the rubber material include natural rubber, isoprene rubber,
butadiene rubber, styrene-butadiene rubber, nitryl rubber, chloroprene rubber,
butyl rubber, acrylic rubber, ethylene-propylene rubber, hydrin rubber,
urethane rubber, silicon rubber, and fluorine rubber. Examples of the

thermoplastic elastomer include styrene-based, polyolefin-based, polyvinyl
chloride-based, polyurethane-hased, polyester-based, polyamide-based,
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polybutadiene-based, transpolyisoprene-based, fluorine rubber-based,
and basic polyethylene-based thermoglﬁstic elastomers. Furthermore,
among them, silicon rubber is most preferred. Furthermore, the valve
member 20 can be formed by molding. 5 [0041] The valve member 21 is
formed so that it covers the opening 17 on the downstream side of the
inside member, i.e., so that the diameter of the umbrella is larger than

eyl thdieperingetl7 trurtpelmerprenatmagsstfhmrmsivnrbeetsassitieand
f the umbrella) of the val ortion 21, an_anpnular contact surface 25 is

R A D b e R S T R gone

gwsrausdiogn egisheolishe epeniefpdrédf tHAuiAgidenipamties $8lie clagaber 20

the ope ingﬁg [0042] The protruding portion 22 is formed so as to
%tﬁfdé;]fm by N8ide portion of the umbrella of the valve portion

Rib410rthesRQrenastBRNEr BRIGo2nibe MIQKUEING POStORIR2ISINReEEH on

from the opening 17 on the 15 downstream side of the inside member 10

tbgr@mﬁéwm&wéhﬁéﬁﬂéée moreberfarencimidrat Kifdidmetes of the
g R S8

thesteriaceidithe proscuside op ohiomABy elha) thethrojedtiop @disthBakad
on a step 15 provided in the.inside 20 mgmber. 10, whereby the |

SR BRI A SRS A RIS Lher R e gL . can
a5t ensof FREABEGISEH N4 306 he SieRiba A lrdipsiesh 80 thaf the inside

contact surface 25 of the valve portion 21 comes into contact with a
gkﬁ%ﬁ%%%@l@?ﬁdﬁ%@ﬂ%@ﬁ&é@? of the inside member 10 when the

giestiofys £9§§§%§%@&ﬁﬁ? 32; 2B 00441 G WIS YGRS TRAWR Peverse

IGS. 2A, 5 he projection 22 also Is formed so that, when the
prderpdineppartione22nd inderefctie thelvingidetmer@ber Toyrdhgapimréeaa shown

IR A3 s st e L RS et .
ihshusiazeuaopiby eflibdionziananside s0rfach.eandide JOkonaai® member
O ot T tharmors s Bired to the Fide smember 10 with the opening 17 on
the downstream side closed with the valve portion 21.

[0043] Specifically, a projection 24 is formed on the surface of the protruding
portion 22, and the projection 24 is hooked on a step 15 provided in the inside
member 10, whereby the protruding portion 22 is fixed to the inside member
10. Furthermore, the positions of the projection 24 and the step 15 are
adjusted so that the contact surface 25 of the valve portion 21 comes into
contact with a surrounding region of the opening 17 of the inside member 10
when the projection is hooked on the step 15.

[0044] Furthermore, as shown in FIGS. 2A, 5A, and 5C, the projection 22
also is formed so that, when the protruding portion 22 is inserted in the
inside member 10, a gap to be a flow path of a fluid is present between the
inner surface of the inside member 10 and the projection 22. Specifically, the

protruding portion 22 includes a concave portion 23 on a side surface, and the

concave portion 23 forms a gap to be a flow path of a fluid.
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[0045] Thus, the fluid supplied from the tube 2 passes through a gap
between the concave portion 23 and the,inner surface of the inside
member 10, and thereafter, presses the valve portion 21. At this time,
when the fluid is supplied at a set pressure or higher, as shown in FIG. 6,
the closing by the 5 valve member 21 is released by the elastic
deformation of the protruding portion 21. Specifically, when a fluid is

K dtmes st p sl serorlingHeemitb e fobe dmppsrtich 2z detifimed
iy e g
S A TSI Sp M ERAGI e

etween the contact
$0rramiddingreadion pftiiecspbringlié phittmingitle Merdbartl®d Osken the fluid

released. Consequently, a fluid flows between the.c t surface 25 of
R OB B T e BB O At H e oL sl o by the
ngicle marber 190110461 sEusy ith ERlbedimBstb nsites bealy@otruding

member 20 is attached to the inside member 10, only a fluid supplied at a
perpassddre owsigherBinher aBuitdashmdindaicasebpappatieuy higher,

%‘Q 15@81:9&35‘?@ %&rt?oﬂ% 53 B@PM&@%@M%QW %ﬁtgﬁfbﬁﬁ(ﬁ? Hf'_rection to

pressure Is inhibited. Furthermore, in the case where a fluid is supplied
frach a diegctietloppdsitecint actibetticrenitirecantars shdane REFRIR, vadve

| ' ' d toward th ing 17 af the insi
A S B B R A e
10 ancbloasidroushingdeaianyoh e dmningbktweéhetlnsitds raemhafate 25 of

becomes stronger. That is, the valve member 20 also_functions as a check

{B R BaLHRPASE AR S BRI FE 6 th GRS g it e
1o sihe diteqlip @hthe arrows shown in FIGS. 2A and 2B. [0047]
Furthermore, in Embodiment 1, the above-mentioned set pressure 25 can

HR046] b hpproniEnebpdiining, tiacohittuehtamacanbefcliie yiiiwehed to the

RS, 200106 HOSEIerlonl U5AOLP 92 IOMEARSIEOR Ry con pass
concave portion 3an e Inner Surface of the inside member 10, etc.

Theoughghituflewicthe sdtapessaresrayhé tietqyminegbddeefididgsupotied at a
APPSR 18 L RUE b Bl LFOREEENT o A e
IWSFBIRMWRER kapplied from a direction opposite to a direction of the arrows
shown in FIG. 2, the valve portion 20 is pressed toward the opening 17 of the
inside member, so that the contact between the contact surface 25 of the valve
portion 21 and the surrounding region of the opening 17 of the inside member
10 becomes stronger. That is, the valve member 20 also functions as a check
valve, and also inhibits the passage of a fluid from the direction opposite to
the direction of the arrows shown in FIGS. 2A and 2B.

[0047] Furthermore, in Embodiment 1, the above-mentioned set pressure
can be set by appropriately selecting the constituent maternal for the valve
member 20, the cross-sectional area of a gap formed between the concave
portion 23 and the inner surface of the inside member 10, etc. The
magnitude of the set pressure may be determined depending upon the use of
the flow control apparatus 1 and the pressure of a pump. The transfusion

pump and the syringe pump may have a function of issuing a warning when
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the internal pressure of the injection circuit reaches a predetermined value

or more. In this case, it is necessary tqg\djust the above-mentioned set

pressure so that a warning is not issued. [0048] If a fluid cannot pass

through the flow control apparatus 1 unless the 5 pressure of the fluid is a

set pressure or higher, priming based on a head pressure becomes

difficult when the flow control apparatus 1 is incorporated in a transfusion

e uittsealne: Bdesofibee tesfon Lideugtinfrtes arvel¢semiedoalue or
escribed later), Therefor wn in £l thg outside memtc)jter

O P e R B R S S R ek

foreautivese i formingraigan d 8 @orsnudicating with the through-hole 14

etween the.outside member 4 and the firsf, contact partion 11. [0049] At
T B A G AP ORRICHE LYo P KL APRATAh | ubless the

MH&@H&E;%%%E@ﬂfﬂﬁ‘auﬁfhtl@@t\iﬁﬂe\!%mﬁ?%gﬁeﬁ thatia fwsksunpliedala

15 pressure lower than a set pressure can pass through the flow control

BppwEadacomes difineleaeeniibrting ronteohappappiratlssingorporated
{RCRRAIIRIIBAR {E‘Et@geclffe'dtéoci%@&ﬂ@&ﬁ%egf Hﬁﬂsﬂgg‘% 08 civcuit

administration of a drug, priming can be performed by a head préssure.
{6650] GuANBrsoie: dd EmbodFreneiohee)dbovah ford& Cadsitigetbe (20de

BBAEEL GG IARTEEE ) SpradirHE AEQEmet A Lohszen
degramidbibat trplidd Bratmapgene@ivoiaiegtinenangathe

operability by a user, i.e., in order to facilitate the addition of an external
thinghiRelol bkt wrembbe Huipidasaerpberdisnd sheoRess crnfecarortion

piovided on an 25 outer surface of the outside member 4 (see FIGS. 1A

and 1B). [0051] Specifically, the operation portions 8 and 9 are members
tRat Protvt dei srbm eh dlougesisfavd ehththootsbicholenddiogrardrere flow path

rovided on a pogtion other than a portion 4a,which,is in cgntact with .th
e T L B e A Rl g o
PFlessrAlorver chard@ defgrrodheroutsidpane et dleidsiifialy ecoarell by

gggg]rga%gg (i)p © tilolg, }161S the case where the flow control apparatus 1 is
incorporated in an injection circuit for the process of transfusing and the
administration of a drug, priming can be performed by a head pressure.
{0050] Furthermore, in Embodiment 1, the external force causing the
outside member 4 to be deformed elastically is given by a user. In
Embodiment 1, the magnitude of a presumed external force is such a degree
as that applied by a human generally. In order to enhance the operability by
a user, 1.e., in order to facilitate the addition of an external force to the
outside member 4 by a user, operation portions 8 and 9 are provided on an
outer surface of the outside member 4 (see FIGS. 1A and 1B).

[0051] Specifically, the operation portions 8 and 9 are members that
protrude from the cuter surface of the outside member 4 and are provided on
a portion other than a portion 4a which is in contact with the second contact
portion 13 of the inside member 10, i.e., a portion 4b (see FIG. 3). A user can

deform the outside member 4 elastically merely by putting the operation
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portions 8 and 9 between fingers and moving them respectively in the
directions of the arrows V and W showy}.in FIG. 1A. Furthermore, in
Embodiment 1, the operation portions 8 and 9 are formed in a wing shape
so that the user can put them between the fingers easily, and each vane
is 5 placed in parallel to the flow direction of a fluid. [0052] Furthermore, in
Embodiment 1, a groove 7 is formed along an outer periphery of the
peittiersRamnbdt hatsopseAnBeiscHidmaans dhyoreinecoinegy darfdee of

%eec?ﬂhﬂg SEE Qfxfo‘%g g::%.lgv euBeHSE ARRligH an F‘}?é‘ﬂeﬁ@ﬁlz&i’f%;ﬁf)

e operation portions , the outside member 4 is astical
Hefbmiedanbie theatheim timportioondB(sed Bl GrSjchrandnihe wiagishape so

a with the groove 7 as a bqundary. Therefore, according to Embodiment
(A PSR GORoRie TGb B Ehet B RSNy, 08 Eoagme
PRivaSR iheraBedrd ganashRRRR dS fff dhedaside member and the
outside member 4 is ensured, and the leakage of a fluid from between the

95t sKurharmore. andmbatiiaethdnibsravys stpfrogssiaioes spuicr
S heas a0 (Umed Y Be 0B RRHNS B iethe

ow control apparatus 1 is viewed from above is not particularly
tintiteguTfreant khfoemistideyntieendperatiod horiovised dhd 9smaypbplset an

approprjately considering the size of the putsi ember 4, The nymber.
B e SR A s & A S Ay Hrben Eys
chihexlbeidapprondaiehrcensideying the ppaiability (idb&lSeB) than in the
Furthermore, the, shape of the operation portions 8 and 9 may he those

BB AR HihERSBEPRY S008a PRI e, THRE SRR ASPRIRAE A for
hamsigsmeMhsridiiseoRiciaehlvanaateialdbat-hasianflastfly, the

modulus smaller than that of the constitqent material fpr @he outside
enetalob bataregis heliketpnd berdefsrpostioslastioath tiesite mambarattbthe

SRR T O A A DR
duexdmplembbiné soddiite entitaiekial fer thé 30sapisidesekmber 4

tﬂ%léjg]e }?10 ?n g!ﬁ?n%%\i{,el?éﬁezggg ee gx?r%% l%lrj %ﬂeagg}gfa]ﬁ%n portions 8 and 9
when the flow control apparatus 1is viewed from above is not particularly
limited. The angle formed by the operation portions 8 and 9 may be set
appropriately considering the size of the outside member 4. The number of
the operation portions 8 and 9 is not particularly limited, either, and can be
set appropriately considering the operability of the user. Furthermore, the
shape of the operation portions 8 and 9 may be those other than a wing
shape.

[0054] Furthermore, the‘constituent material for the inside member 10 1is
preferably a material that has an elastic modulus smaller than that of the
constituent material for the outside member 4 and is unlikely to be deformed
elastically in order to ensure the contact between the second contact portion
13 and the outside member 4 at a time of elastic deformation of the outside

member 4. In Embodiment 1, examples of the constituent material for the

outside member 4 include those which have excellent elasticity such as the
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material similar to that of the above-mentioned valve member 20, i.e.,

various kinds of rubber materials and \iaﬁious kinds of thermoplastic

elastomers. Furthermore, examples of the constituent material for the

inside member 10 include a polypropylene (PP) resin, a polycarbonate

resin, an ABS resin, a 5 polyethylene terephthalate (PET) resin, and a

polybutylene terephthalate (PBT) resin. [00551 Furthermore, among the

abtesimenivadtmthetiabtlzepdipvieyhastiiondel vasee themhopRBtice., various
lastomer and a polybutadiene-based thermo tic elastomer preferabl

T i N B e e i

Palydarbanate ¢esiniddarefalablonsaduan the atensiittenthvaissidé fercinder 10

inside, memher 10. [0056 xt, the injection circuit in Embodiment 1 will
Héch’é%f‘c XRRAP ¥ ?é‘r%&%%imﬁ}és% TR PN E&Eh éﬁ% resin, a
Fanpaginrent 1dRghuaas the (Pw ePRoh 1 2:0pRa5alyEd: Ndn@badinaRhiate

described using FIGS. 1 to 7. The injection circuit in Embodiment 1 can
agl-for example, a transfusion circuit, a drug injection circuit, or a

e ) e R R RN P SRR g yinst
eldmedésthdendtdoewitivphestofedantememnerdla pséybiatk S «11264d 7 are

PRRERARAA < GG TTS TOOLTRPHGE o8 0 AR R L o

Widuhainiecipheaiic Ui Fpbadithenhldyesed apR-faabiYySiRRd as the
circuit. As shown in FIG. 8, a_transfusion circuit 30 includes a transfusion

pershitugnri abeab denthe inside member #Bw control apparatus 1, and
foBHRs R IS Ao FHHNGIRE G0 3RS B ARNEF G H L 20 REAWI6i th

of the flow control apparatus 1 Is connected to the drip chamber 32.
Fefithengeote B GRarkstosién pump 36 and the clamp 33 are attached in this
order to the tubgC .in aq‘ow.é:igia%iogo%ﬁ tragslfusi n. Furtﬂer ore, attu e

3 connected o' @]d%c%ualrge sige of the flow EoftrS easptpaera 0¥ qatro
epnaeaied M pnalireds 1 described using FIGS. 1to 7. The injection
circuit in Embodiment 1 can be used as, for example, a transfusion circuit, a
drug injection circuit, or a blood-collecting circuit (A line) used in an invasive
blood pressure measurement method. This will be described below. In
FIGS. 8 to 10, elements denoted with the reference numerals used in FIGS. 1
to 7 are shown as the same elements denoted with the corresponding
reference numerals in FIGS. 1 to 7.

[0057] FIG. 8is a view showing an example in which the injection circuit in
Embodiment 1 is used as a transfusion circuit. As shown in FIG. 8, a
transfusion circuit 30 includes a transfusion bag 31, a drip chamber 32, a
clamp 33, a flow control apparatus 1, and a puncture needle 34.
Furthermore, a tube 2 connected to an mmflow side of the flow control
apparatus 1 is connected to the drip chamber 32. Furthermore, a
transfusion pump 36 and the clamp 33 are attached in this order to the tube

2 in a flow direction of a transfusion. Furthermore, a tube 3 connected to a

discharge side of the flow control apparatus 1 is connected to the puncture
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needle 34. A tube 35 connects the drip chamber 32 to the transfusion bag

31. [0058] In this manner, if the flow comrol apparatus 1 is used for the

transfusion circuit 30, the transfusion does not flow beyond the flow

control 5 apparatus 1 even when the transfusion pump 36 is removed

while the damp 33 is omitted to be closed (is opened), so that the -

occurrence of free-flow is suppressed. Furthermore, in the case where

peiediegdié peffbried byaness e eupechhmbatsidetmiieepagiusion bag
formed elastically as shown in FIG. 7, whereby the transfusion can

pass through the flow control apparatus 1, so 10 that priming can be

worapletba thinilenthenftow Ctindribappanstub dpisaatiachdd s [0RE0dn the

le.shown in EIG. 8, although the f trpl tus,.1 is placed
SRR AL She AR (oS TR ERIDN Mok o
19 1he MR e ARGHIGM EORYRh 3RRAFAIPSH B 96 taRhgoRiaEefhdledthe clamp

osition between the transfusion pump and the drip chamber 32. 15

soTRIEed 18 R idarendising e dlkanphamhthniescwaanpcabirendlatids
Eippedinent g yaedas:a AV gHRIESLo %ﬁ%%%ﬂﬂ?dgﬁ%%%&%@& by a head

shown in FIG. 9 includes both a drug injection circuit 40 and the
premsfustoth eipaitid ranohtier driggdefectionl eillestictllar tHeotransiusién 7,

cifcuit .30 are  .connected to each other via a three-way cock 41.
SRS (R R I8 Bk ot oy ShE el ahhasmtys L so
tlensiusiaihandthecasbnipistediorh0é sk fig®acvherpesippmedus 1 is attached.
Eiﬁ#é?neously. Furthermore, in the injection_ circuit shown in FIG. 9, the

i

stratbs exaraple sheseam B8 Feflorttbausethndlam opmeligeparatus
igGiiaRQf sdrasivaioRdsnesannedhE WgIMRIeaas ShAMRI Gt Rn is not

the drug injection circuit 40 includes the 25 flow control apparatus 1 in
Emifeditvetitel oxanhplsamBhadjoas dorthe! mansfcaion tiedeit 3 be placed at a

Furthermore, a syrin u 45 is connect o the drug.injectign circuit
BB G S e BRI o U A R e
beosall Epfaiss kiadtuieddgpanastachid @ininfvistside ohjbetftoncircuit in

onirol 30 apparatus 1, and 3 tube 43 connected to g discharge side. The
aﬂi} a B}ﬁﬁb ]j_gs used as a g 1jection circuit. e 1njection circuit

shown in FIG. 9 includes both a drug mnjection circuit 40 and the transfusion

circuit 30, and the drug injection circuit 40 and the transfusion circuit 30 are
connected to each other via a three-way cock 41. Therefore, in the injection
circuit shown in FIG. 9, the injection of a transfusion and the administration
of a drug can be performed simultaneously. Furthermore, in the injection
circuit shown in FIG. 9, the administration of a drug also can be performed
intermittently while the injection of a transfusion is performed.
Furthermore, as shown in FIG. 9, the drug injection circuit 40 includes the
flow control apparatus 1 in Embodiment 1, in the same way as in the
transfusion circuit 30. Furthermore, a syringe pump 45 is connected to the
drug injection circuit 40.

[0061] Specifically, the drug injection circuit 40 includes the flow control
apparatus 1, a tube 44 connected to an inflow side of the flow control

apparatus 1, and a tube 43 connected to a discharge side. The syringe pump
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45 is connected to the tube 44. Furthermore, a syringe set at the syringe
pump 45 is filled with drugs required tol?e administered in a small amount,
such as an anticancer agent, an antibiotic, a fat emulsion, and a
tranquilizer. The clamp 33 is attached to the tube 43 so as to enhance
operability. The 5 transfusion circuit 30 is the same as that shown in FIG.
8, and includes the flow control apparatus 1. [0062] Furthermore, the tube

é_%%ﬁ_eﬁmeéet%iﬂeedfm%w OHitbPraRprERU TIBE theetrahshsforinge
gﬁ%&] 3818 %@%lﬁggﬁq‘?ﬁ%’&% BPEL %ilxgg(@f?;[}]wéi}ﬁrﬁ%ﬂ(a?}]munt,

e punCture nee IS connected to the other € oppose
poris yinaam tab8dhicEha e, 43 cithbiditug mjedtionwisooit, 40ds tranquilizer.

nnected tg.the remaini rt Qf the three-way cock 41. [0063] Thus, i
TR BB CaE AL GHOE T EXE TP St P SRS tnehe
aciniTetistion ela ugscae kanertymed sHawhanePUSlysoLM@ includes the
administration of a drug can be performed 15 intermittently while the

fioaesonBphapnriyisitis performed by switching a_handle of the
1B VanGeRk Mol HHE THRES: 3% de3RGIAPAYR dPeHlr ag wiGHERT

circuit 40 includes the flow control apparatus 1. Therefore, even if the

syiage woriesf dHfeatpamsfiistty dirtvetsying equuragtdd teanadhiniswatdports
of a drug in an amount more than necessary is i%l]wib' d by 20 the flqw

O e B R RS e n e ot

of chireppeidien-flovi AnatbebadadinisTat anled a3l ufgius aithensyEge civcuit
pump 45. [0064] Furthermore, in the same Waé%as in the example shown
[

itORRSognpRde FERHNSP aEroitRE Brercumy (& Bk 7),
Yorershymminging ih e jeadive: ertiannaicwt 49¢ag @E@ﬁff@é@@&' of a

easily. In the drug injection circuit 40, priming also can be performed using

arrwtirarardibrondeninistagtiogeopardus cloobs PRI IIeNd a view
SR SR NG R AR R
dedscallectiygvdirdaitib®iis) asgdiinvAn invasifiesiinod peefisuned by switching a
@gg er%gn ﬁlnet t%?ree-way cock 41. Furthermore, as described above, the drug
injection circuit 40 includes the flow control apparatus 1. Therefore, even if
the syringe comes off a pump body in the syringe pump 45, the
administration of a drug in an amount more than necessary is inhibited by
the flow control apparatus 1. The flow control apparatus 1 al_so can suppress
the occurrence of free flow in the administration of a drug using the syringe
pump 45.

[0064] Furthermore, in the same way as in the example shown in FIG. 8, the
outside member 4 is deformed elastically (see FIG. 7), whereby priming in the
drug injection circuit 40 can be performed easily. In the drug injection
circuit 40, priming also can be performed using a fast-forward function of the
syringe pump 45.

[0065] FIG. 10 is a view showing an example in which the injection circuit in
Embodiment 1 is used as a blood-coliecting circuit. As shown in FIG. 10, a

blood-collecting circuit 50 is used in an invasive blood pressure measurement
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method. The blood-collecting circuit 50 includes the flow control apparatus
1, a blood pressure transducer 56, mi injection ports 51 and 52, and a
puncture needle 55. The puncture needle 55 is kept in an artery 59 of a
patient. 5 [00661 In the blood-collecting circuit 50, the blood pressure
transducer 56 and the puncture needle 55 are connected to each other

via the mixed injec m@ﬁort 51, a tube 53, the mixed injection port 52, and
matbed4. WM @he@gsmameam@mﬁesfm ﬂ@mrmrabphmmgmtus 1,

Etﬁ%’aﬁ feddie 1%%%%&%?%%@5%?}%%&5&%%%& 39 ngeéﬂ DA a

connec d to an nflow side o pparatus

pamiaecteditedl syihgelhunpub8tutesyeintle Hhthe leypingepumpda8 B9 of a
fillg_d with physiological saline. Furthermore, the clamp 33 is attached to

2 so as to enhance the operability. [00671 Furthermore, in the

RoedicalieepGIibiBR e flan-Rath framdheoJbfieadh Rsassu@lucer 56

transducer 56 to the puncture needle 55 is filled with a physiological
gaphherpuactvepnssdls85sive orpsstElowingdhdbien wa theanisdlis
HﬂI@é{IHH &shig e Q'B?é’e%sﬁ%efﬁ&?c@ﬁ%‘}@&?&vb%}@%2%(1%1%%8@'54

aline filling the flow path. The blood pressure transducer 56 outputs an
Elerthiesigna), ithacbochamege wilk tidhevBbof thetrahsmitedtdd blzocbnnected

By e B e A LGRS e LE S e BR e O n
{hivog prdsfirthvalde) @@e@&leﬂﬂpaﬂae@qci@@m@a BSCERR M F0QAGHY 58.

Furthermore, during the measurement of a blood pressure, the

A IESiARI thaiRETia g e Rt pathriny tirlasisad stbssure 25
FrARSHNESIHPE, 1 Ihe RURCEI G NRLLIS P RYile SIS PUIR, 33 BhAce the

constant flow rate (for éxample, 3 ml/h). Furthermore, an anticoagulant is
atleeabiditthe phy5|olog|cal saline filling the syringe of the syrlnge pump

O TR0 ARSI A om
bﬁ&ﬂmbk&;&d@ﬁcm&dmmﬁémd rnlibgyaaseun ereeldl@cﬁﬁfievﬁfllﬁfdrwitﬂea

?rrs)ilo (?g%%a{l eai Thus, the blood pressure of blood flowing through the
artery 59 is transmitted to the blood pressure transducer 56 via the
physiological saline filling the flow path. The blood pressure transducer 56
outputs an electric signal in accordance with the level of the transmitted
blood pressure to a computer 57. When the blood pressure transducer 56
outputs an electric signal, the computer 57 displays a measurement value
(blood pressure value) specified by the electric signal on a screen.
[0068] Furthermore, during the measurement of a blood pressure, the
physiological saline is supplied to the flow path from the blood pressure
transducer 56 to the puncture needle 55 by the syringe pump 58 at a constant
flow rate (for example, 3 ml/h). Furthermore, an anticoagulant is added to
the physiological saline filling the syringe of the syringe pump 58. The
purpose of this is to suppress the flowing blood from being coagulated in the
puncture needle 55, which makes it impossible to perform blood

measurement in the case where blood flows from the artery 59 to the
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puncture needle 55. [0069] An example of the anticoagulant includes
heparin. In the example shown in FIG,,10, the physiological saline filling
the syringe of the syringe pump 58 is & physiological saline with heparin
added thereto. In the 5 subsequent description, the physiological saline
filling the syringe of the syringe pump 58 will be referred to as a
heparin-added physiological saline. [0070] Furthermore, before the
ponntiercestsiie &Mblood measurement, the flow path from the blood

RSN aanechest 5P puneiie Nesdle. a8 s iUty led Wil .

an
eparin-a ysiological'sa y the syringe . In'the

shxawwp i BN BhS phy stb fimal paittins filléich yilhaheringpasindaddednge
physiological ;{%{ine, using.the, fast-forward function of the syringe pu

BRI 1P A B SCLARHAE SRS FEMCoRRGHIRE LORFE n Hethe
SHHBEGu PR S8-RATES b %ﬁﬁ%ﬂ%ﬁ%@%&ﬂﬂ%ﬂ%ﬁ@ SfteHle

becomes 15 difficult to supply the heparin-added physiological saline at a
@ﬁﬁ@tﬁwmpréfewmwagé?%wmhﬁaﬂm"n@%}%ﬂﬁw%pﬁm&@ima
a -aslde S
D S e I ORI e
fhexbpoott firessire blhedinedfowd tadkdflow Hattn Grrtrencions; iretde 55 is
case.where e head,pressure is.higher than the bloqd pressure, there
S O At L AR B LR BT EBA Ep T h e e
SXAMEB shawnlie Eemdl) shavheiinretediptebglawerydOiofihed with the
atient. Furthermore, if the syringe comes off the pump body in the case
riadded adnireriagirabealing  aismethe fe faewrddmnedipn of the
WG, BSTAPRS to the syringe pump 58 25 side, which decreases the
measurement precision in blood measurement. [0072] In order to avoid
HRAA ProblerrsimEmbstivnanin FHe. fldy whremolthapyaragesia ihe syringe
attach%%as shovg i{hFIG. 10.bT t(iﬁi in thg exa(m le shown ig FI%. 10Ih
HEWW AT apparatis TRAorestedthe’ ackiiow o he tidotf 1§ THE S
Hoffi pathtakeppiowhef Hee anticeddedoph (hepladivil théissampledBtant flow

shown in FL(E. 10) to a human b%dy, nd_the decrease in measurement 22
rate. Att at the flow control apparatus 11s not

s tithe, assuming t
attached, the heparin-added physiological saline is supplied by a head
pressure. Then, in the case where the head pressure is lower than the blood
pressure, the blood flows in the flow path. Furthermore, in the case where
the head pressure is higher than the blood pressure, there is a possibility that
a great amount of an anticoagulant (heparin in the example shown in FIG.
10) may be injected into the artery 59 of the patient. Furthermore, if the
syringe comes off the pump body in the case where the flow control apparatus
11s not attached, the transmitted pressure escapes to the syringe pump 58
side, which decreases the measurement precision in blood measurement.
[0072] In order to avoid such a problem, in Embodiment 1, the flow control
apparatus 1 is attached as shown in FIG. 10. That is, in the example shown
i FIG. 10, the flow control apparatus 1 suppresses the backflow of the blood
to the flow path, the inflow of the anticoagulant (heparin in the example

shown in FIG. 10) to 2 human body, and the decrease in measurement
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precision in the case where the syringe pump comes off the pump body.
[0073] In the blood-collecting circuit 50251e mixed injection ports 51 and
52 are used in the case where blood iSCollected during the measurement
of a blood pressure. Specifically, first, a negative pressure is applied by a
syringe 5 (not shown) connected to the mixed injection port 51 at a
position away from the puncture needle 55, whereby blood is allowed flow
o ehesfowpatte calenyhiseefdieisybissdnis walleeredsuyiatBgringaprisdy.

) e ) t ixed injecti rt 52 at a.position dose tp the
B A e e UGS 80 AL B R B BT L o2
asingsite fashiocass dviaatiblo oD ot thiesyrihdengths8nfeBitdbindhe of a
ample shown in_FIG, 10, a transfusion bag and a transfusion,_pymp :
E@Bﬁ&ﬁ%&‘tvéeé Mﬂf¥h Wr?ﬁé@%%?ﬁ.eﬁ?ﬂﬁ ’éa%%Pn]ﬂ?g??é’v@ Syrmnge
padh &8 Hled withadieRadniaddadahysiotening saline By elpsiieally away from

deforming the outside member 4 and using a head Eressure, as shown in

the puschupeorsidiefbotihfarbz)inod s abarcshiteralspehattie wmath
it it : . i )
e T e ) B SIRE R S PEpmccted to the
orossdsegtionahpensilustramogis cnodessettiohalRthcomfigneaiide ©F thehlter
flow,control apparatus in Embodiment 2 of the,present. invention, and .
e Siop P RP e e R oy SYORLSLRRNE MEQHRIERCRieL function
direstiensitdephidphesys views illustrating an inside member constituting

e flow control apparatus shown in FIG. 11, FIG. 12Ais a side view, and

&7 4hdnstherresmstenarvien tdker &iontrans i ez prghagnstusion
B A o ot i ppcase, the flow
Entbogimiéed wsthowh ap aEic atldetpinAcdogiespoals edm elastically
%%‘%%%h%%‘fr%‘%ﬂ[%' Sy daken aLOeQ%Laa%‘& tl'i%‘(;% ﬁ’;*' L 'C%e%sﬁr.‘# %%%%% in FIG.
coIresporiis to a cross-sectional view take along acut line In
FIG. 1A. Furthermore, in FIGS. 11 and 12, elements 23
[0075] (Embodiment 2)

Next, a flow control apparatus and an injection circuit in Embodiment
2 of the present invention will be described with reference to FIGS. 11 and 12.
FIG. 11. FIG. 11 shows cross-sectional views illustrating a cross-sectional
configuration of the flow control apparatus in Embodiment 2 of the present
invention, and FIGS. 11A and 11B respectively show cross-sections in
different cut directions. FIG. 12 shows views illustrating an inside member
constituting the flow control apparatus shown in FIG. 11, FIG. 12Ais a side
view, and FIG. 12B is a cross-sectional view taken along a cut ine F-F’in
FIG. 12A.
[0076] The outer appearance of the flow control apparatus in Embodiment 2
1s the same as that of the flow control apparatus in Embodiment 1 shown in
FIG. 1. FIG. 11A corresponds to a cross-sectional view taken along a cut line
A-Ain FIG. 1, and FIG. 11B corresponds to a cross-sectional view taken

along a cut line B~B’ in FIG. 1A. Furthermore, in FIGS. 11 and 12, elements
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denoted with the reference numerals used in FIGS. ]. to 7 are shown as
the same elements denoted with the c gresponding reference numerals in
FIGS. 1to 7.[00771 As shown in FIGS.11A, 11B, 12A, and 12B, the flow
control 5 apparatus in Embodiment 2 is different from the flow control
apparatus (see FIG. 2) in Embodiment 1 in the configuration of an inside
member 60. The flow control apparatus in Embodiment 2 is configured in

frngtrevidy the ireftremerneonemapredins iR Gmbodimene S we as the
o T eton ciredit in Embodiment 2
S, Ol YIS L BSEIR S E Rt s

w cont apparatus in Imefit 2. on circuit In
Embddiment 2 also can be used as, for example, a transfusion circuit, a

PR R TE A i b i T o T
withhedaserbechisnBeisally.id AALYE] ASSROMR Mo Esh thdPadpd dakBs (see

in Embhodiment 2, the through-hole 14 of the inside member 60 is formed

§dena dn Spahichmenedin hacewhenrpasmon scingideprovkeangy. The
PR AT B Malve e Rhel 2R AltReed %&gg@@tggé@ﬁ]@?ﬁhé%ay as in

unlike Embodiment 1. Furthermore, as shown in

Emidbdinrent 2)lalepathtiu? frofnthedimoemh Ihole i 4 aftbe dosfii2ations.

emper 60 to the opening 17 on the downstream side is smaller than th
RTIREIISLS G SR e GHE Y B RIS BE A Ao MK gl
Wpphesaneiing hboditherdavnsheamm picieofr vitharmey S isodiaiesian Ado can

of the protruding portion 22 is fixed to the inside member 60 by being
hSdk“éﬂ?é‘ﬁ’ £y iFRmRAR) B AR BUGHCH e 2L 4T9S TRISPHPDEEGR ther a

posiperatiomef dhednsidenembean. Acsared o, ERPRHlNgAL2, when

the outside member 4 is deformed elastically to perform priming, the
ameanranai bevtiedate il prebradienith odifteprofeciold be deantecd
%e)crggggf compared with that in Embodiment 1. Therefore, when a fluid
[ ata

Y Lot pressure after the completion of priming, the amount of 30

bt s As bhanixed IRTES tuba Acdn bR, dacRabediconseqdeatiiroush -hole
?%Cgfr t ir(]agi%gide member 60 is formed so that an opening thereof is placed at a
position facing the protruding portion 22 of the valve member 20 attached to
the inside member 60, unlike Embodiment 1. Furthermore, as shown in FIG.
12B, in Embodiment 2, a length 1.2 from the through-hole 14 of the inside
member 60 to the opening 17 on the downstream side is smaller than the
length L1 (see FIG. 4B) from the through-hole 14 of the inside member 10 to
the opening 17 on the downstream side. Furthermore, the projection 24 of
the protruding portion 22 is fixed to the inside member 60 by being hooked on
an inner wall 61 of the through-hole 14.

{0079] Due to the configuration of the inside member 60, according to
Embodiment 2, when the outside member 4 is deformed elastically to perform
priming, the amount of air accumulated in the vicinity of the projection 24
can be decreased compared with that in Embodiment 1. Therefore, when a

fluid is fed at a set pressure after the completion of priming, the amount of

bubbles to be mixed in the tube 3 can be decreased. Consequently, according
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to the transfusion circuit and the drug injection circuit constituted by using
the flow control apparatus in Embodimegnt 2, the safety of a patient can be
enhanced further. [0080] Furthermore, ‘@ven in Embodiment 2, only a fluid
supplied at a set 5 pressure or higher can pass through the flow control
apparatus and the passage of a fluid supplied at a pressure lower than

the set pressure can be inhibited in the same way as in Embodiment 1.
rutretmorduatodegenbdduabobe dhegalaistitidefomuiiorrobtifa rddigaising
erdc m a_flow pat hi¢h allo fluid at the set pressure o
) o D R oS L e S Bl e
lettgihded ffantlibe through-hole 14 of the inside member 60 to the

n the downstrea e js smaller than that in Embodiment 1,
fﬁ@%ﬂ? gt)l&r%ﬁreossr%‘é% 3 R IHetad froav tHErarpohagpyset
P?&sﬁi!@@ﬂ%%ﬁ@@%ﬂ‘ﬁﬁé@tﬁ%ﬁ&lﬁ%%@@@o@&%ﬁ;&%ygﬂ%%@ﬂfét

mited in the 15 same way as in Embodiment 1. Furthermore, the
poRsatscH kA AUBPlipd AgiderarsHisdo Gt e de iRcE MtsSmeRa be

ons th b
B s R R B L S T S Bscuibea
abouit,ith20:Emho diefent 3 tofthe phesantsitlention vl HexdeSarihedfvithpath,

e to Flﬁ. ﬁl|1 d 14, FIG. 13 shows wewsﬂ}ustratmg an outer
REBATOE R 4G Qi RSP o1 | EARBAAIN 3 of the present
[oesnfions E boiaSehdA anddb3aBayelvided, insitaneat hiHiDeStom the

Furthermore the viewing direction in FIG. 13A is perpendicular to the

hesinsdeamemberieldmoihe crerisactibagl thews
ﬁ%@%ﬁ%@&ﬂ% 'SHamof thexlay CONERLBRRRIAMS fh%rh'{irﬁb%r $Pthe

FIG. 14Ais a cross-sectional view taken along a cut line'G-G'in F
g@BresmpIOEt@nﬁm i @aweoss deotivnal Kiew tdkénsaddni2 B cuﬂmhim—l in

TS RO AT 55 I R e
a@ﬂlaﬁv%§ as in Embodiment 1. F urt,hermore, the constituent material for
the inside member 10 described in Embodiment 1 also can be used as the
constituent material for the inside member 60.

[0082] (Embodiment 3)

Next, the flow control apparatus and the injection circuit in
Embodiment 3 of the present invention will be described with reference to
FIGS. 13 and 14. FIG. 13 shows views illustrating an outer appearance of
the flow control apparatus in Embodiment 3 of the present invention, and
FIGS. 13A and 13B are viewed in different directions. Furthermore, the
viewing direction in FIG. 13A1s perpendicular to the viewing direction in FIG.
13B. FIG. 14 shows cross-sectional views illustrating a configuration of the
flow control apparatus shown in FIG. 13, FI1G. 14A is a cross-sectional view
taken along a cut line G—G in FIG. 13B, and FIG. 14B is a cross-sectional
view taken along a cut line H-H’in FIG. 14A.

[0083] As shown in FIGS. 13 and 14, the flow control apparatus in

Embodiment 3 includes the valve member 20, the inside member 60, and an
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outside member 70, and the outside member 70 is different from those
shown in Embodiments 1 and 2. In FIGS. 13 and 14, elements denoted
with the reference numerals used in FIGS. 11 and 12 are shown as the
same elements denoted with the corresponding reference numerals in
FIGS. 11 and 12. 5 [0084] As shown in FIGS. 14A and 14B, a portion 73
on a downstream side of the outside member 70 has a small diameter.

Thestdpariklinsdiledid e enisiddiarembepdition diftreondfoemedfepsedshown
8 m%o%ﬁz'e@%té%{‘d)273gﬁ Yrhesmpre, g e és'%et@ﬁ@bo%%é%%h the
porton on a %%Wnstream sidé of a porton In con ac%nwﬂh the Tirst contact
pefitien dd s prepdtied awidHopda@a8on ILambitibase/deandai2thcTdmnme elements

peratign pqrtions 72a and 72b areg pair of members t tryde
QFBah‘?él R ERY, iﬁ%%ﬁ%“&ﬁé}é{ﬁ%% Br‘ﬁbrﬁ(%g;rﬁ& gt 12-
Fondoriments,kand FIEStherae hmoRgsaiatnPEstiRNg déR ARG AR side of

are placed so as to be opposed to each other with the nozzle 73 _

e pusidermaaienédnarsooss] tirmsierde Flenibbe folnaasgrted in the
Qﬂ{&ﬁ[‘dﬂxﬁ%n%fg}%?ﬂo?}'ﬂgéﬁm  RRFREL @C’Eéa&t‘ﬁ‘ﬂm@ FAFARY 73.
contact portion I3 (in Embodiment 3, a region between the portion in
Gontdctiwitiréhnstoondistdeaniportiof 1, 3andk tioe operatiompdrteans Sida of a

d 72b). The thin portion 71 is formed so that the thickness thereof | .
GV B A DROLE SO DUEAGE o 30°SBENAED A o ration
poripn iy andideasly deferoirg alastipalyidnytmimeeT2heiesidair of

member 60 is placed so that each position of the through-hole 14 is

mataheas iR tme Yaude har we e damRsieeasn T8 dralikobherpration
BRI 20,008 RusodNE Ahave AN BIUrRlioR, WAS NIRPERIGR on
portions 72a and 25 72b are moved respectively in directions of arrows X
andtiinsF1&5an A Znare phaché soinpbrionoppastdvisatiyoshbasath the
end o&ﬂgﬂeﬁ%geratiog a{)rti ns 72a and 72b is elastically deformed

SUfikard. en]f%ogs;%p S|reﬁriFaret6'Vt%eengap 18 shown in FIG. 7 in -
Fokslimaetcuisiitemedtieivee mtheaoiitsideoreenbel inOsangite fitker than
contact portion 11. Consequently, even in Embodiment 3, 3.30 new flow

SARRHEB B SGinH TR SYEARY R RO AR i SHpsgtiment 3, a

region between the portion in contact with the second contact portion 13 and

the operation portions 72a and 72b). The thin portion 71 is formed so that
the thickness thereof is smaller than that of the portion in contact with the
second contact portion 13 and is easily deformed elastically. Furthermore,
the inside member 60 is placed so that each position of the through-hole 14 is
matched with the position of the operation portion 72a or the operation
portion 72b.

[0086] Due to the above configuration, when the operation portions 72a and
72b are moved respectively in directions of arrows X and Y in FIGS. 13A and
14A, the thin portion 71 in the vicinity of base ends of the operation portions
72a and 72b is elastically deformed outward. Then, a gap similar to the gap
18 shown in FIG. 7 in Embodiment 1 is formed between the outside member
70 and the first contact portion 11. Consequently, even in Embodiment 3, a

new flow path without passing through the valve member 20 is formed, and
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priming can be performed by a head pressure in the same way as in
Embodiments 1 and 2. [0087] Furthermgre, in Embodiment 3, a thickness
tl of the thin portion 71 may be determihed considering the constituent
material for the outside 5 member 70 so that the outside member 70 is
easily deformed elastically when an external force is applied by a user.
For example, if the outside member 70 is formed of a polyvinyl chloride
bageththcrm bl astitosmsdmen hepdipbetadiena bhseththenvapasiie

astomer, polyeth df e, or polypropylene, the thickness tl may be set to
E‘Jén zﬁ)ﬁmﬁgﬁng 0 Qr’nm. 10 [0088] Even in the flow control apparatus in

obopifaentldwhee, the ManisidenteamBes Thiidkknetsefosfidd: elastipaltyion 71
only a fluid supplied at a set pressure or higher can pass through the flow
E‘b‘?er%F 8F§%&‘§?gﬁart PBHREAGE 67 M%ﬁﬂﬁfﬁ%lépﬁé Bhiier
themiis S8 ISR LIS olURIthdhING SOME U3 P8 MRoERER IR Tly when
and 2. Furthermore, the 15 injection circuit in Embodiment 3 includes the

fAovestnmel dppersaiiehisodinsent 3Fphevgauioniéitbgivitside member
. i i
ERAAMENt §fﬂ5§ﬂ§§§x§ﬂb@§ g Ibf%ee&(wkﬁ?glr%@@ %s*Palg{bﬁkr&“& a

drug Injection circ ecting circuit ne) usea in an

lgbiveddtieoc: presslitb emeagslirstneeribrtethed. 12050088k (Emboplulygrogylene,
ext, a flow control apparatus and an injection circuit in Embodiment 4 of

0 SPECERE It 1 2 o Rt R b RFEIGS. 16 and 16,

FOGe b shewscisstractionalylaws lisiatindmmaestiaveation afithe flow

control apparatus in Embodiment 4 of the present invention, and FIGS.

ogpsite pamber (Hd peanbeloionme ¢ dastiectisrnly @tk sagpled at a set
direclionsol H%ﬁléﬁf direcion in Fie i PSRAPERAIGH AR g Y and the

direction in FIG. 15B. FIG. 16 shows cross-sectional views taken along a
ouskagd-tfin fiGd $5ApEE.atl 6 A virsnseal state thavhidie thet puesidare is

D AR G 5D 0 SR B e
injection circuit in Embodiment 3 includes the flow control apparatus in
Embodiment 3. The injection circuit in Embodiment 3 also can be used as,
for example, a transfusion circuit, a drug injection circuit, or a
blood-collecting circuit (A line) used in an invasive blood pressure
measurement method.
[0089] (Embodiment 4)

Next, a flow control apparatus and an injection circuit in Embodiment
4 of the present invention will be described with reference to FIGS. 15 and 16.
FIG. 15 shows cross-sectional views illustrating a configuration of the flow
control apparatus in Embodiment 4 of the present invention, and FIGS. 15A
and 15B respectively show cross-sections in different cut directions. The cut
divection in FIG. 15A1s perpendicular to the cut direction in FIG. 15B. FIG.
16 shows cross-sectional views taken along a cut line I-T"in FIG. 15A, FIG.
16A shows a state in which the outside member is not deformed elastically,
and FIG. 16B shows a state in which the outside member is deformed

elastically.
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[00901 As shown in FIG. 15, the flow control apparatus in Embodiment 4
includes the valve member 20, the insig member 60, and an outside
member 80, and the outside member 80 is different from those shown in
Embodiments 1 to 3. In FIGS. 15 and 16, elements denoted with the
reference numerals 5 used in FIGS. 11 and 12 are shown as the same

elements denoted with the corresponding reference numerals in FIGS. 11
k6000 (089 EhovershoWHin Figbetbrwan B apvenatushibddithediment 4

oxtion 83, on dow Str | of uts er 80 ha
tgjgﬁm(g]er%ndt & tub %%gér ed' #\g{ﬁg srr%ﬁb%‘] g%tg?%%rtlogrﬁﬁgg ember
POy tion) aﬁalndtmd@mambew@@as infEembadinoent B ofe thesmare Faubndiments

Embod| he out de member 80 includes a portipon 81 in a
O S S Aa B A e SR R eler s gy mprals
us@aplﬁmwaw%@ 1embodinaent 3s B934 Erohndiraenitbtan fitkahe

region between the portion in contact 15 with the second contact portion

9 erp eheling 2REQEERRSPaRAtME BLEIGES mdnfipd280 forms the thin
Rﬂ 9P 8l g&@&&&%@*ﬁ?@@%&@aﬁafﬁm% 0 EMRoAIMENt % a p pgytion 83

though operation portions are not provided on the "outside member
onlikd GEmisocimentsle of Brd¢heitsete ahtrelthindfonticrasin Mllabgen stethatd the

can easj m the ide member 80 Iastl al
BBt 1 FACCEISHSR S ARA RARE LR I T R IR A 10 The
behieen ihesquiRasaEmbar 80 amﬁﬂ%ﬁmb@@né@@mmﬁﬂddh&iem 4, the
pressing a region 82 (see FIG. 15A) not overlapping the openings of the

friga memher fpdnsdegirctisnseienodisiBentespe obger than a portion
COOSEANEUMLEMRNIR:JaRGHITAN dvifRes HRWIRAL WEROLYL BRSFING

through the valve member 25 20 is formed, and priming can bé performed
Byrebhdedqre8sure in the same way as in Embodiments 1 and 2. Thus,

N G ST
Wﬁhﬂﬁhé &@cmﬁl@ﬁmqmmmﬂsm tondl the &Oﬁ@l&pﬂﬁﬂmSBthl’ﬂhe out81de
%J%%I;g)ceﬁ oY gfrrggto canhe {e%%#%%%gi?ﬁx}%ie%%ghﬁmgﬂ% 3. d?thermore,
in Embodiment 4, although operation portions are not provided on the
outside member 80 unlike Embodiments 1 to 3, the area of the thin portion 81
15 large, so that a user can easily deform the outside member 80 elastically.
[0093] As shown in FIGS. 16A and 16B, the user can form a gap (see FIG. 7)
between the outside member 80 and the first contact portion 11 by pressing a
region 82 (see FIG. 15A) not overlapping the openings of the through-hole 14
in a radial direction of the outside member 80. Consequently, even in
Embodiment 4, a new flow path without passing through the valve member
20 is formed, and priming can be performed by a head pressure in the same
way as in Embodiments 1 and 2. Thus, according to Embodiment 4, the
outside member 80 easily can be deformed elastically without providing
operation portions on the outside member 80, unlike Embodiments 1 to 3.
The production cost of the outside member 80 can be reduced.

[0094] Furthermore, even in Embodiment 4, a thickness £2 of the thin
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portion 81 may be determined considering the constituent material for the
outside member 80. For example, if th%?utside member 80 is formed of a
polyvinyl chloride based thermoplastic ‘€tastomer, a polybutadiene based
thermoplastic elastomer, polyethylene, or polypropylene, the thickness t2
5 may be set to be about 0.1 mm to 1 mm. [0095] Furthermore, in
Embodiment 4, in order to ensure the area of the thin portion 81, it is
poaferred thasshketdiet portiond tonasdr oyl thie absisbipeent medental for the
sh satisfyin following conditien, That, is,,assuming that. a.lengt
R G T S P e Lo
polwniikdahl sidédhered thaeanksaxsdisectian,(Howlghacidivms ged

utside member 80 is M, and a maximum inner diameter in the thin
ﬁ&%@ﬁ%ﬁsgﬁlﬂq@ﬁ@re%%%@%%améwﬂy BRI HRkDess 12
1e5Pe 18RS HRAXERY®. iNAGH didMeigs D is 1 to 5. [0096] Even in the

flow control apparatus in Embodiment 4, when the 15 outside member 80

19014 o Fonersasticanohndintend duppliader to sarswredharersa of the
igher cal S the he f rol r S of

MR TR, IR denIE oM SPUNS AREDELSLRT W RTVIARE T hape

sameonyabshnfenshocifivient shHedoH Ryving erdioney th& hnjectjeesiniitg that

in, Embpdjment 4 includes the flow contral apparatys in 20 Embodiment 4.
FHRRECH ﬁ“cﬁ%ﬁ?&%‘dﬂﬁ@ﬁa&“aﬂ%ec%ﬁt & HRByna tipgy 8k Ampreegd on

H AOHUIAR HHCHIHAH BN B @B A UbiQr B r SeRE- COBREHIL SHTBHY df\the
line) used in an invasive blood pressure measurement method. Industrial
e e IoibA Ms wed @iBrtcipeve iteensliaepptes| inpdte dus aegtion
geilniscrion glrqult uthe RresentdeeRsioRr¢an D6 3pPHRCARCROSHILERS the
components of a transfusion circuit and a drug injection circuit, and have
industriaimapplecathitipe2& DLAMS [.] Aflow control apparatus,

F(%B%ﬁlsﬁgeg :IIijbiﬁJllg El%gvtscigr?t;no ré}'%’pe Aratus in Embodiment 4, when the
outside member 80 1s not deformed elastically, only a fluid supplied at a set
pressure or higher can pass through the flow control apparatus and the
passage of a fluid supplied at a pressure lower than the set pressure is
inhibited in the same way as in Embodiments 1 and 2. Furthermore, the
injection circuit in Embodiment 4 includes the flow control apparatus in
Fmbodiment 4. The injection circuit in Embodiment 4 also can be used as,
for example, a transfusion circuit, a drug injection circuit, or a
blood-collecting circuit (A line) used in an invasive blood pressure
measurement method.

Industrial Applicability

[0097] As described above, the flow control apparatus and the injection
circuit in the present invention can be applied as constituent components of a

transfusion circuit and a drug injection circuit, and have industrial

applicability.
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tubular inside member inserted in the outside member; and a valve
member, wherein the inside member iggludes a through-hole passing
through 5 a side wall of the inside member in a thickness direction and a
contact portion that is in contact with the outside member, which are
arranged in that order in a direction from one opening of the inside
member to the other opening thereof, the valve member is placed in the
other opening of the inside membet;L#BI3A& passes only a fluid supplied

fra set pr h i irection -from.t ning,of the .
i St i R R C
schaddo ibeidefoimmbealastcsityd thatebyuichohing engagrcambimidatingember,

with the through-hole betyween the outside. member and the contact
ki o et v il T i A i Y
shepuobi-holes 1Bl Thsi flewneatiid! RPRIFIISRES ARG Ih AR aledgrein

a convex portion is formed along an outer periphery of the inside

Pt thartd sitbponBpiorish Bhereesiferpation Tohie mikecomprged in
ARLHARaL3 i ENe AQw. GRRMQL AP E RO IS S . W REFGR £hE other

Inside member further includes a secondcontact portion that Is in contac
oyitming thetsid€ member in a portion positioned on one side of the

through-hole, and 25 the outside member is formed sa as tQ cause elastic
detormai B ARG ERHE IR LB RS AR AR g ember
s84qhkksentadly pAied subidield taraekthareehasticodeiiationdiibetion
Bortion that is in contact with the second contact portion. 30 [4] The flow

Shasps srRRVERESIhE 1B Lderinshsa Bt egpbase spau g thekpof,
along anjutR{REIIPRRM BEERE RiRIde @%QS%@%@&QM&M@%%emby

is in contact with the second contact portion of the outside member an
fhemasgipa paiperahnuhecptnpwiblaitize thoontgbthath legwweonnbecontande
{:I)lorti n.on an ﬁijter S urfa%ce o{ithe ou'&qide member. 5
emper an ¢ coniact porwon, ail
the gap forms a flow path of a fluid in combination with the

through-hole.

[2] The flow control apparatus according to claim 1, wherein a convex
portion is formed along an outer periphery of the inside member, and a top

portion of the convex portion forms the contact portion.

[3] The flow control apparatus according to claim 1, wherein the inside
member further includes a second contact portion that is in contact with the
outside member in a portion positioned on one side of the through-hole, and
the outside member is formed so as to cause elastic deformation in a
region other than the portion that is in contact with the second contact
portion, which is larger than elastic deformation in the portion that isin

contact with the second contact portion.

[4] The flow control apparatus according to claim 3, wherein a groove is
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[51 The flow control apparatus according to claim 3, wherein a member
protruding from an outer surface of theg%utside member is provided in the
region other than the portion that is in contact with the second contact
portion of the outside member. 10 [61 The flow control apparatus
according to claim 1, wherein the valve member includes a valve portion
in an umbrella shape formed so as to cover and close the other opening

erardiabesy ofide partiode tembsi gy ntlieg ortion
ﬁ?&ll\felsp{)l{t}f%%&%q {giwlsﬁﬁ%eg'e%ﬁlf 'ﬁx?l:%%tm% B! MO8 Be mber and
opening of the inside member, and the pro]?ru INg portion is formed so that
thgapdoohethilewlpathlof aofitiichisipre sent behweethwhihpiotrsetogpostioact
and an inner surface of the i ﬁg member when the protruding portion is
RISLI0RLOM A ORESHIEAGH &Y, therius etﬁéefﬁ’gaﬁ member while the
other opening of the inside member is 20 closed with the valve portion,
and further is deformable elastically to release closing by the valve
Bdrtion wherdlew cempso) sipparrtpreaesading tomlring dhprbersiroaghamber
BARRENIECR e Inst s Raebibe st MAMARLAN. 106 AHOIATY e
portion at the set pressure or higher. 25 [71 The flow control"apparatus
pegiord vt ¢ theim theyhateim theowsineomaotwn thdbd as@ihinpuiticn
whose thickness is.smaller than that in the portion that is in contact with
Pr%%%%éﬁ% SREE BBMBEH e region other than the portion that is in
contact with the second contact portion. 30 [81 The flow control apparatus
Eﬁ cordirﬁ];g claim 3, wherein a portion on 31 the other side of the outside

mberligstloshean thahsraratygiretrrBmBdrsshranuting iR dhge alve
AIRETRIFGRIE RO Wdethn, SR ROTHAUMARMS Aihenside f5the#RHI9n thebver

is in contact with the contact portion in the outside member, and 5 the

puit ofosrethbartharcopleert sé thativaslmermbdreanantiaathetrudamgheortion
A oppased 12 RaEh AN IR ST SIS PRI S IRIRE hember

from the other opening of the inside membeyr, and

the protruding portion is formed so that a gap to be a flow path of a
fluid is present between the protruding portion and an inner surface of the
inside member when the protruding portion i1s inserted in the inside member,
is fixed to the inside member while the other opening of the inside member is
closed with the valve portion, and further is deformable elastically to release
closing by the valve portion when the valve portion is pressed with a fluid
supplied through the gap between the inner surface of the inside member and

the protruding portion at the set pressure or higher.

[71 The flow control apparatus according to claim 3, wherein the outside
member includes a thin portion whose thickness is smaller than that in the
portion that is in contact with the second contact portion in the region other

than the portion that is in contact with the second contact portion.

(8] The flow control apparatus according to claim 3, wherein a portion on
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[91 A medical injection circuit, comprising at least the flow control 10
apparatus according to any one of claigps 1 to 8, a first tube, and a second
tube, wherein the first tube is connected to the one opening of the inside
member of the flow control apparatus, and the second tube is connected
to the other opening of the outside 15 member of the flow control

apparatus. _ ‘
the other side of the outside member has a small diameter,

a pair of members protruding toward the other side are provided on
the portion on the other side of the portion that is in contact with the contact
portion in the outside member, and

the pair of members are placed so that one member and the other
member are opposed to each other with the small-diameter portion interposed

therebetween.

[9] A medical injection circuit, comprising at least the flow control
apparatus according to any one of claims 1 to 8, a first tube, and a second
tube,

wherein the first tube is connected to the one opening of the inside
member of the flow control apparatus, and

the second tube is connected to the other opening of the outside

member of the flow control apparatus.



