10

20

25

30

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 [00DH ©CRIENEBOMy, 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
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transfusion tube constituting the transfusion _circuit with a peristalsis,
thereby feeding a tranéri&idn AR Sy 1% rkid Fﬁfr@}éﬁnore generally,

as the transfusion pump, a finger-type transfusmn pump and a roller-type
transfusion pump are known. 20 [0003] The finger-type transfusion pump
'Ee@lhdwaé Phadality of fingers arranged in a row along a transfusion tube,
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following: when a transfusion pump is removed while a clamp provided in
P YIS of a puncture needle of a transfusion tube is not closed after

g‘ac gﬁﬁ&%@nsmsmg is 30 completed, a transfusion in an amount
more than necessary is |njected intoa 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 is not closed after the process of transfusing is

completed, a transfusion in an amount more than necessary is injected mto a



10

15

20

25

30

patient's body. [0005] Furthermore, the free-flow problem may occur even
in the case of the administration of a déug 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
reatmeinfStiagibn of a drug, the life of a patient may be threatened. Thus, to

nt.free:flow is more impo inistrati drug than,|
st e TR S Y
qiatilenfor @xafip e ttansiigion sprimpeeguipped Witharmantidrer flosvcase
echanism_has been proppsed (for example, see Patent Document 1).
YR8 S SR RSO TS I REE P PSR B A RSN oLl & drug
SHBRASEE 0fian PReRICasAIRvIERIRAPRNING(SlasiRgir dedicaied slipy be
previously attached to a transfusion tube, The open/close 15 apparatus is
imdpeindeidhin a BeeRision PUpIBRRR?: dhat R & aferBsay apore than
PRRIGIA0S ookl UG0S HPIN PUIRAAAS D [EAVELE FARSIHSIAM: patient
tube, thé above-mentioned dedicated clip is closed automatically to crush
tivey fraridfusioeniibe, Therebiogtoppimg theeirflostiohobeetiansfusion. in the
007].Accordingly, if the transfusjon pump dis¢losed in Patent Document
’%%%4§Su%aé%(’:f? BVeh ﬁ[léurgat[%‘g‘r% 6?ié%n%§d 8%% %8%igrraenn%§%/%1%ﬁé transfusion
fobedYom thadransivikion wthmpfndilélesclarop isnoptems, dhenngctionraiafusion
transfusion into a,gatient in ap amount more than necessary is

RUBI BNt R AR RS HIRP HEhBMSh Totet 1 RaaRisRoResgd (for
methodfospreventingfiasdiaw. it is qancaivabietond® ysehmethod{aflosed
incorporating a valve apparatus that does not pass a fluid unless a i
prédeinetBachaeatsbuysnmrrssidiedem epenielsrsrieretigo promngdosing
see RPatent,.Docu H Injegt] IrCUit } IC Y
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v apeassuikeheadned bsure)at stisnefraesfipwobcusd seithatdfreseflowens an

can be, 30 prevented. 3 . .
open/close g()or o?a %ransfusmn 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
is 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 1s 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.



Patent Document 1: JP 2004-73822A Patent Document 2: JP
2004-501686 A Disclosure of Invention Problem to be Solved by the
Invention [0009] However, the above-mentioned anti-free flow mechanism
disclosed in Patent Document | has the following problem: the anti free
flow mechanism is contained in a transfusion pump, so that it cannot be
applied to another existing transfusiof pump. There also is the following
problem: a transfusion tube with a dedicated chip attached thereto
previously is required for using the above-mentioned anti-free flow
PatmechanismmdisgipsedsimsBatant Document 1, so that an existing
Pattéﬁtnﬁfo%sﬁ';%@ ]%typeﬂg%ﬁgtsge#%eg [0010] Thus, in order to use the
ove-mentioried anti-free flow mechanism disclosed in Patent Document
Disclosisnelclasatpto newly purchase a transfusion pump and a transfusion

PrdblRe: WhisRmay Kicreass antrgatment cost. There also is a problem that a

ump ot be a Iled to the aboye mentl ned a
O R R e T BT DB e IO BAFETOP SRR, okt
Dol @nethiel dthtetﬁaaﬁoéiptﬁe@bmbé@meﬁteomdfvai\/éoa\opmwssmsslosedmmd in a
traR 3R, PRGHME M2 ﬁ%ﬁxﬂ%t%%pilﬁ%ﬁ %ﬁ%ﬂ%?’%%Rﬁﬁ@ést@W%em

minimize thé increase in a treatment cost. However, When the
alsg g vheriRitiomePiRiiEagraatis R dbseyin PUIEBOEEHrSR thereto

pranm@onatedumearmn jeitigheinboitc irradomesimpessible tacgemammdisclosed
in PHOINBUSING & oot A ESSUIS IR UAKeS haecassakdg atach a valve

apparatus after the completion of priming, resulting in a complicated

[0y o jareish o[0T BRI SR ARIMEST SRE-Frsson imvehtripmprbotrse in

Paftaw DodtigkapRaratys hakssalyes thrwloyRnatepionethRiRBISMSuisp and a
Ilcable Jrres tive of the kind and structure 0{1 and is a
R Lt DG RN EE BrSEEAORT ol ARG A . et
syipes apionrcomplitabe damg @ridnjbetighmeiroupising thetifioee cheyoimechanism

disRRRaaIBa:MeBns iaE»qlvingRrobiem 4, {R13] In a first aspect of the

vention, there s provided a flow control apparatus, comprlsln
O@ﬁlb?aw% fzf RTINS i bAPRREHe IR IpRd M Datent

Dgutsithe Ermmbera}mwchmaimtmgmmuwmm thednsidemiemberthe increase
in IRGIGGS.A throughsale: p@aﬁéiﬂ%@“ﬁ%@@ ASIHEWAN QLIS NSNS MRIBR in

in a thickness direction and a
Patent Document 2 is mcorporated in an injection circuif, it becomes impossible to

perform priming, using a head pressure. This makes it necessary to attach a vaive
apparatus after the completion of priming, resulting in a compiicated priming operation.
[0012] Embodiments of the present invention provide a flow control apparatus that
soives the above-mentioned problems, is applicable irrespective of the kind and structure
of a pump, and is capabie 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



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 passes only a fluid supplied at a set pressure or higher from
the one opening of the inside member to the other opening thereof, the
outside member is formed so as to bg deformed elastically, thereby
forming a gap communicating with the through-hole between the outside
member and the contact portion, and the gap forms a flow path of a fluid
[Octogjetiner With tm&bfmfgh?hqj&sﬁﬂ@]iﬁ]uhﬂta)ﬁﬁcﬁﬂd aspeot/ithara islow control
n injecti ir I‘ISI atle he abpve- me ntione
P e e e e, Qe
ousEknEetBbco e ana agéﬁﬁﬁ&%ﬁ fﬁhwu@@n@m%mnh@ ﬂaW@@madlhmugh-

hoRPRALRUShianghthessecond twbeais aonpasteabie theothier.ereniecabihend a
outi ide member af the {onv %)nﬁrol a P(Pratus Effects of he Inv ntlon
WE =

o3t BYBRTNR e AT BRSPS RERIT 1B SaBimURE gy fom
onthepflowacohtisd 1apl|darawsi?@nd0thbe|rqémmpm@ttbﬁppésém waventiomifer is

plRXAMRIR DR SEIRNREHIE Cha valememBar,aR e 5el ke g:)\{ﬁié{?at a set

higher than that of a flow pressure at a time of the occurrence o

preﬁ%}éeﬂ&}v PR ERMHE D8RG rPBRRE B H 8% B 58 REfp[Stdgedfher opening
thekFeafhdemnoote dinnemibodimente dkthe flohwe cditrol apparatasand:ikiey forming a

gaﬁ”&%ﬁﬂ%ﬂn‘}&ra%%'%methgr&%@ﬁuﬂ MRDHRA AL QH&%@?SHEG MOGEGABGhe contact

deformed elastically, whereby another flow path that does not pass

POHGuEH A0 T BdiaaRaeforrel f?ﬁﬁéefnféﬂ@}gbecfhsm@héfﬂﬂow

[o(athienablesnprinpeg. byt @chieaddressuie @hsimo@ﬁca@rwh@ammgsafpreast the

abQIIMINg, 0D¢ g?%'%‘f%?%rmor thef“r‘%%’%u%ongoé apparatus,acear erei Be first
embodiments the presgﬁ?lnven jon can Incorpora ed n

tuhpjsciomediedipdhsitpeangnarapp |ibabﬂvéiﬁ¢egp@éﬁvefdhmféo‘m ﬁ@mhdi apparatus,
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shows views illustrating an outer appearance of a flow 5 control
CO%{;?}&;%‘%G?% Embodiment 1 of the present invention, FIG. 1A is a top
Effdewoatd FIGnidis a side view. [FIG. 2] FIG. 2 shows cross-sectional

[00iSWVEULSHRUAY Sove configuration, according to embodiments of 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 embodiments of 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 according to embodiments of the

present invention can be
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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 is

a 10 cross-sectional view taken along a cut line B-B' in FIG. 1B. [FIG. 3]

FIG. 3 is a cross-sectional view showing a outside member constituting

the flow control apparatus shown in FIG. 1. [FIG. 41 FIG. 4 shows views
illustrating an inside member constituting the flow control apparatus
ishawniatEdGn 1 FiGiedfidn aisiget ¥5 sibwandd F#@pliBasle irrespective of the
cross-sectional view taken along a cut line C-C' in FIG. 4A. [FIG. 51 FIG.
k%ré‘f]fi‘% %Féwgtﬂﬁ?s?réﬁr?g“%%we member constituting the flow control

BPRpapkiscshomennFIGeadw frigs SA is a top view, FIG. 5B is a
Cros -s&gtiona\iview taken along a cut line D-D' in FIG. 5A, and FIG. 5C is a
0874 LrdEL se bliBAGH ek ke oY SR TiRE BIEOH S aPRRIEHIES g4 flow

BI85, F9BSSREHIABLYIGYESDQWNELR BlalsciR WG ifh VEIVE 1A is a top
member is opened in the flow control apparatus shown in FIG. 1. [FIG. 7]
@, Fnid & BroskEsectiond Vit showing a state in which the outside

membey.is defer. lastically in.the f n 25in
Ayt atiisga e b S e
@irduitiraEoboflitheficlvas atiralnsfysiontciscilin G F1EIG, Blisa2Aewa

showing an example using the injection. cirquitin E diment )
ST RO SO T R F A AT g st s
dhssiriectiom§! clesyitir&mbediment diasamiopdn qiecting circuit. [FIG.

11] FIG. 11 shows cross-sectional views illustratin% a cross-sectional

configutdtién 8t & Howsdsritreiassraeien Kinm Hi2 b uHegsraeermber
%ﬁ%ﬂ@ﬁﬁnﬁg@& %&ﬁt?g}da%j@rg&%geﬁq{l(\{w shaws gross-sections in

erent cut directions. [FIG. 12] FIG. 12 shows views illustrating an inside
membeiFE6nhstititity thetfiows soetrslilpptiratisgshovmsin ¢ raemherr|G.
clozné.tilsfzgtfrildgethe flow control apparatus shown in FIG. 1, FIG. 4A is 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. 5A is a top view, FI1G. 5B 1s
a cross-sectional view taken along a cut line D—D"in FIG. 5A, and FIG. 5C is
a cross-sectional view taken along a cut line E-E’ in FIG. bA.

[FIG. 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.

[F1G. 71 FIG. 7 is a cross-sectional view showing a state in which the
outside member is deformed elastically in the flow control apparatus shown
in FIG. 1.

[F1G. 8] FIG. 8 is a view showing an example using the injection
circuit in Embodiment 1 as a transfusion circuit.

[FIG. 9] FIQ. 9 is a view showing an example using the injection

circuit in Embodiment 1 as a drug injection circuit.

[FIG. 10] FIG. 10 is a view showing an example using the injection
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view, and FIG. 12B is a cross-sectional view taken along a cut line F-F' in
FIG. 12A. 10 [FIG. 131 FIG. 13 showsaliews illustrating an outer
appearance of a flow control apparatus in Embodiment 3 of the present
invention, and FIGS. 13A and 13B are viewed indifferent directions.
Furthermore, the viewing direction in FIG. 13A is perpendicular to the
viewing direction in FIG. 13B. [FIG. 141 FIG. 14 shows cross-sectional
curewis ituBmatiodi w5t coafigubdtiot efl et frog\coumtrol apparatus shown in
FIG. 1 : |S.@ ,cross-sectional view taken along a ' -G'in
o, 135 e L L SR S ARG B
bt - iR dtlen ddAARbar46bir 63 alBshovist endsppectiomatviBwdodiment 2 of

illustrating a configuration of a flow control_apparatus in Embodiment 4 of
O TBRESBI 2 PUBRUA ARt 1S TRl P EERSEIN SR Show

SIRSSsaeGHARS INGifisIant cut difectins, The viewing direction in FIG. 15A
Is perpendicular to the viewing direction in FIG. 15B. [FIG. 161 FIG. 16

shows EHISs-3aL A al Viewwmrereatsig estinting an nsle mMEAbEYG,
cé?laés‘%%tkﬁ W %\%&?@%‘ 1(: g@%g&%ﬂﬁ%ﬂﬁ AT PRE 28 dpfermedy is a side

ically, a state in which'the outside member is
defarmet [el6sticzByisRDesariptiareon tizé Wiventidre [0alo paflow bovetiotF in
I{a&o&ar%#ls of the present invention includes: a tubular outside member; a
‘I?:l side member inserted in the outside member; 30 and a valve

membefryheranithe inside mamberintiudessaitrougboleappeassing: of a
through a side wall of the inside member in a thickness direction and

f&@ﬁtg@pﬁ@&i@ﬁ&ﬁmﬁgﬁﬁ%&mwm@ﬁtﬁwﬁ%ﬁmﬁ%ﬁ%mﬁ F1GS.
girection fra5n.00¢ QRENING of Hhsdnside-samber trhgIathelePeBgiewing

thereof. The valve member is placed in the other opening of the inside
dierotien andSipdseeisqriyrefididdappiidderiessnsdizecsy idhks. 13B.
fom i gne AR SIERE et aler e o
forTingratgap cdrmflpicaiingrol 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-H in FIG. 14A.

[FIG. 15] F1G. 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 n
different cut directions. The viewing direction in FIG. 15A is perpendicular
to the viewing direction in FIG. 15B.

[FI1G. 16] FIG. 16 shows cross-sectional views taken along a cut line
I-T in 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 1s 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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with the through-hole between the outside member and the contact
portion, and the gap forms a flow path.of a fluid together with the through
hole. 10 [0018] In the above-mentioned flow control apparatus of the
present invention, it is preferred that 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. In this case, a gap to be a flow path can
hesormtureashya widernal of téigdnmelnbeeisatpmddikagsaiirggion and

4%8%1%;@*&55@%{& ﬁ%?mst@e égg%e%miﬂ%%d flaw §9 g%%gq@% Sihein a
presen invenuon, ItiIs pre erred that the Inside member urther mcludes a
dHeeanchchotaciporienithgtdf hecontakt withtber dotsideatiembeeinag thereof,

ortiony positioned on pne side of the through-hole, and the.qutside
Rl IBRREY 150 161 A0S SR REBIRoHh & R bl and
phastheaperion thatisinad contaat withdhecsecaneheoriash pdlione opening

which is larger than that in the portion that is in contact with the secon

odoiaiepoRionmBendiiheo ther apevaebenttlent A MG ber 1s
smbeLdsinganiaciyithhe adisiday smRarie e seaahcORgtnicating

portion even It the outside member is "deformed elastically, a tluid is

witlikehe tthieaigbitsidebet tre flolrcontroie Srappheatas dobe epmiteé portion,
above-mentioned embodiment, it ispreferred. that a.grogve.i

Rk e R R S R T
isinglomachwithdhe-saoanckeentast portionlafibaetsidel nhenpyesantd

the region other than the portion that is in contact with th cond contact
By poHih iteb A fi vt TR S e A e

SUEpaths e coRtact betwany the SacendcapastTaRiopRfbe iasiden forms

member and the outside member when the outside member is deformed

Blastiosiyt (0B Furthetinored i thezapdod e dliview BisstikrdRtied casily
T T e
KEEid Fonthetportipininlhe hegiomethigo treanfthe gortionlthnpiritus of the
S?Qstgﬁ% %&e%&%ﬁ?% ?sdpreferred that 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 18 formed
so as to cause elastic deformation in a region other than the portion that isin
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 1s
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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contact portion. This also can strengthen the contact between the second
contact portion of the inside member agd the outside member when the
10 outside member is deformed elastically. [0022] Furthermore, in the
above-mentioned embodiment, it is preferred that a member protruding
from an outer surface of the outside member is provided in the region

other than the portion that is in contact with the second contact portion of
stiverctlstdethrembéactbeiiveasdhs aeeorst anattiow Rerbismel Epsphaie

FER SIS TamAne Auivide MEmeeATM A G e PIOWUDGea
member. ﬁ urthermore, it also is preferred that a portion on the
chtheicaildte of the outside member has a small diameter, a pair of

membeys protruding toward the other side are prqvided on the portion on
[%ﬁhﬁuéﬂéebﬁ “Qﬁlﬁg’ﬁié‘g?ﬁ&%%% %ﬁ?gc%)%ﬂ%ﬂ Hlée(%tntlagc portion in
pherassida mamben Rk thepak ofiiembes @i plocadiso akattckness is
member and the other member are opposed to each other with th

wnndiicaitharshpbidh mesiiede dhicre BrfvBtacEvERRH &e‘é%%ée CQRast
19:;1" 8&"8%&8’1%&1&9 BALRILSCANElastEally: dafarn the outaldamenie second

easlly using the pair of protruding 25 members. [0024] Furthermore, in the
atuetpertioned Tbis ebrtrolapperagibof e prasest hevamgentheisecond

referred to.use a valve member including.a valve .portion in an.umbre]
%{gﬁgtfgﬁﬁé%ns%%é o %%}“\‘%rrgﬁgl (?1%1%3 (%t%ﬁw%‘fl%(sjlﬁaegn%é%?%he insi egjl 8
Foese manthardodefding aabdiast thallprotrudes from 30 the valve portion

nd is inserted in the inside member from the pth ening 9 of th
IR A o e e A R

06,2 flow parhyof R flvidiisPrRsant Pee s a e pEirugin g pRidemandas is

inner surface of the inside member when the protruding portion is inserted
irotidadsidahnantion phisedhanHderurs pre sl fHNeREGHHEID the

SRS, TS RPN e R, o v o
tbatralveppartion iscpredseti wuitly al éficns wppliedt tdeughknteey ap bbiwesre the
R L A
[0023] Furthermore, 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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the inside member and the protruding portion at the set pressure or
higher. In this case, the precision of thg set pressure can be enhanced,
and the 10 exactness of an operation in the case where a fluid is supplied
at the set pressure can be enhanced. [0025] Furthermore, an injection
circuit of the present invention includes at least the above-mentioned flow
control apparatus of the present invention, a first tube, and a second

oide; wisedeimtietfirstlisg sdrcohe oerdaud e wdies pkrmg dfthebat a gap

inside member,of the flow control t i
tgo%nen%c@e)g t%atﬁleootﬁeér%\ge]" n iﬁéeg]e tlﬁe o%%éﬁmm? n?g(e)?%ﬁatﬁggfwlc{%nn%%? an
iapparaiut: 002 6héEmiddimentibridieinaften ther fldmgqrirtlesppanatasted

nd the injection circujf in .20 Embodiment 1 of the present invention will
RSB T reh B0 b T TSI BB RSTSE G RBb. Lo ine of
ARSI EInbodirRREd Witibehdestibedrsing HidSultter i{QRItmed
FIG. 1 shows views illustrating an outer appearance of a flow control

<lppiieatls 1A E3RBOUREME D the BrigeMORVERIBAC R R s anrppion 18
;I}V#S%e&%mdaFﬂ%;dlEn@p%@@%hvzswgﬂﬁe %&9%\@%@&%@9{&9@@%@@% of

ustrating a configuration of the flow control apparatus shown in FIG. 1,
thlGirRAdis meonbss-sadtidrap viswidikenpaidnorasdutinecA prdasmiG . axdigher.

@g FIG.2B s a cross-sec%i(% al vigw taken along,a cut line B+B' in;F
hiEaS B en e ‘i

e s rw nced ¢

excluding arrows and 7représent ow
sliergiiers of aflujdr361$8028}Id Gasisvaarossfaadiznakyide dhowingsan
outside member 1Q constituting the flow control apparatus shown in FIG.
ATeSRYTE EHRR e Shdistrating an inside member constituting the flow

GRIVEQ BRRATRIMS SROWRA iRiEd R GG A4 ithR PHSVIRWN BRI iABdges at

a cross-sectional view taken along a cut line C-C' in FIG. 4A. 5 [00291

YerGt Stehaby oievatioseddiepacvaiashismaerasrelithany tee ol vention, a

T e (T
g a cut line In FIG. 5A, and FIG. 5C is

@pening 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.

[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 Embodiment 1 of the present invention, FIG. 1A is 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. 2A1s a
cross-sectional view taken along a cut line A—A'in FIG. 1A, and FIG. 2B 1sa
cross-sectional view taken along a cut line B-Bin 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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cross-sectional view taken along a cut line E-E' in FIG. 5A. [00301 FIG. 6

is a cross-sectional view showing a state in which the valve 10 member is
opened in the flow control apparatus sjgwn inFIG. 1. FIG. 7is a
cross-sectional view showing a state in which the outside member is

deformed elastically in the flow control apparatus shown in FIG. 1. Both of
FIGS. 6 and 7 are cross-sectional views taken along the cut line A-A'in
Gt ehedne waytas imfpiea2ns $5qeosi NS sHowF I FiGhons views

PR ine Bl oupeiind 8 RAG. 00 8 s L ARHABINGGs shown

tiot
OW control apparatus € TIow con

iaPPRratusHIGortnols shd dlow ek aahuidRIdhpliBd Sremr the- detitodalsiasethken
herein, "flow control’ refers to the control of the flowing manner of a fluid.
@Q%@G@Qﬁt\hﬁﬁ&'f%énir#ﬁ%n‘éé‘of an external force, the flow control

ReRaatIsGl BSeRfioviedSaRs ipaRass LV adIHigmYBRlgd 46 AR AEMe flow

direction (see FIG. 1B) at a set pressure or higher and so as not to pass a

dhuidrelippledaivs rewsuve IWerthBRiné Ads préeBune YO Hie iy 2
hand. when an %%tsiﬁ%g%emgg 4 i&%ﬁlﬁ@iﬁdﬁ%tﬁ#y DY g EXRNAC i o
§ h so the f {

orce, the flow contro apparatus 1 passes also the fluid supplied at a
qressusetiowe! thawn thiset jpressuret Tinis WillierdE$Ciliel specifically

elow. [00331, As shown in FIGS..2A and, 2B, the fl trol t
AR AT R T L Gt T
member 20 g PutsEe membeitfohap paeiidarshapeiamidcluddsian 7 is a

opening 5 on an 30 upstream side and an opening 6 on a downstream

efaes(seetonl gjew SRy Mathiw et etaids meabgibindeformed
SDARR. 3N INElLdES. A0, RPRNIRG LA S e RSl 6RPIBIdg ang &k ReNING:. 6

17 on the'downstream side (see FIG. 4). [0034] Furthermore, the inside
mehiberd Grissinsertathin tHewatside et the sutheydveimediber 20 in the

is%glllace(ajl aggi% %(Egi%%ﬂ on the downstream side of the inside member
O™k EMbdaithent ™, e tube 2 is connected to the opening 16 on the

[psram siderafihe Mgy meabériR), andihe fobedpislying a fluid and 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 fluid 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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connected to the opening 6 on the downstream side of the outside
member 4. [0035] Furthermore, as shli)ivn in FIGS. 2A and 2B, and FIGS.
4A and 4B, 10 the inside member 10 includes a through-hole 14 and a

first contact portion 11 that comes into contact with the outside member,
which are disposed in this order in a direction (fluid flow direction) from

the opening 16 on the upstream side to the opening 17 on the
Sdovilasfre diresidei dbhadhrben hithaleo Mupassasuthvo slyare sideslwadl fgsean

inside ber.10 in a thickness 15 direction. In FIG. 4B,,"L%" r ents .-
R PO TBCEFAGIE 100 Tn B g 1 e PSS sice
(sideraitha)inside member 10. [0036] In Embodiment 1, two convex

ortigns (ribs) 12 are formed along an, outer periphery of the inside,
(RSHber worPrirecRss SR BT PR ok IBSRAIGHIS i AR TS grember

Arapproidalshans, BoA 40N PEHANS £f the 6pavex20matigRsdbvivsidhe side

first contact portion 11. Furthermore, a portion 13 positioned on the

afjsbtesani dide ¢orbitelfpering e sdisnonthe throtigherols congird to the
A”é'da%mfg"bﬁ%o 5 fs%{%‘aer%af’dgr%ﬂﬁg%%iag’lﬁeﬁmgi WHh AR ube 3 is
Qirface of'th er.

the outside mem he portion 13 functions as a second

eantactegattion: bpthersyBsertieatidescsiptiom tidgpoftiba d8twildmember 4.

SRR SRR BT T i e ! A5 S € AL A

the Bidsidedorpben 4 ithansids memberholeomemdridiantasttwitbetion
inner surface of the outside member 4 by the first_contact portion 11 ar%j%

e BatenmesAALIRISH TTH CHSABRF I R FIEE N 2 PSS I
%B%%%é@%ﬂ%@@&iﬁﬂ‘&ﬁﬁﬂ SReGEIRDaY s fiHie d 8 8Ras"Ms BAShe

etween the outside member 4 and the inside member 10. [00381 In
Epabadimentd taltheugienimecbivextberdonnstreasfsifted Shehdupsrizhole

ember 10, the number of t nvex portions.is, not.limite ber
TS e s el SRR S A MR Oy

Qrererbareduirelicn 41k fist conteeiporitnelibntatfionif the teedimgh-hole 14

roperty between the gutside member 4 and the first contact portign 11 is
edtirsB o Reindren ég‘ﬁﬂﬁéﬁ%rbég@%? ,tﬁﬁlﬂ BEGHIE dohvex

[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 is 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 is not deformed, a fluid
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portions 12 may be increased. On the other hand, if it is desired to easily
release the contact between the first tact portion 11 and the outside 10
member 4 (described later), the number of the convex portions 12 maybe
decreased. Furthermore, in Embodiment 1, although the cross-section of
the convex portion 12 is formed in a trapezoidal shape, the
cross-sectional shape of the convex portion 12 is not particularly limited.
dbee orogsasedtidmalestihpeofthie convebepcttionlhby siderasgibor 0.

iscircle_other.than a 1.5 trapezpid. [00391 Furthermore,as [
R BB B T RS R R o e
isanfiguteshberthat endyraufiuiid suppliedatwsqiqpresssie wrtHighiepasdBse

through the valve member 20 from the ppening 16 on the upstream side ..
HArRETeldd EMBEE POHARS bp8gPEABh Tha Wk S aserine

mRedimeqtirdhe.valermanbri29 siidesian umbsela-shanede yaly
portion 21 gnd a protruding portion 22%0401 The valve portion Zf andg

1hepersir digesortibh oatarkeimenrhny 4ombther Briiaenn @ relenrihl 15
SlascIy SHa iaérgaé'géﬂ%M%%ﬁ%%@g&ﬂ@%@k%ﬁﬂﬂe%% Kipfsef

H rmoplastic elasdtomers. Specifically, 25 examples of the rubber material
poetickesnturaly dhbercisaprdne Qubbke, obtadiemel ribiser, desired to easily

styrene-butadiene rubber, nitryl rubber, chloroprene ruhber, tyl rubber,

HCRRE %Q?E?ﬁf/lg%%"—’ﬁ?&p 3@?%688?%‘}&?% B9 ir,aﬁge%%oeu%ﬁ%er,
siliconrupbessanddunriee) ryhberumrrmptasofdhevdhgromopiasie may be
elastomer include styrene-based, polyolefin-base-d, polyyinyl 30

devepreBasanibianantane BEzrlgoste HASE bRFarHite-aer of the
FhRAYhiadiens-hased denspobisenrsagibasar, fueringdubbandhiagechape

and basic polyethylene-based thermoplastic elastomers. Furthermore,
afmbngothem 1siticom rlbbenis rrosiprfelyddniiatheriorertse varidonal

Dy L R R G
insise-member, i.e., so that the diameter of the umbrella is larger than

[035S] 18 SR i as thown b RIS A and 2B, and FIGS. 5A 1o 5C, the
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 porfion 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-based, polyester-based, polyamide-based,
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upstream side (reverse side of the umbrella) of the valve portion 21, an
annular contact surface 25 is formed. Therefore, the valve portion 21 can
10 come into contact with a surrounding region of the opening 17 of the
inside member 10 to close the opening 17. [00421 The protruding portion
22 is formed so as to protrude from a reverse side portion of the umbrella
of the valve portion 21. Furthermore, as shown in FIG. 2, the protruding
podybonezlandrisesead fromsumopepiager pase thdl usrinorablerbaigd oind
the inside member;10 to the inside of insj mb -
R Rl b s S AR RES Bt fbiOrc, aone
tHewnsiléam sidsheloseshvitiptiedevadve pditioth2im604 3hSpeificakyplker 20
projectjon 24 is form gi on the surface of the protruding portion 22, and
Cﬂ'fél%‘?ifgé%ﬁ Eﬁ ’@Qf gked on a step 15 provided in the inside 20

[oremperiQe. WA RYthe arotiuding peidien 2846 fixed todhbdngidfing 17 on
member 10. Furthermore, the positions of the projection 24 and the ste

the drovngljtrney Seerithe Rertacsiphee s oftHdvhiRe sBAIBAtL of the
&191%%%1@5% %BQQ&CJM%RME%%%%{%E@ theARRRING L7 O tie

Inside member 10 when the projection is hooked on the step 15. 25

jp6tidn Fisthe rorerassshonit e RIGSrala 5K thed 8O cthensiojedlioan2

also s formed so that, when the protruding pottion 22 is inserted.in th

S aﬁ(é(?ﬂg%?%l%fl aézgpgfgolﬁgoé%g\f'g‘ pa,?r?%p %?ftﬁd%éep‘@s‘én Blet{t{/%/l(telegrl1 can
dbgdinney suitace @f theibsidewehither<fandfttiecprpiedtien1Z2of the inside
Specifically, the protruding portion 22 includes a concave portion 23 on a
@i%@%%ﬁféé/épacﬁasﬂlg@@%%%elZ)ortion 23 forms a gap to be a flow path

Rhaduidnka, [004ARE Jhus b fhid sunplied komthe 1vba-2dRa898S a reverse
through a gap between the concave portion 23 and the inner surface of
shizinsidéomefiiberunhentaherbafisr igresstiomd val e pbrisRo1e: A Shown
R S S U S S
defarmation ef deeprbiridiide portiohe211 BGpe tificatlyi duhdrzeffuiside member
fiPpidat el ressure oy ohr heyprorudind REFION 228 SEIRIMES o
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, BA, 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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such a degree that the contact between the contact surface 25 of the

valve portion 21 and the surrounding {3gion of the opening 17 of the

inside member 10 10 is released. Consequently, a fluid flows between the

contact surface 25 of the valve portion 21 and the surrounding region of

the opening 17 of the inside member 10. [00461 Thus, in Embodiment 1,
since the valve member 20 is attached to the inside member 10, only a
{f0itb Subplied dteafbaidprepsliedorhigibe dabpdspa s thibteireihe Bow

control aratus 1, and the passage, of a fluid supplie
e SR 2 ATy AR BEEE e mber
Tityidhig suppliefidropresdireclion oppasiteitmedirecionhif thimarnetvsn the fluid

.shown in FIG. 2, the valve portion 20 is pressed toward the openjng 17.of
i Thdige Aehitad Lo iae e U AFRER fﬁleﬁégﬁt%cfﬁﬁr%%%%béf the
JhE el porion2l.aseihe sHeeundingiiesion-e{dhe prening &t aing

the inside member 10 becomes stronger. That is, the valve member 20

ralsaridionSreHiehBEk Whiver Svachlss Withibies thepBRSBEeSSVEC i pisher:
¢ fg@ﬁ&(}g@&%gg&@@g&%gcae%%_lﬁgs%mgt&féﬁg AN SR i diERion to

1 ermore, in Embodiment 1, the above-mentioned

sefpredspire: 2hatarhbesstdry hpprepridletycseleotingufeccorident vaive
material for the yalve member 20, the cross-sectional aga

O DR e BNV SRR S8 A T TG S LEf e member
josidesnramier 10 eteqlibatMagiituddlohthbastqaresdreonaycbeurface 25 of
determined depending upon the use of the flow control apparatus_l an

e YrbERara phimpdthe W%ﬁ%é%%fﬁ&%@%w%%a e

mavdave.afunetion of issuing a warning when 15 the internal pressure of
the injection circuit reaches a predetermined value or more. In this case,

DktAbcEbsmmyitoFaued e nbdveinteriivrealsemsmdsurd istatieghed to the
warning is not issyed.,[00481 If a fluid t 1h - A
o U T e SRS P e DAY can ps
tigheshprimvifigiasedroh apbeadtyydssiné teepmes diffididt ivhdrstiliod at a
control apparatus 1 is.incorporated in.a transfusion gircuif (see FIG. 8
EESERE qgrtfé]i:)t Eabﬁgsﬁf OLRERUTR Gt 1%1%(3(?. (i!‘ru#clf)e(zrmore, in the case

where a fluid is supplied from a direction opposite to a direction of the arrows

i
j

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 material 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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(see FIG. 9 described later). Therefore, as shown in FIG. 7, the outside
member 4 (see FIG. 3) is formed so aiéo be deformed elastically by an 10
external force, thereby forming a gap 18 communicating with the

through-hole 14 between the outside member 4 and the first contact

portion 11.[00491 At this time, the gap 18 and the through-hole 14 form a
new flow path without passing through the valve member 20, so that a
thaidrgepplibtasauts pfebsuresdolion thapvatsesasless arbress isassnediugiue or
i d O QRICL 2RPArats. L. ute 4D IR CRIR BRI g digherontiel
appadratus 1S “incorporated in an‘injection circuit for the process of
pransiusing and thevadiingisiratonsefiaddrug, priming can be performed by

head pressure. [00501 Furthermore, in Embodiment 1, the exterpal
A8 et 2Bnees HEFABE A6 BEiERRHEL EIRERally i yiens the

P &usebAmEMbadiment 4 pthednagpitudeiefa presumsashexiepnod lpsed

is such a degree as that applied by a human generally. In order to

rersvarte hneoopssr Abifiig by vehaserhe dlow erasraoXaRaiathk igdanaRgrated
an.external force fo.the (outside; memberd by 8 4se bR arationhtionS:B cuit

and 9 are provided on an 25 outer surface of the outside member 4 (see
(Et6 F1GA BddstBhd0051dr S pétifinalfyy¢hesoperationnpbiibris Shanoudsade

mempbers that rude from the outer suyfa f the puiside ber 4
SRERTHES g B O 3 OB NP TS oI o SRR Pt
Nitbrhe serendicariactopartion 4 3:0f tednsidermiramtiap Withecha portion

4b (see FIG. 3). A user can 30 deform the putside member 4 elastically .
hesageh Pt d the epfe iAo B GSoRITME 8F 4h 8 UG BER oGRS b tion
{qoving them respectively in the directions of the arrows V and W shown

in FIG. 1A. Furthermore, in Embodiment 1, the operation portions 8 and 9

Kook nfedtinatiirg thagerd Shaditbuterahpbeindrh fbemvespetrdlow path
fingers easily, and each.vane Is lacediin | llel ' i
R R AR PRI R s fediepinet.o

preeutet periphgryohthe qutsidermearbpa khidiwegh the fordomsdeoand
Qgp%gé?gs 1. Thus, in the case where the flow control apparatus 1 1s
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 outer 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). Awuser can

deform the outside member 4 elastically merely by putting the operation
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outer surface of the outside member 4. Thus, when the user applies an
external force to the operation portion gnand 9, the outside member 4 is
10 elastically deformed more greatly iﬂ e portion 4b (see FIG. 3) than in
the portion 4a with the groove 7 as a boundary. Therefore, according to
Embodiment 1, even if the outside member 4 is deformed elastically, the
contact between the second contact portion 13 of the inside member and
pibeti o sHoencth érhbew deis. Engiensdhah dabraeaidaeie sespfiafdvebnibébneen

he 15 outsijde member 4.and. the inside meﬂ:ﬁﬁr is su ed. .

e{ﬁ@% .l éﬂﬁ%%&ﬁﬁ%vﬁ ;\1] an %r?glg?}g‘ryvrﬁlelél byt 'e%%eraﬁt}#r%%oi%lg%g’é%nd

Pmivbemibsifiowicospetanpanstusidnis Yiendd fiomfahovd isnotving shape so
articularly limited. The an%le formed, by the operation portions 8 and 9

thisd e eeraptapraRArLERtesmiRAdBers cR Surld LA BEe 45
piRg-RupRer-of 0 the enesatign.asians @ #ndd is not particularly limited,

either, and can be set appropriately considering the operability of the
[086RIF lrtveherorerthénshapw dimrnbdemasagysrichd 8 med 91eRg de outer
ﬁggs%glti%eorft an &g I%Q—: elozp %é‘g“ﬁaléﬁhﬁ{gﬁéﬁl% %’:\D&Hﬁ’gﬂton the
material-for the inside member 10 is 25 preferably a material that has an
®lasticmboisleé Smaliersidamibatiofitde  Dnstituehemiteriaddoathdies an

outside.member 4 and is unlikely to.be deformed glastically in order to, .
SHEHRE HTED -k bEREER P CEROT BT P O 34 L i
Qutsidamemhanfeatadineriakstic defpmpationof (e GUIGSIHS) thamberthe
4. In Embodiment 1, examples of the constituent material for th

30
RSSO HCTHERIAGITRINURELR eI AlE eXceNiEHPEraSHERy Lt As
i maleral Shalar [adhalQldes,abavesmentionsdualy e inerekas Ahe

I.e., various kinds of rubber materials and various kinds of thermoplastic
elastombesw Furttiersoren éxanfples whthencdAstfiteat nradermierbgieand the

TS 9, S RIS 0 I
petyhidienaierephihdidie 1(RBIE) nesnb{@08bl Rugthessserk, among the
ﬁ)bOO‘z';/S -nfgnﬁ[}igl%%%gnagxel%i%ljség gglgyl\(lei?g{'med by the operation portions 8 and 9
when the flow control apparatus 1 is 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 1s
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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chloride-based thermoplastic elastomer and a polybutadiene -based
thermoplastic elastomer preferably are vsed as the constituent material for

10 the outside member 4, and a polycarbonate resin is preferably used as

the constituent material for the inside member 10. [00561 Next, the

injection circuit in Embodiment 1 will be described with reference to FIGS.

8 to 10. The injection circuit in Embodiment 1 includes the flow control 15
rapparaiusihitaE tbbaindibe abstabaanidnehGlva memhiedpjd@iokarious

Sirepit in Embodim &!-%ﬁaa@lg%gg%%ﬁ%ig%{semeLﬁgptf%m&ugﬂg@tmga
a rug |njec 10N CIrCUlt, or a |OO -CO ectlng circuit (A line used N an
InvaBvenbleodpresdursfdrsurastnteme thade fhlsfwvilt ive idestribeember 10

below. In FIGS. 8 tp 10, elements denoted with the reference numnerals
\Bsbitih FROSPEoRY (60 LFPLRBRIA 4 R CARRS S CBROGE IR e’

ForespARding. raleiente B UPERIS N GRdlatpdly RS Tdnk s r8pBthalate
view showing an example in which the injection circuit in Embodiment 1 is
WJEH aesimransfusion circuit. As shown in FIG. 8, a transfusion circuit 30

(H6RKe A HBRRNSIAN NAd T« RANRCRAMDEE Fte & 22 KIAMR 32 pRINQ]

control apparatus 1, and a puncture needle 34. Furthermore, a tube 2
dolonebidehte dnhinflowmisiofdles fionerontbh aphdrataditne duimedcted

the drip chamber 32. Furthermare, a_transfusion pum ial for
ReAB A AR BSOS A uliferial for
transfitsiae. hbrivenIokes @ Aubs 2. sohnected-dein 3@ tifchearbeside af the
the flow control apparatus 1 is connected to the puncture 18 needle 34. A

sapstuBIeBhReReIRG 9t h ARt BRIBARE tinsfusion bag 31. [00581
15dBis Mmanperb the dev.sentokappaiatpsdisswseoanthe dsansivsdonith

circuit 30, the transfusion does not flow beyond the flow control 5
epfpaeatsste EVeYPwWhen the transfusion pump 36 is removed while the

clmp 35 R e e gt
ppferaed Dyim Hedshdiment 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. 8 is 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 inflow 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
9 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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pressure, the outside member 4 is deformed elastically as shown in FIG.

7, whereby the transfusion can pass\gu ough the flow control apparatus 1,
so 10 that priming can be completed while the flow control apparatus 1 is -
attached. [00591 In the example shown in FIG. 8, although the flow
control apparatus 1 is placed on a downstream side of the clamp 33, the
present invention is not limited to the example. The flow control apparatus
rieafle 84n bé plhedtbavanpositidre bbtipedrihbaradidfusiba pumpianwbag

rip chamber 32. 15 [00601 FIG. 9 is a view showing an example in which

% e injection circuit in Embodiment 1 is used as a drug injection circuit.
[dbedhjgetiom ciieaiinshadwhin ffd@. Sinetldgspagtivasdrig injedton dikcuit
40 and the transfusion circuit 30, and the drug injection circgu 40,and the

SARSHISION EIFGHI o B° BRREISI R S BP Y S ARdd) Ay gentrol
£ AIRIQrevin e dnieslion L0-¢icidh B imRlG et dhedriasionf damp

transfusion and the administration of a drug can be performed '
Himehanébubhy. Furlheehbreonetssinfectiont shenearawnem Hiteo fipw is
administragion.of a;dru o} r intermi '
R e e R I Ry o head
phesdiug injectiatsaikcvibAtbinc i deddfierr2edela sockibl appaatusih iBIG. 7,

bodiment 1, in the. same way as.in the. transfusion circuit 30. .
AR ARG DO e e L ANE G e BTG AR AR
A 1008} InSRes icalynipr @ gvhiectnn AisetARtChsies thedlavis attached.
control apparatus 1, a tube 44 connected to_an inflow side of the flow

W 40 Bhparadle seraimd 13- corintbrstet HeileRargR ailaptiatus
f%lg%t B4R &%ﬁ&@f@ﬁﬁe&{?@ Jedhe &‘Qﬁﬁ 4 URNSIRQIE; B9WIRER, is not

set e syringe pump 45 is filled with drugs required to be administered
Imsitsmal fhecmtmplich &harflamticanter agarmraimartibleticaafag placed at a

A A O e e
Kiasoh i RIGY 8: anddnchldesitheafloweontioliapphiatieht. iij@6@hn circuit in
Elijrg%]()edrirpn%rgf tlhies tllils?eedBag rz]i %qu!'lsgc:ﬂ%g%%glr? ‘Ei?(f,&ﬁ‘f ﬂ%l}\lug ?rrlljteragilsion circuit
shown in FIG. 9 includes both a drug injection 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 mjection
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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apparatus 1 of the transfusion circuit 30 is connected to one of opposed
ports of the three-way cock 41, and t egpuncture needle 34 is connected
to the other 10 of the opposed ports via“a tube 42. The tube 43 of the drug
injection circuit 40 is connected to the remaining port of the three-way
cock 41. [0063] Thus, in the injection circuit shown in FIG. 9, the injection
of a transfusion and the administration of a drug can be performed
4Simuttaneettsly or the tdmidistraliomtdfeardnng cansbengerfotmasd i syringe

intermjttent ile the jnjection of a transfusign is performed by switchin
St R o R et L
g anigctonekauirdd-ndudasihgiloncontalappaaisshdrherefoqeilizer.
even if the syringe comes off a pump body in thewzﬁringe pump.45, the

ThinkisionioriiargiathenishriioRandn sREasca WPEMBiEd tyre
2Q.4be. flow contie! apRaiausnEhe Faw: Ganiteh apRATElUS 4 alsmeRes the

suppress the occurrence of free flow in the administration of a drug using
fihe synivigel popapad®s[0064] Furthermore, in the same way as in the

ple.shqwn in FIG. 8, the outside 4 | h '
R M e B S e SR R B Y
ferforned tasithe mthesfiisginjection 8bdsitdAppeiming also chopgesed ports

performed using a fast-forward._function of the syringe pump 45, [QQ6 .
TS Vi S e SR HJRCH e e 1HcRUBR e it Ay e otber
&m@gpﬁsgﬁ&ﬁ%ﬁe‘qéﬁ adpeag colipeting sineif Afeshawrifebtenl@reuit

a 30 blood- collecting circuit 50 is used in an invasive blood pressure
HRegswansetndte MetRemarREBIeest ebibedigWraarsyikcildes the

w0 d@ﬂg@fﬁ&“ﬁl}ecﬁo‘?{ QRFLRIESRUEIADFIHCE] 2R MixEd NeGHAN
ports 51_an 52, and a pyncture_needle 55. The puncture needle 55 is
eptsifusivared 88 cidm patienttHI00HE6 Himtheasidsdpeaiiesting circuit 50,

the blood pre:iésfurg f:tkr}anasc?&(fers%@at%gd the %Qlct%%e ri%eedtlaer 2oar

TONREERY I Atk BREVIE IS Fixea m]ciec iR por i,pa tibe 5 , the
mixethinieelibnpaildthandatihedih transfusion is performed by switching a
handle of the three-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 also 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-collecting circuit. As shown in FIG. 10, a

blood-collecting circuit 50 is used in an invasive blood pressure measurement
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Furthermore, the discharge side of the flow control. apparatus 1 is

connected directly to the blood press#ga transducer 56. The tube 2

connected to an 10 inflow side of the flow control apparatus 1 is

connected to a syringe pump 58. A syringe in the syringe pump 58 is

filled with physiological saline. Furthermore, the clamp 33 is attached to

the tube 2 so as to enhance the operability. [0067] Furthermore, in the
ihigbodollFttingl cirduivlbesting towpaddfioe tdes 1hblbod prassotapparatus 1,

transducer 56 to the pyncture needle 55 is filled with a.physi ical
R e e R e R
plansmiiedd e Hloothprpasiatransediced 5 6ok e nphy sicdogica® of a
saline filling the flow path. The blood pressure transducer 56 outputs an

RABEHE signal in accordance with the level of the transmitted 20 blood
[BIRFAUTELIOLR ERFRRUETIOdiN¥Rer e HI0QH PIRssars EanseRImRucer 56

outputs an electric signal, the computer 57 displays a measurement value
gbibbleposstive s alersdlsputArsachi IRetefbtrieasi vaben wadhemioobs)
Eythermore, gyri "SMENt RliBR0Ad BIRSEHEANG tube 54
18111%/%?&%&}85"[ ggl’iﬁgg %Bgugp}agl?gg to the Ig{v]vgpcg% fC}?)m the blood prl(lesesure 25
Trartdcuaenss thdlésphacters deedlighs31by thensyohgerpumips8 d eonnected

onstant flow rate (for example, 3 mi/h). Eurth ore, an.anticoagulant is
o 4 AR R e AP SRS eat Aty o
28olheiRuspeRe Abthicisttolsuppieasiba Howing bioed fromspeinge pump 58.
coagulated in the puncture needle 55, which makes it impossible to

ASHEMEDIFOthSGIHERE RIHIEh DR th 8 el SRPE BRI FIS M HEREthe
RUEN R herl Runs ks neadle,aa. {0083l hnexampledf dhBance the

anticoagulant includes heparin. In the example shown in FIG. 10, the
mhypsibidgical saline filling the syringe of the syringe pump 58 is a

R SRR i SR PR ARSI Qi S SHPIRA B trom the
escription, the physiological saline filling syringe of the ‘syringe pump

BRwdlhbestafesrath e dscahspasintadpedqphysialegitaldalngll4a0vdh a
Pl Dot T e SR Dotz b asd Howing rough 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
physioclogical saline is supplied to the flow path from the blood pressure
transducer 58 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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flow path from the blood pressure transducer 56 to the puncture needle 55
is previously filled with a heparin-add%g physiological saline by the
syringe 10 pump 58. In the example stiown in FIG. 10, the flow path is
filled with the heparin-added physiological saline, using the fast-forward
function of the syringe pump 58. [0071] In the example shown in FIG. 10,
when the syringe in the syringe pump 58 comes off the pump body during
phiocidimeasuikEniént, it becomes 15 difficult to supply the heparin-added

jolggical saline at a constant floy rate. At this time, assuming that.
R s o e e s RS AT TR e
shakne is SUPPIE byeaphsashipresslisalifaehillinghthcaseingerd the herdge
pressure is lower than the blood pressure, the blood flgws in the. flo
DpHRD FE%Fﬁ]érﬂ%?ﬂﬁ%ﬁ@%ﬁ%@%‘@%&ﬁz}@%h%ég‘g?&%tﬁ%e@hi Hihan
Jbeblpad pressiigcierers pRnssiblivathatiiageatamadkefiai of the

anticoagulant (heparin in the example shown in FIG. 10) may be injected
syningrerarapy Bovwiie pafione dirme mivrearniaddpdngfavetnnsacsk sadine.
(BT PRdk IR IR Sas R e NI EROOlARAATBINGA b8 hement, the
attached, the transmitted pressure escapes to the syringe pump 58 25
hideputtidhode cisabésothe raeaserernent precisid idrtivopdnrieasureaathb 1s

[0072] In ogder to avoid such a proghlem, .in Embodiment .1, the flow control
A H ARt SRR YO RS TS Erampre e
SheWman Fie i thanflow seniraliappearatus, ksuglresseththeaekioish the

of the blood to the flow path, the inflow of the anticoagulaﬁteE(heparin [
hreasiaragie dosinorimaEadBiac s RghaR Bty oadtHd drcheRatithe
éﬂﬁ% r mggt =Z precision in the case where the syringe pump comes off
the pump body. [00731 In the blood-collecting circuit 50, the mixed

injsction mohis Staaned s 2havenuise 8 tHE cade wihbeeshlopadd e ohecteenge
during_the meas ent of a ,blqod,pressyre. Specifi irst, Vi
VERES SO Hoph T & ot SRRy A RaL il R e
nfactiontperi il atadbsitionmadydioph;sthiejognetlire inedle HEonehersfiow
blood is allowed flow to the flow path, Then, the flowing blopd iicolle%ted

e Sﬁﬁh@%ﬁ%é\%‘)‘%ﬂﬁéb@%ﬁ eifjgw control apparatus 1 1s 0o

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
1 is not attached, the transmitted pressure escapes to the syringe pump 53
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
in FI1G. 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 a human body, and the decrease in measurement
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mixed injection port 52 at a position close to the puncture needle 55. After
the blood is collected, the flow path is yyashed using the fast-forward
function 10 of the syringe pump 58. [00741 In the example shown in FIG.
10, a transfusion bag and a transfusion pump also can be used in place
of the syringe pump 58. In this case, the flow path is filled with a
heparin-added physiological saline by elastically deforming the outside
rmenshen indi usirgvaliead presgingeasshpwanireFIEE the pupp7sHy.

odiment 2) Next, a flow control apparatus and, an.injection Circuit i -
b A e L R SR
AriGSelilianlcleasEshdi Flkadlit shibtwesectohsesegtibnaheiesvsement of a

illustrating a cross-sec_tior;?lglbjz configuration of the flow contro{.a aratus .
e

ERIBSETHERt 2" TREpRESe T Ty MESATRITPERSEITE IR ARl PRy 2 syringe
(EESPECSNEY ShOW G ERBErSeRliaNda iifferant pettiseclionsdei@odZway from

shows views illustrating an inside member constituting the flow control

thspavacisshonerie PG wheelg. bigadidspdlawedidlova ke thrcllawp adh
230 e&%%'n‘é%‘%%?@c%ﬁ%%v@g;%% NG Fifed i ELGwAB R0 iREPd to the

€ outer appearance of the rol apparatus in Embodiment 2 is
ihieshingeas shapaftthe fow postiohmppacatuslie BmbddimenteddBhon iAfter

FIG,. 1. FIG. 11A correspopds to across -sectional view taken along acut ..
HROR 1R S % 11 SR BONEL 3 s Mgl i et
s8kBR 38-alepgaiapt §8e B-B' in FIG. 1A. Furthermore, in FIGS. 11 and

12, elements 23 denoted with the reference numerals used in FIGS. 1 to

[PAFdlsHovihasTAERENE BIEMENTd dehBtedFrmstNe eg Rash BRMiAg ranstusion
ﬁi%@%&? RS NSRS IRIGa b 19 th 08/ i FiGShidéhetl8he flow

2A, and 12B, the tlow control 5 apparatus in Embodiment 2 is different

frorh théiflod wititrallepparanss fsdep Bysiol sicEmbbakmenelainigely
R S A BT 8, R TR ARG n e
7.
[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. 12A is a side
view, and FIG. 12B is a cross-sectional view taken along a cut line F-F'in
FIG. 12A.
[0076] The outer appearance of the flow control apparatus in Embodiment 2
is 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—A’in 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



10

20

25

30

the flow control apparatus in Embodiment 1 in the other configurations.
Furthermore, the injection circuit in Erg odiment 2 has the flow control 10
apparatus in Embodiment 2. The injection circuit in Embodiment 2 also

can be used as, for example, a transfusion circuit, a drug injection circuit,
or a blood-colleting circuit (A line) used in an invasive blood pressure
measurement method. Hereinafter, the difference will be described
d&pediitatiphihfoeTe)nssnomeiak esdinnE 1 1B0id ErbduiFRmsthe

the through-hole 14 of the jnside member 60 is for 0 '

SR e b b D S e R NS

member 20 attached to the inside member 60, unlike Embodiment 1.

Furthermore, as shown in FIG. 12B, in Embodi t 2, a Jength L2 from

[ Hrotgrhore 12 B the- ihbite® n%e%%béﬁgoﬁﬁghéﬁpi%‘iﬁ‘g@%’ the
Dateam ﬁjﬁﬁviﬂﬁﬁﬁ'&uﬁQtt@ﬂiﬁ@réﬁﬂﬁtb&'t(ﬁ@ﬁ&kee&ﬁhﬂ%ﬁﬁﬁtus (see

%ﬁh-hole 14 of the inside member 10 to the opening 17 on the

tindamdidelmenthénndie teapmjertion o4 r wedronamhg dMion he

22 is fixed {o the insjde: ' : [ all :
B e L R R R PR s
thefiberd0; adcosgng tosEmBadiménenivhen the othsideonBgmbrartipiss.
eformed elastjcally.to perform priming, the,amo f air.accumulated i
T o 6 (AL S S b A urear s N FOg o
Ephedimnent EnThamiers: whelie fnjddsded-ataisdhiesbutsratiat thelso can
completion of priming, the amount of 30 bubbles to be mixed in the tube 3

ket deelen seanurnsadusRaRHOSTHIFG DA (5 Hife HSSLIORIGH Srduftt 2
gid dhe grug, injection crediksonsityed:Pnysing theJaw catiek

apparatus in Embodiment 2, the safety of a patient can be enhanced

foetmrr00sinFaithdrmdterevarftior b ddfifasence vnly kefilegaibslied
t a set 5 pressure or higher can pass through the flow control apparatus

%%%{?«?‘éa p%issage of a fluid supplied at a pressure lower than the set

[ezstre.cahdeninhibied in the sadntl BaynakinbedibodimEntie through-hole
ilij rg?%rg%gid%sxggg&ggego 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 L2 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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above, the elastic deformation of the outside member 4 can form a flow
path, which allows a fluid at the set prée sure or lower to flow. 10 [00811
In Embodiment 2, as described above; since the length L2 from the
through-hole 14 of the inside member 60 to the opening 17 on the
downstream side is smaller than that in Embodiment 1, the number of the
convex portions 12 is one as shown in FIGS. 12A and 12B. Even in

t& niteodiamesfit @ oth eintuntben dftte hony By portions ITRIE erotiatiselih tHesing

5 same w s in Embodiment 1. Furthermore, the constit el
i THE OB B A0 dBoeF e B boc e n e iy A B ch ooe

chea gesstitueRematerial for the inside member 60. [00821 (Embodiment

3) Next, the fl trol apparatus and the injection circuit in 20,
o s SR i e ot ST T P
RS2 MG SRShaWs Wishasiiating: 4 auierarRearancaof

the flow control apparatus in Embodiment 3 of the present invention, and
IRIG 82 Shcaflti d3mppbictkaled ITeHfarelowirs dies i ppfeRrRsIIn AN De
.viewing direction in Fl ' lcul t iewi IreCHOR I
T e
Aanfigukatiom ofithie fiiom etntralfabearatesishmem e F 3. 8fIG alfigwipath,

cross-sectional view taken along a cut line G-G' in,FIG. 13B, and FIG.
s heAlIEPERE LMo RGiSR) B WS AR AP in FIG, 144,
96881 As BRowAIM SIS S. 13 andifethetiow, contiotiapbasatislin Bém the

Embodiment 3 includes the valve member 20, the inside membey 60, and

dnpshibeled hlhbe e e R su B RITVO 5 it ERE from
Ahesg.shown In Embadiments 1. AAch NG Ea k3 anci 1 nSIRTIENE: of the

denoted with the reference numerals used in FIGS. 11 and 12 are shown
@i sarRosie T mo eastdtbwithithE KofrespAratidgl idfereden in

L
dianesiery RhaiubmBddiimserted inRhetismalbdianiatenpsttiorthersitaftel for
{ﬁge{gesgd?&zgggg le()l?igsc,)cryl%g 17r§ 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. 13A is 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, FIG. 14A1s 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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Furthermore, in the outside member 70, a portion on a downstream side

of a portion in contact with the first COQ?CI portion 11 is provided with
operation 10 portions 72a and 72b. ThHé operation portions 72a and 72b

are a pair of members that protrude toward the downstream side, unlike

the operation portions 8 and 9 in Embodiments 1 and 2. Furthermore, the
operation portions 72a and 72b are placed so as to be opposed to each
cothadeitkethbendLzleniBtinterpbuide therabetideis. ddifooasmm shesgighown

.m er,/0 has a thin,pprtion in.a i0 enrnthan th ioR N
B ERAE et o AT G TR LR RN fheh che
Hgtnaen thenertidmiscebhtdcitiithithasédohdrecstiastipartidre k3 arede theents

operation portions 72a and 72b). The thin portion 71 is f d so that _the
C%ﬁ%‘f‘és@%%F@&fqg%ﬁ%%}dtﬂ%%%%?ﬁé’b‘&%ﬁ%%ﬁ?gvﬁﬁﬂ 3
[BReand sontactrariondd andis gasilyslefgmen glastically dbwithersaoieside of

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

he ieutnidetoamhiy tHe hosiismettiasperation Pettioms Sdvigerted in the
SRR, ARLIYN 126, 03] Rus o {be Above, confouiaien heer.
operation portions 72a and 25 72b

are moved respectively in directions of
Bonmshand Yointel G8 siBAnana be4 A Oihve toirtiportiorn Hoimithe viimitydef of a

base ends of the operation portions , 72a and. 72h js.elastically,deformed_ ..
R AN L R L oL RO, R D Ent s i I BB racion
forhediment dig famedietviean thenguisisiennembend OHndrine st of
contact portion 11. Consequently, even in Embodiment 3, g 30 new flow .

P Witho RS RESHE it SRR S R THERRBRRBI TS 1ofE, By Qg ration
%6%!&5&9_80@%1?& perfarmeddan aiead frgssurerin ine.same Way apdiation

mbodiments 1 and 2. [0087] Furthermore, in Embodiment 3, a thickness
tootibestAitepordoriZblare aydse determindt: camdediig tasleofbatiwath the
mat: ar %he. outs&d&SQn%e@ber 70 so that the outside member 70 is

Ié%ﬁ 3%' ?egfolpmeég %ﬁgstlcéﬂf when an external force is applied by a user.
Frsstamptesifttidonisidbengdmbers ZQksfgrmechof7d polyvingichlotide than
Pl?es %?)g’gggquclggggc?\%ﬁ teerz’ saecond contact portion 13 (in Embodiment 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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polybutadiene based thermoplastic elastomer, polyethylene, or
polypropylene, the thickness tl may bg set to be about 0.1 mm to 1 mm.
10 [0088] Even in the flow control apparatus in Embodiment 3, when the
outside member 70 is 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
isiimhipicad, e e Bamediay adin & missaiments thand RervhefmiBre,
Etéh 133{(){'&(1:9802 gir%tjj in Embodiment 3 includes the flow control
%% ratdS ° EMBGdiment 3. The injection circuit in Embodiment 3 also
[oanHe Hsedhasminkexa®plbodittensfisiartkictit s diugf ifjedfion pioction 71
or a_blood-collectipg circuit (A line) used in an invasive hlgod pressure
= BRoatg e

TR ARG ARG 6o IG THRSOT RE SRITIME T PR HEW oAl

ARRAUR AR ARRIeCHARRIC Wi Babrslimenti K dklbernedsaktically when
invention will be described with reference to FIGS. 15 and 16. FIG. 15

ahewstresdozeetionalnlied i aststing HeopRgmalfonidhmeHsidecrppber
fd)gsa@g&e%@_ %@aﬁgﬁ%%&qgmgeatﬁﬂx@mmam HERmeA 25
an r S

espective W Cross-sections in different cut directions. The
mividitectiondrb k46 1hévisqperpendidatantoaheolitatiattion vr PIEyYNBHylene,
FIG., 16 shows cross-sectiona%vie\t\)/s& Iée? along alcut line I-I"in FIG.

thedhigEnesg ALKV LS 8540 RSN

which the oﬁr%giideomex%%ér is not
[defosinatkelastioally flandddGol 8Bshewssa stite o dihieh ik elisidehe

member is deformed 30 elastically. 27 [009Q] As showp in FIG. 15, the
A dsremsiar dusnnteinbemtt stastice B AR ﬁ}éﬁ’ﬁ]ﬂz’ﬁ 7y, & set

Hhednside, memher 60, %%@saﬂl?&@ﬁecﬁéeﬂ&@ kRRrangiperautsidend the

member 80 is different from those shown in Embodiments 1 to 3. In FIGS.
8sangeld, @midrmidioted witrehevrdérsTiethaméehas Y MEITRIRIGS.

T T
fofe&idb A andtlinRE eern imEmbiiried:d, thedtiwre@strol 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
direction in FIG. 15A is 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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on a downstream side of the outside member 80 has a small diameter and
the tube 3 is inserted in the small-dian&gter portion (nozzle portion) 83 in
the 10 same way as in Embodiment 3."Furthermore, even in Embodiment
4, the outside member 80 includes a thin portion 81 in a region other than
a portion in contact with the second contact portion 13 in the same way
as in Embodiment 3. [0092] In Embodiment 4, an entire region between
[ pbrtionsimosomtact 5. Withtive fesonm titapppontivs 185 adement 4

15%1%%5 r%rgelzoxpa t?el%hn%boeu'@g e memb rrfré)gfg}%j E(Q; hi Q%rt?iﬁ&?&-é member

odimen urthermore, 1n nt 4, although operation
INrEAAS Reanotidwitidashen Seisaliidemodrobe tBOsunilkesrbnih dtinbeiisnents

1 to 3, the area of the thin portion 81 is large, so that a user can easily
16 B RS dA GH bk B0 BRI O 1095) A SO R Tererals

dP4 andi@B, theuset sanduiw.0an {see i JikRelveeR MIS-AUISIES the

member 80 and the first contact portion 11 by pressing a region 82 (see
EreeBmlheg sofrtepsingunespbnngs ofthélitoligh-hole 14 in a radial

i5§ﬁﬁf°ﬁ°fsﬁ1§worﬁ%£%@§rﬂ%9{_£@a 98@?%%%’1@%1%88&&5%%%@8%% 83

, anew Row path without passing through the valve member 25 201s
darmédwandrpriminglear teperferdecoh by barei{tilpresseneaill thersatee and the

way as in Embodiments 1 and 2. Thus, according to Embodiment 4, the
LR B G4 G Bl eTah i IS 7 UL ot e
QRSEOR RartioEnobtheedtside MerbherB0renikenEmBadimeanischtet3the
The production cost of the outside member 80 can be reduced. 30 [0094]

iR bevSirEnBeuridRr L A THIBKRELE RISEIRE HiResd hadrfoncrtion
Slcmanledeermined considaring thesonstiyanymatarialforthe jqutside

membgr 80. For example, if the outside member 80 is formed of a
Puoipddyhemivide based thermoplastic elastomer, a polybutadiene based

e R RSl D USSR, s IS Ro

may be setto be abou m m more, in
withodimerbadincrdest tpoetisuré dhendreleof theldhiorpomid&s 84 tiésoutside

geerfg}ggdStS (tngpn?stﬁhlilg %}?{g%%%%cﬁlaglé g%qlqger iﬁhﬁ@ﬁﬁ%mt 3. Furthermore,
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
is 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 t2 of the thin
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or a conical shape satisfying the following condition. That is, assuming

that a length from an end on an upstream side of the thin portion 81 to an
end on 10 a downstream side thereof 1T a center axis direction (flow
direction) of the outside member 80 is M, and a maximum inner diameter
in the thin portion 81 is D, it is preferred that a ratio (MID) of the length M
with respect to the maximum inner diameter D is 1 to 5. [00961 Even in
;Ihsti‘mmsdommIkasp@emmslmEn@bmdik@én%:hﬁhﬂ@mhié@bmd@mbfnbéhe

80 is not defor tlcaII id su ed at set pressure o
HEHEF QHFEPREE Bhou bR LS EN o B A o B e acaey i gf o
Bl shippdieidata pa@@atmeehan@1&@ﬁbt@a§aimee§atpelgaomhm@@ ratiel
same way as in Embodiments 1 and 2. Furthermore, the inje [3513 circuit

fn

(heETBRERtERIATHRe SRR BRI CRmt ) BRlEEAnE RPS0 HhERE 42
1{% injegtian sircuibin BMbgdiment 4 also can be used as, for example, a

trahsfusion circuit, a drug injection circuit, or a blood-collecting circuit

() d?sedhnmqmasn}émlmurpﬁéés@r@ ewstksure sieHtinshfoarea of the
D TIRSrRIcAY 2008 th As e sRo aRaNSs 1o eRliBlcal phape
th he p pre

appaPra]tus an ion circui ent invention can'be applied
@scensiialestinempaidpiaotie fidhskisipra@iditivand Tldatgsinjestioning that

circuit, and have indystrial applicability, 29 IMS Aflow troI
% OB ABAG AU S Y AP ThRE0 an end on
mesmberinaentetiindhe-outside raemberkandisevalye (ew bﬁzeowmna'uﬂ the

the inside member includes a through-hole passmg through 5 a side wall
Fiidoriie heaRBdr MaaRitRnBesHRESRR A Haastsdi b ohforhiRdp s tion

0 5ot Wit e QLIS MAmAR WO AIRATEANIRND WARLIGRIANS the
directio one opening of the inside member to the other opening

thexenf thevadvelmember I3 pldcedin the other opening of the inside
[885'%56'33%11 in the flow control apparatus in Embodiment 4, when the
outside member 80 is 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
Embodiment 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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10 and passes only a fluid supplied at a set pressure or higher in a
direction from the one opening of thed{'i side member to the other opening
thereof, the outside member is formed™so as to be deformed elastically,
thereby forming a gap communicating with the through-hole between the
outside member and the contact portion, and 15 the gap forms a flow
path of a fluid in combination with the through-hole. [2] The flow control
apparatus according to claim 1, wietedd B Eonvex portion is formed along

oute riphery of the inside member, and.a to 0 portjon,of the .
B e ot RS AIRS SOMBHE A TR A ST e Hipber a
tabeore ngkid Chaismborhgseirdhanndide undhbeatduibeer oludealae member,
second contact portion that is in_contact with the outside member.in a

portion BskRIRCe AtsHeesTARTBP the M G MR C%h 20 th o Btitdige hroueh
ARG PIMEhReRSIR £ANSS FlaslicAisiormationin R 8RR abest

than the portion that is in contact with the second contact portion, which is
fargenthhatemsticdeformation thetiaisodgomenabes. i behtaze witbpirged in

t %%Oon é:ro n&aé: Eillaf)erctzltcfgh ro@gﬁﬁegﬁ%%%?é@%}?&%ﬂg%n%ﬁ%%'&' g ’Eﬁe other
A&im '3, Wherein a groove Is ormed afong an outer periphery of the
auiside rhembadr between the portion that is in contact with the second

contact %ortio of the qutside member %[‘m ere ion.otheﬁglhan the b
portion tR&tY&4HE SWith BHE €8 0N Ecﬂ%?é%’f{ 0%’8&?6}%8 ¢ dfjeafle member,
eﬁ&'&f?ﬁ%&fstbﬁ@ W ANePPBREDADE The flawsartal Rppaaiusagaerdiog

to claim 3, wherein a member protruding from an outer surface of the

{soraiteernamppe s REGViERE iRtk regebesther e aeE porionanaereal
contact yth, the;Secid-§aRMact, PPN Of e, RUIHE MERREELAUEL Thisreby

flow control apparatus according to claim 1, wherein the valve member

fooiutesagralveportion i ang withellhestiapa idrrhet: s tisaerchveputside
member and the contact portion, and
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.

13] 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 1s in

contact with the second contact portion.

l4] The flow control apparatus according to claim 3, wherein a groove 1s
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and close the other opening of the inside member, and a protruding
portion that protrudes from the valve pgrtion and is inserted in the inside
member 15 from the other opening ofgt[ie inside member, 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 is inserted in the inside member, is
ffixea doedlom gnaideutrenmeeinhbite tHe lntrartsisknmgrabeiebiplsie midmmsrtion
[s 20 closed with the,valve portion, and further.is d '
t&éef AgE"¢ orél%ﬁtbvy‘/q he%\i}gl\%cggr |gﬁr\l}\"/ ce%lrl-p t?%l\(/)a \?fo%%?t;%(?ﬁl%ﬁ r‘?r%%gsﬁe%{ dPand
tWithafhiidsupplieditiheughrthe gap betiveemiheinnshsiirtaseofitheontact
inside member and the protruding portion at the set pressure or higher.
DS PITHE F ARG RIS E50h IS AAESIAfE E5 &I 3, wherein the
outside member includes a thin portion whose thickness is smaller than

t_hat in the portion that is in contact with the second contact portion in the
[Fdgion dtherlfvanantrporimatRikisaecebiiastinithime Scbdadsmtapember

OO S il RIS AGREY M 3o WASEEIR &n
68%8%1&? ggrt%%%ég? %igégﬁ%?gg outsigﬁg%ﬁgﬁg{?%a% dlgiingr?eter, ©
12 piain of eertivenstheopruding thwaid iheothersidghrdprendded omtined
portion o Fxﬁt]e other. side of the portion that is in contact with the contact

BB M Hhe SHISIHS MSMBEF: and 5 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. [91 A medical

iBlection Brciftcemprling At TRALE HENSHPEOHEFLBidp i the valve
R0SAFAIng 19 8 ONE- 2 S AN ch 812 diksh iubg, andhe &6RRA WRe to cover

wherein the first tube is connected to the one opening of the inside .
amehebeseothh e tiow ecpemiolzphratonnsidadntm Besonataber i votmechsgrtion

RS RIERRINT AR YIFiSR MEMRSHELING BSOS ke mombor
from the other opening of the inside member, 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 is inserted in the inside member,
is fixed to the inside member while the other opening of the inside member 1s
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.

(7] 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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ABSTRACT A flow control apparatus 1 including a tubular outside
member 4, a tubular inside member 10.placed in the outside member 4,
and a valve member 20 is used. The i ]side member 10 includes a
through-hole 14 passing through a side wall in a thickness direction and a
contact portion 11 that is in contact with the outside member 4, which are
arranged in that order in a direction from one opening 16 to the other
thparing: Eidd héthalvet mdmivem2beis kace dimath el vpeniag 17 of the

inside member 10. The valve member 20 passes only a flyid sup i(;%] t

set pre@sﬁ’ Fe'or h%%neﬁ)?ﬁ Sapaﬁ(r)é%:ﬂfﬁnﬁg r%%é)g(%?lﬁee 3 éie% Fnsélal% %etillioot (%rﬁon
eRepRe dy o ha Ouibidesifiesbicdpisridomet soiasiedatamca wagth the contact
communicating with the through hale 14 between the outside member 4
I&H@ﬂ%’é@d&%@l‘]ﬁ%‘%ﬁﬂf@&% {8 astic deformation caused by an

externatforee; The-gap feina & fnwepattuafis fiid b spmpbinatior Mt her
the through-hole 14.

member are opposed to each other with the small-diameter portion interposed

therebetween.

{9l 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.





