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WD 2004/ 073764 PCT/ JP2004/ 002142 DESCRI PTI ON
EXTRACORPOREAL Cl RCULATI ON TUBE CONNECTOR 5 TECHNI CAL
WO-R@D73Te present invention relates to an PCT/JP2004/002142
extracorporeal «circulation circuit forned by
connecting tubes wth connectors, and in particul ar
relates to a 10 preconnecting-type extracorporea
bl ood system BACKGROUNDsARTE gnTogCcent years
treatnment is carried out using an extracorporea
bl ood systemthat takes a patient's blood 15 outside
t he body for processing such as purification and
" oxygenation and then return the blood to the patient.
L-This ~extracorporeal -bl-ood systemwas first applied to
=R eREs: LRGP R A O MRS TR
separators too. 20 For instance, cardi ovascul ar
surgery is performed while circulating a patient' s
bl ood out side the body using a punp-oxygenator
T§9§@%H§A#th§GHb-oxygenator system i ncl udes an
artificial heart (blood punp) for punping blood, an
arti f TEpaPHaaRPt 25NV 61 th3Ry ehat REG St He HbKaracorporeal
renovi ng carbon di oxide, 1 WO 2004/073764
cPCT/WR20D210G2124u 1 ind cadt € bivalC wejue pivamg stighegs with
bl ood reservoir, a bubble
connectors, and in particular relates to a

preconnecting-type extracorporeal blood system.

BACKGROUND ART

In recent years, treatment i1s carried out using an
extracorporeal blood system that takes a patient’s blood
outside the body for processing such as purification and
oxygenationandthenreturnthebloodtothepatient. This
extracorporeal blood system was first applied to
hemodialyzers, and is nowadays used for pump-oxygenators,
artificial livers, and plasma separators too.

For instance, cardiovascular surgery is performed
while circulating a patient’s blood outside the body using
a pump-oxygenator system.

The pump-oxygenator system includes an artificial
heart (blood pump) for pumping blood, an artificial lung

for oxygenating the blood and removing carbon dioxide,
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renmover, a heat exchanger, a blood filter, a bl ood
draw cannula, and an arterial inf |ow cannula. These
weowpormsm s  of the extracorporeal blood syst ePCEHIR2004/002142
connected by tubes 5 and connectors. Types of
connectors used in the extracorporeal blood system
include a straight connector for connecting twg tubes
angha dd it icomab @Dt 1 ARG DY- SvAREHT 80 ¥PIdHTeEY PAg r @ bubble
three tubes (see Unexam ned Japanese Patent
refppyerat bohekd Rebtheaiesns Noslepd fd7iasr HOs- piogsl draw
and H10-263076). In general, the conponents of the
canxhuhaorod eal artleaoih byistEowcasachasepfhatsst gomponents
packed, so that assenbly is necessary before use.

oHawRy efxt SAEH rpsIdl o I®0di s psteskakescandddied by tubes
Besi des, m sconnections or 15 contam nati on of

arc@npeneris gBy . occur during assenbly. In view of
t hese, increasing attention has been given to a

pr econARLL I JoHife X br-acRERer ealt bk od 848 Potdal Nelood
preconnecti ng-type system the conponents are

Siﬁ@gﬁnﬁﬁgﬁﬁggng g%%éﬂ?gﬁtggﬁgé%fsg 4 No@nnecting two

erlL state, a ole unit 1s housed in
ac at_t (3 f t0l ' . [ ' .
e fgBRCKREE r L A8pnid TRl b8l o RILRTEIY 0b, Bobfildipting

SR bl SR ol PRSP SehaR B emon
P@f;ﬁ%%ﬁ%%ﬁ&?f@ 5%3%81%6893%51% RPH10-263076) .

PCT/ JP2004/ 002142
In general, the components of the extracorporeal

blood system are each separately packed, so that assembly
is necessary before use. However, such assembly requires
skills and time. Besides, misconnections or
contamination of components may occur during assembly.
In view of these, increasing attention has been given to
a preconnecting-type extracorporeal blood system. 1In the
preconnecting-type system, the components are
preconnected and the tubes are rolled up in a sterilized
state, and the whole unit is housed in a package at the
time of factory shipment. This being so, once the package
has been delivered to a hospital or the like and opened,
the extracorporeal blood system can be set up quickly
without misconnections and put to use.

For the preconnecting-type extracorporeal blood
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system a smaller package is preferable as it eases
delivery and storage and also is likely to be

waele@earyed after use. In other words, the PCT/JP2004/002142
extracor poreal blood system needs to be packed
conpactly within a package of a limted size. 5
However, when rolling up the tubes to nmake them

SYShpHcta SMgdrke b ackase LfeRF o4 eé%?r%%ﬁ%taerae%eﬁéfllveri’
bend sharply and result in a kink. Wen this occurs,

anflusderegeaand lagvéag $ Hridiefhyt he DeuBés crgfefteEernuse.
the kink during use. Also, the 10 conponents may not

Iheoahbe trories ,pdslhei‘edapoammrqaétblp@ei iSvetem needs to

- setup. In sonme cases, it beconmes necessary to

bdi seeRRECIcdiea bithes vaiith t rasspakikeddeoforpdnerittsed size.
Such a tube kink can be prevented to sone extent by

nbpkkieg whdiherdbubes caneild \eubhésd Bogmedte démm afompact,
time 15 and effort when packing the system However,

ékt'%f“g desbr alert g éB%Wéé%@ﬂgth@%éﬂﬂaﬁfb@ﬂdfémarply
t e packing operation. To overcone this problem

ﬁge&gﬁlﬂe&; %gp%n Fatent Application Publications
S 9723 FDS 15585 20 propose tubes that
are loRSnPLRRE he 431{% 10480 bhegs ! ?‘?LW:%&‘&%I?PBu?h the

preve a cer ai n” extent e type o
MR B R A AL
cg%%%dgn Srgg& %%é:nneﬁ) %% ﬁgﬁltloned properly at
the time of setup. In some cases, it becomes necessary
to disconnect the tubes and reassemble the components.

Such a tube kink can be prevented to some extent by
rolling up the tubes carefully with a great deal of time
and effort when packing the system. However, it is not
desirable to spend such time and effort for the packing
operation.

To overcome this problem, Unexamined Japanese Patent
Application Publications Nos. H11-197238 and HO05-15585
propose tubes that are less prone to kink. Though these
techniques can prevent a tube kink to a certain extent,
the type of tube is limited and so common tubes cannot

be used. Also, these techniques fail to completely

suppress a tube kink near an connecting area.
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WO 2004/ 073764 PCT/ JP2004/ 002142 DI SCLOSURE OF THE
| NVENTI ON The present invention ains to enable an
wezimatosporeal circulation circuit of especi abCIR2004/002142
preconnecting type that uses tubes and connectors, to
be 5 packed conpactly wthout a tube kink near a
connecting area. The stated aimcan be achieved by an
DIs3C @8 BREorEal THEI A&VENT 6@Nt ube connector i ncl uding:
a first fitting nenber having an internal space into
whi cthengendent dnvefitisn taubesi sot end ket od; a
second fitting menber having an internal space into
e 8020 renyll of i@ cedcontohuld rauitoolie fipeedaland a
tubul ar connecti ng nenber being sandw ched between

prddosanpeched wid thatf uesls fidlé aoandeabancarttbtse to be
second fitting nmenber, so that an internal 15 space of

pd € §ORREEId P91 PEMRGM S@PNECEH Y t RihRe nederaabonnecting
space of the first fitting nmenber and the interna
ace of the second fitting menber, wherein the
connecting nenber has a thin-walled part in the

R e
o LF TR P B Lo EPRICSULR R o (PR R & s cetng
b b BAEDE s PESOLILID 8o LI NS HELh OB d na o
fégggégakggigegg%;aqﬁfégg%? a%geégn%h%i%@fkﬁM%éﬁﬁgr having
an internal space into which one end of a second tube is
to be fitted; and a tubular connecting member being
sandwiched between and connected with the first fitting
member and the second fitting member, so that an internal
space of the connecting member connects with the internal
space of the first fitting member and the internal space
of the second fitting member, wherein the connecting member
has a thin-walled part in the middle, the thin-walled part
having a smaller outside diameter and a smaller wall
thickness than remaining parts of the connecting member
that are closer to the first fitting member and the second
fitting member.

According to this construction, the wall thickness

and the outside diameter of the connecting member decrease

in the thin-walled part.
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4 WO 2004/ 073764 PCT/JP2004/ 002142 Such an
extracorporeal circulation tube connector is nore

wo baxiotd7e4 t han a conventi onal tube connector wWhiTHP2004/002142

does not have a thin-walled part. Therefore, an angle
?etmeen the first fitting nenber and the second
itting 5 nenber can be nore freely_var,i ed. nce the
ef f eUGR an séﬁéﬁwm@é@%i@mﬁ%@% ‘ilﬁget Goaector
near the connecting area when rolling the tubes
1% ewseast 18yibikel thirmgat apaviaibel ebpdettibe FRANgector which
preconnecti ng-type extracorporeal blood system a tube

‘dd@skinak rneavet he thdnmeca ligdarsartan Bheg@fieesedn angle

when packing the system wth there being no need to
bspraenmidte tf estand tefifiog tnetibexammedapasesad fitting
Pat ent Application Publication No.HL0-263076di scl oses

némbeeNHGHS O OVE B va vieph 1 &g Abneechare saf deéca of a
connector. Though this technique can suppress a kink

b &h aliYReE TRNGRE M Nbth §PBnCORBEGIvEs nda EAME @onnecting
manut acturing process is needed to provide the

a£8h! AL IEERRAL S atnd heueNeRt Bhorln compari son, the

e connector e above construction can be 20

bl o e T R

desi . cting a connecting nenber of

o o PN P LR DS R PRIRt o AR on 08 (M0Ben 5 eupe
kfﬁ%@a%‘% eg’colfllrr]lleic eiryg%xraerrail rc]:%dn %%psalegges sed when packing
the system, with there being no need to spend much time
and effort.

Unexamined Japanese Patent Application Publication
No. H10-263076 discloses a technique of providinga rolling
mechanism at a connector. Though this technique can
suppress a kink of tubes connected with the connector,
a complex manufacturing process is needed to provide the
rolling mechanism at the connector. In comparison, the
tube connector of the above construction can be
manufactured easily, as it requires only a simple design
change of constricting a connecting membef of a
conventional tube connector.

Also, the tube connector of the above construction

can be applied to common tubes, unlike Unexamined Japanese

Patent Application Publications Nos. H11-197238 and
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25 Patent Application Publications Nos. HI-197238 and
5 WD 2004/ 073764 PCT/ JP2004/ 002142 HO05-15585. Here,

W b@4ori7o4 wal | ed part may be formed as a ring PEI/DRROGH@2142
circunference of the connecting menber. According to
this construction, the connecting nenber 5 is flexible
in all directions, which enhances the tube kink

HOSupgre88ion effect. Mre preferably, the tube

connector may have the follow ng constructions. A
r at i Beire ,outtst deh ihametldredfpahit BRYnbGaliXempdr 85 goTring
to the first tube and the second tube nay be in a
arcAnge aobi@cdumbetedceWieh the orgtedt inigngamip®er
has a greater inside dianeter than the second fitting

menbge ool 94t Hei sdieet en cafi dihe thie conaklcdd rpmmember
may gradual ly decrease 15 from one end facing the

1o irBdx bl nth neher itk @npbher, wendchaenhg tdes sehendube
fitting nenber. The outside dianeter of the

kﬂﬂﬂrgggb%@%éggﬁ ARy e  substantially equal to an
out si

iameter of the first tube in one end facing

the &io'a_ﬁe{ Sé%éekg%briggfeg?ea%g@ syhskatd Al h¥yeawdte the

to aP o] I ame of the second tube in another
T O

equak }ng%ifEﬂéﬁ é& geéfgm%%éfu%fifﬁ% thin-walled part
to the first tube and the second tube may be in a range
of 0.7 to 1.3.

When the first fitting member has a greater inside
diameter than the second fitting member, the outside
diameter of the thin-walled part may gradually decrease
from one end facing the first fitting member to another
end facing the second fitting member.

The outside diameter of the thin-walled partvmay be
substantialiy equal to an outside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an outside diameter of the second
tube in another end facing the second fitting member.

An inside diameter of the connecting member may be
substantially equal to an inside diameter of the first

tube in one end facing the first fitting member, and

substantially equal to an inside diameter of the second
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tube in one end facing the first fitting nenber, and
25 substantially equal to an inside dianmeter of the

W@ emant764 WO 2004/ 073764 PCT/ JP2004/ 002142  t UPET/JIrR004/002142
anot her end facing the second fitting nmenber.
According to this construction, the inside dianeter
of the connecting nmenber is substantially equal to the

tuhesite an@fdierseatl tiwcing sthendaeebrd L 19 GRREPET -
there 5 is no sudden change in diameter of the path of
f | owAccourdithgnice, thisotoastumdtat¢on, thadipgide diameter
accunul ation can be prevented. At |east one of the

off itlsé Ebhhiegt imnbaremert he sedwibntietilyy eeadér to the
may be tubul ar, and have a wall thickness 10 that is

i £@é eri dfe ae sedfl thact Ngsthen @ gerentd hgbeenrbersinbarthere
in another end. In this case, the wall thickness of at

id east st chhedld rist dibhieremeabethancpdiie sécdribw,
fitting menber is smaller in the edge than in the

£ PAsSe1 r%?%ien,g 1o §REeh11NY tEDAEHEE , o BF C4Bguinie aM0be can

circunference of the fitting mnenber. This makes the
pEadge anﬁﬂﬁif'tting menber nore flexible while
n?alnlng the connection with the tube, wth it

oF, T8PPS5 5500 FRRATEE Laec| U8 1) flpuapL s o0 occons

effe Nness o e at | east
£ TR R St Ty b LOTR TP A8, BSPRID ghigrness
tﬁgg gg 5@%£¥§Efﬁﬁig%e end facing the connecting member
than in another end.

In this case, the wall thickness of at least one of
the first fitting member and the second fitting member
is smaller in the edge than in the base facing the connecting
member, around the whole circumference of the fitting
member. This makes the edge of the fitting member more
flexible while maintaining the connection with the tube,
with it being possible to enhance the tube kink suppression
effect.

Here, the wall thickness of the at least one of the
first fitting member and the second fitting member may
gradually increase from the other end to the end facing
the connecting member.

According to this construction, the entire fitting

member becomes flexible, which contributes to a greater
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the connecting nenber. According to this construction,
the entire fitting 25 nenber becones flexible, which

weoinTied es to a greater 7 WO 2004/ 073764  PCT/JP2004/002142

PCT/ JP2004/ 002142 tube ki nk suppression effect. Here,
a rate of increase in wall thickness of the at |east
one of the first fitting nenber and the second
tebet ikipkegbepngstieaspddiedto- a 1 ength of the
connector 5 in a tubular direction may be in a range
of 0 Hetetoab rae%f iHermeaserani &dhl wahiickineskpesd the
of the other end of the at |east one of the first
ati ieiang: memdeo fanthet Heisecofidt tfitg imgmberbemnad cclae second
tube fitted into the at | east one of the first

fiEttin enber anadH he Secendedi dtiaggnpmest thkkd synector
be in a range of 0.15 to 0.6. Here, the other end of

ihhg abpeast @neeef itde nﬁé%sﬁ_e fhtbi paogsier @nd tbhes . 0.

second fitting nmenber may be in a range of 0.5 to

2. 0mmgd powabl BRiCkngS S, N SEnjakhRid® Of @nS8WtAREr end of
| engths of the first fitting 15 nenber and the second

t%Et é}:nﬂegglgbg{jlet 9f & | EMOLs Of f@@ég%ﬁ@@ﬁ@?y tai(r)lr&o.ﬁlgq.e second

ubul'ar "drirection may be in a ran
<SS90 AABEOP, RS A gt FR IR EEPLLe one of
B L0 A0S ERRIGE LD M e LR M 6P
may be in a range of 0.15 to 0.6.

Here, the other end of the at least one of the first
fitting member and the second fitting member may be in
a range of 0.5 to 2.0mm in wall thickness.

Also, a ratio of a sum of lengths of the first fitting
member and the second fitting member to a length of the
connector in a tubular direction may be in a range of 0.5
to 0.9.

According to this construction, the tube connector
can be made shorter and more flexible while maintaining
the connection with the tubes, which further enhances the
tube kink suppression effect.

Here, the length of the connector may be in a range
of 20 to 50mm.

Also, when the connecting member, the first tube,

and the second tubeareecach formedof aresin, theconnecting
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Here, the length of the connector may be in a range

of 20 to 50mm Al so, when the connecting nenber, the
wo g 737e6be, 25 and the second tube are each POT/ned04n02142

a resin, the connecting 8 WD 2004/073764

PCT/ JP2004/ 002142 nenber may have a substantially

equal hardness to the first tube and the second tube.
member RaE hegrmecs Lhg tashbea l lyredrplshardpes uite the first

second tube nay each have a duroneter hardness of type
tbd accdoridiemgseocdds #7R&5 in a range of 60 to 98.

BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a perspective

vi ewrshoa rith¢ Wiesneonriect edmldyyr artlextfacskpoubel, and the

circul ation tube connector to which 10 the first

s&fbad MRide ahahe suiteseatrel Bventionetelratiesrdhb@s 2 f stype
a vertical sectional view taken along the Ilines A-A

Al 8cBb®dilhg & g3 shens18nievel athngenydf usbi e ofs a
preconnectlng type punp-oxygenator system 15 FIG 4
shows to what degrees tubes connected by a tube
connector are bent in a bend test, for an actua

BRIRHD ‘?ftsc?ﬁﬁ@%%‘%ﬂ“gl&%%vhg\%lé' rst_embodiment and a

nparative = exa S a perspective view and
sect Rl e B0 e GEOREICE L 00 TLJE commecced
by an extracorporeal circulation tube connector to which
the first embodiment of the present invention relates.

FIG. é is a vertical sectional view taken along the
lines A-A in FIG. 1.

FIG. 3 shows an overall construction of a
preconnecting-type pump-oxygenator system.

FIG. 4 shows to what degrees tubes connected by a
tube connector are bent in a bend test, for an actual example
corresponding to the first embodiment and a comparative
example.

FIG. 5 is a perspective view and sectional view of
a T-connector to which the second embodiment of the present
invention relates.

FIG. 6 is a perspective view and sectional view of
a Y-connector to which the second embodiment of the present

invention relates.

FIG. 7 is a graph showing to what degrees tubes



FIG 6 is a perspective view and sectional view of a

Y-connector to which the second enbodi nent of the
w@e@smemed4 i nvention relates. 25 FIG 7 is a gre@iipP2004/002142

showi ng to what degrees tubes 9 WD 2004/073764

PCT/ JP2004/ 002142 connected by a tube connector are

bent in a bend test, for actual exanples .
cenneesgshdingat bubtee dONBECART seESnBENdnbRi freRed e st

conparative exanples. 5 BEST MODE FOR CARRYI NG QUT THE
fONENTLON Erhoghilren tc 10f e apoexdtirreg drop drhea | igi 3 d i ppcond

tube connector of the present invention are described
elBba8Wmerttys r &har Hoipd Pathe dramampieskl G 3 shows an

overall construction of a 10 preconnecting-type

punp- oxygenator system This preconnecting-type

punp- oxygenat or system includes an artificial lung 1

5 B%?T NAbR NG AR 0PEy@ney T ey Agvearhoodi oxi de, a
punp 2 for punping the blood, a blood reservoir

3, égﬁﬁﬁg géléfraﬂ %Rﬂ%?@ib%ﬁéﬁ@”@ﬂﬁc@ﬂé%&én tube

(cannu connection Circul and ypass clrcults

0858ﬁ§%?ﬁ@ éh%%gy§§%%éﬂécfﬁ%8ﬁQféh Provided fi¥ed pelow,

in-circuit relnfusion.
The hl ood, res 3.is connected with a vent circuit

PB0TEA it Ric Po%Qﬁr%EFW§Qﬁ?and 6c. The vent C|rcwt

6a has a vent catheter 7a a
suct i BRG - 3 shows an overaﬂg %dﬁg uc% Jhe

10 preconnecting-type pump-oxygenator system.

This preconnecting-type pump-oxygenator system
includes an artificial lung 1 for oxygenating blood and
removing carbon dioxide, a blood pump 2 for pumping the
blood, a blood reservoir 3, an arterial filter 4, an

15 arteriovenous circuit (cannula connection circuit) 5a,
and bypass circuits 5b and 5c. The bypass circuit 5b is
provided for operations such as priming and in-circuit
reinfusion.

The blood reservoir 3 is connected with a vent circuit

20 6a and suction circuits 6b and 6c. The vent circuit 6a
has a vent catheter 7a and a roller pump 8a. The suction
circuits 6b and 6c have suction catheters 7b and 7c¢ and
roller pumps 8b and 8c respectively.

Circuits such as the arteriovenous circuit 5a, the

25 Dbypass circuits 5b and 5c, the vent circuit 6a, and the

10
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circuits 6b and 6¢ have suction catheters 7b and 7c
and roller punps 8b and 8c respectively. Crcuits
WG a@h0z¥64 he arteriovenous circuit 5a, the 25P@ypreo61/002142
circuits 5b and 5c, the vent circuit 6a, and the 10
WO 2004/ 073764 PCT/ JP2004/ 002142 suction circuits 6b
and 6¢ are forned using tubes. Straight connectors for
swmnhent icigr ¢wbtsulbds sl §¢ editekdsRedaping tubes.
Y-connectors for connecting three tubes are used in
such sa i Eghhanechnegtome mporpgerding B ybileas and T-
FIG 3, straight connectors are designated by a, b
cdnnectordNadddynrcohampeesorfoar eodesicgniatedtbyel, tubes
Q R and S, and Y-connectors are designated by T and
ate JdBed ubessysed 4 pideomheet 1ghayeevanimpsoxygenator
di aneters. Accordingly, sone of the straight

s¥OPAfkCt ors, @ 18 reducsigiyRe $RBBEUY S rfdlesignated by
connecting tubes of différent dianeters. Likew se,

- g Sque of the [-cannect ors. andy, o %GoPRestar §edignated by P,

redlcef-t'ype donnectdrs for connecting tubes of

diff di . [ p i _ng-
Q,pI ?%ﬁgggn;%gf& %—Scor-lrﬁem%%t%&g'a?r@rgégggﬁ%tﬂéw B}}’pﬁ and U.

% 1 h : Syglg. 2 dcurcuutr i's cut at the
posi tion_shown in, i _
i nst riftfe %ﬁ&ﬁ%ﬁl%Rﬂﬁ?léghﬁﬁéﬁgiﬁgggig% djameters.

et e e L Do ol AP A e
réggggg-g;y]ggé;g%pg)éﬁzgi%o%g%r gglnnceiégglngtél%]eguobf different
diameters. Likewise, some of the T-connectors and
Y-connectors are reducer-type connéctors for connecting
tubes of different diameters.

To use this preconnecting-type pump-oxygenator
system, the circuitry is cut at the X position shown in

FIG. 3and is connectedto instruments suchasavent catheter

and a suction catheter inserted in the body of a patient.

First Embodiment

The following describes a straight connector as an
extracorporeal circulation tube connector (hereafter
simply referred to as “tube connector”) of the first
embodiment of the present invention.

FIGS. 1 and 2 show tubes connected by a tube connector

1 in part of an extracorporeal circulation circuit such

11
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simply referred to as "tube connector") of the first
enbodi nent of the present invention. FIGS 1 and 2
W@ bawotiThes connected by a tube connector 25 HCT/0P2064/(02142
of an extracorporeal circulation circuit such 11 WO
2004/ 073764 PCT/ JP2004/ 002142 as the aforedescri bed
preconnecting- type punp-oxygenator system FIG. 1
ad $he pdiogpete $ e ibiedhp relereaesCELGYI A yRe miNer pRyslenator
sectional view taken along the lines AAAin FIG 1. 5
syldteehubeFaonndctiey al gesr @petitdivghtv cewnevherefegr FIG. 2 1s
connecting two tubes (a first tube 20 and a second

a tybeti2Q)). JbedgbnklIGv2ewheukdiealbnst tthiel 2leas A-A in
having a greater dianeter than the second tube 30,

Ff%g fiirst tube 10 20 and the second tube 30 nay have
the sane dianeter. (Construction of the Tube Connector

H T 0 isr I : '
[ T R ISR s, LA et ehhddeet for

t ub 20 | ‘ fitted, C iddi I
oo fEcimd 88 hinEs G T Eo U 28 | MfamEpRRedka tube
3€e fitted, and a connecting nenber 12 connected

étmpen the first fitting nenber 10 and the second

L BB Ll THEOGE Sind L0, TRIET 204200 0981 &
ggéggeﬁg:ehsﬁqﬁ%%gﬁe%éﬁf e qach % TBE8% 1% rst tube
20 and the second tube 30 may have the same diameter.
(Construction of the Tube Connector 1)

The tube connector 1 is roughly made up of a first
fitting member 10 into which one end 21 of the first tube
20 is to be fitted, a second fitting member 11 into which
one end 31 of the second tube 30 is to be fitted, and a
connecting member 12 connected between the first fitting
member 10 and the second fitting member 11.

The first fitting member 10 and the second fitting
member 11 are both tubular. Inside diameters of the first
fitting member 10 and second fitting member 11 are
substantially equal to an outside diameter OD2 of the first
tube 20 and an outside diameter 0OD3 of the second tube
30 respectively, so that the ends 21 and 31 can be inserted
deeply and connected securely. The connecting member 12

istubular, too. Aninternal spaceof theconnectingmember

12
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substantially equal to an outside diameter OD2 of the
first tube 20 and an outside dianeter OD3 of the
waewenm7saube 30 respectively, so that the endBCRIP2a6#002142
31 can be inserted deeply and connected securely. The
connect}nghnenber 12 25 is tubular, too . An interna
space of the connecting nenber 2 WO 2004/ Q073764
1pconrezoa vdid1dp ternabshadas w%tfr#l? rﬁzﬂefr%él% éﬁ%‘é‘é mgmber
the first fitting menber 10 and the second fitting
10rembér the Sheenbeifig tbnowAemhaie +irst tube 20 and
the second tube 30 are connected with the tube
connadtioy Weithesendvhé&n2ihadfoirss tobmme kaddithesecond
connecting nenber 12 and the end 31 adjoins to the
toh&es o eadeot e condewt ichg thentierbe I@onascdtoowmil i ithe end
FIG 2. As aresult, the inside of the first tube 20
28Nl { Benisnsicdenef el oxeeond datheedQicenmestbeni1h and the
each ot her through the internal space of the

ef@MECL 199 i pld tBrbes d€henehndsicie tianeseheoft ildee member

connecting nenber 12 is substantially equal to an

1&?85863%{5?@% pBg ofy the digstestiuhe 20nat ihka ®NbE the
g to the

adj ornin end 21, and substantially equal to

f Jgﬂaitggjhg)?—:ngbagﬁéieﬁﬁg%ngfisdﬁ %ﬁ eeNd ey 3Q ¢ S dd€nect

i'ng € en erefore, 1If the inside

diameter D2 is.equal t i_nsi i r : :
v HBTAGE et RS e ke REr G s DR A S g ot e ng
copnecting nenber 12 to be uniformfromthe first
meRPLINg renber 10 end to the second fitting menber 11
end. If the inside . .
An inside diameter of the connecting member 12 1is

substantially equal to an inside diameter ID2 of the first
tube20attheendadjoiningtotheend21,andsubstantially
equal to an inside diameter ID4 of the second tube 30 at
the end adjoining to the end 31. Therefore, if the inside
diameter ID2 is equal to the inside diameter ID4, then
it is preferable for the inside diameter of the connecting
member 12 to be uniform from the first fitting member 10
end to the second fitting member 11 end. If the inside
diameter ID2 is greater than the inside diameter ID4 as
inthe case of FIG. 2, ontheother hand, thenit is preferable
for the inside diameter of the connecting member 12 to
gradually decrease from the first fitting member 10 end
to the second fitting member 11 end. As a result, there

is no sudden change in diameter of the path of flow inside
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20 dianeter 1D2 is greater than the inside dianeter
ID4 as in the case of FIG 2, on the other hand, then
wo poou®736£f erabl e for the inside dianmeter of PEEIP2004/002142
connecting nmenber 12 to gradually decrease fromthe
first fitting menber 10 end to the second fitting
menber 11 end. As a result, there 25 i s no sudden
thehdngee igpuinemstasr lofomme pai A9oEhel Shbistsitade 29 wpd the
2004/ 073764 PCT/ JP2004/ 002142 the tube connector 1
secomm@ctibg 3he fiitdt ittubei2® awb s helesteonderiise a3gmooth
wWth it being possible to create a snooth flow
f M it houwribut epde,l dl @eod atowdulatconp latdiean r and air
accumul ati on. 5 Meanwhil e, an outside dianeter of the

acOnMRethitngn nenber 12 is smaller in a mddle part 12A
than in the other parts, nanely, adjoining parts 12B

and 1Renwki e, t he HiddhaePy tatdbers Bf M HEl eopaldcting
of the connecting nenber 12 in a tubular direction.

meﬁngﬁn%g?i%zﬂ @né’f%ér.lgg d hitadPe R Etof 2ANEen SAMNE A HE D ther

that adjoins to the first fitting nenber

p£§ksThsﬁ%¥ﬁ%Rngj%?4¥é§Cg.%ﬂ%FE%E ghg thec. Here, the

connéc joins to the second

n{Ad 1405 TP TORT S1L RO ABLCLARE b5 e SOPRERLO0 pomner
14518 bR £ RLBSILe P 20O 19, 2Bl) aos 16
p%g ?olfmi:%% %é%@éégﬁ%d 1 C%;@L%&&ﬁtg_aiégcgygsn%gdtlﬁe first
fitting member 10. The adjoining part 12C is a part of
the connecting member 12 that adjoins to the second fitting
member 11. In other words, the connecting member 12 is
constricted in the middle part 12A.

As a result, a thin-walled part 121 having a wall
thickness N1 smaller than a wall thickness N2 of the
adjoining parts 12B and 12C is formed in the middle part
12A of the connecting member 12.

This thin-walled part 121 is continuously formed
around the whole circumference of the connecting member
12.

(BEffects of the Tube Connector 1)

As described above, the thin-walled part 121 has a

smaller wall thickness and a smaller outside diameter than

the adjoining parts 12B and 12C. In general, a tubular

14



10

15

20

25

This thin-walled part 121 is continuously fornmed 20
around t he whol e circunference of the connecting
woreosber3zed2. (Effects of the Tube Connector 1)PEEJP2004/002142
descri bed above, the thin-walled part 121 has a
smal l er wall thickness and a smaller outside dianeter
than 25 the adjoining parts 12B and 12C. In general,
badly deuttmg o £ ReD4f Y3781 PETRFD 604 a0 Legodyitside
having a smaller wall thickness and a snaller outside
didimereterissuomeef Térxbilee. THereebpae t ket ipbe connector
connector 1 which has the thin-walled part 121 in the
1 camnnert hag tkabehih? wslbede pfdmexi bPg timartle tabanecting
connector which 5 does not have the thin-walled part

netfer WMibCh d Smb@eS W ex A1 anglheribed weabet wdnestor which
fitting nmenber 10 and the second fitting nenber 11

AS5E0 her s eef £a8l ¥nvardivad 1 &8nghakl ¥21t.0 packelR is to say,
punp- oxygenator circuit in a package of a limted

ar?ia]%l%elcé %% ﬁcﬂi%qfi@éﬂefﬂfﬂﬂlbtmeﬂlge&eﬁg d93bene second

0 en rolling two tubesS connected by a tube

£ {ohnae: Mol 8ol L dihohn TR LPETE v Rparie (e
of RGO A 1 Oredb bRt R FLiRSOrE or et AT Thet™ @
PERBACh G L aF PACE 1 1 NEL BBV AL T or BB e Lanes Lrou i

By using the tube connector 1t '
nq%@eto e rolled up. When roflg%gq(ﬁotgﬁbggr%%nnected

by a tube connector, a bending force acts on the tubes
near the connecting area, as shown in FIG. 4.

Here, if the connected tube ends are fixed straightly,
the effect of the bending force on the tubes is large.
If the connected tube ends can be more freely angled, on
the other hand, the effect of the bending force lessens.
By using the tube connector 1 to connect the first tube
20 and the second tube 30, the énds 21 and 31 can be more
freely angled, with it being possible to keep the first
tube 20 and the second tube 30 from kinking near the
connecting area.

Thus, through the use of the tube connector 1, the
tubes can be rolled up compactly without a tube kink.

Tf a tube kink occurs, blood may coagulate and remain

in the kink, or air may gather in the kink. By using the

15



20 and the second tube 30, the ends 21 and 31 can be
nore freely angled, with it being possible to keep
W b@4073764 20 tube 20 and the second tube 30 fPOMIP2004/002142
ki nki ng near the connecting area. Thus, through the
use of the tube connector 1, the tubes can be rolled
Up. conpactly wi thout a_tub ink., |f.a tube kink
R P EBRG P a CTAGH & E LRkl 4225 UHPT 8 SRchiand so
r air may gather in the kink. By using the 15 WD

P47 DI FEA TP TPREOSITORIAD ARG ORAEC L Impgested .
a tube kink is suppressed and so the security of the
ci r cuPttgpe kdglusdaitsotaprevelienspa glié ngi ak exHaracorporeal
occurs when packing an extracorporeal circulation
cdirewl atiop el aveiteday bel hivieg dgd thbesold imgsup tubes
conpactly or with a great deal of care. In actuality,

5 lemmevempddel gice wiftla apgekagediesal bffi ¢ede . Al 30, attuaslity,
not desirable to spend nuch tinme and effort for

hootdvag, the tsibes.offher eharigaget iks1necassary A0sol lit is
up the tubes conpactly without a tube kink in within

ndtshssithmRe kY dfehhend dLasDRS, ahhe olfe-€0NBeCEY11ing
1 has a high practical value. (Preferable Features of

thket ke Comnect 8ol , (1) ié%@&és%fazfga% Fa1h J;gecli% tubes

possibility of a tube kink can further be reduce

c%%%g%%?%?iﬁﬂthgﬁt;Hbguﬁgpﬂgﬁﬁpﬁnlwﬁ%hﬁhﬁéiQESIQ§time. For
10 these reasons, the tube connector 1 has a high practical
value. |
(Preferable Features of the Tube Connector 1)
(1) Length of Each Part
The possibility of a tube kink can further be reduced
15 Dby:
C}nmkingthetubeconnectorlasflexibleaspossible,
as described above; and
@ making a total length L4 of the tube connector 1
in the tubular direction as small as possible, since the
20 possibility of a tube kink is higher if the total length
L4 is greater.
Regarding @, a length L1 of the first fitting member
10 and a length L2 of the second fitting member 11 need

to be at least a specified length that corresponds to an

25 overlap width, so as to securely connect with the first
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as descri bed above; and Q making a total |ength L4 of
the tube connector 1 in the tubular direction as
W@ pmklo73e4 possi bl e, since the 20 possibility PET/aPAut®2142
kink is higher if the total length L4 is greater.
Regarding (1, a length L1 of the first fitting nenber
10 and a length L2 of _the second fitting nmenber
thbsd 20 sk the 1serend tpkei fled FoSGIH ?h&r O feduce the
corresponds to an 25 overlap width, so as to securely .
tosmdecteRwER Dhe offi rtdie 1BLROCPOOWTTBY64, the connecting
PCT/ JP2004/ 002142 tube 20 and the second tube 30.
mEhdreaf bReyeeds tedue matdea stdt@t t lkenge A sid Igf whid etebsuring
connector 1, the connecting nenber 12 needs to be
thedepas ishiosd lasngolsibhl endill2eoénsheihjrstheitting member
specified lengths L1 and L2 of the first fitting

1oerhel s&cd@santisecngdnidnbénginenber 11. Regarding
(r), it is preferable to make the thin-walled part

121 agcLany &%y @351*@'1% é?éf%&%ﬁéfé +@) RakieCth¥ thil®-walled

achleve both (T) is preferable to set the

pé%@‘ﬂi@l&é'ﬂbﬁbrégg dgsfbfbt@og~%ré@€é% 3 d$r foity.
10 sumof the I ength L1 of the first” fitting nmenber 10

ta i PO et Tl DorREhDl s dohrelForTpr ;08 set

<8700 LOPIUS, SOVERLAr ok SFIADERTRAD SNBILEE 1 is o
S\ﬁllmﬁl:: 2)% uLLrskf%e fl rt%t tfbe Zgh q:’lrhsetsfcg%%ntgu%emoer 10 and
the length L2 of the second fitting member 11 and L4 is
the total length of the tube connector 1.

By doing so, the tube connector 1 can be made shorter
and more flexible while maintaining the connection with
the first tube 20 and the second tube 30. This further
enhances the tube kink suppression effect.

Here, the total length L4 of the tube connector 1-
is preferably in a range of 20 to 50mm.

Also, the tube connector 1 is more flexible if the
thin-walled part 121 in the connecting member 12 is longer,
as mentioned above. Accordingly, it is preferable to
position one end of the thin-walled part 121 as close to
the first fitting member 10 as possible and the other end

as close to the second fitting member 11 as possible.

(2) Outside and Inside Diameters of the Thin-walled Part
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enhances the tube kink suppression effect. Here, the
total length L4 of the tube connector 1 is preferably

w0 pooa/orERge of 20 to 50mm Al so, the tube connkCT/ar2004/002142
is nore flexible if the 20 thin-walled part 121 in
t he connecting nenber 12 is |longer, as nentioned
above. Accordingly, it is preferable to position one

1@dd of the thin-walled part 121 as close to the first
fitting nmenber 10 as possible and the other end as
cl oseAnooufts igde chitlamptteim@teried 1nsdslepesisimeber25D1l of
(2) Qutside and Inside D aneters of the Thin-walled

tRar tthily- WO12@0%/ R8T 642 PCit) R2GO4] 002142 1 th2iIn Armember 10
outside dianeter. OD4 and inside dianeter 1Dl of the

ehldi ieval pee eardbl?lsabdthentiadlyf idduay menidie 1utside
end are preferably substantially equal to the outside

d3 sttt eo QD% @ di hBSigde dH aeter 11322 obrt hend ifFBtst tube
tube 20 (OD4=0D2, |1D1=ID2). Likew se, an outside

2@'?55%@bﬁ%m'IﬁTdIbﬁ%'deL KEW&gé.|£§<§ﬁtéﬁae(ilameFFI‘ODl

thin-wall ed part 121 at e second fitting menb
d
il f el ;aﬁ@é?fﬁé.“?w%f arhE T AR PRk ot
be
thie eégg%ﬁgﬁé@q]{rﬁi%{? El R AT oPT qgervﬁe?ﬂr’%’de

SR A e %‘%@%"F%‘f@g AgeIR AT B Ui fRsiae
§edte. 2 smoth. fLow of Bl o9d ibe 30 (ODP10D3, ID3=TD4).
In this way, there is no sudden change in diameter of the
path of flow inside the tube connector 1 which connects
the first tube 20 and the second tube 30, with it being
possible to create a smooth flow of blood.

Here, the expression “*substantially equal” indicates
that a difference of about several mm can be tolerated
(the same applies hereafter).

Also, a ratio in outside diameter of the tubes to
be connected is preferablyinarangeof(0.7tol.3. Further,
a ratio in outside diameter of the thin-walled part 121
to the tubes to be connected is preferably in a range of
0.7 to 1.3. This applies not only to a straight connector
but also to a T-connector and a Y-connector.

Considering a diameter of a common tube, the outside

diameter OD1 of the thin-walled part 121 is preferably
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15 Here, the expression'" substantially equal
indicates that a difference of about several nmm can

wheoosorssat ed (the sanme applies hereafter). APGDJP2004/002142

ratio in outside dianeter of the tubes to be
connected is preferably in a range of 0. 7 to 1. 3.

trﬁrg h}_e(rj1 82%9% %2%% QLE{)UtSI de di aneter of the

i ‘n-wal Ped par T8t ubes to be connected |s

refe n a ran 0. 7 to Thi s apl
ﬁot o%% %Ps%?:Fgﬁﬁ conRBE S ﬁﬁﬁ wakh thig ness N1 of
nect or d_a Y-connector. Considering a dianeter

5 S R B RRER L LS, PRRE dAki B I T hRGLEr FEDIt of 28hd s
th|n wal | ed part 121 is preferably 18 WO 2004/ 073764
ABEHFPLBBAEIR ML fam g rhngElver A de, threminAs dshewr face
in FIGS. 1 and 2, the wall thickness N1 of the
ae -hel pedspale swufane ehe mMindberpadell2A tls each other
approximately uniform In other words, the inside
iguithdce mrahd thecmﬂdmn@iyurﬁa¢50aﬂgwﬂhquméi&é Mibheter
each other in this part. Accordingly, not only the

butsede alitdretart sbae al aaetther eut sitde i arekan 1efd thert 121
thin-walled part 121 gradually decreases fromthe

ghiardsia 114t deg reihes Abofndhet @ ither secondn i hém@%r 10 end
menber 11 end. 10 Such an approxi mately uniform wal

tbhitakness ocNh df £ i thenbhinsed L-ed 1padig 121 hel ps
increase the flexibility of the connecting nenber 12.

(aEZj V& bnTRICkSSs6R 1 G te8, flf $Eofh (a9 MIPELni%s N1 of
the thin-walled part 121 helps increase the flexibility
of the connecting member 12.

(3) Wall Thicknesses of the First Fitting Member 10 and
the Second Fitting Member 11

The first fitting member 10 and the second fitting
member 11 respectively have wall thicknesses N3 and N4
at their edges 10A and 11A smaller than wall thicknesses
N5 and N6 at their bases 10B and 11B near the connecting
member 12, around&the*whole.circumference (N3<N5, N4<N6).

As a result, the edges 10A and 11A can be bent
elasticalLytosomeextentwhilenmintainingthestrengths
of the first fitting member 10 and second fitting member
11, when compared with the case where the wall thicknesses
N3 and N4 are respectively equal to the wall thicknesses

N5 and N6.
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the Second Fitting Menber 11 15 The first fitting
menber 10 and the second fitting nenber 11

wo e®petisael y have wal |l thicknesses N3 and N4 PEL/JR20€4/002142

edges 10A and 11A smaller than wall thicknesses N5
and N6 at their bases 10B and 11B near the connecting
menber 12, around the whol e circunference k
N4- <NBhergdome a Ehsuland thb @ég@&lelcfﬁ?-%ﬁg tuR& a0 pEitted
bent elastically to some extent while maintaining the
ist tbagf hestof ithd g member tih@ e erdl éMOieEg@dsecond
fitting menber 11, when conpared with the case where
tube Bal fithieckiessbe sN3cantl N4 @t egrespbetd Lél Yeegua more
to the wall thicknesses 25 N5 and N6. 19 WO

f204/KIVS 764 aPCTHRP20Q4/302102 atberdfroreithbaternd2ing the
of the first tube 20 fitted in the first fitting

coRmast 18nandt hhenenduBé @nhbetzpcond mhubebdithg so, when
fitted in the second fitting nmenber 11 becone nore

rbhedi %H@%&ﬂé’@tﬁ@ﬂ-—?% ol9Aq ankle K- b §haube 1305] Reid BE fect

5 connection with the tube connector 1. This being so,

gﬂﬁf?h é%##,ﬂgtf@f%:re'egéwt:%Bﬁﬁé:q}@Qnghené%%oﬂHeté@ﬁnectlng

orce acting on th

a%ﬂi’i C b atohl & it P B R L B sl TR 2 tube

Sy @arzﬁhﬁerc%ﬁéﬁ&“@eio%%' Fitting menber 11
gragggaggg,aﬁérﬁgee aigm Lh%kerggggeéoéfa%%ellﬁ_rst ?_tting
member 10 and second fitting member 11 gradually increase
from the edges 10A and 11A to the bases 10B and 11B
respectively, the flexibility of the entire first fitting
member 10 and second fitting member 11 increases.
Accordingly, the first tube 20 and the second tube 30 are
more effectively kept from kinking near the connecting
area. In this case, a rate of increase in wall thickness
of the first fittingmember 10 and the second fitting member
11 from the edges 10A and 11A to the bases 10B and 11B
with respect to the length of the tube connector 1 is
preferably in a range of 0.1 to 6.0%.

Also, a ratio (N3/N7) of the wall thickness N3 of

the edge 10A to the wall thickness N7 of the first tube

20 and a ratio (N4/N8) of the wall thickness N4 of the

edge 11A to the wall thickness N8 of the second tube 30
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respectively, the flexibility of the entire first
fitting nenber 10 and second fitting nenber 11

w0 pnezFes. 15 Accordingly, the first tube 20 eemJr2aet/002142

second tube 3 0 are nore effectively kept from
ki nki ng near the connecting area. In this case a
r at i ncre wal | thickness e flr

f?n{j BREEE TP d iheh SECBAG f1% 14 ﬁ;g 1611
fronlthe edges 10A and 11A to the bases 10B and 11B 20
with PespeRiaigachabsiy B totsrsitpRleohpectokhtthg first
fpreferably in arange of 0.1 to 6.0% Also, aratio

(NB7 NPy REmbas WAl 2ndhtbrneesongd bittimg awebapAltdo have
the wall thickness N7 of the first tube 20 and a
et iwa I INAZINBY k DB stetess i3 | ant dhi Nk reels S INgL of etige 25 (dgend 11A
11A to the wall thickness N8 of the second tube 30 20
SW2 2004 /10V8i 62h £Gid 1 P20h4 £R02k4Er s at’e abad N rdaf eéhably bases
in arange of 0.15 to 0.6. As explained above, it is

1dssianablle H ee 1ot Btike Iy I StHoléveirngeresbahd® aiidy one of
the second fitting nmenber 11 to have the wall

tiHd ekness esi tNSi Agdm Mt r heiah eages sEARAdf 18819 g member

smal ler than the wall thicknesses N5 and N6 at their

1ha3Rss 408,804 1B 4 £EPeRkiie] s s HOveY 8ls é‘d’&é‘ Wﬂﬁﬁ at its
only one of the first fitting nenber 10 and t

b%%fé)”dtﬂ%t LiFe Jenger o é‘és@nﬁ”@effgk@@a'ﬂfﬁ]@' £K9%SShe

i'ts édge than at i ase

@E%hﬁg a3 dd Ubg, ki Rie r%?é‘ﬁlé% O%I”S%QQLﬁﬂrggtent

can e ACRI 6Ved to0 A Certain exte
th'Ck&i%%?séﬁ%a”dlﬁméﬁléﬂﬁeg% S N3 and N4 of the edges

10A and 11A are preferably in a range of 0.5 to 2.0mm.
(4) Construction Material of the Tube Connector 1

A construction material of the tube connector 1 is
notgparticularly limited, as a material used for a common
tube connector is applicable. Rather, the hardness of the
construction material especially in the thin-walled part
121 is important.

If the material hardness of the thin-walled part 121
1s substantially equal to that of the first tube 20 and
the second tube 30, the tube connector 1 can be flexibly
bent when rolling the first tube 20 and the second tube
30. Hence the first tube 20 and the second tube 30 are
effectively kept from kinking.

Accordingly, the same resin (e.g. polypropylen or
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10A and 11A are preferably in a range of 0.5 to 2. 0mm
(4) Construction Material of the Tube Connector 1 A

w@ewgnriIeéd i on naterial of the tube connector 1PCEIP2064/002142

not particularly limted, as a material used for a
common tube connector is applicable. Rather, the
hardness of the construction nateria% eéﬁechgikxlin
PY®Y 28 bheaPhedusad fomthe §imekt GHPe P ¢ e second
materi al hardness of the thin-walled part 121 20 is
twoesBantieal be egzal ts tha InEREUOLIRN (HREeFdaghef the
the second tube 30, the tube connector 1 can be
tibexcbhynedeor vwhen rolling the first tube 20 and the
second tube 30. Hence the first tube 20 and the

secomkrtalpet B8 &ide efdecécvelry kepthérbhrkitnkivie 26, and
Accordingly, the sanme resin (e.g. polypropylen or 21

tNE)gggékﬁﬂaﬂﬁﬁepﬁﬂ/%E%QQ&&Q@2§4Baﬁ@ﬂ3 dasrohetene hisedness
for the first tube 20 and the second tube 30 can be

oP%@ﬁ asat Re Lopsinyctivoprpterd 86 oh theanlgdbef 60 to 98.
con gctor 1. Here, "the tube connector 1, the first

t ube ﬂg@kr 5 oaf emblyidvegnect
duroﬁé%%r arﬁn ég%eggﬁgggéé%?ggggfging to JI'S K7215 eeRor

1 ARG (0 10:58eq 100, BRoUB. I tabl ] soiursgyoiae

in terns (1) the 1ength of

S R, L B1 R LAY LT ) cne
nglt@ﬁig{rnsetssfégtép%hnee J_errs%qué{lgi%(ac Q%ber 10 and second
fitting member 11, and (4) the construction material of
the tube connector 1 can be combined to enhance the tube
kink suppression effect.

This embodiment describes a straight connector as
one example, but the present invention is not limited to
this. The present invention is equally applicable to a

T-connector or Y-connector for connecting three tubes,

as described below.

Second Embodiment

The following describes a T-connector and a
Y-connector as the second embodiment of the present
invention.

FIG. 5A is a perspective view of a T-connector 40

to which the second embodiment relates. FIG. 5B is a
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fitting menber 11, and (4) the construction materi al
of the tube connector 1 can be combi ned to enhance

wo b4otdses ki nk suppression effect. This enbodPemEdm2004/002142

descri bes a straight connector as 15 one exanple, but
the present invention is not limted to this. The

sent _Lnvention_is_ equall ppl.i cab to a

SfK%EH%EEh V157 v € oiéctior© %8 %gng three tubes,

as des rlbed bel ow.. 20 Second Enbodlnent The
foIIoﬁﬁﬁgmmﬁﬁﬁm%€§oé'ﬁQx#ﬁé%@th&Mdmﬁdgﬁ%ﬁnﬁécFOKUbU1ar
as the second enbodi nent of the present invention.

st Al feingpeenpest e 1nitenwwdfich promisd it 4dimst tube
t.o which the second enbodi nent relates. FIG 5B is a

122 B I (4§ 10781 6 4 a PETRIR2004¢ € 02142 £ iddrith @ maembiegw4sf into
the T-connector 40. The T-connector 40 is roughly nade
wiip i endé mdlanf &isstohid thiuige nesrbes BE fi bt bedhi ahtubular
one end of a first tube is to be fitted, a tubular

ceenondt i hgt negbwenied Bhhotech beittheonetleadf 0fs& fitting
second tube is to be fitted, a tubular connecting

meBTHEr 43 Mn@@éege@@h‘&e@iﬂﬂh%élrﬁéﬁlbéﬁ tmnganraelab%bular
41 and the second fitting nenber 42, and a tubul ar

thitidd Fitiing BORsE 44 430@8§8*e%dcé’@f€ré£§| los 14 § hw&%% the
connecti ng nenber 43 and into which one end of a th
ﬁ%ﬁ%%%@lh% Rnfife fi h%e%ndlfﬁﬁbn%hf@ﬂCSEeogﬂJ“%£'Eskhlrd
tube is tobe fitted. Internal spaces of the first fitting
member 41, the second fitting member 42, and the third
fitting member 44 each connect with an internal space of
the connecting member 43.

The connecting member 43 is constricted in a middle
part 43A, thereby forming a thin-walled part 431 that has

a smaller wall thickness than an adjoining part 43B

adjoining to the first fitting member 41 and an adjoining

~part 43C adjoining to the second fitting member 42.

This thin-walled part 431 is continuously formed
around the whole circumference of Ehe connecting member
43, except the area where the third fitting member 44 is
connected.

Thus, the T-connector 40 has the thin-walled part
431 that has a smaller wall thickness and a smaller outside

diameter than the adjoining parts 43B and 43C in the
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menber 41, the second fitting member 42, and the third
fitting nmenber 44 each connect with an internal space
woto4priseconnect i ng nmenber 43. The connecting PETDR00482142
is constricted in a mddle 15 part 43A, thereby
formng a thin-walled part 431 that has a smaller
wal | thickness than _an adjoining part 43B a%joinin
canne@dingr senberi Ag -neferh 42 gﬁ&@éﬁl%%?ni i %%aﬁPre
43C adjoining to the second fitting nmenber 42. This
£ lteh Wb el Itdhipaa t T480nirse conri Wlidust yAeepnd®t Jpaseotie
the whol e circunference of the connecting nenber 43,
tlexcept lileel areat wheile t le tHiler fvoridsg meniirgig between
connected. Thus, the T-connector 40 has the

tHimmat| et pany médbdhatl hasd alssred@rndaf itting member
t hi ckness and a snmall er outside 25 dianeter than the

4 2dEQhNivRg s d S£43B13ndy43€ecian the 23 WO 2004/ 073764
PCT/ JP2004/ 002142 connecting nmenber 43. Such a

T-co P50 4Pnks WBY & £f Laxidle- shafcatbreonnectdle first
whi ch does™ not have the thin-walled part 431. In

t&ggegnwp%%%cﬁ?ﬁeﬁ%!%ﬁ%%“@%ﬂ ddexbbestrAdi tkeking near

nenber 41 an e second fitting nmenber 5 42 can be

tﬁgggﬂﬁﬁgﬂ)i%@fg?%g-ﬂgémggt&?%L@grgE Q%Ebdiment.

e first e and the second tube
Cor, B (5 Phe b A oY, oAU EOIBIOHARE Bhmitory
wifhotd WP EaRRaRY k.

FIG. 6A is a perspective view of a Y-connector 50
to which the second embodiment relates. FIG. 6B 1is a
sectional view of the Y-connector 50.

The Y-connector 50 is roughly made up of a tubular
first fitting member 51 into which one end of a first tube
is to be fitted, a tubular second fitting member 52 into
which one end of a second tube is to be fitted, a tubular
third fitting member 54 into which one end of a third tube
is to be fitted, a tubular first connecting member 53
connectedbetween the first fittingmember 51 and the second
fitting member 52, and a tubular second connecting member
55 connected between the first fitting member 51 and the
third fitting member 54. Internal spaces of the first

fitting member 51 and the second fitting member 52 each

connect with an internal space of the first connecting
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10 without a tube kink. FIG 6A is a perspective view
of a Y-connector 50 to which the second enbodi nent
wo edoanexe4 FI G 6B is a sectional view of the PCT/JP2004/002142
Y-connector 50. The Y-connector 50 is roughly made up
of a tubular 15 first fitting nmenber 51 into which
one end of a first tube is to_be fitted, a.tubular
m%%@@ﬁdﬁ%tti%ﬁf%%ﬂﬁérSQ??@ﬁcmeﬁpgh &ﬁﬁ%nﬁlg£¥§g member
second tube is to be fitted, a tubular third fitting

5heab6r the ithirdnf éhtdmo ermemBeTa thiGarh upennest g7 pel an

fitted, a tubular first connecting nember 53 20

igbaroctleds prtoceli the fdecenfli conmeiehber MsTbgH the The
second fitting nmenber 52, and a tubul ar second

f toshesd hng ciemiemente 6 3recd dthderwesrd cloanfg@ging member
fitting nmenber 51 and the third fitting nenber 54.

5% ndes na 1 ispacesgethekeohitise £firstihgt réngemeBbeandl side.
the second fitting nenber 52 each 25 connect with an

i ntermad spase ebrecfingt meanectingis2doMBtricted in a
2004/ 073764 PCT/ JP2004/ 002142 nenber 53. |nternal

m$Raaes frt hezhi r shehidy nBorRARR) a Xhandwhhaddiggrt 531
fitting nmenber 54 each connect with an internal space

tﬁgttﬁ%ﬁ?%@%ﬂgﬁgggpgééiTgtm@g%ﬂeéé-tﬁaﬁ ahl B8Hoining part

connecting ne and the second connecting nenber
> $5%0 JLErA S0 Zho0FL BEC BDLLAB LRl i1 Lo RRSS i
PEREobe LB e S U oA g I pek6an i
t thgg? eéh%gr'1§§qo£gi%%ﬁ¥{£uously formed around the
whole circumference of the first connecting member 53,
except the area where the second connecting member 55 is
connected.

Likewise, the second connecting member 55 is
constricted in a middle part 55A, thereby forming a
thin-walled part 551 that has a smaller wall thickness
than an adjoining part 55B adjoining to the first fitting
member 51 and an adjoining part 55C adjoining to the third
fitting member 54. This thin-walled part 551 is
continuously formed around the whole circumference of the
second connecting member 55, except the area where the
first connecting member 53 is connected.

Thus, the Y-connector 50 has the thin-walled part

531 that has a smaller wall thickness and a smaller outside
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53B adjoining to the first fitting nmenber 51 and an
adj oining 10 part 53C adjoining to the second fitting
woreeoder37’eL. This thin-walled part 531 i s contPCI/oRSO4/002142
formed around the whole circunference of the first
connecting nmember 53, except the area where the
second connecting nenber 55 is connecte& éé . ,
dianehpset heRethecafd odaring Rag frendBra®g 3¢ in the first
constricted in a mddle part 55A, thereby formng a
camnechanigedigabe 558 t hauthasaa isaR 1 ReChar Xthi tknBese
than an adjoining part 55B adjoining to the first
fiéetibhe tiembea ¥t anthactad] cilmialy geets 380 abpdenitiye
to the third 20 fitting nenber 54. This thin-walled
tipa twidl dd pL£pat buqusiay Sor redealouthdetamols® has the
circunference of the second connecting nenber 55,

tiexgenh1tikes ?sgt\/\@eﬂe thet hiarsta conpedtamgrakibeh Fkness

i's connecte Thus, the Y-connector 50 has the

aﬂ(ﬂ'c{‘ é‘,\ﬁgh_q_%rp%ﬁtsgée5%l%_atnt@ﬁeba§h%r§|ﬁié eddy8lihing parts
thi ckness and a snaller outside 25 WD 2004/073764

5%@[8559’%?@%% ﬁe g'e%cfrcéﬂﬂ@éﬂ%@dﬂléinﬁb&g PArt Ssuch a

Irst connecting menber 53. Such a

SR A AP LRI A 4 T EP Gy e
T G D A A o

gt %ﬁgq%zl LT 18R £ P56 DASEE IR B cing
member 51 and the second fitting member 52 and an angle
between the first fitting'membér 51 and the third fitting
member 54 can be more freely varied. |

Through the use of this Y-connector 50, the first
tube, the second tube, and the third tube can be kept from
kinking near the connecting area, as in the first
embodiment.

As a result, the tubes can be rolled up compactly
without a tube kink.

The preferable features of the tube connector 1
explained in the first embodiment in terms of (1) the length
of each part, (2) the outside and inside diameters of the
thin-walled part 121, (3) the wall thicknesses of the first
fitting member 10 and the second fitting member 11, and

(4) the construction material of the tube connector 1 also
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Y-connector 50 is nore flexible than a Y-connector
whi ch does not have the thin-walled part 551. 10 In

wo@rdven73mes ds, an angl e between the first fittiPgr/JpP2004/002142

menber 51 and the second fitting nmenber 52 and an
angle between the first fitting nmenber 51 and the
third fittin menber 54 can be npre_freely v rieg.
ARRLYuGR Ehe agé%zrn%t@rvé@oﬁﬁéc?a@ §0,C%+ﬁe?gf>§t 0,9f the
tube, the second tube, and the third tube can be kept
seremd l@MROAGMeSdr- t he connecting area, as in the
first enbodinment. As a result, the tubes can be
rolled up conpactly without a tube kink. 20 The
preferable features of the tube connector 1 explained
Expetrtiendn t sbnendhedi Tebe KidlergsppirehiomeEfergith of
each part, (2) the outside and inside dianeters of the
thin-yel ledaapiri2ivd Axpdeimant thisckoessestefl thecheck
first Tfitting nmenber 10 and the second fitting nmenber

thd, tdHk 20ihR) st £0885E bYCtd PRe ARt grala®f athedubeéxample
connector 1 also 26 WO 2004/ 073764 PCT/JP2004/ 002142

c@ﬁ&@%ﬁdh&bﬁ Ttbc@ﬂgxﬁfgsﬂoeﬁ@$dfﬁbﬁ%Céﬁﬂeﬁt@bﬁ%@@ﬁtive

the second gnbodlnent. Experinment on the Tube Kin

ooUpRrEession Effect 5 (1) A conparative experinent was
conducted to check the tube kink suppression effect

[oF BR,BCLHBLL XN S LCPLT 2IRANCEDE LE £RR 215¢ tube 20

enbodr e conpar a
and the second tube 30. The first tube 20 and the second

tube 30 were connected with the tube connector 1 in the
actual example, and connected with a tube connector 101
Withoutvthe thin-walled part 121 in the comparative
example.

The coﬁnectors and tubes used in the actual example
and the comparative example are formedof PVC. Thediameter
of the tubes is ®9.5mm.

The dimensions of eachpart of thestraight connectors
in the actual example and the comparative example are shown

in Table 1.
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exanple. Two short tubes were prepared as the first
tube 20 10 and the second tube 30. The first tube 20
wanpw4nimgesecond tube 30 were connected w th tPET/IRNEH002142

connector 1 in the actual exanple, and connected with

a tube connector 101 wthout the thin-walled part 121
in_the conparative exanple. 15 The connectors and
(fahd<e ukkd in the actual exanple and the conparative
exanpl e are fornmed of PVC. The dianeter of the tubes

is 09.5mMm The dinensions of each part of the straight

oxampl e are shown] 2 fogﬂ NN TR A

PCT/ JP2004/ 002142 e 1) STRAI GHT T- CONNECT

Y- CONNECTOR  CONNECTOR .COVMPTUAL T GAIM FCOMRC TS JAIOMBOVPACTUAL
ACTUAL EX. EX B

U EX. EX..EX AL| LENGTH(
45.0 38.0 48.0 46,0 B%. 0 48"3.’5)< LE@H F 16, 0 9??‘19 o %

/\Il

TOTRAI35ENCTY. 4nnOONBRECT| NG3WENBERSB ) | OUTS| DE64.0 | 48.0
DI AVETER

LENGTH OF 16.0 9.4 19.0 17.4 35.0 19.4
CONNECTING MEMBER

(mm)

OUTSIDE DIAMETER
OF THIN-WALLED - 14.0 - 14.0 - 14.0
PART (mm)

LENGTH OF
THIN-WALLED PART - 8.0 - le.0 - 13.0

(mm)

WALL THICKNESS OF 2.0 1.0 2.0 1.0 2.0 1.0
EDGE (mm)

WALL THICKNESS OF 2.0 1.6 2.0 1.6 2.0 1.6
BASE (mm) -

LENGTH OF FITTING| 14.5 14.3 14.5 14.3 14.5 14.3
MEMBER (mm)

RATE OF CHANGE IN
WALL THICKNESS OF| 0.0 3.8 0.0 3.8 0.0 3.8
FITTING MEMBER (%)

This being so, the parts of the first tube 20 and
the second tube 30 at an equal distance from both ends
of the tube connector were grasped and gradually brought
closer to each other so as to roll the tubes.

In both the actual example and the comparative example,

no kink occurred when an interval W between the tube parts
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OF THIN-VWALLED - 14.0 - 14.0 - 14.0 PART (m) LENGTH
OF THI N-WALLED PART - 8.0 - 16.0 - 13.0 (mm WALL

WO RloGNESS OF 2.0 1.0 2.0 1.0 2.0 1.0 EDGE ( nPgT/¥¥2004/002142
THICKNESS CF 2.0 1.6 2.0 1.6 2.0 1.6 BASE (mm,

LENGTH OF FITTING 14.5 14.3 14.5 14.3 14.5 14.3
MEMBER (mm) RATE OF CHANGE | N WALL THI CKNESS OF 0.
wegs glarges. Wt 023 kg nkr qFENCIFEVBERE Lo ijsmb%rh’&qscﬂ was
the parts of the first tube 20 and 5 the second tube
dsoratsad eqliErei samncet érgmlbPilhasnwhicdy & hénkypecurred
connector were grasped and gradual ly brought closer
i ocleachicotihér esmmsl owael bmiald embglsan| anbonatieal W2 at
actual exanple and the conparative exanple, no kink
wPLEHI hed Mienoanuirticed vah Whizetowepatrhe itvdeepampd e 28
WD 2004/ 073764 PCT/ JP2004/ 002142 was | arge, but a

ki nk yapicd regl ﬁ@%vébewh@hewyawm/\;a&h@@m@ﬁe@lube 20 and
Here, an i nterval at which a kink occurred in the

E 4R TR 1 0B SELLRaI e Ve crange
npar ati ve exanpl e.

as shown in FIG. 4A, but the first tube 20 and the second

tube 30 were kinked at points Al and A2 near the connecting

area in the comparative example as shown in FIG. 4B.

In the comparative example, the first tube 20 and
the second tube 30 were fixed straightly for a length
corresponding to the length L of the tube connector 101,
as shown in FIG. 4B. This caused a significant effect of
the bending force on the first tube 20 and the second tube
30. In the actual example, on the other hand, the tube
connector 1 is curved as shown in FIG. 4A, so that the
effect of the bending forcé lessens.

FIG. 7 shows a result of measuring the interval W
at which a kink occurred as an evaluation indicator. 1In
the drawing, the interval Wis indicated by relative value.

(2) The same experiment was conducted on the
T-connector 40 and the Y-connector 50 of the second
embodiment as actual examples and a T-connector and a

Y-connector that do not have a thin-walled part as

comparative examples. The connectors and tubes used in
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5 Wiich is to say, when W-<WW2, the first tube 20
and the second tube 30 were not kinked in the actua
wex@aprises as shown in FIG 4A, but the first tPROBEIE004/002142
and the second tube 30 were kinked at points Al and
A2 near the connecting area in the conparative
exanple as shown in FIG 4B. 10 In the conparative
thexaople] ehempilest andiehe @ ameR r o kd VEeFATR L R3¢ formed
were fixed straightly for a length corresponding to
oft perd enghll ttiof dbembtles cofinebeortuas 1gs ¥hawiimin The
FIG 4B. This caused a significant effect of the
aikendi nenkore @ichhpafhitr stré ubkod aml Thblsecond t ube
15 30. In the actual exanple, on the other hand, the
t ubepTEONFECEREwd kD LUryedlas sghovnibneRip@r denso too.
that the effect of the bending force lessens. FIG 7

showg ;achesil ti Of piBasyri nthd hent BreaMalw Wt athwbhcl &ink

ki nk occurred as an evaluation indicator. In 20 the
oafikSE ph A ELRE A Ehe e e et ed onthe
BT OHE 45 HAPUST Sl o and 3 1~ Sonmeci o and a0
T SHPAPEEe oyt Bt Sl o RRPBPL and t Ibot. teed T OF
i ahBbes At EREOEaTHh ot PG “Bral BLPAPoE nid
DaH MERGFOR® GTOLCRPPARE IO GRRIPRCFatl & ILhOUE causing

a tube kink.

mﬁ%es it

INDUSTRIAL APPLICABILITY

The present invention can be used for an
extracorporeal blood system such as a hemodialyzer, a
pump-oxygenator, an artificial liver, and a plasma
separator. In particular, the present invention can be
effectively used for a preconnecting-type system as it

enables compact packing without causing a tube kink.
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FIG 7 shows the result of this experiment, too. 5 As
shown in FIG 7, the interval Wat which a kink
woe@uorxe was smaller in the actual exanples tPemIRa004/002142
the conparative exanples for both the T-connector and
the Y-connector. These results denonstrate that the
use of the tube connectors of the above enbodi ments
makes it 10 possible to rhAIME the tubes conpactly
wi t hout causing a tube kink. | NDUSTRI AL APPLI CABI LI TY
The present invention can be used for an 15
extracor poreal blood system such as a henodi al yzer, a
1 .PWWP- OxY garaisoraalartiifdcl alt ild epubangoa g Gsad
separator. In particular, the present invention can be

cog[{élegggﬁglzy used for a preconnecting-type systemas it
enabl es Conpact packing w thout causing a tube ki nk.

20 3Q WD,-2Q044 Q73 7R niald P04 0G24 421 n CeAinME. Epafre into

extracor poreal circul ation tube connector conprising:

E oo first fitti . _ . _ !
2 & TOhat ddd topg ”?’I%es'thﬁﬁb@ af ot penalitspade into
YT eh oneeénd o? g irst tube i;_to be fitﬁéd; ae

TS AR S P R e
wﬁi@%|g%éugggcé%ng @%ﬁgﬁdb@dﬁésfgdﬁbc@%j@fﬁ%@@@ and
a tubular connecting member being sandwiched between
and connected with the first fitting member and the second
fittingmember,sothatzn1internalspacecﬁftheconnecting
memberconnectswiththeinternalspaceofthefirstfitting
memberandtheinternalspacecﬁftheSecondfittingmember,
wherein the connecting member has a thin-walled part
inthemiddle,thethin-walledparthavingasmalleroutside
diameter‘andaxsmaller“wall'thickness'than”remainingfparts

oftheconnectingmemberthatareclosertothefirstfitting

member and the second fitting member.

2. The connector of Claim 1,
whereinthethin-walledpart is formedasaringaround

a circumference of the connecting member.

3. The connector of Claim 2,

whereinaratioinoutsidediameterofthethin-walled
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10 and connected with the first fitting nenber and the
second fitting nenber, so that an internal space of
W0 b@4omIeect i ng  menber connects with the int ePCEIP2004/002142
space of the first fitting nenber and the interna
space of the second fitting nmenber, wherein the
connecti ng nenber has a thin malled 15.in
randdie, thaef iFist allPedapdr Fhﬁa\?ler@rggs?r‘épleenl d.tnSIadgange
di aneter and a smaller wall thickness than renaining
ofpa®t¥ tof It.he. connecting nenber that are closer to the
f first fitting nenber and the second fitting nenber.
20 2. The connector of Claim 1, wherein the thin
-wal led part is formed as a ring around a

4 CireETbemencerofr oife cbanaci,ng menber. 3. The
connector of Caim2, 25 wherein a ratio in outside

di angfiflr &1 nthee thi Pswat 1 €€ ngmdEb B4 8 7B tfifeater inside
PCT/ JP2004/ 002142 part to the first tube and the

a££6a0d 1t Whesh Sth% ydaoae £afc 10 g t Rehbdr A. alibe
connector of Claim2, 5 wherein the first fitting

menbery, bas, ng %eeat%ia Rsigde o i apet Q:rhirli‘aﬁatl.rl%@%QBﬂ

fitting ne e outS|de di ameter of the

g%%clgplﬁ. l r s?a ?ggﬁll B}ﬂengﬁﬁefégi (g_{%lﬁé)%.le@g fitting

ing ne to another end facing
t he se ond fit

s
m%?gﬁﬁl anotﬁé?geg%ﬂ¥%01ng tge E@%o @nfEE% dH member.

5. The connector of Claim 2,

wherein the outside diameter of the thin-walled part
is substantially equal to an outside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an outside diameter of the second

tube in another end facing the second fitting member.

6. The connector of Claim 5,

wherein an inside diameter of the connecting member
is substantially equal to an inside diameter of the first
tube in one end facing the first fitting member, and
substantially equal to an inside diameter of the second

tube in another end facing the second fitting member.

7. The connector of Claim 1,
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wherein the outside dianmeter of the thin-walled part
is substantially equal to an outside dianeter of the
w0 e0gn737641be in one end facing the first fittiPgr/JP2004/002142
menber, and 15 substantially equal to an outside
di ameter of the second tube in another end facing the
second fitting nenber. 6. The connector of Caim§5,
wher wihre e i st decals nerero bt had EBRket i tid HeMs&ber and
20 is substantially equal to an inside dianeter of the
tHe rsécondbef int bng erehbeaci hg tthodlasy fandikys a wall
menber, and substantially equal to an inside dianmeter
tfcthessethad itupeehmreandhheneceandf hebcngat hbesecomgcting
fitting menber. 25 7. The connector of Claiml, 32 WO

meaP04L 0¥ 3464 PETAARIANA 09»442 wherein at | east one of
the first fitting nenber and the second fitting nenber

is tubular, and has a wall thickness that is greater
in one end facing the connecting nenber than in

B?nPﬁQeEéﬂﬁ%%Eog'cﬁh%if pReet or of Cdaim?7, wherein

t he "wal’l ness of the at | east one of the first

fitti nggekﬁg“ké § %ﬁg%gﬁé%&tb%g £t least one of

gradW' y incréases Trom er end to the end f

aci 0 the connecti.ng_ne r . n I of b
t%?a?ﬁF@%‘ﬁ%ﬁFEFHgaH%E?%QBfan%ﬁﬁgggesgﬁﬁﬁ%flﬁ$ﬁﬁgk eé%em e
gégdagﬁly increases from the other end to the end facing

the connecting member.

9. The connectoi of Claim 8,

wherein a rate of increase in wall thickness of the
at least one of the first fitting member and the second
fitting member with respect to a length of the connector

in a tubular direction is in a range of 0.1 to 6.0%.

10. The connector of Claim 7,

wherein a ratio in wall thickness of the other end
of the at least one of the first fitting member and the
second fitting member to a tube fitted into the at least
one of the first fitting member and the second fitting

member is in a range of 0.15 to 0.6.

11. The connector of Claim 10,
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at least one of the first fitting nenber and the
second 15 fitting nmenber with respect to a | ength of

W b@4pmtector in a tubular direction is in a PENH00£002142
0.1 to 6.0% 10. The connector of Claim?7, wherein a
ratio in wall thickness of the other end 20 of the at
| east one of e first fi er. and the ec nd. .
fittimeheASer e bl eghen |<f nh‘o d%f”ﬁ eS?t ﬁ%n%l”t
of the first fitting nenber and the secon flttln%

fhehbag MeTReR anhddorarasdthbl prenNFeRPeTRS 11 a range
connector of Claim 10, 33 WD 2004/073764

o PCT/. 3P20042 002M 2in \ihet &i FhtiiiekBEEEr end of the at
| east one of the first fitting nenber and the second
fitting nmenber is in arange of 0.5 to 2.0nmin wal
thickness. 5 12. The connector of Caiml1, wherein a

5 12at rbeofcanavmtefr |lehgthsiaf The first fitting nenber

and the second fitting nenber to a Iength of the

connegh 8k eiim a ratbid af dishecdifdrehgths &f thegki ot btting
to 0.9. 10 13. The connector of Claim 12, wherein the

méﬁﬁa&h £ tPReCORRRGIDIF{ 6thA A HamEer @b 20 e HOMLE the
14. The connector of Claim1l, wherein the
cBQH@@%dehﬂegbﬁﬁbuﬁ@%1&£§éc£€@% iddin a range of 0.5 to
0.9. '
10
13. The connector of Claim 12,

wherein the length of the connector is in a range

of 20 to 50mm.

15 14. The connector of Claim 1,
wherein the connecting member, the first tube, and
the second tube are each formed of a resin, and
the connecting member has a substantially equal
hardness to the first tube and the second tube.
20
15. The connector of Claim 14,
wherein the connecting member, the first tube, and
the second tube each have a durometer hardness of type
A according to JIS K7215 in a range of 60 to 98.

25
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t he second tube are each forned of a resin, and the
connecti ng nenber has a substantially equal hardness

wao eootloe3764 r st tube and the second tube. 20 15.PahaP2004/002142
connector of C aim 14, wherein the connecting nenber,
the first tube, and the second tube each have a

e R e T SRR

PCT/ JP2004/ Q02142 . 16. The cqnnector of.C%ain1ﬁn .
furt hBrtRoffr f $ERdNRIEMRET 13 YHRE FRiferehidingPafe 1nto
internal space into which one end of a third tube is_ |
whd e gneteBd afdabshdgd donpeciedtei PR fHE tRAnedRngeing
menber so that the internal 5 space of the connectin
cpamretedrmbthst it tonhe dintey megmbepase %hatth*ehtehw%ernal
fitting nmenber. 17. The connector of Claim1 further
speny icd fidie acrubed bi ngduemnbetalcgurmetsiwytheber internal
branching off 10 fromthe connecting nenber at one
spnttd acf nghtehecHirdt fifdtinggmeeidsar, and a third
fitting nmenber having an internal space into which
one end of a third tube is to be fitted, and being
connected wth the additional connecting nenber so

1thatrdé apnind@Edal ogpate ph thewaadiét osampaongesti:ng
menber connects with the internal space of the third
fitti Q% ybular additional connecting member branching off
from the connecting member at one end facing the first
fitting member; and
a third fitting member having an internal space into
which one end of a third tube is to be fitted, and be€ing
connected with the additional connecting member so that
an internal space of the additional connecting member

connects with the internal space of the third fitting

member.

18. The connector of Claim 17,

wherein the additional connecting member has a
thin-walled part in themiddle, the thin-walled part having
a smaller outside diameter and a smaller wall thickness
than remaining parts of the additional connecting member
that are closer to the first fitting member and the third

fitting member.
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10

menber. 18. The connector of Claim 17, 20 wherein the
addi tional connecting nenber has a thin-walled part
WO poottoz376d ddl e, the thin-walled part having aPGHalRA0er002142
outsi de dianmeter and a smaller wall thickness than
remai ning parts of the additional connecting nmenber
that are closer to the first fitting nmenber and the
third 25 fitting nmenber. 35 WO 2004/ 073764
§CT/JP2004/ 002142 19. An extracorporeal cjrculation
i r & (CELRREPIRNF 9P L c PREEU Pbi PPoF 4 h cHOMRF Lhing a
of the first tube and the end of the second tube are
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20. A preconnecting-type system comprising a circuit
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of the second tube are connected by the connector of Claim
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