;e3eX26LT]f r.. V1'0 02/0C>1318 1 TITLE MULTI - PURPCSE TUBI NG APPARATUS ;]q‘x
PCT/ US02/ 03098 5 1. Field of the Invention The present invention relatesi”
to a deviweofogisisse with flexible tubing such as that usefctQsyafheaus

fields which include, but are not Iimted to, mass transfer, heat transfer,
and radiation transfer. Mire 10 particularly, the present invention relates
to a device for holding and/or redirecting such flexible tubing while at

the sane tinme providing a conveni entray: t o hold and/ or clanp said tubing

in a manner which prevents or_mnim zes kinking of the flexible tubing

shoul d 15 wei ght be apptPE4LITREREPSE SHBEANEsARBURATEECUr -if the tubin

. were used to support devices attached thereto. Mst parti cul ﬂmwmwnmlmluﬁmll“
present invention relates to a device of the foregoing natur
particularly well suited3&EEIRRINDIF (TR AgVEN S Parti cul arly bedoossst 20

- limted tog, i nteriavenas dhali thaskd pi,$tration sets used in the nedical
field. 2. Discussion of the related art Biological fluid processing nethods

and appar atus ZRF RN KHoTRR§Ion eelrties THese dgipbeatier ivmd ude such as
a blood coptai g1 @ubidd Huch ik OAULILOR] WG §ag.e Al igconnect ed

by flexible tubing. Oten it Ts necessary to change t ection, or
reverse t Heidily dgidloife ofPdt crofnathel fnicged| o t utisy seusfer such . 3o

appar at us ndh KNQWL IR Ofa PR LAY o St diag @ hadi ticnal . rigid,

U-shaped tubi ng connect’or. Such a connector nay be rmed froma rigid tube
by berddi ngrantionlemly U'thshapessemd attediiony tdiefeexidl@ dabiawy of the

adm ni strat| : { ; ve [.S: presents the problem
of how t o S SR e GO e YR B RS R 108 2

connect i orwlbietanedn tthee Jdmexi thinge triwnigliargl & heorikdn sdrapecag arnect or. O t en,
adhesi ves ;or, oth ondi ng agents_ are needed, and then, the question of

Bai nt ai ni nlb;]?ii?gg%grcéi &iﬁ%@%@%&@irﬁ%&iﬁf B r%%s‘ﬁtﬂfed ' 5
econes crao#i imiHe¥ss kin rehee #*i0sllee CCubhi gy PHISELD ubirng Is
bent into a.,"U', .and additjonal short tybin i eces are inserted and

adher éd towetjfégﬁ' e E?‘% '%?%WB%' fsd'}cLi't r?esgé'g)oéﬁo‘ir%cﬂf%r%‘? erP | exi bl e
tubing to hebipressedd tumd otd heuspdrt Al tdamnald vacide sndettn 10 fluid flow
t hr ough tl}f flexi bcl.e t.ubi is interrupted by these inserted pieces. This
may per m t"He PAY quﬁr?e‘bi]‘g'on TR T e AT FareRie2 1R2F tH1%s and form
bubbl es i nidhieed |df dihei fgrdganspaidiad-e Apithers ko & a£0pRRELOr 1S
formed by injection 15 noJding a material into a desired shape. A one piece
connect or Eﬁ'h{Fedaé &5 PRI CHR I $§ toh Aot HARF e dPiE giE but t he
process yieldsan fdd)i diroondtoddatldipi £V d100ksS: dDrSetd ks " V' than a
"U', requiyres _a conplicated injection nolding technique, and a results 20
in unnecesjs‘hrtﬁl%ir‘tfg’rc%sﬁ%ejf%r t he devi ce. Wi chever known connector is
used, there still remains a significant problemwhere a reversal in

direction (change in direction) in the transfer path is desired w thout the
ri sks of t%ansporICyRirm| ok Kdie PBlalrEmifay be caused by particle or

bubbl e ent r apmanlo e 41 U, 81 G0 ddEanind AN QBQTRLE) ERl  yar | at i ons.

Anot her significant problemin the art is the pro ( apsed tubing,
whi ch 28l s@Tfayecdudeiawmanspothie pritth. bl By arndratus anakeyds iswdly | mpact

the 3o fluid fhowsharaat el sid 65.g Ald houghf helgs are,) o og

receiving bag, all connected by flexible tubing. Often

it is necessary to change the directioh, or reverse the
direction, of flow of the flexible tubing used in such
30 apparatus. A known way of doing this is to use a
traditional, rigid, U-shaped tubing connector. Such a
connector may be formed from a rigid tube by bending it
into a "U" shape, and attaching the flexible tubing of
the administration set to the connector. However, this

35 presents the problem of how to obtain a leak proof
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currently a nunber of ribbed tubing designs to address the tubing coll apse
issue, it is desirable to use conventional tubing that is well established
parti cul agbybdisfgedi cal applications. Also, the use of 35p§f@@@gﬁgm;ublng
yi el ds a broader selection of conmponents VWO (12/UCr1318 3

PCTI US(12/ U3WU98 to be used with the deyice. For exanple, commonly used
slide, pinch, and roller clanps are not fully functional with the ribbed
tubing. The,QeCUL ! 6ACE Ofedn ki 5 Piegiﬂké tﬂb%+gxéﬁéet g2 fyubi ng under

wei ght bearing srtuatrons is a SO0 a known pro min the prior art. Such
probl ens camape@u¢9nm@¢t@RanpbétemheaéhasiVeapbrigth@rnbdnﬂnnghe t ubi ng,
and the | o h ag o] pp t ubi i and/ or

ot her artl% eﬁ§s gg ﬁ@eée $ eg?% ubﬁ%gsﬁggﬁsﬁglﬁgléééu%§ 9n the

st oppage othenpndegcetpfoflbﬂeoblélugdcabnﬁmundabemng thussposabﬁlng or

. reducing t he effectiyv of .4 h stemin which |s u ed Thus, those
skille% ?%Om%ftCE%§ ?%%ed ?% §e§¥cﬁv? mgﬁelﬁ%? il ap aratﬁs to change
t he d|rectpnecefoﬁStﬁbbmglhsfbemtbintbuhing"wnahduaddhE1ehaleshortoned
probl ems. SUMVARY OF THE | NVENTI Cﬁ 5 eaﬁ |nven% " ;ov des a

sean ess trAREPYrP25°Pathe byt hg tﬂﬁ t BB RGeSt 52 ﬁs StF8Asport
means Wﬁth@@tpﬁ@Vl@éhﬁbllﬂh@rﬁﬂéﬁ&amﬂtﬂﬁdméaéfolelbDénEﬁbﬁﬂ@StotO provi de
a substant] al reduc%lon int e nunber of fluid ifntact conmponents, and

el i m nat e PRePHERT FoF UEPi UBes i ATGLEEGRBALE! t BPBeSTAPER bonded 25

vi a twmingf@@ﬂae§LQWSthﬁbugmhth@ QIQXhE&égtabiﬂ@pQQt1ﬁE€EEﬁpE@ﬁ bhe tubing
which allows the tubing to resist kinking in a melght bearing situation,

and to pro?hﬁ%ef6PS§HFﬁ§t%b???Fy oThﬁﬁemPMbPﬁﬁm?ﬁ ppBREPRENber in

certain sityahbonsr 86 é@t@ﬂdb£l@ﬂmé@etBQrEQQMQEIQﬂdlEo&ﬁebﬁbﬁkegf
cont am nati on thegpresent i nvention can reduce the use of chem cals such as

adhesi ves &RdtBendingdageses. transRerErbodi ment of the present invention,

at |east one cupMbthBgagnshanngh bénﬁé@%bgeﬁs'Eoéméapﬁgrﬁn§écﬁﬁgﬁer - VO
02/ U01318 PCT/ US(12/03098 4 In anot her enbodi ment of resent invention,

at | eakt om@1§%ﬁ§|thaéﬁéhﬁéllPEOpﬁo@?éééeﬁnsﬁa§@ppoﬁtOnﬁeﬁﬁ@?e In a
further enmbgdhaept, 0 ﬁa&hﬁep58§ﬁ8a bQVEHEhOEraaéeéeﬂéi'hb@&éﬁgChanne' of

| ess than sem -circular cross section I's provi In a support menber, and
t he erX|bt@ChUbQﬁg,|buéttb@hE§OC©S§h§l§&§§oﬁtfﬁéwﬁeﬁoﬂﬁuﬂhetBGKV|Ilnear

channel . of Xﬁgg&@g& EBBQQIHBFE %Ekgh?argesgﬂ |gveﬁnloge a1 gscng|I|near

channel cross-section s ger than a sem - crrelei s provi ded
in the suppomplmesbed, 1amdcthenfmeidbhe tabhngqus,"sndppeaésuhts pl ace in
the 20 in unnecessary higher costs for the device.

Whichever known connector is used, there still
remains a significant problem where a reversal in
direction (change in direction) in the transfer path is
desired without the risks of transport path blockage

25 which may be caused by particle or bubble entrapment due
to the significant internal geometrical variations.

Another significant problem in the art is the
problem of collapsed tubing, which also may cause
transport path blockage, which can negatively impact the

30 fluid flow characteristics. Although there are
currently a number of ribbed tubing designs to address
the tubing collapse issue, it is desirable to use
conventional tubing that is well established
particularly in medical applications. Also, the use of

35 standard tubing yields a broader selection of components



support nenber. In a still further enbodi nent of the present is invention,
flexible tubing is held in place in annular channels provided in a

t wo- pi eceyouppasis menber with the support nenbers bei ng beagdgsdonssebiel d to
each other. In a still further enbodi ment of the invention, an annul ar
channel is nolded in a support menber z;and 20 supported by spokes. In a
further embodi ment of the invention, a pair of opposed mrror image support’
menbers i sceapnaeied PyrR Bhodfevihd h eaCh SHPROTL, neshesnbavidgsa |ike
annul ar or curvilinear channel_ formed therein to cover and enclose 25 the-
flexi bl e tWiGRy W ai 3P Bekbebhfckamers supporet déyite Gveckieral and

. snapped into4 heid retpihed,condition. Aternatively, a simlar enbodi ment
can be nadé'mheré%n t he suppo??gnenbgr, whi ch encases the tube, is forned
as a singl e uniThe areriheenedect sa dittherolokinksetn i htedebide support unit
» or is lat ; t o) - u ngeg d that the
pr esent5 i ﬁ%/%%\%q?%ﬁﬂ?%e%ewgyg%ft%%ajfs%?&gér%%?%él%?lgv%% ?f%%sfge}lqr?]&glgrti cul ar

t he devi ceprigblspecit i tlad | yriet | asti t eshdlorpgrlavény 8andocwen, biat ogi cal
fluid filter ﬁRP [ ions, { tral WO U2 i 13 PCT/] L S1.12/ U31198
openi ng oree%% eré’dgﬁ%]ggnaayp%cgg%r o@% dfeO IP‘%t#éUgﬁ%p%‘r%ﬁrﬁ%hb%rrléssE%e provi de
for a | ooplgur tinrhumg tde 4|lexdg bheok tubi sgopand ghet trebsagel tsakf enabl e

that | oop portion to be i ght beari,ng and hun a,tradjtional IV bag

hook. Sa?rhcys?ri?tkll%ro?fé :'pgg%f’bl %o]fﬂgé tl%fg?%egﬁp]?}é%%%? f‘_ﬁgjel?ﬁi on to

provi de amnsugllyetkdeVvtseih othe esli s@sddargof | empbdentabongfldwiart her
resent_invention_can be to ovide an exterpally

obj ect of e r

comuni cat%ﬂblcge?ﬁ%u%?%ﬁlﬁ%' STBST & %?%9?}@“%&?05?1‘3%‘351'1% Tble tube and
hol ds it i¢fBedesiémsssonfi gheatyorehyiprwiviehngtpesi psedal support on the
outer surface of the tubing. ﬁi#rther obj ect of the present invention can

be to provide aZ4bstHRPPEIPY dshapeetath ‘Fﬂnﬁlﬁ’f‘g% BPeS$3r ¢hibi ng,

wi thout shedip £&OrNRsSeove@ BpS¥Latud| b d-Rioskagrs andebtnbai e cel |l damage.
It can be a further_object of the present invention to provide an inproved

f1exibi% tiPng-Rebl 881 RAechURARS v EEhpesthet RAASPBREE pARACpr ovi ded by

usi ng the tubbngmLo itself as the transport nmeans wi thout any other
internally wetted parts or connections. It can be a further object of the
present invention to reduce the risk of contam nation while redirecting the

fl exible tupmorPYor etlsi fgvkRergge of chem cals and 25 bondi ng agents such
as adhesi ves and sol vents. Another object of the present invention can be

to provide an eXRRrPERFFNEOHRVANEIPR NPT eEldee AhPEAMIBESt AREREPPYTsUr rounds
a fl exihl epdtiblng aatnfiords thoifya) predel gemned.deaLpae-cagkpguration

whi ch 30 el mnates bonding sites of previous tubing devices. Another
obj ect of whehevesany ehbent iohernalbe vetpedvidetan PHproved tubi ng device

! o oL Cr O 1) U005 LigpLintputnaHLEtaf! endeqbon wherel
number of fluid contact components, and eliminate the
need for cutting tubes into segments to be later bonded

25 via tubing connectors, all while providing a support
member for the tubing which allows the tubing to resist
kinking in a weight bearing situation, and to provide
for adjustability of the tubing in the support member in
certaln situations.

30 In addition to the reduction in the risk of
contamination the present invention can reduce the use
of chemicals such as adhesives and bonding agents.

In one embodiment of the present invention, at
least one curvilinear channel is provided in a support

35 member.



35 flexible tubing may easily be changed at any tine. WO 112/0(i 1318
PCT/ USI 12/ 030~8 6 Anot her object of the present invention can be to provide
a reusablwoitexsid e tubing device which may be nade of a pepado@oge of
materials at a reduced cost. Further objects and advantages of the. present
5 invention will be apparent fromthe £ollow ng description and appended
clains reference being nade to the acconpanying draw ngs formng a part of

the specificatipn aherieen thksainbarense gbarasions fdesignats correspondi ng
parts in the several views. 10 BRI EF DECSRIPTI ON OF THE DRAWNGS Fig. 1 is

a perspect1+%@sVi @ ot traielerclhannel shaperovidedglueni seppftly. 2 is a

perspecti vgaMbeWw of a construction i5 enbodying the present invention, and
having a 180 curvilinear channel formed therein having a crosssection of a
sem -circle of B1dtafefidres upshadinantyobqila¢ poesdat ohiveheibhexabl e tube

T desicemyLonadpindiies el 0 205B Bt Lon2 LIAUIRIL ALY sECt] Nl vi ew

of a portion of trrl1ga construction shown in rece of flexible
t ubi ng seceR@Hiom ineoweviided thaanslppéiy. membaer a am@wha | arge part

simlar to. W9 2, bu Lag. th han havi a cross-section
25 of sli gﬁ%{?g% g@rﬂgj{rﬁ%nl% %%%QS%‘%EC é,gg%d&agﬁﬁﬁe?%ﬁggﬁbﬁaﬁﬁ?al |y
equal to ttarvbiindmr fdlemmek. tube it is desired to nmount therein. Fig. 5
is a fragnentary_sect.i.onal vi ew of rtion of the construction shown in
Fro 4 with a i eelouiEevredifirnl, BB TS Rftret | Y TRELRvi Ti noar
channelb. FgrvHlisear folegmesl as§ & evass onatt vorevs Digiec Tpdiftgati on of the

present invention Fig.. 6Ais. a modi f(%%gti on_of the construction shown in -
Fig. 6. 35-"°M\ (A1 16451E° POT/REP YR UEB 7 ¢ JPPROTs BeBRFEpect i ve vi ew
of a nodi facattion dietilel Presehtigi hyenshapodavi Ng:a F0assr val Engar channel
formed in a tog surface thereof. Fig. 8 is a perspective view of a further
5 modi fi cat HoRCof TP esent invention, similar in part to Fig. 7, but

showi ng a 180, nf & EtshBpesehannehboRinde: sheeripd phessypport nenber, and
a 90, or rjght angle,_channel formed in the_ | ower_ side of said support

menbert’ 10VETEREOH s BleetRbectrhendi &% Badhi Hy RlacetHeranddiarcation of
the presentniMvens i®fovddd 9 is awdDgidd&atinof hdfpePNSiELCLLON shown
'n Fig. 9'support members being bonded or held to each other.
In a still further embodiment of the invention, an
annular channel is molded in a support member and
20 supported by spokes.
In a further embodiment of the invention, a pair of
opposed mirror image support members is connected by a
hinge, with each support member having a like annular or
curvilinear channel formed therein to cover and enclose
25 the flexible tubing when said pieces of said support
device are closed and snapped into their retained
condition. Alternatively, a similar embodiment can be
made wherein the support member, which encases the tube,
is formed as a single unit, and the tube is either
30 formed inside the support unit or is later threaded
through the support.
It should be understood that the present invention
is well suited for gravity driven flows. In particular
the device is specifically well suited for gravity

35 driven biological fluid filter applications. A central



Fig. 10 is a perspective view showing a further 15 nodification of the
present invention. Fig. 11 is a diagrammtic view show ng one possi bl e use
of the comgvrwmsison shown in Fig. 10. Fig. 11A is a di agr payikdGsHésew
showi ng a nodification of the systemdepicted in Fig. 11. 20 Fig. 12 is an
el evati onal view showi ng the constructfon of Fig. 10 in its closed or
snapped together position. Fig. 13 is a sectional view, taken in the

directi on @petegaps o¥Sheal @@@ﬁ@%&@%@%ﬁbﬂ%é%ﬂ%ﬁé Eh 011@ 25 Fig.

|4 is aviewsimlar in part to the construction showmn in Fig. but

wher ei n t HECTRRRY$ | T—‘Pne%%‘o'ﬁh‘é%n%q””p@o%l@l%lésp‘ar'%oﬁhhlﬁg*éh? nffbﬁ!?{b}@l&? on i nst ead
of a 180 chand€y! NadiirLet+98 9ind heuﬁéeéﬂléﬂafett&@éﬂglo&g Ilgbgtv a top
plan view of the construction shown in Fig s an el evatl onal

vi ew showibRy weight h]@?a%@gfﬁ%@tlﬁ@mo@nmettMstlmal ofVilbiausheaked in Fig.
12. 12/ 8 I 5k t f th
o0 () 18380 PETLY A0 Boteol ol e PR P10, 1

construction shown in Fig. ation of the
const r uct i B eHeheR | Fo RPEEVIGe viti clmiprovededet bre SEoml tédl ee¢ubiang pat hs.
Fig. 19 '%Peiﬂ&l@'&ﬁ‘bi’ﬁ?w of the construction shown in Fig. 18. Fig. 20 is
aview, simlar 1n part To Fig. 11, but show ng two constructions enbodyi ng
the present 1o &n¥enthen olpjese. ofFi ghe irésent t Dpvahaioni ean bakes in the

direction o) t i Ilne 21-21 of .Fig. 20. Fig. 22 is
an el evati onaﬁl\ﬁ/}?gé\lﬁo te]rarll% it %‘u? %Ffv}(ﬁ% WHesdnt invention. i5
Fig. 23 i ssubsionplablyi swwodundes &oﬁl:éxiilﬁle omlséloamdllﬁbl-‘cﬂg iR2inFig. 24 is
a perspect V. I ew, of a further di fi catl n of the present invention. The
above, ézﬁep%legee%té? AR B© %XI%J(’JOY TOTHE BT LRt ptRIRPoY the

numer al s dnsu@mtmwenevmr%cmeﬁ e ot ltein@dvant ages of the will becone

readily appare o those fromt follow ng detail ed preferred
enbodi nent s, szé Tk e %?Cftes‘b‘gniiﬁ%gpﬁﬁ %tﬁ'ln‘t’%tjs%@e?%ql be to

provide a substantially "U" shaped turn in a flexible
15 tubing, without sharp corners, to prevent fluid
blockages and minimize cell damage.

It can be a further object of the present invention
to provide an improved flexible tubing device which has
a seamless transport path provided by using the tubing

20 itself as the transport means without any other
internally wetted parts or connections.

It can be a further object of the preéent invention
to reduce the risk of contamination while redirecting
the flexible tubing by reducing the use of chemicals and

25 bonding agents such as adhesives and solvents.

Another object of the present invention can be to
provide an externally communicating device which
substantially surrounds a flexible tubing and holds it
in a predetermined desired configuration which

30 eliminates bonding sites of previous tubing devices.

Another object of the present inventibn can be to
provide an improved tubing device of the foregoing
nature which lends itself to an adjustable design
wherein the placement of the tubing device on the

35 flexible tubing may easily be changed at any time.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to Fig. 1 there is shown
a device 25 known in the art to produce a reversal of flow or comuni cation
pat h wherwont/enpsed in a section of 30 flexible tubing. PEEUREIRHosAl t
device 25 conprises a hollow, rigid or sem -rigid, U shaped tube 26 into
which a first connector 27 and a secorfd connector 28 have been sealingly
attached by neans well known in the art. If flexible tubing, such as TV
tubing, is cut,Amsithanelefet 85 f stip asess@veridvast iconeactiss 27, and the
second end is .dV1' 0] 12/15%0 %ﬁ%){s PCT/ LI S()2/(13(198 9, pl aced .over second
connect or 2EYVHIT erSHAof PrhigeP g S e YR bR dFaY 1Ry occurs.
However, stede defigasrdwyeraoi® of mddefalidaaproblenseaf thec prior art

di scussed above. First gf. 5 all, they are hard to formw thout introducing

narrowi ng of t HE PRI FRESF Bh PRt (bRt agr o0 enshe Rreserenent i oned, i f

it is Griethiéentprechion @l ghpdese: devbfeshe A1 NGFHA$E iNn cost is
attendant, _and a djfficult process is needed. Additionally, such devices 1o
are used | IO ERIZTT ARPIRIRE B Farie EeTRrCe | e hg dtedrste he rigi d

tube 26, apgh tde- t@gﬁﬁig@,fgﬂﬁ@q%g datgrials with which to

make these prior art devices are [imted, as the adhesive and materials
nust be biYepBIGHION (Whekkiin | bike orekerencodi Glagietdras fluid such as

bl ood or @%ﬂp@%ﬁé%&gﬁ%%p@giﬁ? éﬁ%t%‘ﬁ%él b@i%‘,@é{sabl e, thus

i ncreasing the cost per u devices. faiTure of such prior
art dévices will produce non-sterile conditions, resulting in the need to

di spose of the biol ogigaled I3t G149 Y M%@ﬁv devi ce.

Additionally, simlar types of 1SSuUes nmay be encountered in other
appl i cations sutdp asl grounderspectives emaonsiiict qrrppl dxc@atdons where

prevention I tamnation is of concern. In order to solve the
pr obl ens o?}?%%%aé%]%vﬁqézj d l\/el?léc'es, it was desired to produce a device which

was, in preferrigty enbod nentes)speushb evidwesst pf amengordatiom e, adj ustabl e,
whi ch had m ni ma] conmponents, whjich did not touch the flui do bei ng
pr oces€ed, SRV REVIRR RFFIE ot EDel ori gird Hearing. 23680 order to sol ve

probl ems of,the; Prdor énﬁéy:ﬁcgé%e&h@néf@{@%ﬁ@iggcﬁsy%% 30 shown in

Fig. 2 was conceived. The tubi evi ce conprises a support nmenber 31
havi ng a c¥Redn 32 forgrmdl therele. ofhe ¢laneténesubstamnedllmy be such as

W0 0] U 1958 BT USTST | 1088 0" HOL HLE R ooyl i S TRt B of f1 ow

i.e., "riguahgileergior. be gradual ly angled in such a nmanner to ' result in

afin angle i the, fi t degrees or_pf_any desired
shapeajtoo perfo'rﬂ;rrl%%'n;e/3 dle%%re %g@%%‘%%o isngcgtflr%g‘?f’on\,)i?“r’\c?ﬁd? ng havi ng |inear
portions, Pérfewhred. tiheomsuirténeen shanmeln nEdg be2 j nwatlsiagl e pl ane or

in multiple: ) i ape 33 be ovi ded f hangi ng
the supporﬁl%%bn(g? 3% f{r%(@)&rré:a_ ajgﬂ%o% é%ﬁéfﬁ%.@%{)a%?@%?]ﬁe&as% “hol di ng
Slew cel. lo Fﬁf ef¥g ngd tios agflwfimehﬂmmrtsgs{imnﬁr ?t@:pls*ﬁse@ﬁ onI etqualt ]
o or les an,a.sem-circle a_dia r substantially equal to the
i aneter (- o CRE 1S HE Thp P Ther Hariid 12 Teot skeeotmen ¢ he
channels 32of ssbighthly Tamser seican on, séhe-d¢ibi g, znfr&f @tabbyetrs secured by
means wel | _known in%ife art,. such_as b% adhesive 35 to the chanpnel 32.

R 1%t gehtt

Since the A4AEE? #B1¢bondi WP Ri TESRte chPacts Bhly the
out si de ofdédrerdd exd hheuitibier@On . and the surface of the channel 32, the
interior of the tubigg,is Igft ) . ,
Fig. is a fragmentary sectional view of a portion
of the construction shown in Fig. 4, with a piece of
30 flexible tubing secured in the curvilinear channel.
Fig. 6 is a fragmentary elevational view of a
modification of the present invention.
Fig. 6A is a modification of the construction shown
in Fig. 6.
35



20 untouched, thus avoiding problens (e. g, contam nation) of the prior art
i nvol vi ng adhesive on the flow contacting surfaces of the tubing. Further,
the adhesygapieyents the tubing 32 fromdeform ng in a WairghlsoDERLd NY
situation. 25 Wth reference to Fig. 4, an inproved tubing device 30 of a
construction largely identical to thatyshown in Fig. 2 is illustrated. The
only substantial difference is that the channel 32 provided in a surface of
t he support menpeg 3% i f 2 } | i.ght Larger than a
sem -circle of a gianetirgs%%§§%§§?3?€§g%gﬂagkt% ?g§£¥¥gégﬁkg ?ﬁbe to be
redi rect edchéspshsenti intFegtidn lsaniegt hedopenimg binddrwe hanel 32 is of a
. di mensi on € sqgller tpan the_di aneter B_of the flexible tubing 29, the
flexible tUBYRGe 28" nfistOPi FeF e dbReT®RA 35 into an oval shape, and then
inserted or "snppgeds iste pedMdpdrO2(é|{idwl8rPETEWS(ARLT 13098 11 the
- channel_ 32 Wgeéﬁ it.is rgt I ned because of the shape of the channel 32.
Regar dPPessMBF hheRher™t Ak PR $PEAEi BRVEBREFPY: 21BELlErgingpakke used to
encase th |l exibl e tuhin . o pl ace,t, ' vices 30 5in a
180 opposg%lc,g %?é"' cﬁénﬁgksg?ég%%%%re at'i od?llghi%, Sal'% éa‘?%}%%tlrhece’lm?nn such
rel ati onshofle $0d8U6h €RAT b@bbEEt OlemBsr Ot BBEVWE SS0° I - Ghannel s 32 may be
of the sane or different size or cross-section, In sonme applications, such
as wei ght #&tFngCaerappl fearednsy Fererhywpts aéderabl 82id muweothe
orientati opeRbetNe channel 32 in the support nmenber 31, at |east when it is
in substantially a U shape, such that the legs of the "U'" face to the right
or |efd, insteadil®f IohAvarperTweetivebetausehowingwei farther bearing
situation, M4t A d f.aci .configuration, such as shown
in Fig. 4”m¥%%b%?%g?§€2@fu %%d&§%£%?£t%£9€§glg$'the "U will tend to deform
into an oval sh@pg, Santstausopgbbbtdtioni sEénghagecdénshruotisdsnapewnt " of the
channel 32iﬂE#E§S the configuration of 20 the channel 32 is nodified at the
top of the '""Yo conpensate. Additionally, having the "U' facing downward
can further negBigvel() a&fecpefspecciaeaciewi showsnofatherthaird through the
bend. Eig. tfrcation of. the copstruction 25 shown in Fig. 5. A
t\/\o-stlar’ge T %%ﬁgﬁggoﬁggéh{él\%ﬁ% ?]ﬁe%%ﬁ nbm(ﬁ%Q?%%HBO having a first stage
channel 36A, whirty.nhy be &adisdwyaimdentdcaletoshbeinhaonel pd2ssbown in Fig.
5, and a gﬁgondfs%ﬁ%e 8ha nel. 36B, ﬁhich.is grefihably smal | er than the
first stags 36A" of 'The bt & ahe" 33 CanhBI T38: FHe second stage channe
36B woul d preferagl ylbr foraedidgtammsbeciirisy shagénghannel 36A, but woul d
operate siniéaflé i.e. t?ﬁ Cross-section o% second stage channel 36B
woul d be IBRITTHERCIRFUAF FHe DFSEPPHRPYCrSrgeR Fhdn alsemi-circle of the
di anetaer of 35 riyl' OpURé(4k 13818vAR HETL LISk 2608¥) 85t BRet UDi Ng Which is
desired to_be inserted igto,secqu.stage channgl 36B. . If it is desired to
use two fl8XPBIEUtHbRR 29 &idulthntRusts, CLRESHOET f FEaPPBR shown in Fig. GA
may be 5 usegevherepdsibeohirst stage channel 36A may be separated
conpletely fromthe fgcond st age, channe| 36B bg a slot. 39_in support nenber
31. The width "W#90f 13| F B39SeSthrRferBbPY. stBEEAnERally €4HAFtL82t wi ce t he
thi ckness of the &lexibl ealéhy nen@8s¥btehni 3148 be-19 basprgedipnto sl ot
39. This allows_the flexible tubing to be,suitabIX def ormed (squeezed
toget Hér or conpi8ssefl) 1Eo2bYiely THBLWRT | snoparkete| BREbI e tubing 29
toget her bebgserifseshi SRoAT fn SFO§ . 392 ﬂﬁ%e%héPéiEUQh?g 29 is defornmed and
inserted through the slot 39 z5 and into second channel 36B, it will expand
into its prepeilshape ahanbel hetddioepl acg0° RMatgd nth nbwéacidmgs. 7 and 8
a further podjfication of the present invention is shown. In the inproved
t ubi ng devi®etaadi pEuat t8Pecrhanas ¢.n Aixertinn fane Brexdrks a 90 bend,
i nstead of +{Hend80 turn illustrated in Fig. 2. In the inproved tubing
“device 30 illustirated in Fig. 8 there is a top channel 32A which nakes a
90 beri® formed Fhgt heSt bp sukrbmcelB3nAveewt hE shepoehshenbbioll, and bottom
channel 32§50g§kigg%% 180,25 bend, formed in the bottom surface 31B of
"~ support menber 31. %nne?s} 32 may be formed in one or nore surfaces of a
support menber Big.ahf iseashapevatiohalchidawebbdwdBafar fedtharone of the

surfaces ofoh0e; SUPPORL oFBPRE construction illustrated in Fig. 12.



30 31 may, or may not be, of the same shape or curvature of channel s} 32
formed in any of the other surfaces of the support nenber 31. Channels) 32
may cont ayveobigieay or ot her shaped portions as well. VVthpéﬁﬁ@&ﬁB@g to Fig.
9, there is shown a further 35 nodification of the inproved tubing device
30 of the WO 02/f1( 1318 13 PCT/ US812/ 031198 present invention which is

especially useful in nedical devices. In the illustrated enbodi nent, the
channel s) 32 i gigenilciiecul alog mishapeewand the suppertudmmer 31 is
substantially a,sem.,-circular trough 37 containing 5 channel 32, wth
suitabl e 59 slBrFéﬁppégts 40 hel ping to keep the shape of the trough 32.

Hol es or apertmigs 43 ehywRe=provitted mddhile swRRe brmmer 31 to save
weight, if desired, and to increase visibility of the flexible tubing 29.
B

The cr 0ssSSBEEFHRtOPT RECERadfeF132 t8 Wiy ChePFSVEd&s 1T€35 than a

- sem - cérchR1efipdedi-apeher pef-rishe tubing it is desired to support, as
previous descri bed. Because of the open construction of the inproved tubing
device 31 it nHyTJeadf| yShé KeRgPeATavBEY Réokhs4 comisgrurtioand, therefore,
the | oop idotReidSehilexhl e tubing 29, after placement in the curvilinear
channel 32, now becones wei ght bearing. Since the application of weight to
the flexible tGBERg2Ri B Bevdewo @édimddari in PRrfote fian d41lrm bumal anount
O uel gt ohidyhAgPeyeabbhadydhe 021380 han gk ga.ddied rough may be of a
cross-section of sonmewhat greater than a“sem -circCle,” Tor exanple,

t wo- t h? r ds-ngengienr eheus®hus t he opening through which the tube is inserted
is less than t di .er _o he -f.l exl.bl e , er .be a lip on
t he | ower edgepgg't%geégogg%9b2§ll ?%g#é §§§%Pe§5t5'%h€§§%%¥ﬁ8nflexible

t ubi ng 290ft wheotirtrbwsi nplowned thebivigwdéinee213Q1ha mg.ot.r @dgh 37 may be
placed in an 1 0opRpas rel ationship. .Fig. 9A.sho modi fication of the
construction s%g%ﬁ F% ggg§n9gm%v *i@a%anF¥UP§rFy%%§ “in the 30 wei ght
beari ng siodatticnsidnsotissted gheventSincenthenf.l exi ble tubing 29 will tend
to fliﬁten out _when ﬁehght i.S_applied.ther toh it is desirable to have a
const Flict i on t RAE "wPPl *Pedi $PPt Rite™f VifFeRitnfreas RS Ut {9Pevent t he

di sengagenmgwtmndiacesged2ahove. This is 35 acconplished by the inproved

t ubi ng device %O sh dgn WD 112/(161318 14 PCT/1JS02/03(1~)8 Fig. 9A
There i s shown éﬁ'ugagﬁﬁlﬁ'ﬁﬁﬁsﬁﬁct JGgN18Y SdpfortedSF a web 44. The

Cr oss- sectiodifotathent beughe preddnat iakeamiapnul ar shape of about
two-thirds of a circle. Therefore, outwardly facing channel 46 has a 5

cross-section oPCaBERYSr west i a5t O&Nerr ECYanfRgies kE fIheki bl e t ube 29

has webghtorapehitednviehtWonl, Wil 1t ®eldoplkt @@aldn 18 ReydA@Malt PrhHoaker al
direction, and the sidewalls of the tube will fry to _nove sideways.

However, tHeéy1&8FfelBl 58Re@%tr fcBbithE £RiLd oWy nghdetsidiegewal I's of the

radi al |y Qulwanghyohasirngnehanegler484q thusdifenftlexiples diypa 122 cannot
coll apse on itself and shut off the flow of fluid being filtered. A hole or

aperture FEREASSoFRSAGNATS ROTRSSPORILBE Raggisng ™t FES msvered t ubi ng

devi ce 31-QRwa& bag hook 34 (Fig. 11). 15 The nodifications of the inproved
t ubi ng device of the present invention, which have been shown thus far,
have B®t conpletely encased the flexible tubing whose direction is being

affected. A furtmﬁgﬁ?ﬁ&ﬁ%f@ﬁiéﬁlfﬁEtﬁﬁﬁﬁﬁﬁﬁﬁﬁ“EﬁéBfﬁﬁﬁﬁ@sthat does

conpletely encase t
Referring to Fig. 1 there i1s shown a device 25

known in the art to produce a reversal of flow or
communication path when interposed in a section of

30 flexible tubing. The prior art device 25 comprises a
hollow, rigid or semi-rigid, U-shaped tube 26 into which
a first connector 27 and a second connector 28.have been
sealingly attached by means well known in the art. If
flexible tubing, such as IV tubing, is cut, and one end

35 is placed over first connector 27, and the second end is



20 flexible tubing is shown in Fig. 10. This enbodi nent uses the sane
principles heretofore described, and has been found to be particularly

usef ul i nybigghogical fluid filtration systens, such as th Fi g.
11. For ease of understanding, the nodifications of the Zg&Fﬁgg%??%ﬂ to be
described hereinafter will be referredosto as a two part inproved tubing
devi ce and indicated by the nuneral 50 al t hough, as w | becone clear, they
can be for - § a single Béece Wi t gbnge connectg ggé§t portion and
a second p% ?l% APt hBagh~ S o RN &F ﬂr3 t ottghSFL&f rpoﬁd for purposes
of illustrehbage ih tRepaefertednt bat rsspobhcapd/ or rounded edges be

i ncorporated in_the tubing devices of_ the present invention to prevent

punct ur ed bags/FawﬁgeﬁndngEkﬁ@Vh@esREFE?rFﬁﬂesBECP%FCQﬁI9 heo Fig. 10, the

i nproved 3prbWoenar bft vhengrdeyi 88581 Hagsaehi EBbvROr t FORsdloand a W O
112/11C 1318._. 15 PCT/ LI S02/ 031198 second portion 52 connected by a hinge

53, whi’ch kY’ bEhEKy2F§pR2BE RP nGRTBONSERAEEI bR LREANCKRAGWARFROWRETar t .

First portienthd gasg&@e@aytaﬁabaegeHQXheep§9bh@ﬁsa fAEst channel portion
or passageway 54 forned therein, 5 while second portion 52 of two-part

t ubi ng dev?@@rsmeﬁﬁéoaeﬁecbﬁdlEhhﬁnﬁrl@ﬁ bassagerayossmebddntlester ei n. The

first porta@oléésangnthﬁc§§£9@dlﬂ0£&genlé5aEEsnagﬁ edy g&CQ that when the
first portion 51 of two part tubing dévice 50 I's close e., brought into

an opposeddibfigeingrretrass ohshirpedpth séddmdlpuaﬂﬂmn s5acht fevicest portion
Of pasgageupy adeWl Lh BEoSLLLELlY: PRRASLLELOS  AECONE BOLLLOR: gt gpassagevay

the two together orma CcCi ar or~substantrall'y Crrcul ar
channel or tpusbageway EﬁgiﬁlgubQ336toandptheecanhéexobbe(Eleag 15 29 whose

direction {got ghQECéeé9u$§gerJQfs ES Rnégfg%dmagﬁuéﬂg%ﬁgggﬁgggter of the

portion 54, and second passageway por a
circul ar pasSagemayesnayebblmhbeén dethdlaghealvheaa@pMatarnams The

circul ar passaggway . may sl ightl mal. [ er than bIe ubi ng
that is be?%ﬁ r ?o %88 El?%% %@ 8§?ﬁ§OFs hefd %ﬂ L ressi on
and wilsd ndlubé pnoheasob$b®@pageb1@oahprcancubatoaaﬁsagemaydéelﬁerned by
first portlgn 54 a&ﬁ econd goitio h55 . The rovisi n of a sharg S bend
in the pas$agedy™ SoECUTR ﬁelg BPedBRES FFBBaB © $R&tf PEXi BFE t ubi ng
will not sbfpﬁhthﬁdébﬁdign orerehdrbegatiseref ochguShspaperohrthe
passageway. The shape.of t ssage_way.54 an assage way_55 may not
necessari | JeBECEReY ggﬁepﬁﬁ u%%nﬁ??nﬁﬁ?5¥§e SgnaFESBHﬁayrB§¥ﬁFéF€rabIe to

snhap the tﬂhlﬁgelﬂe@aetéldﬁs§@§a a8 EhéSbleaégaagmafléﬂdot1BW&§§ portion 51
prior to of the_twp gortlons 51 and 52. Wen closed, first mating
5gaBF8

sur f ac® FHelRBnaFViSe - pofHiohisRasbiyr wEipaLert HEPRE 8&vi ce 50 wil |

be in 35 copkaet whiyhber estoset¥rad agesthsecapg1iBhinensushageas VWO
02/01i 1318 16 PCT/ US02/03U98 58 provi ded on_second portion 52 of two-part

t ubi ng devPERUBE. Watﬂ?p%FrS%$lﬁﬁ%@PGF€§ apBéArA§IOnEr WB9ES 60 provided in
first matipgesuntass 8F WMhiqrecRtyRiaaPabh 9k BEOKSncePnOr protrusions 61

provi ded on second | ower surface 58,
In order to solve the problems of the known

25 devices, it was desired to produce a device which was,
in preferred embodiments, reusable, less prone to
failure, adjustable, which had minimal components, which
did not touch the fluid being processed, and a device
which could be weight bearing.

30 In order to solve problems of the prior art
devices, the improved tubing device 30 shown in Fig. 2
was conceived. The tubing device comprises a support
member 31 having a channel 32 formed therein. The
curvilinear channel may be such as to reverse the

35 direction of flow or pathway, i.e., U-shaped, produce a



which will fixedly, but renovably, keep first portion 5land second portion
52 together to keep two-part tubing device 50 in its closed position. The
protrusi ang oBde19RY be recessed to prevent sharp edges. | npopekadidass 10 t he
operator woul d place the flexible tubing into the first portion of channel
54 formed in first portion 51 of two Part tubing device, and then close the
second portion 52, or vice versa. Wen first portion 51 and second portion
52 are 15dproughtnhtogphhge ardaghesedonacki Fsbwcent kal epeghpg 63 provided
in first portion 51 will "becone in mating or opposed contaCt with second
central opewiled 64r meodmichpld v anglad cpemush 66 meriedr ey be used to
hang t he i vi_ce .qn -a HEH . (i 2 i ke .

Two- part E‘%‘lﬁ% gglviacglg%%as pré(;\(}gﬁ t";:‘glfel(grtf:icu r yh uogféf% |“n(§bd| ol ogi cal
fluid fil tdegtriess)or adi spgersingesisteghshalte dsparsafdnym isnwsEfailradh such
 biol ogical Ll d f lnatdan,or gravidial onal,di spensing systerms 25 where a
| oop of el€vated portion i's use Foratt omat g dnd i'ncreasi ng recovery
froma graf ttediorsl. didpensimg lafmddruichanrej. ndely ibd usi rateisicgtiech a system
whi ch is di,scl osed.in Ur}litt.e States Letters Pat.ent No. 6 1§711, 493. 30

Bi ol ogi caP AT ¢%F ittt Futi oS SHEHSF0 hAS SR 60 It TS PBag 71

provi ded wpst teamprfovdedrbreltenafied; albey esupbdraukeaywier deplftonpom devi ce
72. The | eukocyt epl et on vice 72 has an inlet, 73 and, an outlet 74
separ at ed%ﬁ‘\? ;}’qq% geﬁ‘r (‘reftétﬂ'a 1(711‘3. B c?&ﬁ‘egorﬁuéﬁ'h@r‘)l'/‘%”i% dhnected to, or
in flubd comumerairrdmoMtdd siad d 3, WRUZHIahaN8 FCT 4 | U2 Wl -17

| eukocyte depl.etion device 72 through first conduit. 76. There is al so

provi ded &£959GE FEENITR) LontSishdhems HGFs e ¥ 2he? | eukocyt e

depl et i on dewaer’2d )eskosyrbardaphot kaladetbCehé? dismeerreqhed &9 bl ood 5
receiving container 78 through second conduit 79. An inlet clanp 81 and an

outlet A BBeadsl iRl oty chated cditmbs &aIoreskedh: t HE9 Je r ecei vi ng

cont ai ner 2By 30 i JyRAss; |d s Rhedth & dand oFulig, ¢l osed clanp 82
may be provided. which may be in fluid container 71 and bl ood ass clanp 84

may béSpr dlhﬁfeﬂifahid/p Jsopereined dupimasnsh viish dpapon tiR Wik, 24, i s necessary
that a "I h 83 ofy e dyRass:d ine : 'l[}ﬁ.‘eaq*rgé&z;tyg_ tosfnéé‘ftfﬂec! ent hei ght

to prevent the passage of fluid arou eukocyte s5 depletion device.
Thi s provedlhisiive |t atdreio bondging tadasntuiRging Hesedwoc@airacishmmised t ubi ng

devi ce 50 t r i t 1.0 d. I , | 50 i s shown
hangi ng fr%fn% a a%ﬁg(% 3%@%15){%)0%@}6%%%8% o?ﬂat{jﬁ%}[ﬂ%ygg%fss ine 91 is
posi ti onedBudie tdimnihens 20 the bltood comiitier Tibing fus|left bl ood, the

bl ood wi I | nﬁ; h I . i ngd, t hus : : no fl ow of
bl ood 2}tylhr ouug (%geac%’y LI|oﬂ:}fgss |C§I)Jécplg‘% %e&geﬁrga% o% o(f&@ﬁée&b#%{&o%ﬁc al fluid
filtratiomsystemZipmatt tirevelsoiparadhami vy aevilee SDowemai ns 25
identical taq.t . described in i cant. s._af nt i ongd co-pendi ng patent
applicati SRR VA tsiqlol#)%ne% hoefB1 evi gtel‘{bslh%%\h |OEEI lfin%e.l ’11&3% depicted in Fig.
11A. Thi s asifscdinenirasenves yrlse nidlaimdg B2 hixtors hibeformikg gin ld except that
the flexihle tucbibn 30 29 is re]géaced by flexible tubing 29A, which -
connects t"t’)elt%he to%arojfnq He: Bi®ot tont ai ner 71 as opposed to the bottom of

t he conmtai ner 7l tlasrefesreaep: ctedrig. M g.adllimgheged atulaing@ndeaicde

f bl e, i t ai |icati . Oher th h I t] f_tubi
20A, 35 t 1S UntbdiHEHT et te SHEAT BhtTATTY T Hent? cFSFo bR 18

Fig. 2 is illustrated. The only substantial difference
is that the channel 32 provided in a surface of the
support member 31 is of a cross-section of slightly
30 larger than a semi-circle of a diameter substantially

equal to the flexible tube to be redirected. As shown
in Fig. 5, since the opening of the channel 32 is of a
dimension A, smaller than the diameter B of the flexible
tubing 29, the flexible tubing 29 must first be deformed

35 into an oval shape, and then inserted or "snapped" into




WO U2/ UGL318 PCT/USU2/ U3fl18 18 shown in Fig. 11. Flexible tube 29A is
t hreaded through the tube-hol der 50, which supports the tube and

subst ant iveb byoqnsevents crinping or deformation of the tubpc?@hnadodsef erring
to Fig. 12 the construction of Fig. 10 is shown in its closed position. The

clanp portion 87 of the two-part tubing device 50 can be clearly seen in
Fig. 13. Canp portion 87 takes the form of an upstanding wall 88 which

extends supgtaphbahky 29 M§é£é0§£|stEQHhEhéétbeeéﬁb@n §1tHE Eﬂsp&wo part
t ubi ng device 50. Upstanding wall 87 has a tubing opening 89. of

pr edet er ni AédtBesFhaansi 282 sucReghntleEexphl whetbergthe can pass
: therethrouaadlemeaelshaa§ 995n'@9090Fggv'agwargﬂgSédpegthSEQg LALO whi ch

t ubi ng can Eass 15 through easily, a narrowed portion aving a width
essenti al | flewiibéet Rubing, 287 peehmpy EﬂﬁgﬁttyolégblnghéﬁvuhesméDl

. thickness of the_ flexible ubln , h that when the tu |s ved
from tﬁse wi-def g%bu OI-?P%%E ?%g %Féﬂfb Dert P90 W#%t%‘ﬁ'és portion

92 the 20 wekls ehemhenf gﬁeﬁhb%:@laubbﬂghzg ar @neéﬁenttahky QH&EQQnt oget her
and brought into contact, thereby cutting off the fluid fFOM/through t he

t ubi ng that*i 8 FﬁrWﬁﬁeclgﬂﬁ 65%%?%%5952 TRY EBnsfr LBEi SAMShGWN in Figs. 14

and 15 is gpfRérkatgsipardrsépblarsktorthg. constructi on shown in Figs. 12
and 13. The onli substantial difference between the constructions is the
B

fact that the fi sﬁoﬁﬁr@Pﬁ%lgitéﬁﬂsseééﬁh per vpbabs2besring i nproved two
part tublngpgfybaeléﬂs aye QéﬁngDQéEFEQbEQ Eaaaaggetﬁérst portion 54, and

30 the second portlon circul ar channel 56 are shaped so as to
change the0¥F@¥FBFé0ﬂu9fnbhﬁychﬁkhﬁé a296npehe PurprhetsmasbensBéad of a 180

bend. In agdi tboae GHeneiar et Loberchaup: porLi gsn8ge opgcextending from

each side of the two-piece tubling device 8 19
PCT/LJSOZlDB@QStSEniEQEIyf the tdnsfeget kontbhomngkiger 16fand 17 is

substantla&hgté%ggékcghwﬁﬁa£gat §H9 lgngghgis?he agdwé5gagxcept that the

first portion e second por i provVed two pi ece tubing
devi cel%50 Behavsgbeehuabiohi edith prdmwdwatdﬁycﬁangnggU%hbaﬂedect|on of the

Flos. 18 ard TobBbRE e Bubiiad ao PP ner ot Foat Pan BFXERASt vo- pi ace
tubi ng devtebibg 886 ptetvheusby ofl uher atedwikdr tehdr tbydetoumdensbandi ng,
i ndi cated B9 CREIncRerar GB2 FRUFhPebEBALY: BLEPBRSEReEFPRSt SBart i on o1 and
t he second"pnapi-ontB2o6f theechufhéipathuhwespi ene tuhEhgudeviee 9% stil
20 the channel 32 is modified at the top of the *U" to
compensate. Additionally, having the “U” facing
downward can further negatively affect flow
characteristics of the f£luid through the bend.
Fig. 6 shows a modification of the construction
25 shown in Fig. 5. A two-stage channel 36 is shown in
tubing device 30 having a first stage channel 36a, which
may be largely identical to the channel 32 shown in Fig.
5, and a second stage channel 36B, which is preferably
smaller than the first stage 36A of the two-stage
30 channel 36. The second stage channel 36B would
preferably be formed below the first stage channel 364,
but would operate similarly, i.e., the cross-section of
second stage channel 36B would be less than, edual to,
or slightly larger than a semi-circle of the diameter of
35



s5 have the first portion 54 and the second portion 55 of the curvilinear
channel or passageway forned therein. However, the circul ar passageway 51
formed bywoheneom®i nation of the first portion 54 and the pgqaRQdoR9Eti on 55
no longer has a single inlet and a single 20 outlet, but rather one
possi bl e inlet point indicated by thel3umeral 97,. and nultiple outlet
points, such as first branch 98, second branch 99, and third branch 100 to
provi de fotha thange whidhr et desipé&dt be beexhbkertabiAgob¥e88n3135, and
180 respectjvely. Tge éﬁ égnainder of the construction stays substantially
t he sane. e?%?r?%% RS ¢ Figs. 20 and 21, the use of our inproved two

- part tubing devifeitsishdeniredatbi ategiwal Fikuidi1bi tipaki 9o system similar
in part to thai 30 illustr ed.ig,Flg. 11 but requiring a first tubing |oop
101 and a SEEONEREGBRH yrog%elﬁ?,l%ﬁ?ﬁt¥%?nﬁﬁowgih@ Fhe-i pprovedbewo part

© tubi ng ddevised SPhefeihetpeesentt i SVEHLT ORankbeasky fhhe pufti-path two.
portion tubiqg device 95 just, described could also be used. In this 35
modi i cat i BTRERVEEDNFYPSSEREX| B ent bR ngeoonfefiasn FhenneW3 6@1111A318

passagevaybgr£at 26t Ses0nd BOpbOAP Rembbe $1Tstrganguitybefwegp the bl ood
PCT/ USU2/ 031198 20, ~, within the first portion 51 and of the two part

t ubi ng dev§tRt 500 batPYeLprabivi sigPsranelebhvuateali b bagcdlthad t he
| eukocyt e fh]kabiONob ggYi EM%P@%&&%&{%H%&BE 1 4bi ng,opening 89 and a
e C

second flexible tubing 105 passes throug anp opening 90, and can be
cl anpeld antPifEretpeatassdesi $2d, Tlebslalhogwsnthhefhertbiertwmnimgess t ubi ng
clamp for ¢he,operatign,0ft S ' t he use of multiple to
tubes traveling in nul?¥p§% %g? % gga%%+%gﬁﬁﬁﬁ§§gFﬁ% §%ope of the present

i nvent i on.CRePELS$RG) nbwv boilEygshe 2Pakbhe @8, thhefkekibshommbind uZe her

nmodi ficati I % ' vice 3 ody] t he present
inventiomé%ﬁég?é£??éﬁgf§lg%?%*%ﬁ%% gﬁ%%or%ogeﬁggr %ﬁggﬁa '%g at | east one,
and pr ef erebing i s ofletbzmed| and2indarned phoxught €héhelendsot her eof .

Fl exi bl.e tubin i ass_thr the channels 32_and forma U shape
aboveqfhe #$%x?%$% %%%%%&tcﬁ%%%%fq%%%i %%éw+££x?§P%n§ub%5?tlﬁ%nber may hang
on a hook puorped shmperandDependldgiwnplédeesappl i cati on, channels 32 may be
of a dianeter é@ht%% | ess thagF.subs ant%a%l% gguaﬁ to, or slightly
larger than, the oramet2rP8Y the $9exi bl FLubi AgtEthe¥ adjustability is
hi ghl y deshoddfiddt ivml of 26hdeppseder r gvéor dakei s henehannets @2 | ar ger
t han t he tfbiqg%%%. If.the channg%? gf are smaller than the tubing 29,
there woul He ETibst ARt Al FSVHOS atff ust HBFFFRe | $nt RS channét® 32 are
subst &t | Alianddie SAMakLhCs POS Wbt Ofs i daiRiNG. 70 Widel (enadi ust abl e,

ubi ng eg

30 when desired. Afirst leg 29A of the t needs- 'to be pulled,
whi | e t he Skeketidrateed 208 Bigt h2. t ubh nghe dimsrpus@etubinadfesicd hko | engt h of

the 35 oharnal S Ord  OF at PER e pERer S s o ooy CoReneho A Wi em® 7€ O
makes a 90° bend formed in the top. surface 31A of the
support member 31, and bottom channel 32B, making a 180°

25 bend, formed in the bottom surface 31B of support member
31.
Channel (s) 32 may be formed in one or ﬁore surfaces
of a support member 31, and the shape of the channel (s)
32 formed in one of the surfaces of the support member
30 31 may, or may not be, of the same shape or curvature of
channel(g) 32 formed in any of the other surfaces of
the support member 31. Channel(s) 32 may contain linear
or other shaped portions as well.
With reference to Fig. 9, there is shown a further

35 modification of the improved tubing device 30 of the



WO 02/ 0GL318 21 PCT/ LI S02/03098 will apply to any enbodi ment of the
i nvention where at |east a portion of the tubing 29 is encased, surrounded

or enciroyed2byized | east one, and preferably two channel spePuseiisioss
shown, by way of exanmple and not of 5 limtation, in Figs. 10-21. Referring
now to Fig. 24, a nodification of thelpresent invention is shown conprising
arigid or semrigid support nenber 31B, having a hole or aperture 30A

t her ei n bypmset tirerenipipmr twhkbribef s 3ddbemaya ey husgf by Hnhoe&ioxl ot her wel |

known support. neans.._ A pair, channel s 32 are provided in predeterm ned
desired poRFY1oHE i msdpport %ib%?t%fia‘?“%%%ﬁ“ﬁlg% btf}éet%?ﬂ’geggﬂ s passed

t hrough chamngd ss@i toidf@iTaa ih sélepes, (aupdighd Dippovernespet op. The size
of the chapnels 25 wit espect to the tubing wi.ll_be chosen, as discussed
et 61 naboves HERRTI RO CheStbr ob G L] R 1 71yo SReR CBHIE Thus. by
caref ulsl y sgmshatering wieh psobt &5Be i dhdies ast , swppoves 1obhagodeyice to
capture and redirect 2q flexible tubing, while at_the sane tine to enable

it to be wWe? gRECDEHS feRfasChehe proidR 2 25 Holes iy PPPFIF4SAS  CLAI VB

§
PCT/ US02/ (48088, Ine ébﬁd&bid@idﬁyiﬂeefé?&pﬁéﬁtﬂﬁﬁ@m&ﬂ%ﬂt'éd§a~9é’”pri sing: 5 a
support nenber, sajd support nmenber conprising:, a curvilinear channel
formed the¥@lmi¥orlh 39 LRYbES B RS adhestRELEFEp8sethe n sai d

channel Tof1seoMid Ndud AgB g 1O Lhss shaanelon 108 Zndhentybing devi ce
according to claiml1, further conprising a flexible tube, said flexible

t ube B nghaly sposerr S P al @B e hdhee| a otemtr el st aedbaretas G The
t ubi ng devig, o‘?%ﬂ{éj!ﬂg {0 %é%%%g,tm&&%al%]w@%{gﬁgenber conpri ses

an aperture _hangi ng sai ng devi ce. e tubing device according
to clai m 2degeorided ei Beziuseurli thacarer heonsireopprnses dbel east one of :

a "U' bend, i ght n . st.ral - tyl e tybi ng device
accordi ng %%ﬁrc{)%%%ﬁ%vﬁ%?g?% ?Jh:l?n %{?%érs%ﬁ;s%(?gh?ﬁ .%13 ?SH%) ee of
adhesi ves.h6ok The tHdw ngl Hevard, ackerefoget othd aloerR, imhehei n sai d channel

has a SUbSEANL) 8] L Ve 81Tg 46 CUL L3O FLOSRRE A Ohe curvilinear
channel 32, now becomes weight bearing.

Since the application of weight to the flexible
tubing will tend to deform it, if more than a minimal
amount of weight is to be carried, the cross-section of

20 the trough may be of a cross-section of somewhat greater
than a semi-circle, for example, two-thirds of a circle.

Thus the opening through which the tube is inserted is
less than the diameter of the flexible tube. Or, there
may be a lip on the lower edge of the trough.

25 If it is desired to encase the flexible tubing 29,
two of the improved tubing devices 30 having trough 37
may be placed in an 180° opposed relationship.

Fig. 92 shows a modification of the construction
shown in Fig. 9 which is particularly useful in the

30 weight bearing situations discussed above. Since the
flexible tubing 29 will tend to flatten out when weight
is applied thereto, it is desirable to have a
construction that will resist this flattening, as well
as prevent the disengagement discussed above. This is

35 accomplished by the improved tubing device 30 shown in



7. The tubing device according to claim2, wherein said channel has a cross
section which conprises an arc which is greater than a sem-circle. 35 W
O 112/ 11(wb31/861B$TI US112/ 03U98 23 8. The tubi ng devi ce acppiQisigozhes Cl ai m
7, wherein said tubing is held in said channel of saidsupport device by the
greater than sem -circular cross sectinen of said channel. 5 9. The tubing
devi ce according to claim8, wherein said channel conprises an opening to

al low a tubsylobe imserses i Mansahd ehanrely £00i 381 c-ORgRIND IS | ess
than the outer dianeter of said tubing. 10 10. The tubi ng device according
to clai m ZURPRT PR Phed ovRRr44i artterce?ssasec iR nef i Bheubsewsii al |y

equal to the ¢iderodi areieiyodr sahgh hﬁ@”§$ou@5t&&*tﬂhﬁd%f9£n9 devi ce
according to claim2, wherein sald channel conprises a "U'-bend, and the
| egs of s&H Y pendTrereprent@ttwrpdtanfaelng peapeati4tlbastd the

di rectison éf&%@éé‘@i&?%f%ﬁ&@%@-ﬂ?ﬁifc@s h?Pga. g?rt%lﬁe Pr Wﬁ&{l} iR
gravitational forces acting on the device deformng e -Shape into a
"V'-shape.fixibhetulbi 3y eviwsighvt oaptphgedo £t avilll, tmherein said
curyi |1 neah L0, |2 Aoldd S LU | IEAL 209 CDANEEL,, AGs S SUPPOTT
menber conprises a second curvilTnéar channel ; 'sai d Secofd curvil i near
channel beiidpwhshosell th avsre wilSatdy f o shocervidewsas . channel and

Wi thin sai rt e 3. - The tubing device according to claim 12,
wher ei n saﬁgoﬁésj\g%’ndt cg\g v‘—ﬁ[él n%g?élkc%%nnre?mh 3t gdﬁé}r%te%\F fTcl'é%s than the cross
secti on ofssdwhIls stf ctineitadreslly hannedrdBd fadMy (dRAfA4€1348, 24 PCT/ U
S(12/03098 .14. The bi devi.ce cording to.claim113,, co ising first
and second ' Piecee o#f?*gg}%l%ulf%ﬁg?a%? ‘F?]rg?p%?e%ré Jorfsgf’éx?% e tubi ng
bei ng di spsised o ff sehe fiswtofufMidd ne@inghainedérea@nd sahsllsesond piece of

5 curvilinear tubing bei nﬁr d\ih]ig%ied in said second curvi]inear channel. 15.
A tubing FRFTEFOre (s gt atRe neRt 49, Lk WPRIBRAGERR I ce

conpri si NgimdoPed HEH Sibkp PRd<F1 €OMPT | S NG Ba§ UhNbk | RearrLhanpel | di sposed
therein for receiving_a piece of tubing;, K and neans for hol ding a piece of
tubin&5in said'%m%ﬁﬁ gifieptions of the improved tubing device of
the present invention, which have been shown thus far,
have not completely encased the flexible tubing whose
direction is being affected. A further modification of
the present invention that does completely encase the
20 flexible tubing is shown in Fig. 10. This embodiment
uses the same principles heretofore described, and has
been found to be particularly useful in biological fluid
filtration systems, such as that shown in Fig. 11. For
ease of understanding, the modifications of the
25 invention to be described hereinafter will be referred
to as a two part improved tubing device and indicated by
the numeral 50 although, as will become clear, they can
be formed in a single piece with a hinge connecting a
first portion and a second portion. Although shown with
30 rough or sharp edges for purposes of illustration, it is
preferred that smooth and/or rounded edges be
incorporated in the tubing devices of the present
invention to prevent punctured bags/tubes and packaging.
Referring specifically to Fig. 10, the improved

35 two-part tubing device 50 has a first portion 51 and a



15. The tubi ng device according to claim 15, wherein said neans for hol ding
conpri ses adhesive. 17. The tubing device according to claim15, 20 wherein

sai d chaweh2/h@asisa sem -circul ar cross-section. 18. The tpgiRg)ARKIsCE
i th

according to claim15, wherein said channel has a cross-section with a
greater than sem -circular cross-sectitén. 25 19. The tubi ng device
according to claim 18, wherein said neans for hol ding conprises said
great er thgecasiipartrieh a2 ccossesesd ilon.a irde The wubihgnsevibee

according to claim15, wherein said support_device conprises: a first
portion gn%n}é @?%%n%gp}bjrlfg%n?oﬁﬁﬁr‘é%ﬁg i"?’%lrf ]ﬁao"s“écb%ngt]ﬁﬁr??‘bns bei ng

connect ed byrat howgeioB551 MR P41 3B BT/ AISE2£8363 982252 21. The tubi ng
devi ce acc]?r di ng ﬁo claim 20, wherein each of ggl d first portjon and said
second porttot cFEHY (RDF MyPHeVT CRETHRFFYREs A ERERRE| Eheresn, The tubi ng

devi ce sacop i1 gsdored abdr 2ilon WHBT &f Newdlsh ehanmel ndg Nasad de f 56 Stagortion
and said channel jn said second portion are configured to align wth each
other to IAISFPHF PHIeT UDF g DRRGRERY t Hent OBB=@3tharelir ubi e devi ce

accor di ng £0r&i gidR 2%n Werohd e/ ds&hgebol 91 5R1 g5 fifstpporddon and said
channel in said second portion are configured to forma cylindrical channel
when al i gnetFR iBhatg vwhgte thei Rigrefevieet bt or Hi 9 o abar tn PSingher ei n sai d

channel ingsgidk fdg sts ROTEEON ands .sai}glrz(%-{@%eimi_ 5@l %%éggggd portion each

has a sem -circular cross section. 20 e tubing Ice according to
cl ai mi23, g Feka o ehsinbe| with sseebrid neerpoen i . htlse af grelt er t han
sem - Ci r cub ary G PSSr Seedd d- sal ' [ 0 ction has a
| ess thanuEléem'l- crlprcul ar cér)%eévgg“\ze%?%ﬁf%}%ir%ffu%?%(gghg%i%Slge accordi ng
to clai m 1Sgcanrtien dtwassageery cianrmeid i sha fwe stogetivert i near

car d secont urT R e s G S A b e TR 0 T r ot
curvil i nearr (teswadevand ¥ t Hi'hg sald) suppoaptueeter£f1&bible tubing
15 29 whose direction is to be rerouted. The dimensions
for the first passageway portion 54, and second
passageway portion 55 and, thus, the diameter of the
circular passageway, may be chosen depending on the
application. The circular passageway may be slightly
20 smaller than the flexible tubing that is being rerouted
such that the tubing is held in slight compression and
will not be prone to slippage in the circular passageway
56 formed by first portion 54 and second portion 55.
The provision of a sharp 'S’ bend in the passageway will
25 also help prevent slippage. The flexible tubing will
not slip if pulled on one end because of the S shape of
the passageway.
The shape of the passage way 54 and passage way 55
may not necessarily be the same but complimentary, as it
30 may be preferable to snap the tubing in one side such as
first passageway 54 of first portion 51 prior to mating'
of the two portions 51 and 52.
When closed, first mating surface 57 provided on
first portion 51 of two-part tubing device 50 will be in

35 contact with or closely adjacent second mating surface



WO 02/ UGL31H PCTI L1S112/ 113098 26 27. The tubing device according to .claim
26, wherein said second curvilinear channel has a dianeter |ess than the

cross seavp@aoefzigai d first curvilinear channel. 5 28. Thge ?H?Pﬂ&mng|ce
according to claim 27, conprising first and second pieces 0 exi

tubing, said first piece of flexible tubing being disposed in said first
curvilinear channel, and said second piece of a.o curvilinear tubing being

di sposed '98Sﬁk9v§@SQnQnCHé¥b£&n§8£t9Bﬁngglon%onﬂg tuBLagndev: ce

according to claim 27, wherein the outer periphery of “sai rst channel i5
over | aps tﬁ@VéGEeEOperlphery of said second channel. 30. The tubing device

. according to C|§I§hgz thgggfgu 2e§§88 %adegkcg ggn@blsegvgdggrrier

bet ween said first and second c barr & conp i'Sing 2o a sl ot
to aIIOM/c@nnﬁmreatm@hlbgtﬂeeﬁasalE7fwu§ﬂ ardesveondpahannél aooR&. The

- tubi ng devj to i wherein_said suppor r conprises
an addltloggl géggég%gﬁlnear %ﬂ %gﬁ O?aﬁacgaéi?Pgﬁﬁlggh%eFan channel
bei ng di spesedhowiah Hppeding batelemosabmysuhaeptfﬂEﬁbepoEtQBhsa&d first
curV|I|near hannel . 32..The bin vice according to claim15, 3o
wherei n satd 55%%58r? %%ﬁ%%?nc%%p#?ggggﬁﬁ gBe??ﬁPengFpﬁﬁﬁggthggid t ubi ng
devi ce. 35devif®=020064318s 2718644 USHE2£080198TR3. pFbertivhbng devi ce
according to c ein said suggort evi ce congrlses opposi ng faces

and a circliife gnF?SFs§§ge£Oaﬂﬁegﬁ?H SURTPI PHESF - chaRnBPSEBRPPRses a trough

di sposed athagopérheastwaublrbiebeothe B1sriBlei ccuher eAtbaknhedge. 34. The
t ubi ng dev%ce accordlng ag claim 15, wherein said sugport devi ce conpri ses
apertures to FEJHEELLR i ghenpelsafdfetpper tnaéiFes. Peptagn Alt ubi ng

devi ce forotrenspgattnguBikyohegical Lhyi éheﬁatﬂogebtﬂa dexbgg conpri sing:
a tube support conprising a curvilinear channel disposed therein for

recei ving BOpFeeR of - 18Tt UbFRAgVERRA-structure to hold a piece of flexible
tubing in said ghaAnel rs86poFBEot ULl NgndeykesnacsRrdiBg 59 ghai m 25,

15 brought together and closed, a first central opening 63
provided in first portion 51 will become in mating or
opposed contact with second central opening 64,
providing a central opening 66 which may be used to hang
the tubing device on a bag hook 34 (Fig. 11), or the

20 like.

Two-part tubing device 50 has proved particularly
useful in biological fluid filtration or dispensing
systems. It especially is useful in such biological
fluid filtration or gravitational dispensing systems

25 where a loop or elevated portion is used for automating
and increasing recovery from a gravitational dispensing
of fluid.

Fig. 11 illustrates such a system which is
disclosed in United States Letters Patent No. 6,171,493.

30 Biological fluid filtration system 70 has a blood
container or bag 71 provided upstream from, and elevated
above, a leukocyte depletion device 72. The leukocyte
depletion device 72 has an inlet 73 and an outlet 74
separated by a filter media 75. Blood container 71 is

35 connected to, or in fluid communication with said



20 further conprising a piece of flexible tubing disposed in said channel.
37. A nethod for transporting a fluid for a nedical application, said

met hod cog@ihbséBgs 25 providing a piece of flexible tubingeriReyddéd NY
conprising a single piece and having no adhesives on the interior surfaces;

provi ding a support device for the fl éXible tubing, the support device
being configured to prevent flow 30 constricting areas fromformng in the

f1exible tudikgsyoadidbBaspont 889ide T2l ehtbighohitbe &bgaupt e7d4 ubing. '35
WO 11210(i 1318 PCT/L|5112i031198 28 38. A kipnk-resistant tubing apparatus
conprising a suppert SFratParBro¥nfec stippbPedst RGet iteY hePRER ™ i gured to

substanti at 4 ya@pmeyentaki oki el Dedkyel 8Ot absREt Do f hexi bl eyt ube di sposed
within said supgort 5 structure. 39. A kink-resistant tubing apparatus

conpri si ngh& o tOSR +BELOR eJCERFR SphBr EORRRGEEHr BOLRI Pl confi gured to

. substanti atdye PFEVEEokiDkhBY T8 EnMELONt sSQ-REaELAGuL L exd bl eyt ube di sposed
within said support structure, and said support structure being configured

so that sal®letf eiame $LbrRG P8 adflet ablammi $himagabd Buppsded st ruct ure.
15 40. A ki nk; i S bi pg i Si S t structure,
A s esd st ant dybip pf??g%%é'ﬁl%ag&ggh%%]gﬁtf% HPRPY

sai d support "structure being con : earing to
subst ant i a¢¢ppresahtoRki wkihgthe blét@xidheainde dispodedlond hin said

RO osl e e e Nena kel 00 b8 SPRULEL | 10 Cak £y bE LEBGIaL O A

ki nk-resi stant g apparatus co Si ng a suppor uctfure, said
supporio st¥wceypasdhel Hgecdhfi gured to substantially prevent kinking in a

fl exi ble tube disp k- £ i aj p S ture 2 . weight is
applied to saigt¢I§§§%¥2%%%bg?éa% O%%?dfé%%p%%¥£%€¥§%t%?éfggyﬁb configured
so that sasystérexi®leotwubrkg is adjnstabserw than sal Hosppp®s tostruct ure.

2 A TR aant {ubing, spporoLs hieh Lo decte gl ReppuIa. 5, A0
02/ (1Gl318p28%vent the passage of fluid around the leukocyte
15 depletion device. This proved difficﬁlt to do in
practice until the two part improved tubing device 50 of
the present invention was developed. Tubing device 50
is shown hanging from a bag hook 34. The loop portion
85 of the by pass line 91 is positioned such that when
20 the blood container 71 is full of blood, the blood will
not reach the loop portion 85, and thus there can be no
flow of blood through the by pass line 91.
The operation of the biological fluid filtration
system 70 with the two part tubing device 50 remains
25 1ldentical to that described in applicant's
aforementioned co-pending patent application.
A variation on the device shown in Fig. 11 is
- depicted in Fig. 11A. This embodiment is very similar
to that ghown in Fig. 11 except that the flexible tubing
30 29 1s replaced by flexible tubing 292, which connecﬁs to
the top of the blood container 71 as opposed to the |
bottom of the container 71, as was depicted in Fig. 11.
This variation can be preferable in certain
applications. Other than the relocation of tubing 294,

'35 this embodiment can be substantially identical to that



PCT/ US02/ 03098 44. A biological fluid filtration system conprising: a blood
container; a | eukocyte depletion device, said | eukocyte 5 depletion device
havi ng arye d/@fi3gnd an outlet with a filter nedia di sposegct/hssabgisween,
sai d | eukocyte depletion device being disposed downstream from sai d bl ood
container; a first conduit, said bloo#container and said 1o inlet of said
| eukocyte depletion device being in fluid comunication through said first
condui t; aHdweodr eciel.villg cariieatinglle el A20dd rtoeiaday tdardwginer bei ng
di sposed dqownstream qf_ sai d | eykocyte depl etion device; s5 a second

condui t, @dtdihﬁ‘g}toolé@rsaﬁ%d | ﬁ@%ﬁpﬁ%tﬁ%ﬁ drdoi ng influid
comuni catdus turiti s8ahd gt tL eat Miglithdag: (dufagintsiaid seagned conduit; a

bypass |ine, said bypass line providing fluid communi cati on between said
bl ood cont@iferé®fhd sai d 20 bl ood recei vi ng contai ner; said bypass |ine

conpri gi ng a | aQFersding [RPrief. sl iy Rasssdhne kel e oy | aw eds to be
di sposed above said bl ood container at a sufficient height to prevent the

passage ofSHIWR d-thridiin ¢ 4Ife L P idstyt e TWepIBEHh RV &hfa tube

support  deML &y Ragd a9 iofy Tk Ry pascdd N%e Reidg-1d) spasedid n sai d tube
support device, and said tube support device being configured to support
subst anti #1g- the eftliam® RagHepi8Edakes otwyifem fafuialR 30 filtration

system wi thaut. s4lst qphisaldgy ﬂ@i&%%%dﬂﬂqy 45. The bi ol ogi cal

fluid filtration systemaccording to cla erein said bypass |line
connedtfs 3&ntiadlelyt dprasf Satst Mootidagl oMNGIER/MYE 38 PCTRISIA 2/ U3U98 30

2 d bypaci T MR TR RO T GPLE 0 B A e "

bi ol ogi calof lalimkddd tematiremd detiemredcciordisurh cletaifetdibidker ei n sai d tube

support devi.,ce rises: t.ybe s ort. co i Si C ilin channel
di sposed t %]?Jérf' orcarne}ealls\% ntgpear%%lg%u%?’ tu c|{n’3‘g;éﬁ%{%D 1%6%%%Ar%e€%r hol di ng
a piece ofhdwinge ividat pbahaimnel 86 4 tdhéhidloltoghicad ddmipkds [ tration

o claim44. wherein said tu rt. device,

compr R Sos: O YU Aot HOhA I IV 1 b et ERAFHET 81°CBeRd t her ef n
for recei vedwet ke tofidebitg; @hd et rpethaes tad hgitdla peece of flexible
tubing in than the wall thickness of the flexible tubing 29, such
that when the tubing is moved from the wider portion 86
of the clamp opening 90 into the narrowed portion 92 the
20 walls of the flexible tubing 29 are essentially pushed
together and brought into contact, thereby cutting off
the fluid flow through the tubing that is in the clamp
opening 90.
The construction shown in Figs. 14 and 15 is in
25 large part similar to the construction shown in Figs. 12
and 13. The only substantial difference between the
constructions is the fact that the first portion 51 and
second portion 52 of the improved two part tubing device
50 have been modified so that the first portion 54, and
30 the second portion 55 of the circular channel 56 are
shaped so as to change the flexible tubing by making a
90° bend in the same instead of a 180° bend. 1In
addition, there are multiple clamp poftions 87, one
extending from each side of the two-piece tubing device
35 50.




said channel. 20 49. A kink resistant tubing apparatus conprising a support
menber, said support nenber conprising: at |east two channels through said
support meohevsiBy retaining tubing; and 25 structure to sgppssiosbée wei ght
of said tubing apparatus w thout substantially deform ng tubing retained by
sai d support menber. 50. The kink rest3tant tubing apparatus according 30
to claim49, wherein said at | east two channels are substantially parall el
to each ot her. &ilniTEel ki nkhe esirsttantc tidn rghappaf agus Becamdlilig to claim

50, wherei.,n sai.d suppori, menber s .35 sulstant.ally. rectang r WO
021 11( 1915 Pt UKD L8 A o G T T et S s g, Ho i us

. accordi ng 1%, cdedeptdlzhadhetlss nfisadtd psivrticinur €l tand ugipordeddred wei ght of sai d

t ubi ng apparatus c rises a hole through said s ort_nenber.. ' 5 53. The
ki nk resi {1t rab%o%p ‘?&W%%%r%%f%%c%lﬁmfﬁ,d%?%i%osai d hol e

. through saidlre uppat tmsd T ELddIre ifrSHss afvd adhangrigerith cddpsctiomsai d at

| east two channels. 10 54. The kink resistant tubing apparatus according to
cl ai m 50, athetes rcwain sigpokds neatdaercsimpri $&e #0Cushednpont Fodasbet ween
said at I@tatg\ol§hannel s. sb5 55. The kink resistant tubing apparatus
according to i m 54, wherein said structure to support the. weight of

sai d tubi ng appefatusiopnpr i Bass sdigl soud VIEY, pdnereoniofslsawmd support nenber.
20 56. The. ki,nk resistant twubin aratus accordi.ng to,claimd49, wherein
sai 0 suppdrt b aoTATRGnT | et ThE Py Scler GFTaRT QoS Ut hg hel d by
sai d suppasteverdeEly upbhnd tes el ghtFa  Slad ety bd £ guradbgmes ted rudi e ng
supported .'sa(%ﬁd su%)port nberd 25 57. The t[_(i_nk resti__stant t ubi ng

appar at us rEVET o T BT TR iterds i SEAHESUPPI t S ERIBET T s £l exi bl e.
58. dThe kimiwxe@ni)csémen?mgimnﬁwéw%ﬁcmé Chule 8301 t 5 cl aimn 4P s wherein
said support nenber,is substantia rigid 35 , _
T ne R L oR Gt 1 00 s Lrgts Dod e b 286 W 9¢oond POFTioR A A
ALs . A . Algg Ao f Achd fu P -pheStwdJhdrd (dabdMg ' ddWeeD95 still

zupkf a\ W ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] caU] ca] cTa] ca] ca] ca] ca]ca]calc
a] ca] ¢Fa] é’éﬁ‘é%]%?c%}%%%‘c%‘?ﬂ@a?%aiﬁ c%r!%gwfpaﬁ%econd portion’557of

% 06 | wnmblad o sl pakh gl £al SAl %@ﬁifgi&@g@] cadsalgal cal cal ca ca

] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca!"'"’ + +b++++

m Hoygper, the circular passageway 51 formed by the

1#1B111) 222491 gbl b4 cak caheal cal cabeatd 6l 62] sah caheatsabsal cal cal ca ca] ca
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operation of the system illustrated. The use of multiple
10 tubes traveling in multiple paths is well within the
scope of the present invention.
Referring now to Figs. 22 and 23, there is shown a
further modification of the improved tubing device 30
embodying the present invention, and having a flexible
15 support member 31A having at least one, and preferably a
pair of channels 32, formed proximate the ends thereof.
Flexible tubing 29 will pass through the channels 32
and form a U shape above the flexible support member
31A. The flexible support member may hang on a hook for
20 support. '
Depending on the application, channels 32 may be of
a diameter slightly less than, substantially egqual to,
or slightly larger than, the diameter of the flexible
tubing 29. If adjustability is highly desired, it would
25 be preferred to make the channels 32 larger than the
tubing 29. If the channels 32 are smaller than the
tubing 29, there would be substantially no
édjustability. If the channels 32 are substantially the
same, the position of the tubing 29 will be adjustable,
30 when desired. & first leg 292 of the tubing 29 leg needs
to be pulled, while the second leg 29B of the tubing 29
is pushed to adjust the length of each leg position of
the loop.
These same considerations as to the size of the

35 channel 32 in relationship to the size of the tubing 29
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f' 1109 R &10% B {grr irGmmow to Fig. 24, a modification of the
present invention is shown comprising a rigid or semi-
rigid support member 31B, having a hole or aperture 30A
therein by which the support member 31B may be hung by a
10 hook or other well known support means. A pair of
channels 32 are provided in predetermined desired
positions in support member 31B, and flexible tubing 29
is passed through channels 32 to form a U shaped
(upright or inverted) loop. The size of the channels
15 with respect to the tubing will be chosen as discussed
hereinabove, depending on the degree of adjustability
desired. |
Thus, by carefully considering the problems in the
art, a novel tubing device to capture and redirect
20 flexible tubing, while at the same time to enable it to

be weight bearing, has been provided.

25

30
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g () - a curvilinear channel formed therein for

receiving a tube; and
an adhesive disposed in said channel for

securing a tubing into the channel.

10
2. The tubing device according to claim 1,
further comprising a flexible tube, said flexible tube
being disposed in said channel of said support member.

15 3. The tubing device according to claim 2,
' wherein said support member comprises an aperture for

hanging said tubing device.

4. The tubing device according to claim 2,
20 wherein said curvilinear channel comprises at least one
of: a “U” bend, a right angle bend and a straight

section.

5. The tubing device according to claim 2,
25 wherein the interior of said tubing is free of

adhesives.

6. The tubing device according to claim 2,
wherein said channel has a substantially semi-circular

30 cross section.

7. The tubing device according to claim 2,
wherein said channel has a cross section which comprises
an arc which is greater than a semi-circle.

35
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9. The tubing device according to claim 8,
wherein said channel comprises an opening to allow a
tube to be inserted into saild channel, and said opening

is less than the outer diameter of said tubing.

10
10. The tubing device according to claim 2,
wherein the outer diameter of said tubing is
substantially equal to the inner diameter of said
channel.
15

11. The tubing device according to claim 2,
wherein said channel comprises a “U”-bend, and the legs
of said U-bend are oriented substantially perpendicular
to the direction the tubing device is designed to hang,

20 to prevent the gravitational forces acting on the device

deforming the "U”-shape into a “V”-shape.

12. 'The tubing device according to claim 1,
wherein said curvilinear channel is a first curvilinear
25 channel, and said support member comprises a second
curvilinear channel, said second curvilinear channel
being disposed adjacent to said first curvilinear

channel and within said support member.

30 13. The tubing device according to claim 12,
wherein said second curvilinear channel has a diameter
less than the cross section of said first curvilinear

channel.
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first curvilinear channel, and said second piece of

curvilinear tubing being disposed in said second

curvilinear channel.

15. A tubing device for use in the medical
industry, said tubing device comprising:

a tube support comprising a curvilinear
channel disposed therein for receiving a piece of
tubing; and

means for holding a piece of tubing in said

channel.

16. The tubing device according to claim 15,

wherein said means for holding comprises adhesive.

17. The tubing device according to claim 15,

wherein said channel has a semi-circular cross-section.

18. The tubing device according to claim 15,
wherein said channel has a cross-section with a greater

than semi-circular cross-section.

19. The tubing device according to claim 18,

wherein said means for holding comprises said greater

- than semi-circular cross-section.

30

35

20. The tubing device according to claim 15,
wherein said support device comprises:

a first portion and a second portion; and

said first and second portions being connected by

hinge.
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10\ 5 22.  The tubing device according to claim 21,

wherein said channel in said first portion and said
channel in said second portion are configured to align

with each other to hold a piece of tubing between them.

10 23. The tubing device according to claim 22,
wherein said channel in said first portion and said
channel in said second portion are configured to form a

cylindrical channel when aligned.

15 24. The tubing device according to claim 23,
wherein said channel in said first portion and said
channel in said second portion each has a semi-circular

cross section.

20 25. The tubing device according to claim 23,
wherein said channel in said first portion has a greater
than semi-circular cross section, and sald channel in
said second section has a less than semi-circular cross-
section.

25

26. The tubing device according to claim 15,
wherein said curvilinear channel is a first curvilinear
channel, and sald support member comprises a second
curvilinear channel, said second curvilinear channel

30 being disposed adjacent to said first curvilinear

channel and within said support member.

35



10\ 10\!10% & ()-#!SI109%C8C8&' () - #zyyyz({{| zX6{Y: 10! 1t Y"10%u& () -
FFY"1090ME () - 't 110%uu& ()-!p '10%!'& ()-'Y3

%4 0%u& Woe LB is& () -] ct}~KwXo{Y: 10!!l710% u& () - &610% Ul?Cf/lISézYisM%‘V&' 0)-
PY"10%uu& ()- !'SY"10%& ()- !'Y"10%&' ()- bClO!!!  10%& ()-10%& ()-" 10%& () -
10-u 10-u ' 26

10-u: 10% u& ()-L910% u& ()-, 7Ct[9bCLO! I X1 10% r & () -!'\! 10%W @ @ () - FzZ10%&

()-310%¢& ()-! PA0%ohse (ﬁubinﬁ/d&@@ﬁél@aéaoﬁyﬁ@bg%ia‘m 26,
10%8& () -1 L*gl0%& ()-!a& | 10% b{b& ()-f! D& 1 10% & ()-f! X1 10%r& ()-!f!10%
bb& () - K} PETR 19844 190G 9RA (U s bla@p channel has’a diameter

}glb(;lo;/(b@ie(s)s | Ahd d OOVEES £ 3 - ddcd QWD BES (& - £+ A00D&: L)+ KIWEZH\ 1 10! ! 1 Y310%

10%/&' () RO’ () - & WL ()- &P, " W10%0& ()- & , wi0% / & ()-&IY{Y: g\': 10!
|, $10%4& () - ! f F! 109KNMK& () -1 SFI10%/:/ & ()-! XF! 10997& () -

XF! 1098728 ()-10% & () - zX9.

10/ S99! 10% & ()28 1 SYBhea Ov@o {99 fIRI0ER {GcoBdEne 10964 18N (37 ) N@% 1096/ 5/ & (

Fatov () SRV - Aotk () STOR )7 107" 101 RPSTLRAT FE2HRT” 10 10

10L3109& (o168 00 £ - 16 098 1)eBIh TR0 6y - B¢ LF&1QY6 D& €] - Bvef n} dEPE:

107 10 10°§4}§E(élrst 10208 {dedr *WAAEL) aédlé’a/&&%ééor}g% &.{)sp10%

h& () -
10 curv1llnear tubing being disposed in said second

curvilinear channel.

29. The tubing device according to claim 27,
wherein the outer periphery of said first channel

15 overlaps the outer periphery of said second channel.

30. The tubing device according to claim 27,
wherein said support device comprises a barrier between
said first and second channels, said barrier comprising

20 a slot to allow communication between said first and

second channels.

31. The tubing device according to claim 15,
wherein said support member comprises an additional
25 curvilinear channel, said additional curvilinear channel
being disposed on an opposing face of said support

member from said first curvilinear channel.
32. The tubing device according to claim 15,

30 wherein said support member comprises an aperture for

hanging said tubing device.
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5 said circumferential edge.

34. The tubing device according to claim 15,
wherein sald support device comprises apertures to

reduce the weight of said support device.

10
35. A tubing device for transporting a biological
fluid, said tubing device comprising:
a tube support comprising a curvilinear
channel disposed therein for receiving a piece of
15 tubing; and

structure to hold a piece of flexible tubing

in said channel.

36. The tubing device according to claim 25,
20 further comprising a piece of flexible tubing disposed

in said channel.

37. A method for transporting a fluid for a
medical application, said method comprising:

25 providing a piece of flexible tubing, the tubing
comprising a single piece and having no adhesives on the
interior surfaces;

providing a support device for the flexible tubing,
the support device being configured to prevent flow

30 constricting areas from forming in the flexible tubing;
and

transporting a fluid through the flexible tubing.
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bearing flexible tube disposed within said support

5 structure.

39. A kink-resistant tubing apparatus comprising a
support structure, said support structure being
configured to substantially prevent kinking in a weight

10 bearing flexible tube disposed within said support
structure, and said support structure being configured
so that said flexible tubing is adjustable within said

support structure.

15 40. A kink-resistant tubing apparatus comprising a
support structure, sald support structure being
configured to be weight bearing to substantially prevent
kinking in a flexible tube disposed within saild support
structure when weight is applied to said flexible tube.

20

41. A kink-resistant tubing apparatus comprising a
support structure, said support structure being _
configured to substantially prevent kinking in a
flexible tube disposed within said support structure

25 when weight is applied to said flexible tube, and said
support structure being configured so that said flexible

tubing is adjustable within said support structure.

42. A kink-resistant tubing apparatus which is

30 weight bearing.

43. An adjustable kink-resistant tubing apparatus

which is weight bearing.
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depletion device being disposed downstream from said
blood container;
a first conduit, said blood container and said

10 inlet of said leukocyte depletion device being in fluid
communication through said first conduit;

a blood-receiving container, said blood receiving
container being disposed downstream of said leukocyte
depletion device;

15 a second conduilt, said outlet of said leukocyte
depletion device being in fluid communication with said
blood receiving bag through said second conduit;

a bypass line, said bypass line providing fluid
communication between said blood container and said

20 blood receiving container; ‘

sald bypass line comprising a loop, said loop
of said bypass line being configured to be disposed
above said blood container at a sufficient height
to prevent the passage of fluid around the

25 leukocyte depletion device; and

a tube support device, said loop of said bypass
line being disposed in said tube support device, and
said tube support device being configured to support
substantially the entire weight of said biological fluid

30 filtration system without substantially crimping said
bypass line.

45. The biological fluid filtration system
according to claim 44, wherein said bypass line connects
35 to the top of said blood bag.
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46. The biological fluid filtration system
according to claim 44, wherein said bypass line connects

to the bottom of said blood bag.

5 47. The biological fluid filtration system
according to claim 44, wherein said tube support device
comprises:

a tube support comprising a curvilinear channel
disposed therein for receiving a piece of tubing; and
10 means for holding a piece of tubing in said

channel.

48. The biological fluid fiitration system
according to claim 44, wherein said tube support device
15 comprises:
a tube support comprising a curvilinear channel
disposed therein for receiving a piece of tubing:; and
structure to hold a piece of flexible tubing in

said channel.

20
. 49. A kink resistant tubing apparatus comprising a
support member, said support member comprising:
at least two channels through said support member
- for retaining tubing; and
25 structure to support the weight of said tubing

apparatus without substantially deforming tubing

retained by said support member.

50. The kink resistant tubing apparatus according
30 to claim 49, wherein said at least two channels are

substantially parallel to each other.

51. The kink resistant tubing ‘apparatus according
to claim 50, wherein said support member is

35 substantially rectangular.
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53. The kink resistant tubing apparatus according
to claim 51, wherein said hole through said support
structure is substantially perpendicular to said at
least two channels.

10

54. The kink resistant tubing apparatus according

to claim 50, wherein said support member comprises a

curved portion between said at least two channels.

15 55. The kink resistant tubing apparatus according
to claim 54, wherein said structure to support the.
weight of said tubing apparatus comprises said curved

portioﬁ of said support member.

20 56. The kink resistant tubing apparatus according
to claim 49, wherein said support member is configured
to prevent deformation of tubing held by said support
member upon the weight of said tubing apparatus being
supported by said support member .

25

57. The kink resistant tubing apparatus according

to claim 49, wherein said support member is flexible.
58. The kink resistant tubing apparatus according

30 to claim 49, wherein said support member isg

substantially rigid.
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