A H GH CAPACI TY BI OLOd CAL FLUI D FI LTRATI ON APPARATUS
BACKGROUND OF THE | NVENTI ON [ 0001] This invention
w0 edoatierddt o the filtration field, and nore PCT/US2007/004661
particularly, to an inproved | ow hold up biol ogica
fluid filtration system including a | ow hold up
doubl e sided biological fluid filter device |acking a
partition wall capable of filtering biological fluids,
i ncluding the renoval of conponents_or chemicals from
bl 0ddHERH QARRCHN RIRLASIGACK IDHGILT RETH@NARIPABATUS
| eukocytes from packed red cells, and prions from
bl ood or bl ood products. [0002] Doubl e si ded
bi ol ogical fluid filtration devices that include a
single inlet afAGSRRYIND G THE IMVENTAONartition wal |
are disclosed in patent serial no. US 6,660,171 B2,
[0001] Thigiventier relptes testiratondigldy and PeEPatfipsiRlly. teRN improved low hold up

biological ﬁblh?ﬁﬁitwﬁ’ S5513RD indRiiRY 805 RBWS dSublé slded Uﬁlo@@élmlcﬂﬂlter device
Doubl'e sided bj ol oql cal fluid f||trt§t| on device

lacking a wﬁ@érzzwaﬂ srrakie ghiitaringdiclqgical fbids. lcliding e rggieyat of components or

chemtcalsﬁ?&rﬁ 'Eioo@FH?'HI&&E prRAUAS; indER34he Emoriliof Huﬁdc(:jy‘ies from packed red cells,
O3 CAL FLUI D F|] LTRATI ON APPARATUS, file

and p”°"%@9’i"éﬂ%‘é‘f'°b%'°°9@fﬁ?”°§oubl e sided biological fluid
flltratl on devices that contain a partition wall are
so_disclosed in PCT application no

[0002] Dop@qug pg@gb%d fitration deyjces g]aﬂ_r@gd%mpglauﬁet and a single outlet
with a parfitidnWAT b\iiSEIEARAN S teritisefigh i) Usepseoen B2 enBlHIGH CAPACITY

B A VN

2001. Doddlelsidet ibididgical amidiiiraiie déwidesithal coohesin tavmariititchepalhdendlso disclosed

s SRS BB Ar S SEAL B AT AHAl goonrares

filed on Sé&ptemdler 08,2000 Poabletsidetbiblvgicanildis filbfatibn dieviges #at icbofaih a partition

vt RS R B B RS O ocrom

FLUID FILdH%RTIIdNEAPEARAW&, fitedlen Septeintgsr ©F| 2004 Applicationata. di/934,881 and

evtcaiof 5, BEr1 k00578 i1 L0 IE b MO8 SRy aeve o

includes twatlrlm;ieatlaae‘lwd flewipathet samchtembvaparﬂthm walswilh 2ach feid flow path

comani s P gl A, W By A e 5P ing o

or blood prodiuc ¢t bel lndﬁp@ndemlysfdn@aﬁrcat e receiving bl ood bags, the
first unit will be filtered by the device with the
filter elements of the device in a relativel
[0003] PatmminoulUSH, 2 hd7 0 iBd rdesaribes 4 doglkle sivgdhivlogigal frui%ltration device that

lacks a szr{lt{ éfwﬁﬁ" ]grkjlfd geavélﬁ e%lgfbﬁdqﬁ sfng*et &hle?l:ﬁtﬂ%ﬂ&%uld"ﬂcﬁv paths

|ve COﬂItIOﬂ ore the ow rate
between thirijatjand helleteTine dispévantas of thisttypmpt deyisd istihaitivaunits of biood or

blood pro? b hﬁerfethWrd'uﬁh @ik %vkg%nﬁ %Wé@e&‘ Mtd twé’gé‘;%’ra{eh%cewlng blood bags,

tration effiClency ?I/' di fferent between the
the first upit wilt beafiltered by e dﬁY'F%W't s @F%eéemwiér?f theedeMdsn iea felatively non-

fouled coH@iﬁt% fa‘P\H th@ %EQ&Y& @inif ﬁmLB“etﬁlﬁFed B tHecd salvign ﬂ%jfmé? lefiinents in a
ifferent for the first and se

relatively fq}m]:oqqlthns Tpﬁ@qf%qeotpg figw 815 tg&quggfth? ﬁi@‘"ﬁ? g%r Re i lilrst unit will be faster

than the ﬂdW Rflé Féiné SeBErMIISIE Henkk MhedBItratidn & Uﬂedcyf riafy It dhﬁé\rent between the
ystem jncl ud |n? a b|o v\glcal fluid fl kratlond ? (fh leukocvte
first and segapd Btk T heraTR: WEBHPRARYICe Jieacar Iulierin eddgton the teukocy

reduction¥hf20hay bBloFtrast for theutbtaraddodhd unhat will filter two
units of biological fluid including blood or blood
product, with both units being filtered sinultaneously
[0004] It i8th&rBfore shobiedt wf tHecpresent ifivemtion &d providiech bibiigiocal filiid filtration system

including a biological fluid filtration device that lacks a partition wall, and that includes a single inlet
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automatically, and mnimze hold up volune. It is also
an object of the present invention to provide a single
woeous/1631kt r at i on devi ce that can vent the two PETIUS2007/004661
flow paths of a biological fluid filtration device
that includes two i ndependent fluid flow paths. It is
a further object of the present invention to provide a
nmeans to |limt the flow rate through the deV| ce by
including flow restriction downstreamof th
and a douplectuigh,daat will fiiter o ynitgiaf Sielegien! AuidinelHding é’\R"é’eo" blood product, with

both unuts@%ﬁﬂl@%ﬂ%ﬁé&us@ Mr@xuﬂaﬁﬂyj tHél R f6®RIrafel, Hhd that will run

tration Device (hereinafter referred to as BFFD) as .
automaticaliye @nF aripimizebaldurvaiymer this Ase aBePisst ebigmressny inyention to provide

a single v ‘#ﬁti‘é’t%n%@k@ tRa e nt HeSivoiid YR patid Stbiolgidal fluid filtration

| ow pat h defined between the inlet and
device that rfe:ltqusgwomq&qndew fiuid How pakise Itrs aifirthar RRigehPhthe present invention

to prov:de"-!aefn'eﬁﬁfsi tPRhHRN W Patk “Bﬁr@h?ﬁﬂﬂa GE\BcSBE Pidflidid A restiidtion
first biol OEI cal fluid filtration nedia interposed
dOW"StFG%Pﬁ\B‘@rP'PHQ'CP fld filration media indpe devicgt and across the

first fluid flow path, with the first biological fluid
filtration nedia seal ed h using to prevent the
fl ow of bi ol ogi cal quiBEgg{m&yﬂgt he housing and the

first biological fluid f||trat|on nmedia, with a second

b|oIo i.cal t|on |nter
100051 A Bob16 Ny BlpEicnL it Sl B PSR TS LB D) as used
herein meahbiafilfrhtion @atide cdm;bﬁsmd’le heesmg dobﬁaﬂilmg;an alletfdni tdo outlets, with a

ot i BB o e i RS AR ASE 8 LA o s

defined béteeendhd inI)ét@j'iddaé sbtandlodtlet twittt a dirst bidogical Tibid filtration media

rooso bRk R 50 15 SR8 S, i o s

biological fluRicfiehtiort medemd teuke) bygtising tpprevast, thetﬂbwrofkthmiogical fluid between

o5 SRE NG Vbl Rl Y SpEoBBaPisvaon

media intéYposeg beteehlthe mletBiFEDhaaycmksmttm and edrass thd secdrahitlid flow path,

it bl PARESHRE BlgPhh Rk SEbis ek R i oo o
biological floky Isstvaéh ¢ine hedsimg anl the sm:oBElBl@logi@IlﬂseH iltnaticei medimaifibe biological

fluid fi ltratbc'np ?%vgciy Slaflhé ?%tjﬂg s H? qln b‘?&B@P&ﬁdﬁ c{ll}a%ad BBo l<J)r Plood products to

| T pro
remove leuioctEmv@idneukibey biosd cpmponsntsoceibr am gwn@ehqnm@mwblch may be

v t0 w35 5B SR oy BOSBDE K DR b8 b4 36 arcrnns or

other typesi ofl Bigiogisial Fluigd Giltratipe Devices. medi a (BFFM conprises at
| east one filter elenment, with each filter elenent
cont ai ning one or nore Iayers of porous filter

[0006] Biefagicel Fuiddfiltretian §lada @Vp%“afﬁﬁéeiﬁ"@ldd@ g BFF\ Agused herein means a

porous fi I{r%ﬂlér{ ﬂeb%”ce{ﬁ%gleaof‘mm‘??’ itdlRGigs, |H€!Udi‘ﬁ§€blédd é®lood products to
w th each er e emant cont ai ni ng

remove letikppiteeneriangpether bioep cemneaeets) a¢lls, ARY ChemicRLagRIN which may be
used to tre¥PER RbloGical M, FAm fHéJIblgloblcbt 1184 PHE BiBdigital A4 filtration media (BFFM)

contain one or nore filt el enents of the sane or

compriseg|gf legstone fi We%lera@ntdwb Iea%a't?frﬁ'ﬁ'yﬁeh?oné?iﬂ!nﬂﬁﬁ Srineys. lavers of
porous fi I%Q/n%)ténﬁaﬁ tiod sérﬂe@f&' ThHAHiAegiBa. fulFitr st PRE4RZARY ﬁoﬁl%lh more than

consi dered as bi ol oqgi cal luid filtration_ned a
one filter plemeiguith eagh BEeT TV PRI PYRTEGH YRR Al Histdngleld: Any of the
various t)}riﬁrs%f BidiGHEH ﬂhlﬁlfrétidnr rﬁbdﬁﬁhélﬁﬁﬁn@aml%ﬁé ok fnoe ViRaxt elements of the same

ter device. The ne us. f||

or differeiiyery 8% SHEFSEH MORF R HRRERI Sotp S St PoR AmPistion
PCT/US2002/0200D6 Ynayi bécongidered sis bivladicdl flRidfilpatisnmediarin this application.

the nedia may be a depth nedia, such as cotton,

2



spun bound pol yester, or a nol ded depth nmedia such as
Porex. [0008] Housing as used herein neans the
wenaBasine into which the filtration nmedia i s BERUSIN7/004661

The housing of a BFFD may contain an inlet and two

outlets, with a first fluid flow path defined between

the inlet and the first outlet, with a first BFFM

i nt erposed between the inlet and the first outlet and

across the first fluid flow path, and sealed to the
[0007] Vehtfulratign iMediz as eged haeein means theplilypiie) eedisfysgddn a vent filter device.
The mecig )R i ot OHS 1, A np0fanL hh, Emehtratishih, & TERGREr PyoF,
preferablyswitioa abowmlzetof OV it r amgligroputhBRradia mayrbrog deptj‘elmé@nsuch as cotton

ross the second

spun boué?ﬁ?‘bﬁ%t%v??%g{]ﬁlgga B@‘ggfggtsltugﬁta %2-% rﬁ%ﬁy ng to prevent

the flow of biological fluid between the housing and

[0008] Hob%gsa%‘i%ﬂ h%'r:{Mm%J}% the %ﬁhiBgur@%E \mEh MIﬁéﬁbrﬁnedla is sealed. The

tion wal housi n romarlq?
housing oﬁataﬁﬁthmaymntam a@t"%iﬁ‘rﬁ@s@@”é‘éts wthaa fum fuichflowpath gafined between

the inlet a%HXhé ik dufidd! \%ﬁﬁ amréisé# 'méﬁdobét{j bEWén%e'ﬁﬂé%chme first outlet and
I'ycar bonate ene | ene.

across thé, fitst fivig flow @atbeand $¢al@d g’-t ﬁh@rhoaélmgée Pt%ﬂ?ﬂbth‘?sﬂ%’ gihiplogical fluid

between ﬂﬂgrhtoulsnﬂ fdridi e fi Iffl'éfﬁmfﬂ SaLidyy id ﬁoﬁtpgﬁﬁo%?ﬁ{e@ be"iWQen the inlet

port ow communi cation W th t
and the S%Wﬂddg—iﬂ@alwm apecdrid BrEiintarropsd drfwegn thednlet @ncbthﬁl sgrond outlet and

across th@@é&r@eédl R k&%ﬁl"/"%‘?\@ stle‘edWS Bhe 99u§m§‘ﬂijpr(eb§nt5tb$§tﬂgm of blo!oglcal fluid

a vent ralonmlalnter{)ose
between qhﬁé\ovélﬁﬂ awrthe §ﬁ€l°'1ChBF§Msf" Benhpusing 4aas Aet edaip Wepammruwa" The

housing nfié)PH\é RildB frodf g rifhteriaP shiditad Qafierd &@elﬂfr%ﬁﬁﬁiﬁuﬁ‘\h 8r from any rigid
I'ow of biological fluid or gas between the ve

molded p\aﬂ'q FatariHh SeltiPe ARPHICY %@v%a%'?aﬁa PolvrigBy'enp oﬁ’?i&?tMP”e The housing

of a vent ﬁith&h A8vits Gﬁhtaﬁfs% VerlfB3RSn a0 flolPedrdhuRicalicigwRidatmosphere, and a
i ncl udi ng bl ood,  or

system parh 1 i) A BRG] EBOHH A BIGoSGS LA BALSTL Ysiorp, Wi 2 fid fow

path defifZietvEaén ﬂweS\lLéﬁﬂ PORI Mdthe EQ&&Q\] pdre ukmca/mwt(ﬁummnnnaga interposed

between ?@0&5@"989@3 Yfg%her 7 @wsel t@lﬂ%hgw Ipgth ang sealed to the

housing tb @téﬂ@ﬁyik%ﬂmwbﬂblﬂbg@asﬂm@ en ga@Betwe@ﬁItuei eendfiratidnl raedia and the

red cell products, such as concentrated red cells,
housing. yashed red cell's, |eukocyte-removed cells, thawed red

cell concentrate and thawed red cell suspensi on;

| as roducts,, K such as I at

(0009] Bfjcied BLILES esrbSiahaRant pP% Bire < Biie Y 8L inglging blood or blood
product, driceiaBludingUéukoel seamtainitg GUy persiisrtaaprign eordainnigesuspensions.

| eukocyt e-cont ai ni ng bl ood products, such as

concentrated platelet cells, buffy coat and buffy
[0010] Leu@atyw e)mtawn@ ISospensidreas esdcbbgrea meansaa figuig in which leukocytes are
suspende g:[n]% noftlel{l%%yge-éosng%ﬁqP%Vgﬁ% éjnes:/haﬁg? %?Ircﬁst%ié%&p%d cell products,
such as qoheeratate@ regkeetis| wsshéd)(eﬁ qe]lls,F!eulmcytaarﬁnmwdmst thawed red cell

' u
concentra?g%glﬁgﬁélvr%eh g%s%%&(dﬁ‘ ggfn%!&q ﬂf?%ﬁ'ac‘g rdglé'% %1H| ‘ﬂ? ﬁ‘%‘té?@t -poor plasma,
plate!et-e(m@regi wlasmer fresit pphitizecoplasmaipshdiguissriasma wdmmﬁ@pltate and
other Ieul?ocﬂ‘ﬁeﬁé&ﬁalh B]QO@RM&SW% $§1cc§m:ehmafeh ﬂlé&efelt Wk, fn'uf?fy"coat and buffy
ni cat nvvlt at nosphere, an outlet In
coat-remevesipleedmihs |@H‘E¢Q)’ﬁﬁ-ﬁmtﬁmﬂ‘$%{§@ﬁﬂs'§’ém befi tt%feéé»ydhadﬁé'ees and
systems &ﬁ%n\%& bh hediraBdH: 39MNkiBh & RASR*B8b ‘fﬁéeélbé\}éee)&dﬁll;ﬁés and
outlet, wth the housing containing a vol une of
gas betvveen t he di aphragm and the outlet in its nornal

[0011] Prﬁ:tnaégntaining Suspension as used herein means a liquid in which prions are suspended.



SUMVARY OF THE | NVENTI ON [ 0013] The foregoi ng probl ens
of the prior art are solved, and the objects of the
w@e@sanii4t nventi on are achi eved, by use of a bPCI/O§200AD04661

fluid filtration device (BFFD) and system constructed
in accordance with the principles of the present
invention. The biological fluid filtration system of
the present invention is capable of filtering

bi ol ogi cal fluids, including blood or blood products

[0012] qum"ra@wd?félm@t?ewy? éhereippiteryeferiadiierasiPaBl asoirsdifieneis means a
device h39 ':éalasho@‘ﬁb ﬁnﬁghmtet RGBT FowW\Bhiah RGBS vMﬁ ea@mbgpﬂéreamh an outlet in

ogical fluid, fromthe biol ogical

fluid flow F@omnlcaﬁen wtb|ao°gﬁq9&ﬁ deyvigedo pe(drained.cndwi a fiapheadie éderposed
between thelif8HasP e IRE, wilhhERbL¥ing coRldARS h%ﬁm@ 805k IwWaBH the

one or nore receiving containers, normally a
diaphragrp @nddhe pyiiet "E)F%BB"B%'Q“%P bags with a BFFD interposed
between the feed and receiving bl ood bags. The BFFD

i ncludes a housing lacking a partition wall having an
inlet and two ouﬁq*wy'/\w gﬁ HIEINVENTIONG £1 ow pat h

defi ned bet ween the |nI et and the first outlet, with a
rst pi ol ogi cal d filtration nme
[0013] Thﬁﬁ?f@fgatslgewﬁlsmm hh‘? H[é°" ‘?# e %‘}H‘GF‘% ﬁ@gf”“‘r‘ é‘?leﬁfﬁtqf the presgnt invention
are achie@éd, @5uselst o biolgickl id filkdativh gavibe (BFEDWaAdsEte&COAskructed in

accordang!%glgﬁah%g%%gﬁgg ﬁ'{el ;g{gg E%VV\%@PB 'ﬁlﬁ %lglogitaclaﬁﬁtgd tﬁl't]r%’tion system of the
present lrfviehtldslatsi cHpabrtfdilté Bid-Mplogidae fifias doclbgingdisod ch‘ealédd ﬂrtoducts to
and the second, ou and across, the second, f|

remove IqUkgRY K FH'°"?h%"“§"FH9PQ CREWORENE 2 FSoRd FRFTIEH! %?eé\’%%WP'Ch may be
used to treat tmeldiolpyiealffivid, éfonetheroibgicalf fluid.f f er ent types. The

housi ng al so i ncludes a chanber | ocated between the

inlet and the upstream surface of the two BFFMs. A
[0014] Theibislbgitaldid fitrbtiore sytemimgludes & feeait cathtalosm Abmeain aoéollapsuble blood

the first BEFM and .a flow restri
bag and qricen By SRR BARI o e DB AT PP o B with @ BFFD
interposed lbetvdedn thierfaéd and sgcetl\emg blayd dbga ThecBEFAB ua:lmriﬁsmshabtmsmg lacking a

partition v\%ﬂ@%\ﬁﬁ%&? ql%t agtd \6@ g&?té co%‘?ptfl‘h c? HRS %(%,fghl%ﬁ%n 't:\peen the inlet
and the firsb @ngetnw}thmfo'lsmeoglcal fapdhf brgtionl meidia @fﬁj&)\ns cme(plbsé)d Between the inlet
and the ﬂ{/ég ;%ILS%{] 3{1&' qgﬁ:s@ ftlpéjt" rlslt filid ﬂoltv%th eaﬂcf \g% E%Qcoﬁ%qﬁmg fflo%vﬂgatth defined

ne autonati c raining nea
between thednigt and d’@e@bqond paitiet withgpdecond ibinhogical figdl HBatiw@ghedia (BFFM)

mterposeld 'Beﬂpé’érl nd dhlgpaﬁtpthep SeboliP2004 48 le%sg'm/e Q@co‘ﬁﬁ‘?@ﬁ w path. The

onati c drai ni nmeans in this applicatio
BFFM’s nnav em}taIOfortetféteeﬁbﬁmr\t@hwlttnlfeﬂwmmmts |0ﬁdiff§6@f éYFfﬁSr dhe housing

also inclubibd Bq{haﬁ'lb%%tmgﬂ tl@C m%? @nd ”thé@ﬁ&rela"fw Eﬂﬁaé?—zf ?f the two BFFM's. A

porous filter materi al I rst pore Size,
first flow feptrigtige My located C@Wﬁﬁ@@cﬂfﬁ’&ﬁ@t BFFhenga Wéd ow restriction

may be ldc%YeFd' &MStE%WHﬁhE@eESﬁd BRERT Ak b@cflo@cﬁ%ﬁﬁﬂtr% aé'tezrﬁ may also

l er than that of the first pore size,

include a nearsia AFATRICAGY eFaiR thecunRyGaBLChAMERTES die BBF@ wtearenhe filtration cycle

is comple@é W&Hﬁtﬂdf ink8hs m%tyq{lél@(he Rbigdntddm @reﬂﬁih& d%'vu%@ (bqﬁ #¥ khat includes a
han t hat t he second pore size,

built n flopggeiioR) Al obihe YEHOUTREBSER 10 famBhG I Apans that are

dusclosed% psfér@ up itdalnbﬁ hoﬁﬁi@@rsh 81 @F irfagplieaiich REIFECBAUER004/029026 may be
| er tﬁ pore size of the second filter

used as aétt%rﬁét‘ﬁdra'm%g me,agﬁ i fhig apPligpi®Rnt nay i ncl ude means to
renmove gels from bl ood or bl ood product, the second
filter element may include neans to renove
m cr oaggregates from bl ood or bl ood products, the
[0015] In hay bf thef érhbedimehanhetBRFAY maydhtldge adiestSilteoelement composed of one or

more layers of porous filter material of a first pore size, followed by a second filter element
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renove | eukocytes from bl ood or bl ood products, while
the third filter elenment acts as a flow distribution
wo asp8fo3ikowever, the BFFMis not restricted toPChES109p@04661
just described, any suitable type of BFFM for a
particul ar application may be used. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0016] The invention nay be best
understood by reference to the detailed description of
the preferred enbodi nents herein when read in
Composed:@ﬁ?mﬁw@'t mere iavers afmeretsHilien gaternl Rha §CONdPArg sizg Yuaker than that of

the first pére' s‘-?zéi fcﬁlo@%d\ﬁfd\/ﬂ'ﬁrfd fitef blefler® EHRELEENbT Sie 6r bR 189E&aT porous filter
filtration sgst em constructed in accordance w

th
material of ﬁéh'ﬁ‘ PRIE sFresT thar tat a6RsScAD RPTRZe . folired R 2 fouth fiter

element cbhﬁ:ofséb bf aﬁé QF‘ nfeke fiyetsOsi gorbud fi Itélr @ﬁateﬁ@ﬁﬁ&l fBUg p@refsﬁﬁéismaller than
first receiving blo , a secon

the pore s.%ef tme ﬁgcm%ﬂéﬁr@@“e% The i fi k?rreé?m@ﬁbfaav fﬂéﬁ'ﬂdedf‘e%“s to remove
gels from Biddd ér@l&?d’?&:@dctb ﬂ{é’\&ﬁi’onﬂ Agerf éiéﬁ‘leh{ Ay i Mdahd® remove

receiving b d bags, and with a diaphragm drainin
microagargeRasdr IO AT RO EiodHes. theosits fiker qlemantBaY fcktiedreans to

remove Ie'uRB@y‘tQ@ﬁ’Sﬁh rhsbavsmobb ProfRRes, Wrﬁlé@n@ﬂﬁkd&'ﬂ@r éﬁﬁnéﬁFEQs as a flow
Figure 2 is_a cross-sectjonal view of

distrbutio et HBWEVEs e BT i€ DAE? Bietaskfor e SXRedHekAiRss ggc: 19y suitable type
of BFFM foh @ giridiarppicatfont gy BE@8eat invention, usable for

the filtration of biological fluids; [0019] Figure 3

is an isonetric view with portions t hereof rermoved of

the DDD showpRIEFFDESCRIATIONOROIHEDRAWINGSS a

isonetric viewwth portions thereof renoved of the

housing inlet half of the BFFD shown in Figure 2;
[0016] Th[aGﬂsBel-]tuoEingaylee bestunalerstsahipy réferevice to metdetanmdecsnsptuon of the

reof re ved ftheflrsthusm tIet

preferred e TR Mt er gas I yridon it B¢ Riirds by

hal f is identi cal to the first housing outlet half;

0022 e 6.s ri h r
{0017] Flg{tﬂgrzl e%na SH%,{%I Gof aff rgt rﬁﬁé@%\genf ?ﬁl a Elohog r%al ﬂﬁ?ﬁ} daQilaﬁ sgstem constructed
in accordbvadd \lrvﬁh theharinaiples bEthegeesent inveptier eisable fpolh@ fﬂtgptlonqutblolosjlcal
fluids, corlé){gmén 3T (ﬁ%blg?]{é% nefn ri%t B+Q%§ bl %cg |H(5:§'I J ﬁ%op? r@bg\?inéf'b‘?c%d bag, with
the first eMdcﬂrmentmﬁ as@@ﬁ@ inteposed betweenithe &ﬁddaldem bag and thet teseiving blood
S h r t j . | & . t -

bags, an4) vatF pq'lra C{l)‘&%fr% de %/? (HEﬁ.'IY)gtEgﬂ @ngg%Ié %:%Hgt @%\éve%&nctlon
mterposebllmmdeératyue faedi blosti ha@cmfldvthe@ﬁﬁmod bag, a second

recei ving bl ood bag, with a second enbodi nent of a

BFFD i nter posed between the feed bl ood bag and the
[0018] Figuged is iarrgostﬂ-semiObag‘éewwf the firstierapodinmgmt df aBiriFRycanstrucied in

[ I fl

accordan&gw% thgghn%élt‘é\%\g)gﬁ?et ﬁr ?ﬁet élgv%r'i?lgé d@%g@%y‘-é:ﬂirgpon of biological fluids;

[9024] Figure 8 is a cross-sectional view of a si ngI e
[0019] Fic%irgeodis %ﬁ@:rﬁ Rividie Wad gbﬂlo%%’ér@éf‘:%%dvehfbﬁﬁ@wo shown in Figure 1;

nciples o the pres i nvention, that includes a

flow restriction in the outlet, usable for the

diireld 1@ 196mBlriciah Nth Gk tidrsUh B of Rl daast tRE RBELiRY Irdt half of th
[0020] Flé‘% 1{{ lgrst r’[EZ:rrbodl rref?t’;}’l I05’25 Bne enbodi nent o"wd anerthe
BFFD sheyvaimbigeeg 25 | uid filtration syst em constructed in

accordance with the

[0021] Figure 5 is an isometric view with portions thereof removed of the first housing outlet half of
the BFFD shown in Figure 2, the second housing outlet half is identical to the first housing outlet
half;



principles of the present invention, is shown in
Figure 1 through Figure 5. Biological fluid filtration
w@esam11000 shown in Figure 1 contains feed bPCDUSHB7/004661
first receiving blood bag 99 and second receiving
bl ood bag 99a. Interposed between feed bl ood bag 98
and the two receiving blood bags is a biological fluid
filtration device (BFFD) 100. D aphragm drai ni ng
devi ce (DDD 50) may be interposed between feed bl ood
[0022] Figyeaf &ea isamedigviewoith portighs therraf ierppved,ef & jogsing inlet half including a
baffle, thaf:&m]ﬁgh&a ﬂ?re%igcéeﬁ\e F\Buétﬁ& it HHERBAM i Bidue Uhe i nl et
tube socket 5 1 of DDD 50. Second |ength of tubing 8la
connects outlet tube socket tube socket 52 of DDD 50
[0023] FlghFé ¥ |‘B:-‘a 'sfélleQIneW BP8 s886HEémBodineRELA Bidibgid hblbffﬂiréti%ﬁg;tygtem

ubi n connects first outlet tube socket

C°“Sth°tesﬁﬂPr9°fefG'%{‘se iR the, princigies of thePregentiinyeRgo, ‘b%‘&'eof&@ ‘W‘“atm“ of
biological ﬁu‘ue Usdritaihing H fee@bldodibay adidst rﬁ@eﬂﬂﬁgb‘ﬁoo@&ﬁy’ld Sélébh@t'ecelvmg blood

ube socket 28a. 0 100 to th I nl
bag, with  SeERH FOBYIBE B BE6E MATReRHDYSeR e Ba PROoLe B the
receiving bldbﬂ lﬁ»ﬁgﬁZmﬂ’Dhl H(éphﬁagm drasihg detice (DBD) itHzR indh@dds Dbuit in flow
e or t t end of tubing

'eSt"Ct'°"8'1‘SrQ°%ﬁﬂ i ol etfﬂ%d E@Béﬂﬁagﬁé‘pgh%gp e tubing Tee or

tubing Y with the third port of the tubing Tee or Y

con ctedthe' t.of com in bI od. bag. .
[0024] Flgﬂ:ﬁag ?@a grOfsr-ﬁ%; l%ﬁ tvgﬁvsho 3,59l séch%:e gg#l\ﬁ tﬁtécq%% |%<Sg)mrdance with
the princiglesbiine present trvantiors) Ghattindludegs 8Aaw mestriction iaithe butist, usable for the

. anp.96a.. .Di aphragm drai ni ng device 50 could be

filtration Ofé'ﬁw&?gﬁW?h a vent filtration device, or could be

elimnated entirely. [0026] Referring to Figure 2

t hrough Figure 5, BFFD 100 contains a rigid housing

that includes housing inlet half 1, first housing

outl et hal f DPetaileddesedptich dfdhe iFivgt Bunbbditneamdl f 20a.

Housi ng seal surface 19 of housing inlet half 1 is

bonded to housing seal surface 29 of first housing
[0025] Onetdrhistdiment of20e blddegical @usid”ﬂtratigmr#yateen tomstofctetbinsiosgrdance with the
prmcnples o? t%;é%!arqtsiﬂl\l/qérﬁlgﬁg)ﬁ ‘?\gwhq? ?%@é qgﬁﬁr’éﬁ@h rlﬁ%fr% ;%g%ic?ogg?cé?fﬂuid filtration
system 1qmes£rmwabh3F igmrlerlawhanos fasidododn 98 Just] réceiving bt bagh9@ end second

receiving ?ioﬂﬁ ttgg%% Ir’?grlgé%ﬁ REtHE: r%lfﬁgé P%BEFQ h.)%raé\td/@g t\&? éé@é'?\lf\ng blood bags

is a blologmi figiddfilration dayissi (B FDN1160. ﬁwphragnc draining §ewpe §PDD 50) may be
interposed Fla{v@éen WeLd b%d%%%@%FFﬁnﬂo ﬁirQQeH&h lof &stﬁoﬁqects the outlet

goes through filter seal surface Housi n

of feed biged bra ARG the 46 biteiAckeT SRR SPCers BB aftigbing §1a connects

outlet tub@ QH&!&L@ @uﬂa’sédm%z of QQD/% to B2 imectkubY sBcitt a6 Brad 1@@% third length
hrough filter seal surface 7a. Upstream chamber 13

of tubing B0 GeIURFDYFst ASE taR SaRket $0a1 BFFPHREHo i INGEG! Grst receiving blood bag

99. A fourlﬂplé%'gﬂ‘goﬁ tabh d@@'cfonﬂ\ect@@@c&iﬁ SR ERRSoeHEf Z’&Eoﬂ@#ﬁ 00 to the inlet
ter element 16 upstream surface 1l6ab of

of seconci e iNOIRARLRS 36k, A'ﬁ@?ﬁi@'va'a%w@mnérpémw 88 Puldrke gpnnected to

the first pSRR 3¢ 8 tSAYTEB o RbikP ! Mﬁmesé'utfé@%ﬁd @i’ tLI ézé &énridictdM to the second
d the upstream surface of the_ sec B Wi

port of th%ﬂ@!%ﬁ?ﬁ QUiUPHGeY o¥ith e third E?rt sEHR tUBWQéqer?gortY‘l gonnec?ed the inlet of a
common #&e&ivi S§4'bEGCrubMg 81 ma@&fo‘htﬁin RieMiarhp®sf tubiig 80 ehay contain tube

f I
s 5 S50 FE ek S L bt s oSN 5 gl

replaced With balenefiittafibn HeNdte Bbr&bald tse elﬂﬁlaéﬂ‘edcbrml‘élp and bonded
to inlet tube socket 6. Inlet 5 is shown |ocated at
the top of upstream chanber 13 and on the verti cal
[0026] Ref@fihg ito Figuee afthdoays iFiggurée B, BEFDa100 cbntaihs amlgidjhdwmg/tb\at includes

housing uﬁﬁlstﬁ%c it rgt r?&&é\“.%eéu‘%net’ﬁéﬁﬁ’ﬁﬁ narjicl@ectoﬂg h%[]g’ n& I?J%tlgtoﬁél%a Housing seal

6




chanmber 13, and could also be |ocated to the right or
to the left of the vertical center line. [0028]
woredosnoimy to Figure 2 and Figure 5, BFFD 100 PONUS200%004661

first housing outlet half 20 and second housi ng outl et
hal f 20a. Housing outlet half 20a is identical to

housi ng outl et half 20. Housing outlet half 20

contains circular outlet channel 25 and outlet 27.

Qutlet 27 may contain a flow restriction as shown

surface 19mfd\pusing injatihalf §iskorsleddp heusing seakﬁtwfaceﬁ&mfeﬂrstis’us@g outlet half
20. Hous.dgﬂsé& 56%hcd iga & ﬂdLBYngﬁEFHQIF ¢ boRaH mde.uﬂgegeazzurf@wbga of

ortion of circular outlet channel 25 that adjoin
second hoyging @Ltiethalb20m T bendssaeiRisraly Hiyaspaia waldk btould be a heat
bonds, glugrtﬁﬁﬁzlgrsélm bbh8&s, ‘Ur%?'oﬂ%‘rttyﬂ‘@ﬁ lebk fyhtaiopa. of outl et
. Housi ng outl et half 20 also contains a plurality
of open top closed bottomvertical channels 22 and

[0027] Ref%?:ﬂwg t@ﬁg@%Cb dgd?é‘ﬂh ahd Fidiee BEPfohlsﬁ@hnléhﬁélﬂﬁ bsnta%samﬁ filter well 11
2a 1S in | ow communi cation wt

bounded hyuamsn%waﬂéwnz@y TRENG SRR 9osE throgeh é'lt?’c?ﬂaé?”'&ﬁq EtHousing infet

half 1 alsodbAfIRS s€SordTHEPAERS 1h Bothdd by MndF S RiidLahd By talpme that goes
|l o |caI fluid fraom vert| cal h%rcpel s 22 and

through fifgr 8o} SHPIReB 2 PSRN SRR D<5(! s PEUTSRS BB SEFam i of inner wall

10 of housity intetalftinand QWbsﬁéém soffaéé neb boafiltardiéraéntcttrrnRg by pstream

surface 1@ﬁﬁ§p§glg%t f(le a% F&ﬂ%cgrlh‘.g Fyv\gc%r{]qng%ﬁrtcgﬁ Veg% Iggac!e between the

upstream S@Fadeftad finst BRFM aﬁﬂlheﬁllimﬂéehﬁs@?éce&ﬁjtm BecordBFREV, with the

BRSO T T
and secord BFFidissare Tlnghardelinéd oblaan &rlletehid it fiaidfiow taramuaitatiorelvith upstream

cnamser T2 G5y 53 o 1 Bl ARG RS  tot . mits

is shown lbbtated b ee tsprdf apstredm ahhmbér 1 Bland loarthe verticalesenterl liow of housing inlet

e

chamber 8)chndfcoultcalse bE|IcnIza:Ited:tmahaeigiat ostiehe taftiofithe vegicaheanter line.
surface of each channel and by the downstream surface
of the BFFMin contact with said wall. As shown in

[0028] Refergnyg & Biguteh2 add §tgume 6, BEFIE) acptding fitst bogsing bstlet half 20 and

d 22
second ho&%g}gn%ﬁ?t galrfngﬁa I%a%s%i&éﬁe? %Qlfzﬁg ta%"lﬁ%éﬁ al ftc:) MSU&I%?HIG&A’PH 20.
Housing ottlanmadf 20 2@ntaimd cRBalar sutidt cbannsd r259ar@lacuéiet 2ha@uiiet@7 may contain a

flow restrn?tﬁet Qs Qlfwvyr? tl’—'né@rlg f?anc? gegzcﬁ&ﬂa%ﬁret Eﬂénr?e]?f Qmﬂ i dlrect fluid flow

cent er tween the vertic chann
communigatipn wdtheepilet 27 car@l the@ortipn ofWircular putleti cepnelf25 that adjoms outlet 27

has a croééseéc%%%ﬁkl ﬁiﬂ\ggr‘%%l tﬁaﬁglé?é tbthd Wciogfase@ﬂ%aw&h &€ of outlet 27.

verti cal anne S equa
Housing qa@ashaig% alsoeentains a lereutxs of ersit ﬁlipr%osreidl QOétPn’sé%mca' channels 22 and

22a. OneSeld SG&achr tIE@Gé’tiéﬁ JF\QHﬁéIQ @2QUHd £la iBM ﬁma@lodp&ﬁmﬂeﬁlcatlon with

contal n an ogen chanber or pi enum downstream of

circular oiet R 5,5 BPBRILPT OLFGISE PUHF SRS 43 IhEIeB8es i width to

accommotihfdl kR of"ﬂﬁé@glﬁﬂ fRIH fref Jartidal 2Rarifeld P2 andpRbi TR Witith of the
is identical ousmgoutlet hal f 220 t hat
t

remainderpLICUREONRE GRRNBRh Zh{3et TREPIBRPalb Of SR putigh Shangel 76) s

preferabl)ﬁ‘@diﬂdl @@iHeqnldﬂpef tREVeHicdPEHAR0Zhe t\)M) bhtdrieseverig ichannels
housi ng outlet half 20 includ

designatedas variea GHnTFE REa BHIOMEFIrCU OHYFL e #%dhﬂ? thP yyjpit of circular

outlet chafineP23 is'édualPiothe Vil offtlhélv&tlﬁaﬂdhbﬁhélﬁ rrrrmadmtaat (cB&hd! and the vertical
that contai ns at Iea &H ter el enment

channels pambiees SEPo4R R LTI 818 SHGUTS 16t I e Wy 37, g opging outiet half
20 so thab@aligserisurfabe ohansf the dhanpélevies beloleinhiéomalb21 of housing outlet half 20

as shownHrg%g%%r :ﬁag If:?és%f%ef:ﬁ? a&lﬁlé%\ﬂdthfero%rtrl]et éi?avén\negarpoe &Aﬁ‘% Q/e"tpc‘%l channels is

7



to prevent bypass of unfiltered biological fluid
around the first BFFM A second biological fluid
wo piosnedieon medi a (BFFM that contains at | easPCDOB2007/004661

filter element is interposed between inlet 5 and

second outlet 27a, and is sealed to the housing to

prevent the flow of unfiltered biological fluid from

fl ow ng between the housing and the second BFFM to

prevent bypass of unfiltered biological fluid, around
defined by the ippeoswifagERieatin channet an@pPFihe dowpstreanFsytace of the BFFM in
contact wﬁl‘? Qélﬂ'\paﬁl fA'slsﬁngvln‘?{:\) ﬁﬂ%:?é § the o?élgnéégbetW%%nf\)eh¥c%f channels 22 and 22a is

ments ma the same type or
much greaief tharethe myt;b\ecé‘ verticabehasinglsedz: and aéb'ééhfp Ideﬁtmqet ketween vertical

channels ?b %Pfarﬂzéné aEBMnQéh Qre%&rtﬁﬂgﬂn&%ﬁﬁof Verdi®di cﬁhﬁﬁ@@bz %’ﬂg 22a. For

ter elenents may | eukocyte renoving fil
example, é’ﬁ%ﬁﬁ?%"ne@iéﬂﬁﬂﬁﬁ’ P?@feeél tbﬁﬁﬁfﬁlcébfiﬂaﬁr‘ﬂ@ raay 9999%'4%0 150 in., with the

width of tﬁ%‘&érﬁﬁ&l éﬁlﬁﬁh&@ %hﬁgl 189.645h" SR\ tha RplPbr thelvetfticat &fannels equal

enment 16, downstream surface designated as
to 0.025 ladv\mmsaahﬁlejmaffé’@ea'a_%eomamsf lter gqal sydagse4. Becaypel hgusing outlet half

20 does r%@&bﬂmtrﬁan Spér acsn B8P RE daRnBIRsdrARE He §IUFIf/Iaﬁ6Id1@d/olume of
filter elenent 16. The downstream surface  of

biological it TN 2 a8 HeE i R el AL B0 Of B26 FPPAGaGE/S BB fo housing

outlet halflﬁzd tfha't & disdlbsted in\Matdht lappRdativainb. 20/638Bshandiimappiidatién no.
Because t he downstream surface of the

PCT/USZQgﬂpggpgs ,Mﬂbtpe\ﬁgpgptgnlthgtf hoysing %le(t) Dalk 2p II‘P%[IICfeSZ’:DEOW restriction in

the outletBFFD 100 does not contain an open chanber or plenum
downstream of the BFFM The air or liquid that is
forced through the BFFM nust pass through the verti cal

[0029] Ré?é\ﬁﬁ@ @b Figunsl 2! Qﬁi'sﬁ lbidk;d@e]&c’l ﬂQidtfilt%tldhhﬂBﬁI@(BFEfvl) ltigat contains at least one
nto outl et 0

[ 00, The, at |
fiter elemept 4 aGpaRea HERS 5ot SRCLATSk QLR 27 IR Bl th i housing to
prevent theficw beueMeed bioldypdanpeia ﬁtdneﬂmmg meméerswefraﬁslngfaddtae first BFFM

to prevenﬁbx&q%%;’gf uﬁF ngrfeiﬂ b&ﬁéq%@ﬁ%ﬂ (? g}e rF ?é#ﬁlgﬁ:%himg bo?fga’gical fluid

filtration reédia (BFBER) treasbniire dtilédst onefikersiemeny isbistegmasied between inlet 5 and
ousi Wi th onpression seal . by compressi ng.the. .

second ofit 2/ %, 80 P FRESHF™S LB BRLR P A ERbibEGical fuid rom

flowing batwebnfthé heusisgahd $hH $amad BRFM hopevagt byplass ofiahfiltetedibiological fluid

shown rd. LLter
around th& sg&gﬂ{i %rﬁgyl bJ(ie-ﬁés ‘é' gﬁ[\]@srgﬁn i ol-fjgtl?rﬁagé %ésnﬁ%gmg gﬁﬁr:%l{ahehg 16 and 18.
The filter elealgntamayl dlrizesoiithe sagledypaoginay teddiffgreat ypky éter edemknts. For

-example ﬁllterr%qérgelﬁt{ ‘&:q&%g%\é é’ﬁlr‘?o%%reﬁsea%pglén{expﬁn@ Fltér%nfnts 18 may be

seéa oI na
leukocytebemmeym filler steshenthcEarh filleastemand Cfmﬂatr@raremmm swadecdesignated

as upstre?%uﬁ{rf%g'gag ?‘ﬁl‘r‘eqréCIierﬁgrllgtNa a%gng‘fasﬁ%%wt r%aﬁg c%@fég %%I wnstream

surface 16afier mnyelemmﬂﬁeamd a@erlmémmausfase aeetdnatedtaseoemlomewrface 16d for

filter elenﬂ?y 605%%80&'%&%"?1 Sbgg&wﬁc@? :ﬁ?ﬁ%ﬁ&q@ f% gﬁe\'gg{{g gurface 18c of filter

element ‘tiglin canﬂaohwmim lnrﬂcwaugz (0 1no0osing 2etletdmaif 20. Bechusathediownstream
surface o:fepgr%ﬁl?ﬁlfedg?w A ﬁuﬂ[e]’ Q8H 2 hSl?fQH@ b6ttt HAf20f BFFE 100 does not contain

ovved by a microaggregate filter elenent,
an open ¢hgimlerieal PRNUN HPWRstRa of et fTing air OéI'@lHﬁ Hat is forced through the

BFFM muée |p5§¥"?r9’o@dh fhel VIHIQA KhEnd ARG B é.&dumrouaémhenwb,@ flowing into
used Sqr'ﬁessent i nvention. [0030] Referring.t

outiet 27 pf BHFB 10 THo Rt JASEoBe FHEHApRtaY B SPORa AN havking with an

mterfererﬂ:%fﬂt Béﬂmé&itﬁﬁ%ﬁnhﬁ't&tstﬁm@é oBEm'éEhtl&%t%ﬁé fftéf Slerent hed i lnner side wall 8
27 of BFFD 10 th_the at eaé one filter elenment

of housingyiplet halt 1 agspRWNieRRiFs SIS LT Weet thAEbieast opgy "F%fr%?me"* may be
sealed toQHé h@hs@@ wuihrhdc&ﬁ fsssiohlseafl H)M:cdnf)ﬂe@s\mg A oufEh pefipiery of the at least

e o i RS Al B e o .

the first BFFM into



vertical channels 22 and 22a, into circular outlet

channel 25, and then into outlet 27 which may contain
w@2doBovsiaestriction, all of first housing out!|PCT/H8L007/004661

20. A second fluid flow path is defined between inlet

5 of BFFD 100 and second outlet 27a of BFFD 100 with

the at least one filter elenent of the second BFFM

interposed between inlet 5 and second outlet 27a, and

cross the second flow path. The second fluid fl ow
the at 'eaﬁaq'w fes gienend mavr#eeﬁe%ed fhthg hopsineeisiiach ARBicieal #n ultrasonic weld, a

glue seal, té‘é&lm dele a&bdioﬁ‘@fueﬁé&?w&ld b?énﬁbﬂh@? lef Iddktight 6@AIJA combination

into vertical channels into C|rcular

of sea""gdﬂﬂh@fjs EIRNFIR begised fpiseah e ?‘H%Stdh“@l fﬂ,\t?r siemeph - theigysing. The

second BFPRE |§|pPeférécHI)0Mer@ﬁié iaéiiHeGﬂ?st BEM @ndﬁ@ ﬁﬁﬁérab%afé]i to the housing the
outlet half gur es and Fi qure

same wayiihab et BFEHIF SBBR K0 116 s Aoy R necfier efafpard gompinations that

are dlsclo§§d tPbuteR) apghBRtiGOn . OIYFE4)S8 1 &gt #h dPPHSAtIREh ﬁld’”F&IT/bSth4/029026 can
i d housi ng outl et half 59 and fl exi

also be St Pa GRS, MBI oL BaTap 09! ThsT eBReat Trlowa by 2

microaggiddate MaFkidm&d, folblee by iy gietivtios Blterfdléménts bWl by a leukocyte
| 56, and conmon

third ch
removmg%ga%e'éﬁ‘e”?:ﬁ%‘ﬂg erﬂt?ag "%H‘e(é{?%?ﬁ% ”g‘ger;‘ %%ot) places each

one of the three channels in fluid fl ow conmuni cati on

i th the hanpel .
10030 Refigifg Wi Bickig B s Sa B 21 Bt it iV etle eRineelPetpiosp inlgt 5 of BFFD
100 and ﬂrmtgﬂlet anaf BFEDI ’EOO with thiecatidast ohb diltert dlemient sitthaficst BFFM interposed

between i m e't rsdafnt{ﬁgpgdt?eﬁ 2 ancr e%ge%an AL tﬂ? l’lmﬂ%éthb %’hfagﬁ'setrffal?cﬁﬂév? Eath flows from

secon
- inlet 5, mtoumse'eaﬁﬁc;hmmﬁetmmgrdthemm onaﬁlté:reelemfeemfeuef it &FFM, into

vertical cl?érg\e 1 Ené 2a, '_ilR r%gla? léh{lgttchgﬁhél ﬁ gﬁg ﬂ%r?ﬁﬁ%é%re? %g twhich may

connector’ 1 and ousi n
contain a dlow restrctlmetﬂ af rﬁ rsro aousing ptiet hai{tzQwP« sezondiuitnvepathdadefined
between fnﬂat %Dcﬁléf-cﬁf 5&%@9?% g?gQEB fdﬁt\ﬂlt@th%' eﬂ%a%t 8ne filter
onent . ree tube connector

element qi phe)SecﬁqndsBFla% amtﬁmoséd betverromitlet hamdelecébd outtet 27| anid across the

second flf\b %{;ﬂ,‘e lTh%GSecbﬁd ﬁpgcoul ﬂB\?/S ’froﬂWn ét% P\% ué&f{éa{ré Eﬁgﬂber 13, through

shape,
the at leasixemeplilter ellérgeme)f Hhessrngnd IBB[EI\&.Oniomarhqm plbamnglls 22 at\é 22a, into circular

outlet cha‘ﬁfgﬁng%ﬂrtﬂgh mtgtou{@(li?aﬁéuéﬁ a?dcohgaﬂg%w&sm& el‘?tall of second

e seal Is preferably an ultrasonic seal
housing ayfiet bali2@a.be a heat seal, a sol vent seal a gl ue sea
or a conpression seal bet ween housi ng inlet hal f 58
and housing outlet half 59, or any other type of |eak

[0031] Figyrgnl angdfigure shay diaghzasht digininsdevice BR (Reetiefier refpred to as DDD

50). DDDfécﬁafdrhé.ﬁs h@@hﬁfusﬁﬁ&tlﬁl’ét A&If 88 Cﬁbn@ﬁo&hhg s@m Hawtygeénd ﬂgx.bne diaphragm
or herno forned fro

ch
53. HOUS'QQ qﬂt}?} h?JB?%?’H?l“éH@et tybe s8PK8S de?P‘é‘ﬁéUb%ERCkﬁés?rJt’ st channel 54,
second crham‘}é: 8g, ﬂlh&dtcﬂﬁﬁ@el 56! 8hd abmmonl r:iiﬂetéfﬁ (Iilinﬂ’ﬁltaﬁ ?we Eta (&own as a dot)
prerer Sha nits nor S 0 er
paces e<Bf i o 1R EBorre b Wi b B on 1y B S o channets.
Second chgh@él_ﬂsadcfntéﬁs al'ﬁb(m"gbﬂnetuﬂ'l Wm@m%FGMEMt% Idiiganged smaller in
. | ma © n Sl N I Nl et al
aiameter fiaptiPR e Arpetire SR rat: TRt e, BL0S HERBS KAg et 54, the
second ciadhnidl Ma@slﬁd’lteﬁerbémtﬂ), asfoiflet 65 battheahird oharedl nlzgrod refdrred to as side

port 55, i ol A e Bouoi b o St e oo BBt nar 1e20
that are cmilcfseaan patknhapplicatiow bl €3/954881 2Ad lrFamlrcétlca'l adaamsmeMozgoze

nto a single gomnopRnk 3 el o4 e \ioh PR PRty ees dp 3 first channe 54,
second clhanrgdil 58, amd third kdlahn& &6, isnshidwn asoa hed, bait ist rept r&XDCt8 to this shape, it

could be mﬂg%,ﬁlﬁ OFQ %Poq'rexgﬁ'lpw? %tigljré 3i dhows DDD 50 in its normal state with housing

9




fluid flow communi cation with third channel 56. In the
normal state chanber 63 is filled with a gas (normally
waet@silb34zni r) at atnospheric pressure. Wien di BEIUSPAT/004661

53 is conpletely collapsed inner surface 69 of

di aphragm 53 wi Il contact inner surface 70 of housing

outlet half 59. [0032] Referring to Figure 1 through

Figure 3, athird fluid flow path is defined between

feed bl ood bag 98 and common node 60 of housing outl et

inlet half S8zefalegitodfousipp @dlet kalf 9.1 The saahip prafarakly @piyigasonia gpal, but could be

a heat segl %%Igéﬁtrbefall Oé/\?l[lg sEéIOHP 5 %%Pl%s%% 20 bR HIUSIRg inlet half 58 and

o inlet to common node

housing oBtet hATSSPE ANY Piher ARG A 19N SoeleFlexibie aPIRER S5 Ay Pe molded

from a ﬂeﬂ&@‘?u@@eﬁf\at@ﬁg fnHiliddhe rusbe?f orBFE‘ByH&QnoWeH Bril{é?mo formed from
lowin the fourth fluid fl ow ath '%ﬁfrom

2 materiakasgh 2807V RRARINYIBNR  BPOBST Y DB LS (1% BRUEN Hotnens materials.

Flexible dfaEﬁVégh?SQ id BrelfétBbly shBp&w 8 tHat i fYnSrhal stfle iobte? suFfaéd 66 conforms to
BFFD 100. A fjifth fluid flow path is_defined _bet

inner surfgge,5% S ARHF RISt AR SBhEIRBEE SSDUPSTIES SIS HIGHES which may be
bonded td hdWirf inleh @alf 5B td holidind b@mét lhatf mof TRebbad yrbech mebebond, an

ultrasomcfbggggﬁq rg&@f%qqqh :q?f%!vgn LA or fhyﬁ t Equ%?fg'm létlé]%%ong Alternately,

ﬂange 68 iyl wt@rabre‘sbmhdse&lédtuemwﬂhsuﬁmgamﬂel G sBuITet haushgasutlet half 59.

rowe > Sarb S8 Fom] B 58 B oy cotct i
inner surf2éb 67 BEhoiseiig intdthalf GBNRTits ﬁ¢rb1a£ gtabe, DDD 50udnedinOZharhiber 63 that is in
er,_known

o S TR PR e e o vin 2 oo
(normally Bftrite aif)at dtinbspherizgeressury. Whendhetﬁ:gagﬁﬁ 531isl completely collapsed inner

stsce o SF St 6 B P RO e et

systemvvl Il be positioned as shovvn in Figure 1.

[0032] RelfAlt?{t er %lu}éee gfls#\ ?P%%ﬁg 39, %’ﬁr ’ngﬁ:%hi |socfef ﬁe& %Etween feed blood

9i%he e to onen
bag 98 aridncastvinoh node &0tdidobkiog dutiet rmlfoﬁﬁjofrﬁla@lﬁﬁ, vmthahe ﬂgw in the third fluid

flow path @g\l\lin‘égpoﬂf éc:o@}ﬁd ggg %5 t }ggh\golﬁgkosegﬁﬂ e? 84 o‘F BHPE8% common

node 60. Adnw@mﬂwdglommthgﬁ @efmepldneﬁ\ee@ poromnineged D Ofli@?Bﬁ@ and inlet 5 of
BFFD 106 R:ﬁ{H tﬂ% fFoHPﬂ tﬁé ﬁ{ﬂgsh%ﬁ%d ﬁo\ﬁha{ltﬂéx&\ﬁ% Ifﬂgm%%%ﬁhﬂoeg'dbaihmugh outlet

roug e s
55 of DDBAG (mwdmmtmsmowegb@horﬁ)omqqlgh/mmgt&mt@lf‘éﬁ%& BHRD 100. A fifth fluid

flow path %Oﬁégﬁ%d%g\hggﬁ %SCJnluﬂbtq nbbe g cthg%) 63t boD tvt.{rﬁ'ﬁb flow of the

e)o) roug Into in
fifth fluid fPDPSH, ﬂcmhmfrgm chanber 6§5tft§©ugm1rg@haﬂml&§gtp thetsioagmon node 60.
8la, into inlet 5 of BFFD 100, into upstream chanber
13 of BFFD 100. Because outlet 55 of DDD 50 contains a
[0033] Refi¢roing te Eigure fl itarough iriaure Swbialnsial fluid ftestiopisuster) 400Q:fypctions as

follows. Tﬂ@‘ﬁ@é]‘ %ﬁl%ﬂr@ﬁas‘eﬁﬁe %S{Q@WP\QM aFPf:or‘hB@nQQpaWshbwh‘Fn Figure 1 less feed
aut omat | cal a/restrlcte B%% ive pressureWI

blood bag,38. ciheresst il ciRsbANSI! BUoWit BRSY frp bibas bk 5 b8 manner known

in the art. f#(%’éi' hb&d Qb@@hh@&ﬁbéﬁuh@ frS3d REbK én m&%é@ bdle 2and first receiving
|d/a|rt| bai air _can not esca

[
blood bag §§ 8P 595010 1945 VW Dlaivt P 854 MAtPesplachoR RIAE OB 8" e fie, so that
the varioUdnpsbndntd of@e MQ@WIIIM@II&B&%S@MWnan Fijure 9Rltérnately feed

piood bag 58 Pasie,SureaA sGPHERDS St AL o i Rbrihcap b Fiure 1, in which
case the Buaeae;d bldwq:reﬂucftahm i€ edsldactemcaembm il be Thkecied mtfeed blood bag

. T 53354 b4 Sl e o P Bbu bR AR el e

opening tube clanis 95 to start the flow of biological fluid (i.e. liquid) through the system, tube
clamps 96 and 96a should be open.
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and second BFFM s does not exceed the flow rate of the

bi ol ogical fluid entering inlet 5, upstream chanber 13
W@R00BRFD4200 Wi ll rapidly fill w th biol ogi cal p€T/uszmo7/004661

fromthe bottom up. As upstream chanber 13 fills from

the bottomup, the initial air in upstream chanber 13

wi Il be displaced by the biological fluid filling

upstream chanber 13. A portion of the displaced air

will be forced through the first BFFM into verti cal

channel s 22 and 22a, into circular outlet channel 25,

[0034] Wh@ﬂdulﬁ@ eRmpYDisidgepbd ®ibldgital Adid @e! liquid)win sbwitains feegl blood bag 98,

tl et half 20, T i nder of t d air
through tugine| S dntp GIEER SLBBRD. THBUGe iR SBranipo o Taieh tuing 81, into
inlet 5 of Eﬂ*ﬁj‘ﬁ‘@b Sn%m@aa\?@amwm 3CdleFlH[§1ﬂ0@ IBdcasé bansds afEDDD 50
and then into second out second h

f
contains 2Ry EXSCIPT 6 OWTIRVEISRBLPAAS HIELANE S HEErLah e Sdb port of the

DDD will B8 %U%ﬁﬁatfbally\kéétndﬁéﬁ Rnash pédithetoreBéurd wilnBe Bfﬂéduéﬁctﬂﬁmon node 60 of
t he bottomo

eam anber ro J .
DD 50. AlgS PRERHedIHS IRPBIETS® FotPARd BHEDB: 81 B BJRUETAl tont seal, air can
not escapk fthro@gh it EoADED ED. Thetdisre tioé tipin Oiﬁambélt 6$afmbbaﬁrbwm be

t he essur.e . the tap.
pressurizaghin fa¥ ol ol SRaPY ohkicladod Afied et R sigq pert 58 o oD
50. top of the biological fluid in feed bl ood bag 98 to
the top of upstream chanber 13. Hence the pressure at
the top of upstream chanber 13 will be | ess than the
[0035] Onpe agwuclamatos ik @peoed,cmecdf foyrstonditions lsanoecurl The Tiksd condition is: If the

volume ofﬁ)ﬁ%{r% éeogl casl‘ q%‘ﬁ% IEQ) #%EHJ@WQ[ %Fgﬁgﬁﬁl %1%0% . S?éﬁ&{ﬁ Fate of the first

and secorstBBRM’ Biddd ot @xeeed the flaw rateeostmeﬂa@eglaaldwld)enueheg inlet 5, upstream

chamber i :%] éfS%%E‘QSI O@ﬁlﬁﬁ E%@F Emhaﬂqaoélgal aﬁcgt%ethé tPs‘é‘)ttﬁhﬁrud""Atsmdzz’;tream

rst and se&con
chamber 13 Gllsdfigdrodhe bbtiord, up, ber islbipl aietnt Lups:gretahectfamlmr il decdisplaced by the

biological ﬁE@Mllﬁu{ I.EP% E\Reoﬁmﬁ%itﬁérrglgm oqﬁorP{;f %E%l%ﬂlé ég{]\glll%ggfgﬁ%d through the

first BFFMBRiftblverticat chhendf 2R and@a, irtte ciacular didlet Wa@neh 26i and then into first

cutor 27, o f 5 R G5R n -2, Y oee BBt 8 69l brco ronon

the secondrRFFilit iptocyartical aghapnelsé2 arith2deslintpBirceifr phféetmésp@@ﬁ&/énd then into
4

second oﬂ%gg?%galgﬁ%e%BnﬁﬂF%s@% aﬂ% talt 20a. ?g%g%l’t%d ﬁag Jlglzin upstream chamber

13 will be pregsurized IWithothg presause atithelptigm Of&rnft"?ﬁéhchamt?ﬁfﬂﬁr kging proportional

to the dlSéﬁE@erH‘lgle %6’ ijth*éqgolgg' cal"’\‘ﬂﬁh inr’fEQd bl g0 tﬂ@ ®hottBRNof upstream

second recei Vi ng}ﬂ bag 99a. Because the
chamber zﬁ e@simvush e rrResweEt iR top qu'eW%%tmceﬁm'?séﬂ?’ Ppsinggproportional to the

distance ﬁérﬁﬁ@f&dﬁﬁhé BRIdYi& filidan ¥ed hi8od BBg 8B t9 s {pdu Pstream chamber
anber 13, the initial flowrate o blolosglcal

13. Henog ﬂ}eo?E@ﬁs‘{’ﬁ 2t P ST WPETeRR chreRee 3yl pale éF%meo?feSSUfe atthe

bottom oftd';!ﬁtr@Er’ﬁMh%n{Hé@ﬁ 3athé BSSIiI@pI@ESlﬁH@qn Bp&tsm chBribef 98 &ill cause the
he BFFM s will first becone ég | et el

blologlcaltﬂHp teﬁg\l\f thegHah the first apd segeng i) p\éeéag\mﬁtg%l%e%ﬁa%g] area of the first

and secoﬁf’c!J Bf:EMB? ﬁﬁd F&@isﬁEElee &F with the boyB ¢ffthé Asst BﬁENbSond BFFM’s with
of vertica

biological, Tl S13TP D WRULG e it g SeRaTd BF FUS e iBe GREFSATG fia of the frst and
second BﬂF'?lst foethe @P%sﬁéar’ﬁ%‘ idd 6fthe 6i (rf]’ hﬁ@h?s&c&ﬂd BRENPR AS tﬁle BfFlFM s wet the air
et Sl By el 3 e 55 SR Mo e vrtc
channels 20&INH, 2230 dndi fntb kecwasbutiet ehhmtemenowtaé tréspRicticdRousthg outlet haif's,

are e iy S30ATHTB B 20 B0, P SRRl .

tubing 82\arnhd thea |htbrftbstg'bcélhlagd:dtmd bay 9% saraff intohtebiBgRI%as and tHeat ihto second

receiving Hjloodq:or ' 79 al Eﬁ% taegﬂr&%%g ag{hreeézc;t{oﬁmgf l%Eqre cl]imgé’rgh’; is greater

S VS ecause | cross-secti onal
flow area of the vertical cr]zimnel S is



sufficiently small, the displaced air flowing into and
t hrough the vertical channels will create a
wa@edoBiteilent | y hi gh positive pressure in the vePCT/U82007/004661
channels to prevent biological fluid fromentering the
vertical channels. The downstream surface of the
BFFM's will therefore wet fromthe bottomup and the
dISp| aced air that was within the BFFMs wi || contl nue
o flowinto the vertical channels, and into

than the P(E‘P?%‘lﬁ ah the iep of upstesaTa chamher 1hdbe initiab ﬂ?‘Héaﬁ?LRflbéQ'%g'ca’ fluid through

the BFFMWRQHI Be’@edié‘mﬁiﬂe&%ﬁowamé%ﬁﬁwb eari sﬁtﬁe%pb SEthBIEPEW's. Therefore,
becone wetted to the | evel of the of verti cal

the BFFMan‘é{er@tsbeE?ﬁ‘e %“?P'?ﬁewe“%%mdhe FH%"?% SUG?% fithe BFFM's to
downstreé‘rﬁfshkfﬁeé of thRIBFERI’s 22 he\bdttorh bo theBERUSE Ifithe witRias Ué8iaal channels 22

ace of the BFF .taop of the two .
and 22a ¢} i eperpEED OUBLRIES & Sirqienly STeall B84 e derth g yertical
channels 2b %\nﬂ r22ads sefficientiy €hdllow, 80 tieitANs trogersecticral abwnameé af vertical

cnannts 335 S851E 33FCBuT R, i 8 B30t B e-BoRPe oo 221

sufficiently ege e paspbaeastgetisanaeé fortdoatinvabbiblagicabfidisiow through the BFFM's

wit bo gLy B gyl oF e SEENIASh Bout e borzaaSEd Pkl fgegtons and not
through thd Verti€ l&h!aﬁrhuas tblec‘éﬂ‘ée ifthd Biosy-eetlicall flél eed bDRe vertical channels is
e 0

suftcienty Rirellcp st B BOED T eraaoah 1 vartion enghdls Sul reate o
sufficiently highopasitvegeessupa il thiel v@mal elsaroielst tbqarbwt blolegical dluit from entering

the ver’uc% bg{naelghﬁgnﬁ?wﬁsetrzegar ie gurf ﬁ?ﬁﬁ ﬁgﬁ t%n?eﬁére w?t ffqm the bottom up

and the dishlased hirtthatwaswishiodhe BFFM swill mnhhu@t;gﬂmu into theovertical@hannels,

and into tNg H‘étﬁ&l %%ﬁgﬁ%@&%ﬁﬂ%&w g"léc {)}E‘t eltt% %R ﬁ‘lv\e/re{&%ﬁsrtlieﬁén surface of the
respectlve/ BFFMiahasibeeune velted he ths lovelgif the topl afiverticabeliangelsri22a, air flow
.' through tﬁé{{g\’ndnéélﬁégﬁ%%ﬁlﬁ%l %I‘?arﬁ’n%% 2727aaw %‘f% 58&&58 'ttrxé Hb\ﬂfusttiz%gnégbrface of the

owilnto t e resp ective out
BFFM'’s bagloav thedop of BrrRBo1@0emmest veadigal ¢haonel§tywlh he 8ettedwhherefore the pressure

in the twol GRGINYdSE geﬁ{cgp%a&gglsglgll d@%‘éa%@%f? VLIHQ é:{’tg?gﬁgﬁ fﬁ%réil\ter the two

recei vi ng urd starts to
outermost yerticalshanoels rfronsﬂ@wcmm o dherelos d!sn*aqnmm aitbghwas in the two

outermos%&%ﬂ:ﬁ cW?bheIQ oﬂltthglé%n{eqlﬁﬁ\ﬂhev\%fté Vof tﬁ@gpﬁgélggam surface of the

tral ow through circular outl et c ann
BFFM's w:lhcwugﬂedqweétn the venticap disectign) wemngéhe dewastream surfa¢eeaf the BFFM’s

adjoining Efe B‘é&(t“ér ar %h{l tadﬂxgn*:?{-:-l%:1 Euéé ’tHedcr??s? ?eétiolf‘\%‘t il(l)c)(/v area of the

cal e I ni
top of cwqulﬁmw@efs@am@! 5825 ls/\mtISUffloresttly l§enaéht¢ cegaie atpositiye psessure in them due

to the air ﬁ{)w %h.{;ﬁ{;ﬂ M Stﬁglggﬁ'éﬁﬂtﬁcfi whl @ég@r%&ﬁdw Hté‘ \/Qrtlegldcr%hﬁels@azdand into the

f1nal consi st i cal [ uid

top of c1rqgﬁa:mu§le’¢%n§b§35 RE BFEM Spﬁ@tlﬁq&dﬂ,wﬁt ubmyﬂ Wl%ﬂlrpﬂmrﬂ The biological

fluid ﬂow.ﬁ@ hﬁé’ QQrtuEB?cEHaWan Beantp3 D IMdGe circDar buwtdnaﬁna%rzf@ﬁm flow into the
he entire Surface ar ea_ of

respective,ppfeth 87 FRKR T BTS00 B 5 B Lhind 92,4914 FRABARP blood bag 99,
and into tUbing |82h'i@\~hfﬂ9reBEEMgsolmbagE§®a mselﬂbloﬁlcaTﬂLﬁd Bfa@f‘s&ﬁtﬂow into outlets 27

and 27, ip ERALSSonAGHF R 2l GOy =g e LRich e FIspea dhes Al ow through
circular odﬂleifbhaﬁaﬁi si 25, pab Qlﬁﬂougﬁ pUtiSH7 sl Za, Wilfi28he &l an@thdnbe a mixture of
air and blg g F@%O%B:Efo rb':nll /équiéaq 9I4l 02 gzsgﬁgaghgé@ﬁ%tf‘%%igm) ﬁ“S’H’Q 82 and 82a
will first bélaranditiienicbasist c}ﬂwteﬂfaté ségraemsmﬂaroldsgwm fluldledndodin \eindiefhally consist
of biologiﬁaeﬁf LI tOlE(‘ee{J '&lgeé{:r-tl\ﬁrg hégg\dl?ggg th%fp wé%ﬁmﬂggn&a%gd through them
will be unifesip eeér their eutitecsurfaoelatiesbs thad ¢heuswtiie sUFEES prebhef the BFFM's will be

ose o SR HRIULL ety AR BE BRI S HHRETSS plent vt

condi ti on above, with the |n1|2t|al flowrates (i.e. the
flow rates before the



BFFM s have been wetted) being as described in the
first condition. However, once the BFFM s have been
wowiansaaiwt t h bi ol ogical fluid the flow rate thrPOUyh200e4661
BFFM s may increase so that the conbined flow rate
through the first and second BFFM wi || exceed the flow
rate of biological fluid entering chanber 13 through
inlet 5. In this case biological fluid wll |n|t|aIIy
fill chanmber 13 fromthe bottomto the top, and t
is not limitgdte the fiter ppdgrdsain shewp & Rigdkee Pelgor axaennle QUY af ihé\flétler PRderdrains

disclosed ﬁh@&@ﬁf a;]}fﬁicmldr{ n<9|r1@5"93438831 |0?Vr?i':!aﬁli%b% O ePEPRI004/029026, or in
3. Hence, once have been wetted

patent no t@m@e@ I"B\‘NCP'A'F@'%? be, HeRb tbgpl‘#ﬁé@t mveRtiudisa Fy %?T tygg of filter
underdralﬁ’fthét Woﬁﬁé:d\étﬁf aétl\tos‘ﬂlpbbﬁ férQRe BrFM&nd! pﬁéh@eé 8¥eld AdW means between

be nmuch greater than the flow rate of
the down%ie@nbgﬁ f@alBﬁﬁ'\G @ad the Eﬁ?@ﬁctt%e%'s? £ abﬁO kendsaserMm s

above the top of the liquid Ievel i n chanmber 13, so

at the portions of the BFF bov the |i
[0036] ThWSPFO%?WE’é‘ 95 thaksan oY RIS e| angy- ﬁ)'sl"&?rie '?rg%'%ﬁi{ 300 will wet as
descnbedrlﬁ t’ﬁé/ﬁrsi SO &l5ove| ith fheoptiaPflow rstes (ind. @iekiidw ratee before the
noVI N

BFFM's hay RS WeHE OGP 100 60 HGCRTEe 1 Pah i JHess HPuE Hp SPRg the BFFM

have beeit ettbd ath bmlbdbhll fluld tiecriosy ra‘tlemeugthePBFEM'tsondy lncrease so that the

cominedFRIEI Bl e HACHEP RIS Riy BB by D Pgosca
entering dhlambfer HBelnredgbhmadS on this oask pbmgwat fluid vstllhmltualm 6éll ghargber 13 from the

bottom to?la% pt, Iag S uQ@er th%%?—'Fﬂ eﬁta eCBnd ! I gg? ltl-'(gﬁ L?ng)y{n chamber 13 will

FEstTiC
drop to a tevef below tlwtd;ed;f chamdoed 13eldemb «mbé ¢he BFBMashapiedhaeni vmetted the flow

e or A P UG5 BPERr SR, P340 ot o cramsor
13 will besinmﬂ gi‘ehtersmMesﬂaM fatd oft thelogmﬁbﬁlm thrbLiginthegiaatiof of the BFFM's

above the ﬂ}ﬁc @qu&? levFﬁ f OCBSHH% ?e?o thig nrgoq'ggrg egflqgg IBEEE{V% %bove the Ilquld

level will rmt becprabedwuﬁllhed fIf BRFDat0® istused & mgnaw Ieﬂlkqwtesefmre bigegl or blood

product, tﬁg%@%}é@%&%@%é%ﬁé%@tof% EBEMQ 191 %%E %ﬁﬁ?ﬁe second condition

ovvnst r ea
when meme@nempstetha ftr$tros>ndnt-bowbp‘egtﬂqmn@ thecerfond igentifien thefiltered blood

or blood %Pd&é& pe %éef@%%;‘é}ﬁc?&sg%% %1 (F}{ fy?cz)n?aﬁrq nidré MukbEREL Yi’?d?ﬁlk';e filtered blood

low restriction cou
or blood Rredustdnitherecaivinadlehbags weder tha firsconditionhestrsend condition can be

rectified tfye.%ﬁj:l1 ng iy Pl RRdiofsto ﬁgﬁou@ttﬂré}ﬁ seéc\’)nélobtlé’tr 27P4d sl‘QﬂCwn in Figure 2.

82 and tubing 82a could have a smaller inside
The flow 'Zﬁsﬁ‘m%‘t?@? afengPWILbi figure %a%mgﬁm"r%a@iférPH"'Q?FeHi!%ﬂ?‘H gestrictions

should be §844 §6 iHR R Q«Sﬁ’iﬁlﬁéﬁ 3 rafe (thﬁoléglﬁﬁtﬂlﬁ‘ﬂw&f%ﬂﬂg fidftMdSsecond

res ECtIVE|y low restrictions coul

BFFM's, HetGua TR RA PR 2781 IRl tapm BESBIRLE s Tavpte of

blologlcaI%FHEerﬁtéﬂﬁ@ BRadnbét 1§Iﬁﬁ6tﬁgrbiﬂ[ét 5AThé ﬂ&#vﬁé.’?‘théﬂn&xfsl d@fl]lldi&blldéated
be added downstream of the BFFMin a

anywhereGQURE e CLBSHEM Boke $RMRie érﬂrsféﬁewr "eé‘élcf'% cpiyd 1%ocated in tubing

82 betwed® o8ifét, BBInPfirst fecaitld K184d BAg B9, and a second flow restriction could be
PCT/ US2004/ 02902%4 003745@ The third._condjti

located infubing 84a ketwegp au Jegopg sereiving blopd %?Hte‘*%oﬁﬁﬁfé‘afe'v al or
part of tulsihg @QSdrfd&thgfmg’fobde&\ﬂﬁSa kmawdﬁm@ gltamétb:ethaﬁrﬁmnsg 81 and tubing
efore t ul eve str

B1a to creie e EHERE SOURD T SL e Sk ek e SN 3 Sesry el Flow

restrictiors0rduldhalsb @@ wked|doguistiedmnaf then BEENhinteheingiE sidesl B for the same
vel i.n.upstream 4

oasons SRR A B5F e e OB o B A W any o e

single sidad devizebdisglusgd dh bghent apicBidrivhe.. 10092488 her iBREWicativave.

PcT/US2065/b24B56€d. the air in
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upstream chanber 13 above the liquid |level wll be
trapped in upstream chanber 13, because the wetted
w®BeRIe31wt | | not allow this air to be purged fPONUS2007/004661
upstream chanber 13. Once the BFFM s have been wetted
the flow rate of biological fluid through the portion
of the BFFM s below the top of the liquid level in
chanber 13 will be rmuch greater than the flow rate of
bi ol ogi cal fluid through the portion of the BFFM s
above the top of the liquid level in chanber 13, so

[0037] Thbhmd EORIItRN thaP8sn 8écur EﬁeBﬁEMcﬁarﬂbOB@s bpéhd, i Wi te VBINBle of upstream

not be i zed. 100 is used to
chamber F%n'?o‘@égq Mﬁ&é#% ‘%"' gsdve&eddqeggg the gﬂ'ﬂfét'e"el' H!eups"eam chamber
reaches thé W@W&t@ammaamby bldommfﬁattohe:fﬁ&ﬁwf@m»bd@ﬁ the BFFM's
1 ON en neasur aga

below thetlﬂglq(:: l%?glltqu UtBﬁtﬁ?iim &hdgﬁge gé ta}qéirﬁa@ ilapy WeHINg|A Me qud level, thereby
allowing tA@ Bititd iberpurded fromitee BFFU'9.Whay the! BRFIM B Made Bkeeh méttbe the air in

| ' | euk
cpsteam IR 13 B0 g b A e B Aol ot el bbb because e

wetted BFtFtI\W’@dlglbﬁlf éild\mgﬁ aif ftebd | pu dmml upsétesam Ehambé 131 Once the BFFM’s
| on_can e

rov b e R B S S e the oz (o BPRMR hetow the top of

the liquid fvel innNgansber i3l b@anwh dreder fean the@owhatd oflbiblogieal fiUid through the

porton g RGP SENEER ok g b P Ao 1 b o 35 o

BFFM's abbwsﬂﬁaeltdumblaa&él will @at bé prapesly ulilizesd. 1{BRRD a0 é&s bsydye remove

leukocytef;‘,I ngg 0ﬁ§ a]n%trﬁrtg?uéet%t Hé%ﬁggergbégﬁggwgh?%&gﬁg bFFM’s may be
reduced intist thirdmootgiob evheb3neasured againshnthe didstivpnditidn o fHdree in the third
r I t S
coniton e Utk B8 @b Ao AN SR 08 ool rore
leukocyteadihdn tl@ filterechblood loe blood d:eoabfct imtherreewiving blnodBaedd’s ende? the first
t 1 '
condition. nﬁ'Ye {iﬁﬂ'g L?;%*‘lglct:lé"\ 555 beﬁ’g régﬁcu]lg tA&&c@éﬁ%ggﬂP%fééa?rg &hamber 13.
Referring dn Flguse dethendidiiueftianer s@afaas 168 @fmouﬂnm@%trhalf& (iothei digfance
I I S
serween i SeplBhiock MR RLEF 87355 o Ml g e crose-
sectional hraasofriglet Hlissto tmmadeaiargamoum se e ot terestrishttie fioveaf kiblogical fluid
t Iy
through |ﬂlé]t| 5esln g@% t@?%en %e\ébrltérggofaﬁgtfiea?ﬁ g’ggr@m[)?#l ‘i%maélr e ! gumFﬁd by adding
baffle 12 mlneqwall 10 of heusin®indsi detfilanas showa irpFiguret.i Baffle i13extends from one

side of mﬁéi’%é\ b@tjoﬁt t}gm éicﬂa gf iHHE Swatt "_@"Ejafﬁ@?z W?]ay &\})&?%irr}iaﬂﬁ%féupport ribs 15

een |ncrease_. wever
located oq s firsd sriface fbend filgereuppot sbadSa incatechen its secong surfage 9a as shown

in Figure beﬁéuélhéfhléth?alfv@ v 'l’@erﬂlt:aﬂg%bgﬁ lﬁlglal@\e{ witd tRé e Qﬁéﬁ?ﬂg that baffle 12

because of he volune taken up
has been 2adgH 40 hPYSiBs inketfir ta. e g roRREegtRnAl BEEROTdnBLSRbas been

1ncreasecﬂ§3 tHat fts fosa-JRatidid fdh ¥Bhlet 58 vill bé ﬁ%a@&&héﬁ aﬁb&mrf@ﬁ{e cross-
into two distinct and separate chanbers, becaus

sectional PFR? ofdhs infarignRf tybing §BB\?@°‘HH&‘ Blgugn! « #nd "lhéﬂ"'ﬁﬂb"fb@'t‘etrd}‘ﬁ" 10a has

been incré8SRE Howetbl, thd Lolbafd éf&]plsﬂ*eaﬁ%am i1 BQ‘ﬁ' housmg lnlet half 1a, will be less
Cross- ?ectlona area of s__shoul

a
than the \GHITISIS! HGS (A0 EHAMGRG 7 BHRMITAR B P2l 1 POTAUSSIG1he Yolume taken up
by baffle 12 uhd gidet ﬁ@ot't\lﬂbssﬂpérﬁcﬁﬂ& Bl 3 UbBs hottArtBBES Bartitldrewall to divide

Cross-sectio rea of each defi ned as_t he
upstream agR st BRI AO AIBCLANY R tharthere babauss B tiA@aps 14 and 143
above anH imatovpafe&eﬁ adndsotgh itel@peawatyebf Béfﬂé Re. Pied tbdbmed cross-sectional area

o 550 LA S b RHeLC LS B i o
two sepatate bhe distinet drgnmbdret THeadrbss- se(ttlmnbedﬁéeaf eheh yap idefied as the cross-

sectional é?%t ‘rife tﬁ@ﬂ%??ﬂng%&él Hba Bgﬁggﬁdd ggésle&grtfq%e&gor ; grfiﬂ%lﬁkelbafﬂe and that

properly-separated. The fil tlgr



support ribs could be replaced with an array of filter
support pins, or by other neans. Although the baffle
wabh@snoim2 Figure 6 has a first gap at the top PemMUs2007/004661
second gap at the bottom a single gap at the top or
bottom or anywhere in between that prevents the baffle
fromacting as a partition wall to divide upstream
chanber 13 into two distinct and separate chanbers
will suffice. The gap may also be referred to as an

is parallel 4p @iter geal sxprfjay:gg‘z] a gltepr@ma{ surfasedia iTHE onhapurpese ¢ @dding baffle 12 to
the housu"fH ??Et nbal REtoGbalRe e \}o‘ﬁJrﬁgﬁpépsﬂe%m Lharhbér 15”3?&@6 add filter support

ned flowrate itst and second’
ribs 15 an@lx‘x!é@eu@ch ReovidepayMmeans te keemthedwg %‘@ﬁ'\ﬂ &IPFPIPEEﬂVdSQBﬁ‘f%Fﬁ’ nB’e filter

support nb@ E@led Pe rbPecE i aW driayls inet éLﬁﬂJoFﬁflﬁH r bl dthdrineshs. Although the

[ evel in upstream chanbér reaches th op Of upstream

baffle showR5igUra 9 ey WL GADFHAE:toh 367 2 SeGaTASRP SMEiagh 2 Single gap at

the top ortdbaoBF&l\éMelr@w BetRebn it Brdvened thebakRSH R aIRtiRY agBartition wall to
and ca |IIa£Py vvettln above twe |Ir?q¢;lld | eve

divide UP%“P?@F'&B’WBP o\ i wifcistine? ead Sepaaie tery besmwil sufige: ne oap may
also be ref¥f&d toes SrhpérsurBave been wetted, the air in upstream
chanber 13 above the liquid level will be trapped in
upstream chanber 13, because the wetted BFFM s wi ||
[0038] ThBGburdd tenwlitidhi thabitdn decubaftprtupe dldmp s ipopersars: tthaairtial combined

flow rate %flstb? %%%gbggpgfcg%ﬁp/&\/e bﬁgr}ﬁb t 35 %z?‘fal‘tqfqtléxgl\ggkﬁf §UI8 entering inlet 5,

the BFFMXWilibe Wettédipefofe ihbelqllld]é‘léi i epﬁfeanm chinabbeteatBesnihel top of upstream

cnamer 15, SR EALEE o GRS H5F boR  Bc Bl S ot i o

chamber 8, andicdpiliaey wettinglebisioe Ithellﬁqums lbvbh thereine alowinhg ¢rsainfo be purged from

the BEFMR Qriczclie T WErPae BT HeiERdRY @ BHBOET L GRATIP LS 2bbve the luid

level will be ﬁﬁpﬂiﬂdmd_!perrebrh(mrdrrm’eod GBcbecaube thewktiey BEFMeswill ng allow this air to
o oo Rl B Lo T S E R8s PR
biologicaldlo@/Abroudgitbe ppmcmlm‘ tihe BFFM sbeldimtthe topt hfethélhhudrlwl in chamber 13 will

be much e%?éjr tﬂ% me%% FHt IBIJ eatlﬁ\?ﬁ Iﬁr%tﬁg}\( lﬂ*&}??‘klgﬁ f@'f% M s above the

aln nore ere
top of thebiqc@demlcmgmmber ‘t:h @Ortb@féhe ipagions @b thebBoFi's atelve thh éqwd level will

not be pr%ﬁér&tué‘ﬁ%ﬁj L BED 160%s efrfNdidd Eyt‘éé'?roﬁ’rﬁbfogeto'rfbio%@l product, the

ucing the initia ow rate t rougg
leukocytebyrrmmapgbdlmofém BEEM symay befrediHeedsSprive Sourtiy ccwiltlon when

measure% ?&%gt?t;thgﬁfgt '&Sn&uﬁéﬁ 553\%0 @-ietnEefﬂ MY AR YeRditiSF tHRRMYr&d blood or blood

ternatey g | ow restrictions
product injtharreceivingmbiFod brg’ EBFPMC@V"‘%'UW"%\?UM@/tﬁ #ign the filtered blood or blood

product i ﬁ*%tréb&wnﬁ E’ﬂq;b hﬁ‘deﬁ"tgé' filst %oh&ltn&“t'l‘lh%tféuﬂﬂ c03c7 for\Edn be rectified
rectif e fou condi tion. By the f

l o
by reducipg the qnglpi e ratethroygh e BEEMSs gyyeqqplqgam(%lﬁlaﬁg area of the BFFM's, or

by |ncrea§|H§ fiae ?es"i’sl'tﬁﬂ:eQE floethBSUGM the BIFFRI S 0F balkh. AMehEately QRURTg flow
tofal throu tEUt of filtered blood or blood product
r

restrictiong qchmfltr eg #BERYY st veh as ke dgwaestaghinns B9 '“ﬁ'\%ure 2iin outlets
27, 27a V\flll }etcﬁfyetﬂe %&ﬂﬂ&ndlt[&ogﬂadaﬁb&hé *ﬂB@ rb@cnalw f |§-n6tTHeQié§§bry to reduce

the surfags 980 of fie BBCUF: t9raPYSKTRD BAEaIer 1A HhrR g of ered Bood or blood

product witheLogriglondiditig ehenelkodyean tdduggont of the Mteiddr sroglictt he
first fluid flow path frominlet 5 of BFFD 100 to

first outlet 27 of BFFD 100, and then through tubing
[0039] Reierringtto Figjt.rrétl thm:gh\ﬁlglg‘elﬂ onck blhgf B8 airand hdenopgbed frem the first and

X d f BFF 0 .
second TG ERGRTPBHENE 5575 8P HBBIea DT wil ArpBRERs il gprouan tne frst i
flow pathtftaipn indet&Pef BF(EID 160 ¢wficst patieti2/i of SRF DD 020, eyl tB&a through tubing 82 into

first recelx\aadolobcloc? l?ag%v 2 es%&hl"o%gwmé sggor%f fIchlg ﬁ!;\g %’aﬁﬂror%n,”le{% of BFFD 100 to

rlctlons to outle
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as shown in Figure 2, will assure that the flow of
bi ol ogi cal fluid through the first and second BFFM s
wowdos/1iE4bal anced, and therefore both BFFM s we¢T/UB®07/004661
properly utilized, and the filtered biological fluid
in receiving blood bag 99 and in receiving bl ood bag
99a will be of the sanme quality. Once feed bl ood bag
98 has been enptied, feed blood bag 98 will be
| apsed, effectively sealing the top of tubing

second °%"ﬁb?’é%9f BFERE0; Apd thed thryghdebipg @PBQ’“@&PCP'P%T%GIVWQ Blood bag 99a

until feed bidBH Bag®slis ert’EU ro‘Fbloldﬁiéﬁl nliagAlLing NlolaesPBticitttoshRAREI27 and 27a,
recei ving bl ood bag 99a are positioned at a |evel that

as shown i Figyrg Poyil REFYrel tBakdhe Ao islesisa Guid feryghdbe fiFst and second

BFFM's wdpdms&éﬁ@éa %dtuh@refdré EbtrﬂBlFFl’ﬁ%Qﬁiﬂ %eﬁa?&ﬁér@ L\mnhéd Rfnd the filtered
ative. Once feed bl ood bag .98 apses and

biological gy |1® §GEAYing Plged bra R andi 'alﬁaw'wﬂ% bquds agHRp Wil berRf the same quality.

Once feeJ bidbd bbb ©8 MRt beeh &h Rad £t slbdd Bag OB vl b 'E:Sﬁa?)‘éé@ effectively sealing
cross the first BF Mand second BFFM wi | |

the top of 34hing ShelHErEbY RIS YANESE Hid oW of B@!qgé%ﬂe'ﬁaﬂmr?g@ Iffifgt receiving

blood bag! 99 dritEsddbnBIrb8sivil biddal Bxy éb"aaare ltioHeQ at b§dvebthat & slficiently lower
rt 56 and chanber 63 of econe ne

than BFF[@éQQu@é RressUwe dewnslieam of t*@e‘"’é*f a'?“l %%&%P@F&“éﬁw'ga?nnssaﬂve- Once
feed blood Bag}lQS FoNESHRBINdDIFGIESIUTAY ovd thrBligh tHe/firef add e dRd fluEflow path’s

MIGNE T K E N RO TEY S IR T ————

the pressui}erth up$Streaan @hamber 0Bitdrel in3%e 'm‘teriBIBIBf fhinga8th, fandrin bubletr i, side port

s0snt o BRI UBPL b5 DS Sen BB B REL By e

diaphragn® 83 andt &aamspheatiopressaiewia inldl15Gasf DY '59, Bie-suatich ﬁﬁae (i.e. negative

pressure)mlliﬁﬁﬁ%f;galr“%glg ?%Crgtggbg%g@gél ctégcnanlth% i use éem rom outlet 55 of
DDD 50, a:r’ltammrtu&agm aDan ﬁﬁnwdsltredn"swmrtﬂsetmougmmecm’FFM s, through

outlet’s 2 | %r?] # EgFggﬁ'jd’]tﬁgm*gEqul rag.%rg%%f %?%%F\F % éloggt%a? s 99.and 99a.

The suctldbmmnc@wﬂlemmhanmlwtmeusmﬂemﬁe@ﬁaphra)gmgwalcoﬂémsecbdﬂaah@e air that was

in chamb%r o?:ﬁ[?lpea‘ﬁ wﬂf Ijsg)rlla?ceghg b?o%é?gl él(éllsggﬂ?eqn a!ur%’aefr%m ups ream of the

BFFM's. Ad lonpassitbe VGBlnté oﬂ][ﬂénﬁ:@rﬁ@ off DD 60 is prmatdriiearv oit exmal tbci the volume of

blologlcalglwéil ﬁglgé?f#rg le% %' °?,é[qa¢§ﬁﬁﬁy‘}’ﬂ§ gﬁog‘éétpz{ﬂi%dratmed as just
describedf Iflthe soluore mfwhlambes GB@IﬁﬂDﬂ 80 léagnalatﬁgltlwi thiel wplumevof biological fluid
being drairnggafhgn\ﬁ'es(ﬁ é‘d.&EﬁragFF %\%ﬁll WFél%aE\Pgolfag %{e\hlgglg ﬂﬁ%ﬁltration cycle is

StrUC
completedmolbelcarfwuﬂ wil rearain Withinube B F8Vs.cangl 19 2hg fi mrttrwggﬁrailwructure s of
the first aﬁ&) %%or{lﬁzl'g\:fb ?fg Qle?H%@EBédoPm%Gh 'aﬁ%n'&%"liés AltRough DDD 50 is used as

tration system 1000, any ot her
an automatig @fmlngz m$eak i h@'%é@hﬂwécﬁm?dmbéyaf@@m 06 @nyi @thRy awtgmatic draining

means clefd lf:é‘ Bs& lidIBdihG aﬂy 3f We%témﬁf’édl‘alrﬁﬁﬁl; Aafls idiscRREE ™M patent

I catl on no. i cation no.

apphcatromw 12/934 860 29 (2 @pPlisetien Aat %ﬁy}@@%ﬁ%ﬁ Rlterpately thg automatic

draining rﬁ@é}{éscdiﬂﬁibg ehﬁlrﬂtédnirﬁ‘%&.@l casB upBiréAmChamMbaP 38 WM not drain after
anber 13 woul d not drain after feed bl ood bag 98 is

feed b’°°€#69|9§d5 erphed] A single sided BFFD with a single
|nIet and a single outlet, with a fluid flow path
i ned between the inlet and the outlet, wth

[0040] A $'ﬁ$|§§ﬂ?§€%’: Wik sipgle inlgt ard ﬁﬁﬂ‘gﬁ‘é”q%'t‘f"'gl a flgliq?ﬂow pz!\\{lh defined

between thelifeBahd the dutiet vfn{rDéVBFthlnCéiﬁowl@éﬂNbeth@WHt l%ﬁd&he outlet, and
flow restrictiaon d? t he BFFM
across the fiidiflow p#b cenRanet et i R BORLTSSEHOR HoVEHIRA of the BFFM. If for

example {HRBY bRRJBFFD & edlto QEMa‘Je fduttbélyted From d bioladlical G, the initial flow
rate of the biological fluid through the BFFM will start out high and decrease as the BFFM fouls. If

16



rate of the biological fluid through the BFFM w | |
start out high and decrease as the BFFM fouls. [fthe
wo niosited14f | ow rate is too high the | eukocyte rePODUSIVG7/004661
capability of the BFFM may be reduced, so that fewer
| eukocytes per unit volume of filtered biol ogica
fluid will be renoved fromthe biological fluid
initially, than will be after the flow rate has been
reduced due to fouling. In this case restricting the
the initial flow atgfis tRoohigh thenlleukeeytelrermeving earakiitprHbetBFRM inRy be reduced, so

that fewer’ Iﬁﬁlwdyféé ;96} Lﬁﬂ%ﬂnﬁ@ ef'fi lféfrec‘i Bﬁzlcéﬁ:a'vlﬂ%lvhll BE ?QMG@e@fer tRe biological

uniformflowrate th rou h t he BFFMt hr oug

fluid initialy thanewilligey qfﬁr,t%ﬂ@y@gt@ W@g@w%%ﬁoﬁguq% In this case restricting

the flow of swtsg%di ﬁunHQﬁi‘bY@h tﬁ@BEFD'Iﬂ/ ddicpa e@ﬁﬁct@n%du@%s@reémd&c{he BFFM will
Dwll have | et andasmgle out

produce a\/\!i“l?’ﬁ':‘ ynifqrig fipv Taé?vﬂ'ﬁagﬁh H@f?'ﬁfe’ﬂ througheyt theenfirg fgt(atégmcycle thereby
increasing fHé léuﬁdcgte refhdval ﬂat@ﬁﬁ%:b thSs RRFRfle BREWSBFFD Wﬂl Haﬂb@ snngle inlet and

e 0 ross.the fluid fl
a single ofghy b TL1e ¥ e LSlied RRO0FER ediEbFnd His Gy it £ BFFM
interposed betviden teeflinlovampihe édtlétl\llahg dchoseupé fllildeidw Bavh, with a flow restriction

located dé@%sttr g Plhie E&pr-gﬂ 1\&m§t S ol ﬁg@ip% dgg\gﬁgltﬁéﬁg e @Q@:?ﬁriction.

and a single outlet 127, with a fluid flow path

[0041] A si’_n?@e s&ﬁ%ﬁ%ﬁﬁi?%ﬁh %%Oa %V\tg{] 1%6{'-0 giurfaﬁefhgch&des grﬁﬂngle inlet 105

and a singlerousiet 12% withta fluié ifloew path defifat bdtwekh tesinkt. anp e oatet, with BFFM

118 intereipiGH SEPSs 56 To AL o ol B e LS befigndioices an

upstreamidhabibel 448 cah behefitdyf addirrgih flow regteitton dOAdstsdaawef the BFFM. BFFD

300 can r?Bl g%?rtp #\ t?%l%lglg 'JE"éJ Flfrgh;\él %%tﬁglgog)ggﬁzwgw% gﬁjtég q with a single
receiving blﬂodrtmgo:fonmpsbdeanuﬂéta’iﬁ?e Onté 3ubesclampl 95 isropeghd, iithe vdlume of

upstream ft{ﬂgrﬂb%“ t1 I1 §||§ %ﬁ"ve{;gﬁgf‘o ng %Fﬁ%/:uﬂt?ag ﬂgaqgtenggB% elelg 1[%%% not exceed

rate I cal enterin
the flow rarqsmfrt@tah\mmbﬁwdmrm IBREIOR QpstieRn crfathﬁry! 1f3|0|f BFFD 200 will

ity YT GG 5 LA B, SRR v ot

up, the initial aipint wrsiieaohetereber1iNd will b displatieddivatbe didggicaidluid filling upstream

| ' ol [ T,
chamber 3'1@ 'ﬁ'@cglgblg{:%&eﬁ \A{Il‘ %é \‘df?gerdégﬁ&.tl i ougﬁagg?—'mt& %gtlet ﬁ%’ If however, once
BFFM 118 @als deen avettediwithoielpgical H#id thegiqurrate ghrengh b‘eeeﬂFﬁMt m@w increase so
that the ﬂ%trgtebth%@g\' tﬁ@lBF‘FjM‘ Wﬁl é)&:%e& ltr‘ié"'ﬂcf\ﬁ?ﬁeto? bﬂ:%ﬂ?cél 'ﬁﬁldEa:rEMlng chamber

I ncrease so th [ow rate through
113 thmuﬂhl'ﬂ“ete% da thi; ease %‘qulﬂaéﬂlﬂg vl ipitisdy E%\Fh@mbfﬁw b}ﬂr@mlth@ bottom to

the top, aﬁB @I‘?@?éﬁér]tﬁetdﬁm EQs b@érﬁve&@@ thé NgliBildvet ﬁﬁ&wé?hﬁérolgl'SC\ﬁlh drop to a
dwll initial chamber 113 fromthe bott

level belopgsheiap pbpharabrr TireHiepe.cancenbe BEEW has bpelied fhaffow rate of

b.olog.cattfhuﬁ: ihlrasgrﬂmb%ed.od &F tﬁ@@ﬁm béh&?a tHé k&p srtﬁe |.a9.dae¢eevrebhamber 113 will
below the to chanb

nce
be much GeasiPrieh &5 KoYk r41F GRPIRSISA g BIPYGh &5 PeTaNG’ s BN above the top
of the Ilqt.ﬁ@ lévépihtdh@ﬁwb%f' 1&3650'31!55{\4%@%@& the BFFV hbsvd ﬂh@lﬂqdld level will not be

property g th8EF BTS00 1 588 tforiah BURFVIAR P PRI product the

leukocytet rethdBiig\dzpaeiity éfitRe BRFMMayLR deuqcedicdraw@iedlw r\:\ﬁi&&ﬂb&mld be if the
ove t

upstream) dFoE reainge ML AERESENT e i ena ot FeaEs Heytsred blood or bload
product inuthedetsivingrbhousi Ibaﬁyk ﬁmytdb&td’ i erordd lsukd cytes Hapotie filtedbidcilood or blood

proactsh 45 B SERY RSPl B RS B Rh 7 oo shown
Figure 8. Oharfloesrrestrictiom @lsrqud intfiguwe@aus Idrigesrhall d:amewerroutlsat: [The flow

restriction@o%?d BQ% %F ghgﬁhglﬂ%ﬁlgr)??er oPc%u&Bﬁch(fﬂﬂé‘ L I}I&G‘BFFIY;! aand therefore

recel ving nor e eu
the filtered bl ood or blood



product should. The problem can be rectified by adding
a flowrestriction to outlet 127 as shown in Figure 8.
wab@sfibwe restriction is shown in Figure 8 as BCT/O8)07/004661

smal | diameter outlet. The flow restriction should be

sized so that the flowrate of biological fluid

t hrough the BFFM and thereforethrough outlet 127 is

| ess than or equal to the flow rate of biological

fluid entering chanmber 113 through inlet 105. The fl ow
through ouldedt127ds iess teanupewe! fohetfiow mts Rhkiplogigeliiyd eateringrchamber 113
through .rfnéo}gn g%F*FMa ﬂE@rre%émH &m@ Beidcatsd &wne?é H%n&ﬁﬁérﬁ’ oPfhe BFFM. For

mtuma bet ween outl et 127 and
example thedlewestiicirn seid bg. logated infubiag\B2hatween patlet 177 angdhageceiving

blood bag8%lt8g+§téi% Igﬁ\b? gért SFRIdiRY 82 BolidBatl aEpiikr inBRfR distAERY tfin tubing 81

% la to create the restriction downstream
and tubing 81e e ceRtahe rgstigliondewayrrant eHlEtBRIMt hat can occur

wi th single sided BFFD after tube clanp 95 i s opens,

is: If the initial flowrate of BFFM 118 exceeds the _
[0042] A seicond candition thah sanosewgritesingle §idedBiid? ARer tukp&tamp8S is opens, is: If

the initial ﬁ&ﬁ rgi’édelBFFlhh 1hg e%@éétﬁ‘ih@ﬂfnﬁr@tetctf@hé bowditdl ﬁMi@'en‘téhng inlet 105, the
tream chanmber reaches the top of upstream chanbe

BFFM wilkiwelisd eI IR Lievelin LPRan cENPERFAG0RS RioBEpstream
chamber PE3 QW 4 B&mbinatibnlof R@ flowa tM@ﬁ H SRBERAHRwW ﬁ'ﬂéﬁlquﬂﬁl@vel in upstream

ary. wetting above the ui d. | evel e
chamber {78 cneianiiey welPoGaRus fis vfe@ BB e fEA foebe purged
from the B¥FFIl Onge e BFRRItHaRthedn\Wetfdd, thenait peligst@antitsdmisir 1h3Zabove the

iquid level e Irapred Phjiseer chamike tﬁgdb%pépﬁﬁjﬁ WelB3 BEFf il not allow this
air to be puUtgé&d from m;sstﬁeenmﬁagﬂ@brﬁmenoupsmeeanmemmrerﬂﬂatememow rate of

o) B B8 G Aoy P B AN g 112

be much gReatdr tHah ché mlfate of biowgiral fllid 3hneubh theportioh ogmeamam above the top

of the quuﬁ%%{\}fe iHec r‘l%&_,e OfB {/O| 2 on(sotgft%#'l b?ﬁ&r l?ta%nae Ilgwgllevel will not be

properly lhtmzéd!laﬂBEFDHDfB is Bsed hatenidve Ipukdcytssravh biod deBidddatrodect, the

cocygBi et 4 o ey el bl sdyee m v

condition theofiiterpd Gibseitor Hidoel predicidy tres rreea’nmgrhgocmam Maytcpnta‘in more
leukocytetﬁﬁﬁgnB gg?'\{/lrcﬁqﬁﬁa%eciohgqucedelr % C{tehthSéd # Rg J\e %?ﬂc%\p rate through the

BFFM, byt teeluciagehe sndade ared df #hye BRYMC onbxalmreasrr@ the leslsiymesto flow through

the BFFI\Ar 2’3%8?‘(;3\'{ ﬁ%telgg%:la g@%ov&/ Fe%gr c‘f@ﬁhr we n@ﬁggllﬁfdf EI%:EXFM such as the flow

restriction glthven m(flghl@ &mdtﬁl@tgzamhregﬁfytth@fcgﬁhmondmobylf the ﬂow restriction is
[
added, is rfc])‘f hgéﬁsgg; ol eP&aSJtI'% it Ce ta??éc Le HEFN 3he @P dréater total

oW restriction eam
throughpuﬁoftﬂlterwmd QU@hOG@'QCWG’( Mtwtmmnr@r@ﬁmhgﬂwmcvﬁ@ reduction of the
it e 8inoutlet 27 will rectify the fourth
eredpljég%%ilrtl on. If the flowrestriction is added, is not
necessary to reduce the surface area of the BFFM
[0043] A H&%IS Q)ﬂe@l Elllﬂ:% fHat M&@taeﬂarﬁtﬂin‘?\half I eiats Ein lehﬁl@f &6 a single

roduct w t hout conprom s

outiet, wiihs Rese Juid Hosath F@fines beeon he EYBENgrpR BUYet: WioadystBFFM
mterpose@%&h@eﬁﬂ%eiﬁleBEE@tHJ‘é‘ﬁtle't %h%@o%gﬁﬁqmnd/\ﬁ?é\b paﬂhh With a second fluid

includes a single inlet and a single outlet, wt

flow pathfdefiged Pptwezfnfthewl%aw herauiiel W ARRGNE IREFM, rft!,%fpaﬁ%d between the
inlet and Héeo&{lér’t | §d addbédtng ddcbrd ARG MYW ﬁgtﬁr&@ﬁ%ﬁehﬁb n§ Rflow restriction

inlet and the outlet, and across the fjrst

d
downstregm ¢f theififst andseedrd BFFI s 1fPbRrxammplR sysh Prf’@d‘b!?g%'e\%% hg% is used to

remove IéJ&cyfélsﬁﬁorﬂ Ecblélb?@céllfhﬁo?&he initiahfiGw s4te @1 the3hibMagical fluid through the

BFFM’s wnII starP c>uteh|gl?grtugwiziecreas&-}e as the BFFM'’s foul. If the initial flow rate is too high the

18



inlet and the outlet, and across the second fluid flow
path, can benefit by adding a flow restriction
waeloamaoyigam of the first and second BFFM s. | fPEDUS2007/004661
exanpl e such a double sided BFFD is used to renove
| eukocytes froma biological fluid, the initial flow
rate of the biological fluid through the BFFMs w ||
start out high and decrease as the BFFM s foul. If the
initial flowrate is too high thel eukocyte renovi ng
leukocyte cafening; capabiiityi i shesBERMVSs may bgdeduend: a thatdewpnlpukeapis per unit

volume of fﬁl‘ék&‘?ﬁlbﬁ%ldé@ﬂwbl Rl b¥ %M%ﬁoﬁw'ti\é Sfo% &ll ﬂhi@ghlﬁﬂiy than will be after
be renoved fromthe biol Oglca

the flow ratﬁuthﬁ%!swhe BREN's\ha$ begn raduged due tq foping.dp éh'ﬁ wa% fastricting the flow
of biologiddl fiufdithfdugn RS BFEB by QNG 8 e SHQtidnddviieBeh of Bbth ImeSBFFM s will

case restricti nzﬂ the flow of biological fluid throug
produce g margpmferEy flqy r4g thropgh the BE M ¢ tBEﬂHH&P%‘Qﬁw%‘F'reo@frﬁt"tfh%yc'e thereby

mcreasm@ﬁ'@\ﬂaﬁkdﬂ td rPh GVl ffte AnTRIE RaYE bdeUBlef digey BEF@ tthr |Qél®”'a partition wall
BFFM s throahout the entire Itration

will have ? ﬁé\géeo\}"%t REF SANHE UHe WED L%‘JE?VB’"? E%\Pé?h ‘P%ft'@d bleﬁ‘”??ﬂ the inlet and

the outletcmﬁ a&”r&CBFt#M u&éﬁiﬁ@eBEEQ/éehahe ||rﬂ@t|‘é‘nd9théaﬁﬁlé¢ |aﬁ8 a\bﬁisb the first fluid
S|n inlet and a single out

flow path (i SEERIH§ SR RA CBRTSTRRIWB B Bt ABC i GiUiiih a second

BFFM mté@@s@&lbéﬁieenvmé |'h|@t dridtak oBti&tVahaterdreses s@ﬁiﬁ(ﬁﬁm ﬂdsw path with a
let and the outlet, and across the first fluid

Tlow restrigtip locRIeCAQMTSBEBRHOTICHH the 151 A FheFFOaE SN Spbth e st and second

fluid flow paisifdlviig BRsLghnBe A rebtrictidrt.h a second BFFM
I nt er posed between the inlet and the outlet, and
across the second fluid flow path, with a f1 ow

[0044] A dAi¢ bidbd BFFMGatie ds dim\bndy distTosdd inal$ patedt hor 666@n%@1, and in US

patent apBlgﬁ(ilgnﬂo Wﬁéﬁﬁﬂ OB&% lrlll%wféilra;qﬁ cgy?vs gﬁnr]% th!altullrwﬁlaga]a sAngIe inlet and a
single outtkaitie aS’irsteftdu@chﬁDpaﬂwiﬂf nad beheearnthe mieismhd)’s'edoutla_t uith a first BFFM
mterposeﬁ % gﬁ%ﬁ'b%& glgggrgd utleﬁ%q groélé F}ﬁ??‘?ﬁqrﬂgﬁwﬁ) ﬁgﬁ'\'aﬁ:gh a second fluid
flow path defihed betwesea the mletgérei theloatietawith a ssicngd BFEM inkdrposed between the

inlet and gciaugléf a&dlﬁcgo{%tﬂg s%&?@c{ ﬁt@&bﬁﬁdpﬁ{ﬂgt \gﬁgoreéélegﬁin'(l\g%ﬁﬁg %gﬁ)w restriction
downstreaml afttheficst bhd secmﬂmEBFFw:sd lfdor @saplasuth astoublasided BBRD is used to
remove lx{iﬁ(&)gyte%”f{on'uaﬁgﬁﬁﬁ fﬁJ'du Htl nﬂ&\‘?l‘aﬂe %?g{é%tﬁglﬁgﬁ:tav\ﬁﬁ@ through the

BFFM'’s WIhsmmfbemd/\é@Team% tﬂed3FI%M@ fouleIfdioe Indtial flawdate is too high the

koS OREBAPEI i OIS AGRE oy Bl orur
volume of;ﬁtemd bigireieal fluidiwill be rexaued Fomutbh biclegicd|fluidsiniiely, BFFDwWIll be after
the flow r % M?&n?%[httﬂ { | OW§ rhgtg gE%? Yécﬁ:% E t@ Ifég.lalllﬁb?fﬁ' tﬁ%l ca%E lII«J-:‘échcting the flow
of biologi¢a dluRFRKMughthi IBRAA by uging amagﬂﬁlcmm @e@stm ofigothiee BFFM’s will
produce % 0&45 Uk ﬂonratUlﬁrd hQﬁf‘bF?Wh”rﬂ}g@\o{l?tﬂeoéhtﬁé ﬁllﬂ'aflgﬁ cycle, thereby

te renovi ng

increasing & tesliocyde remayal Faife th@me@eﬁ dapbirsideg |&F%ﬁhah@c@1des a partition

wall will hfabétaeé'lﬁéie RISl Sl £ 8ingld dlitdt, WitH a Bi_t IGEMSRpdth Qi@r’ﬁ&?between the inlet
gical fluid inrtially, than will be after

and the wtlew«tataef rﬁhBBEMHnteﬁreossﬂmt\ge%@en@'@ham%81&@&'8&@%9"083 the first

fluid flow EQ{H WS a $dtdni fiiF ASS pé@ﬁ!éf nel ibRavddrthblimat éﬁd the outlet, with a second
bi ol ogl cal fluid throug t he BFED by usi ng

BFFM integrosef befviseertibnrialet oulgt, e meTisseie Sapnd fiyid faryRath. with a
flow restrﬁztlﬁﬁ &catey ﬁé\hﬁtféawvof @ditﬁ thfirkt 8Rd E&coridFBIF s, litA W Atst and second

he entire filtrati cle, therebylncreasmgthe
fluid f'OWlpéﬂT@ofE’SY‘f'%g f@ﬂ‘tﬂq}%ﬂher ""ér sii¢tiPRi s case a doubl e si ded
BFFD that includes a partition wall will have a single

inlet and a single outlet, with a first fluid flow
pat h defined between the inlet and the outlet, with a
first BFFM i nterposed between the inlet and the
outlet, and across the first!?



fluid flow path, with a second fluid flow path defined
between the inlet and the outlet, with a second BFFM
wo ndosnpiiged bet ween the inlet and the outl et, BPemUS2007/004661
across the second fluid flow path, with a flow
restriction | ocated downstream of both the first and
second BFFM s, with the first and second fluid flow
paths flow ng through the flow restriction.[0045] A
doubl e sided BFFD, such as the ones disclosed in US
[0045] A gratbimsidegh BFFBasuomas the agysgisciasst in Wi pateot aplication no. 10/693,757

that includ®l tp'ah{tlpe W Wi En? ﬁﬂ‘i’ ri i Sté 5?39%&??%@ {;\)rgdt ﬁut@g%ﬁfhtgzé‘ frst fluid flow path

defined bémesedhe it andtbe ficst dutietewith rdirstdBFMtinteggoskd defwean the inlet and the
first outlelBEF'P/la'cmsg t ﬁles?i ﬂ@ig tB hﬁtﬁ s@& d‘ﬂﬂ‘ﬂ.ﬂ& hgwf;:iqartﬁ t:leﬁrhed between the
, wth a

across the T1Trst ow pat
inlet and the senand pufied, witlyw seaemd BEFWewrmeﬂémMemthmih@t apt the second

outlet, an% BErcEGRd Eeé?}htdl fRlid Ay th h‘;‘ caff %@Hé’f t F%ﬁdlrr& §ﬁ9\9$§§irlctlon downstream

etween t I nl et and second and acr oss

of the first and second BRANSJIf fqrcﬁmamensucém d%‘?i%ﬁlqedtﬁﬂ%l%ﬂﬁ yigddo remove

Ieukocytefs lfr%W\ 5%&{1&@.@% :rﬂgra Wrﬂﬁ.tar ﬁ@maé of n% tﬁéb[ggtgagmg% %ﬁ&@é}dthe BFFM's will

start out gy 8q geFBABR 85 ﬁ@EEEMSe@Uf 3he o Gruigais 199 fioh the fukocyte

removing |cagélblﬁtly of VBFRIE by bBReBidd08b Gt fdweN IBukddy riun® volume of
wi Il start out high and decrease as the

filtered biglggical fluid wilibs remqved fiqmg ihe biplegjcal iyl mf;lqjlﬁ thgg will Eg/l after the flow

rate througBUK® BFFRI'S ﬁﬂ@béé\ﬂ reciicad duk ty f&ﬂmé he tREcES rédicting the flow of
fewer | eukoc °"bé \per uni t

. . reduced, s vol une .
biologicalfi F AiBNB SR EY UF N AR b Ao PErtERAROf O tEm BEFM's wit
produce dmokre® ghitatm fidw rsie tiroligitHeyBF EManthwdughobiethafentife filtkation cycle, thereby

increasin$ h}%\l\{iehlggc%f%%r:ﬁ# 0 s he EE‘E%P?%E‘? %%n%d?rcf g&ﬁ@qhat mcluges a partition
wall will hav® b@hgwlnlétlamld(h ﬁrbf @htgheddmel &iﬁEDvsbth alfiistifiuid flow path defined between

o o g B e R B hgh e kB Bt oter,an

across thé figst #iaid flotv patht Witk aecond figid fbhmabraefmﬁ Beétaiceg thdihlet and the

RSP N T VT E LN EATC WETTIER R —

the secondflutd ﬂan gath, f\mﬁh&! flam testrctiondocaieéd dbwnsirdam af boththe first and second

BFFM’s, \fntrlrjgl}de 1‘f ir {) uu? ﬁ pfaﬁ‘fn r\?ﬂg l?l'?ro\/@gﬂ/? tpr§er pV!c’) gée él"ilg%{nt Qﬁd w, tH the second

fluid flow pathcftowangithirbieghf thestecoond flew restricdicencr oss the fir st fI ui d
flow path, with a second fluid flow path defined
between the inlet and the second outlet, with a second
[0046] A @RNg sided BiGEh dubk eadiamonerediselpeed inrldS patent epplivation no. 10/693,757
:ﬁﬂ id fi th
that mcIu?’%’L \ﬁ%ﬁitloﬂ%lﬁ%ﬁaﬁtq%c&e{g&}ﬂ?ﬁ érgc?na g# Qﬁﬁ ’hew* 1é:ti’ir uid flow pa

striction | ocate
defined bgtweendbe fitst Breans thiqutiet, Mithra first BFFM; natemmdmween the first inlet

and the oLlOWaRG abls8 WS i ltshﬁmfi'ﬂ'b%t thlh Q)Ntﬂ' £3bEdifd 1108 floR Mt e fhed between the
the second fluid flow path flow ng through the second

sscond nfatpd b Ohfe P a ﬁegen@PFKNmmpeseg RRAWCBRENS SeRandAglet and the

outlet, anH %r&&&ﬁe dbséiPmad ﬂb\W Aﬂd& RAhYhefY éd‘diﬁg 8florestriction downstream
/693, 757 that inclu partition wall

and 't hat
of the firsf Ao aEorEL B T HiselfdorEmpIs e & doublecided BERD & Hrockio remove

Ieukocytefs|inrﬁi afdlél@g@éltfﬁ‘ncﬂ @ﬁé ﬁﬁ%l hé\h\ﬁ@l%rbfttﬁ@bﬁldgﬁdal ﬂtﬁih%ro@@ﬂ the BFFM's will
he outlet, wth st BFFM i nt erposed between t

start out igh apd deresasg ¢ th @FEM § fqul. Ibthe initipldlow ﬁﬁ%'srtpwghrﬁha.'ﬁukwvte
removmgfdaﬁ‘ébm@tdf theVBFFMPs ﬁfé@meﬁhd;édi sB'tﬁéNf@ﬁbhledE&typrer unit volume of

filtered blglpgmal ﬁlﬂlé%bé%lgporgg\f é%gﬁ%glgmmml@ ml&lln ﬁ%e arll'ter the flow
rate througiitthe@ BFFMIS hae bess rédieedeitend fédlmgdlnfth&vma@atrhstnet&rg the flow of

st i Py B b LB Lo ST w

sided BFFD is used to rem)ve20



| eukocytes froma biological fluid, the initial flow

rate of the biological fluid through the BFFMs w ||
war@sioxy: hi gh and decrease as the BFFM s f ouPCT/UB20011e04661

initial flowrate is too high the | eukocyte renoving

capability of the BFFMs may be reduced, so that fewer

| eukocytes per unit volune of filtered biol ogical

fluid will be renoved fromthe biological fluid

initially, than will be after the flow rate thro

produce a mEremfAr TR tiorg e s thepusBa the enfite ft"ﬁ"i’%éo” cycle, thereby

mcreasmg?ﬂh‘éﬁeﬁlﬁiﬁyfé felmhcdVal £e. thitkiwcade RideLBe siddd BHUDdh&thﬁ@U@éh a partition
t he by usin tchtlon downst r eam of
wall will hgﬁ:W(%l t§ pﬂg a e guﬁeﬁr glt ﬁlr%rfh’fq‘ PPR q&ef‘inﬁg glgaﬁaen the first inlet

and the omlla \Bgrwfﬁsttsﬁmqrha:ﬂosédlwemeln:tae frslttirn@tltamnthemltl@t arr:d across the
y Lpcreasi ng tne | eukocyte renoval rate |

first i loqoBa, W SeonuadppLath e o bemaen s Sreand Bt and the outiet

with a sed&_aahl BFVFN/I lintedoeed wtvire“dneths s8B8shdRinfet agh ehebilitle] andmdrlbsathe second
rst,inlet

i fow G = o AP el d oo e bt S i BrFMs, wit
the first aﬁdlm Egangdr’]{dlsﬂwd nbwtpaamldvhﬁg b gt thfelﬁrrhﬂ\/d&ﬁrlwsn tAlfbrﬁatéﬁ'tthg BFFD could
. | [0) a Sse W t

inciuce i fweHiofL Bnintedesiy neslipererde of P hustdredgn e
outlet, an@b¥cbnd gowasstrictinei eated beevatTibedownstbamryidd bfthe second BFFM
andtheoulalilr'tl et, and across the second fluid flow path, with a

%W restrl ction | ocated downstream of both the first
and second BFFM s, W|th the first and second fluid

to0471 A Gqdplé REb B PR S8R en M HRE didpaneli pefit epBidifin no. 10934881 orin
application et PQ’]’VUSEO@#@%M et webnlet hsoldiqyarttiorewali, sinddhatfin¢lhde two inlets

and two ouhé%t V\ﬁF F‘('\)ﬁr{%(i:% ff %%{t{ ggﬂneérﬁ%t\ﬁ%éﬁi\g{}?set alhl}@\évardd the f|r§tnoutlet with a

first BFFAS gt otpds @i Bitveaen thé 6rad inlétand the Sestloufiett en Barass desirst lid fiow path,
with a seé% d%ﬂﬁ@@& pggwl&é’fﬁ‘weiirb%%wé’ééﬁe%%‘égné W&%ﬁ%e QBB Ll With a

second BPEJW |mmdjmwgg1 thehsacond mleﬁca:ncathg@lepmq)auu!ett anghacross the second
fluid flow %ﬁi@t‘thlh c%ﬁpgnéfh% dcﬂmgu%jﬁrsl HE 'ﬁé%ﬁ#t %&Y@a&%fl tﬁé ﬁ¥st BFFM, and a

rst flurd™ I ow pat et ween t
second flowrestricting davenstiepat ofdhe |se@ond/\53lfﬂnalfff¢rr@qangﬂ¢:wch a double sided BFFD
is used to' g VQQQ&& LW aldl % bf ﬁJo | gb%tbg <{]a'l ﬁﬁiﬁ spurces, the initial
ut and across t I rst a

flow rate @fetberhml@mlgaldlwd oilyida WfQﬂm th@@rﬁj@nﬁéeﬁom BFE&fb%wd! star’f out high and
decrease'a’%ltﬁé sErnE sl Sl?ﬁ%ﬁthgpﬁd\nﬂate W lIoB h‘?”g}‘?@\&mq% ditpelbr the BFFM's, the

ter posed between the second i1 nlet” and e second
leukocytedemoe'tng camability ofdhe BFEM® oy def reduerd, sghgdewer leglsocytes per unit

volume om%?é& Em%n@aqi ﬂhl@g)r ‘?qudsrtﬁrtouﬁh ‘é‘ﬁhérefﬁ}uﬁ h&W ipath HAWMESIhRARY from the

first and a second flow restriction

blologlcaldle'wh@rt fité%ﬁﬂné@"r Haa% wilbbriaftsrtive fipw ratsrthecughdhe BEMhs has been

reduced cﬂﬁa”tl%' fsun"ﬁgd fotHRER el restivfsh i ffo@sf@ﬁ’tﬂolb?ié&pﬂiﬂé ssﬂu.a@ fArdugh the first
le or two nde endent bj ol ogical Tluid source

and secopth B AP e ST ELRRUSNG AESIIoN airiclipn APARETeAm of the first BEFM,

and a secfolnulﬂéw :febfrlweﬁ dbWAstrédrf of ﬁﬁﬁseﬁ:@ﬁ@ BFFEFFVM growlidd a $icré uniform flow
h and_ decrease as

| If th
rate througfinats 1 1R R A ELO O Uhe SR BN Gl bierehY pasing the
leukocyteBEMYVS! ratd) thrb@gHKiBsti tBF A B DIvil thig daaéatuduueys.@éd BFED that includes a

) BFFM s - be_reduced, h koc t es
solid partiign e N AEVEE ML BELPAR:EN P AL UG ek G gefined between
the first irdldtrandighe dirdtioetief, withda fi %DBFEMtlhte‘mdéedbﬁtweémmd” rétriolet and the first

outlet, angfatcgqsstC{hogiﬁrtgwéigq 8'?5% ﬁlla %lﬁeﬁg cghﬂ&q{gv%%aért\ Eﬂ%ﬁﬁé’g Lletw%%n the second
inlet and thediecedd dutet, with (autacngd BFRFFM imterposexkbbetestn itied sexpnidhislet and the

second ogtﬁegwgrgi 8‘%?% % g@é lf*ﬁkopﬂci% gggr:krgﬁ atfhrstofpo%] retslgr Citlf)ln rlc?cfated

T I"ow pa using a
flow restriction dovvnstreamzqf t he f| rst BFFM



and a second flow restriction downstream of the second
BFFM wi | | produce a nore uniformflow rate through
whoiok/1a8142 he BFFM s t hroughout the entire fil tPEL/U82007/004661

cycl e, thereby increasing the | eukocyte renoval rate
through both BFFMs. In this case a doubl e sided BFFD
that includes a solid partition wall will have first

inlet and a first outlet, with a first fluid flow path
defined between the first inlet and the first outlet

downstreain ofithe first B FIMFwith aresppd Sew rewriciiasosated dowastreame the second
BFFM wntﬁ‘ﬂ% ﬁr@?ﬂw& holy udh h&Mn Qﬁ‘r@u?ﬁ RS first S tedtddtion] Hhd with@e second fluid

a second | ow path defined E)etvveen
flow path g%ngé'éf@ﬁahﬂ?ﬁ ﬁcoﬂﬁd'W@SE@H%d outlet, with a second
BFFM I nt erposed between the second inl et and the
ond outlet, and across the second fluid flow path,

[0048] A dguble Sided BEED} Wil oF 8&nphica PUtHMal SalFdSeA G itikkand a single

outlet, wntﬁ larfipdt fﬁﬁf%w}&hfmd@f‘ ine@Gefdedn fh‘él uﬁl@ﬁérﬁd fHel sullet, GEe @ﬂrst BFFM
ownstream t he secgnd BFFM rst flu

|nterposeq P%Weﬁﬁ’tthef %‘Vﬁr}‘?gthF [udely ANd ﬁ@mst rﬂ%? P"TSFBV\'F 1984 ‘?qﬂ?}t‘?"gha second fluid
flow path 88fhell hdtwkbe tiseciprtand e dutidt onitipatsBecdndBFRM |hfé’r|§m@h between the

. he secon flow estrict 8] A,dou
inlet and fhﬁﬁtsﬁem\ﬂ 3OS0 3eEond 'M '?\{' .Psﬁ‘ mbef'ﬁ&tbx #a“ ngie flow
restrictionSido@inetreamedf tmdutd?etﬁsrs@anQMFigHre 7VWRefering {or Bigurel Yidduble sided

BFFD 200, o Py SOPIAR R ceLr O Do Galst TRET 7By AR low

communicitibh &bith taadﬂacasfaee 7’0h/® ber@tBZ‘bl Sidk droV0paf fee 70 isfin Auid flow

communi?aﬁxggdﬂmf tbgllt%ﬁ{ %f?{\évgg Iing gﬂod)cfénﬁeg:\j?i? W?\gﬁt%‘ ég 'ﬁ/\g %Hﬁ 70b of tee 70

is in fluid flow ebmamndhid¢atienaithl the inletnsf ra@emﬂag bidod mc&ﬁadwé ftubimg B2abvA first
ef i di D w
restnctlongxgax]gF %P é}ntsll]ée %rbm ?@ tglﬁln 858 n | gur g é/%cpr[&tnctlon may be

included iRafder anrm@ot or iA tgbung 82d. tﬂmﬂaﬁmt smdie@bcﬁﬁﬁ@s%@onwoude equal back

pressure {}g%olo lcaﬁﬁl,p«{! f%ng?dbﬁ% 4ithen o4 uaTgﬁ'ﬁ%%%%gftf It%}i ctalglg@glcal fluid will

flow into the éwd Beagivdng bkmod dragb-uriedmory as iNthe @bove eadds, ittee fwo restrictions will

fluid.fl j ' ' re Y
restrict th%|ﬂ8w aof béog%gﬁ\%ﬁﬁqqgﬂggg%%ak%q )gél%;cliru% r?\% {nﬁe}gxm flow rate
through tHOBFEM sthfdughguf thevertionfiltratioracyae tmnenytr‘meeammgathedeukocyte removal
rate recei ving bl ood bag 99a via tubing 82d. A first
) restriction may be included in side arm70a or in
tubi ng 82c, while a second restriction nmay be included

[0049] AltihQu%ﬁ g{:e fﬁ{e%gggrdpém 'sﬂu&tHFB %\Aﬁ\zﬂ Fl%urteréelsfdséatm BRED 100 shown in
second r

estrictions provide equal pressure to
Figures 1{sing| 2 @iny ithegr type of 'I"'tﬂ'vuf’ﬁ%fﬁf iy EF'H@‘UEFZ':B'E‘* pmme(gql]gpmper support for
theBFFl\/ﬁ@PB&%sé’é filtered biological fluid will flowinto
he two receiving blood bags. Furthernore as in the
above cases, the two restrictions will restrict the

[0050] AltH)QdY\ He &b@é&ghﬁeﬂtlof\'hﬁb Bekbh'sAE@R ahBIeBEftled ihRtemedyr specific preferred

produci ng a nore unj formflowrate t hrough the
embodimBriEo bk SPRECEIRY PETosp SkiiEd ey At giasgpr modiications are

possible \lvﬁ‘iélﬁ @J@S‘lo? depii® fr’oﬁﬂllh@fif{\ﬁe@ltlflé H@N@ﬁpté aésoribkd %Q]taé’éﬁt h\@lﬂ@ﬂ‘ﬂ Such
|ter underdrain structure shown in_Fi gure

changes AERmAICBIRTS FESHARC Al PitaitRe Pyrvigyy obthe sﬁp’eat'wei:oncepts Any
combinationiRs? 18 vériduseeaturskesitha ideseibeddribsdimbals 41 @ekaR tb il within the
proper, support for the BFFM can be used. [0050]
purview °Alﬂian”8d@}‘|e’{)ﬁ@ SBPERRHt i nvention has been shown and
described in terns of specific preferred enbodi nents,
it wll be appreciated by those skilled in the art
that changes or nodifications are

22



possi bl e which do not depart fromthe inventive
concepts descri bed and taught herein. Such changes and
wo@sfloxati ons are deened to fall within the pePeWUS200T604661

these inventive concepts. Any conbination of the
various features of the described enbodi nents are
deened to fall wthin the purview of these inventive
concepts. What is clained: 1. A biological fluid
filtration device conprising: a housing having an

Whatis clamest:, a first outlet, and a second outlet, and
deflnl ng a first quid fl ow path between the inlet and

the first outlet, and a second fluid flow path between
1. priiolpgicat fluigh §itratian SeWen QOWREFBE: wherein the housi ng

a mﬁﬂ} hé\}uhg/ all'n ﬁﬂ‘é@sa #irstQLbist, BAd hisecord valdt, A YWeRihd B‘ﬁrst fiuid flow

first fluid fl ow path and the second fluid flow pat

a finafk bstvme@gthe afiskang e irstauliet. nd Aseand Ay oy gath between the

UpstinReEhE e Scdnaitiét, Ol/h\éﬂéiﬁ (HRABUEIHY essentialiy 1I86K¥05 86lid partition
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fi r swalt befwgen (e, firsh fiyid ﬂaws%fe) ARd Heopergngd duid iy gath,
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Socotth ecisand Bordtic Bitptittoh Bt R T el el Rurace of the first
of risiologicapfllie fittatiph esdia oppasiy heagistradmfdurfade oBtheTsreond
bi ol o cal 6\?? Em%tmre%l on device of claim1l wherein
afl !3 g }lctlonlslocated downstream of the
first b| ol ogical fluid filtration nedia, and wherein a
cong éljcgl}%d’lc? ﬁl{ Iat &\ Bg\a % B %l Itl %eﬂ%ﬁ%& f %@Hi?gnfgugqﬁwd filtration
media anb ithed segonall blélbgucdl fluid flltratltnromeda/aree:apébleIcmrnmevm ¢aukiopytes from a
fﬂ first flowrestriction is disposed within the
i rst outlet, and wherein the second flow restriction
i s di sposed vvlthi n the second outlet. 5. The _
%l ogll é%lal f“léﬂ" ai blj'l Eé\ﬂ% ?P?IQWH%e%la‘ﬂalfﬂ%@o% Méﬁ"iﬁbﬂ is located
es a oséd w thin sal
downstrealpsifrthaaﬁlrst bmlnmal ﬂalddltraﬂoerrp@cﬂe.olarmbwm@im a lgecdrid fiqw restriction is
| i | he second
located dg\b%tgéﬁlngg}' “{EI %‘Ilcg ?lb:ic%légg%lggldne |tgmqg%%fgv\her ein said
baffl e includes at | east one aperture, with the

h%%ﬁol%éﬁ:&‘ M@ hiiALBR dBlic® B HamP8HErSin R Rkt flow restnct|on is disposed
I Cl ge to prevent said upstream chanbe

within theffrrétmtﬂ@ﬁ,r@%wws@dhp iFeecRdiow restiiction inAigreegshwithie the second outlet.
chanbers, said baffle thereby

biological

5. The biological fluid filtration device of claim 1 wherein the housing includes a baffle
disposed within said upstream chamber, and interposed between the first biological fluid filtration
media and the second biological fluid filtration media, and wherein said baffle includes at least one
aperture, with the cross-sectional area of said aperture being sufficiently large to prevent said
upstream chamber from being divided into two distinct and separate chambers, said baffle thereby

reducing the volume of said upstream chamber.
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reduci ng the volume of said upstream chanber.6. A

nmet hod for processing a biological fluid conprising:
w@awsitogj4n biological fluid into a filter devi BE€r/US2007/004661

conprising a housing having an inlet, a first outlet

and a second outlet, and defining a first fluid fl ow

path between the inlet and the first outlet, and

defining a second fluid flow path between the inlet

and the second outlet, wherein the housing essentially
6. AgpRrthog feprogesiing 2 bickegical fiuidtromRsising: he first fl uid
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medithe fitdi®utitf, 8hd *abﬁhuﬁg b%%'coﬁc‘l ﬂwa ﬂtaw Mtﬁfbb%émﬂé @hlet and the
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across the first SS ngwanot

PaBBIB EoRPTHEn PheIPEGR A FIpBS e Bhie flgw SEgo HEoYgryR drst bological
f I ovfiuptilbratibn &ké@ﬁ'b ahésm@@ﬁdld@idai AGH Giktatibh whékih hhiihgahQUpstream

dia _th | id filtrati
i A 205 FOATRNET Srtace i st b B (R ton media

W t hodihginterposed betweeg itieetinldtlantddhé fitst bafliétmdnatidss the first fluid flow

bei n&hnterposed between the inlet and the second

out | and across the second fluid flow path. 7. The
pageingathotfer postion &F thd Blokigical Meidfaloret thbisebagi flaib fibwipatdh

filtration nedi dblolog al pd, . - .
11 (i FED S0 SubT i8R oRuGT s Sesiond biRlasical fuid fitration
f r onmediairalvirgy aralipstteandsurtace Bnel a@dwnstreaim elidiacy, Gith the second
wher ei ow restri.ctiqQn i s | pc tre
of 1 eiopEpLYLI3 istel g miek b riPreeRed PERVSREANS Mk the second
wher aitlet and acaosd thié secanadiuid fdw pathi. s | ocat ed
downstream of the second biological fluid filtration
media. 9. The nethod of claim6 wherein the housing

7. iTihel raetbed &f biairh IBewhizreipdbe dirsivbidingicad Auid fiipationeaeadia and the second

biological?p%ﬁ%ﬁrﬁ?&g!aﬁgLc% Iglgg gﬁﬁé%‘ﬁﬁr@% euﬁoé $ Frfnp:' g L)%PJQ%%{IJ IﬂLéld

filtration nedia, and wherein sai d baffl e | ncI udes at
8. Lﬁ’x%j‘uetﬂgs o?ef%'irh lér\ﬁher\é'fn {‘f ljspﬁo é)sﬁﬁctﬁﬂ% !o%g?éd vﬂ%tr%fam of the first
sal d aperture being suf y l'arge reven
biological fipist filtratiorcimedize end mdverdie i rsgcglmd/ﬂ@e destnctmmmqats;t davenstream of the
; ; apbgLs, said baffle thereby reducing
second b'?ﬁg"c\%?ﬁﬁ@to tﬁga d ‘Epstream chanber. 10. The nethod of
claim9 wherein said baffle includes at |east one

9. FinelREthBH RIP Rldim '8 Wh&Binl the hBLlf,lﬁﬁ wﬁ:‘ﬂfcfe@‘%ebafﬁé‘ le"éBséc?ﬁrﬁﬁm said

one filter support rib on its Second surface.

upstream @@mr,oandcmbarnv@mW@emtwraW@lﬁamcabﬂqﬂ ﬁ'itfﬁilﬁ’g "t?é’ﬁ é’éd the second
bnologncal'ﬂfiud fAFa6GImeRRE bRaNHRfeit 3hid HaMEihcluaBs aVRasedhe §&érﬁhre with the

aut omati c_drai ning device automatically drains
cross-sectippalaiee af saifd @pgrivrsshairmpficigatlarge @tprav@tﬁ@dmtream chamber
from bem?'dﬂh@&i e tvid disehdtiantsBbarate Mh@e@f 4418 bbiRWhERBY Wellcing the

first and second fluid flow paths stops.
volume of said upstream chamber.

10. The method of claim 9 wherein said baffle includes at least one filter support rib on its

first surface, and at least one filter support rib on its second surface.

11. The method of claim 6 wherein an automatic draining device is located upstream of said
inlet, and whereby said automatic draining device automatically drains the biological fluid upstream
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12. A biological fluid filtration systemconprising: a
feed bl ood bag, a biological fluid filtration device
wo omatieri4ziownst r eam of said feed bl ood bag, harCTySENT/004661
inlet and an outlet, and defining a fluid flow path
between the inlet and the outlet, wth a biological
fluid filtration nedia having an upstream surface and
a downstream surface interposed between the inlet and
the outlet and across the fluid flow path, a receiving
of said firg} |a@gc§e§g@d b@lqg@q?éﬂwd(ﬂtrqtggmgdla after fpw thrpggp the first and second fluid
flow path<CQ&Bpani cation with the outlet of said biological fluid
filtration device, and in fluid flow conmunication
with said receiving blood bag, a flow restriction
12 ﬁ%léencgmfﬁéﬁﬂh efstéi bniirRinggi cal fluid filtration
nmedi a. . bi ol ogi cal fluid filtration system of
af@?ﬁlh’ﬁoﬂzb%erel n said flowrestriction is |ocated

a lWoFoBlc@n fad ditkatioh @alealodated dodhdtidant b%l@f@éd%eodlﬂag having an inlet
The "biol ogical fluid filtration s¥stem of claim

whor 1A SyHets aesietng p SLGIow Roth BEMRE evinel stipeutiet, with a

sai %l@l@bicﬁlﬂuﬁ(fl fiftratién h‘he@i@ﬂé\ﬁﬁé ath upsedrh |shl‘f§éé Qﬁ?d a downstream
devi ce nd upstream of said recelving bl oo

The %H"fﬂCSQ“tE'éWSFP Vi SRR LS RS T) b?n%?%rpﬁ%g e fRiid flow path,

a nkeifigbisad sa@l ological fluid filtration device
her i.nclu

a IR e 8 REa deesbon it eich Bt SERAR Pipfpaical fuid itraton
S _elc ofsbic ) ahétin ﬂuﬁt;hmecmomdaﬂbmlvmgsaialreéémngl blood bag,
iltration i avi an.u am e_and
2 Qe e B ST B B8 el MR i
t he sec_ond outl et and across the second fluid flow
5 poble s Bk o Lol b S s i et
within said@&ﬂmgicdlélngltﬂitraﬁortdﬂlm in fluid flow conmuni cati on
with the second outlet of said biological fluid

filtration device, and in fluid flow comruni cation
14niThee Helpgicaldbihiitratigresysiterg dbclaid 1Baherendsaid Bae oertriction is located

downstre% Wsa%sél{tfe %)’i gé(]d Tb?q?c?élgaﬁ ﬂﬂ%"m% o%acfgilg;f %ﬁ& ggét?‘ é?\q%f S?ld receiving

oglca ion ne oglc
bloodbad.l uid filtration systemof claim15 wherein said
bi ol ogical fluid filtration device further includes a
partition wall with the first outlet |ocated on a
1§. iThstbiglogiealdiuid fltrdtiprasysternnaf clgith |12 wirateini said biotoginat tiwid filtration

coven B FEERS S AT S £ 2Tl PG e yeoon o
and the seterdeuttwithy eisnccsm bﬁol@mab@il@ Sitratipy media h@\rlm Ao mpstream surface
and a doﬁﬁéﬂé&‘?n eSF&Y |hﬁ=.lr%é/ édaé‘éf\ﬁreén # ih’t BAd tHd $on¥@ubiet arlwd across the

tween the first fluird flow path and the second f
second ﬂlﬂ'ﬂé\ﬁvamfh 18. The biological fluid filtration system

wit tHe BibiBhital e fiklallos 8] sleh fOHAEH iRALIIhG W $bcbhé Fé&iNiRg blood bag,

a second length of tubing in fluid flow communication with the second outlet of said
biological fluid filtration device, and in fluid flow communication with said second receiving blood
bag,

and a second flow restriction located downstream of said second biological fluid filtration

media.

16. The biological fluid filtration system of claim 15 wherein said biological fluid filtration
device further includes a partition wall with the first outlet located on a first side of said partition

wall, and with the second outlet located on a second side of said partition wall.
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device further includes a second inlet and a second

outlet, with a second a fluid fl ow path defined
wheisaeil4t he second inlet and the second out| ePCT/WE1007/804661

second biological fluid filtration media having an

upstream surface and a downstream surface interposed

bet ween the second inlet and the second outl et and

across the second fluid flow path, with the biol ogica

fluid filtration systemfurther including a second

recei vi-ng bl ood bag, a second |ength of tubing in

17 THE %nJIég?MéIQIQ\‘H‘M{Rbﬁ&I dy&fertiot Blaln €5 SAEPGH s@m dxenbgretan ﬂund filtration
sai d ogical fluid filtration device

device espansiallk ARG R S&HF'|Péﬁ't\$?/f‘tvf?”§5“ﬁe%’é%rfﬂs‘rf&%ﬂ9‘ﬁ’ﬁ@trb?%ﬁ‘e second fluid
flow path.bag, and a second flow restriction |ocated downstream

of said second biological fluid filtration nedia. 19.

The biological fluid filtration system of claim 18

18W|Tﬁé Qildlogiaaldlum fatragrte)stdrh oF dlafrh |112rvﬁ¢ér§iﬁ s‘éﬁj/lblﬁbglcal fluid filtration

I ncl udes a solid pa bet
device fuerdRCIFdan GSPEUT BIEt AN ACEChE QUBRDITH P HRE0TS MW path defined
between thB&eebid Hdtidnd thb 8etdridséutiet, Wiith é h@dbrﬁmublogmdemm deration media

ving s RS ST o S e B e second et anc
the secondi ciltiegasd befolssitite éeddnaamndmbvaipmhce further includes a

d | ond f, f h d
wilpg e Seal T BiroloieMERdienirdiree S4PRa e Bung od oo
a Secoindderngth of tuhémb ini fiuﬁd fow anm;r&dwoatnbntaw'mgha 3egm?i owtietof said
. R . 0 S e sSurtr ace nt er ed. et ween ..
biological g AEUG derficd Aada BRI Foriifnk Al PBR SSpebEd fergiving blood

bag, quid flow path, a second Iength of tubing in fluid

OW_CO nlca he s ond utl , .
ar L F AW feaiietPp fetid dfvi i SbocH FifRGieat fyid ftration
media. communi cation with said receivi ng bI ood bag, and a
second flow restriction | ocated downstream of said
second biological fluid filtration nmedia. 21. The
1% iTokdiplogitalffluid fitration systémmf slagh d B vdfereinaiaid Biologivat Buid filtration
. ' i | [ r :
device furﬁ@écrﬁnﬁ{e@éégg 'sB@ci P%JHH&%V\%'I lbgf\}mn?etteﬁotﬁﬁg :ﬂﬁ@tffda {D%\g tand the second fluid
flow path| tbewtbe'dndﬂngitl‘fa first fluid Hewgfatsnddpendent of the segpnd fladlow path.
with the second outlet | ocated on a second side of
said partition wall.22. The biological fluid
2G. Therielpgigaldipid fifration sysienm of glaithd2evhereini shichbiglagigat Auid filtration
device fUIfﬂlléP ifcibididd 5@5&5’{&1 S&et. C\ﬁltl'?§ §§&Hoaé hl)(ldlﬂﬁﬁ.kﬁatﬁ d%ﬁlliédjbetween the inlet
titron wall between the first fluid [ ow path and
and the S@@@Q‘:@élﬂﬁdﬂ'*h a.s&cm%wopatqal flyid filtrpljan mqﬂla)aa\eag ap|upstieam surface
and a do&ﬁéﬁéa"f“ EQfaY iRl PoHd etbah ta WREERY ﬂwé?éd%ng'dﬁltlggé&ﬁécross the
iltration device further includes a second
second ﬂ'i"ﬁl"@t” %ﬁﬁﬁ a second outlet, with a second a fluid flow

a Q@écmdqs,f.gtn%# t@cﬁﬁd\ﬁﬁﬁhld h&m%@ﬁm@ﬁlﬁwuéﬁbﬁ%nﬂlﬂe%@@o&%&l@ of said

outlet, With a second biological fluid filtration
b'°'°g'°a'r?é‘€ﬁ %ltrﬁ%‘?n ﬁ@w% QE]SBE‘ F'E'ﬁ’rﬂ%?qfﬁ'@é”'&ﬁ@’hw%\ﬁﬁg reegiMing blood bag,

arH4 §8&dhd VP FRAGRN IEIHEL BolMstrea8s BNShid Be&dndR8lohIal fluid filtration

i second outl et and across the second fluid flow path,
media.

21. The biological fluid filtration system of claim 20 wherein said biological fluid filtration

device further includes a partition wall with the first outlet located on a first side of said partition
wall, and with the second outlet located on a second side of said partition wall.
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a second length of tubing in fluid fl ow communi cati on
with the second outlet of said biological fluid

wo pdosnedison device, and in fluid fl ow communi cBCT/O82007/004661
with said receiving blood bag, and a second fl ow
restriction | ocated downstream of said second
biological fluid filtration nedia. 24. The bi ol ogi cal
fluid filtration system of claim 23 wherein said

biological fluid filtration device further includes a
22g%he alomml fluigifiltiptian systene eficlaife2@ wherein saiddiglpgigaldhidfiltration
device esfé}qlaﬁsh %cﬁ@ Q%ﬂd phHitien WaAWRRbdh thEREtaRId g bah érﬂaethe gecond fluid
d flow path independent of the second flui
flow path.f | ow path 25. The biological fluid filtration system
of claim 12 wherein said biological fluid filtrati on
device further includes a second inlet, with a sec

23, The hiclpgieal ujsifiitratine systam péelaise 2 whereja saisbilppice! %Hﬂ‘éi fitration

device furmlf' irditideRta sé¥dnl iReB85PAReRbR] Adict, abmf é Hééorfd éhﬁl@tﬂ&ﬂpath defined
di a having an upstream surface and a_downstre

between thaspaens Migt SEdam 8ot RILIEL KB 2 225G iRlP@EaI fifation media

having anQUfstr8hmafR6 A8% &&Wns‘in%%ﬂ'ﬂ@hrfddéluﬁlteféd%\é/dFb%t\beerv\!hbhsecond inlet and
said flowrestriction | ocated downstream of both the

the secongljquilet angiagrass Hie IBNEFHIEIO PAIND filtration medi a.

a Qeﬁ:on&r ghgth of %ir@lah ﬂUdJﬂlcﬂr¥ lf:brhgfu?tc:a?dﬂn t&ma tue%m@éonal Aitlet dPsaid
el N, Sal | O ul | I | O
biological ffy Hemiarrfiqvirge nd 14 68 v seruptiadty i S receiving floge bec.

andl D¥edoat folefestiztonh Ricatrnddretieasosidaidisedonaridolodieal fluid filtration
outlet, with a second biological fluid filtration
nmedi a havi ng an upstream surface and a downstream
surface interposed between the second inlet and the

I

device furthetdnciiidesaa dolfd patitidn whib etvadenfthafi [$t ﬂuuldtflowt path amddha second fluid

wow s RSl 1 B BB R B10 SEAE o .

biological fluid filtration msdla and said outlet.

media.

25. The biological fluid filtration system of claim 12 wherein said biological fluid filtration
device further includes a second inlet, with a second a fluid flow path defined between the second
inlet and the outlet, with a second biological fluid filtration media having an upstream surface and a
downstream surface interposed between the second inlet and the outlet and across the second
fluid flow path,

with said flow restriction located downstream of both the first and second biological fluid

filtration media.

26. The biological fluid filtration system of claim 12 wherein said biological fluid filtration
device further includes a second inlet, with a second a fluid flow path defined between the second
inlet and the outlet, with a second biological fluid filtration media having an upstream surface and a
downstream surface interposed between the second inlet and the outlet and across the second
fluid flow path,

with the first flow restriction located between the downstream side of said first biological
fluid filtration media and said outlet, and with a second flow restriction located between the

downstream side of said second biological fluid filtration media and said outlet.
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