;e3e| | } Xt @vTdrL2 0 SEP 2002 WO 99/47235 TITLE Bl OLOd CAL FLUI D FI LTRATI ON
METHOD AND APPARATUS BACKGROUND OF THE INVENTION 5 1. Field of thz
- I'nvention The present invention relates to a method and apparat us f%rsEP 2002
processi ng bi ol o/gl cal fluids into their therapeutically val uable
conponents. M B ticul arl y, the present invention rel &C&4S¥E4! net hod
and apparatus 10 for processing donated blood into its therapeutically
val uabl e conponents. Most particularly, the present invention relates to an
i nproved net hod and apparatus for primeEssi ng donated blood into its

therapeuti cal | y Y8l 4008, #20PSEtirRatbo¢ MEte8D ANDT OMeRaAGREN- | 0Op and

cl osed-1 oop 15 systens to substantially increase the recovery of all the
bl ood products fromthe donated blood. 2. Discussion of the Related Art
Met hods and appar at us f orBASIKGREEND aF THBOINEENTTON | 20 known in the prior

art. UsS. PRatendidYa o2, ggg Zkent9o) erassi shows an apparatus for the
conti nuous w thdrawal of, b] ood fron1%ﬁn§nag donor forcgd ext racor por eal
4R E&p &P

circul ati on of %xﬁfeﬁF"Frﬁ?%ﬁﬂﬁéP“vE o1 iMEReR 8hdnul ocytes, and
return by gppardtusofforhpréeadsioyt kiqglogicad fhwlds Hintodtheir he donor. U. S.

Pat ent No. tﬁe)}g&tﬁ§éa19y l\@at Kﬂ%}‘ﬂgh %n@sverﬁdr‘%g paBefsui &y enting gas

fromthe transfer |ine of ui d livery system conprising a housing, a
first, Iiqgbh8- Eﬁﬁﬁﬁgﬁlé”V?HQﬁQBpSFéEE9§ﬂ§ﬁbPaH%FQQQlqngdaPHaE%EYF:30 housi ng so

as toibe i pofopradeisedng odondtled bhéod rimtsf ¢ts | tHeapandiearpecond,

non- | i C]UI dvmgballgll €o ganer&t%r mﬁgégl}{grctr ggf&@gﬁ ;Eﬁgbégﬁgeﬁzyperl rrposed on

sai d m croporous menDh ousing. Gas in the
delivery syRY®ics vehrtsf fooant Heproyedenethrd gmg aBPRRRtUS ifOrnuornini ~ 2

0 SEP 200 m&&séiﬁa%om&’dlbsa&wﬁ%l125ftm§ztap§ueﬁeampu£a1mﬁméane remai ns
unvet t ed goxﬁ&og]egnﬁl : Veré’h us%w xﬂ%r vsegegg‘%?nfo ang c]l?os cijliotoge,'[vat kovi ch

shows bi ol 6gi‘ca process e R avi ng-a 5 and/or a
gas odf| etsystems to substantlally increase the recovery of all the

blood products from the donated blood.

2. Discussion of the Related Art
Methods and apparatus for processing blood are well
20 known in the prior art. U.S. Patent No. 3,892,236 to
Djerassi shows an apparatus for the continuous withdrawal
of blood from a human donor, forced extracorporeal
circulation of blood of the donor with separation of
granulocytes, and return by gravity of the leukocyte-poor
25 whole blood to the donor.
U.S. Patent No. 5,126,054 to Matkovich shows a
venting means for venting gas from the transfer line of a
liquid delivery system comprising a housing, a first,
liquid-wettable, microporous membrane carried in said
30 housing so as to be in communication with the transfer
line, and a second, non-liquid-wettable, gas permeable
nicroporous membrane superimposed on said microporous
membrane to the outward side of the housing. Gas in the
delivery system is vented from the system so long as the
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Wil e these devices are generally satisfactory, sone of the nethods and
apparatus of the prior art |leave a |arge ambunt of bi ol ogical qungth@meH
in various elenents of the fluid processing apparatus. Wile the 10

af orenmenti oned patent 5,451,321 to Matkovich provides for liquid trapped in
various el gpf}$:9f the blood processing systemto be recouswedsei t her by
causing a volune of gas behind the entrapped liquid to push the Iiquid

t hrough those el enents and into the designated collection bag, or 15 by
pulling the entrapped liquid into the designated collection bag by a
pressure differential (e. g. gravity head, pressure cuff, suction and the
li ke) thefl%%t fELsbhblod@Sheaipaha! r ARGk e B Waef{@ack is that they
reqwrené#?ll nnie nppwet t abl e, gas perneabl e, nenbranes. 20 This

require d&RY1 238"1Y i ncreased costs over wettable nenbranes. Therefore,
t hose skilledUif-thatent Nontsi,HGe, 31 SeaMebkpvick showsod and apparatus to
provi de fmrolagtibsral fr@fd)\/gﬁroxée@fslh@eaéae%wé@aﬂuaﬁﬂg d Ghenmtied,ogi cal fluid
25 prgcegg{ sgs% gpg; reducti on and ease of use, and have devel oped
novel open ‘'systens and net hods associated therewith to
achieve this Ebéﬂ-e ‘SWR%V@FG%EI‘? NERISTROAY 302 tAALAGEEBY e fPMSf t he pri or

art are 0 thd hythdds HRE ApparAY@stdORthet piridt ngrinQeaveopen and cl osed
| oop bi oI %?,IggaL gu#&d rocq_%gll%lglsylsm%n%rgﬁ#gg %xljvz&h LE t he concept that
nt

the gases ansTerte b|o ogical fluid
processi ﬁéeé‘?%f—%n‘??\a‘i}’? tHatigr arecessizy PPRRERENTandBdlertheonfigured in a
manney WaifeBeé:e€l dHERS patdn® S L001 YO B KAATh BGEFH&/fGGMl 3 the

bi ol ogi cgl; ﬁ_[dwlgra[spg o]ys g\ﬁeﬁgggnagctier}gnwe %I %ebalryaanpfgratl o eam gas inl et

or outl et bypassi n or |eukocyte
depl et oﬁY&EQ‘Fc*'e" %s‘@%’ﬁ@ef’r a-'h%ff%'r rbé(chH%H‘%lrﬂj vedumgf of KEs5 bj ol ogi cal
fluid proeeassd nthe aitaappedr Dughid H2opaEs tiesli 1iguid thﬂompst ream and

downst reggbggseiéueq{tsh%gi ngs &feheﬂﬁigro |ca'"lflﬁfq1% p_g xgrb |s separ at ed

from_ and In copmuni catlon Wt Fum of gas in
t he %% anb¥ePu}} ik thrhentsappedn nd d; M‘E? %sq%gga?t% vent isin
conmmuni cabl bectidrn Halge bynki presadrdhidiltdgierat i) Yiedgangrdvieydownst ream i nl et

or vent hgaan NeCalie®n Widdydhenki %ﬁgrlq_q(etgl okﬁg g’?f’tf luid. I'n one

enbodi msnt of %é(esent { nvention, I ol ogi c¢dl tration
appar at u§ct&t ‘?ﬁ/l GTRhi ER2wBR Gl u88§ %Faf“fkiﬁcdf fis| Ehat |"6’ﬁ'yor | eukocyt e
depl eti onedveweebrha\nrngaoaa nohetttaibdeangasitdegtmeabl &} unahibzenesi ner upstream

fromoeandrei evidfd rabane eah hdddlitd fihbiéAddoRaks! sWO@agEP! et i on devi ce
and havi ng an outlet, a first conduit in fluid conmmunication with the

outlet of SRS uid .
Therefore, those skilled in the art continue to

search for a method and apparatus to provide for optimal
recovery of the biological fluid from biological fluid
25 processing systems, cost reduction and ease of use, and
have developed novel open and closed loop systems and
methods associated therewith to achieve this goal.

SUMMARY OF THE INVENTION
30 The problems of the prior art are solved by the
present invention utilizing novel open and closed loop
biological fluid processing systems which all share the
concept that the gases transferred into, out of, or within
the biological fluid processing system have the transfer
35 lines arranged or confiqured in a manner which precludes



20 container and the inlet of said fluid filtration or |eukocyte depletion
devi ce, a receiving container downstreamof said fluid filtration or
- | eukocyt e depletion device and having an inlet, a second conduit iz10fSE¢gz
communi cation with the inlet of said receiving container 25 and the o 002
of said fluidydbddrizati on or | eukocyte depl etion device, apcHPSiEgam gas
inlet having one of its' ends el evated above said fluid container, and
having its' other end in fluid conmunication with said first conduit, and a
downstream gas inlet having one of its, end el evated 30 above said fluid
contai ner, and having its' other end in fluid communication with said or

| eukocyte depbepiOndilcahl ¥hdidi #ddmalel,0P &&@&Q-ingntﬁmiﬁa%gmm ment of
the present i nvention, theri i squroghdeckéa closed loop fluid filtration or
| eukocyt e 38CHRPIEILI2FerPEET i HFcIWEr A 2PUS ARG PFIYFHSiroR¥or | eukocyte  Z
~ SEP 2002 wYpa$sidiep 3hePEThEd SO/tG8Lddn Jord dpiuikbcphe diaplesibmyvi ng an inl et
?Ind' Snf .O:J: | Q%yié’e.f | ld:lla(ieEOBi-té' E‘ﬁf{nélf@?&é@a{jﬂtfd QMg Bﬁgh@ﬁ pat ed abﬂ/e;{ sai d
ui i_ltration or ocyte depl.etion devi and having an outlet, a
first c8nduF’f°Jr‘?1g‘c°3er%hij&§tP’B?Fﬁl'ﬁpstlﬂgtT‘PéSt(ﬁ’Ptsl %gr%u 2 §8irgu§l ui d contai ner
and t he i nle¢dbim siai dhlel updtfednt rati downgtrieamk gayt tnlddphensbrgsdevi ce, a
recei ving coAt@dME. dewBat he@dRf osalént | 1 Gephkhted i QomOr ah@Uusocyt e
depl etion device _ar;g,haw ng an i nI,eL(,’ jg_@ée\%ﬁn dcondU| t.in f|§l d
cormuni cat i STPHHTAEART WiER Whe DiPLegitadi ¢HR 1Y A PAPRR°5HM85 he outl et
of said fluinl theplteinsfiedeVimes.andha Wygasen gas imlet biodsitrgnami cati on

Wi th saod fdfed iG0NhACBRRIuAIKA 330G &ine A r¢PRd Al Blodbgidaavi ng a | oop
portion el evated agoxre‘ said fluid container. gni%/eli anot her enbodi nent of
0 t=Ts

t he present $5APRS SRR LRy £E VAP TSP Rt AT 18R t he
downst r eam wigsh ithleetf il teredrieictledital tfiaidecei vi ng contai ner instead of the

Ilhui dfil t:ati orin?gmleeaitﬁﬁsa/ﬁ.%n@eekeéﬂ@rbr@@;éhfeindéhtagm heler ?nb?didrmgg f)f
st 11 anot A ERePEoSHI RERRELGH Astazatit i by RS HBebroam gas 1 nl et
housi nd5or septudesdat Biutdwhisitrebhomany ilehbspcytrisiapdebionadevigay be part of
the same i HAiinde¥hCen1dfUshd lalh bet Bt 0R) #6Li8f cdrit@ iReeSEptrieANeNntion to 25
provide an ] npr Qv d thod and appar at ys .for_.{)i | tering bj olko ical fluids.
It is a furthidt a8§j 8??"%?“{ RPOYPes2H qtir‘f\}gnf?‘ A% Br g5| & a?%ygf)en gas vent
t hat preverdepletdont deeiemandnheviha tanopuiched, the iristi gonduidadni n a
008, O S dnonsoseipgiet anttatr fatwepieb e 01 (1
Syst entli ¢ (CTTAREPE, 14 ate GrLE6 00 1 Sa P AhDcH G CGAPR | Gur od i n & mat ter
whi ch preclifp&ocyhe @eplatgionaleyiasa.daf reaeBBLnDhREAER{MRF t he upstream and
downst r eam@@amsitpbsh SPOUHIRIFIui@ £i19EAL2O00or leukocyte depletion
device and having an inlet, a second conduit in fluid
communication with the inlet of said receiving container
25 and the outlet of said fluid filtration or leukocyte
depletion device, an upstream gas inlet having one of its'
ends elevated above said fluid container, and having its'
other end in fluid communication with said first conduit,
and a downstream gas inlet having one of its' end elevated
30 above said fluid container, and having its' other end in
fluid communication with said or leukocyte depletion or
fluid filtration device.
In another embodiment of the present invention, there
is provided a closed loop fluid filtration or leukocyte
35 depletion device including a fluid filtration or leukocyte



WD 991 47235 PCT/ US99106141 5 or vents, or bypassing the biological fluid
depl eti on device. Another abject of the present inventionis to offer a
- wi der choice of materials which may be used in the gas 5 inlet houZi[hgﬁ.EPoqggz
gas outlet housings or vents of biological fluid filtration systens. The
present invephbiiyfAoes not require wettable nmenbranes. TherhR3de s Of
menbranes for the present invention is not limted. Another object of the
present invention is to provide 10 a system of the foregoing nature where
gas is transferred into and out of the biological fluid processor through
porous nmediumin the upstream and dowfstream gas vents. A still further

obj ect of ‘1g, pr esent. Jvention, i Lo neoyl de an, gngy | o system of the
f or egoi ng nature where adh"Yad" vVt i S"Separated fron and in
communi cat FERtARer turRstylegmofremi anduiedepyted cayen §R1GakIUIR t he transfer

| i nejsdor cemduf&'fiorﬁc%_t illeluk_fauyfélﬁe@?tlgﬁh @évidee apaehaning vent ihonfi s to
provi de an_gpen. | oop. ki Ql ogi ca ui [ t 0 t he foregoing
nat ur e vvhePglp‘ ge%hea ufplsﬁS%eac%nélé%t i 1t eﬁomﬁgb%%%%i%p w\ﬁiéﬁt ?H%n%l%%g downst ream
gas i nPet R&uspig Bruidmontajnee anddhe énlet ehsadadndlvilet device. A
E'ti :I furlth]glntgﬁii]gﬁf &ftlhhﬁoey@%pligweﬂ_tamdeg hOrBé?JWidﬁ_xba cl osed ItﬁOp

i ol ogi ca ui ilfration system, avi ng. pass_line ssing the
bi ol ogi cal CPIER S I9PRETORATRA csé’}%t ﬁgub pg’s]gtrla%éﬁgni L a]rer"%ﬁéggesuch that a
col utm of deplewimr ateydcehendniavingr ed bnbégia slecondi gondydty dam of t he
filtrati oneggyd CoormuchBeoh | i3 @9heDipl 801 SalsafibuirdceDiingt ream of the
bi ol ogi.cal fluid 30 fil ttgatl 0 c%ew ce. .A % rlg%r gb#ect «ffv‘t he present
i nventon PRI Yo de AR 8P &5pSBid| g‘f’e I“ePrEFECT 19956 on system
havi ng an apdta enagss liinkein ef gt cgmaboication wétk| sakd tflaigi ol ogi cal
fluid contabnefirid ahavishgd ars&idi®lingt 8oRedlindy GaanNe&t Bl 20 16Bp bi ol ogi cal
recei vi ng félu' d _cont ai_ner. v2e f%agEPfgggg t%glnzelzz35 PCT/ US99/ 06141 6

S 0 e pr

lon elevated. ab . .
Furt her ob?ec S an aavgﬁt ag° esent 1nvention will be apparent

from the fol | oithgSfeSSPERPET 0RO MEPP Pt IPXRABNT etMeBR @ bei ng nmade to
. the acsonptnyiugstdrean ggs LoXen Ng a2lpatbatodd tamd shecddvrcirean,

gas inlet is connected to the receiving container instead
of the fluid filtration or leukocyte depletion device.

In another embodiment of the present invention, the
downstream gas inlet may be eliminated.

20 In still another modification of the present
invention, the upstream gas inlet housing or vent and the
downstream gas inlet housing or vent may be part of the
same inlet device.

Thus, it is an object of the present invention to

25 provide an improved method and apparatus for filtering
biological fluids.

It is a further object of the present invention to
provide an open gas vent that prevents premature gas
introduction into the fluid stream in a biological fluid

30 processing system.

It is a further object of the present invention to
provide an open loop biological fluid processing system
with transfer lines or conduits arranged or configured in
a matter which precludes the biological fluid from

35 contacting the upstream and downstream gas inlet housings



5 wherein like reference characters designate correspondi ng partez d n the
several views Further objects and advantages of the present invent EPV\:i’Uﬂ?
- be apparent fromthe follow ng description and appended cl ai ns, reference
bei ng madewodekfigs acconpanyi ng drawi ngs formng a part gbalshosis
specification, wherein |ike reference characters designate correspondl ng
parts in the several vi ews. BRI EF DESCRI PTI ON OF THE DRAW NGSFi g. 1lis an
el evational view of a prior artlObiqglogical fluid filtration system Fig.
2is an el evational view of a constracti onenbodyi ng t he present
inventio i I S4an i onof the
construc'[k:Igr‘fgzélﬁ%vvnQlﬁ?nl:’g:gé@lygogﬁllJ M‘%\ggigﬁwe v%t :aggll%\f/?%w of a
furt her nof¥5€at i onof the construction shown in Fig. 2.Fig. 5is an
el evati onal viaApathbowshiiect fofr therpeedieht c hvertdiont he tonstfercta on shown in
Fig. 2. Fikadil €ndace! 6Y ahduiabi¥ | Y nyChOSRLd qAP2AEORSLT uCti onenbodyi ng

t he present g\entl on lﬂ % /1S an evatl onal view shgw ng a nodi fi cati onof

the ¢ nst’rrl}‘(ﬁtl RUSHBEA ? Sy OuBlel Jousiegg P V&RkEi 8hal view of a
f urt her ndgidlicgatrdnluihef idemstierctsystenhowThen pEegent. 25Fi g. 9i s an

el evat i Orhﬂr{veWtQWnSBQ&b NEbt2 Heda wsrm@aﬁnsaﬁémmeghe BRESEHIH On shown in
Fig. 6.Fi s an eIevgélonaI V|ewsho afurtg ﬁ)%flcatlonof t he

const r uct S\ﬂﬂefn =1 e6p,§|e§enf1111n§ea e’\Faﬁ°5n showi ng a
further 30rmd| ﬂneahennwjadte ofobbke rm:aseoh srhmmtllon E&sgto p¥avidel2i s an

el evagi oraalsygt@w ek en@%%te@a%g RisC$eRhsfdMeRY | ON utilizing
a satellit P -200 99/ 47235 CT/ US99106141 7 DESCRI PTI ON

OF THE Pl‘%é%@R %B E%@Fmb#ﬁéoaﬁﬁleﬁémmwesssr BRFHMIN No. 5,45/ ,321 to
Mat kovi clpatemss medbun| Dyitted ubbtirekmprandedsvmarrzascgbsyvémrs fil ter

bi ol ogi cal pr Acgesgs §ﬁ'§€hef15 095999 oﬁ%neXaM&tofméewf‘oM&% ch appar at us
is illustrated in arat u

g €$ B g | ood colle on bag 30
connect e *4%f PPsP ‘E’E)n](ﬁﬁpt s@i B of [“8fk %‘)'ﬁgénd‘gpf’éf?ﬁ?l °§ERE €e 32. The
| eukdeyt eeafiploasi yantevs ceeB@2aked ciramecend by compapdedit temduith 33 to a

bl ood reaﬂievmglbggcﬁ‘»ﬂ £AGASy 8l &1ukn 40 §aYiiH0 theCO¥RAsHEr CAP 36, IS
provi ded 14 fI Wi d nication with the first conduit 31 downstream of

said col I gction bag o *Sind a gas outlet 37 is provided in second conduit
33 downst r eamPoftihd f'é‘[ﬁmypélﬂ%fplcét the Pesgesd 3pventiqm igndoenbodi ment of

the priorprsvtideaahi 6pén Claid b381ofidahlagedidreifitiaticwnshidem3 bedownst r eam of

the b} ooc%&olﬁ&gggg %bg%ufi_% QHQr RSt ga@%eéq\?\ﬁ gs;iflet 35 and a second

clanp 39 Is plac e secon con stream of the gas outl et
37. In ab(‘:s}ﬁleal oBprati Anh26he ROBISEEE2R F3%dfEh BAY Y ¥ sterile and is
connect edreng tmhg bendupértibnasti theistamat éoletlievgas.inl et 35 is conpri sed

of a housing ﬁlsﬁﬂﬂlaftpﬂfr@isoﬂ'g ‘E“Hfb%flé'ﬁfes/‘l:%t' @n@gﬂlt':idrprlst @cCover or cap
36. Addltlonal det a

arrier 4 ai ned reference to
U S. Pat &FCREe 35C °ﬁ%§ loop biplogicay %%‘él‘itfdﬁf:rﬁ 19 B F S5 Mocessi ng, the
i nl e25 cl Ayidg, at hppass | dinec byppsBifg &hd bimlagdsal nfid5 are all cl osed.
TPF bl OOCEJFlrtQQiQSQan?e\hSdcé nlthfleaswag%vtlﬁﬁenigl&z@aa lb&'fﬁct@'tﬁm%b %g, an |
al | owi ng Q o drain fro ectjo g col um
of bl ood %cf S rgﬁﬁhs?waftfe?s %&?&d??eﬁ%ﬁg °Fhe? # P]koc te depletion
devi ce 321Rﬁt§ﬁPacPﬁgtlamyflg}a=§aMled¢thhe Bravdher §édteredy system No bl ood

enters theicjegical et1Why idowndbrédm e the Wi dgikal fhuid osed. The displ aced
gas 5@ exps! lr%@1££°§é§5 t he system through the gas outlet 37 since the

ice.
secon
A further object of the present invention is to

provide an open loop biological fluid filtration system

having an upstream gas inlet elevated above the level of

the biological fluid container and having a satellite bag
35 connected to the biological receiving fluid container.



WO 991 47235 8 2 o sEP 202 PCTNS99/ 06141 clanp 39 is closed. As
substantially all the gas is expelled fromthe first conduit 31 ?ngpgge
portion of the second conduit 33 leading to the gas outlet 37, the ‘%Qﬂﬁ
nmedi um i sywebled. by the bl ood, and the bl ood f|OMlSEIZE§CﬁU§ﬁm§§ppS at the
| i qui phobi c bearer in the gas outlet 37. Once the gas outlet 37 is wetted,
the second or outlet clanp 39 is opened, and filtered blood flows into the
bl ood receiving bag 34. The gas outl et 37 need not be closed prior to
opening of the outlet clanp since t Re gas 10 outlet is sealed by the wetted

por ous, medi uMhaod obliaues LN deaabkaPsLLEe bhagslaont ainer o bag 80

t hrough the | euko% | eti on device Into the bl,ood receiving bag
34 unti | 1BEEREEBY Ukl ?er BREAEN Wi F19™ tPﬁefE%?‘é’rﬁ‘%rﬁF"’tﬁW&l%ases to flow
At this pndnappeadded)fclralimsbl pefkrarel heday inaée po octessed t hrough t he

| eukocyt 2 iaf e 3 lit.er device 32,
and the ggg%ﬁé on uit g&ggé f?;ﬁq‘@{j \/\/?EﬁE %ﬁeRéepn%%/i:]ﬁga{tﬁEe’ﬂcover or cap
36 frfom VR&X ey 1|lﬁ‘leetreI?ErﬁPFBV\%h%tteé'seﬁﬁﬁ%g?%%e FYTEEPORG 189 st em and
drive thpa2fs biroathe lwevaghlt heeweukocyt e depl eti on device 32. However,

since the filter nmedium 32A within the | eukocyte depl etion device 32 is
wetted, the flow of blood seizes when gas fills the upstream chanber of the

filter. Wien the bl oB8TFF oBFIHFELON: B 'E%%o]?l%f‘ Sutl et cl anp 39 is

cl osed. 25 |tFigan lbesseaneflbwatiqral iewpoifna, prher daminst ream si de of the

| eukiQryt gid ﬁ-}dlorfldﬁ\él 2€182at A ss,lgeeﬁntl re second conduit 33 are filled
wi th bl ood. 1 ever i ncreasi ng neéd and bl ood products, those

skilled in thl'el‘brl orSaAf ﬁé@&ag’c‘?‘}a\}ealﬁﬂ ch?eaglesY’H'é CBPN ecovery of bl ood,
and suchembody g \tdley prasget qumvernttipnef bl ood being left in the device of

the prior artpig. rsollsoraaeelaa&tfé&qt Yiw LRoPIAEra tibSOEMRALEBR ecovery
or art, devi ces, the open-loop constructi on shown

probl ems Qresent g:é_ 3 g
in 35 Fi §° PRSCHIINCELTB| SRR HhdE:i € shown a biological z ~ SEP 2002
VO 95 . f 7235 P@INS99Is0@nd elevat isnalf iviewabEon €ystherwr 44 having a | eukocyte

gﬁpl Ieti ﬁﬂoéeﬂﬁe&lﬁﬁ Wt lage Ebhé@fud’ﬁ@hug}xﬁﬁm £ ir etzI AT, alndf Fm_ gu]g! Iet 48.
e | eukocyt e_depl et.ion deyi ce na such,_as, ol.qgi ca ui ilter
shown in pro&]sq ‘oalss a&pﬁﬁ%%ﬂcﬂﬁlsé’ﬁegl SRBWJ‘%?)I?JB%RA@% whi ch has been
i ncor por Be@f ivatdion lof theeremstruatioanghevhein stdg-al-e fluid filtration or

| eukocyte deptgf. @ ideunCeiefaPidiid cQBWabReR 4Poié&d Prévg ded upstream from
and zed evggred raub vlensal l,eukoc t\(/J_'Ee drﬁ?\% %I on det\__u ce 45. Blood |0 container
49 s’ connec N SPOPRYERY W% fhcatTof W, said | eukocyte

depl eti on devlf'Jege 4?5 itshiapu ghevat banajoydewt sBovinyer elﬂ?%lfdlcéélﬁf’ow ded a

bl ood reeei ¥hé s raichebnSenhekywnist rr|aam ef said | eukocyte depletion device
45. Fig. 8 is an elevational view of a further
modification of the construction shown in Fig. 6.
25 Fig. 9 is an elevational view showing a further
modification of the construction shown in Fig. 6.
Fig. 10 is an elevational view showing a further
modification of the construction shown in Fig. 6.
Fig. 11 is an elevational view showing a further
30 modification of the construction shown in Fig. 6.
Fig. 12 is an elevetional view of a construction

embodying the present invention utilizing a satellite bag.



" 15 Leukocyte depletion device 45 is connected to bl ood receiving container
52 through second conduit 54. An upstreamgas inlet 56 is providedZi@ggbUZﬁn
. conmuni cation with said first conduit 50, and a downstream gas inl et i
provided in fluid conmuni cation with said | eukocyte 20 depl eti on device 45,
downst ream of weabah2ss | t er nmedi um 46. An inlet clanp 60 andCawspoéiiet cl anp
61 may be provided. It should be understood that one or nore of inlet clanp
60 and/or outlet clanp 61 may be provided, and be well within the scope of
the present invention. 25 Upstream gas,inlet 56 may take the formof a vent
| ine 62 being connected to an upstream gas inlet housing 64. Vent |ine 62

may have a U shaped nmgdnqmﬁaﬁ\ ¢ TREE PREFERNEDWERgODIMEMNXS | nt 0 bi ol ogi cal
fluid filtration ggst n}%mﬂé& nti1 %sdj t@ngéﬂj‘ INyo a1514§g thht%l ol ogical fluid
c

30 has drained ffom cont'ai'ner e ot her end of
vent |ine 62adkayighpehays & & Pim@ﬁt fﬁ%%%rﬂr%éﬁlf’%aisﬁ%mbily &P%ays
posi ti oned &iatert beoleyirlalobrbbesddsuisdch mad A dkidol onh catarfdlel dfcont ai ner

49. Upstgq eamppga i vEent i t 65 eand an outl et
56, 1 nt oy posty Barbafict MpmeRfett AT RERRRENS! B! B0 M 00r 27235

PCTNS99/ 061&!’5’5635‘&? |R&s &6 BlRod %‘é]a}lqcﬁ@f? fag |3(5’n§ﬁf‘Bg?%e%\t Y 8ast one | ayer
of a porous firdicuopiduitlisa fpor aukeukediyten depl didogudavise B2hacThei al

retention ”&ghﬂgby€$96%f¥etlsﬂeﬁ@&fﬂl ggdié”ﬁoﬂﬂécQEaeﬁyS¥'§éﬂyha medium 5 In
a simlar nanner

streamgas I.nle may _conprijse ,a_second vent

line 70 confEBEBH (Y} at%&/m’i’%PP%aﬁ?ﬁalglf’ﬂl%ﬂg H’d’um Ag987F AT 7P having an
inlet 72D andaspngu?d | @tvet3 orAcepp3yr ist beevidessune fI4idmy be used in

connect i on %Muﬁf@a%niw'iGh_aﬂﬂje tﬂ@sela@&mﬂtofni Bb@isti2anlOs! 8481 posed in
t he housi ng 7%1 bet we tgﬁ inlet 72 an hce gutlet 73As a second por ous
g s e 3

medi um 76. TR %E’o?{bl ] ARG PR T 6 REY a1’ d0 1BePEUEITSS 12 bacteri al
retenti on megFend eonduidl 3pedevnstagameef ufrhe drulepete sﬂﬂptléﬁF-‘én medi um 15 As
iIlustratedaeupséream gas inlet housing 64 and downstream gas inlet housing

7L may Jae provi dgd 4k Asbghg Ak N SlorISVECe B0 AVigIGng BT er OF

wal | 81 whi ch preven conmuni cation betwéen t e upstr am gas inlet
porous medi t&fh B¥aesf Q’hé%‘éﬁn@?’?‘@&l’ﬁ gasdgvnstresn pbriis Bhedfum 76. The
upst ream nedolbeéti@ndagheodand aipseasamest te7Gasvinldterssheahdraed of a

single sheel, Jhe U %@r %@g}gaﬁlééﬁd%ﬁ&@%%cfo% Q&\Mﬂtr qam gas inlet 58 may

be placed in any practica ocation as long a ey are |l ocated such that
t he bl ood pﬁi‘a‘(ﬂ%‘%r% PG bBefgas ausdeheder é&n?aEl’El‘t'ar?e wsFBhECHedi um 67. In
t he prefberrene evbas mRNlettidtstvagt 8d idestepeidysankdisimcnhected dicned wit hin

the housi ngcfd d.flievateds abeGithesd! 09ec9ak alaes 43, Jgut ot her

| ocati ons are sent. invention. 30 In the

met hod of bFYRRF 15185t 8€s AnBoRTITdi n@“‘?r?epﬁrr@s‘én’f‘e‘?’rﬂ?bﬂ?ﬁ%hertqﬁe inlet clanp
60 and the buotadditcloanpobiowee dmicapaléy dddstilondhaletapleorotitdeure 74

covering thgajfi&t 462nQ QQV‘WEJ&@H‘ %gsréft&ehcgeefa qf.s.N@HELRY, NI housi ng
porti og571 gs ?{so in place. 2002 WD 99147235
Prior to the start of blood processing, the inlet
clamp 38, the outlet clamp 39, and the gas inlet 35 are
all closed. The blood processing is initiated by opening
the inlet clamp 38, and allowing the blood to drain from
30 the blood collection bag 30. A column of blood flows
through the first conduit 31 into the leukocyte depletion
device 32 displacing any gas within the blood processing
system. No blood enters the gas inlet device 35 since the
gas inlet is closed. The displaced gas is expelled from
35 the system through the gas outlet 37 since the second



PCTNS99/06 i 41 11 The bl ood processing is initiated by opening the inlet
clanp 60 and allowing the biological fluid to flow through the fjrst
conduit 50. As the fluid flows past the junction 50A, sone of thée Gk lSEPdZU(]Z
wi |l flowybRégrnishe 5 upstreamgas inlet 56 through ventpdriuses/@l A col um
of liquid of a predeterm ned, desired, |length (shown as dinension Ain Fig.
2), between the junction 50A and the bottom of the | oop portion of 62A,
prevents gas entry into the systemgntil substantially all of the

bi ol ogical fluid I 0 has been drained fromthe biological fluid container
49. The ¢paig @amigaslyesd. Mys hauddtanghbl oy &5l acH@nr@isetier measuring the

bressur e glailg idagt LRD POA Aaldel §YChng"ufd Ydkatibibl fhe bi ol ogi cal

fluid contalner eCr eases, pressure at unc decr eases 15
and, the¥eFBre c%ﬁélﬁe%h%e%ﬁ“‘t%é'—f’f thedors eRelstert?| |t|1?€ BQrﬁ‘é‘ér eases. Wen
subst antnediyn dk1wettelebpi thoPiaa,f buadthasbsal bW sedeese bi ol ogi cal

fluid co 3 Ve%' %% t}xgzli‘ cllfird be 5f8§5k'£etf?§t 110 QR1Res ZO' um of fluid

within t use a Id wthin 20 the upstream
gas inlet 56 ot"SedFéPngPﬁtﬁu‘Hﬁé: Sondi Webbed Thehe SREMINGTf | ui d cont ai ned

W t h t heoutfisditr edlam@asoi b edpdnatrs @Ad illtare®dliadd fllegscoéntioii t 50 because
the upst{eamgas &Ql:gﬁvi ?%)fé' 10 a&gﬁzgggr&t@&’% q'le%ﬁnﬁbenbe Ain Fig. 2

must be of sufficgient ance such he 25 abqgve scri bed sequence of
events otkqfed REiPK; §°p8PWE1“‘-’¢ IR Hbek sublet RIA™R igMBeFPeeI2® downst ream
of tbe foutlet nedsenldd ayldtrtdnevmemdocousimédﬁm betBleed fhews eukocyte

depl et iane r Il filled
with fil O{E‘eérjlgé:lhbl gﬁ?l?@gfﬁ{]{ ﬁﬁ%ﬁj ﬁegi%{éﬁnt ere |3?I rgh?éu?ﬁ ?lélad or bl ood
downst r e]a‘?H)ﬁthtﬁedﬁPFFE%°fFré%ﬁ‘i}tﬁe4ézl Ang hé“’F%Lﬁ&fcﬁlé’c’SeﬁPé?iW?dew ce 45 may
now be risp\eyr eﬂhtliy epabl figr ivie icapeathed oitlein/Aheowgstay ame inlet 72 of

dounst " GNBEATABLE! AOH 65, NG, p5nDOUSI G POl Blobd pda Pl ace of

cap 74 anp (no e used on second vent z o SEP
200350 "t FP235 PreTeERed, Hrrarghy Aher Lepkedyte denletinridaYiSh 1y all of the
bl ood pr¥d ouBley fiimsecousdeik B t hepfidtenrdedims G@s andi bkhé he bl ood

recei Vi ngeddift @lon@hi8233 AYe 981 1id WRENI SES6YI NY cont ai ner 52 and/or second
conduit 54 downstream of the 5 di scon?(gc%i n 0| nt of ﬁ‘é ‘Lsood recei ving
Gt

cont ai ner 52 VBRI ptdh e e PTuFPn 4 by gently
squeezi R idws Iglsodor enbelvittge mﬁéngwsm atrﬁeldrtlﬁe Bhelet clanp 61
canzbe chrsRd trASubs ’aﬁé\lfé‘d te hQQlE@ﬂﬁi rdga;tllcenaahomw@v&,g 210

provi des dr ai_nage st ant {he bi ol ogi cal
f1 uid froar[% Zé‘r%egglig?ﬁ m%%’gu“h r}?hﬁ"&géﬁ al %t éégg’?l%n devi ce 45.
| n addi tq®Hice B Bisowetted Hheifdom pfr hifPth %%ﬂsﬁeémwlwnl gagts preferred
enbodi mefd1 1 idhieZ @ps@REdm acxﬁam;wze ofOHRe Ngiltert.ne wnrdnetn&Sbﬂwd ce 80, and a

o1 nol e | BUSl ;807 Ouse TEALY A0 %%92@«391@% ALl gebhe fil tered

i'§ réecovere Iovver “Runber of parts, is
easPér to nafH §&hube, safl thatovats t FeP‘B%’é)*FodiltealdWF‘ﬁFHe%‘P a | ower per
unit bi csidd e thleUlduRbOEES ddi) «2A6h. d2Vide (¥ naind ehbodhttrd s of the

const 1 UcidanSRANANLL 5 tard A dd Liish! Biggh] N s evdS, With | ike

nuner al s, desi gnating correspondi ng parts 1h the several views. Their
oper at i oH'TERSERGi P?eﬁef%ﬁaﬁdo@d‘dbylf’ﬂ%s%r%qtlsed thaseéhe art in view of
t he for egigiXiggddescithpt ppohor 2rtA havel kredvedntowfindreaseesbat i nventi on

uti bpzi NfeYekyt e uﬁeéaaeagwas%annl e&é@tmﬂl@ mfg@ ubBtbag &3 is shown in
Fig. 12. Satellit IS connected_in fluid mgum cation with bl ood

recei vi iy TBhEst gr 1ﬁgtb§“ sta’feelqel“’tl«?ec%dﬁ?? %’ﬁmrs It 8°cl anp 85 opens

and cl| osk®nger satisfactory.
In order to solve the recovery problems present in
the prior art devices, the open-loop construction shown in
35 Fig. 2 has been developed. There is shown a biological



30 satellite conduit 84. In this enbodi nent of the present invention, the
satellite bag is used to vent the gas displaced fromthe receiving

contai ner 52. The volunme of the satellite bag 83 should be suffici én(

accept all of the gas displaced. After all the blood has flowed into 3 HZQOZ
recei vi ng conW@%ém3%2, the container is gently 2 ~ SEP POUZSIYWBINY/ 47235
PCT/ US991 06141 13 squeezed until all of the gas is vented past the

satellite clanp 85, at which time the satellite clanp 85 is closed.

Referring nowto Fig. 6, there is showya closed | oop biological fluid
filtration system90. As in previous 5 enbodi nents of the present

i nvention, tfleri@d ifsilarehewcocws&edephehhmrngja/il@akéaytm\depgeamxhI ter medi um

46, an inl etde4/71’ceaﬁ'g @E‘tl‘?%'@f-%%@- mzeﬁmi.lléeramwluwﬁ ighd Bherposed in a
sealing relatiqnsh |8 bet ween the inlet t he outlet 48. The system 90
d

al so i ncl udé®t3ef| 88d cHie a}eriﬂﬁoci'@e@ee{ﬁﬁl’&d’t g&"lbﬁef‘f‘?létbecéﬁaﬁﬁs 50 to the
inlet 47 of dheubdoybeidebl £luidn fdever esHkdwn liml etroekaignad0 i s provi ded as

before. £r ov&ﬂqchgy@ﬁtgmrglofmt hgol gsH ot e Heph ehdOnedavi ce 45 is a bl ood

recei ving caontai ner . A'second cohduit 54 15 1's connected between the
outl et 48 ofl"FﬁépP’éﬁR%FWteéfedé‘pP& Fsﬁewece°asaahd°$w iSHLERPISF the bl ood
recei vi ng cdiluadnéil&2atidgedri mepkacxete)fdaplietmpstdmmegas inlet 56 and a

df’wnsé rgambgas Inlsioo‘iﬁ d&lt%lm;‘rpéi?slé v%aedwﬁ Qthk-éﬁy fbsmopﬁiaeg and

cl ose y by-pas 0 e a is
connected i T Ff’ﬁ?‘a‘s %séd'fil ﬁugxﬁ"f%tet ﬁ’«?pﬁﬁgbﬂ" c%%‘ylé’lg 2? xi mate the
out | et Yher cohtaimelr t4fe ist MFmeq'deMtqlh@rby.npéésm |¢Mlll¢stmnnect ed in

fluid comupiieat i o8 tdurideetb! a8sh &t WeRgcs 0N aiHRugh2r DFgixi Mat e the
inlet thereof. The %oop portion 93 of the 25 by-pass line 91 is positioned

such that wfAIHE ¥ 0od container 49 is full of blood, the blood will not
reach the | oop pbrereniHalandptbuibied lebd codnréee vdngl cuntiinerose t hr ough

the by- pass ghi,AgerAie osfugfalemawéwes debhuéimtféwc@ fkg. 6 with the |oop
portion 93 el evated 30 above the b container. 49. In gl ace of |oop

portiont3, Suﬁﬂ%y%feé’r"r@&kova@%‘él% 4(§t k&r OB TLIEy BLeR%ed such that a
col um of gasceivinglosmyeainepasatthidughusbebhd®rarhduial pgi can fl uid upstream

o D | AP DA gl SO Gondin it am

of the Ieuko etion eV|
sal first condult 50, and a downstream gas inlet 58

is provided in fluid communication with said leukocyte
20 depletion device 45, downstream of said filter medium 46.
An inlet clamp 60 and an outlet clamp 61 may be
provided. It should be understood that one or more of
inlet clamp 60 and/or outlet clamp 61 may be provided, and
be well within the scope of the present invention.
25 Upstream gas inlet 56 may take the form of a vent
line 62 being connected to an upstream gas inlet housing
64. Vent line 62 may have a U-shaped portion 62A to
prevent drawing of gas into biological fluid filtration
system 44 until substantially all of the biological fluid
30 has drained from the biological fluid container 49. The
other end of vent line 62 should be at a sufficient height
such that it is always positioned above the level of the
fluid in the biological fluid container 49.
Upstream gas inlet housing or vent 64 has an inlet 65
35 and an outlet 66. Interposed between the inlet 65 and the



WO 991 47235 14 PCTNS99106141 The positioning of the | oop portion 93, and
the bypass |line 91 may al so be varied to acconplish this. The net rz)% of
. operating the the closed | oop enbodi nent of the invention differs 4 SEP 2002
several respects 5 fromthe nmethod used with the open | oop enbodi nent. As
il lustratedWaW9R7gs 6, the additional by-pass clanp 92 i PGTASIMI4ecause no
gas inlet or gas outlet devices are provided, as were necessary in the
prior art. Prior to the start of blood processing, the inlet clanp 60 is |0
cl osed and the by-pass clanp 92 is opan. The bl ood processing is initiated
by opening the inlet clanp 60 and allow ng blood to drain fromthe bl ood
cont ai ner 4@tldt AfHf iar seadondurelBGonahip tie dtelledsyt ondepayer on devi ce

45 and thepet irougihd tediBmPk90d FIRC]IOELAS e L8N iy ®e 34ch TRE I 0od does
not by-pass the |eukocyte, depl etion device 45 b%%guse of . the | oop portion

. d
93 of the BISTHTRY FR&FSIL BRI P Byt 8420 LRGN PR BREIYY ft . The gas
wi thin t heothasethitebpebmeivgncal fluid filtration system 90 is displaced

by thesblood flowd 3iqiihe RhQ 2QnkeasiNdti% 508081 BRLeP%5s ARyl Ne bl ood
e gas stored within

cont ai ner 49 approaches its nearly enpty condition, t

the recei v??fbp’&?r"rt &i fEF°8 %%R“onldt”iecggl gm?’?ecﬁﬁfdt ﬁPoﬁgH°Y 2 48A%ass |ine 91
into the bjoodirdeft Aoneindoamndkrd] I7awbavingstaantindlety 7alandfan he bl ood to be
processed 25 {d¥ g4gh hhga%eygo &fdlgg%pglﬂn_ﬂ@vbgeuggd If is inportant to
note that the chanber .o he | eukocyte_ depl etion device 45 downstream of
the filterSHBMLi2B YithnFRe RRSMNG AP i (ALesdndi PH BT, 72as wil |l the
secondoconthtigrps$efet netine t heud iegk eyt ke ttm@nettheninket c&2 aandd thke 30 bl ood

ggceit vi ng %mtc?%l eler iéga_ %eé{tﬁr&;oﬁsaﬂ%gﬁs 7'532 t gh@ l&aégﬁ@&?ﬁﬁ\auggt Ico?t a: ner
it may be displaced into the by-pass |ine osi n e outlet clanp
61, gentl J"esqjﬁ’é'eglénBWh%P%?o%ed ﬁ"‘é%’e%i ﬁgbac‘iﬁﬁrd‘iar]le\?’{eg?méh closing the

by- pass clmadiug?. al miral sretdyddiomemedbint i othent switaBeconpri sing t he
cl osed | ogpdaiy@l.ogical fluid filtration 2 n c~~ ~n~2 WD 99147235 15

PCT/ US99/ 06141 ,sys t he chanmber downstr.e of the filter .medium46 in
. the Iggkocyte &&p ‘té?'iq%%ra' eevdlc'célpigrlle%m Mot dng’ﬁeW%?”tﬂ o%é"d,anﬁor i s second
conduct S54owAsReean, gJashelnldtethoysing e’ lamayt he pueyidedieVi @es of the prior

art are eldifignat adveBnghretd &virki 56 athwingt aNbhsrPéPVd¥lakh11Addi ti onal
nodi ficati rischof £l heencl osed J oap_hi ocI:a ica e | ui d frlel glr%ttir n system 90 are
shown in Frgs’ 9511 tl%eﬁs‘]'rulcdp&pﬁf’%h 3%8% LR ST dBSY ?ﬁ%se skilled in
the art frag® tindet operisgrafdsmr 6pt 2. theo dPWpstrean gasy ivdesful |y st udyi ng
the psobl §8-cREEREMuh W | Ahelhibsbl P He@dhimf &7 taad itde fl Ui d systens, |
have developed. 2o NOVela {18! H99nd )0 BBPYA LS o P10 08lg2! hbut
The upstream gas inlet 56 and the downstream gas
inlet 58 may be placed in any practicable location as long
as they are located such that the blood product being
25 filtered never contacts the porous medium 67. In the
preferred embodiment illustrated the porous medium 67
contained within the housing 64 is elevated above the
blood container 49, but other locations are well within
the scope of the present invention.
30 In the method of blood processing embodying the
present invention, the inlet clamp 60 and the outlet clamp
61 are initially closed. The cap or closure 74 covering
the inlet 72 of downstream gas inlet device, housing, or
housing portion 71 is also in place.
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Z 0 SEP 2002 WD 99/4723S 16 W CLAIM 1. A | eukocyte
depl eti on systemincluding: PCT/US99/06141 a) a | eukocyte depletio

devicil
having an 5 - inlet and an outlet, b) a blood container upstream f dhnSt&n i

el evat ed above,

sai d | eukocyte depletion device and having an outlet, c) a

first condui twomd7bisi d communi cation with 10 the outl et of pGaisdodatgod

container and the inlet of said | eukocyte depletion device,

d) a receiving

cont ai ner downstream of said | eukocyte depl etion device and havi ng an

inlet, e) a second conduit

in fluid conmuni cation 15 with the inlet of said

recei ving contai ner and the outlet of Lhid | eukocyt e depl etion device, f)

an upstream gas iplef; b

cont ai ner,

I n said bl oatireagh atner fiwdtd donghii tii §b comuuthearl ofd W idwss padt the

bl ood

' Li.qui - :
sai_d upstream %O%%ﬁggﬁgfﬁé ﬁ%u]itagg%w*%ﬁri%ﬁs%hgh said first
20 condui t, 1BAGE" CHImR EOWRG rAddRvdes the alodpeierbdilabid &0t RROYi quid | evel

| eukocyt e_dgghgg;gﬁl G’X,i pgowezu%ifzthghfldl@lgggxt cglggp_{rg&% sSystem descri bed

in Caima1l,

urther | nc an upstream

connect &d t YPEEF AT IR T e’a‘?ﬁeéééﬁngi‘é&gh vent line 2. A column of

10

15

20

25

30

35

liquid of a predetermined, desired, length (shown as
dimension A in Fig. 2), between the junction 50A and the
bottom of the loop portion of 62A, prevents gas entry into
the system until substantially all of the biological fluid
has been drained from the bioclogical fluid container 49.

The upstream gas vent may be thought of as a
manometer measuring the pressure at the junction 50A. As
the level of fluid within the biological fluid container
49 decreases, the pressure at the junction 50A decreases
and, therefore, the height of the fluid in the vent line
62 decreases. When substantially all of the bioleogical
fluid has drained from the biological fluid container 49,
the atmospheric pressure acting on the column of fluid
within the vent line 62 will cause all of the fluid within
the upstream gas inlet 56 to drain into the conduit 50.
The remaining fluid contained with the upstream gas inlet
line 62 is drained into the conduit 50 because the
upstream gas inlet is open to atmosphere. Thus, dimension
A in Fig. 2 must be of sufficient distance such that the
above described sequence of events occur. At this point,
the leukocyte depletion device 45 downstream of the filter
medium 46 and the second conduit 54 between the leukocyte
depletion device 45 and the blood receiving container 52,
are all filled with filtered biological fluid.

The filtered biological fluid or blood downstream of
the filter medium 46 in the leukocyte depletion device 45
may now be recovered by opening the cap or closure 74
covering the inlet 72 of downstream gas inlet device,
housing, or housing portion 71. In place of cap 74, a
clamp (not shown) could be used on second vent 70.

nl et housi ng



WD 99/ 47235 17 2 o SEP 2002 PCTNS99/0614 t 3. The | eukocyte depletion
system described in Cdaim?2, and further including: a) a downstream gas
inl et housing connected to said downstreamgas inlet. 5 4. The |&uk§épt 2002

depl eti on m. described in Caim3, wherein said up i nl et
housi ng i H@%@Z’és a) at |least one |ayer of a porous mi‘%@%?‘g‘?‘posed
between an inlet and an outlet of said 10 housing. 5. The | eukocyte

depl etion system described in Caim4, wherein said downstream gas inl et

housi ng i ncludes: 15 a) at |east ore& | ayer of a second porous nedi um
I nt erposed between an inlet and an qut]let of said housing. 6. The | eukocyte

depl eti on systERTI&ddsi BEEP | FUbAFaRtipk B, alhet i RS A1P8pst ream gas i nl et
housi ng prelboatlad wmireacsefdd dyertheheriybt =0t tdmtiddse ilsi dhogheal fl uid

being fikhepad-Lass NGt c6REL Afdr $3.d_ghy! §25119Nend BleiQfing POrous medi um
In said upstream gas 1'nl et housing: 5.%. The | eukocyte depletion system
descri bef Phaﬂeﬁ %a%,ar\aﬁBFe??\c%% g’°8§%§t?%a‘§?%tqﬁ#‘et°fh§8§i ng i s Iocated
at a Buf diistemedtdinghpoint t pftthehdlopd| veseivind Wanhtadney BRIt ered does not
contact saydpatplansd pABR 3P LAErHf 58888 0BEhAOIO U1 Bdigemkny sai d
downst regr&.‘;gggiljngnlt%e %983& nlgéceivzlng §oEx|1Dt£Pr9e2r\ég,ggalnzy%%gnpgleu 99106141 18
outlet clamp 61 can be closed.
As is now evident, the construction shown in Fig. 2
10 provides an easy method of drainage of substantially all
of the biological fluid from the receiving bag 52 through
the leukocyte depletion device 45. In addition, the
biological fluid filtration system 44 in its preferred
embodiment utilizes only a single housing in the inlet
15 device 80, and a single layer of porous medium and
substantially all of the filtered biological fluid is
recovered. The system has a lower number of parts, is
easier to manufacture, and recovers more biological fluid
at a lower per unit biological fluid processing cost.
20 Alternate embodiments of the construction shown in
Fig. 2 are illustrated in Figs. 3-5, with like numerals
designating corresponding parts in the several views.
Their operation can easily be understood by those skilled
in the art in view of the foregoing description.
25 A modification of the present invention utilizing
only the upstream gas inlet 56 and a satellite bag 83 is
shown in Fig. 12. Satellite bag 83 is connected in fluid
communication with blood receiving container 52 by
satellite conduit 84. Satellite clamp 85 opens and closes
30 satellite conduit 84. 1In this embodiment of the present
invention, the satellite bag is used to vent the gas
displaced from the receiving container 52. The volume of
the satellite bag 83 should be sufficient to accept all of
the gas displaced. After all the blood has flowed into
35 the receiving container 52, the container is gently



8. The device defined in Claim1l, wherein said dowmstreamgas inlet is in
fluid communication with said | eukocyte depletion device downstream of a

| eukocyte depletion filter located within said | eukocyte depletion? 50 2000
device. 9. The device defined in Caim8, wherein the upstream gas i n|S&P
housi ng and tweselgmasstream gas i nlet housing are at the saper@k®dali on. 10

| 0. The device defined in aim9, wherein the upstreamgas inlet housing
and the downstream gas inlet housi ng are part of the same inlet device. 15
11. The device defined in Caiml, #ﬁ: n said downstreamgas inlet is
omtted. 12. The devi ce defined in d a 1, wherein said downstream gas

inlet i t d d | et
e el g e hacsandugcafy AR aadsat depesiieames (1l e

ng:
| eukocyt e d&pEPi B d@*«l‘@b‘%\hlﬁg ’éhe ﬁQ%%Feaﬁélaﬁﬂ $htietclaseda bl ood
cont ai ner upstrenarérning ek eberad e alere dai dnbemkmoqlcseeheploepl on

devi ce and te%?\ég?gsal doﬁtdl%t ’fﬁ):rgt{ér{iér ggﬂdgbt 'Hsfﬂg’ é;;(}rg@énl cation with

30 the outl cont ar ner he 1 nl et | eukocyt e
depl eti oh d&FPeaimegnts "rfed:@levPﬁ@s%%%tldlvﬁé‘Flﬂﬁmn?P?’é%nﬁ%fa JEuEorEERoCyt €

depl eti on deeptetint dewideg4anhavimd ,.a £i2 terShed 200024 4)0 B 1141285
PCT/ US99/ 06447 84 ®dn SRARN] aCONAKL Ledifk el el GAMINNLL AUkl Lhe (nl et

of said receiVving coptal ner e ou of said te depl etion

devi ce, f) ér“b?pég%l’r’i‘%é’qlﬁtﬁPﬁf%ll%&ﬂWﬁPEaFP%ﬂ)\H% g §§¥ tBeood cont ai ner

and sai d recetiehgiEontTienaysaad favalsy lioopugest a drladd\airgdiabove said

Ibl ood cpgt a?FeeanAécteBﬁ%ys%f&L—em Qﬁ]ddlfidsbnltg 8ha" i1 etther eu-n sai d 1?hbypass
ine is in fluid comuni.cati on, wi S |e e

bot t om t her eo]”ko(ﬁ’élt SaT EsAANI FEViGT 4% g ?%gpg%(% |%)n eI %l'g%‘gbove sai d

bl ood cont arfePefam-15. A | eukocyte depl etion systemincluding: a) a

| eukocyt e depl et Poovidid aewhavrdigh DT ithkeleaksktyare Gdpletiobh)devireood

contai ner upst &saMmB r%eqlskﬁaaé&ﬁaqmiteszsaug L SR HRadep! £F 1 on
device Pﬂd %g chgeé%.anb%%ween the outlet 48 of the leukocyte
depletion device 45 and the inlet of the blood receiving
container 52. Used in place of the upstream gas inlet 56
and a downstream gas inlet 58 is a by-pass line 91, which
may be opened and closed by by-pass clamp 92. A first end
20 of the by-pass line 91 is connected in fluid communication
with the blood container 49 proximate the outlet thereof,
and the other end of the by-pass line 91 is connected in
fluid communication with the blood receiving container 52
proximate the inlet thereof. The loop portion 93 of the
25 by-pass line 91 is positioned such that when the blood
container 49 is full of blood, the blood will not reach
"the loop portion 93 and thus, there can be no flow of
blood through the by-pass line. One such position is
illustrated in Fig. 6 with the loop portion 93 elevated
30 above the blood container 49.

In place of loop portion 93, a one way check valve or
other device may be used such that a column of gas will
always separate the unfiltered biological fluid upstream
of the filtration device from the filtered biological

35 fluid downstream of the leukocyte depletion device 45.



c) a first conduit in fluid commnication with the outlet of said bl ood
container and the inlet of said | eukocyte depletion device, d) a Ze@:@E‘Pi ae0?
cont ai ner downstream of said 25 | eukocyte depl eti on device and havi ng an

inlet, e) ‘@%?s??%%nd conduit in fluid comunication with ﬁ(.{ﬁ#ﬂ&‘?} of said

recei ving Rer and the outlet of said | eukocyt e depletion device, f)
an upstreamgas inlet, a portion of which 30 is |ocated at a sufficient

hei ght so that the biological fluid being filtered does not contact a | ayer
of a porous nediumlocated in an up3#ream gas inlet housing connected to
sai d upstream gas, i n|et, 2 0_SEP 2002 WD 99147235 20 PCT/ US99/ 06141 g) a
downst r edRegRESIhiRIRY RAdE® 2860 PR P P30d2RANtRE R¥P2S3nd in fluid
conruni cdtiinen 9w hay salsb |lsukexied Hepastingrlidbvibies. and h) an upstream gas

! n: et Eous! ngTﬁgn,gggdﬁg&j 4O o';\,e?g:tgnélp@;g%:@ g@gsé?lfgop sai d upz_t ream gas
inlet housing.including: 1) "at |l eaSt,one |ayer o por ous , medi um

i nt erposee&‘bﬁ’gﬁ%‘é% %#1 %?ﬁ e%nvzfﬁ‘&lgﬂ %’f{'eé:ts 6¥’ §3Y?ira?1]btfsﬂsl?§.‘:tfo 16. The

| eukoByt Enpapltbei vatkydt wyndefithethe no@nilpopsembediantt-hedsi ncl udi ng: a) a
downst r eamMederhbe®t iMORY NG ,CRABCEARTE fchalaby-paui sda@pmogassi nl et, said
downst reah@e%%% i:nclzae\tlseJ'S oho assI r}%ll @Cloé‘ldlansg:outll ta&exlrle Sst aa® | ayer of a
second porous nedrumrtn erggose Betyvee% an 1 nlet and an outlet of said
housi ng. PXPVidedThas | ¥eR® AIACesEaPY et s PIiek 86 i neF49F &Pai m 15, wherein
sai d upstineamtgat ofl Bloid@redessing pofhepdnilednclampréveamst gas entry into

sai d, heu | £f i S e [ ti @]?go f the bi ol ogi cal
flui %ib beﬁ%g%raogg‘gsg%ég%ss%%g %gﬂér%zmsiségﬁggfoﬁgh?ca fcfui d 25 contai ner.
18. A | elOCPEaIaR pl et 1M idFedeRY | PR$UN I Fheayntet thaRy 68 8BPI et i on devi ce
havi ng amlilewdhgablioad outdrtin 30ob) tlee lvod contaimer 49pstream from and

el evat ed @QVven 2816 | SMROH SodeRES TN 1dRKbepraNibiaiiBg an outlet, c) a
first condduLt in_fl u+d r?o ni ca |€n tl&)': hg out | e,}. of said bl ood

cont ai ner*Yit§St AR PRT etPTTERE NP 0P O RHCECqERT R B devi ce,

15

container 52. The blocd does not by-pass the leukocyte
depletion device 45 because of the loop portion 93 of the
by-pass line 91 being elevated to a sufficient height.
The gas within the closed loop biological fluid filtration
system 90 is displaced by the blood flow into the blood

20 receiving container 52. As the blood container 49
approaches its nearly empty condition, the gas stored
within the receiving container 52 automatically flows
through the by-pass line 91 into the blood container 49
and allows substantially all of the blood to be processed

25 through the leukocyte filtration device 45. It is
important to note that the chamber of the leukocyte
depletion device 45 downstream of the filter media 46 at
this point will be filled with blood, as will the second
conduit 54 between the leukocyte depletion device and the

30 blood receiving container 52. If there is any gas left in
the receiving container 52 it may be displaced into the
by-pass line 91 by closing the outlet clamp 61, gently
squeezing the blood receiving container 52 and closing the
by-pass clamp 92. In this embodiment of the invention

35 comprising the closed loop biological fluid filtration



2 0 SEP 2002 WD 99/47235 21 PCT/US99106141 d) a receiving container
downstream of said | eukocyte depletion device and having an inlet? ®)rd MmN
. second conduit in fluid communication with the inlet of said recerving '
container and the 5 outlet of said | eukocyte depletion device, f) an
upstream geg9v4tst, a portion of which is |ocated at a sotAswigai hei ght so
that the biological fluid being filtered does not contact a | ayer of a
porous nedium | ocated in an upstreamsgas 10 inlet housing connected to said
upstreamgas inlet, blood container, and in fluid communication with said

| eukocyt esyfdehet tbe deanksy; dewisgream ehstheefibl§ar mafiden Mfusimg connect ed

to said upid nearbepte i MéFlletiSRl deVDsé I SAMPIDt ArAindd BPUSIAWE,I ncl udi ng:

out et oEand ASaoTA Conpdlo Bl HERLVEY | Jhnl BRISE EULEE L T 1) 200 A
filtrati dheswstdati AeYigpshPLf the prior art are eliminated, and a
5 simplified system is provided.
Additional modifications of the closed loop
biological fluid filtration system 90 are shown in Figs.
7-11. Their operation can be understood by those skilled

in the art from the foregoing description.

10 Therefore, by carefully studying the problems present
in prior art biological filtration fluid systems, I have
developed a novel method and apparatus for biological
fluid filtration.

15
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a) a filtration device, said filtration device having a filter nedia

dividing said filtration device into an up-stream side and a domgtéjeSaEr[‘S\
. side, b) a storage container for holding filtered fluid, c) a secé6bn 2001
condui t co\ggg&%ﬁ bet ween the downstream side of said filtration device and
sai d storage ‘coftai ner, and d) a second vent line in flFTdULYAEINI cation
with the downstream side of said filtration device andsel ectively open to
at nrosphere. 20. The fluid filtration systemdefined in claim19, and
further including; a) a dowstream @&s inlet in fluid conmunication with
said second vent line. 21. The fluid filtration systemdefined in claim 20,
wherei n 9% Fdftist r eam gas inlet includes: a) an inlet open to atnosphere,
b) an outlet connected to said second vent line, and c) at |east one |ayer

of a porous ngdi umyi RLerp | gg%?)?%@g{%isﬂjsgf%nn\%ﬁélmqwsai d outlet. 22. The

fluid filtration system [ hereln sai d downstream gas
inlet further incl8des:?2a)eukacyper 8epiatdoBefe¢iss a38Mi A and cl osi ng of
said Bnlet. 23nléheahliuan dutlatgti on system defined in claim22, wherein

said at | east one yer : i i erj.al retention nedium
289,50 sop 2002 zb?é 426;%16%{)(&%&@?%{%? JBlklSaft BAGE SR

at'l qQn stem def.ined in claim?22,
wherein said & V84§ %V?'af&ldoﬂeﬁk?ﬁyrtﬁugeﬁi%ﬂﬁﬁ i9eVACEi ral retention
medi um 25. Aanduhdvingtamteuwhiledystemincluding: a) a fluid container, b) a
rg rst_copldui'(tj in fkyid fmv Qﬁhh@pﬁwﬁ fnt%ahdc%ﬁ]mrﬁcﬁgatﬁai WeEh ©) at?/etnt t
a sutPlci et ABQRACEB feredtd PaBRAceonsne AL D dbagl o8 ¢ ang ©
havi ng a port iS8ddwhPekopyies alard eghen edrvigeint o said fluid filtration-system
until a desired amaynt #&frdddivinjasoedinetd Qountstdesmdogosadner. 26. The
fluid filtratiQuaystenadoidvied hbveldiMe?Rav iy {4kt ! ncl uding:
e) a second conduit in fluid communication
15 with the inlet of said receiving container and the
outlet of said leukocyte depletion device,
£) an upstream gas inlet elevated above the
liquid level in said blood container, said upstream
gas inlet in fluid communication with said first
20 conduit, and -
g) a downstream gas inlet elevated above the
liquid level in said blood container, and in fluid
communication with said leukocyte.depletion device.

25 2. The leukocyte deplation system described in
Claim 1, and further including:
a) an upstream gas inlet housing connected to
said upstream gas inlet.



a) an upstreamgas inlet housing in fluid comunication with said vent

line. 27. The fluid filtration systemdefined in claim 26, V\/nereidw sai d gas
. inlet housing includes: a) an inlet open to atmosphere, b) an outd &t SEp 2002
connect ed VB¥4R¥ vent |ine, and c) at |east one |ayer BET/HSPOfioUs nedi um
i nterposed between said inlet and said outlet. 28. The fluid filtration
systemdefined in claim27, wherein said at |east one |l ayer of a porous
mediumis a bacterial retention medigm 29. The fluid filtration system
defined in claim27, wherein said at | east one |ayer of a porous nediumis
a viral reten8ion Thedileukocyte 2dép18HE0A08PsReim Hesckibledi dnfiltrati on system
includi ngjagh 2, fé:ulla][ ftﬁf&rd%\%%@dirﬁﬁi d filtration device having a filter

media dividing said filtration device into an up-stream side and a
downstream si de, B’ a & GPYPETEAR SaFelntelr PRHNKG PrPeeFed ¥Puid, ¢) a
second condui sabdbrmutstdebat gesninlet.downstream side of said filtration
devi £ and sai d storage container, and d) a second vent line in fluid
communi cation,with the d vvns]};re m_si.de of said filtratiop device and

sel ectively oben (e AUSEREFE JePLetIfn FYSFeR GaSGEAPPBn Ry st em def i ned i n
cl ai m 30Clahn 3 urwhereimesiaddi npstedam ghkuidlebritaisiag, ibFludésr st condui t
in fluid comuni cad) onaw tBasei shd haydrcoRt 2l f@Fous medaiugnt line in fluid
comruni cat i on.xw':et_ h c,ssaei d fjtrst condui.t tand haw&gc an ogt | et .at a sufficient
hei ght so that"a Fland BE-HGeTiTt erB@ta8Re #bi°ESE And2Rdving a portion
whi c¥P preventBoYgin®entry into said fluid filtration systemuntil a desired
amount of fluid has exited said fluid container. 32. The fluid filtration

system definegd in ﬁeail%iéﬁéé'ddégii[]e@i‘% ;xlngg%ﬁp:d%grg%egniypst ream gas inl et
I ,

housing in flurd comunication w Sal d ven ]
Claim 4, wherein said downstream gas inlet housing
includes:
15 a) at least one layer of a second porous

medium interposed between an inlet and an
outlet of said housing.

6. The leukocyte depletion system described in
20 Claim 5, wherein said upstream gas inlet housing is
located'at a sufficient height so that the biological
fluid being filtered does not contact said at least one
layer of a porous medium in said upstream gas inlet
housing.
25
7. The leukocyte depletion system described in
Claim 6, wherein said downstream gas inlet housing is
located at a sufficient height so that the biological
fluid being filtered does not contact said at least one

30 layer of a second porous medium in said downstream gas
inlet housing.



' b) a downstreamgas inlet housing in fluid comruni c—at lon with said second
vent |ine, said upstreamgas inlet housing and said domnstrean1ga2 QQSS? 2002
- housing ' contained in a single inlet device. .Ahf.Ah2 .A LI .A .A(€. AS™AS,
A(LA CALLLA AR A& CAhRA,.A {ye. A?2. AhSI .A A& .A A .AA
G| bOPacmpw@ey4223ZU] ca] cal] ca] ca] c"al] c¢"a] cLa] cRa] ca] cajpcajusaloer) ca] ca] caj
ca] ca] ca] ca] ca]ca]ca] ca]ca]caU calcalcalUca]calJc"aUc"alN &W " : ;
FXZ\ beq| wgl f a[ Uzuoj e_ZUU] caU] ca]c aUc aJc aUc
a] cal] cal] ca] cal] ca] ca] cal] caU] cal] cqg] cal] ca] caU] cal] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca
8. The device defined in Claim 1, wherein said

downstream gas inlet is in fluid communication with said

leukocyte depletion device downstream of a leukocyte

depletion filter located within said leukocyte depletion

5 device.

9. The device defined in Claim 8, wherein the
upstream gas inlet housing and the downstream gas inlet
housing are at the same elevation.

10
10. The device defined in Claim 9, wherein the
upstream gas inlet housing and the downstream gas inlet
housing are part of the same inlet device.
15 11. The device defined in Claim 1, wherein said

downstream gas inlet is omitted.

12. The device defined in Claim 1, wherein said
downstream gas inlet is connected to said second conduit,
20 and said upstream gas inlet is omitted.

13. A closed loop leukocyte depletion system
including:

a) a leukocyte depletion device having an

25 inlet and an outlet,

b) a blood container upstream from, and
elevated above, said leukocyte depletion device and
having an outlet,

c) a first conduit in fluid communication with

30 the outlet of said blood container and the inlet of
said leukocyte depletion device,

d) a receiving container downstream of said
leukocyte depletion device and having an inlet,
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25 leukocyte depletion device and having an inlet,

e) a second conduit in fluid communication
with the inlet of said receiving container and the
outlet of said leukocyte depletion device,

£) an upstream gas inlet, a portion of which

30 is located at a sufficient height so that the
biological fluid being filtered does not contact a
layer of a porous medium located in an upstream gas
inlet housing connected to said upstream gas inlet,
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) an upstream gas inlet housing connected to

5 said upstream gas inlet, said upstream gas inlet
housing including:
i) at least one layer of a porous medium
interposed between an inlet and an

outlet of said housing.

10
16. The leukocyte depletion system defined in Claim
15, and further including:
a) a downstream gas inlet housing connected to
said downstream gas inlet, said downstream gas inlet
15 housing including:

i) at least one layer of a second porous
medium interposed between an inlet and an outlet
of said housing.

20 17. The leukocyte depletion system defined in Claim

15, wherein said upstream gas inlet includes a loop
portion to prevent gas entry into said leukocyte depletion
system until substantially all of the biologiecal fluid
being processed has drained from said biological fluid

25 container.

18. A leukocyte depletion system including:
a) a leukocyte depletion device having an
inlet and an outlet,

30 b) a blood container upstream from, and
elevated above, said leukocyte depletion device and
having an outlet,

c) a first conduit in fluid communication with
the outlet of said blood container and the inlet of

35 said leukocyte depletion device,
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and further including;

a) a downstream gas inlet in fluid communication
with said second vent line.
21, The fluid filtration system defined in claim 20,

wherein said downstream gas inlet includes;

a) an inlet open to atmosphere,

b) an outlet connected to said second vent line,
and

c) at least one layer of a porous medium
interposed between said inlet and said outlet.

22. The fluid filtration system defined in claim 21,
wherein said downstream gas inlet further includes;
a) a cap for the selective opening and closing

of said inlet.

23. The fluid filtration system defined in claim 22,
wherein said at least one layer of a porous medium is a

bacterial retention medium,
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fluid has exited said fluid container.

26. The fluid filtration system defined in claim 25,
and further including: .
a) an upstream gas inlet housing in fluid

communication with said vent line.

27. The fluid filtration system defined in claim 26,
wherein said gas inlet housing includes:
a) an inlet open to atmosphere,
b) an outlet connected to said vent line, and
c) at least one layer of a porous medium

interposed between said inlet and said outlet.

28. The fluid filtration system defined in claim 27,
wherein said at least one layer of a porous medium is a

bacterial retention medium.

29. The fluid filtration system defined in claim 27,
wherein said at least one layer of a porous medium is a

viral retention medium.
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into an up-stream side and a downstream side,

b) a storage container for holding filtered
fluid,

c) a second conduit connected between the
downstream side of said filtration device and said
storage container, and

d) a second vent line in fluid communication
with the downstream side of said filtration device and
selectively open to atmosphere.

31. The fluid filtration system defined in claim 30,
and further including:

a) a fluid container,

b) a first conduit in fluid communication with
said fluid container,_

c) a vent line in fluid communication with said
first conduit and having an outlet at a sufficient
height so that a fluid being filtered does not exit,
and having a portion which prevents gas entry into
said fluid filtration system until a desired amount of

fluid has exited said fluid container.

32, The fluid filtration system defined in claim 31,
and further including:

a) an upstream gas inlet housing in fluid
communication with said vent line,

b) a downstream gas inlet housing in fluid
communication with said second vent line, said
upstream gas inlet housing and said downstream gas
inlet housing contained in a single inlet device.



