1 PLASMA SEPARATION BACKGROUND OF THE INVENTION [0001]A variety of tests for diagnosing
disease, monitoring the course of disease and/or determining the effectiveness of treatment of a disease,
involve obtaining plasma from a patient and performing tests on the plasma. Typically, blood is obtained
from patient and processed to remove the cellular components to provide the plasma, wherein the
processing includes (a) centrifuging the blood at high G forces for about 5-15 minutes so that the more
dense cellular components can be concentrated at the bottom of the centrifuge tube, and the supernatant
plasma can be removed, or (b) applying apewsiepsePhRad N lateral flow device wherein gravity and
capillary forces provide for separating the plasma from the other components, and the separated plasma
is wicked into an absorbent pad wherein test reagents react with the plasma. [0002]However, processing

blood by centrifugation generally ingh@EsdrRospontiog thep isndsanie to centralized laboratories
containing centrifuges, which are operated by skilled laboratory personnel. This is costly, as it is time and

abor intensiveoiernaiivelyedaiarpl ot daurssIIRaERR e dliaae cuiside e aboraiay. and

without requiring skilled personnel, cannot easily produce the liquid plasma samp at is desired by

most state of 4REHERHNG HERIFaE BRERD SfiE 6861 Tb0D a8 IpYe NP MBI RIRFBAJEY MG ameliorating

at least somepgfidhe sheqsiporiagrstediherniier AasmieTgiRas N asteadagemPpifierasgnt invention
will be apparent from the descri ti@n g%@et forth below. B?HEF SUMMARY OF.TE‘E INVENTION

[0004]The prBEEHRSHVRMGHTEIY AL G2B1RHBRS? JOgF kG B9a A Y BP GBS RIS e M ree liquid
from a biologicelutiieis! (@) tbenttifigiimg dheenitrdd ge gD A5 farterabodirbdrh winbte sse tatripovides a plasma

separation deyife CompHeiNgm n%ﬁiﬂéeéa%a%‘)&ﬂ?e%t{@@%ﬁ%ﬁ dendpuasiigamaRyTRge. the filter

comprising a microporous membrane; an a housing, having an inlet, a downstream chamber, and an

outlet, and atI¢RRINGERNARIREAATEAN By efluRl flovRPeragk fiekrh thelaadiotrdateighiemsam chamber,
tahnd the ﬁutlea?miéa W@eﬁét?rgiwmﬁ’dt f ieébm&yl#@igssq@ﬁﬁaﬁtb@%ﬁ%ﬁna f@b%@ﬁha‘ﬂ@ﬂﬁ&ﬂbtﬁ&ﬂut&ﬁ atrrl]d
e air channel are spaced apart and are arranged suc , When a negative pressure is created in the
downstream CRABRR TR UG e OO A A e G R BT EE e AR B ShiE e annel and
sweeps plasmeadtomitlitibedplasisieam surface of the filter and through the outlet. In some embodiments,
the device in tw ' : rt r - ' [0006]In
another emb Jg}?gnsfnt, 3‘ %é%%%r(rje @?5gﬁﬁﬁﬁéﬁ)8%31@?&%%%&%8@%%%&% %p I)J/ri?r?g biological
fluid to the up¥eed AR R (EMIRRInRE 1 AteRESCARNESITRpRasY iR éparRARTAEE B SKplRssing
plasma from ieokReiegaisouriacediishe dbsnianthe idawnsiearmisieriane ohika fligf greadng a negative

pressure in the downstream chamber thr_o_ugh the _outlet'! Eassin air through the air channel into the

downstream ERAYHBYFEHIREAPBIHLIFEHAHS IR ASMRIAIOLN LRI ARIREDY S8 Dassing
swept plasmaénsong thaniot et HR FEFIDESERIBTIONEHFaH EnEY Bevk A/ WSO AT the

DRAW'NG(S%&%QJ%%@W%H%@M&%Pff a0 embodiment of a plasma separation device according to the
present invention, where Elgure Aan I§ show top and bottom views, respectively, Figure 1C shows a

top view of tHOWREe, ahdergesent myeiies arondesdetonell arinRast reimere! estiaasiaiefitshas a
single air chagingb gherthR. fitRE SACAMEES I MRIARERR SBHBER AR HARSHAE SRparsErRsHYM.

[0008]Figure 2 is a view of another embodiment of a plasma separation device according to the present
invention, whtfedagltRIOR aRSRSY BRI, Figure 2B shows a top view of the base, and Figure 2C

shows a cross-sectional view, wherein the illustrated device has a plurality of air channels and a central
outlet. BRIEF SUMMARY OF THE INVENTION

[0004] The present invention provides for the isolatiom &uitable volume of
substantially cell-free liquid from a biologicauitl without using a centrifuge.

[0005] An embodiment of the invention provides a plasnm@aggtion device comprising:
(a) a filter having an upstream surface and a dtoeash surface, the filter comprising a
microporous membrane; and, (b) a housing, havinglat) a downstream chamber, and an
outlet, and at least one air channel; definingua fflow path between the inlet, the

downstream chamber, and the outlet, with the fdisposed in the housing across the fluid



[0009]Figure 3 is a view of another embodiment of a plasma separation device according to the present
invention, where Figure 3A and 3B show top and bottom views, respectively, Figure 3C shows a top view
of the base, and Figures 3D and 3E shows cross-sectional views, wherein the illustrated device has a
plurality of air channels and a non-central outlet. DEDAIl FD DESCRIPTION OF THE INVENTION
[0010]Advantageously, the present invention provides for the isolation of a suitable volume of

substantially gl fe ligHicheth IneCSlaEeETRIARM R E@%@@a&%%?%@'&@aﬁaﬂgé@ qiRAest and

directly from a patient, without using a_centrifuge, with minimal or no hemolysis of red blood cells, in a
short period dftfiflé ASRAHKFRIESSYESIaER %UP%SWB?‘%FP&GPE&&(%@%%W&E%#M
invention canie ¢/ dedestieaantiadiybauigmaicalhceinperirabierprisea i @rothaviiereisuableast one
aspect of the ethad (for. oxamale: apalving ihe biological dhic (0 s sufacs ofthe fien s gared out
manually, and At16ast One othet aspec%J or example, crea%ng a negaﬁ\’/e pressure'qus automated.
[0011]In accorda@ed wlivnarlemididirmemoombeepriaserd tdleativmnalplasma separation device is provided

comprising (ghgof[ter NAANGAB: UAHERMCHIRRRASY FT QP e R BEIRR R i IBIRG&PMPrising a

microporous membrane; and, (b) a housing, having an inlet, a downstream chame%er, an outlet, and at

least one air EAEMISINASARNE'S Rigiagicd HethiBdikeBsTREHiReeREIIR HRIYAN eRRHEIEALEfthe outlet,
with the filter #is peasadR éharbovsingvarossssiedipisshaymieoathsuwdraresube outlgicitb the @is channel are
spaced apart and are arran%ed suFEétth when a negative pressure ig created jn the qé)w stream
chamber thrd R HE AUHE & So0s TS e bem e Rl s SRR SRR RIS sweeps
plasma from mwvmwm;smmwthbrﬁughdﬂ@&hﬂd@htmmemw‘tn{m@}ammfmwaﬂwt@e device _
includes one &L&Bfﬁg%ﬁa@@&ﬂ%mﬁé 880&?1&%ﬂ?gﬁﬂ%@ﬁhﬁed%?ﬁgééﬁﬁw%ﬁ?%% filter, wherein

the air channel inlet port or foorts communicate with one or more air channels. [0013]In some
embodimentdbPHed fesRéqhe outlet is disposed near one end of the housing, and at least one air
channel and at least one air channel inlet port are both disposed near the opposite end of the housing
from the outlet (e.g.BR$ESHBOES GRFJUGNLQFODE |ERtcRAhes\WEtid-davic®RAMNIGCR)de more than one
filter, and the filter can include a plurality of porous layers and/or porous media. For example, the filter can

comprise twq@ioyjore mgmeranes vilteatativehibesiaskhtionalplathealiigh s Geaptias @hiprst one
fibrous medium. Typically, in those embaodiments including.at least one fibrous medium, the fibrous
medium is U S EARRET I FRERRAPEIT EHG° Mot TRRROMRRIP R BYS: FroRREIV b 15]in

preferred embaired@, shiolwast mpevieembtiaadasaraas\ifiethicwniaropsmssciwrabrane Wwaeheinan

upstream surface ; I ' I an at the
downstream g@%ﬁé@é}%@%@@]@g %;éjt%gc? f%[rJ1 %%giﬂ%ﬁ%ﬂ%}%%?&?%&@%&&%ﬁlﬁ%ﬁ%@ﬁ%nﬂgga Iment of the
invention corfpfieBal apsiyasgaibregra1griidmo the upstream surface of the filter of an embodiment of the

plasma sepaygiios) devigg: RS REIs B TometemiRiiaam sHE deRsebHIadra40itaedoyarigeam

surface of the filter via gravity; creating a negative pressure in the downstream chamber through the
outlet: passirg AIFFGIEH ROt AIREF IFEHRo2A SRS EOHH 2F P45 EdBmY BuSna from the

downstream theflaaseohtiteFitiere 2a0snassiagesestplaswianilceig thid @l asttee R/ E dsodiments of
the inventiona?mgaﬁ T@‘Pﬁrfgﬁa%eefé’i%ﬂf?é’%gﬁfyaft%lt\{% mes of biological fluid. For example, the volume of

biological fluid can be in the range of from abou to about 1 mL However, the volume can be less
than about 100009] or grégites Eisratmol anpther embodiment of a peaseparation device according

to the present invention, where Figure 3A and 3@astop and bottom views, respectively,
Figure 3C shows a top view of the base, and Figdibeand 3E shows cross-sectional views,

wherein the illustrated device has a plurality iofchannels and a non-central outlet.
DETAILED DESCRIPTION OF THE INVENTION

[0010] Advantageously, the present invention providegHerisolation of a suitable
volume of substantially cell-free liquid, e.g., lekée plasma, preferably, from whole blood,
e.g., unmodified and directly from a patient, withasing a centrifuge, with minimal or no

hemolysis of red blood cells, in a short periodimie. The invention is particularly suitable



[0018]Each of the components of the invention will now be described in more detail below, wherein like
components have like reference numbers. [0019]In the illustrated embodiments (e.g., Figures 1D, 2C, and
3D), the plasma separation device 500 comprises a housing 400 comprising a first housing section or
cover 100 comprising an inlet 101 (for applying biological fluid to the device), and a second housing
section or base 200 comprising a downstream chamber 202 comprising plasma channels 220, and an

outlet 201 inGiding,Apr QUHETPOE P SicARERETHINAG R drigIONE RAIRFBUPRRAMIGIPIEL the downstream

chamber and the outlet, the device also comprising a filter 600 comprising a porous membrane 650 (and
optional fibroﬁBtM'ﬁﬁlﬁﬁé?W@Hfﬁpﬁ%ﬁHé SrupydirsEiras e FPELR] e GIRRALAR surface 652,
wherein the fdtempisposgrhinttecologicr) ces tHreshdebfitw Hiesh), isrdifeidawnsirealty chadnber 202
is downstreararl][ Pef tt}eoﬂow%stF%ame%r ;aFgX%%Z e1‘thre glitl.ter E{ir\}boorlimenrt of th irq]\égnéion can include two
or more filter§ anarora fiter can melude we oF m’o(feep(% e?e%glsﬁg.‘f &%ﬁ%e Vice includes one or
more air chah@@l$] comimanissdagorititthardewbstiswent cif drelw e sesiialnag (Vs massepanatiieir channel
inlet ports) thgGidg Al BOMEeNBRIN G T AWier RAGTIICE SR UENa A dRinthiEgPr more, or

any other number of air channels and air channel ports. ferably, the device housing includes one or

more air chaifHEPf et Fol{eH6AMBHEAMOIIREORBIRHS trRRMPEBAE bR theufift IYdeiAt RIS ulet is
spaced awaydsamstheagirceaiting! iesprit(ahdatheasnopedimentaeiiing wwariinswlbeiiated in Figures
1-3 (e.g., Figures 1C, 2B, 2C, 3B, and 3C), the device housing.includes ape or more air channels 250
inclucing i BROHRED 10 e SR A S e A e TR (S horein e
base 200 corhpuisieg mdﬁashafédcbﬁlpmhaaﬂhewmdilaitrhdlaaﬁnéltberaﬁ)cﬁmni@haﬂq,mdé\apertmmlder _
comprises hygropRaRicMIGIOPMALSMEMPHRASHAD BN 6 150 WRliRATRs Ak AlApRe!s, allowing air

to enter the channels while preventing the entry of undesirable material such as particles and/or bacteria.
[0021]The ill neft e -HPor example,
JBfRMEY 1B BBERNh SHtRTSRR B8 A FHIEEam bR/ hRHAY ShRTAS! Hhneesns
in the iIIustra@dmk}mﬂ?ﬁgtgd@ﬁ;;tr@glumfag% mqﬁgBatdifm@gﬁwU@g@ chamber %02 in the baseb
comprises a ity o sma channels 220, channels comprising ridges 220a and grooves 220b.
The tevice ol Hahe 2P A OF DA RSB FE e AL e RIS G AR HOCREU R, e.0.
with respect thesbapeswédthn, Sefgbe antherfikerythheetivetipe Bre ehateigl@hdr puoth epsmalioicakeng any
individual chanpek fz05,s%arRRe- JRthisefmbodiment illustrated in Figure 3C, the base 200 includes

plasma channels of more than three different lengths (e.g., allowing "funneling" of plasma from the larger
cross-section&C4ka ndaseme entPefthe s nti eodpdcemibiiep ¢esinRERRY ORI RUONERTHE other end of

the device). Ingharrnbed apenisiioptr aiedrHafneuadliedsdiidienheliniee pasrasdiiangis dwve a more
uniform width and hei héée}%., aIIovglin% %)re eq(faliz d air flow to wez{). th'g downstream surface of the
filter), and in H&e %38 g ﬁ’lrﬂgt? {Q ﬁﬁl?r r%rraﬁbe ré2B8Y Ias'l%[%t]l innels have more
uniform heigh@®@bijt diffendrddintihts of62 2)8riefe calolyn chelelevice inatiides anpl tnaliiitefaicges supporting
the downstre f i i [ i ing air to sweep
plasma into t@%%@%&%@f@‘ .%%%é@ﬁ%@@%ﬁﬁﬁﬁgég gﬁéﬁﬂ%ﬁ@sﬂ?ﬁ%ﬁ Figures 1C, 1D,
and 2B, the BRSO M€ RIEBAIE GaMIBNBRoVRTIAE Alivehagupiasay. chadiferscan commerarfthe ridges

support the dewstsrrRam e aredins. O prcAligridinbe bumitairs iRBNRNAETL T SHNB fibfogsre 1D,
porous membra%_e 650 hf%ﬁyan ugiéquﬁam_surface and fa downstream surface, wherein qu downstream

surface of th&REHBriMR VA SEHUBSMRIHEIT SR D BEsi ’tﬂ@ﬁltljé?,fg)ﬁau(?dfi’& 4 PUs medium

650a has an agstreamrsiitéace and a downstream surface, wherein the upstream surface of the fibrous
medium proviggaifhe %Rsérﬁf’é%ﬁ%%ﬁb%i‘m%@%tf\'%%Qf &B%@ﬁlﬁraﬂa %}‘}’rﬁ’fﬁéﬂiﬁ'ﬂ%?o%&oﬂﬁ base also
includes auxitiary plasma channels , €.9., to further improve efficiency of sweeping plasma into the
plasma chanf@8drpRaeddas @ WRAttReRESHTBaR &I ensisvaTRiEHecapadipiarPRRaYEs ehtitnels 211

and 212 feed plasmmisipihe Mmanalarmpeianesis $48ad8023]The following definitions are used in
accordance with the invention &)0024]A filter comprising at least one porous filter element, e.g., at least

one membrah@®ld/or AMEIRPHHY REPEESSEIERIEIRY Thud aceURRBRMRGAERILRIMECe g., a pore size
(for example jrasatimetoagd inebabbleinppivit ] ogibyl fidasetestrazed sy farecxbumpted & aRatent

4,340,479, or_evi il Q i p d}/i) {] P %I ter (e.g.,
when sharacil oo el b A B ot B B e Ry e Sos o7
or removal ratieditieatedbaciannsufemssiitpaof e flt@retardMgeretibiteaoneaaieiiessHl€ ot interest as
the plasma-coiuaipiisiithicRasag fibrgHIRd e wle sgényvs ehateictuEHerdgeRends on the
composition of the fluid to be treated, and the desired effluent level of the treated fluid. [0025]Suitable
porous membranes, preferably microporous membranes, can be isotropic membranes, asymmetric
membranes, membranes including both asymmetric and isometric regions and/or composite membranes.
In those embodiments wherein the filter comprises an isotropic membrane, the filter typically further
comprises a fibrous medium upstream of the isotropic membrane. [0026]An isometric membrane has a



[0028]The pore structure of the filter elements is selected as is known in the art. Typically, the
microporous membrane (or, for example, the downstream surface of an asymmetric microporous
membrane) has a mean pore size in the range of about 5 micrometers to about 0.1 micrometers. [0029]A
variety of membranes and fibrous elements are suitalple for use in the invention, including polymeric
membranes and polymeric fibrous elements. Suitable polymers include, but are not limited to, polyolefins,

polyesters, pglygridesmRHYRBaNGR éﬁfé’éiﬁﬁr?pﬂaﬁﬁé)’fFH?WH%HMM@E@%@%%MHQ’%@?%&“des and

sulfides, and polymers and copolymers made from halogenated olefins and unsaturated nitrites.

Examples indi@8eNg 4 el RAIRAENWBID SR MiRiene difluoride (PVDF), polyethylene, polypropylene,
polybutylene [@reghthataid (BiEnte @y eibyireeatiercpbatbatals d e Uiwad amytyylorlenges dfNylon 6, 11,
46, 66, and 610, Preferred polymers are polysulfones. polyolefins, polyesters, and polyamides.
1003010ther SHSBIE e R B o B T BR YR e TR Wi
propionate, callaldséa¢didecapmipibmalte, devigie theaetatenimivprless tah ediuibseltiutypaigreli@n-resinous
materials, sugh,as glags fisgrs, including, for example, borosilicate glass fibers, may also be used.
[0031]Particulaqglilﬁﬁreferred are commercially available media, such as those membranes available from

Pall Corporafl derRRENRIIBAMEPRPONGITARA HEUPGRUIOY ASIRPIRREAD S H PO IYRE (1), as well as
those availabieltamRate{ranps sainponaeey iaednadamRismddbESOR N66(r), ULTIPOR(r),

FLUORODY LOPRODYNE , CARBOXYDYNE(R), IMMUNQRY IQDYNE A(r), BIODYNE B(r),
and BIODYN ?J). [o&@?ﬁﬂl”r%%%?f ﬁ@%ﬁﬁhe&tsa%e%is%%%@&%&fﬁ"%ﬁﬁ%&% @l"’§ arents 6,110,369
6,045,899; 5 6B RIRN5IBVEH 300 @athBIB46, 4 2R USitHe4 GhaisinER dissiholuslnsisn discosed in U.S.
Patents 4’70%&496%&%%(‘)&14% fhl%?96&7(}br4a%§%§§6é5i762r8§ﬁa?§% 0RO A0 4dSif822,163;

4,744,132 4,707,266 4,203 848; 4,618,533, 6.C 780,327 6,783,937; and 7,189,322, may also
be suitable. [DOYSTEKERREM P FiBASELBRAMEMESIRE A dIAY R EHBMRE) —A O RBFN BIRBIRVN fibers, are
P, o U e SR TS i g A
,074,869. Syitable commercially available media include that availaple from Pall Corporatign, for
cample. | FORBEESHER e e ARGV PRt AR TRPEY SE GRREURETRna® B and
microfiber média ¢omgesingea p_oinutudiagmMa%@%@nd&bﬂ%ﬁmb@m@ﬁfﬁb tlaesdtgrades A/B, A/C,
AID, A/E, ang, Ak 003AENe, Fter 2leme Rt S&{\@-aad(gl;vﬁﬁr?ﬁ 2L &BQQR/\%%FHB%@W@%%?%%VG any

desired critical wetting surface tension (CWST, as for example, U.S. Patent. 5,572). The

CWST can b#&$Bfebetsiag rCIorsWRa A Wbllaw eay), a5 HMBINSHERATRSEBRE] 2926 SXURFYIBAN &, Patents
about ynes/cm. (about 53 x cm), more typically greater than about ynes/cm (about 58 x

5 N/cm), andrﬂgf?rﬁ%\%ésaa@?é?]@fedb%uq 'ég%é‘@écm Kﬁé@[ﬂ‘&e}?ﬂf@tm/cm) or more. Preferably, the
element is hyj@2philic, ety Wailed ¢Redynesiecnaifchant@|s bbomatiog wahethin some embodiments,
having a CW / 0 - e characteristics
of the filter ar?g)’\o&%ﬁt%%@lgﬁaent S) gﬁpﬁ%ﬁﬁe@%&g .r,wto a ﬁéﬁﬁ%‘%\é&ﬁ ?]{Eglr%é?%@ surface charge,
e.g., a positi¥irerRpanyefdhargryiscantierdeviieFaR PHREMH AL hHRSPIiIBRCo PR @H2RIe) by wet or

dry oxidationnypepBREIOE R IREHRRANEMIPPIRE. SHEREahe dRYiBcdrRalikigy fRAIGEs birddications
include, e.qg., irradiation, a ed monomer, coating and/or curing the surface wijth a charged

} h
bolymer. and SR Ba0 R LA OHB ARLERR D 4 RGeS 108 HETs WRSEEN R ting
reactions mayhikeEstamtecdynexposor thtozancenangy istfse Sudheangasiplasnsapfthponydasom, corona

discharge, hefleffan % G180 o RrAChlaVRIcUISoCieg 9B PSRIA1d2 HAYIGHS OGELarS of

radiation, or by surface etching or ition using & plasma treatm In some
embodimentSNEoffiRiRiaqibIchanfelt e dudynliap alisehambelParspsaed donstieusind eémprising a

biologic_:al fluiddeadingarl ﬁﬂ%@@@@fh@\‘ﬁfe@@ﬂ@?é?h’ﬂﬁé ancha IRWRSECEHD ADambed am%’&{ﬁ&r&g at least
one fluid flow path between the inlet and the downstream chamber and outlet, wherein the filter is across

the fluid flow FARHRISHMELBALAG FRIEBY A e L8 \Er e AT A SR RRBRRICIRE AP RO nel inlet
port, to provideeanplaser(aepsiiation, dayiceo\feraigrie yitotisepaangradaevieats sherdizainiels

while preventing the entry of undesirable matesiath as particles and/or bacteria.
[0021] The illustrated embodiments of the device alsaudelone or more plasma

channels. For example, in the illustrated embodisée.g., Figures 1C and 2B), the



[0037]Any housing of suitable shape and providing an inlet, a downstream chamber an outlet and at least
one air channel and air channel inlet port, may be employed. Suitable shapes include, for example,
generally teardrop (e.g., as shown in Figure 3), rectangular (e.g., as shown in Figure 1), square, circular
(e.g., as shown in Figure 2), oval, or triangular. [0038]If desired, the housing can include one or more
connectors. For example, the outlet can comprise a male or female connector (including a male or female

luer fitting), af3RRGACANBRSIBePLAJINBE: A AU e ANpRIP IS AR S eiahifRIba¢hown in the art.

[0039]The housing can be fabricated from any suitable rigid impervious material, including any impervious

thermoplastiCRAYSFIAICHRRIFRIMEE aHARIARAIBO PSR G- HAEW 35539 PRYGRLAUTRSESlY, the
housing is fabrigatedchianh@ ol enabne prefend espbodiend, 8¢ hoisirgped pokHags, in some
embodiments, .g fransparent or translucent polymer, such as an acrylic, polypropylen lystyrene, or a
polycarbonat\é'I thbr?'@lﬁc% %9%rorgg%t8 Eettavgt%y an %ﬁc%nn%eilca I)(/a F& r‘%%ﬁ)gc'ﬁﬁaﬁnggll'gvg\;g ((])P éirvation of the
passage of trehdivielgi€al fxianbieuigh e nboadinge 04 igositig, dhe basssdl@dratuidgeknown in the

art, utilizing, g5 EXAMBRIE RIS ARSI Y S M RABRSMS RSB RNl SERNEIP G Fagigisequency

sealing, ultrasonic sealing and/or heat sealing. Additionally, or alternatively, the housing can be sealed via

injection mol iR RRANHET s DHECSINRR HRRINIAE HELRIBBRVIEKHOIA FNAERA 08YSaRECHings,
compression aiiateHesefee dthar drenelat cineiaea)eldepdseitie rousinatdl [PO4igiBiologicnl Figide A
biological fluid includes any treated or, untreated fluid. associ with Jiving Qrganisms, particularly blood,
including whAE bILSE TP SALDNERD S A i RLPaT HECH B0 G e A SHUSETELEh as bloow dituted
with at least egegirgsiciodiosltsciveep, inedolimgiermactUiftditee fiteshlime] _huﬂniemnbndﬂmeahticoagulant
solutions; blogdGRAGRSHEnS L2 3 PISELEINRENAM IR PIUFISHERNRIASTEER) pRjatclet-poor

plasma (PPP), platelet-free plasma, plasima, fresh frozen plasma (FFP), components obtained from
plasma, paclé@ er'@cﬂ"d@"@(@RC), transition zone material or buffy coat (BC); blood products derived from

blootlvd ora bqu@bgpmpprﬁ@re?fmetﬂlé&ﬁlaf?_@mi@Qa@e@armvtvaﬁ;emfw&%l 8 'pr;ﬁdﬁtﬁlalqétanﬂva@ﬁéfr@rp plasrlna
ana resuspendaeaq in a 10I0gICal solution.or a cryopratectyve rnuia,; an atelets separated 1mrom plasma
o reeueertia T o B o B Rt AR £ e B e R R e R v boon
treated to rermuee¢hsopiesofatichdenkiscykes bedorpléaimthphiided seubacooetitgstwthe imFentien. 185 used
herein, bloodﬁgng& ,m%I%Q@%]%B(?i%Eﬂ E%Wdﬁbes%'@ﬁﬂwﬂlﬁﬁﬁ?xﬁl?\??rﬂpa%%p&@o@@ @similar blood

products or biological fluids obtali by other means an similar properties. [0042]A variety of

devices and/¥hsyeteine ARO8RISABROMHENG SRV iP BaRey aHagsmERA diAT (HetaR WHEHRRS chamber through

the outlet ancaisolAN PE0E iAf BRI Sk U sha i RABIBESEIIH A SARNERT L6 af@aprising a
barrel and plu ﬁ{er, can be uésed. Aternati\éely for examu%lfle[li,I ne or rré%{)e of a manifoll% late, adapter,

and/or a vac TE%?@PH %.W ‘ﬁ?&i’n"(‘j, FF'E ﬁ]ﬂ?&‘,’ PRV E%ﬂ%m}ﬁ'%% ) can be used.
[0043]In accaidans’eeﬂhhamﬁoieﬁmbmrﬁmn ahd umitmnbasmding]t@mmhasgniqpstaelamlogical fluid is
applied to the rstieany s iaGRs-0e Uighol anernedineatel e deyie aRd Ohdde .. Plasma)

t the downstre the

passes from the upstream surface of the filter to am surface o filter. Typically, the liquid

passes from BeVifRirderIRRIFRRcR SHfReifal ©f the tisstptionadln 3asaewdinHaguterlSrifteBAsR gravity,

but the effeCta‘igcgfﬁ&ﬁﬁé‘@ﬁu@diﬁ@r?%l%ﬁﬁ%ﬁ@ﬁa{%m@ﬂ?@aﬂ?mr‘ﬂﬁé\r ﬂﬁﬁﬂib@e@ﬁ@%ﬁé&ﬁ&@ﬁ&%iiﬁbthe

downstream chamber. Shortly after lying the biological fluid to the filter (e.q., after at least about 30

e Pt R R O N s S TR e R e o

withdrawing aptiiageplatma ehayneg2hareeidcpn2nfesdqat nmpatiith raaio ptieined tteadesic@2musing); and air

passes throu air l str ' ially cell-free liquid (e.g.,
@&%‘%fe @P&@Wrg 51%3 rﬂf?&ﬁ‘{% ér%%?e@@“a%&&%}ﬁ%ﬁﬁé@? ﬁu‘\’@?ﬁ%ﬂ.

substantially e plasma ownstream surface of the ; and, swept liquid passes through

the outlet. In BI984llustratileceapudinieaatieashvaptpeiadiie pelsse ¢ protHeasyongansinkene
communicating yiihatheadCopktitsatkiBABRthedH  IsiealivhR PR thabluiBeeyverbBlse ighassed

into the vacuum blood collection tube communicating with the outlet, [0044]The swept collected liquid can
be further prétiaSaRls S RUSIRNFSH PLRYARIG RS AE BRELRSA PRI lBbFEaRIFIS) ShE BtERore assays
can be carried, 340, 43moptrevipested, by. gapifaeysioritiens i $ s omized) yath@seaingaeoeagents and/or
placed in or qf; tical [ The f i I r illust ipvention but, of
course, shouigano?%g@g g%lrvﬂegé gﬁe}ﬁggt%%veg? %ﬁin\/{‘%}gés SCope. I%%g}%fa#%@s&iylﬁa%é carried out
using the emB¥aMREtLHEHRAERVICIZS §éRbrallyemoval ratiagreduces or allows the passage

therethrough of one or more materials of interegha plasma-containing fluid is passed



illustrated in Figure 1 (with or without an upstream fibrous medium as noted below). The media used to
provide the filter are 35 mm x 65 mm In those examples including an asymmetric membrane, the
membrane is a VividTM (Pall Corporation, East Hills, NY) asymmetric polysulfone plasma separation
membrane (PSM) having a mean pore size of about 400 um on one side, and about 2 um on the other
side (asymmetry ratio of about 100:2), used with the larger pore size facing upstream side of the device.

[0047]The bi%’ﬁ@i&;’# fhadpssehis Wﬁ@%&@m&af@ BLRPHDEAIRNO CEHRD IsTbnATHENRRI (0 be
n) blood collection tu

(Becton-Dickinso es containing EDTA anticoagulant. The blood, which has a

hematocrit oft%5eR 31w the Gesiseiefit sBblgve! Rb reteBaYifction. [0048]The blood is loaded onto the

surface of thgdiite] usirgyitapipgittoas ehafitrahes|iHeftoaanoni Qo ssneastatesy taodésisneipied to

provide a negaliye pressure, Plasina is.saparaled and collasted within about. ¢ miuss afdoading. The
volume of recovereg p(faSmé( IS measured. f%ﬁ@]ln%p(amp?esrﬁ ,Qhe NESES plasma IS ahalyzed to
determine theegiassarcholestendsie reemEanes dortieae dmieade woatel) thetéilterowip (Eeecdovery as

compared 10 iy, 6B/ ABnRRSHEC T BRI |K>%Jﬁﬁ8?(€&‘u%%9ﬁ%?&5§ﬁinféhmﬁ1‘EEEEF@Qn%‘HﬁBe values

are compared to plasma separated and collected using centrifugation (the control). SD=standard
deviation. [00SOTIPPEXARIPRI&NE14, the collected plasma is analyzed for residual cellular components

using a Cell-P6bEP 3700 astahatae (AbheraRagnostinsofbatidakwitiseandithecpaneasirasippg of the red

blood cells, white blood cell d platel I h ion limit of the .11
10081 These RIRAELUIRA Gt AL G 2 R LG (iR U Wtk Rigoase
accordance wigngrrediheneaiie, intbritspe EXAMEA FHiIDgO85 ZHoimistexamplerdeenbasates that
cell-free plas@a.canig AbicKNaSERarIeH] QRGSyLRgHSIALEANIY Atve Sehe At ipoyte plasma

cholesterol, total protein, and free hemoglobin using an embodiment of a device includinga single
membrane. [OUBPTAREmMembrane is a VividTM PSM grade GF asymmetric polysulfone membrane. The

results are agdofigws. ¥l igathiwliplasmdeiel@sieeohSie shalasiermidetal porteiiy D dpjaigrotein
throughout the bulk of the membrane. For exantplemean pore size decreases in size
from one portion or surface to another portionwface (e.g., the mean pore size decreases
from the upstream portion or surface to the doveastr portion or surface). However, other
types of asymmetry are encompassed by embodimetite mvention, e.g., the pore size
goes through a minimum pore size at a positioniwithe thickness of the asymmetric
membrane. The asymmetric membrane can have aapleupore size gradient or ratio.
This asymmetry can be measured by, for examplepadng the mean pore size on one
major surface of a membrane with the mean poredditee other major surface of the
membrane.
[0028] The pore structure of the filter elements is sel@ets is known in the art.
Typically, the microporous membrane (or, for examipthe downstream surface of an
asymmetric microporous membrane) has a mean p#ersthe range of about 5
micrometers to about 0.1 micrometers.
[0029] A variety of membranes and fibrous elements an@bla for use in the invention,
including polymeric membranes and polymeric fibrelements. Suitable polymers include,
but are not limited to, polyolefins, polyesterslyaonides, polysulfones, acrylics,
polyacrylonitriles, polyaramides, polyarylene oxddend sulfides, and polymers and
copolymers made from halogenated olefins and ureaw nitriles. Examples include, but
are not limited to, polyvinylidene difluoride (PVIDFolyethylene, polypropylene,
polybutylene terephthalate (PBT), polyethylenepbtkalate (PET), and any nylon, e.g.,



free hemoglobin 850 55 101 1 102 2 102 EXAMPI F 2 [0054]This example demonstrates that cell-free
plasma can be quickly separated from blood without significantly adversely affecting the plasma
cholesterol, total protein, and free hemoglobin using an embodiment of a device including a membrane
and a fibrous element upstream of the membrane. [0955]The membrane is a VividTM PSM grade GF
asymmetric polysulfone membrane. The fibrous element is a layer of binder-free borosilicate glass fibers

grade AID (PRUGOERaratas. deashi 80N B)d1aming %WM{/@&?%&( Poydiarad sHHp s of

between about 584 to about 737 um (about 23 to about 29 mils). The results are as follows. vol blood vol
plasma chole¥erBPYAABResterol total protein SD total protein free hemoglobin 2800 700 101

[0030] Other suitable materials include cellulosic defixeg, such as cellulose acetate,
cellulose propionate, cellulose acetate-propioratylose acetate-butyrate, and cellulose
butyrate. Non-resinous materials, such as glassdj including, for example, borosilicate
glass fibers, may also be used.

[0031] Particularly preferred are commercially availabledia, such as those membranes
available from Pall Corporation under the tradersafkv/ID ™, SUPOR, VERSAPOR, and
POSIDYNE®, as well as those available from Pall Corporatinder the trademarks
ULTIPOR Ngg®, ULTIPOR®, FLUORODYNE®, LOPRODYNE®, CARBOXYDYNE®,
IMMUNODYNE ®, BIODYNE A®, BIODYNE B®, and BIODYNE €.

[0032] Exemplary membranes are disclosed in, for exaniple, Patents 6,110,369;
6,045,899; 5,906,742; 5,979,670; and 5,846,42he0nembranes, including those
disclosed in U.S. Patents 4,702,840; 4,900,44964374; 4,886,836; 4,964,989; 5,019,260;
4,340,479; 4,855,163; 4,744,132; 4,707,266, 4,233,8,618,533, 6,039,872; 6,780,327,
6,783,937; and 7,189,322, may also be suitable.

[0033] Exemplary fibrous elements, including elements areg from melt-blown fibers,
are disclosed in, for example, U.S. Patents 4,88) 5,925,572, 5,152,905, 5,443,743,
5,472,621, and 6,074,869. Suitable commerciaifjlable media include that available
from Pall Corporation, for example, LEUKOSORB™ , MIRIGARD™ , TISSUGLAS™ ,
as well as glass and quartz fiber and microfibedienébinder-free or including binder) such
as binder-free borosilicate glass grades A/B, &AM, A/E, and A/F.

[0034] The filter element, e.g., a membrane and/or a ibelement, can have any
desired critical wetting surface tension (CWSTdasned in, for example, U.S. Patent .
4,925,572). The CWST can be selected as is knowmei art, e.g., as additionally disclosed
in, for example, U.S. Patents 5,152,905, 5,443,34%,2,621, and 6,074,869. Typically, the
element has a CWST of greater than about 53 dyme®bout 53 x 18 N/cm), more

typically greater than about 58 dynes/cm (about 38° N/cm), and can have a CWST of
about 66 dynes/cm (about 66 X*18/cm) or more. Preferably, the element is hydiiiph
having a CWST of 72 dynes/cm (72 X°18/cm) or more, in some embodiments, having a
CWST of about 75 dynes/cm (about 75 3 NYcm) or more.

[0035] The surface characteristics of the filter and/lerfielement(s) can be modified

(e.g., to affect the CWST, to include a surface@hae.g., a positive or negative charge,



31011103 12 EXAMPI F 3 [0056]This example demonstrates that cell-free plasma can be quickly
separated from blood without significantly adversely affecting the plasma cholesterol, total protein, and
free hemoglobin using an embodiment of a device including a membrane and a fibrous element upstream
of the membrane. [0057]The membrane is a VividTMBPSM grade GF asymmetric polysulfone membrane.
The fibrous element is a layer of LeukosorbTM media (Pall Corporation, East Hills, NY) having a mean

pore size of ahpib Syaenthe iskaPss cPSBHﬁ%@W&%@@@éfW&E orihy BiddiRresyipare as

follows. vol blood ul_. vol plasma ul ". cholesterol SD cholesterol total protein SD total protein free
hemoglobin iwgé’g@ggl@@qumer on the surface, oalgrafting reaction. Modifications include,

e.g., irradiation, a polar or charged monomer,ingadnd/or curing the surface with a
charged polymer, and carrying out chemical modiiicato attach functional groups on the
surface. Grafting reactions may be activated lpoeure to an energy source such as gas
plasma, vapor plasma, corona discharge, heat, alda@raff generator, ultraviolet light,
electron beam, or to various other forms of radiator by surface etching or deposition
using a plasma treatment.

[0036] The filter, in some embodiments, comprising pldayatif porous filter elements, is
disposed in the housing comprising a biologicatfloading or application inlet and an
outlet and a downstream chamber and defining at ta#e fluid flow path between the inlet
and the downstream chamber and outlet, whereifiltheis across the fluid flow path, and
the housing includes at least one air channel alehst one air channel inlet port, to provide
a plasma separation device. Preferably, the sepadevice is sterilizable.

[0037] Any housing of suitable shape and providing antjrdelownstream chamber, an
outlet and at least one air channel and air chanketlport, may be employed. Suitable
shapes include, for example, generally teardrap,(as shown in Figure 3), rectangular (e.g.,
as shown in Figure 1), square, circular (e.g.hasva in Figure 2), oval, or triangular.

[0038] If desired, the housing can include one or moraneotors. For example, the
outlet can comprise a male or female connectofygticg a male or female luer fitting), a
barbed connector, or a flange. A variety of conmscare suitable and are known in the art.
[0039] The housing can be fabricated from any suitabld rrgpervious material,
including any impervious thermoplastic materialjethis compatible with the biological
fluid being processed. Typically, the housingabrfcated from a polymer. In a preferred
embodiment, the housing is a polymer, in some embernts, a transparent or translucent
polymer, such as an acrylic, polypropylene, polsete, or a polycarbonated resin. Such a
housing is easily and economically fabricated, alfmlvs observation of the passage of the
biological fluid through the housing.

[0040] The housing can be sealed as is known in thetdizjng, for example, one or
more o-rings, an adhesive, a solvent, laser weldawjo frequency sealing, ultrasonic
sealing and/or heat sealing. Additionally, or rad&gively, the housing can be sealed via
injection molding. The filter can be sealed witkiie housing as is known in the art, e.g., via

o-rings, compression, interference fit, or bonded/ar welded to the housing.



106 EXAMPI F 4 [0058]This example demonstrates that cell-free plasma can be quickly separated from
blood without significantly adversely affecting the plasma cholesterol, total protein, and free hemoglobin
using an embodiment of a device including a single membrane. [0059]The membrane is a VividTM PSM
grade GX asymmetric polysulfone membrane. The ragsults are as follows. vol blood ul_. vol plasma ul_.
cholesterol SD cholesterol total protein SD total protein free hemoglobin 850 724 101 3 101 1 108

EXAMPIF 5 (69691 Thig gxsrele-ifonghabeichiaine hbigaddasiaeand e ritba sRigrated from

associated with living organisms, particularly lpmcluding whole blood, warm or cold
blood, and stored or fresh blood; treated bloodhss blood diluted with at least one
physiological solution, including but not limited $aline, nutrient, and/or anticoagulant
solutions; blood components, such as platelet gurate (PC), platelet-rich plasma (PRP),
platelet-poor plasma (PPP), platelet-free plasiaesnpa, fresh frozen plasma (FFP),
components obtained from plasma, packed red d¢&RE], transition zone material or buffy
coat (BC); blood products derived from blood od@ld component or derived from bone
marrow; stem cells; red cells separated from plasnthresuspended in a physiological
solution or a cryoprotective fluid; and platele¢parated from plasma and resuspended in a
physiological solution or a cryoprotective fluidhe biological fluid may have been treated
to remove some of the leukocytes before being gsExRaccording to the invention. As used
herein, blood product or biological fluid referstte components described above, and to
similar blood products or biological fluids obtathley other means and with similar
properties.

[0042] A variety of devices and/or systems are suitatnefeating a negative pressure
in the downstream chamber through the outlet aadk@aown to one of ordinary skill in the
art. For example, a syringe, e.g., comprisingragband plunger, can be used.
Alternatively, for example, one or more of a matufplate, adapter, and/or a vacuum system
(including, for example, a vacuum tube blood cdit@tsystem) can be used.

[0043] In accordance with a typical embodiment of a methoobrding to the invention,
a biological fluid is applied to the upstream sogaf the filter of an embodiment of the
device, and liquid (e.g., plasma) passes from gstream surface of the filter to the
downstream surface of the filter. Typically, tiispid passes from the upstream surface of
the filter to the downstream surface of the fijjemarily via gravity, but the effect of gravity
can also be assisted by the creation of a negatteéssure created in the downstream
chamber. Shortly after applying the biologicaldlto the filter (e.g., after at least about 30
seconds), a negative pressure is created in thasdeam chamber through the outlet (e.g.,
by withdrawing a plunger within a syringe barrefraaunicating with an outlet of the device
housing); and air passes through the air chantetle downstream chamber, sweeping
substantially cell-free liquid (e.qg., substantiaibil-free plasma) from the downstream
surface of the filter; and, swept liquid passesulgh the outlet. In one illustrative

embodiment, the swept plasma is passed into tleggybarrel communicating with the



blood without significantly adversely affecting the plasma cholesterol, total protein, and free hemoglobin
using an embodiment of a device including a membrane and a fibrous element upstream of the
membrane. 13 [0061]The membrane is a VividTM PSM grade GX asymmetric polysulfone membrane.
The fibrous element is a layer of binder-free borosiliqate glass fibers grade AID (Pall Corporation, East
Hills, NY) having a mean pore size of 3.1 um and a thickness of between about 584 to about 737 um

(about 23 to gpget 23 MiSAndther iridiamie @r%BQWW&;Y%@?%a%a‘ﬁQ';i%léé"'éﬂa}dﬂwféh&%%ﬁtf‘rrp' SD
cholesterol total protein SD total protein free hem%%obln 280070498 11015101 EXAMPIF 6

[0062]This exXAFIEAEHATtRRSIMR WaifaHEg Yt hs e4H%e quickly separated from blood without
significantly gduespely affecingtheipasmsgholestasel idatrlmiieiasanesiree hamegkobiniiging an
embodiment of agfes\ﬂﬁﬁr'\ Eflé.ldlrt'lrg'\f membra|ne and a fibrous element upr%rdagm of.the merpbrane.

[0063]The membrane is & Vivid g§i§f@r5§é%§ %%Wr%%)(rsicc%%lygtﬁ one memeSr'Qﬂéhe plasma,
e.g., wherein the plasma is mixed with one or nmeagjents and/or placed in or on an

analytical device.

[0045] The following examples further illustrate the intien but, of course, should not
be construed as in any way limiting its scope.

[0046] Examples 1-14 are carried out using the embodimiethie device as generally
illustrated in Figure 1 (with or without an upstreéibrous medium as noted below). The
media used to provide the filter are 35 mm x 65 mimthose examples including an
asymmetric membrane, the membrane is a Viigall Corporation, East Hills, NY)
asymmetric polysulfone plasma separation membri@a8#j having a mean pore size of
about 100 um on one side, and about 2 um on tlee sithe (asymmetry ratio of about
100:2), used with the larger pore size facing @astr side of the device.

[0047] The biological fluid used is blood drawn from a lieadonor into 7 mL
Vacutainef (Becton-Dickinson) blood collection tubes contapnEDTA anticoagulant. The
blood, which has a hematocrit of about 35%, is weitin about 2 hours of collection.

[0048] The blood is loaded onto the surface of the filiging a pipette, and after about
60 to about 90 seconds, a syringe is operatedtod® a negative pressure. Plasma is
separated and collected within about 2 minutesadihg. The volume of recovered plasma
is measured.

[0049] In Examples 1-10, the collected plasma is analyaatktermine the plasma
cholesterol (% recovery as compared to the conti@il protein (% recovery as compared to
the control), and free hemoglobin (% recovery asgared to the control), and the values are
compared to plasma separated and collected usimigfagation (the control). SD=standard
deviation.

[0050] In Examples 1-14, the collected plasma is analyaedesidual cellular
components using a Cell-DYN® 3700 analyzer (Abi#tgnostics, Abbott Park, IL), and
the concentrations of the red blood cells, whiteotlcells, and platelets are lower than the

detection limit of the instrument.



The fibrous element is a layer of LeukosorbTM media (Pall Corporation, East Hills, NY) having a mean
pore size of about 8 um and a thickness of between about 356 to about 559 um. The results are as
follows. vol blood ul_. vol plasma ul_. cholesterol SD cholesterol total protein SD total protein free
hemoglobin 1600 325 95 1 92 4 98 EXAMPI F 7 [0064]This example demonstrates that cell-free plasma
can be quickly separated from blood without significantly adversely affecting the plasma cholesterol, total
protein, and figsieMogipaln UsiRthRR BEREAERSRIARALRIER NSLIHNGR RK)ISIPSRRPAEMO0065] The

membrane is a VividTM PSM grade GR asymmetric polysulfone membrane. The results are as follows.
14 vol blood 8lood in accordance with embodiments of the”invemti

EXAMPLE 1

[0052]

blood without significantly adversely affecting thiasma cholesterol, total protein, and free

This example demonstrates that cell-free plasmaeaquickly separated from

hemoglobin using an embodiment of a device inclgdirsingle membrane.
[0053]
The results are as follows.

The membrane is a VividPSM grade GF asymmetric polysulfone membrane.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol | protein protein hemoglobin

850 55 101 1 102 2 102
EXAMPLE 2

[0054] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclg@inmembrane and a fibrous element
upstream of the membrane.

[0055]

The fibrous element is a layer of binder-free biticzge glass fibers grade A/D (Pall

The membrane is a VividPSM grade GF asymmetric polysulfone membrane.

Corporation, East Hills, NY) having a mean pore£3.1 pm and a thickness of between

about 584 to about 737 um (about 23 to about 28)milhe results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free
ML ML cholesterol | protein protein hemoglobin
2800 700 101 3 101 1 103




vol plasma ul_. cholesterol SD cholesterol total protein SD total protein free hemoglobin 850 292 95 1 90
2 100 EXAMPI F 8 [0066]This example demonstrates that cell-free plasma can be quickly separated from
blood without significantly adversely affecting the plasma cholesterol, total protein, and free hemoglobin
using an embodiment of a device including a membrgne and a fibrous element upstream of the
membrane. [0067]The membrane is a VividTM PSM grade GR asymmetric polysulfone membrane. The
fibrous element is a layer of binder-free borosiligaig glsss fbers grade AID (Pall Corporation, East Hills,
NY) having a mean pore size of 3.1 um and a thickness of between about 584 to 737 um (about 23 to

about 29 miShob 'eSHiS 815,A5LoHBMEnLPH RS THLt o LB BT SbauiRRly 678l SR Ghsipsterol tota
blood without significantly adversely affecting thlmsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclg@intembrane and a fibrous element
upstream of the membrane.
[0057]

The fibrous element is a layer of Leukosorb™ mé¢Bell Corporation, East Hills, NY)

The membrane is a VividPSM grade GF asymmetric polysulfone membrane.

having a mean pore size of about 8 pum and a theskakbetween about 356 to about 559

um. The results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol| protein protein hemoglobin

1600 280 103 2 100 1 106
EXAMPLE 4

[0058] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free

hemoglobin using an embodiment of a device inclgdirsingle membrane.

[0059]

The membrane is a VividPSM grade GX asymmetric polysulfone membrane.

The results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol | protein protein hemoglobin

850 724 101 3 101 1 108
EXAMPLE 5

[0060] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting thiasma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclg@intembrane and a fibrous element

upstream of the membrane.



SD total protein free hemoglobin 2800 730 78 3 90 2 98 EXAMPI F 9 [0068]This example demonstrates
that cell-free plasma can be quickly separated from blood without significantly adversely affecting the
plasma cholesterol, total protein, and free hemoglobin using an embodiment of a device including a
membrane and a fibrous element upstream of the megbrane. [0069]The membrane is a VividTM PSM
grade GR asymmetric polysulfone membrane. The fibrous element is a layer of LeukosorbTM media (Pall

Corporation, fgg§HillSTh haaving-@ m%a@imﬁ%nggé@ E%M%éi?ﬁl BiREkinGRS AERRMREN about
356 to about 559 um. The results are as follows. vol blood vol plasma cholesterol SD total SD total free
ul ul . The fibrous element is a layer of binder-free biticae glass fibers grade A/D (Pall

Corporation, East Hills, NY) having a mean pore£3.1 pm and a thickness of between

about 584 to about 737 um (about 23 to about 29)milhe results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol | protein protein hemoglobin

2800 704 98 1 101 5 101
EXAMPLE 6

[0062] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclgdimembrane and a fibrous element
upstream of the membrane.

[0063]
The fibrous element is a layer of Leukosorb™ méeBell Corporation, East Hills, NY)

The membrane is a VividPSM grade GX asymmetric polysulfone membrane.

having a mean pore size of about 8 um and a theskakbetween about 356 to about 559

um. The results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

puL puL cholesterol| protein protein hemoglobin

1600 325 95 1 92 4 98
EXAMPLE 7

[0064] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclgdirsingle membrane.

[0065]
The results are as follows.

The membrane is a VividPSM grade GR asymmetric polysulfone membrane.



cholesterol protein protein hemoglobin

demonstrates that cell-free plasma can be quickly separated from

151600 32290 1952102 EXAMPLE 10 [0070] This example

14
vol blood | vol plasma| cholesterol| SD total SD total free
puL puL cholesterol| protein protein hemoglobin
850 292 95 1 90 2 100
EXAMPLE 8
[0066] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclg@dimembrane and a fibrous element
upstream of the membrane.

[0067]

The fibrous element is a layer of binder-free biticae glass fibers grade A/D (Pall

The membrane is a VividPSM grade GR asymmetric polysulfone membrane.

Corporation, East Hills, NY) having a mean pore2£3.1 pm and a thickness of between

about 584 to 737 um (about 23 to about 29 mild)e fesults are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol | protein protein hemoglobin

2800 730 78 3 90 2 98
EXAMPLE 9

[0068] This example demonstrates that cell-free plasmaeaquickly separated from

blood without significantly adversely affecting themsma cholesterol, total protein, and free
hemoglobin using an embodiment of a device inclg@intembrane and a fibrous element
upstream of the membrane.

[0069]

The fibrous element is a layer of Leukosorb™ méeBell Corporation, East Hills, NY)

The membrane is a VividPSM grade GR asymmetric polysulfone membrane.

having a mean pore size of about 8 pum and a theskakbetween about 356 to about 559

um. The results are as follows.

SD total

protein

vol blood cholesterol| SD total free

ML ML

vol plasma

cholesterol| protein hemoglobin




blood without significantly adversely affecting the plasma cholesterol, total protein, and free hemoglobin
using an embodiment of a device including a membrane and a fibrous element upstream of the
membrane. [0071]The membrane is an isotropic Supor(r) 450 polyethersulfone membrane (Pall
Corporation, East Hills, NY) having a mean pore siza®f about 0.45 um and a thickness of between about
114 to about 165 um. The fibrous element is a layer of binder-free borosilicate glass fibers grade AID (Pall

Corporationj &

737 um (ab
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cholesterol total protein SD total protein free hemoglobin 2800 260 101 3101 1 110 EXAMPLE 11
[0072]This example demonstrates that cell-free plasma can be quickly separated from blood using
embodiments of devices including a membran&ex@d/éefibrods element upstream of the membrane.
[0073]Both devices include a fibrous element upstream of the membrane which is a layer of binder-free

Hesergge of 3.1 um

and a thickness o
membrane is é?]o SHOBHE EiGRBRA Y G PR

hemoglobin using an embodiment of a device inclg@inmembrane and a fibrous element

borosilicate q|@§fti igefﬁlﬂéaé@aﬁv/&e(ﬁé\lh&@%i%t Eankigdpid MmN Do
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| protein, and free

The membrane is an isotropic SUpds0 polyethersulfone membrane (Pall

Corporation, East Hills, NY) having a mean poresifabout 0.45 um and a thickness of

between about 114 to about 165 pm. The fibrounete is a layer of binder-free

borosilicate glass fibers grade A/D (Pall CorpioratEast Hills, NY) having a mean pore

device, the

size of 3.1 um and a thickness of between about®837 um (about 23 to about 29 mils).

The results are as follows.

vol blood | vol plasma| cholesterol| SD total SD total free

ML ML cholesterol | protein protein hemoglobin

2800 260 101 3 101 1 110
EXAMPLE 11

[0072] This example demonstrates that cell-free plasmaeaguickly separated from

blood using embodiments of devices including a mramd and a fibrous element upstream
of the membrane.
[0073]

of binder-free borosilicate glass fibers grade Afall Corporation, East Hills, NY) having a

Both devices include a fibrous element upstreath@imembrane which is a layer

mean pore size of 3.1 um and a thickness of betabent 584 to 737 um (about 23 to about
29 mils).
[0074]

membrane (Pall Corporation, East Hills, NY) havinmean pore size of about 0.20 um and a

For one device, the membrane is an isotropic §u2)0® polyethersulfone

thickness of between about 114 to about 165 pnn.theoother device, the membrane is an



membrane (Pall Corporation, East Hills, NY) having a mean pore size of about 0.20 um and a thickness
of between about 114 to about 165 um. For the other device, the membrane is an 16 isotropic Supor
1200 membrane (Pall Corporation, East Hills, NY) having a mean pore size of about 1.2 um and a
thickness of between about 114 to about 165 um. [0085]The results are as follows. Device including
Suporw 200 polyethersulfone membrane vol blood vol plasma uL uL 2700 250 Device including Supor

1200 poWeth%‘&%ﬁ%%U@Pﬁ@ﬁ%\@hB 9RE YAIPESTHG Ao HLERL QiR NN e 2R FG R ENiS

example demonstrates cell-free plasma can be quickly separated from blood embodiment of devices

including a m¥rABPAE-Zridhat SUb EkIsRhPLPRINESH I HETARPAHE ARkt M-

[0075] The results are as follows.

Device including Sup&r200 polyethersulfone membrane

vol blood | vol plasma

puL puL
2700 250

Device including Sup&r1200 polyethersulfone membrane

vol blood | vol plasma

ML ML

2700 355
EXAMPLE 12

[0076] This example demonstrates that cell-free plasmaeaguickly separated from
blood embodiment of devices including a membrarmkafibrous element upstream of the
membrane.

[0077] Both devices include a fibrous element upstreath@imembrane which is a layer
of binder-free borosilicate glass fibers grade Afall Corporation, East Hills, NY) having a
mean pore size of 3.1 um and a thickness of betabeunt 584 to 737 um (about 23 to about
29 mils).

[0078] For one device, the membrane is an isotropic SU#606 polyethersulfone
membrane (Pall Corporation, East Hills, NY) havinmean pore size of about 0.45 um and a
thickness of between about 114 to about 165 pnn.tiféoother device, the membrane is an
isotropic Fluorodyn® Il PVDF membrane (Pall Corporation, East Hill3/)Naving a mean
pore size of about 0.45 pum.

[0079] The results are as follows.

Device including Sup6r450 polyethersulfone membrane



[0077]Both devices include a fibrous element upstream of the membrane which is a layer of binder-free
borosilicate glass fibers grade AID (Pall Corporation, East Hills, NY) having a mean pore size of 3.1 um
and a thickness of between about 584 to 737 um (about 23 to about 29 mils). [0078]For one device, the
membrane is an isotropic Supor(r) 450 polyethersulfope membrane (Pall Corporation, East Hills, NY)

having a mean pore size of about 0.45 um and a thickness of between about 114 to about 165 um. For

the other device, the membrane is an is
Hills, NY) having a mean pore size of ab
plasma uL uL 2700 280 Device includin
2700 336 EXAMPLE 13 [0080]This exa
from

%Pmﬁa’o?% 4G
out 0.45 um. [0079]The
gFFLIuorodyn Il PVDR

PVDF membrane (Pall Corporation, East
results are as follows. 17 vol blood vol
membrane vol blood vol plasma uL uL

mpfegiemon

Stigdes that

cell-free plasma can be quickly separated

Device including Fluorodyrfell PVDF membrane

[0080]

vol blood | vol plasma

ML ML

2700 336
EXAMPLE 13

This example demonstrates that cell-free plasmaeaguickly separated from

blood embodiment of devices including a membrarnedifierent fibrous media upstream of

the membrane. The membrane in each device isid VRSM grade GR asymmetric

polysulfone membrane.
[0081]

One device included a layer of binder-free boroaik glass fibers grade A/D

(Pall Corporation, East Hills, NY) having a meamgsize of 3.1 um and a thickness of
between about 584 to 737 um (about 23 to abouti’).m

[0082]

The other device included a layer of binder-freeobiicate glass fibers grade

A/B (Pall Corporation, East Hills, NY) having a arepore size of 1 um and a thickness of
between about 610 to 711 um (about 24 to aboutid.m

[0083]

The results are as follows.

Device including borosilicate glass fibers grad®A/

vol blood | vol plasma
ML ML
2700 720

Device including borosilicate glass fibers grad& A/

vol blood | vol plasma
ML ML
2700 780




blood embodiment of devices including a membrane and different fibrous media upstream of the
membrane. The membrane in each device is a VividTM PSM grade GR asymmetric polysulfone
membrane. [0081]One device included a layer of binder-free borosilicate glass fibers grade AID (Pall
Corporation, East Hills, NY) having a mean pore siza®f 3.1 um and a thickness of between about 584 to
737 um (about 23 to about 29 mils). [0082]The other device included a layer of binder-free borosilicate
glass fibers grade A/B (Pall Corporation, East Hills, NY) having a mean pore size of 1 um and a thickness
of between about 610 to 711 um (about 24 to about 28 mils). [0083]The results are as follows. Device
including borosilicate glass fibers grade A/D vol blood vol plasma uL uL 2700 720 Device including
borosilicate glass fibers grade A/B vol blood voEglagpag!k 4L 2700 780 18 EXAMPLE 14

[0084] This example demonstrates that cell-free plasmaeaguickly separated from
blood embodiment of devices including a membrartefdmous elements including different
thicknesses upstream of the membrane.

[0085] The membrane is a VividPSM grade GR asymmetric polysulfone membrane.
The fibrous elements are one or four layers of kbsorb™ media (Pall Corporation, East
Hills, NY) having a mean pore size of about 8 prd arnhickness of between about 356 to

about 559 um for each layer. The results are las\f®.

Device including one layer of Leukosorb™ media

vol blood | vol plasma

ML ML
1600 505

Device including four layers of Leukosorb™ media

vol blood | vol plasma

ML ML
2700 306

[0086] All references, including publications, patent éggtions, and patents, cited
herein are hereby incorporated by reference tadinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0087] The use of the terms “a” and “an” and “the” andinreferents in the context of
describing the invention (especially in the conteixthe following claims) are to be
construed to cover both the singular and the plurdess otherwise indicated herein or
clearly contradicted by context. The terms “corsipg,” “having,” “including,” and

“containing” are to be construed as open-endedgsére., meaning “including, but not



[0084]This example demonstrates that cell-free plasma can be quickly separated from blood embodiment
of devices including a membrane and fibrous elements including different thicknesses upstream of the
membrane. [0085]The membrane is a VividTM PSM grade GR asymmetric polysulfone membrane. The
fibrous elements are one or four layers of LeukosorbildM media (Pall Corporation, East Hills, NY) having a
mean pore size of about 8 um and a thickness of between about 356 to about 559 um for each layer. The

results are afrnﬁ%l&if\'t%,’%Hi@@é’b?mmgeoﬁ‘&éﬂyeﬁ@éila%%%g&w Vardagogd Rlmlgsma ul . ul_.

1600 505 Device including four layers of LeukosorbTM media vol blood vol plasma ul_. ul_. 2700 306
[0086]All refdPARRES 1cREAYSAR RoREaHBARY et hppIREIREAY aRAME, SSRUH. EYGre hereby

incorporated faylirgfenignaatio thegeameestetiawiéeahiddiersncanyerscindsparatyand specifically

indicated to be incorporated by reference and were set forth in its entirety herein. [0087]The use of the
torme " and AP AR HEP 216 SrFTA S S I S CAMELY o7 ST BIRG o VR (ospecially i

the context ofléserfotd\iergiolaand)eaperforbeedonsinyetitatdermenlpsshothereiisgulticatddnesiural, unless
otherwise inciFRRHBETRIA R, EFAFACRRITBEIIRELRY ORI GKbr)E PES SARIBE SR RRYRD.
including,” and "containing” are to be construed as open-ended terms (i.e., meaning "including, but not
language (e.g., “such as”) provided herein, isndézl merely to better illuminate the
invention and does not pose a limitation on theeaaf the invention unless otherwise
claimed. No language in the specification sho@abnstrued as indicating any non-claimed
element as essential to the practice of the inganti
[0088] Preferred embodiments of this invention are deedriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydakdt in the art upon reading the
foregoing description. The inventors expect sHligtisans to employ such variations as
appropriate, and the inventors intend for the itieento be practiced otherwise than as
specifically described herein. Accordingly, tmseéntion includes all modifications and
equivalents of the subject matter recited in tlaént$ appended hereto as permitted by
applicable law. Moreover, any combination of thewae-described elements in all possible
variations thereof is encompassed by the inventidess otherwise indicated herein or

otherwise clearly contradicted by context.



19 limited to,") unless otherwise noted. Recitation of ranges of values herein are merely intended to serve
as a shorthand method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein. All methods described hepgin can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all examples,
or exemplaryd@m@gﬁ (e.g., "such as") provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as essential to

the practice of the iri\_/entiolgp[ggﬁ]g]géﬁggg%q;@gggi%ﬁgﬁ lis invention are described herein,

including the best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments m&) bec®{ERPRURRRG ARIGADT SHEREERR%iR HPBRSHPLIIBER (BSdIleS the
foregoing description. The inventeis sidieg tskillegparisanadempraptoyasdch variations as appropriate, and

the inventors intend for th?lﬂslnventign to be rﬁﬁr‘?cticed Eﬂ%?rwi e thin as specific II%/[Ede%

ribed herein.
Accordingly, this invention cludd S AP HBdAAS ’e%ﬁf%?es i € &%\f? ‘r?@gited in the

claims appended hereto as pernatteddtyap plicale ey difovieg\afluahfioomishaten thethdet,

above-described elements in a"ﬂﬂ%%f&%ﬁs‘f?e%‘ﬁ%ﬁ%?%ﬂ& %C&'HB?}%‘?}%P& ﬂﬂgﬁ )gmip{hgnless

otherwise indicated herein or otherwise clearly contradicted by context. 20 CLAIM(S): 1.A plasma
separation device comprising: ()X $ilierara0aTy M 4 flewRE0 riyberaRtibegEfr theadi surface, the filter

comprising a microporous memkyiaificlafe EhaRdtPHsHitah@ diRdaaraiiel suganasisaayghamber, and an
outlet, and at least one air channel, defini_ngca qui&.ﬂoH path between the inlet, the donnstream chamber,
e b\?)'ﬂ)@l

and the outlet, with the filter disp%rgéa%etﬁ Fetie 5’3 ORISR f Ti Rl th&butlet and the
air channel are spaced apart ang@sgeariretndbe dowhdtiaamvbieendaegatine pressans iswerepsed in the

downstream chamber through t utlet Al Sle A g}ﬁggﬁxﬁ”&tr ‘fm@fmfd j (I%_g air channel and
sweeps plasma from the downs reaga%m sur%lﬁcg?esaf tﬁelﬁteer and t rougﬁﬂg outlet. Z%ﬁe evice of claim 1,

wherein the housing comprises &##e comprising the downstream chamber, the at least one air channel,
and the outlet, wherein the base further comprises at least one plasma channel in fluid communication
with the outlet. 3.Th2 deviddotieloa &, sidierdéintherenttbediisintpastaane basehanmelising tespectively

disposed ne ??I%ﬁ g%% ;ﬂ; . i i rej Tgle P es two or
more air chaidr?(gﬁ)rs% .The ewceérc]if%%aé@ﬁé%:& E\gi%sgﬁﬁ?@ﬁgg%ﬂ%%%ﬁ#&eéﬁé% l:Iél]:'r?fg?sﬁj%leetrical
membrane h&0NGNarger dprsiARS RlegiBaganrnahiilHidcomeniian wikhdoresitiem surface. 6.The device
of any one of claims 1-5, wherein filter includes a plurality of porous media. 7.The device of claim 6,

wherein the filter indudes The oharideraheland2a fibeoeis thediutiet dbastdeuaiotickaine/aneherein the
fibrous med'%&&%ﬁ\%ﬁ? (%Igpsésgg‘?{gar opposite ends of the. bas

4, The device of claim 1, wherein the housing idekitwo or more air channels.

5. The device of any one of claims 1-4, whereinrtfenbrane is an
asymmetrical membrane having larger openings atps&ream surface than at the

downstream surface.

6. The device of any one of claims 1-5, whereiteffilncludes a plurality of

porous media.

7. The device of claim 6, wherein the filter inchsckhe membrane and a fibrous

medium.

8. The device of claim 7, wherein the fibrous medincludes glass fibers.



21 9. The device of claim 7 or 8, wherein the fibrous medium includes melt-blown fibers. 10. A
method of separating plasma from biological fluid, the method comprising: applying biological fluid to
the upstream surface of the filter of the device of any one of claims 1-9; passing plasma from the
upstream surface of the filter to the downstream surface of the filter; creating a negative pressure in the
downstream chamber through the outlet; passing air through the air channel into the downstream

chamber and sweeging plagRnad(R® JieidmATF el ERGE OfibhguilitimAnd RS SHEh DA Plasma

through the outlet.
fibers.

10. A method of separating plasma from biologitatf the method comprising:

applying biological fluid to the upstream surfadete filter of the device of any one

of claims 1-9;

passing plasma from the upstream surface of ttez fid the downstream surface of

the filter;
creating a negative pressure in the downstream lohathrough the outlet;

passing air through the air channel into the dorgash chamber and sweeping

plasma from the downstream surface of the filted,a

passing swept plasma through the outlet.



