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Summary pf the invention
The present invention fs directed to specialized hollow fiber membranes having the function of separation of

35  plasma or a portion of the plasma from blood and having the unique morphology, performance properties and materials



2.3 AUG 2004 WD 01/ 78805 PCT/ US01/ 40494 bi oconpati bl e characteristics
necessary for effective and optimal utilization for in-viva vascul ar

inpl antation as the operating elenment in catheter-based devices as
described in the aforesaid patents and other such sinilar dey @eslfoz004t he
separation and extraction of plasma and plasma conponents from the bl ood.
The ultrafiltrate (exudate) may be transported ex-vivo via a catheter

| umen where it is discarded, or treated by cascade filtration neans,

di alysis (solute 5 diffusion) neans, or other nethods known to the art, and
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surfaces; 20«kbgure 3 shows a portion of a cross-section of a portion of

t he flber at a magnification of 5,000 m Figure 4 is a SEM cross-section of
Zones 1, 2 and 3 of the fiber shown in Figure 2 at a magnification of

1,000 Am Figure 5 is a SEM cré%%‘%%ﬁ@ﬁﬂﬁmnes 3 and 4 of the fiber
shown in Fi gure Bwat isaschmgnind ee gfteindaw fief tustrtind@Onemprme m@Holofi sguatreha@y shows a
transverse vju@;yy,esof the inner |unmen vvaII of the fiber at a magnification of
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t he nmenbr anew@fietvhisutsRyyenti on i nclude a pore 30 and void structure defined

Wi thin frames Orna@%;rn% TJalu?f ms&nanQJamnpanar e o5 8 uRar es. The pores

are v0|ds of wvarla |n|t|ve si zes. which permt passage of fluid
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of conponent®dar ger than the pore dianeter, As illustrated particularly in

Figure 3, the pOf&ss Rk C dolsStivd Alies 5 AR SChe Vi St PAYBISA M@l ird frames to
formirregul ahé tortuous paths for irregular and regul ar-shaped sol utes. The

wal | structure 8% the fiber fromthe outer surface to the lumen is a
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Detailed Description of the Preferred Embodiment
As illustrated in Figures 1-5, the features of the fiber well of the membrane of the invention include a pore

30 and void structure defined within frames or solid walls which form toundaries of the pores. The pores are voids of
variable definitive sizes which permit passage of fluid through the fiber wall to the lumen and which pores obstruct the
passage of components [arger than the pore diameter, As ilustrated particularly in Figure 3, the pores are irregular-
shaped voids bounded by solid framas to form irregular tortuous paths for iregular and regular-shaped solutes. The
wall structure of the fiber from the outer surface to the lumen is a continuum with non-linear pore and void

35 distribution. The resulting structure is a continuous change in mass density hstween the outer surface of the fiber
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it is convenient to describe these changes in nass density as 2£%agfqﬁﬂgf
the wall area having an average nomi nal pore size, porosity
in ternms of zones with macro-functions. In Figure 1, the wall structure
illustrated has four zone sections, each zone characterized by a different
mass pore density based on the average nomi nal pore size in the respective
zones. The section of Zone 1 is adjacent to the 5 fiber outer surface or
outer diameter. Zone 1 forns the fiber interface with the perneate bl ood
fl ow and aI% QULgds bei ng the thinnest zone contains fthgsfl.ahest density of
operationally controlllng pores for the fiber nmenbrane performance. Thus,
Zone 1 has t g thpinerivedn peidce. @fud ieigdnvinien th fyarib§ thebethorads in ass dprip sestansbighe wdont rol | i ng
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fromthe fl oW I'llustrates a

si evi ng coefW%%Faéﬁ'tdmﬂw"\?é‘“‘fﬂ“éi‘TB“FW/‘P'EF@‘“&“H\@“&’STWFe of rrenbrane per f or mance
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Figure 7 fllustratas a sieving coefficient curve to provide a measute of membrane performance fn-sitw in an
oparating environment. The sieving coefficient curves illustrated are determined or generated by measuring the
amount of a series of specific solutes or proteins in exvdate passed threugh the membrane by convection as a

35  percentage of the amount of the permeate of the same solute or protefn in the biood. The vertical axis af the chart




- anmount of a series of specific solutes or proteins in exudate passed
t hrough the nmenbrane by convection as a 35 percentage of the anpbunt of the
permeate of the same solute or protein in the bl ood. The vertiZal Ad&i Z04f
the chart 2 3 AUG 2004 WD 01/ 78805 PCT/ US01/40494 illustrated is |inear
fromO to 100% and the horizontal axis is sem-logarithmc in tw scal es;
the first scale is expressed in pare size in m the second scale is
expressed in the nol ecul ar weight of the solute in Daltons. Curve 10 of
Figure 7 represents the typical curve of a plasma extraction nenbrane with
exudat e per&,g?mge in Areas A and B. Curve 11 shows tfig,bypical exudate
per formance of a henofi l ter(ultrafiltration) nenbrane with exudate
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)the fourth power s, Thepnextuhamwgast |ever is the porosity or nunber of such
pores/unit area QEdut ﬂ%sitﬁﬁufuﬁr%pm&LmtErQF pore 20 radius which is multiplied
by the porosity. ation for this application therefore
also relies on athiaviif®a ti ght standard devi ation of pore radius in the
effective zone ofy)f+| Loreatiisomsas wel | as a high density of such pores in
the primygy fil tr(tatwﬂ,ﬁsmepa@f t he menbrane. The relationship is also
af fected by terrp atur.e he extent that tenperature changes the val ue
of the paraneter |ncY'S°°ﬂiyﬂé°"‘f°F|e viscosity of the solution. The menbranes of
t he present i nveRti onMavkiape tidedr epar ed usi ng any suitable polymer fibers
which Wil r @gdk ke nutaeﬁatihd’largﬁst Ev@od ©dbtaifir hb&ﬁum R Y 106 iAot MJ‘bErﬁhecdﬁQEk giseifae bi o
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material s an resi st clotting,
prot ei n adheBfd i fdvithied Py Prepisit F““F"H‘E‘é’f"%ﬂ"i‘ Hh""i/\i"’t“%“"i‘ W‘i’ﬁfr‘feﬁl“‘%%st"ém
conponent s. Fhi@ngs tighty@rtdany devlatiosdf yo@ rgipts n thedffectivigne K dllrdti vy wiel doelrish drwsitvisf ehes nust be

hi gh enoughpnregn iy mtrawnEum.ttmanbaamhammm 940 AEcte¥\ hehmpe@re ho @extay dr aul i ¢ and

physi cal per bati o environnment. Thus, the
functi onal ct(%aﬁ vee "i"eol’ﬂr%"gesjf ‘fa'}é’{tg aﬁamat?sfnplg’"g\e{hﬁ%sm%?}ﬁe &M hol 1 ow fi bers nust be

suitable to neet Tf@@mbﬂﬂfs it Rigsent Tveatiak R prepired e apY @tk olme] fitersiiied wllipellt | est
) possi bl e &i zga holbw GbeCRinbraheOnhEn eetdvhetbiddorpatiilh@eqiirerad s@a@rtiddif th Quthtios tSi®ss, The

- menbranes al g iiibiab Gy 4584 ARSCHY dolinul Rl RGPk APkl D! 0od Tl ow
interaction with immuna system compenents. The structural steength of the hollow fiber membranes must be high

snough to safely withstand implantation as well as the hydrawlic and physical perturbations existing in the vena cava
environment. Thus, the functional convection extraction efficiency of such hollow fibers must he suitable to mest
30 clinical treatment requirements in the smallest possible size in arder to fit within the vena cava without stress, The
membrenes also must be designed with a morphology optimized for blood flow on the outside of the fiber and
ultrafiitrate on the inner fumen of the fiber. A number of potentially suitable polymer fiber membrane materials are
described in the aforesaid patents including fibers produced from polyurethane, polypropylere, polyethersulfone,
polycarbonate, nyton, polyimide and other synthetic resins known to those skilled in the art. A preferrad polymer is

35  polysulfone membrane, and mare preferably a polysultfone modified with a palyethylene cxide-polyethylene glycol




ulLtrafiltrate on the inner lunmen of the fiber. A nunber of potentially

sui tabl e polyner fiber nenbrane materials are described in the aiol{ﬁsajﬂ
patents including fibers produced from pol yurethane, polypropyl 3 004
pol yet hersul fone, pol ycarbonate, nylon, polyimde and other synthetic
resins known to those skilled in the art. A preferred polyner is 35

pol ysul fone nenbrane, and nore preferably a polysulfone nodified with a
pol yet hyl ene oxi de- pol yet hyl ene glycol 2 3 AU G 2004 WD 01/ 78805

PCT/ US01/ 40494 copol yner. Such pol ysul fone fibers are produced in the
presence of 8[? g/gra?r dopes, core fluids, and coagul ajdrRBefidssy dS using
processes inc I'ng nmenbrane spi nni ng nethods whi ch achi eve the desired
product . Exapphyms s@h poigsussda fiieekehi plodusvin the prastneinf petimes duies. @k flidy, abdheguigiol iyifrer i zat i on
Process, spi Qsﬂllpr&%ss Engﬁr%%mh%mgyn Fmeth!zdplﬁlrch a@fﬁmﬁ @5}% prQJu@%ﬁés QEthaﬂh‘meUde

pol yvi nyl t one, 3/ rroli grng u¥ 0BG “ﬁ!"“g di met hyl
sul f oxi de, ar”‘i‘ﬂﬁ"?‘ﬁ”%i’ﬂlfr‘é%”""ﬂff'm?% Br HErEE FEH '%er"r'f‘ﬂraegr”lra §" "8G ol ysul f one
fibers have bedfnef owmnd pirdidovadmii Fretoride dinttylcelioridp, e ritixges tfh‘&'r“&@?’%?“?“stl cs that
i nfluence §r ggtﬁélsn.‘iuch mﬂﬁl@% hdvﬂﬁeﬁfﬁu@qihhv% |65stl e Hmem S ché FcigrSdicathat ihfieheb yateini ONi C

groups, hydr g%ﬁ imh, Q%IWI(ESUCEFS%FS%H% iy dm: Bruu s #@%"E%ﬁ%%{/\g Fd'h',trdﬁﬁublﬁs:r El%?&:%' fic method

used for pro esal processes and

par anet ers dwntiodepd tufrve’ﬂumﬁmf%eeatdw@“ ah"f“’%"sﬂ‘hﬁ‘lﬁﬁmfaﬁd F‘E‘WB‘%’%“"’@kﬁhﬁ"la'@B““’fan the art.
The gener al srpm@hzfolhﬁasmaamt&aanﬁi gdeer sheBicitidiant varayeran@hof ppamtasrgthemw fbgr t he hol | ow
fiber nenbranes f I scope of the present

i nvention ar gemar%"esfmp P'gﬁgﬁ&' w'ﬂﬂaslfggl\/ﬁh fn\({amﬁt%ﬁe%rfrﬂ“gr prr$35765200880 i nner
Di amet er 24025050700 Wal | Thi ckness pml7526050600 Zone 1 nmean fl ow pore
di ameter pnD. 70. 80. 31 Zone 4 pOSMAPHEEESIIBFEHCAHMSer unb40160 Tensile force @
Break Poundsiisgf09005001500 Ehapgatison @ Br eaksafide 5eh04s0 Fl ui d Fl ux

(H20) M /m nfcmz@T00 1. 0T 51.f0 nHg[ TDME pl alssrm mi / m[ WY cn®/j10
mrHg. 754. 59 [ Bk RAMAMETER PLASNBRHERESI S| APPLI CATPONS S AT ONS
ULTRAFI LTRAT InfaNlizsfkeRiml CATI ONS_ |SPEC] F) THONS OF _APB#| CATI ON

Wall Thickness pm 175 260 50 600

Zone 1 mean flow pore diarmeter pm 0.7 0.8 0.3 1

Zone 4 poves @ 1D diameter um 5 40 1 60

Tensile force @ Break Pounds/in® 750 200 500 1500

Elongation @ Break % 65 80 b 150

Fluid Fiux (H,0) miimin/cm® @ 100 1.0 1.5 1.0 10

mmHg

TMF plasma mifminfcm®! 10 mmHg 5 4 5 9

ULTRAFILTRATION APPLICATIONS

PARAMETER SPECIFICATIONS RANGE OF APPLICATION
FROM 70 FROM T0
Outer Diameter pm 450 850 123 750
inner Diameter pm 250 325 100 700
Wali Thickness pm 150 200 40 40
Zone 1 mean flow pore diameter pm 0.1 0,03 0.005 0,05
Zong & pores @ 1D diameter pm 5 40 1 60
T™F H,0 75 4 5 g
milminem? 10 mmHg
Tensila force @ Break Poundsfin® 76D 800 450 1200
Elongation @ Break % 50 | 65 40 100

Examples of medical applications for which the hallow fiber membranes of the present invention may be
wsed includa the following: therapeutic apheresis applications including plasma exchange, cascade protein separation
15 by fitration, cascade protein removal or modification by adsorptien cartridge, cryegenic modification, or chemical

adaptation; fluid management application or congestive heart fajlure both acute and chranic; tissue engineering



- RANGE OF APPLI CATI ON FROMTOFROMTO Qut er Di aneter pmi50650123750 | nner
D aneter pn250325100700 Wal | Thi ckness pnil5020040400 Zone 1 nean fl ow pore
di anet er pnD. 010. 030. 0050. 05 Zone 4 pores @I D di aneter gn5401g 8}§§i;%§%

- .754.59 m/nmin/cn2/ 10 nmHg Tensile force @ Break Pounds/in270080
Elongatlon @ Break 96506540100 Exanpl es of nedical applications for which
the hollow fiber nenbranes of the present invention may be used incl ude
the follow ng: therapeutic apheresis applications including plasma
exchange, cascade protein separation 15 by fiItration cascade protein
removal or nodification by adsorption cartridge, dification, or
chem cal  a#@8t&t on; fluid management applicatio %ﬁﬁoﬁggg?lve heart
failure both agute and G- Qﬂa’ti&nuf rﬁeli:asf&’lﬂi@eaﬁd?gﬂnﬂﬁﬁﬁnk N@elARAMEEARwtes3 AUG 2004

WO 01178805 PCI] US01/ 40494 ions incl n tion of
medi a for bi dP“EFéP&St’?B? rBFFaFSBPf% tgg éﬁ@ﬁ&@'ﬁ? tchoth 3o, and chrum 1dney gllura EJEI‘HB pgvergu%p:grgpgsour ces:

cont i nuous rdnammhuphaﬂem@wmmwm@wﬁsvm$@FWN%W$%®WU6WWVHéﬂwéwﬁﬁam%hron|c

ki dney fail ur@mm@gl@mmpr,ﬁ,\{m;ﬂrmw HiaR letioR Fom pleriBofieal MEDEIS infeiittbnt eqmbligysior gan

dysfunctio py for

septic shogkﬁMp §T¥@th"Xﬁﬂ%k&%E?ﬁgﬁgﬁﬁgggggggg%%%%@gggiﬁﬂwﬁﬂﬁ?g pl asma

extraction fﬁ@ﬁﬂﬁ@ﬂﬂﬁ@%@hﬁ“&@%ltes intermttent henodialysis 5 (I1UD) or

henodi af i | trat i oniraadsesARBSpeti@ertb@nesoa s peseaitvooyss dil stireggrdytirdperit) t her apy

by reduction Qf atguhm%ewmﬁndﬁmm@m physi ol ogi cal pul nonary dead space.

Addi tional uses for the speci fic menbranes of the present invention as well

as those covered in the aforesaid US. patents will be evident to those

skilled in the art. 2 3 AUG 2004 WHAT IS CLAIMED |IS: 1. A menbrane for
“)being inplanted in a patient's bl ood vessel for carrying out in-vivo

pl asmapheresis or in-vivo ultrafiltration conprising a plurality of

el ongated hol | ow porous fibers each fiber having an outer wall surface for

bei ng exposed to whol e blood and an interior |unen extending along the

| ength thereof and defined by an inner wall 5 surface and capabl e of

separating bl ood plasma and/or plasma conponents from whole blood in the

bl ood vessel at blood flow and pressures therein by passing the plasm

and/ or components through the fiber wall fromthe outer wall surface to

the interior |unen, wherein the norphol ogy of said fiber wall is

asymmetrical between said inner wall




surface and the fiber outer wall surface, said fiber wall chagpapty %Irsl 223314 by
havi ng a higher mass density adjacent to the outer wall surface and

| ower mass density adjacent to said inner wall surface, and wherein the
ructure is 10 char gghestzad by a conti nuum g
in the outer fiber dthe interior | unmgé < PG
ont1 nuous change in mass density fromthe outer wall surface to the I nner
wal | surface. 2. A nmenbrane of Caim1l wherein the higher mass density
fiber wal IWHAS!SERGNMERd: eri zed by pores having a snaller average nom nal pore
size as conpared to | RABR DAl atidt @ R odSvkek & fof Eurrlifkut DR plasiBmesdensi ty
fiber wall. 3? A n%h%ﬁmﬁe\é&b?ﬁ%'pal m] ﬁlalﬂrthe? charuacterl zed bé the fiber
wal | havi ngaave plaiitation topprisiig azalurskity ofsiatogteddipilow goraubers pasfliberdipiipe g Ay wall gty fpce
surfaces, ¢ gchxO ed?nad:hQI 85‘%arhﬁé’rioglgne@exﬁﬁdfn&lﬂﬁmﬂeﬁg)h thbrebifafd dRfited Iiyhﬁﬁmeim nass
density 01; il 53 zone, sal ber wall characterjzed %/ havi %; a

| ower BasS suridenad c.‘agphlrzttjmaram Hidaesplasyvim anelonpiaia caRppTRRlE Bomaphale Alogf; iy plood eseelsa
density z Wt pfa % GndlofcomddneiT At nﬁefmérv@iﬁdnme?ouwhenel n
sai d nerrb%&ﬁ o a"%@gw% thE%lﬁ@.lasngsl TBSS rclllenncgnlmﬁ}?/ zone%] A menpr.ane of
Claim3 V\/sne‘mltmths miexthr hrserbwhareia tej mgehologyaaf [saidyfiber wafh Pseaéyr’f?ﬁg'?' frren 1 gl 20
6. A nenbr ace at%_}h %ﬁ&u nﬁall%ﬁ&%l@fiﬁEﬁWﬂEi@Bﬁenﬁe’d Bﬁ'l’avu\ﬁ@'h‘ghehﬁ&s ifeﬁddf adﬁEentn‘the n’&SS

den5|ty 28N rane of Claim3, 4 H: é;
zones is mnmwalcurtacelaad@@wywaﬁde,ﬂlsqvtwiacqmé}qﬁald uge;@:,algsgréachqugfm 'E% fngr Wa grgctur%?s

menbr 35‘6 hradrith B 7 coRRAR Fore@bnaishin ‘f'rbn\é@ bdﬂbeafsma&kbe FiRE sl MNME Bierior Gigenchnd @WET
mass density zone Is characterized m nal average pore di aneter of

bet ween atsotirtousighangeimessiensity fem "‘F’d’““?Ba“Q“”aW R ARLE T ai m 7 wherein said

yhigher mass desi t Y gRishe bf&'lama.-ﬁrﬁrﬁiﬁ mimgwdaasbyenm ﬁtmnwaﬂalchamwéze@georqgwiﬂﬂ
di anet er of between about

) I m8
wher ei n s&imglieraveagpiomigh e sﬂ%aﬁé‘imi’vgi"otﬁz@"ﬁ”ge ’H‘%ﬂl REt 3 er"? Q%I”E%R&?Elaﬁsng‘mﬂaﬁ‘
average pore d:l anetneﬁemmine bre:lameﬂmrerbmteraedaymemadmaabwnarlurairtv ofi zpries petweeior ane
of Claiml or 3 char havin f r at
| east 1D, 788 inrgpyand, pures v /ser ﬁgya gfmnfﬂ haﬂ'natamlgss;ﬁ%g@gma eﬁt%haﬂ tha%&rdgrﬁ&ey u;f)‘rgnessur os
of bet weegjaahqunt, s&i fandaalla:hmntenzﬂfhv mwmnwea@ss depsitiezents ptheinretwalbpufpas i 2 BigliBia bl e of
in-viva ultrafilt rattlheml}er pL&lh said higher mass density zone is
char act erT2€d By &“nom nal average pore di aneter of between about 0.005 m
and about 0.0%.m Jaaremmanmﬁ@mém@er@fsa'wwbrﬁee|f'b%wa“§aww?3f g% pol ysul f one

fiber. 14. A nenbrang.ofe ﬁﬁlhlquﬂgelm@ﬁlﬁib@nes@é dallm&hbfé‘eudais(ﬂé’teltylmﬁﬂ udes a
copol yner of polyethy T

ene oxl de and ol yet h}fl)l ene A‘%ﬁ" SUBSTI TUTE
PAGE @ 3 AUG 23904 mmem&reaﬁféem@whewmme oo hhad 9‘6”@1‘1(\3}%%’ ‘Eﬂtﬁi9311/36. 4 -
PCTUS 01 40494 15. pAqRwirpb@¢hn 0f 4, €] disWhdan skted @itz iisckhpateimibif oiigrehi ber i s

produced in the presence of a
average nominal pore size. /

8. A membrane of Claim 7 capahle of in-vivo plasmapheresis wherein said iower mass density zone is
) characterized by a nominal average pore diameter Oi. between about 1 um and about 60 pm,
25 g A membrane of Claim 7 wherein said higher mess density zone is characterized by a nominal
average pore diameter of between about 0.3 pum and about 1 pm.
10. A membrane of Claim 8 wherein said higher mass density zone is characterized by a nominal
average pore diameter of between about 0.3 um and about 1 pm.
11. A membrane of Claim 1 or 3 characterized by having the capability of extracting at least 0.75
30 milminjem?mm Hg of blood plasma at trans-membrane pressures of between about & and about 20 mm Hg.
12 A membrane of Claim 7 capable of ir-vivo ultrafilration wherein said higher mass density zone is
charact.erized by a nominal average pore diameter of between about 0.005 um and about 0.05 pm.
13. A membrane of Claim 1 or 3 comprising a polysulfone fiber.

14, A membrane of Claim 13 wherein said polysuifone includes a copolymer of polyethylene oxide and

35  polyethylene glycol.

7.
SUBSTITUTE PAGE




conposition conprising polyvinyl pyrrolidone, N-nethyl pyrrolidone,
di met hyl acetom de or dinethyl sulfoxide, or mxtures of th ar E@;@U
" thereof. 16. A nenbrane of C aim 15 wherein said pol ysul fone4 04"\ é

copol ymer of pol yelhihyl engyoxi de and 5 | yet hyl e I 7. DA
B’f'@%ﬁé’r%r%%qg ultrafiltrati Qﬁwg‘?sb@ﬁﬁl y conpr :@?(ﬁg?%i%%%ﬁféﬁeu%W A04PHh 1
or 3 and a catheter in direct fluid communication with said interior |unen

of said fiber. 18. A plasnapheresis or ultrafiltration assenbly of Caim17
conprising a dual l[umen catheter. 19. A plasmapheresis nmenbrane of Caim8

about. S 1t B &b TP tionnts e S B AT ke BB ppteg T,

3 wherein Soaipcdmhl (@hﬁf’ngr]ﬂ%yl(iﬁﬁ%ﬁeyhl mshybmanfma' dimettybatetyidecor dimeshyi puidxidewer age
pore di amster ’ V\E’ 4l bout 0.7 mand about 0.8 m 21. A plasmapheresis
nenbr ane of* 'fﬁ“a'i Pﬁ"ﬂrd""' Brein sai d | oner mass density is characterized by a
nomi nal aver agetgor e mhmbine bielinoTs mbetlméwlvaﬁ@aml@ssmvdw o poiyetvlengpige apd 15
22, A plsasnﬁgtpv% ;;F%L”f menbrane of d ai m 21 having a plasma trans- merrbrane
flux of ° betWE 0.75 and about 4 m/min/cn®/ @10 mm Hy, 2
ultrafiltrati on17rre N riesTesphoresis@ witrefirationassembiv/gprevrising mmemkiape ohFlaim b ﬁﬁééaﬁa@hsu ty

i's charact it bt RaQEiPfee di ameter of between about 0.01
jimand abﬁaleagg%gxmﬁw %%;}n ultrafi |alt ration _nmenbrane of C aim 23 wherein

sai @ | ower mas siﬂdensﬁ PEWP@WH‘I“&&'F@P‘] assgrpbivigLlan 17spmppvig p fpalomen relfelite por e

di ameter of betyeen pReihheRsdhekbiehe 300 8 00 Rafy 2 Afma Pibswidnbrer i of badbebon
menhrane of C aim 24 havi re%@a trans-nmenbrane flux (H20 of between about

0-75 dhd #8080 and shent B ppiiminl B nm Hg. 20. A nethod of carrying out
yin-viro plas mapj_mer ey pﬁsnaﬁrdtbﬂrmehﬂ’ﬂanwmﬁmlﬂmt&‘m&mﬁ #itl Bihkr@riass Génsity isplivtattaindi s bl ood,
conpri sing: aiml or 3 wthin a bl ood

e f
vessel of 'éf’“}ﬂﬂf"e’é?‘i 'edgﬂﬂe’g@?gfeﬂamﬁlugglﬂ @g@a and toxins through said fiber
wal | fromthe ogter Avml;rhaptﬁum‘mﬁrarbm Claind 111 wharbiee seid dawed roassedensiniel chdiagteted iy sai d

bl ood pl asna. nd t OXi AT athLSRtockiRh QHOh said interior |unen.
AVENDED sHi‘SE"i‘" gEee ﬂiﬁ?%‘f‘? ‘fﬂﬁ’f‘:' H&H i‘l? '@5 Eogg'w
15 22, A plasmapheresis membrane of Claim 21 having a plasma trans-membrane fiux of between about
8.75 and about 4 mifmin/cm*/@10 mm Hy.
23. An ultrafiltration membiane of Claim 1 or 3 wherein said highsr mass density is characterized by a
rominal average pore diameter of between about 0.01 pm 5ad sbowt 9.03 pm, ' '
24.  An ultrafiltration membrané of Claim 23 wherein said lower mass dansity is characterized by 3
20 nominal average pore diameter of between about 5 jum and about 40 pm.
25, An uitrafiltration membrane of Claim 24 havinp a trans-membrane flux (H,0) of between about 0.75
and about 4 milminfem¥210 mm Hy.
26. A method of canying out io-vive plasmapheresis andfor /a-vivg ultraliltrativn of 3 paheni s blund
compsising:
25 implanting a filter device of Claim 1 or 3 within a blood vessel of a patient, and passing blood
-plasma and toxins lhrnug'h said fiber wall from the outer wall surface to said interior lumen and directing said

blood plasma and toxins from the patiem through said imterior lumen,
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