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of a portion of the fiber.at a magnification of 5 000 Vim Figure 4 is a
SEM cross-section of Zones 1) 2 and 3 of the fiber shown in Figure 2 at a
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100% and the horizontal axis is sem-logarithmc in two scales, eés@ﬁr i&ﬁé
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managenment application or congestive and chronlc
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i ncl udi ng onl irryesphgeis @hilefuved hreppfentyaeyiicabsiednpveffigiinine SoCrteotrands withparex B KO QBRI C,

al | ogani c, anq,o@mw%m,gl,,ggm,ruﬁgﬁ,m,,cont| nuous renal replacenent ther apy

~ d ti
'E ﬁeRrHapl Lgr f lo)?t 4 a$ ?“P”T fﬂﬁ"é"re ";'5’&%""'&’3}'5P%’Pi'é"f“'i’ﬂﬁ"'“gyﬁﬂgﬁﬁfﬂ‘f'w”gjﬁ‘g‘ﬂ‘;’ gg r enoval

modi fi ct i e tielpw the eriticel slew fimif where Rsieththjduulicpkrmeblity o the n@hbRB. ads y st e ¢ i nf | ammat ory
y r)elponse syndronel,; pl@sfmzexhwaeti on from peritoneal asc'rtes;

fntermttent henogjaly, %I henodi afiltration; and ARDS (acute
respiratory dist rgss sp'%m”"%mhmfp? '""f?ma) by raduetion of pul nonary edema and

physi ol ogi cal pul H‘bnari]/ 14¥®ad space, Add| tional uses far the specific
menbranes of the [ eschenduwasieli on as well as those covered fn the

aforesaid 15 U S. pateniguoskyodphn b€ €vident to those skilled in the art. 5

{p} = Viscosity of solution
(Ax} = Membrana thickness

It should ba noted that the largest leverage to obtaining optimum TMF is the radius of the pores bacause it is raised to

the fourth power. Tha next largest lever is the porosity or number of such poresjunit area and the effect of the pore

20  radius which is multiplied by the porosity. Functional optimization for this application therefore also refies on

achieving a tight standard deviation of pore radius in the effective zone of filtration as well as a high density of such

pores in the primary filtration zone of the membrane. The refationship is also affected by temperature to the extent

that temperature changes the valua of the parameters including the viscosity of the solution.

The membranes of the present invention may be prepared using any suitable polymer fibers which will result

; ) 25 in a hollow fiber membrane which meets the Biocompatibility requirements and properties of the invention. Such

membrane materials and surfaces must be highly blocompatible and resist clotting, protein adhesion and detrimental

interaction with immune system components. The structural strength of the hollow fiber membranes must be high

enough to safely withstand implantation as well as the hydraulic and physical perturbations existing In the vena cava

environment. Thus, the functional convection extraction efficiency of such hallow fibers must be suitable to mest

30 clinical treatment requirements in tha smallest possible size in order to fit within the vena cava without stress. The

membranes also must be designed with a morphology optimized for blood flow on the outside of the fiber and

ultrafiitrate on the inner [umen of the fiber. A number of potentially suitable polymer fiber membrane materials are

described in the aforesaid patents including fibers produced from polyurethans, polypropylene, polyethersulfone,

polycarbonate, nylon, polyimide and other synthatic resins known to those skilled in the art. A preferrad polymer is

35  polysvifone membrane, and mora preferably a polysulfone modified with a polysthylene oxide-polysthylena glycol



23 AUG Q004 WHAT: 15 CLAIMED 1S: 1. A menbrane for being inplanted in a
patient's blood vessel for carrying out in-viva plasmapheresis or in-viva
ultrafiltration comprising a plurality of elongated hol | ow poroud Bi Ab8s2004
‘each fiber having an outer wall surface for being exposed to whol e bl ood
and an interior lunmen extending along the Iength thereof and defined by an
inner wall 5 surface and capabl e of separating bl ood plasma and/ or plasma
conponents from whol e blood in the bl ood vessel at blood fl ow and pressures
therein by passing the plasma and/ or conponents through the fiber wall from
t he outer wal | surface to the interior lumen, wherein the norphol ogy of
sai d fiber wai9q"/es asymetrical between said i nner wel T°%({1%#* ace and the

fiber outer olsiiet!” Sudh Gosulfoedibedd erd ,immﬁmmlslencar@ymxp@rcbrzfﬁﬂ ahtidéonfd@h i @ hi gher
mass density a density

adj acent to sa"i" ‘"f“ﬁﬁ’é'?""d\ﬂb"i'eim"? ’?’"F"Qg'éwg'ﬁcﬁlm\'}\%eé']’ gﬁ'ﬁﬂ{"%%arﬁmﬁ’\gﬁ "{?\VarTFdf “structure
i s 10 char act emwtrisleed igythe golymesiatod pacassnapitniog araespscanglorfibar membsing qipditiorpinplsds pdydyhveen t he
gut er fi ]EJer V\@Wol.uuwdm&meayrioWamW laddionie) GG SOl Nl RURLIS 1o MG subh m;ssA
ensity from the, o ch pblysu 1 ve st detrime ensticy that | To ’

erbr ane of £”CI matgrials g& I&EV %L fie %ﬁE b‘l«ﬁﬁﬁﬂ& 1ve Ind st b @H% m‘éﬁl .#n i:k'( Eﬂi‘ikﬁcﬁ ukn
characteri zed "W’""ISB'I"@E"“ ﬂ%&\?ﬁ °Htj’“"<’§y'§Tfﬂ??‘évd’°%'é?“w@“”ﬁ6%¥“ﬁ'§1“" fhesr e %"F"fe as
conpar ed t o t hethodinse forygpaucirgahibingdid piyoerses @l Bahe pravestedwad phranaey dumpdnagiensi ty fi ber

wall. 3. A rrersm..mafamssi skifist imhm%mfgmr& Jaﬁﬁcatﬁnbaxmtoﬁsnmﬁmms fhrienolol g Wal |
having a plur er wall surfaces)

each of said f&’?‘ié’é”%\/f‘ﬁ@ﬁg{'“ %é'\é\ﬁ‘dgﬁi‘%\’g/““&‘l"‘l"’?“éwéﬁ’?ﬂ”f"ﬁan the mass density of
an adj acent® zone, said fiber wall characterized by having a | ower nass
“dehsity zone at the inner wall peismAFRERESISHPRLICATIONSgher nBss density tone at
the outer wal 'pAn?Herrafaace 4. A rrergpgcﬁ&?m@f Caim3 n‘ls‘ﬁb?ﬁﬁbﬂﬁﬁ&d menbr ane

fiber wall hgs—twomEsS—densTtyrwgWIes. Sfyors TEN et 3 wher ei n

sai d menbr ang ol ke Well 1 Nas IﬂhWWW 800 nenbr ane of
Cl ai m 3 wher ik Demgeimane 11 ber (Vi | has [a®ur Or [lsf € naspzlensijty zones. 7.
A nmenbrane of{willTadkeess @By 4, 5) or|1& _wher ef2a0 each |ab sai d_reémes i]s
char act er i zed Z4ga/ mesn thv pofedipmeryima\id7age nom &fal  porlddsi ze. 8! A ngnbrane of

Cl aim 7 capak IZW_‘rW“EJHJ”F}‘l'Wa"]‘pla dapher esi Wwhereild said | bffer ss density
zone i s char gdvylsiy undyfin L@-@W—@J—a 0 sore ldfS et or | BP0 hetlween about 1
~m and about Hgf"::m‘,”ﬁg;” Srpe g Re—of a7 ’Jﬁrci A—spit—hi-gher mass
density zone érac?’erl zed gy a nom nka[ aver gge pore fianetdgr of between
about 0.3 yarnrmﬁmamﬁ.\mzmmmmm . A menfy ane of| g ai m gl ger efin sai d

hi gher mass density zone 1s characterized by a nom nal average pore

di aneter of between about 0.3 ~m and about i yam 11. A nenbrane of Caiml
or 3 characterized by having tligariRaN AppLicknigds extracting at |east 0.75 30

mfmn/cm | nm of blood plasma_at traps-nenbrane fessures of between
abOut 5 and EM ETEE(\ faaaalll Mo 12 s%mﬂﬁém@ﬁ a_aof  Cl fﬂﬂ Qf r\fa_r | f | n- Vi va
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8. A membrane of Claim 7 ;qp_a.ble_ of in-vive plasmapheresis wherein said lower mass densny zone.is
' ) characterized by a nominal average pore diameter of between about 1 um and about 60_;@m. _
25 9, A membrane of Claim 7 wherein said hipher mass density zone is characterized by a nominal

average pore diameter of between about 0.3 um and about 1 pm.
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average pore diameter of between about 0.3 pm and about 1 pm.
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30  mi/minjcm’/mm Hg of blood plasma at trans-membrane pressures of between about 5 and about 20 mm Hg.
' 12. A membrane of Claim 7 capable of /#-vivo ultrafiltration wherein said higher mass density zone is
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13. A membrane of Claim 1 or 3 comprising a polysulfone fiber.
14. A membrane of Claim 13 wherein said polysulfone includes a copolymer of polyethylene oxide and
35  polyethylens glycol.
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