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THERAPEUTI C APHERESI S Background of the Invention [0001] In PCT
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nmedi ci ne, thpdrbnmsﬁttslfeetoaibemtmw lapdueet eﬁuhs telatetlgrigght ibow sxtdhoil omisat ticoexterior
treating disease |ent )
extract s wibPEERA P Re P e g omag e e PR e PR piicns e
pl asma from thehhlifed exarationds byrieeaitrat tagaklydow TeRMte3nad Keparat-nemhbraasd
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[0003] In I h
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dialysate filter environment external to the body, are not suitable for introvascular use.

[0002] In the field of medicine, the term “therapeutic apheresis” refers to techniques
for treating diseases using the patient’s blood. Current medical practice extracts whole blood from
the patient and, as a first stage, separates the plasma from the blood ex-vivo by centrifugal or
membrane separation, and in a second stage treats the separated plasma by various techniques.
The treated plasma and blood are recombined ex-vivo and returned to the patient. In the simplest
procedure the separated plasma including the pathogenic macromolecules is discarded and
substitution fluids such as fresh frozen plasma and albumen solution are re-infused to the patient.

[0003] In all of the aforesaid and currently practiced therapeutic apheresis procedures,
whole blood must be removed from the body and processed in two ex-vivo stages. However,

removal and treatment of whole blood has major disadvantages. Whole blood removal results in



removal and treatnment of whol e bl ood has major di sadvantages. \Wol e bl ood
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In the present invention, plasnma, not whole blood, is renoved fromthe

p . fromt
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di sease-

hollow tubes and communicating with the tube interior for directing blood plasma or plasma water
passing through the fiber wall and into the fiber lumen to extracorporeal treatment or collection
apparatus or equipment.

[0005] The present invention also relates to methods and apparatus for carrying out
therapeutic apheresis. In the present invention, plasma, not whole blood, is removed from the
patient in a first stage of therapeutic apheresis. Plasma separation is performed in-vivo by a plasma
separation filter placed in an appropriate vein and the separated plasma is pumped to a therapeutic
apheresis selective component removal system for separating and removing selected disease-
related plasma components or plasma containing such components such as toxins, antibodies,
proteins, bacteria, and/or viruses. After the appropriate disease-related plasma component is
extracted by the therapeutic apheresis apparatus, the processed plasma, and if desired fresh plasma,

is pumped to the patient. The system also includes fluid control piping and cooperating pumps for



rel ated plasma conponents or plasma containing such conponents such as
toxins, antibodies, proteins, bacteria, and/or viruses. After the

appropri awe odios®ase-rel ated pl asnma conponent is extract e®CEuUsHzs3173

t her apeuti c apheresis apparatus, the p?rocessed pl asma, and if desired fresh
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of the systemis controlled by a croproc%ss /controller. Brief
Description of the Draw ngs [0@%—%@35—%3&3% ew of a preferred
embodi ment  of t hgyolj | t efigdeNiaGs) NAV bNOprafeR@l EmboRfmelt onsatied dsubstaantiadhiry
paral |l el holl ow tubes joined together along their |ength, show ng distal

and proxi maf ebn@t@esgh@mugﬂy POOEY polvgtubes Jpl@ecam@th@aﬁlg@dh%@bﬂgtbrﬁépwmgé\ﬁt%f
the filter Fi as.along the lines A-A showing a single elongated
hol | ow fi bg{régéllé)gﬁ}ag dtslggﬁ}e "hol | ow tubes; [0008] Fig. 3 is an enlarged side
view of a porti d®osf a Figl Zeranddwgccésegﬁontah‘eew phiée fiiter dgsice af g 1i alorg;the lies

showi ng T oyr e} OR92% Sel Aan e S ASK JnS Rl &llo Aleafloh Rpel10} | ow t ubes; [ 0009]

Figs. 4 an ano F¥lter device

enbodi nent; | OQM]}]S] Fi gFigb3iis am eﬁlefgtaﬂ ofialview eﬁVacp‘ortamtcrf Pphiged doven ofabdétper
|IIustrat|n the het ter [[001l1 el ectron
m croscopy ! %;el ng’wﬁgg‘?%g n%aéeéltlﬁoﬁ?l b?elégecf‘?ﬂﬁlt‘?% th&%@ﬂ Pg‘?f hol | ow

fiber used i n t h@OUb] | t eFigdeMing 8 aftsedfddalihdBGEN it WS ¥l anomRerFRNEdVE e tehBodiment;
asymmetrical wall structure between the inner and outer fiber wal|l surface;

[0012] Fig. 8 idOYHOBEM Eigo8ds aseatipe vér af 3 il lugrenppijeter; illygtraging the catheter
magni fi cat i, gp f 400 1n. [0013] Fig. 9 is a schematic illustration of a
preferred errbo i ment of apparatus for carrying out therapeutic apheresis;
[0014] Fig. 10 deHdimt i Eigl ¥ yswchmmgrd@oérgnon@mm@ﬁ%nmagﬁ ofehwpsgediton of a

apher esi s a?r ﬁ)t gsft? ?(‘)lpo(%v Pt)&%sﬁgd SX FIAREE e AR ol %11?)111 1§ 1f10 n %howmrﬁ the

schemat i calY es a therapeutic apheresis appara
usi ng dOUb|aeymmaﬁcaidﬁllfs’irlhd’.tllrabétwmn tReihadrlasdlobedher will unfacs t he Pr eferred

Erbodi et s [O0LRleln, LB Dol g Sar R TRl it e e i,
the core of the [bo13}er @RYDGcea schb@atiomlu@ta0tgat £@referred embodiment of apparatus for
carrying out therapeutic apheresis;
[0014] Fig. 10 schematically illustrates one embodiment of therapeutic apheresis
apparatus using plasma exchange; and
[0015] Fig. 11 schematically illustrates a therapeutic apheresis apparatus embodiment
using double, cascade filtration.
Detailed Description of the Preferred Embodiments
[0016] In the preferred embodiment illustrated in Figs. 1-3, a pair of elongated hollow
tubes are joined side-by-side lengthwise to form the core of the filter device. The two elongated
hollow core tubes 14 and 16 terminate at a distal end with a distal end plug or cap 13 formed of a
material that seals the open tube ends. The tubes and end cap may be made of any suitable
biocompatible material, for example, medical grade extruded urethane tubes. Other biocompatible
materials include synthetic rubbers, polycarbonate, polyethylene, polypropylene, nylon, etc. The
elongated hollow tubes may be secured together using suitable bonding material 18, adhesive
compositions, etc., for example, a UV curable adhesive applied along the length between the two

tubes. The length and diameter of the filter device may be selected to accommodate the vessel or



hol | ow core tubes 14 and 16 term nate at a distal end with a distal end
plug or cap 13 fornmed of a nmaterial that seals the open tube ends. The
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fib di | d VWO. 0 /788 5. Th 1
nsymmet 11 o4 DETBHTE et HRERZFTeER A GO 1 FBliter 1 FEEOh R oA

is in diregf smrat @Gice M 4 Rinciidheof TheOMigk: fshu@itke 10g tHeexpdied ﬁBé‘r@ Whakby €nkiderdidrCid
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the filter dedeyiscRelins tHeberaliScrdshSectivid] ainﬁenﬁbﬂsﬁjtﬁﬁ)ﬁddldﬂﬂ&katéﬂ YyBRS bleBd adseel
tailored or dictated by the bl ood vessel] . in which the device js to be used

so as to avdlaick H’S&F‘&ﬁ"t is &0 g yspdioras fuaond ptiHntipl BsHeFr W theddlevt theoush Bgsel
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separated plasnma. [0018] In a preferred enbodi nent, the ends of each of the

fibers are of f sd®018j onglnt @dpistre§ eudodiiepe the w@de chreselneaf ths fllerugre affed in
Figs. 1-3. é‘%ltﬁ!ﬁ ’1e {ﬂ%ncg%ﬁfgm%% gsq th'aggrm Flégc}h:)a 3Asasholw¥15éon%thd gc]‘llo%ﬁ%red

in first elongate ow tu second secured i'n second
12 has a first end 21 secured in first elongated hollow tube 14 and second end 23 secured in second

hollow tube 16. In the specific device illustrated, the longitudinal spacing between the first and
second ends of each fiber is a three-hole or three-fiber offset, e.g., about 0.5 cm. However, with
intervals between the adjacent fiber ends of between about 0.1 c¢cm and about 1.0 cm, offsets
between first and second fiber ends may be between about 0.3 cm and about 3.0 ¢cm, by way of
example. With such offsets between first and second fiber ends, a straight line extending between
the ends of a fiber forms an acute angle with an elongated axis of either or both of the elongated
hollow tubes, and whereby the fibers also extend lengthwise between their ends along an angle
other than 90° relative to the axes of the elongated hollow tubes. The acute angle preferably is
between about 45° and about 85°. However, other fiber angles including 90° are not precluded and

may be used where desired. In another preferred embodiment shown in Fig. 1, the proximal and



hol | ow tube 16. In the specific device illustrated, the |ongitudinal
spaci ng between the first and second ends of each fiber is a three-hole or
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about 4 and about bers/cm and preferabl ween and 7 fibers/cm of
t he | engt h imthethplss hlemg @wtwm@d tohge A\jvesros othﬁiaslortgéteé aembeyminhbe ineerisg aloeg

hol es by a a E d
o o first on LA Aol ey iore hes SARENSemEy 1 Bhial b AR B gl r sl G b
second end fiber ¢rde afonpdlre respestivet@tiow ulz ihferiet pakakevayn The fiberhere hanbed toTthe
procedure i § repeated unt f.i ber nds are i erted hol es Iong
Phe two | ofthen it Bedmit Ratvea e tiphane SRORRSEut DTS SriahP s & paufe
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uniformlimt or st fiber ends along the res ctive ol | ow t ube
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bet ween t heufeh. bedch ri88ds ket 1.5B@sS10agal ed using a suitabl e adhesive or
potting conmpound and the wires are renoved. In the specific exanple of a

filter device sH¥RAl i n Figy. 4 1and 3 1Busheiei ¥e alisnatisyy filgdineenh gl vehigh [fiberg &nd
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is about 15 mm'l
whereby first and second ends of each of the fibers are secured along two rows along each of the

tubes. As shown in Figs. 2-5, the fibers are arched to form a space between the fibers and the
elongated tubes. In Figs. 2 and 3, a space 25 is formed by the arched fibers, and in Figs. 4 and 5,
two spaces 27 and 29 are formed by the arched fibers on both sides of the filter device. The length
of the fibers may be selected to accommodate the desired filter surface, as well as the desired
cross-sectional dimension of the filter device as previously discussed. Suitable fiber lengths are
between about 1 mm and about 4 mm to provide sufficient space between the arched fibers and the
hollow tubes without distorting the fibers which could cause undesirable strains along the fiber
walls or otherwise compromise fiber performance. The location of first and second fiber ends of
the embodiment illustrated in Figs. 4 and 5 may be as described for the embodiment of Figs. 2 and
3.
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conditions within the body. Pore size distribution in these zones ranges gradually from about 0.8

pum to about 1.2 pm and from about 1.2 pm to about 2.0 pm, respectively. Zone 2, having some
flux-controlling pores, is principally to provide structural strength to the fiber as well as acting as a
conduit for exudate flow to zone 3, also providing structure and enlarged pores for reducing the
hydraulic resistance and providing a fluid conduit to the fiber lumen. The interior zones have little
filtration function. Zone 4, representing the largest area having relatively large voids and pore
diameters with little solid structure, \has the primary function of a major reduction of hydraulic
resistance through the membrane and defines the fiber inner lumen surface. Nominal average pore
diameters in this lowest mass de;nsity zone are between about 1 pm and about 60 pm, and
preferably between about 2 um and about 6 pm. A typical fiber as shown has an OD of about 650

pm, an ID of about 250 um and a wall thickness of about 250 pm. However, such dimensions are
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device. Return lumen 22 is occluded or blocked off at the distal end of the catheter 20, and is
provided with one or more ports through the catheter wall near the distal end of the catheter
whereby treated plasma may be returned to the patient. Backflush lumen 24 is also in open fluid
communication with the interior of the hollow tubes 14 and 16 through which periodic backflush
fluid is directed for preventing occlusion of the hollow fiber membrane caused by blood
components. Such backflush procedure and apparatus are discussed in detail in publication WO
02/053210 A2. The proximal end of the triple lumen catheter is secured to tubing components of a
plasma separation system. The system includes plasma treatment apparatus for removing and/or
separating selected plasma components and a fluid control assembly for directing plasma from the

catheter to the treatment apparatus and return to the patient. The fluid control assembly also
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described herein may be used include the follow ng:. therapeutic apherisis
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inferior vena cava or the subclavian vein. In the drawing, the filter device 10 is shown implanted

in the inferior vena cava 50. A triple lumen catheter 20 is secured to the proximal end of the filter
with comnector 19. Triple lumen catheter 20 is in fluid communication with the interior of the
filter device with the three catheter lumens connected to tubing for directing outgoing plasma,
return plasma, and backflush fluid. Referring also to Figs. 1, 2 and 6, plasma separated from whole
blood through the microporous fibers 12 of the filter device are directed through access lumen 26
and first tubing 51 to selective component apparatus 40. Plasma is separated from whole blood
within the blood vessel in which the filter device is inserted using trans-membrane pressure (TMP)
supplied by access pump or first pump 54, a positive displacement volumetric pump that operates

to regulate pressure and control trans-membrane pressure and plasma volume removal rate.
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[0028] Fig. 10 illustrates a plasma exchange apparatus 45 for separating plasma
components and for delivering fresh plasma from supply source 49. The plasma exchange rate
may be selected as a function of the plasma removal rate by proportioning the rate of operation of
access pump 34 to effluent pump 42, as shown in Fig. 9.

[0029] Fig. 11 schematically illustrates an example of selective component removal
apparatus showing a cascade filter comprising a first stage filter 46 and a second stage filter 47. A
pump 48 is used for directing fluid plasma from the first stage filter to the second stage filter. A
source of make-up plasma liquid 49 may be used, if desired, for introducing substitution fluids
such as fresh plasma which is combined with the treated plasma to be returned to the patient via

tubing 41 and 43. Container 44 receives and collects discarded plasma fluid containing disease-
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ot 1 Qb ey agnRaeRE pishe g T By g Phedlen RS RRLTY
i |1 ustrat esodst rRIPHIEEI o SeliktddYethe paRan eksife@noval  appar atus showing a
cascade filter conprising a first stage filter 46 and a secoHd, stsbae%e.f'Jter
47. A punp 48 (W3lked Adrelamadampirays Flogmdn figdnigclpdss eeifiush flpidirestege’ s

filter to EMH?&C%% 84 ngc?betcichﬁsﬁrtubepﬂ %ﬂﬁﬁﬁca@ﬁ Wﬁ%‘%@kﬁﬂlsﬁ%ﬁfﬁeﬂ biOfuE Q'rqﬂ@
may be used, It desired, for introducing SUbStI%UtIOI’l fluids 'such as fresh

pl asma whi ddmdnscathetebi Redkflwiht amphis is selestisely phdiserdicallbeperaiad fp meayidedaplpflish
patient vig .tubi : e I ecel di ded
b asm 11 urd Rt B sty e e o SR KR P A S e R RO
conponent s paskloth @slet oxprafsabletoperatad aphigl iteushymdescpriefsed. anfinow velungl @dst age
t r eat ment aratus,. the use o ke-u | as l'iquid is al so,optional
as is effl ﬁ%ﬁg’ebu%)ﬁrtdﬁlegwgv\?fn‘?sntfof:i%&cﬁu%“&ggg%88’3@? é?‘?gl‘?]”éan\ﬁi RHSSEF &2 1?°\r/aerHy

conmponent kgmaY&l andPReea idl8islecf Ahereld pre@lirsN@erkbythestomipore tugpeityesnti lehsity @
di scarded. Agai [

i n, followng treatnent in selectiv onponent renoval
appar at us theyirtys Qg?fé‘rqagorrl@'%”ij’ﬁ’ﬁg%ﬁg&ﬁml“ﬁ%a F?Cgﬁﬁlc@iué“ CS}F)lﬁl ng 43 and positive
di spl acement pungs3p t orRldasdiBol bRHHER tWilgh B2 Whhthisi Say Be fdobirélled using a
comuni cation with plasma return | umen 22 of trlfhlge | umen cat heter 20.

[ 0030] An appapracassorigentipdierc eneratively comppmniceingnvidh therpoalisd Aisplaggmsat sd9BetSF ng

di sease- pumps for controlling trans-membrane pressure in the filter device and selective component
removal apparatus, plasma removal rate, plasma return rate and backflush pressure and rate. Such
fluid control and management may be selected, tailored or designed for slow, continuous acute
fluid removal. For example, operation of the system may be used for controlling plasma extraction
rate from blood to achieve removal of 1-2 L of plasma water over a 24-hour period. The fluid
control assembly may also include volume sensors, pressure sensors, blood leak detectors and air
detectors connected to the piping and reservoirs as desired. As illustrated in Fig. 9, the
microprocessor/controller 30 is operatively connected to the pumps. Similarly, the
microprocessor/controller operates for controlling backflush pump 38 and plasma is returned at a
selected rate by controlling pump 36. The microprocessor/controller may be programmed for flow

rates designed to a the prescribed patient therapy.



rel ated conponents may al so be used for treating separated plasma. Such
apparatus nmay be configured like or simlar to that illustrated in Figs.
10 and | IwDre3msdosh t he col utms shown i ncor porate absorbi RgTArSO28803 bi ng
filters conprising materials capable at absorbing selected disease-related
component s such sl SCigsafksNATRes ARBaSHIR P RRRAGAKKS: H%Xsﬂ[ &9%%?6 a
source of fresh plasna to be directed to the patient, If eS|P

preferred apdasndtihs pathegsnicisnbsrngss ©mpyrgl usihgsthb awkolis sl ﬂipallat!ls rOésleir WnyéntioB7,

Camen of R Rreg i e PR PI R 507, M a8 BRR Dt an

peri odi cal lby eﬂpextez’e exﬂdtomepdlsaascﬁiandb adikfahags may Blsol |bel nédtmlv Mdlkoﬁuh]sd mathoda;l anyt

cl eansi ng the e fibe of the filter device. a
backt Tush CIOrET Eosped bPnmyY o5 Pab el T S AL RN GE BrELStFBang
| ow vol une vasfk @de orrrﬁ&attmelsmas&hwstmiﬂﬁu Bicbd @tPeaIﬂ il bt Embae kj‘sing&ha augresald
wher eby the nmenbrane pores_are tenPorarll expanded and fl ush

di sl odge adifEiodt st aperie, Thaierels! redbst N‘@m@%ﬁs &1l Re eyAst (o %%H%T S&‘ﬂé‘ﬁ% i {he of
the virtual,«filter area for inproved performance after each backfl ush
cycle. [0032] Fluid control of plasma within the apparatus may be
controlled using a mcroprocessor/controller operatively comrunicating
with the positive displacenent volunetric punps for controlling

trans- menbrane pressure in the filter device and sel ective conponent
renmoval apparatus, plasma renoval rate, plasma return rate and backfl ush
pressure and rate. Such fluid control and nmanagenent may be sel ected,
tailored or designed for slow, continuous acute fluid renoval. For
exanpl e, operation of the systemmay be used for controlling plasm
extraction rate fromblood to achieve renoval of 1-2 L of plasm water
over a 24-hour period. The fluid control assenbly may al so i nclude vol une
sensors, pressure sensors, blood | eak detectors and air detectors
connected to the piping and reservoirs as desired. As illustrated in Fig.
9, the mcroprocessor/controller 30 is operatively connected to the punps.
Simlarly, the mcroprocessor/controller operates for controlling

backfl ush punp 38 and plasma is returned at a selected rate by controlling
punp 36. The m croprocessor/controller may be programred for flow rates
designed to a the prescribed patient therapy. WO 03/033054 PCT/US02/ 33173
11 100331 Exanpl es of diseases and disorders for which therapeutic
apheresis may be wused and the pathogeni c substances renoved using the

nmet hods and apparatus of the invention include those described in
Therapeutic Apherisis, Vol. 1, No. 2, 1997. The list is not intended to be
exhaustive, and ot her di seases and substances nmay al so be treated.

Mor eover, the nmethods and apparatus described herein may al so be used in
drug treatnent, for exanple in drug. overdose cases, where one or nore

t oxi ¢ substances in the bl ood stream nmay be renoved using the aforesaid



met hods and apparatus. These as well as others advantages will be evident
to those skilled in the art. W 03/033054 PCT/US02/33173 12 WHAT IS
CLAI MED 180 03/0354i | ter device for being inplanted in a blpcadsersaes for
carrying out in-vivo plasma separatidh conprising: one or nore el ongated

hol [ ow t ubggyAdfy ciBvAdss.a plurality of elongated m croporous fibers (12)
havi ng an intertor tunen extending along the I ength thereof, each fiber

having a first and sécHina demide (f@1bei3immantadr mda bwodrvesselr forprmying ogaimvivo
el ongated hollow tubes, wherein the interior |unen of each of the fibers
conmuni cat B&SVF FRUEHE COfRE¥PFor of one or nore of the hol | ow tubes, and
wherein the fiber wabhe Dol dhigatod hedew wieds (l1he 16) ampat gldratityc bd pingatsd

fibers is asymretrical between the inner wall surface. extendi al ang t he
interior fiber P%?r%ﬁdoleﬁél%J‘la\é‘F‘g 9%1@3@%68’,“6 gflpneshy e\‘?\%tpghe‘ﬁ%?gi e%@h a
hi gher nmass dengidYnaa@pe At aﬁ‘cﬁg&oﬁdomﬁf(@l,%s?%cumldo sudl dr afdte aNdaia doapmed
mass density zone adjacent to the inner wall surface, said higher nmass

density zone habpliny sbswartiesin fpcpiager umshiohgrchpefr be éilbﬁré_cpﬁlﬁwn’tcﬁféﬁ Hierthge
nom nal pore size |0.FOR J QRS orIRSRNER @%&e&)éﬁ%&em Zhe pidef Whil ﬁlﬁrpﬁgﬂégﬁ@f égi.f;h

G aim1 conprising one or nore first and one or nore second elongate

hol | ow t ubes exbétigi plgngiddsmémsporsiul yfibpusr ial dsuhmalrior gbetren| hpgrst twadly aface and
wherein a first _end of each of said, elon ] us..fi IS
Secured to a i FEERE TSN TuBe o BeRaARhE Rt GIPRRLA Sl HRF LRI na e
secured to a seané Hak Hewity vhe adjaenetoyhd figeriwillenifar ahd bérwer urendeosityermoh
fiber communicates with the interior of a first and a second hol|.ow t ube.

3. Afilter devitiacest tO@%inml‘?@éHﬁ?ﬁesﬁaﬁghl%%“’8?5 By gy Eed AR BiLe
tubes, each of ,§aindl fowbas: havthodemgPhothiahligose ok Mok @sves BAGREnAPabic. al ong a
substantial portion of the Iength thereof, each hole receiving a first_or

a second end of 2an elofittdsdcaPreBiorl caRPHiiieme of mose fifs fR oRgerfiede 6?‘30@1 ai m
2 wherein gfag%itéd }ﬁ%}o@%é é&%ﬁlg%mn%ny%fa@ldedh&lggxl?eltlafgth MECHORRISeid b BRE S

are secure said first and second el ongated ow tubes in generall

strai ght eohsf eattosfaidretongitedmiskoporch fibgrs saparadid e girst Bolloy fubg andra sgeapid€ad of
Cl aim4 wherej he. f.] .St t | i e
second hol Iof)\ff\é}cg lﬁ)g%alde&b{er%l Ss@%r%dﬁt‘é’aas‘éggggﬁlgﬁg%ﬁ%%u t%ﬁH%ﬁ?B%Jal?%ng{jea&mgt h
sai d first fibed commuaitdicyyéh eierntédive of 4 fist andndscoofl halliwdtuked. ongat ed m cr opor ous

[ bere, e cecured (g SRS LSl oL] G bute. Slonm 2, B8RTTA Y Bl A
secur ed t 0 sgainbesREaRG NELliOW hdl&spaded Beareal GRRSIBAnYialSiok teingi thed &t et oy
substant! ale!tc% h%laerrgc!eliveillmg ey\girtsthor asseagogd ];rildrosftan I<;,1(c))rvl\giia‘ced microporous fiber.

4, A filter device of Claim 2 wherein the first and second ends of said elongated
microporous fibers are secured to said first and second elongated hollow tubes in generally straight
rows along the side of each of said tubes.

5. A filter device of Claim 4 wherein the first hollow tube extends along a first axis
and the second hollow tube extends along a second axis substantially parallel with said first axis,
and wherein the first ends of said elongated microporous fibers are secured to said first hollow tube
along a generally straight first row, and the second ends of said elongated microporous fibers are
secured to said second hollow tube along a generally straight second row substantially parallel with
said first row.

6. A filter device of Claim 5 wherein the distance between said first and second rows
is greater than the distance between said first and second axes.

7. A filter device of Claim 6 wherein each of said fibers are generally bowed along

its length between said first and second ends to form an arch spaced apart from said elongated

hollow tubes and forming a passageway therebetween.



6. Afilter device of Claim5 wherein the distance between said first and
second rows is greater than the distance between said first and second
axes. 7. Wwofo3losms4 devi ce of Claim6 wherein each of said PCyArse2/a31e3
general |y bowed along its length betwgen said first and second ends to
forman arch spaced apaf! ofiQmsS@hdh ¢haRAA 8t (RRLIRWnlcHRERuARGert QbRbAEG 2
passageway therebetween. WO 03/033054 PCT/US02/33173 13 8. A filter device
of O ai m st etaong &bds.ehidrigsitiddrsfmiepofistach phweecddasraxisading pyse fEd
second fibers, said.first.fibers. form ' of capacednd b ResSor
ext endi ng V&R Ogs?llgfi e s|¢’)acl)% ?fﬁ@%nr?%c]))f IC%sfal g !gdevelgé:ngsﬁcshgeg(%ngle ond Ei%brér% form ng
a second adaaideext eppisitg the\iest partisecaid dirg end seomd efchesssphatd deari ten sopplosiated t he
first portion, said first and second arches spaced apart from said
el ongat ed DANGPITERRS ¢ ’é’%p?séagieg?yr?\%beé%%”ﬁg’i’i&/ays t herebetween. 9. A filter
device of C ai m8 whgrienddvideSt CRndSs vaferdin fist ek onfiat dohgated mopopaos fiielrer s
are secured al ong a first rowon a first holl ow tuge z:fnd %econd end

8 crtst

of
first fibewssesredglopgr St EvboRp gt Follpwtube gpg siqongd <@ FIS 8% Seerbes 2190%y

first ends, iy %@F&r@se dREH0R B e SBE Wik S thBloP Rl BRECNE s @¥ a1Bfk 4 BRoid Fosit
hol | ow tube and second ends of second fibers are secured along a second row

on the secotid finslhbBew tubbend wisendends ohpagorrd fibsrs aap seoured Glone fiSpOnd 9% Pfthe
opposite first %ﬂd ?u %ond arches, respectively, of spaced fibers al ong
said devi cEHFUA I er device of Gaim5, 6, 7, 8 or 9 wherein the first
and second ends of saheebyekaadastethdmiecorspbbasdorhi lopposita fiest sand uteeendt rckesi d
first and second hol.|l ow ZLjubes, LLES eCt?i?#&Ll e, At substantially regul ar
intervals. 11. KRCHYLY ofeRIPELOSH 390& % Wherein said regular intervals
are between abouys 0. A filesdanet ehTiuiin 4,.6) 7Chor 4 herdinfthé fisst adbseb@d afls O widn 10
wherein said reqular intervals are between ab%ﬁt O.Iﬁ ﬁm a&oﬁl} aboutt. 013 em
13. A fi |t épngsésdigropproes Spsrs sre sgeured togsays firgt deieesnt HOREY RGPS T SRe R of
sai d el ongahed,tiail CLARPIRFald i bers is between about 1 cmand about 4 cm
14. Afilter device of Claim1ll wherein the |length of each of said
el ongated ni cr dpor odstiltar iseyiee pfsClaiat W aheraiBaid reeuldn BT laFEURetYecg fpou -1 A
filter devim%ec,mg)gbog ahm,S, 6, 7, 8 or 9 wherein the first end of each
el ongated “nicroporous fiber is offset longitudinally fromthe second end
of each said fib&r alofidgertdaeicd enGlaim 1@ fvhergincsaid] regrdgitietdrvhls larobgtwesBedowittel eby
a straight Iingg exfgg‘ndi ng through the first and second end of a fiber
forms an afuBIANY & W th one of said axes.

13. A filter device of Claim 5, 6, 7, 8 or 9 wherein the length of each of said elongated

microporous fibers is between about 1 em and about 4 cm.

14. A filter device of Claim 11 wherein the length of each of said elongated
microporous fibers is between about 1 cm and about 4 cm.

15. A filter device of Claim 5, 6, 7, 8 or 9 wherein the first end of each elongated
microporous fiber is offset longitudinally from the second end of each said fiber along the length
of said elongated hollow tubes whereby a straight line extending through the first.and second end
of a fiber forms an acute angle with one of said axes.

16. A filter device of Claim 15 wherein the space between adjacent fibers is between
about 0.1 cm and about 1.0 cm.

17. A filter device of Claim 15 wherein said acute angle is between about 45° and
about 85°.

18. A filter device of Claim 15 wherein the length of each hollow tube is between
about 10 cm and about 25 cm.

19. A filter device of Claim 15 wherein the outer diameter of each hollow tube is

between about 1 mm and about 3 mm.



16. Afilter device of Caim15 wherein the space between adjacent fibers
is between about 0.1 cmand about 1.0 cm 17. Afilter device of daim1l5
wher ei n swoDd3msiwse€ angl e i s between about 45 and about 8PCTAG02/88173 |t er
device of Caim 15 wherein the | engthleéf each hollow tube is between about
10 cm and about ,@5 ¢ . I : V| - i I

di aneter of eac 8'hoI rfmof\}vl]t??udte)z‘(g‘ic|é gk b%é%’&é%@ﬁ%ﬁ%%ﬁ%%@ﬁ I:E‘f"lﬁeﬁ:r%b%{\./&;\l%%q
03/ 033054 PRt UBOE/288 4@t 23 dm 2@heredn fhiell¢ngth efeniicdonghteCinaérnpdsus\itver sibatwehe

| ength of each.holl ow.tu i.s hetween about 10 cm and about 25 erein
the I engt hEot" Ad0n o8 BieoF et T EIUEEY O Bt S B AR bR B G

about 4 mmunddyente). Nerhadspaeck shdtanee mehdl aeendn dbbilnetsandabbattdeen about 0.1

bout 85 21 A2 |1 FBFEE BICHTE L5 HEYERG. Bk LRt o A BoPISR o

of the | engsibwiubsai d holl ow tubes. 22. Afilter device of Claim1l wherein
the fiber wall structure conprises a continuous change in mass density
between the inné# and B dpvisqefiCeias! whereindherfitserall Sgictuse pqmRriSPs HEAPHBYOUST
G ai m 22 Waﬁdrngéﬂnﬁash QURIy E@ff&n%ﬁhérxn@&ﬂ& shiFacEh@nAckiRE zed by a noni nal

average pore dianeter o ween about 1 mand about 60 un. 24. A filter
devi ce of O ai m222 oA fErkdeetiClami2gereimaduver onass deysiyaieee isgharacterized by

characterized by, a nonm nal.. aver i t en about 0.3 m and
about 1 m *28™ 1‘1“?‘37&?%?0%81\71}118%]{ ?a)i?O%Hpegth %bo%ﬁaﬁé‘lrgé?%% ibgﬁ lﬁgm' nal average pore
dianeter in a | aner Avdssr devisd by GGome22 r B8t wheninalb dughe? nmsa ridnsiy oxiine 6is m

26. Afilter device of Caim 22 wherein th om nal average, pore di aneter
in a hi gherc{‘al?f’é"aége BhSPng SR Eage PO REH Ongﬂ’Fen@.%au%ﬁaLﬂﬂglé%%ﬁ’t‘t "B m 27.
Appar atus for casryi ngfitddetibesopeiut 220waBe IR SomiD IRF4gs ipb@: diandfer in a lower
inplantable filter device of Claiml;, a triple |unen catheter secured to
the proxi miElEseHAsHIZong s beiveepiboyed/ie anhzberify*Bne or nore lumens in fluid

communi cation wikh t heridaetibost @himSal wheRRASHR hoMhEavBRLE fe LidRRRr i Wl gier
pl asma return |unen; and therapeutic apheresis apparatus for renoving

and/ or separat dengtysehestbeivedd ahoakbd iinghdeleyt @Bhonent s from t he separat ed
DS, L8 o LS SR o e a0 (he

an implantable filter device of Claim 1;

a triple lumen catheter secured to the proximal end of the filter device having one
or more lumens in fluid communication with the interior of said one or more hollow tubes
and a plasma return lumen; and

therapeutic apheresis apparatus for removing and/or separating selected disease-
related components from the separated plasma and tubing for directing plasma between
said catheter and the selective component removal apparatus.

28. Apparatus of Claim 27 wherein said triple lumen catheter comprises a first lumen
and a second lumen in fluid communication with the interior of said one or more hollow tubes and
a third lumen comprising said plasma return lumen.

29. Apparatus of Claim 27 including:

a fluid control assembly comprising first tubing in fluid communication with said
first lumen of said catheter and a first fluid pump cooperating therewith for directing
plasma from said filter device, second tubing in fluid communication with said second
lumen of said catheter and a second pump cooperating therewith for directing backflush
fluid into said filter device, and third tubing in fluid communication with said third lumen

of said catheter for directing plasma from the therapeutic apheresis apparatus to a patient;

and



28. Apparatus of Caim27 wherein said triple |unen catheter conprises a
first lumen and a second lunen in fluid conmunication with the interior of
sai d one wp mwOsW5hol | ow tubes and a third | unen conpri si RETABOA3IATRAS A
return [ umen. 29. Apparatus of CI aim2¥ including: a fluid control assenbly
conprising first tubipg.dBodaldtlsdpCARBINL AR ' Sdd Stonk

said catheter and a fc?@rst Q?ﬂ;aw Surrp coooper gt{a%}é\é{vﬁ%?agdwﬁ{sh r*or i Lrﬁg}glpf f\%

pl asma from sai doritrdllurgrth@ema@el;lthsleof)rﬁdpdcmﬁlmg in fluid comunication with
said second |ungn o et t ewlth
for directing bggkfl adh Qra%rc, E&{]all %l%cgu%&gfa %frgpmagcgg)era%%g ?ﬁ"lur ghl Cp%l 6 in
fluid commumd abntes cmriebhcﬁlamm sbidicbﬁrdlﬁlﬁmfhtusof sai d cat heter for d| recting

pl asma fromthe _therapeutic ar at us

03/ 033054 PCT/ uéé)z/ 39Pp %fat“iS?gQ %ﬂg‘@gf‘éf"t{%e %ftﬁ’é?gluﬁ%éwg CB%WL}H% SR

w th said fidosd w8Rd. second punps for controlling the operation thereof,
respectively. 30. paratus of Caim?29 including a third punp cooper atl ng
with said third32ubi dpraEhg InClagntZd oVhadinnetdt POl sPraaises @ dhicraprocessor-
apparat us. céitrollﬁﬁﬂ@lﬁ@hé‘%fmme?r% Dhed fo?%ﬁ&glnggaléaﬁﬁ%&e of backflush fluid
cooperating with said “secon bing. 32. Apparatus of C aim 29 wherein

sai d control | er 33onprA ebodofrauyiop Pedesansutic apberesitdmerisingc| udi ng sof tware
D e O oPer Ak 8L 0RRG A e A ATRL DAk CHAET Ve Blthimal

t her apeuti c apheresi ST CO e lumen catheter "having a
filter device ofend:ﬂmenfih tbensupbzeormr mferrmlvenaeuada Mwb@m«ﬁau veirt b sitipey sagt filoar
inferior venac va or Vi an n of a tien said filter Vi C
capabl e of sepa 8Y1F‘h§ap %P?%‘}%ﬁﬁ A ngge:bﬁ’-é”@lﬁlwé?t %?Sé‘érgw“élg?o%’&%ﬂ ow
rates therein; ysegarati ng pl asma from whol e bl ood in-vivo and directing

the separated plasma through a first lunen of said triple |unen catheter
to a therapeutic aphé?@éﬁ“é‘gé’éﬁs’é‘étﬁi%w @6%19%%1“"?@%\%!30“%6% seperated PISPYi ng

out therapeutic @RBRAS %S ¥erS EPHALINILARE LBERY (Y tRARc AfkltiR!skigéRg
sel ect ed di sease-rel ated conponents conprising toxins, antibodies,
proteins, bact ercpaponey repge 2pRar#Sor conbi nati ons of two or nore t her eof
fromthe plasm; and Fﬁm% Q{Itgg%rﬂﬂg?g% SheRLi8 BB ph Rt N EhaBbHAE 2 RuSASHART

| umen of said triple
selected disease-related components comprising toxins, antibodies, proteins, bacteria,

viruses, and/or combinations of two or more thereof from the plasma; and
returning treated plasma to the patient via a second lumen of said triple lumen

catheter.



