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the flow rate are closely related to membrane clearing requirements, the duration is not, thereby making it an obvious

choice for adjustment of bolus volume. For example, a catheter with a dead volume of 1.5 ml and a surface area of 40
cm? requires a holus volume of 2.7 ml. A plasma extraction period of 300 sec and a flow rate of 16 mijmin results in a

backflush duration of about 10 sec. The average backflush flow rate is computed to be 0.54 mijmin.
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Hg. 25. atus of Claim1l conprising one or nore first punps cooperating

with said first lunmen for punping said backflush fluid therethrough, and
wherein said apparatus includes one or nore second punps cooperating with
said second | unen for punping plasma fromsaid fibers therethrough. 26.
Apparatus of Caim25 including one or nore third punps cooperating wth
said third lumen for 30 punping plasna therethrough. 27. Apparatus of Caim
26 including plasnma treatnent apparatus for renoving toxins fromthe plasna
di ffused through the fibers. 28. Apparatus of Caim 27 including a punp and
conduit cooperating therewith for punping separated plasnma conponents from
pl asma treatment apparatus to a container. .7. WO 02J0S32111
PCTJUSOLJ511~31 29. A nmethod of carrying out in-vivo plasmapheresis
conprising: inplanting a filter device within a bl ood vessel of a patient,
said filter device conprising a plurality of el ongated holl ow m croporous
fibers; providing a nmultiple lumen catheter in fluid comrunication with the
hol low interior of said fibers; 5 and diffusing plasma and toxins fromthe
patient's blood through the wall of said fibers into the hollow interior
thereof) and therefromthrough a second | unen of said catheter;



interrupting said diffusion of plasma and toxins and thereafter directing a
fluid through a first lumen of said catheter into said fibers and
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the membrane pores.

7. Apparatus of Claim 1 comprising a first pump in fluid communication with said first lumen and a
second pump in fluid communication with said second lumen for pumping plasma from said filter to plasma treatment

25 apparatus.

8. Apparatus of Claim 7 including a third pump in fluid communication with a lumen for pumping
plasma from plasma treatment apparatus to the blood vessel.

9. Apparatus of Claim 8 including a microprocessor/controller operatively connected to said first,
second and third pumps.

30 10. Apparatus of Claim 9 wherein said microprocessor/controller and said pump cooperate to direct
said backflush fluid into said microporous membrane fibers for a duration and at a flow rate sufficient to backflush and
substantially cleanse the membrane pores.

11. Apparatus of Claim 10 wherein said microprocessor/eontroller and said pump cooperate to direct
said hackflush fluid into said microporous membrane fibers at a pressure sufficient to substantially cleanse the

35 membrane pores.
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17. Apparatus of Claim 16 wherein said fiber wall has two mass density zones.
18. Apparatus of Claim 16 wherein said fiber wall has three mass density zones.
15 19. Apparatus of Claim 16 wherein said fiber wall has four or more mass density zones.
20. Apparatus of Claim 17, 18 or 19 wherein each of said zones is characterized by a different average

nominal pore size.
21. Apparatus of Claim 20 capable of in-vivo plasmapheresis wherein said lower mass density zone is
characterized by a nominal average pore diameter of between about 1 um and about 60 pm.
20 22. Apparatus of Claim 20 wherein said higher mass density zone is characterized by a nominal average
pore diameter of between about 0.3 pum and about 1 pm.
23. Apparatus of Claim 21 wherein said higher mass density zone is characterized by a nominal average
pore diameter of between about 0.3 pm and about 1 pum.
24, Apparatus of Claim 16 characterized by having the capability of extracting at least 0.75
25 {mi/min){cm®x mm Hg) of blood plasma at trans-membrane pressures of between about 5 and about 20 mm Hg.
25. Apparatus of Claim 1 comprising one or more first pumps cooperating with said first lumen for
pumping said backflush fluid therethrough, and wherein said apparatus includes one or more second pumps cooperating

with said second lumen for pumping plasma from said fibers therethrough.

26. Apparatus of Claim 25 including one or more third pumps cooperating with said third lumen for
30 pumping plasma therethrough.
27. Apparatus of Claim 26 including plasma treatment apparatus for removing toxins from the plasma

diffused through the fibers.
28. Apparatus of Claim 27 including a pump and conduit cooperating therewith for pumping separated

plasma components from plasma treatment apparatus to a container.
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31. A method of Claim 29 or 30 wherein said backfiush fluid comprises saline solution.
15 32. A method of Claim 29 or 30 wherein said fluid is backflushed by pumping said fluid into the holiow
interior of said fibers.
33. A method of Claim 32 wherein said fluid is pumped into said fibers at a pressure of between about

15 and about 100 mg Hg.

34. A method of Claim 32 or 33 wherein said fluid is pumped into said fiber for an interval of between
20 about 5 and about 50 seconds.
35. A method of Claim 28 including a plasma treatment apparatus, and wherein toxin-containing

plasma from said fibers is directed to said plasma treatment apparatus through said second lumen of said catheter.
36. A method of Claim 35 wherein plasma from said plasma treatment apparatus is directed to a third

jumen of said catheter and returned to said patient.



