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modi oal - and PUE RAPEA TR APGntef APARTT o e RS s PRl BP0 O,
ef ficizent arnctefesugetdt olyplasrdaoyater i9 exordated iwitlya ytfi ohaubroxilaten i28.800 dalﬂsuhste&i if plasga
gle?rlplr g(rj ggr gﬁ%tm%]:n ngb{anes wlim;m v(e) \%\%’?&f%mél}f"l”‘!mﬁ%g d&ﬁﬁlﬁ“ %tﬂnp 'I!:Elsgs’uch%n Llﬁaflﬂe}lﬁﬁé@\gg\ﬂg abl e
treatnment i rmealrraa&ns e)parecs@uﬂawirig ey pdves veatet fode aframeda@apass thrnmtdthe@uer reemigtant.cle Hei cal
Z;PP;L: i Iof] a@%%%b hLy ﬂuf’a\é)f’#a t@‘Pclatﬁéter l&ﬂs Eon“%cm%% aB ?}ﬂ)y g@w@l{hh £y fgr_}j%btmg’rlasser{ eggn?‘n
a maj or veino amllqmmmmxtmr 58; br aﬂnpafafg@@ttHEdjchemac lotmdlypmswgmyritz feeT¥euicallplielas ma
extraghl on GALAGLSGT snlh thi ibiffia dAbuleh b bt Qoo HRHAN i LIS obih

plasma filtrati
The collectmn container 58 also provides means for monitoring the total fluid extracted during a specific therapeutic

session. The extraction circuit also contains a mechanical vacuum gauge 55 for permitting the patient ta monitor
appropriate extraction rates and for adjusting or controlling the rate by raising or lowering the collection container or
bag 58 relative to the extraction site, i.e., the location of plasma extraction catheter 50 in the major vein 11. Another

35 single lumen catheter 52 is inserted in an appropriate artery §1 proximal to the affected edemic body segment and is



device in Figure 2 and described above. Such an ultrafiltration nenbrane
has a sieving coefficient and perneability 25 cutoff such that only plasna
wat er i s wetieagtied with a cutoff of approxi mately 2-3, 000Pdalusonso0rhst ead
of plasma filtration nmenbranes which have a cutoff of approximately 69, 000
daltons. Thus, such an ultrafiltration filter device nenbrane has a pore
si ze al | owi §53 loP prRRin Mahsa RGinANA mBRSS elfQHERs et i | t er
menbr ane. RQ?QPW%ﬁpgﬂﬁ%ﬁaAﬁ@ratdsm m@ Jldngxgractlon catheter 57 is
connect ed tr@pllan sw@m\pf th@)edgwpﬂ?dweﬁ"@fbéh%@v 'F*@E*g oIMOiERRSTURghepsing SYFR InGepsseip osmots 5

col I ection ;fe?srﬁ%ei'é lfﬂfnhan?ﬁ the fregftméa??m{la‘?extr&tuﬂroﬁﬂ'dd@ﬂt\ﬁ‘a‘ijer 6 theabnhiOfachathe inpeat ed

appr oxi mat e vertica bel ow 30 the extraction el enent, thus
provi di ng anWftmmiﬂﬁbbild[?Wbﬁbuﬁ@aﬁ”ﬁheﬂ@if't'%&t‘bﬁ"a‘é? TUFIGS derieaser Push fepties arel PSR ent * s
Ci rculgati ony thelﬂﬂﬁat&cﬂh tl@t@ﬂtahcgﬁk AR AIIRRES {07 Beafitly SRneRbI Qi R dWER A infedtion will be
nDnltorlng the t | uid extracted during a specific therapeutic

sessi on. Th%m@kWﬂﬁ%FW@hmBFHCU|t al so contains a nechani cal vacuum gauge 55
for permtting the patient to nonitor appropriate extraction rates and for
adjusting or controlling the rate by raising or lowering the collection
container or bag 58 relative to the extraction site, i.e., the location of
pl asma extraction catheter 50 in the major vein 11. Another 35 single | unen
catheter 52 is inserted in an appropriate artery 51 proximal to the

af fected edem ¢ body segnent and is .4 WO 02/092151 PCT/ US02/ 22075 routed
ex-vivo to an injection syringe 53 for providing nmeans of injecting high
nol ecul ar weight proteins into the capillary systemof the edem c body
segnent, thereby raising osnotic pressure therein. Such increase in osnotic
pressure is inmportant in the resulting preferential extraction of plasma
water fromthe edem c space. The injected protein may be bl ood bank

al bunen or other nutritious substance such as dextrose. Such features as
wel | as operation 5 of the apparatus illustrated and the advant ages thereof
for treating segnental edema according to the invention will be evident to
those skilled in the art. .5 WD 02/092151 PCT/US02/22075 WHAT IS CLAI MED
IS: 1. A nethod of treating segnental edenma in a patient conprising:
inserting a plasna extraction device (12) in a nmgjor vein (11) proximal to
t he body segnent containing edemc tissue, said plasma extraction device
conprising a plasma extraction filter capable of 5 separating plasna

i ncludi ng plasma proteins fromblood in-vivo within said vein and a plasma
extraction catheter (13) for directing the separated plasma fromthe plasna
extraction filter to an ultrafiltration apparatus (20); inserting a return
catheter (40) in a mayjor artery (41) of the body segnent from which the
plasma is extracted; 10 separating and extracting plasma and pl asma
proteins fromblood in the nmajor vein (11) through said plasma extraction
filter;



directing the extracted plasma through the plasma extraction catheter (13)
to an ultrafiltration apparatus (20) and separating plasma water from

pl asma prwDerng215herein, and col |l ecti ng and/ or di scardi ngPCrhsoyzpas at ed

pl asma water; and 15 directing plasma proteins via the return catheter (40)
to the major artery (41) of the body segnent of the patient fromwhich the
pl asma is ﬁrT Ig_. The nmethod of Caim1l including directing separated
pl asma wat ultrafiltration apparatus (20) to a collection
contai ner (28) vi.a a Apletaivbirestiag @ygmehtal pdemeiRPptient3ompivg net hod of Caim 1
conpri sing punping extracte I , he, plasyk . i | to

20 the ultrafiltrati d%e"gﬁﬁagﬁfgﬁg%@'bgep'%m zt)qjhaem'l#’iiltﬁ %&ﬁﬁ&%%?g: t‘rﬂn@bzoﬁ\’c%)e?rr%‘rfni si ng
punpi ng ext r act edntgiingsdwric fissensatdtplsm|eatsiction deyitercenmtising n plagnia eiactioipfilter ¢ggable of
ultrafiltration apparatus.(,20). Al I :

conpr i%i ng punpi Sﬁgagﬁ']ggésr'r"ﬁ '";(:)hr'dg)'% gfsﬁa Frﬂi@%f{lﬁtgﬂﬁ%@gw ﬂmtasj r lg?tv ?]”oaﬁ‘@ag'gsb"grexé“?ﬁf"s" (20)
to the maj or artethyter((BLjor di@SingGthe Thesatatetabvodron fthe@lagniarextiactiop filgr &y angultgdiigsiey si ng
punpi ng pl asm wat et Lzﬁ),om the ultrafiltration apparatus to a collection
cont ai ner (28). PrpR Vet hod of Claim5 conpri sing punpi ng plasm water
fromthe ul trafil tr atiisgtng apparcaieegit o a maor atstydef thondysmensirafernicy hegjasmags  The
nmet hod of Caim 1ni peg_l udi ng sensing pressure in the plasnma extraction
catheter (12). 30"6 " The method of Cdaimb5 includin sensing the pressure
in the pl asma ext r act se@mnting aitd letaging Maste @héﬂsm@n"&@\ﬂrﬁwﬁftﬂ@aw thejmaiey vai £ 1)j thyough
response thereto I .he amount and rate of plasma extraction and
pl asma wat er se%agﬁglg%"%%&{%cwgl.tekThe met hod of C aim 10 conprising controlling
the punping of the extrectnstiedxtpbiedsipmeativeros bpelsma exbactios caibeiph (1WP &t a8 honse
to pressure sens ' i ty@fein PcoRRks or¥Rdading | 1 ne.
"5 P00 027 052151 B B B B i

sel ectivel y dir ethe jeprepted pigsar wates@dpl asnma proteins to a collection container
(34). 2. The nethod t%ctiﬂpl@énﬂhéteihﬁﬁ lerd ehiufhGathbiet @6 bl tiRGhaldMAF 8y @1) of tRSBdy RégAGTR
proteins to the patient via the return catheter than have been extracted

t hrough t he pl aspighegxtent Aetwhishthe flasadyextragtey 3. The net hod of O aim 9 including
directing nore op | esfe R@RMR RO Gliltfhg Td&cttnﬂ@epi?ﬁ@di[ﬁé’ﬁa Wit fhoethd” Galrition
catheter than have been extracted through the plasma extraction filter. 14.
The net hod @marats?io 2 coligaion wntpinesEd) vizamemaaseirt #n of the plasma protein

extracted fromthe pajggihod of hinl BloMFNRPurbpRy ExRtePMsrhabin-the plasma extraction filter to

20 the ultrafiltration apparatus (20).

4, The method of Claim 2 comprising pumping extracted plasma from the plasma extraction filter to
the ultrafiltration apparatus {20).

5. The methed of Claim 1, 2, 3 or 4 comprising pumping plasma protein from the ultrafiltration
apparatus {20) to the major artery (41).

25 6. The method of Claim 1, 2 3 or 4 comprising pumping plasma water from the ultrafiltration
apparatus to a collection container (28).

7. The method of Claim 5 comprising pumping plasma water from the ultrafiltration apparatus to a
collection container (28).
8. The methad of Claim 1 including sensing pressure in the plasma extraction catheter {12).

30 9. The method of Claim 5 including sensing the pressure in the plasma extraction catheter and the
plasma water line and in response thereto controlling the amount and rate of plasma extraction and plasma water
separation.

10. The method of Claim 10 comprising controlling the pumping of the extracted plasma and separated

plasma water in response to pressure sensed in the plasma extraction catheter and plasma water line.



15. The method of Claim 12 wherein at |east a portion of the plasma protein
extracted fromthe patient 10 is returned to the patient. 16. The nethod
of Cl ai mwowkesrsn the plasna extraction device (12) is i msgnisez2ionst he
iliac or fenoral vein (11) and the return catheter is inserted in the
iliac or fenmoral artery (41). 17. Apparatus for treating segmented edena
conprising: a plgsm ﬁé‘&&lﬂ@&f'tﬁ%ﬂw ﬁﬁéﬁhnﬁ@sel@c%\?ew dEeQﬂﬁ?Edpa?dtd&Qlaﬁ]a pln{eihé?{u aecm@m.nt for
being inserted in a patient's major vein having a plurality of

el ongat ed h&PPigAMSH cr opor ous fi ber msrrbr anes, a pI asma extraction catheter
(13) extending tper Ef"lrhé"rmtho@urf‘gauﬁBfn&ltfdnﬁg#dlr&mﬁﬁmrﬁar@s o @R RekiR th iﬂQpaMUnituﬂtIﬁ@dnﬂl

pl asma extraction catheter; an ultrafiltrati on apparatus (20) for
separating pRaETHEN ke hean eftracsihisual Seralasiss asiondlter 2 pl asma water |ine (22) for
di rectd ng separ ajgd pih@rﬁemﬁd M@Euﬁ@«n&fdﬁd’@lrgchﬁ nfa'r{agrﬁe@sfplaénﬁ'bﬁtblhsqmth@ﬂa%{ \ﬁttl'rﬁeturr( 20)
and a second pu (26) cooperating wth said plasma water |ine; and

pl asma_pr ot etatertean (avpeqnpyyacted Bigyoh (fRESHRHPIRSIA TSk ot ei n return catheter (40)
for being inserted i npamettiadds CIRRY wherdBik Rdst Akrki@lolind MEmaQiote Glubddd fith A8 FRent
proteins to the patient in the body segnent from which plasna is

extracted. BSUMANPHPEHYS of Claim 17 including a second punp (26) _
cooperating wit h1§a| ArhphedSdRCIAY Bliherkih R®ast 2ebdtion of thplasrNPRBI Atk GedPbom fb @tidmt 18
including a thir F (32) cooperating with said return line (35) for 25
punpi Hy pl a§ﬁ"§m}5‘?*ﬁ hgpaHet-t herein. 20. Apparatus of Claim 17, 18 or 19

including a firstgpr e&&mmmeﬁmorwh&el,&he pfaGhfa e@ENBH dBGe (1) iRERSIS the Baciofemtahe
pl asma extraction cathete tﬂar at s of Cl@gm 18 or 19 including a

second pres:‘i;‘ij‘r(@)%‘%ﬁ"srétfjmfaﬂ‘ﬁfﬁ”sf“ﬁ‘?”e@% %‘"aﬁﬂ datiddsure in the plasma water

:CI ne. 30 22. ﬁ\ppw at U@pmusmt@bm sefinehtBGechel Eofglisiay: t hi r d pr essur ef sgnsor (36)
or sensing the pressure in the re 0

i ncl udi ng a ni cr opr ocBLIBEGIY 498?9%13["“'(1@6')9 a 'B%Ség’fﬂ%ﬁo g\?U?eftFF ‘%ai’aae"ﬁ'\’a@{
pressug e sensor (ehd)1) Rng asmnd/ of lakrngated pduamm.érab&)ushmmemmmsr O plésingtr&adndatiptenp 1 N
response to pres S sai ssure se r. . 7. WD 02/092151
PCT/ US02/ 22075 ex“)&ﬁ?ﬂﬁ?’éﬁ"&‘ %%f"séi’”é{'?hﬁﬁ%”"f%'&“ﬂ%ﬁ"ﬁaasm%le""ac“"" catheter;

M Cr Opr ocessor - cont r odnliesfiltaidd JppLado [26)fakdpaigingMabnid wai fdm plasms froté@dd second
pressure sensors (18, 24) and. said first and s cond

Pontrol i ng sai d puriiih B jss Aoy s GRuaEeE e imgy kg el o
sensors. 25. Appab)adndissecadd piolp @6)bogedatinglviith shilliplagha @atériiga@or ocessor - control | er
(30) operating with

b1, o8 "B said fi v st PoRORIIoUA e BT OB e (18 oo R ey RERET 61 1 g

sai d patient’s major artery for directing plasma proteins to the patient in the body segment from which plasma is

extracted.
18. Apparatus of Claim 17 including a secand pump (26} cooperating with said plasma water line {22).
19. Apparatus of Claim 18 including a third pump [32) cooperating with said return fine (35) for
25 pumping plasma proteins therein.
20. Apparatus of Claim 17, 18 or 19 including a first pressure sensor {18) for sensing the pressure in
the plasma extraction catheter.
21. Apparatus of Claim 18 or 19 including a second pressure senser {24) for sensing the pressure in the
plasma water line.
30 22. Apparatus of Claim 19 including a third pressure sensor {36} for sensing the pressure in the return
line.
23. Apparatus of Claim 20 including a microprocessor-controller (30) cooperating with said first

pressure sensor (18) and said first pump (16) for controlling said pump in response to pressure sensed by said pressure

Sensor.



punps in response to pressure sensed by said pressure sensor. 26. Apparatus
of Claim17 wherein said plasnma protein return line (35) is operatively
connect edwD®2g161 ultrafiltrati on apparatus (20). 27. Apparaisey2mf5 C ai m
26 including a protein collection container (34) operatively connected to
said 10 plasma protein return line (35). 28. Apparatus of Caim26 or 27

including a protgin s u@Jf g:gg% ‘ﬁ@bdﬁi)gmr?d?o% ?oF Lot l\e?é?(g?%%gﬁgglgthégd fidla

plasma protein return ar at us o I ncﬁ‘udl ng
a fluid injecwotd MﬁﬁﬁunﬂeﬂW@ém(?AB)ld oip &rsteand speshdypures HA.E) fer dontrediing seid dumpp in zeshvese pr ot ei n

return |ine{3Rkenset B saPoresdiiBALAL Us of Claim 26 or 27 including one or nore
fluid IeakePéet ec%nlseoﬁsdegﬁsces 19, 33) operatively connected to one or nore

of said plasma eXtracdeiags @fdldaiﬂeﬂ?ernch@ma miciopregespprconieabee (30)| Gopperatin mith eafd fisdtas ma
retur G l'i ne, e&;md thlﬁjpresslﬁ‘e ﬁﬁsﬁrpﬁ)ﬁi 243](36)ta|{d‘§§nt ﬂrﬂgecmgﬁﬂﬂﬁ ﬁhps?ﬁieﬁa&ﬂ 3 (ﬁntﬁf'f’nﬁ ?anit

conprising: inserting a plasma water extraction device (50) ina major vein
(11) proxi mmpSﬂMES@M@twwe@@MPﬁd pregyhiesPmi ng edemic ti ssue sai d pl asma

watter ext ract i OmedeviyheaGOimRih ¢ ks i hirs Atuh bk 09 |/ BERIR mecideo P! €

of separating plasma water from blood and plasma protein in-vivo wth
sai d vei n aiefilgation aearpts Rt er extraction catheter for directing the

separ ated pl as MegyWat %pafa{upm[ﬁalﬂ%ﬁ m:lﬁiﬁﬁ@pr%ﬁ &liectX Lohtahet ('3? rr]peratl\rery @ﬁﬂﬁe%heto said
inserting a return catheter (52) in a mpjor artery ( he body segnent

from Whi ch naye pteinssien nl@fl-er i s extracted; 25 separating plasma water from

bl 00d i N-Vi VO i ygt he JRiRs of VRS by AskEg Siish sthlel Bfick b oo ooy @B and
directing the separated Ql asma water fromthe vein via the plasma water

extraction '&aé'f'%é"cwé‘rre“f’b““%l( Bl asma  water container (58); and directing plasma

protein via the fget urppak &?%Iaiﬁﬁ@ﬁ@@)mch&gtah@d B8dn dalcd @2) Yipeka@vbl) c@fiectbd @ sirody
segnent of the patlent fromwhich the plasma water is extracted. 30 32.

The met hod ¥EMUINFEAINGERr ei n t he | ocation of the inserted plasma water

extragtion devi c®, ( 5Qhpatatis of kiR Y&ér@Hindlu@hghd nVﬁnrm.dtekk@eta:@@ldwc@m90§3) dphgivl asma
wat er cont ai ner §58) wherein the nmethod includes: observing the rate of

pl asma wat efPVERINEARE 0T g said plasmp priractieq coibetenlt Sl elavie Wate e Q@’S’B‘)’“'ﬁﬁﬁ”'&'ﬂ‘]’ B9t ing or
control ling the mat e Awsthhdaf ﬁhtmgse@ﬁemmde@m NPeltbapiapt ai ner relative to the
plasma water extract Iu%&tmggms%a? water e)tractmn device (50) in a major vein (11) proximal to the body segment
containing edemic tissue, said plasma water extraction device comprising an ultrafiltration membrane
20 capable of separating plasma water from blood and plasma protein in-vive within said vein and a plasma
water extraction catheter for directing the separated plasma water from the plasma water extraction,
membrane;
inserting a return catheter (52) in a major artery (51) of the body segment from which the plasma
water is extracted;
25 separating plasma water from blood jz-vive in the major vein through said ultrafiltration membrane
and directing the separated plasma water from the vein via the plasma water extraction catheter to a plasma
water container (58); and
directing plasma pratein via the return catheter (52) to the maor artery (51} of the body segment of
the patient from which the plasma water is extracted.
30 32. The method of Claim 31 wherein the location of the inserted plasma water extraction device (50) is
elevated relative to the position of the plasma water container (58), wherein the method includes:

observing the rate of plasma water collected in the plasma water container (58) and adjusting or

controlling the rate by raising or lowering the container relative to the plasma water extraction device (50).



