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As advantageous as plasma dialysis methods are, the treatment and apparatus used are unavailable andfor
20  impractical for patients in third world cauntries or in less privileged environments which do not have extensive medical

support infrastructure for purchasing, using, maintaining or managing such systems and methods of use.

Summary of the invention
The present invention relates to jr vivo plasmapheresis using continuous passive uitrafiltration in which the

25  ultrafiltrate containing the toxins is collected in a container and discarded. The ultrafiltrate is the portion of blood plasma
containing the toxins normally removed by a healthy kidney. There is no dialysis of the extracted plasma and none of the
fluid (dialysate) removed from the patient is returned. Thus, there is no }equirement of purchasing and maintaining dialysis
equipment nor the need of medical technicians for administering dialysis and operating such equipment. Fluid makeup to
replace the fluid volume removed from the patient is achieved by oral intake, and, if required by fluid infusion where the

30  amount of fluid makeup for the individual patient exceeds reasonable oral intake alone. Such a system and method may be

referred to as plasma ultrafiltration therapy (PUT). The apparatus as well as the method of use will be described in detail

hereinafter.
Brief Descrintion of the Drawings
35 Fig. 1 is a schematic view of a first embodimént of the PUT apparatus assembly illustrating a single lumen

catheter configuration;
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As shown in lg@d Kiitdble Siscompdeib@Rsleig. @ f 1 Ui d conductr ng tube 12 preferably
conprising a flexible plastic materi a tached to the extern%l
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surgical procedures known in the art, The catheter is preferably coated with a siloxane composition or a silver coating

using plasma polymerization processes in a vacuum to improve smoothness, lubricity, biocompatibilty as well as to prevent
30  bacteria colonization. Such coatings are aiso known to resist clot formations on their surface for extended periods of
implantation as well as for reducing adsurpiion of proteins on the catheter surface. The entire surface of the catheter and
plasmapheresis element may also be coated with a co-valently bonded heparin also used for improving anti-ciot
performance. Further, other current state of art coating such as polyetheleneglycol derivatives andfor hydrogels may be
used to prevent protein adhesion to the device. The plasmapheresis element also preferably includes a fibrous cuff 36 (Fig.
35  3)at the subdermal interface of the catheter which provides a substrate for epidural tissue ingrowth. Such ingrawth forms

-a barrier at the epidermal layer for preventing external bacterial and foreign matter invasion.
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also illustrated in Fig. 3. Inlet conduit 29 may be connected to the
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SUBSTITUTE SHEET (RULE 26)



SBBSTI TUTE SHEET ( RULE 26) adapt er 27, which may include a
Luer-type fitting. The inlet conduit 29 is also preferably pr ﬁé ith a
bact er i a_f&VPt9g/|l908'() prevent bacteriatand virus from é’oﬁf%’ F*ﬂ:ne body
t hrough that path, and nmay be permanently attached to the infusion bag

28. A one- Wayadapter 2¢,vhictkmay irtiidea tus-typd fiting. [Theddles coadoit 99 itiise preferably lproddacwithralbateriafined toC €.

A flow contral vice Yy .also. ' d ' Lt .29 or
Adapter 27 e SR ] e 00 Sy b BB b o oy o ey i il

i nf usi on pun28.epe-doay oncheeickaliefis alsdpreferably dstdyvithl thivinles sousdes A fiow esptrotdenice maylalsorhs incpeporated
‘typically or . ol : i . , o d
tube Y " SRR ARG 27N YT R i A i Wil il b
per f or med Sduraffesdgble: ey fiast dortraltmeans typiggln o cammenly uped Bx thasein the 3rt. sysh A3 gijp ghamber and tube
the enbodi mengeyet ay siobaitseid Fuidnfdsiortivil nrmbIf begauhﬁkmﬁnh b pallent'sinddtivel oPrast peridd. Gtheslvise,
regardi ng continuous flow, collection and discardi ng; .of ,EI aﬁma flow
as previ ous| yheamiedinentjlusyrated in Fig. 2 is substantially like that of Fip. -ipggrainggomigupys flayy, eofiection and piscardig of; 1
pl asmapher esipfasnf ks préviobsy @dsthbbidng t he catheter 25 and filter el enment 30

t hrough 10 the j lar vein, 32 and vena cava .33 arge s In recent -
Studigs, Tt has oA KBt PSSR Sh e ey ] el i S
type can toe ahefugulx @il 32 sd fean covaP3 asshenal. b crentsmdiésct hds tigen wiown that wismbphérdsis compuadnis ofg S
as previously.described. W 541 C L£qQat | ' .
reduced to uﬁh'%e b4 b?r%ﬁ‘tﬂﬁd\s{% Mh%#ellatmsad?grc'g mozé% %’eﬁ'&?ﬁéba@gﬁs@% &%4 &e%(c?heemfhng%fhn
surface and tcontitgh ¢he fife may be reduced to up & 18 monthis.oTha knats bisweents fatipy'scexternal skin susfags and dp then d

f1ushed wi th e a5 bd petogicay bibshded4Rd flushed with antibacterial sohion. BY Wy of exanpl e, a
femal e patient, age 36, wel ghing 50 kg (110 pounds) havi ng a non-hyper
Y way

catabol i ¢, residu w9t examplp, @ fegrple ORipRCA0% 3riveighing 50 ky (11D poprds) having 2 RonrhyRgrratatiols, residysly

urea cl €a15aN Gépal _fuﬁﬂ@h A 1.8 i AY !J&V)Qfasﬁxia Gred-cREHTEET R b a&arPJmtéﬁl cOns@rilios Of CBgmikh/ilal Gust
above malnutrition rate rechlrjl red6$I asna_extractjon o
)regjfed plagma e

X K f 3.?75 L/gsj%/, .
equating to ZPPvesAsptitigpra ctign 0f3 37 |2y eqyating fp anyerage flow rate qf &% mifmin {or, 24
fs?/st em ;JS ed],c h{ﬂﬁv\ﬂrﬁ&mmﬂiﬁﬂ,%\fbydneltmﬁlﬂ Hesstled e I%ppﬁﬂﬁvtte(?)é\ivimheehgdeﬂtﬂ;il €@ df khe largeeﬂmtﬂt
owrate o0 ar ges a n C use 1. m an us

i s adapt abl e efpﬁc‘?ﬁd i sﬁq s&"?’ﬂ'dleme"éﬁada?{%bg&"smeﬁ‘)feg@m{'ﬁ"e dts(‘é)]!as %55‘{@"?% E’% géﬁ%ﬁ" g’(u)"q tt)h(aatgn
found that  specific siesiewmeffident of itievilasmppleress fament anay befirestrihed forl diféeringpHiamsividths of plasma

| t i 5 i A i . . 8
e B S i S A R e, o
mol ecul ar weingfeasarysb extrarhionipmypesyyiem disegsetregimepts pnd other middle molecules thought to be toxins such as Beta

2 micraglobufin. Other variables or modifications of the use of the system include refrigeration of the plasma exudate which

may be coflectad and remotely dialyzed, treated and returned to the patient as autologous infusion fluid, or even used by

other patients in critical need as practiced in present blood banks. Additionally, with a fluid infusion system shown in Fig.
25 2, other therapies such as chemotherapy, IPO infusions, insulin infusion, nutritional supplementation, etc. may be used.

These as well as other advantages will be _evident to those skilled in the art.
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nécessary to extract for inmmune system disease treatnents and ot her mddle

nol ecul es wiyaggbgezt 0 be toxi ns such as Beta 2 m cr ogbctubdsiiz Pt her
variables or nodifications of the use of the systeminclude +efrigerationp—

of the plasma exudate which may be col |l ected and renotel i alyzed
treated and AMALERIAMEDS: t he patient as autol ogous i nfusion flailﬂu Buéﬂmml"l"l
used by other patients in critical need as practiced in yontree e 1R

bl ood banks. Additi onall with a fluid infusipn systemshown in Fig. 25
2, other therapies such‘%’E’aﬂ'ﬁéffm%@rt%f,"’"ﬁaﬁ@’?‘ﬁf"&@%‘lﬁ'ﬁ?}"”'i nsul i n i nfusi on,
nutritional g eeetathettrihaving a plismaphenssiy filleeelamsnt decured on or adjacérh exsan esithesstf] daid Sdtheter

gbggﬂ '?'?J\'I/'En ts%@%%"' %&p@?@éﬁ%ﬁn@%ﬂﬁn Jpgﬁekttwglg ca?aknir fugluﬁld veiL L]Id “op&re&iﬂg}hlpoﬁ p.las_qng_t:heref'm;
: a flexible tube secured to said catheter for receiving and directing blood plasma from said catheter, and a one-way valve -
cooperating therewith for preventing fluid flow from said tube to said catheter; and |
a container cooperating with said tube fer receiving and collecting blood piasma therefrom.
2 The apparatus of Claim 1, wherein said filter element comprises a hollow fiber andjor sheet
10 membrane having a sieving coefficient cutoff of batween 2 x 10° and 4 x 10° daitons.
3. The apparatus of Claim 1, wherein said filter element comprises a hollow fiber andfor sheet
membrane having a total outer surface area of 100-500 cm?. o
4, The apparatus of Claim 2, wherein said filter element comprises a hollow fiber andfor sheet

membrane having a total outer surface area of 100-500 cm’.

15 b. The apparatus of Claim -3 wherein the filter membrane has a flux performance of 1 to 15
miiminfem?/bar. '
6. The apparatus of Claim 4 wherein the filter membrane has a flux performance of 1 to 15
ml/minjcm?fbar. _
' 7. There apparatus of Claim 1, including a variable flow control valve cooperating with said tube.
20 8. The apparatus of Claim 1., including a syphon device for creating a vacuum in said tube for initiating

and maintaining fluid flow therethrough.
g. The apparatus of Claim 1, including a vacuum pump cooperating with said tube or said container for
creating a vacuum within said tube for initiating fluid flow therethrough.
10. The apparatus of Claim 8, wherein said vacuum pump comprises a hand vacuum pump and one or
25  more check vaives.
1. The apparatus of Claim 8, including a vacuum release valve cooperating with said tube for
terminating the flow of fluid therein.
12. The apparatus of Claim 8, including a vacuum release valve cooperating with said tube for
terminating the flow of fluid therein.
30 13. An apparatus for removing toxins from a patient's blood comprising:
a dual lumen catheter having a plasmapheresis filter element secured on or adjacent to a first end thereof, said catheter
and said filter element capable of implantation in a patient's vena cava or jugular vein, said catheter having a first lumen
for directing blood plasma from said patient and a second lumen for directing fluid to said patient;
an infusion fluid flow directing means cooperating with said second lumen of said catheter for directing fluid to said
35  patient therethrough;
a flexible tube cooperating with said first lumen for directing blood plasma from said patient therethrough and a one-

way valve cooperating therewith for preventing fiow of said blood plasma back to said patient; and
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VWHAT IS CLAI MED | S: 1. An apparatus for renoving
toxins fr lent's bl ood conpri sing: a singl e H{}E eter
havi ng a_gjﬁa%ﬂ'g@%erem s filter elenent se8ured on or adjacen %bo ggr‘{l?end

thereof, said catheter 5 and said filter capable of inplantation in a
patient's VQl’tﬁ:taﬁl&VﬁreEUivmi 4ag)tolicBting bédil masmmbmfsaictuﬂi recting bl ood plasna '
t herefrom Xi bl C e LEGE

and directing bl %d pI $ aﬁggragF 8}%&%’5?% v%:ﬁag'h aﬁdof"&aé'eg'd&%'@%s ] hulw ﬂF" ag or shes

cooper at i ng nteinlgmehevitg sking cqgﬁlemecmffﬁg:atmeuizmﬂ*hld\ﬁ/XﬂG’dalmsal d tube to said

catheter; and éhr Cagsﬂkﬂnk @Pﬁlan? 99 %Er@ﬁ keOritdf diehhent %uﬂnsﬁs“pﬁ‘ulﬁupﬁbe{rﬁﬁﬁ'dﬂepg

and coIIectlng bIood here

 appar at u$ ofmemmﬂmﬂug atweﬂ%wﬁﬂ%mﬂffmﬁ@@ﬂ el ement conprises-a hol l'ow fi ber
andl or sheet 10. rremraaﬂﬁmwcm 12 whbrEY SaRiOfiiterOdfeinbrit ean@ms £ Wig &e.oinam%heeﬁen

2 x 10[err] and x 10[err] dalto :

appar at us ofW@FW‘&gamﬂé‘Feéf“ﬁa%HP’df ?q°159‘l§f“ ‘el enent corrprl ses a’ hol I ow fi ber

and/ or sheet 17. nmpﬁ&ﬁ.s AN A4 whbréld &b fitdd in2ibréb! hds ACHux PérRdmmamté ofLDQr FE00
cnerr]. The apparatus of Caim2, wherein said
filter el ené'f’l'f'"“’&’b%‘rl ses a hol | ow fi ber and/or sheet menbr ane havi ng

a total tuter sunf.ace Thefeagparats of Ofim 33) Giciwiing ©variable flahoontrol valve cooperating witfbsaid tube. The

apparatus of d al’g]m n)’l\@aﬁgrﬁfang? opamm I&t n%”%%‘“%wﬁ% c?eaﬁnhli)‘rang&l( nf%&ﬁ of

1to 15 & Bpparatus™
Cl ai m 4 wherinitiating bridenaiftaihisgdipid fioprtheretormaghhas a fl ux perfor mance of 1to 15

m/mn/icnierr]/ b BI e ﬂme apparatus of cgfn Vaicludmg a vacuum Jﬂﬁﬁ &oo fﬂﬂ?ﬁﬁﬂ 4 inrglnaﬂn%nlr

i ncluding a varia ow contr ve cooperatin t ube
8. Th doratessioe aeveayem wmealdewbnfomnmaﬂwdmmm@m&r@ghphon device for creating a

vacuum iy sai d type f Qfg apgalaful @Uaﬂl@ﬂ wherein said 426lm Ferhy toriises S6hnd Jatbbilpufnd Sid/one or
t her et hr ough. The apparatus of Caiml, I ncl udi ng

a vacuum purfeElEgdEat i ng wi t h said tube or said container for

creating a vacuumeWw t Ivhenapforitudl of DIBIR 1B.Ocluifti & vaddumvgeabe vaivel cobgerathi tvikk Is8d fubeotdg N
10. The a arﬁltHs e%ﬂ aim9, wherein said vacuum punp conprises a hand
‘vacuum punp g fie figy; of id therein, 1, o hock val ves. 11. - The
appar atus of Cl ai2en 8, Thenappatatlis raf) Claim \20 Cinditsing” £ hae@merelaasel valve coopepating atith 13aid whe far

saldtu ng the flow of fluid therein.
bﬁlh qe""'"mgt?"ﬂ"&' m&ilgs"lm 9, including a vacuumrel ease val ve

cooper ating w th24ai dAmathes Ofremovmgtuxmsfwrrtaenmthbmdn@lmsm flow of fluid

therein. 30 mplantﬁlig?‘a catheter KPP Rimaherbsis ?ll% elbnRAONdued) o 6 sbjdbent ko' ANBhd
patient's bl ood conpr|3|n?
hereof within a blood vesse| of a patient;

passing a portion of blood plasma containing the toxins to be removed from the patient's blood
25 supply through said filter element and directing said blood piasma along said catheter; and
discarding said bload plasma removed from the patient's body.
25. The method of Claim 24, wherein the blood vessel in which said catheter and filter element are
implanted is the superior vena cava.
26. The method of Claim 24, including securing an end of said catheter opposite said filter element to
30  anelongated flexible tube and directing said blood plasma to be discarded therethrough.
27. The method of Claim 26, including providing a collection member and directing said blood plasma
from said tube to be discarded to said collection member.
28, The method of Claim 26, including providing a one-way valve cooperating with said tube for
preventing blood plasma flow from said tube to said catheter.
35 29. The method of Claim 26, including providing a variable flow valve cooperating with said tube for

selectively changing the flow rate of bloed plasma therethrough. [
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a'dual lumen catheter having a plasmapheresis filter element secured on or

adj acent gy dy/fobgsSt end thereof, said catheter and saraIsbs213EY
el.enent capable of inplantation in a patieht's vena cave or jugul ar vein,
sai d' cat het er having a first |unmen for directing bl ood plasmafrom :

sai d patient and 30.secDweethdistElain a7, induding providing aﬂ#"ﬂh’*d'“!"dg":?éi"’ﬂ"ﬁ'&q Vithppid tube for

an i nfusi on gl bl ol oo Vbod iR BiABRL LI NG W LN said second | uren
of said catheter

|rect| uld to said 35 %h. hrou Rh

a flexible tube cdbper HFl“?‘ﬂj""W?‘E'ﬂ"‘ &y ineipdipg W‘QT"“PGHE’H“F@Y“’BIT“F’@E ﬁa'ﬁba dg g
plasma from Sﬁi d pat iheihhmﬁnﬁﬂf@“ﬁﬂ@lﬂhuojﬂﬂﬂmﬁthﬁﬂl&w&h. N way val ve y
cooperating t erevm t ow 0 : |
patient; égd @ %MH@W NG 430 ‘i"\ﬂe Wg%g"r'l% %’gﬁﬁe%? ngfﬁ,ﬁ '
pl asma from said tube. member and using said syphon mehnb.to create avm@amamu@naﬁn@mﬂniw
wherein said filt I t dl heet

menbriane hi’iVI nlg aegl 2vﬁﬁ§&85§gWéqh%ﬁfmbgﬁ%£##"W\é‘fonggﬁéfxegg 20>r< iofgrr] and 4 x
10[err] . dal tons. 33.  Themethod of Claim 275including proWifing anMpmmpmngm;amchM@Ipem n
said filter %Tdeugl‘ﬁa eig SRR pr|@§§ cr@atﬁﬂakﬁr\f’é%ﬁ Elgrtu & én?hanﬁsiﬁfﬁuﬁ HlowPof blood Frasihd ﬁ'%ﬂd

having a tota er surface area o err]
The appari@t usoliection@embern 14, wherein said filter el errent corrprl ses a hol I ow

- fiber andlor sheef, memeiﬂmbémm hﬂdﬂn@ﬂnvﬁn&%ﬁhnﬁﬂis@fﬂvﬁuﬁﬁeﬁﬁﬂ with & t6dé for
100-500 cnferr]. of Cl.aim 14 wherein

the filter mmgw@g gpidvacppm afyggnpqy\g ﬁ:aﬂwf qud &gf'b"‘ 1351 catheter and sald tube.
m /min/cnferr]/bars 10The methed of Claim 24, whiein said catlideefs@ doapiwAdn@theter Bvingh firstrianihid for

including a v ble fl
g e ot g Gkd o P S e o RS, o
vacuum i mgsai d t ulse f ofhe method of Clainn35, inchuting pepvidimydividraircetcoritaining tidfté eiinflisdd|tashe patient,

t her et hr oug aratus of C aim 13, including
a vacuum punﬂ'“ddgﬁfb"éfaﬁﬂmdm'hep?thég'mﬁs?'d%iemgﬁﬂ'gal d container - for

creating a vacuum3dni t hiTie methedchf Cleil 87, Eamprising ¢optinupusiyrpgssing bisiodiplasmashyouah aajddites elempghn
15 ' alolhq ég}cathater and-mﬁ%has%) gfe% i cdﬁlcmqnaﬁhg? 20, wherein said vacuum punp

‘conprises a ha nore check val ves,
22. The appar &8-us 3lfe metheg of;Claim 30, |cm1'smj Fopfiguossiy Aassing lacd plasma.thraualy spid filer slement,

cooper at i g Viohglaid@incterlahtiioultidaid tube to said ciéchidnAedied t he flow of fluid therein.
39. The method of CIéim 38, comprising increasing the flow rate of blood plasma during a period of
increased patient physical activity and decreasing the flow rate of blood plasma during a period of decreased physical _
activity.
40. The method of Claim 35, comprising continuously passing blood plasma through said filter element
25  and passing said plasma from the patient through said first lumen of said catheter, and selectively and periodically
continuously directing fluid from said fiuid source to the patient through said second lumen of said catheter.
4. The method of Claim 24, comprising ﬁrnviding a plasmapheresis filter element having a sieving
coefficient cutoff between 2 x 10* daltons and 4 x 10° daitons. '
42, The method of Claim 37, comprising providing a plasmapheresis filter element haﬁng a sieving

30  coefficient cutoff between 2 x 10* daltons ard 4 x 10° daltons.
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283. . The apparatus of C aim 20,

cooperating wth sai
24. AVOR9/M99d7 of

i mpl anting a catheter

adj acent to an end
patient;

cont ai ni ng the toxins
supply - through said fj

said catheter; and
renmoved fromthe pat

Cl ai m 24, wherein the

el enent . -are.. . .
The net hod of daim
said filter el enent

sai d bl ood plasma
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‘d tube to sa
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et hod of d aim 26,
wth said tube for
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The net hod of ClaPhNZG

said catheter for

i ncluding a vacuum r el ease val ve

d tube for 20 termnating the flow of fluid therein.
renmovi ng toxins froma patient's bl ood REHUSIBIIZY:

thgpeof within a bl ood vessel
passing a portion of blood plasna

24,

sald tube for

i ncluding pr

d catheter. 35
\iding-a-variable flow val ve

:ng tube to be ‘discarded to said
The net hod of C aim 26,

i ncl udi nf
preventlng\ploﬂﬂ

gOO' s

be renoved frontthe patient s bl ood 25

sel ectively changing.the flow rate of b

pl asma t her et hroough. ) : .
LT, . %>\£30_ " The method of O ai m 27,

ooperating wth said tube tar
e of blood plasm therethrough

rting

fl ow of blood plasma therefhrough. '“5

C aim 27, including providing a siphon neans between said’tube an
. mrenber:--and -usi ng -sai d syphon

coIIectlon :

i ncl udi ng provi
sel ecti vel

i ncl udi ng creatti ng a vacuum wi t h| n sai Q

havi ng a pl asmapheresis filter el ement secured on or
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of blood plasma through said tube to said collection nenber.

33. The net hod of C aim 27, including providing a suction gu

cqoper at M 2M7sai d col | ection nmenber and using saPf @lggW’&ﬁl punp
to create a vacuumsufficient to stapypand maintain the flow of bl ood _
plasma to said 10 col l ecti on nenber. 34. The net hod
of Caim31l, including providing a vacuum rel ease val ve cooperating with
said tube for selectively term nating said vacuum and stopping the
fl ow of blood plasma in said catheter and said tube. . 35.
The met hod of Cl aim 24, wherein said catheter is a dual |unen catheter
having a first |unmen for directing bl ood plasma to be di scarded from
the patient and a second lumen for directing fluid to the patient: 15 '
36. The met hod of C aim 35, including providing fluid source containing
fluid to be infused to the patient, and diecting said fluid to the
patient through said second | unene 7. . The nethod of

C aim 27, conprising continuousyy passing bl ood plasga through said filter
el enent al ong sai d catheter and through said Xube to said

col l ecti on nenber. 38. The met hod df d ai m 30,
conprising continuously passijng bl ood plasma through gaid filter elenent, -
20 al ong said catheter andq through said tube to sakd coll ection nenber.
39. The nethod of Claim 3§, conprising increasing the flow rate of bl ood
pl asma during a period of i ncreased patient physingal activity and
decreasing the flow rate of bhood plasma during a perigd/of decreased

physi cal activity. 40. The Yret hod of C ai m 36,
conpri sing continuously passing bl ood plasma through sQid filter elenent 25
and passing said plasma fromth® patient through said first |unen of said

cat heter, and selectively and peN odically conty nuously directing
fluid fromsaid fluid source to the\patient through _sdi d second | unen of
sai d catheter. 41. The met hod ¢f C aim 24, conprising

provi ding a plasmapheresis filter el grent having fa sieving
coefficient cutoff between 2 x 10[err]] daltons arfd 4 x 10[err] daltons.

42. The met hod of C ai m 37 2&Qnpr)/singerovidifag a pl asmapheresis filter
el ement having a .si eving 30 coef ietenp| cut of f Naetween 2 x 10[err]
daltons and 4 x 10[efr] daltons: ‘(,, _

Y ¥

29 W
g A
v 72 @




