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WD 2007/ 089855 PCT/ US2007/ 002664 PERI TONEAL DI ALYSI S

METHODS AND APPARATUS This application clains priority
woaowsIssependi ng U. S. provi sional patent appl PCatiSemsg/002664

with the serial nunbers 60/ 763, 254 and 60/ 763, 337,

both filed January 30, 2006, and which are

i ncorporated by reference herein. 5 Field of The

Invention The field of the invention is peritonea

dialysis. Background Patients wth inadequate Kkidney

f t REPONFAE
t:rjg(r:]slplqgn ation foP%%?iWen sum\glg&%‘ﬁwgﬁey
t manS4Pphiok @dd QBmhs%ﬂic‘él?gr@%ﬁr é(%fetﬁhm SR gzog s1onq:1 DAtept gpplications

reatnent since It ores C I naous

with the, serjal npmbers Y 163234 ansl wweaammbqﬂeﬁredmanmy 30} 2606, and which

are inddPEMEII byl REerBBdeHer@hobl ens in transplantation are t he
i ncreasi ng shortage of donor kidneys relative to the

Field &F ndi ng nunber of patient's with end-stage ki dney

—%ﬁﬁﬁl@_&ﬂd‘eld : vent the deterioration of the function of the
{Fﬁ ﬁg{ﬂ ant from causes including rejection, chronic
(ta Arihs inyenteR iF peritensat disttsiyy and t he recurrence

of the original kidney disease. There is 15 also the

Backgdrolird! ong requirenent for nultiple nedications with
toxic side effects. Most patients are placed on

dPaie}rss withwhddeqadke lltidr&?%xb&idﬂ@e&&?@&%r biyalgsqg&dkﬂhgf I's
trans%% gthe Un d States. This ' requir
olapatign 4o Sirvisel Whe ﬂ@cﬁﬁ’frﬁdnkld@w bamébrmttcm il ¢hd test ideal form of
treatme@dtsigatit ﬁesﬂﬂé’é’eorﬁﬂﬁh@ﬁ@ﬁdﬁef l.8dn 819@?&?‘{11}115 pa! 1%1rt§ E%Pormal or near-

];og3 }{IQUCt ed of artificial ranes
normal lite, Hopewar, she mpior probleins uratralkap(thwgt)omd tirpiekrdabing sht@age of
donor Eﬂhbﬁ‘ﬁelatﬁ%@§ I?hed%)?a){ﬁﬁng%u?rﬁ) g6k Sgt?eitp (‘fvd%p machi rlgney failure,

punped t hroug ik
and the.deteripmating Ofm fanceel ofthe trwasy o ﬁ@’mwaﬁiee Sncﬂﬁ‘@ing ¥&j€&¥on, chronic

ross the artificia rane.
(rans i) oo B o R e ot e ereinal ifsoadiaee. There is
also thabeQequmﬁ‘sr muitigle ardRdtioAdwith 1686 side ek,
hours, two or three tinmes a week, nostly in special

t f ed h S.a
e R T I——
(HD) ipthe| Unigrs &ilatﬁsn"lfhksfrecﬂ.ﬁlrdsltﬂomdr@ﬂ&tldﬁ oft dRrROMount of blood outside the
real, circul ation) requires rigorous
patient B & Gl 2 A PbFTRFLCI IR apk edsoTPohraos (e

dialyzedj A$oylsaiven ﬁ@fhe@xﬁ!@ﬂc&[l@i@ﬁé’ﬁ%hd%%@l@ it6 Sh AR ‘%? %%Lf}@éte
ons ﬁ.

liters ter to prepare 30
gener, aﬁgg %é’ e Ijﬂaq;}mfafsa ge héide Oﬁgfterﬁoaflpaa&v@mgmractmg
water—mhlb@ﬁ‘lhaeﬂi‘boﬁb ilsted @Qd 'eﬁcesg %mi(ﬂm)n t%n%?ﬁ%ﬁga%r attﬁeb %e 1¢ial

memb g V\?t er are accunul at ed ween
r%qe § used,diglyspte exiang thagialyzer ivdisvardediag WlasteSPatlents are treated

for threB @l fcﬁ.g;iﬂi‘rags; G\P?gf ﬁgﬁ? gﬁ‘lt%gla gvcéeﬁklin%gtrl}a i %)regle ?&Qattn{e%?ccnterts staffed

and
with nurges gp gmgla}ps sppenvised b(yhélysuenahs The channeling of large amount of

blood out of the body (extracorporeal circulation) requires rigorous anticoagulation and
monitoring. (The production of dialysate for each treatment requires about 90 gallons (340
liters) of water to prepare 30 gallons (120 liters) of dialysate) and a machine with an average
weight of about 200 Ib. (91 kg.). Because metabolic wastes and water are accumulated for 2-3
days between dialysis and are then rapidly removed within 3-4 hours, most patients feel sick
after each treatment and may require hours to days to recover. Unfortunately, by then the next

treatment is due,
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treatment is due. 1 WO 2007/089855 PCT/ US2007/ 002664

About 10% of dialysis patients are treated with
woeoiTiosyssal di al ysis (PD). In PD, fresh dial ysat®&us2007/002664

(usually 2 liters) is introduced into the abdom na

(peritoneal) cavity of the patient, which is lined by

the patient's peritoneal nenbrane. Water-sol uble

nmet abol i ¢ wastes and excess water in the bl ood

circulating on the other side of the peritonea

WAIU&&@D@%WI%QE Baéerﬁ.bgreg'}e #e\ﬁs\glttﬁ pg)ﬁ‘l,c])gxleaﬁlfcf’l g’lly(s)ls (?B? In PD, fresh

convectl on er a perio
dialysgfiedpsusdlye fitsrs) dy imtoduceaidtadihs chdolethal ﬁmabnm)mawgtoe the patient,

whlch' 1§ hqgél b% fS c@a 1eHPs01&par§18% a0 | t r}g@% %%Bgélubﬁdapgkgygwggt\gs and
excessp‘@ratet uné‘albla)i)chctlytslilaildg@d:’d]i): olti&lfeld%-df thé g&ftof ¥4l haetEBSne move into

dur i hours, and one additi onal
the iy Eh by HnGi R R eriton. AR miperiad o8 e shapanidialysate is
dralneMnHehscaﬁdeﬁeEresM\ﬂlallib’éfeE@%bﬁﬁer@&' W6 thOperfBhd RbPinP Wbegin a new
010 nocturnal dialysis using an automatic

treatmgg et FARCIL3 € Spieavis sppuAleryoResiigace dinkseshéPyBE) malc 3-4
such eI&]ﬁﬁrfg@k EVery Hay Hﬁru’%? waldr Bou?d, 2@y %@gﬁ‘xoﬂ% gﬁﬁf}i H%&ment cycle,

3 10_exchanges_( iters per exchange
which Jgsts Bdgponrs WhighiaslepneAn inpeasinst nmﬁbetrhxf patlalhty szatzvamdergo

noctulﬂlamﬁiysﬁmé@bésa o' &3hbSe b@nto@%&ﬁ r%?%lﬁe A egllly dﬁ)}élcﬁ%}/%% yxchanges

especially in patients”|
Typlcaflbh dPiteR0ilisers ofigiaditseteyare ot for Ank Madgamaakrsqfer thchange)

t fica a nt . of
oS L B0 4 A O g
subopttinal dtabﬁsyss astp@maﬁyl impetigditsmawhad thé fd@lduﬁﬁkﬁdﬂ@ﬁ function is completely

PD) t he
o AR RSP B 40 Sk RS ol S i

across p}ﬁaaf péritored] netindryse Mto SSAigySate b afd AR Hhahlnd Yok peritoneal

lity to regenerate the SPD is either
d“ﬂy“ﬁ8§3€§ stent or, if present, are subject to

limtations. Such probl ens and limtations include,

fItmdeﬁdg angplyesf tBOpibbletheartt Rinta81S MIAY BribSar 'o?bte%n&g dialysis
iters of fresh dlalgsate per

systemﬁrs? ﬁqng,tthggéctttlaattth% abilipntorsgenesptethe §RDGH g}tgy@at@ -existent or, if
presenﬂ,' lakS subjéct k! lifhitatibiK, Shich BRoHASRY Rhd Hfmta’élglﬂ Hx%hfdgafor%%]mple

be renoved fromthe patient; 2) The protelns

%fDTgre qlscarded w.th the SPD, resultln in a state
) Thg iz KirbudsasP &t limited §3,abous 194e |28rht@rsa>|f ikeghyylialysate per day,

pr Obﬁh‘rﬁrrflylh{k@w the hech £4-90T §86h GihRRSte. TRisKin &'ﬂﬁy Ilmllt;]s the amount of

failure; Two or nore connections are na
di alt%i‘%t Anhf rempvad diom 816 nasiertie  cat heter; 4) The
sodi um concentration is fixed by the sodi um I evel in

t2)e The @stte0 iMBIeS D are discarded with the SPD, resulting in a state of
continuous protein-loss in patients already protein-malnourished from end-stage

kidney failure;

3) Two or more connections are made to the dialysis system, in addition to the

catheter;

4) The sodium concentration is fixed by the sodium level in the fresh commercial

dialysate, and cannot be easily adjusted once treatment is started;
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di al ysate, and cannot be easily adjusted once
treatnent is started; 2 WO 2007/089855

wWOCTI7WSA307/ 002664 5) Commerci al peritoneal di BCYRE2@®7/002664

contains lactate and has a pH of about 5.5, both of
whi ch can cause irritation and possi bl e damge to the
peritoneal nenbrane; 6) Commercial peritoneal

di al ysat e contai ns glucose degradation products forned
during sterilization by autoclaving. Additional

deyr adain@fiaPpaisdas dalBatdsd®ins ol %rﬁﬁha?sgé’;%ﬂ%? aBbut 5.5, both
egradati1 on

the dial ysate prior to its use, These
pr odefcVRich gan cawsearriaiieanthprigible dampge foche peritoabal membrane;
menbrane. Further, there are only three different

gl COs@RNERNGEHr{t8hdaP Bfnly At it AHE %I%B&&’de%\[ﬁiah@? i)?odu cts formed
d f gl'ucose

di al ysates, and the need for a change I
conc@HiEattelization by raatociavimg Hslitionad dagradi@drcprodficts are formed

di al &8st el concentration . .
appr oxi r%gst ?l%gé t@ E gitermg%lg%?g% Hﬁg%ﬁf;’:s l%’%t EB%SF SEBffdation products can
per i 2lgmeaiise damkgs tosthe petippmeat metnbneki Budherpgert &e oalcthree

as ' none ant i.bi oticsg, and othe

her L i IBER r L  Bi ST s, an e e
r eadiok ¢ chaigesiadstu®yse Thieceptrhiion AiGuirsY 8 tBaEetth AtneQMBALEN of

sor bCﬁnliy %PD reggner a}i on contain a urease layer in

whi cHEPRES GPRIATRNE & §4GaSHFUFREREPIAPPE B MBtiAS fthat meeded;

SPD;, 15 9) The prior art systenms do not regulate and

n#) nivathrpresedt penitooeet @idly<is eqQuifmang beikfididl dgBfts, such as nutrients,
di aI}}/Osato§l at ﬁf)eﬁdg |SV Isﬁﬁeréescr,i bed by physicians in

i ndi V1 agars fATPEHER an fgjer apgutigang heallh-ehlaapeingpgents cannot
enpl@yresditybaiisedPD r egenerati on to renove urea by

usi ng urease and a cation exchanger (such as zirconium

phosphat e) , gener at consi derabl e anounts of carbon

d?)o %e‘,’“%@f‘g S&F%\WS&EE‘ _ Rgk ferbep Pehdeaenertiongegtainpg urease layer
or dhhdficlgfirasedse can bt dispidceakbyproeln BROSPD, Whi | e at

the sane tine maintaining sterility in systens

desi-gned.to functiop under different condjtions, e.qg.,
i ?P élq‘ev%h‘if &b %S%Jéﬂotaﬁ%‘ﬂ&tf)an#%albﬁairbﬁodalfm ceBeamgipfions and pH

'SPD ih eigedialyahfe QR sexdi RIS GRARFiBLELABIPAL UM n%rﬁ@a%%ﬁr?l SRtients.

appear in the effluent of the sorbent” asse
tg@,@gconi um | ayer_ is 25 exhausted. Such systens
typi

LR RELSYSIS sé]n%t\ﬁng?le}ﬁ SegEntSRIY TPRFHGEAtPn to remove urea by

MONivis gl tgaseta@ atfafibh @REhanBEr REER HRdnPlA e
therefare g nnot set. of f aa% I;:lcﬁdi ble, Vi Sughﬁ%a&é}, gencrate

Vi b F&P%}FV aBle BRMEHS PiofarPet digridlenbetigpvide nermcass o rémmove this gas
SYysiogBtHen ghSBRA ﬁqﬁli&—@eaktﬂ?béf Iﬁ%ﬂi}'r,t Wwhile at the same time maintaining

sterility in systems designed to function under different conditions, e.g., in a

wearable system; and

11) The prior art sorbent SPD regeneration systems generate ammonium ions, which
appear in the effluent of the sorbent assembly when the zirconium layer is
exhausted. Such systems typically have no provision for continuously monitoring
the effluent for ammonium ions, and they therefore cannot set off an audible,

visual, vibratory or other form of alarm and/or turn off the system in response to

this condition.
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3 WD 2007/ 089855 PCT/ US2007/ 002664 Regenerati on and

re-use of dialysis fluids has been contenpl ated. For
wexenTpserss US 4338190 to Kraus et al (July 1982pCcraacines02664

a re-circulating peritoneal dialysis system as does

US 5944684 to Roberts and Lee (June 1999), and a 1999

article, Roberts, M, A Proposed Peritoneal-Based

Wearabl e Artificial Kidney, Hone Henodiallnt, Vol. 3,

65-67, 1999. (WD 5 2005/123230 to Rosenbaum et al.)

t R@g&%satﬁmréi‘rdcﬂeft%b' loZiaMgsihaRTRad had Méénsco%i(e?fﬁﬁﬁ'fed-rﬁ&s&ample Us

her referenced extrinsic nateria
4338180 é‘bFﬁ%}fSafttéH Uhby £9%2)185aches repiceuliting pesitonent dialpsiysystem, as does

US 5MB68L1oPR S8 HnHI TR (RHind! B9 and o fRIgd Arﬂ%lgnR%ﬂEe Y R/Prgt}eroposed

reference i s inconsistent Or contrar
PeritopraflHased ¥¥raptble Ratificiel KidneyyHded Hmmizwm Méol. 3, 65-67, 1999. (WO

2005/ ﬁzﬁ&@@ It(% F%Pftn{l%giﬁﬁp tatl ?ﬁ{ g%l era%ve: Cﬂl‘e d g*eél?oa%ggélg g}ésbterﬁo'{hese and

all othapsifgrenced ml‘t mawmﬂsearm |1mdon‘ptg*afeﬁgﬁf‘@ﬁ dlyireference in their entirety.
e-use of dialysis fluids, the

Where FGRDS 84 bToferinda o risdrap e Falernop s pPRtcnirsontrary to

the deﬁfutmn@cﬁ ehet it P videdthegda) the HBBnitidAGF tRALGH profvfbl'ed herein applies
and

not. use a sorbent cartridge,
and the ﬁgﬁﬁf P@g%?%rtﬁfghml 18€ LoTRIREC €95t BRRLY- noder n, sor bent
based systens. The Roberts article and patent do

CDasmaspioateﬂ?nplsténg)feganerﬁﬁdSrh eddonshittitiof ARl eEREAbLEaRYR M ds, the
evi ces that required separate process

in
prior %‘gﬁ%i@% %Sﬁ“gsemsf riﬁa%wabwawﬂﬁceeﬁwﬁhmaghaamal The '190
patent o bRirfiple! @6es(rdh LEd4 bbbbat @HridbE eﬁﬂﬁheljefbr@qsdinlhgﬂ fbss effective than

none of the prior art teaches a unit that co
moderp, sorbgrt apiay Systems: AheRobeisaicleogmd navent dorpohtetmateise of a

benf, i I, r
sor en llﬁi@&&%% Zﬁ?%cgygégf}néo?nﬂiégdn% K ethan £ ui e](al seg%iﬁ ;lrgwssmg and
then rqqg@@lm@g of Araiein sgntaining elnd)plallteloffrem(altgafﬂﬂwe} mmtshm addition,

none of %eq%c%]rea'?{ te clﬂe%r 'Jn(i)tntﬁ rtathcat%gy l%léhv%mdnlrg?)lf gacitrg lf%l T?‘&t included

rate throug e peri onea cavi
the nugetous emprqy@mentscxlﬁscnbmﬁhdrha Bovsddampdé, Uiehd '684 Petent:
perltoneal cawty islimted to a voI ums of about 250

Sl ﬁ bg‘ﬁ%&’;{-gp (:"m:"rCf1 fﬂrnrgf?lg rlﬁrglgggluosf%?alg/sr]ate from the
3?? %ﬁvﬁiyng urease and sorbents, such as
r n oni um oxi de and activate
r GRS %%\Sag ogf)‘% f&ﬁ"%‘i‘ E?léea%‘?f“f’ﬂeatl ravibelydpited ﬁ%to 3 liters per
syshemm asd fet dwellvolubiczio thaptiteadnl bevity FRIAREItY volume of about

pro e spent peritoneal dialysate (SPD), thus
rquﬂ) boﬂﬂé'?l the SPD be separated into an

ultrafiltrate and a protein fraction for purposes of

r33g&he r@etnemtlﬁg sqstemtie hbh&bﬁ&ﬁﬁtsﬁ{glé)ﬁsséﬁrb%nhiﬁﬂg Bll@ple
tothet recycling back into the patient's
ntiguous compartments containing urease and sorbents, such as zirconium

phosphate, zirconium oxide and activated carbon/charcoal.

4) The urease in the regenerating system is not immobilized and can be displaced by
proteins in the spent peritoneal dialysate (SPD), thus requiring that the SPD be
separated into an ultrafiltrate and a protein fraction for purposes of regeneration
and to thereafter be re-united prior to their recycling back into the patient's

peritoneal cavity.



peritoneal cavity. 4 WO 2007/089855 PCT/ US2007/ 002664

5) In the urease/zirconiumion exchange sorbent
woeyEneysasi on system the sodi um concentrati ORCT/US2007/002664

i ncreases, and the hydrogen concentrati on decreases in

the regenerated dialysate with tine as regeneration

progresses, thereby devel opi ng progressively higher

sodium and pH 5 6) No provision is nade for the

evacuati on of carbon di oxi de produced during the

I Gy ERemha idBe/BiOGRS Sy i H%&éﬂ GYk

wear abl e ki dney is to allow g %&lb\é ég'{ﬂe unt esgt |n&ttg%150dlum

act i SAncentEation ipprepsesagnd ﬁhe ﬂlydm‘gée lcend:enltnadoh ylecreascs in the

POSi febORtSated 4 s made.for the us .

gl ucog e and | hﬁ%a%&gt%léﬂ(? ?Szratgenera%?n yeatsse- S?B‘?by deVeloping

| meRfoaressiviely hlghdrlsedwagadchp}i{on of ultrafiltration. 10

8) No provision is made for in-line m)nltors with

" bpado Barksibo /Ry dlf er ent

coﬁ‘po(r)lgnt s I?%Olﬁlg&reggéﬁéeg‘é%e%u f %?’bdloé egsoduced during the

pr ovegénsration pracessf pmticiierly ag Eh”@%’o&l Gﬂthﬁﬁi'féatreﬂﬂ@ &ldney is to allow

di aly enr utrients

t her g‘%gh e Eﬁ@ ﬁfcgecp%%ﬁl lté't %trw‘gle‘}%f’gé thfef%fgtémi&hpﬁm@pys

or I|qU|dform sterilized in situ, and adm ni stered

at) pYopgreyivien isrmedsioartioe tsennfilyy ghivopahi e stéhlization of glucose

Ml e S STy A T T

par apr ot erns, Tequi Tof t he protein

fraction fromthe SPD. 11) No provision is made for

r @mdVerproyision gdhadenior éclihe montiotowith XfRd-bath Uso "trB%Sthory
io

|s d far ystens that_ can unc

S Bt AfEfcn BombBBER RE e e Ahating
vvearabl e formats, in which peritoneal dialysate can be
r Vg e¥epmision ismeasterfor tHeutegeheamed peritsaed. d@ymtwﬁﬁ to be

The sent i.nvention provi

app glr'lg ﬁeﬂit\!vﬁﬁl EH!CHPS r?ﬁﬁuﬂfi ggents, angi qflpprd)eﬁgﬁq:lpb@g@ps indry or
di alhyqsai bntn[ stetlhﬁfd B 8t Adthinyst&leA b &%{Jalﬁﬁa ?ﬁh
fluid,is withdrawm fromthe per|si oneglb 5 ca\e/??%/te% atlmlng

per ﬁrBF ani nmal (generally referred to herein as a
‘person” or "patient"™ or "user"), the fluid is

Sk Reeatond d)ih'trmxa)u@ebﬁtlhd/éélrhbllérp(i’ét%irﬁ égCBa %) @?ﬂs%aui@es the
relat|v§(¥(ﬁrgte|nfree stream . he“fYelative

pr ot ARG 1Re Perteinifeactign dipesp H?eéley processing to
renmove toxins, optionally reconstituted with

Ad Y Noi prosisicarid nidde For RmuvapsEsedtié HoledleuReli taneal
cavity. Use of a

Thus, there is still a need for improved systems that can function in multiple formats,

including portable and wearable formats, in which peritoneal dialysate can be regenerated,
reconstituted and re-used.

Summary Of The Invention

The present invention provides apparatus, systems and methods in which a peritoneal
dialysate or other substantially non-blood containing fluid is withdrawn from the peritoneal
cavity of a person or animal (generally referred to herein as a "person" or "patient" or "user"),
the fluid is separated into a relatively protein-rich stream and a relatively protein-free stream..
The relatively protein-rich stream is regenerated by processing to remove toxins, optionally

reconstituted with additives, and then reintroduced into the peritoneal cavity. Use of a



10

15

20

25

30

5 WO 2007/ 089855 PCT/ US2007/ 002664 substantially

i mobi | i zed urease all ows a hi gher percentage of the
wohu7dsstsseam t o be processed as the rel ati vePgT/US2007/002664

protein-rich streamthan in the prior art. For the

first time it allows comrercially practicable

devel opnent of portable and even wearable dialysis

units. In one aspect of preferred enbodi nents the

relatively protein-rich stream averages 95 5 -98 voﬂ%

substaﬁﬁaﬁﬁﬁnh@ﬁﬁ%@%e%ﬁé QWJ 4 H{Ehgﬁgeregﬂt%aéeo&ﬁtg tfﬁ%y %tr }()) be

t he “'user, which mean
procesggsl pithe gedgtiveli pr Welnrmlastmpm thapriotle pridrraee Ertrrthaﬁrst ltiae it allows

L that ercenta
comm 5 S SR IELR S O8SE0L 395 R0 Do
or even at least 15 vol % All pr actical types of
phinsi aspedt of grefermed embedinzants thomeletipdlatpedtein-tich steiangaverages 95

L R TR ——

that ondy abgite-5 a0 muhhmrhpnstsﬁd r¢latigdly @[’otefn ﬁé&ﬁfe\&hﬁ EIn less preferred

oo SAEAS L ORBBLE S BT 0L, AL YEloha At ST bt a0 v, o
even alesttelif vatfe vt paeticdl bpes fo@bﬁdtﬁmfﬂlﬁﬂ s§ﬁd’r@t@f§ ¥ cbsﬁémﬁmed
The sorbent system preferabl

at | east . o y
mcludllnﬁ as%%fé%llyaﬂﬁ},%ggeroﬁiltgf;w t]équ[s(@(' §gparagr neesy ngt dictate that
percentdﬁHDEd)ﬂ dxa8hlOn punsy Bt }B@ﬁ&d%tahexg&e&fx%lgé@dﬁn\@ 'ﬁ)edﬁcrrcentage of
Jat s forces. This_ immobilization of 15 the urea
reia W?}Vé\‘i%tﬁtr’s“?’lf §tr?ﬁ'%fﬂ hedpeampingptrgamst ei ns in the i nconing
protein-rich fluid stream Previous systens,
| Aehitgblagorduhit FWRm tépkhdraRd the §13&Sn %h%ﬂem%yr}@fnovm at least one

@W%qutel i mobi lized, which nmeant that only a ve
toxin. $qrbent.s gqem]pr(agr@bly zncgggesdafurpaﬁ@ gr|oghet e@@xmg(sbghat is/are

immobPi RASTSL LR T atel @ Er‘e'ﬂte"r igedh Vhihd wand éﬁ&@g ?Eml. Phb&‘?ﬂtlon of
fluid reintroduced’into the user was derive romrthne

the uregeoprgyents e displacement by2progondisrths innogmipg ef@eiabtish fluid stream.

Prev10ﬁ§§§s§€§§s§j 1r'1c,nudiﬁ Buf ?@g (a)l?tg ltd%rc(a%g %vrﬁocﬂ ‘%?ﬁ flgtnatS({eaflétgg/ i%mobilized,

which meantethpy tmlxéd VtEhmmalih frassenid.g. 223Ul df thecﬂluideoﬁlalaneqsrocessed as

ra i rconi um 0x
protemr@%?gg{dr c! ﬁlgp tn%rn%ggﬂgg Elh ibe’éxiltrgc%ceé i) user gvé'xﬁﬁlpg}vec? from the
proteincfoed pbreidali ti onal |y or alternatively target renoval of
one or nore specific proteins fromat |east a portion

of ei.n-rich m Si s
ool B RLRLY R 0e8 l SO R RITHS PR BlY Sl Spstng ot s
100 gmt @ﬁ@omlsemls(dlrg vaedglit). i cnmlcoammattes thak @n pmhﬂﬂy e6uld 1nclude one or
essi ng occurs

h
more o %?gomu é)th%s?ahaé%% § %feoq%gl}nqu)% O acgwﬁqg]cc@ggqrp{@harcoal A

sorbent] assmnh]amoluld:dtdtﬁt@or&ﬂl@lairlaﬁlﬁnﬁﬁdél@ﬁa@@t f&hcﬁ/)é!? BABEEEr more specific
in at least a Ortlono

al t
proteiny 9% gy e ARy o B £o PHERY exoiEanmg sepem iy S6boresis) and

one or htore flidle meculﬁ@@nh@ﬁnnﬁbﬁﬂg hd&abhfRoRentshe hydrogen
i on concentration can al so

In preferred embodiments at least some other processing occurs to the protein-rich
stream. For example, a processing line can include a cation and/or anion exchanger, which
alters concentration in at least a portion of the relatively protein-free stream of at least one
of H', OH", CO3™ and HCO3". Stabilization of the hydrogen ion concentration can also be

enhanced by use of a zirconium phosphate layer as the final module in the sorbent cartridge.
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the final nodule in the sorbent cartridge. 6 WO
waQe/8&3855 PCT/ US2007/ 002664 The processi ngPCTRS2@an02664

al so advant ageously include one or nore of a

sterilizer and a gas extractor. Gas extractors can be

as sinple as a vent (for portable systens), or nore

conpl i cated, such as a hydrophilic/hydrophobic

menbrane filter (for wearable systens). The

r fh@piocesymPrat eialks 88vantdg@amaly 'rﬁc‘h'i&f dilet Jra}ﬁ&)e At izer and a

treated sinply as waste, but in preferred
gas eXHARIGH| GasREraRiess sait ecasotimele %?@s‘éﬁ% (or pattelmsyste@onor ofore
R DR A E6pisiliE A
eomp exc gnger S( an}l}r oﬁp c1 at ?g}rﬁ) pﬁgl?icm Xe%&%égﬂgpgﬂpwe%b y Sg stems).
eam can pass through an reverse osnosis filter,

a‘ﬁ 7 Brlatiesive ProteintiecesiiveaBrubiafilisete) sabe Geased kinfily e waste, but in

referfed@mRRRAERS Ahs thrBe b FodsHid &t e !
P IS tnllﬁen added Sbacr to t ﬁe Sr e‘% at F{’/}P’l%% %((r}%?%?the ﬁ}gﬁmjl Weg stream
can pass theeygh arpiontexchangst fandorf, setiba ok rmmoqbbedj; some of the stream can pass

t [ racteri.stic

throug%% r@%@hégﬂ?&g Eiltgia aﬂéf%k" g&@g Prﬁl thﬁ: SUean cﬁa&tbt Ilﬁ, d g‘bv\ﬁfq&%'-gh the
separagy s the thesk dattea threasaaree,dhe Cloat ﬂ(ﬂlcﬁ’r adkieddatiatd &e@bﬂhﬁb‘ﬂ? protein-rich
strean® of a desired range. Especially contenplated are
nonitoring and feedback for sodium concentration and
pH. Monitoring and possible shutdown are especially
ciengnys andddedmck doopsriracataapiatadafor amintdiniky etkarh@dristic of the

nt.s _also include.at | ea one enr,i chnent
system; rggg ?lor Phare Fecaéﬂ@?ﬂrﬁglétgng tdﬂ‘émsf’%f%git‘?{n MTHER appasisdhy
characeedidtio altd outsids bf aidesiedd ghye Qﬁpemw 3&tkmpPlatéiPdre invRitoring and
nesium |In additjon is contenpl ated t hat

feedba s SR FBFCTGAGOR BRiHPH: MHEHOBE S BAEH Dl shutdown are cspecially

contend$l@ied St drfnoflh &ncBReitial | ons (e.g., antibiotics,
chenntherapeutlcs) mcronutrients, vitamns,

E]gfggm %ﬁ@s%cgﬁg ;}g{%g%;nggg%ggm%ng@le that reconstitutes

the pr(ﬁeaamc@mfaaﬁq B;oaldlcﬂng 8t RRMelo? glltsd &J%Ea%blnn{ |C§1|311§1t| r2am
as a_way of |ntrodu0|ng¢then1|nto the patient

magnesiugy dp §gd)(g1|oa; ij 45 eonterpplafegddhgt rudnerse fgrrlong tarmeadinagntation and the
admmﬁﬁ‘ﬁﬁbﬁ‘H%dﬁQﬁbﬁS (%ee?g] E)tf?:g Ch@rﬁrg)g% n;]pé’ﬁlc?) mfic@nutrients, vitamins,

t hrough a sensor - oop
hormopes gngkanyi @her 'bﬁlaipgmtlcmmd hﬂahbmdemlmeg an«b plaintténgagedistand
their
su?plesoﬁ§ac?)?xgdn§é é{%ﬁedsfy ‘iﬂe,egfﬁ?g rﬁ?%lgtggm r O d u% gt‘; in r%ducmg them into the
patient(ggusnsr dielysishidelivenoemt be progrinithed dn Iaa:ohtlnmuus Hakig or on an on-
Lo t 8€ ei t her S or. a.
demanf Bt X et B bk SOMRECI R R ShichBhint Bt Foiie Pibpagor or
other dewickslctndd dbpeusadl eﬂkzgecgmle_dithe@ I&:hspeﬁﬂed ﬁglﬁﬁomfztcﬁl@lﬁtihg thﬁf;]ﬁ ddlvation.
tract [ I ne. porta ystens, the )
The ﬂ‘BEyl aéh?tf sfce, eefﬁ%?l}eéﬁﬁfﬂ %igfgpﬂﬁlfmeﬁ ﬁ%iﬁmﬁ@%@e@mtmal
cavity dewld -usé eihaakebirfe 504 Bﬁﬂretﬁ%@@ﬁﬁh Yorh $ShAARBEETABINACcNAUId, and
nor e hgn 5k The .dry ht of user-

could be operated concurrently or 1nterm1ttent y with the extraction fluid line.
For portable systems, the dry weight of the entire processing line (excluding a user-
replaceable sorbent assembly) is preferably no more than 5 kg. The dry weight of user-

replaceable sorbent assemblies is contemplated to be no more than 5 kg.
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repl aceabl e sorbent assenblies is contenplated to be
no nore than 5 kg. .7 . . . . W) 2007/ 089855
WOCH7W8H307/ 002664 For wearabl e systens, the ®CY/US2007/002664
wei ght of the entire processing |ine (excluding a user
repl aceabl e sorbent cartridge) is preferably no nore
than 1 kg. In such systens the dry wei ght of
user-repl aceabl e sorbent assenblies is contenplated to
be no nore than 1 kg. Wearable systens woul d
gBBEWaAhllealy SRrRCAE By SRYdi ' QWer. S o
| Sutgh suppl i gs_ shoul oclﬁ%e 5§hst8)? F\%ege%ngln?p ?oge%sb%g g’?&%‘ﬁ@dmgausef'
replacRatie sweppiFartidgekis prefarablishy nfore than 1l leadh stcthéystdd®l the dry weight
of use£83145be M6l 46FaN r er .aor .l esser periods. To
f ﬁ%ﬂt her enhanc e%\%grggag%sl ?'F? éferrpa%teg R A F’P‘%ﬁ thanplekg. Wearable
systemsyyeuld generslly atsoueed afseifcbhanaid gowe @dﬁ);ﬂ?.t §ﬁdlﬁ§up?fie§ %E)uld be
Sufﬁcimlo‘;réra?éthyﬁ?ocseésiteﬁf c%nnadvan{_a eous g/t be dfes gne .
to: 1) optlnize aeSenetCEMEIAY 5 atlsestSiairebyt copjd be designed
for greafsriomlesecrgienibys Alcefur L Oaate MRaBlity | @AY A & ¥xtomal
m ze the enerative capacity an

3),. maxj €
StrU.Ct %%ﬁé{l‘%tgﬁl&mﬁ afﬂfiemﬁ,tprlggq;fﬁhq oadying|of thery stema tareadiantageously be
designed pred)) aplii RE@kfie duamil 68 sﬁeﬁagﬁgﬁ%&a&iﬁgﬁ%g Fgg?e_neration and

configured_as non- rigid belts, or-as
flow h’f‘% ‘dé%e ﬁ'&g P LEERBRIEE theregersentive capacity snd Adickibsi) Mfe of each
modulé: AMPBAEEHSespEAR P BrdrEIDY epl aced canveniently
ioid b nd safely S?havi %gr‘{ n m ﬁ] dglg fléan‘?oél W&ﬁteﬁﬂggﬁcgaﬁgured as non-
Tigt L 8atKS oW ag apparet aheéemtecgm)atMiaB@nﬂ)ly or it)s indi\éidual components
can be $dr86¥dd ¥ BE i ning. undocki (snap-out") an o )
docking ("s gg%‘?%ﬂ%ﬁe@g’ﬂ%ﬁi’g ﬁi‘:}glyl@aﬁﬁgf"émléé Paberemtith impaired
sensatig dedriiolwslex gitylewsin e ateritityairiaitehiinyl WHUoBRIME] AT and
dockind b4hg,t.0r r over a relatively |long périod of
o m%lk#ggp gpﬁ%ﬁp?@ﬁ%ﬁeferred enbodi nents, for exanple,
will regenerate at |east 80-90%of the substantially
Brefered perbet assambliesareperttt Brelail el i fidpeBMith fd ﬁ{jﬂuid to the
and nore preferably at

user ovs 4| 3£ et ! i
ser o }“:1l é‘l‘é?ﬁt%?}yg](?agg)\e?rg:pg of fime. Sﬂl?rgfr‘lﬁg prefeuied embedimentm dorheample, will

east

regenerpgtatileast SuO0BNG 1 the pilsh a1t 00 LESRRE | - ..
arified Ba &l .Gl ate at | %ast 20 azg K erﬂgggpidfﬁg blotein-containing
p subStARt BPP?/‘? B b Gaussy #ad wprs prefesably phitdast R490%vdr a period of 8
hours. Gsieg asother megicOburkéhtjoste refer abl t
liters of ﬁast 48 1] telrcs 1é)vert a p%ﬁeg%g})t%o%gwgml{sl.re'ﬁgf:%lﬁgfétlea“ 20
ters ot e ranially plood-fren flaidtasya miriledrfwd orabodém®NbS1 MWhdilrs, and
more prafer aHERitalg | J.: cur..at | east 40 hours
P dur% a pet ri .o‘gt@rosfm Vgg\%?%hg‘% ﬁgg% §§ We a%g,e?%‘?}hﬁ‘ﬂflémc’
currently prefgireg, ppbadiments wilballaw epmotativeenocessing s odhB aBRMESI0 hours
during A peHdd dd r | gcenment of power_and
e By g A T o8 g 26, o even
almost 19§ jques (fil tiresy exwept oo medadeneeny af powsr SRl dHehROAIsBFplidY).
the prior art by providing a portable (and even
0e2hahl fhe i Pelgach Ltoneal dialysis. system based )
on the r eeggﬁ’g% at | otﬁg%o? ?rglt%?gyeeqc%r_n%h%éa\f%o% defii¢ipRaie i the prior
art by prgxiding & periebls Yasichemensveneable) neminatel dritshsi lﬂ?a?féx’l? system based
D is continuously

i "hl. " ecause .t h
on the r%gggeet?{el?rgtgfe' % ’ﬁ?‘c?t?ﬂi[]c%npalgmg fralyshte. Because tho system is peritoneal

dialysis-based, it is "bloodless" and because the SPD is continuously regenerated, it is

" _
waterless". Furthermore, by utilizing sorbent regeneration in a portable artificial kidney, the

peritoneal proteins in the SPD can be returned to the patient.
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"waterless". Furthernore, by utilizing sorbent

regeneration in a portable artificial kidney, the 30
woeniTiossssal proteins in the SPD can be retur ne@CT@S(we/002664

patient. 8 WD 2007/089855 PCT/ US2007/ 002664 Vari ous

obj ects, features, aspects and advantages of the

present invention will becone nore apparent fromthe

foll owing detailed description of preferred

enbodinents of the invention, along with the

rals [ epresent
PRGBS PHIELELS, LSS ccome
more appgqqpéfrgmu the folimhieputiatled descriptioh ! |pﬁef91@%dll 61@1}36@1%@5‘1& the
eritoneal cavit suj table for
inventofl, BoRE Wi he Be B nang M tiran Sids sehich Fbmemesioopeseet like
compoRemfare 2 is cross-sectional view showing the structure
of the sorbent assenbly of Figure 1; 10 Figure 3 is a

. i.n-1ine nmonitoring and ot her
Br"fI%%Eﬁ%%%hq?ﬁ?ﬂgﬁﬁ%u—¥$ﬂms within the device of FigU{e
t on.ln Fi. ure ent penltonea
FEG s o PR o BT geufy ol Soubir prsincal cavity,
suitable & intermirGent kmptygig arad retttesdutioBs dalfsaR) ocessed al ong
a processing line that includes a separator 20, 15 an

1éﬁr@f2 dlg GERE %e&?o%‘%i v1.e S e b hées?%lchg% og oen ‘g?pgmf gsesggllb)(y of

one or nore
Flgureétorage nodul e 60, a speC|aIty nodul e 70 a glucose
nDduIe 80, and an enrichnment nodule 90. The fluid |s

.o t he..peritoneal vity thraou
| R ? I g\gmg %gh ca% Ece er e }n-%%: nHoTHpRE 9’9‘?055FF oIl Tﬂmd flows
within therdsyivermf$igire i gure 1, mi nus the catheters 11 OA 11
OB and the peritoneal caV|ty 10 are sonetines referred

; as artificial kidney 20 1. Catheters 11 OA
Detaildd DG %%ﬁ d be |nterpreted interactively as either
t{ﬂ@@lﬁéﬁ' é\g@hhyentéﬁe%? hﬂgae 1S E}%é%ve\rg%f&q? 21 &?er?%%nt s peritoneal cavity

cat heter nor e
10 through pathetes | 1@Aandyaoéesssi gdongs pidcesSRg 1R thal Zacl@desaN®parator 20,

2, 114, 116A,
an e g s SN o BN 40 B omon xchangers
50, optiv28IBtora6 BodbROG0, h%ﬁécéa&ﬁﬂ‘.?duﬂseg%ga g’iﬁ’cbokgzr%dlu?égég\’and an
4 3 an can be en
emcm&%ﬁ\% &N u|i))e'o al”. %l‘ij rethe HBPPG%QH%F intq thegperifprinal edity thequgh in-

flowingt da¢hera@npl@mey suep lobestli ofehy ¢St P&%éltts i rl%gl‘;e' ?r}{unus the catheters
ul

t of re- cjrculated f
110a, 17950 %ﬁf;ﬁ‘eg?@ﬂmf‘ﬁ%ltcat’ﬁé 16 i cametinags 9 aestie ferde o ifivial kidney

1. can be

Catheters 110A, 110B should be interpreted interactively as either two physically
separate catheters, or a single catheter with one or more lumens. All of the catheters, the
various pumps 14, 32, 72, 82,92 and 99, and the various fluid conduits 112, 114, 116A,
116B, 116C, 116D, 118, 120, 122, 124A, 124B, 126A, 126B, 126C, 130, 132A, 132B, 132C,
132D, 134A, 134B, 134C, 136A, 136B, and 136C can be entirely conventional. On the other
hand, it is important that the components collectively support sufficient throughput of re-
circulated fluid. For example, it is contemplated that the substantially blood-free fluid can be
re-circulated as purified fluid at a rate sufficient to provide at least 18 liters of purified fluid
over a 10 hour period, more preferably at least 20 liters, 30 liters, 40 liters and 48 liters over

that same time period. In a 24 hour period it is contemplated that the substantially blood-free

9.
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re-circulated as purified fluid at a rate sufficient
to provide at least 18 liters of purified fluid over
wa 200/08e835 period, nore preferably at |east 20PCTS2®;/002664

30 liters, 40 liters and 48 liters over 30 that sane

time period. In a 24 hour period it is contenplated

that the substantially blood-free 9 WO 2007/089855

PCT/ US2007/ 002664 fluid can be re-circul ated as

purified fluid at a rate sufficient to provide at

fluid claﬁ d8tre & clilatedl & ﬁﬁfnﬁeal'ﬁduﬁ hegrdid ?Llle e eﬁ? (£ a?lp %g’f{t ?eﬁg¥4gilters of

£ f?st 60 liters, still nore pre
purl lqdl fgmorg Pllefefal?iﬁraélqaste@(bh@tﬂ, ytllémdrepsdfeﬁélyl attlSzis$ 72 liters, still

more pﬁreérabﬁfr lat 1ea§f‘78r4eht9f hérzcﬁ I%Fhlxg@rtg gﬁ%efa ﬁab]%‘?telaaﬁ ﬁgthtfnﬁe

acconplish those e
various conmponents will be 5 sufficiently robust for

%é%“é%’i‘lﬂgﬁhttbos@cﬁﬂds itdls chutasiplatéd thattte @wou@ goﬁtpﬁﬁésﬂ@%ll be
r n
sufﬁm@ﬁtl}sl%\bﬁﬁ‘t fo?B ur 1 %Yo o&ﬁy %t{lea%?)&xo%?se gg%jpgrloc? of seven

hts at

consecgﬁﬁ@ dayfe mlgclpwjmspendm Spiighs 28 8 ﬂ@uiéb&@ﬁgﬁt Riord ?fé\?éerred

eriod of seven consecu
embodﬁﬁeﬁ’cz P %ﬁ' Héi)g; ou?es?lf’g Gf 8g%raf g’ﬁ‘ﬁ‘oﬁﬁj‘?rn@o heyry durigaegeripd of seven
consecaivédayss The 70rogh tfigureiofdspéniding td
Slmllatq)f/ AL vaeaEt SOne elr%b:;ﬂl rrer?tpdé slﬁ%ul gnggzﬁés%?ﬁﬁ lgc?gg? %erﬁgﬁt
obust “10" T S sEE aﬁbeaﬁbsoél&ec‘imb%ﬁlme@whomkﬁbmmfﬁmently robust

for prode;ssmggo acper dt0ehsof 26 BYSH d‘ﬁﬁﬂ% g?}ég‘bg g)rf gg%ie:% cogéec‘,hngﬁ §avs, which

correspands to 7 days at 22
Conestﬁd%Ma?%se%tz&W?BW@Vber or other material that can

operate to split the incomng fluid into at | east two

ﬁepmatm' 20pgoipRised b hoBowatiRdk: oY Sthér BI94 il ?I%Jt oGl oBeafAT split the

incomi g reI tlvely rotein-free stream
Ié% Ui igfq ﬁ?séit\é‘f’ls gemh preferably e relativaly prqjemtmmstfda@hand a

elat T iy fas. 2
relativedy 15“2]' oot stn?ﬁ&ta?ﬂ 18 fﬁﬂegl;hé%l rgﬁgegftf?%tﬁée %Eﬁ%lv&hf IVJ%W% n-rich stream
protmpﬁg StERamy iRt émplmtyaj hasna slgalf'p:andy laagér. pr€dnt e Mhe fluid flow

h AsSh rich stream taining only
AR 11 Sy S e ko
contamgllgrcg)éy@(ﬁjvmf’/abf thlenaplﬁ)stremnilﬁi thiepodfr-Ree VL h (ﬁﬁaﬁﬁrate}

contam%l_g@Spéf 951/6‘@5 in the grar atrgr f%%éagg{] 2&%@&\%%%ggusly maintain an

I ntaln an aver a
averagemfat lﬁaﬁt- 13 edl%bf ﬁl&ﬂﬁlﬁ&io@ts'tt‘é@mtr@lahk}@ td ﬁﬁlﬁl%lgt[ é’u%@ﬂ? 1t Bhore

£ qggﬁ refer odi nents the filter
TR al S <, ég Ogbaéi R R ¥etRgemOteh aidhverens: netqwfe to input

stream Qﬁalt emm 406 val |£@éa*st 40 v¥0h %t 18kt k@@é%%@ 1é’a%} Cﬁ,,e{}g st 95

st 90 vol % at [ east
vol% an; teVFg gg ea§t89%/x6cﬁ % Wihtee ﬁletqﬁf@rag@@p.@gelgemo\eartaahmmgfal pRcessing

period offeahbagbtinopy ocessi ng period of an hour or nore. Over
several hours, the split between the relatively

aratei n- LﬁCh an d rel atlvelt)l{1 protein- 25 free streans
msnt OHE" sé g?@l‘ﬁ Getwegh the aglabvely proteirerich aildl@litﬁ)«ﬁly protein-

free stremms cotiohb®issighidRhhi Ly ?g;in f]uid
blood- fr C’é{ cul at ed ag 1t he purif rnp J‘{i‘% W n‘glﬁ{llcg%the substantially
ood-ires g]‘l 19 Sercuppatedins ﬁh%PWeﬁed flu1d Currently preferred embodiments re-

circulate at least 80% over a period of 4 hours, more preferably at least 80% over a period of

4 hours, and still more preferably at least 80% over a period of 8 hours.

In contrast to the previous art, preferred embodiments can retain almost all of the
autologous proteins in the protein-rich stream, thereby minimizing or eliminating protein-

loss. Such proteins are, of course, non-sensitizing, and also have the benefit of providing

10
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circulate at | east 80% over a period of 4 hours, nore
preferably at |east 80% over a period of 4 hours, and
weoerhdtosyssse preferably at | east 80% over a per POWUS2008/002664

hours. In contrast to the previous art, preferred

enbodi nents can retain alnost all of the 30

aut ol ogous proteins in the protein-rich stream

thereby mnimzing or elimnating protein- |oss. Such

proteins are, of course, non-sensitizing, and also
oncotlb Y& stiltQo RaRES i ' 07L 89855

R B! o erbied gﬂ‘%?)e‘é%%‘? D) LA ctiminating the

need fpf gr,q gmtqﬁgé@gos(: ¢ thedjuid demiggoinptodorcsd ineslthei pegiteiieal cavity 10.

elimnating the need for the addition of glucose to

t MBe st l t

o O e R g BT b 0 ERlgtvety protin-ree
streams ¢pag b ganijollpdopaiagions orenae, mhmhmg/pdu;apspam edlied. [€ehe

emboBneRASERIE AR lb | noet
; nCJ ol ng n_g) (8% g\;ee%se to a[tﬁr ga ’(B’b‘f‘ﬂﬁ’rﬂt I%a}st to some
extentqzyglmeézlpanptsnﬂ:e&%dehmtﬂa@en&ed to al ter t hat

distribution, at |least to sone extent. Valve 21 can

g’glié;%%%ﬁmg Péx?c}:l%r%a& glty 3?11%‘ ogtite\lrxg{],alstle %q?itilﬁvdlg/gggclhllcll’]ega provision
for ellrﬁFWiﬂgIWﬂﬂte flwd fedm mhmatstenng buasireadditibsblfy pehidB e Fparatus for

opton12 By Bt SO S0 ALY RELHIS SBRSL A2, 00

pump %2 thet pumps uidetolvateps 3 tgodding foidbhdcbmas e 10 punp 32
that punps fluid to valve 33, providing four outcones.

el f, f
20, SO AR IR ool 5 TR RS A Wk S e vase

l\/bst:ommraf B4 df/Iobiht& 1l off ttle ifid REtheRasR CRMiAd Y wﬁf"be disposed of,
perhaps in a urinal or toil

2) g aps %)Hrén% O5{&1S% free stream can be punped
t hrough a reverse osnobsis unit 35, 15 to provide a

&)| Geme oftis proseintieceatidest dade punigedithRouRh el @VaxE bShlosis unit 35,
rotein-free stream can be

str f. the

unfol oY e UgITeat thet it B ket enhe sxspiariirtream:
nodul e 36 (anion, cation, or mxed bed) to alter pH
3ndSpee lod s Iﬂbhf&n frefe&meﬁmScanGétp@ eﬂfthltdih h'a%er-repll]aceable ion

exc can also be a back into e

pr o?’gt‘ﬁlgsé Oés{fl? 8 gg?mgﬁ’o‘?agfm’z?f Iﬂ)xeégﬁ?é) ts¥ alies pHsandepgrhaps other
C anfeb&arms@dtlilm ob @rkioh lelSihnigbemdaRR R Gy a18Y bé@ch‘yQ Bk Bhto the
32 to pu n‘E%re fluid in waste contai ner 34 bac

thr%’iﬁ’% T8 SEEHRr 82YPT 20. The sorbent assenbly 40 is
described in detail below with respect to Figure 2.

By wiSshreasithoftremmn banbe asaRwavk 40sR iR LB
mon; touraﬁ(tilfe11 Sors) 200, o roosshUt Rdlr, B 4558 pump 32 to

al | PEFP AP a5ty coniaingr34chack thigugh fihe sepeeatersd®. t o
Fi gure 3.
The sorbent assembly 40 is described in detail below with respect to Figure 2.

Downstream of sorbent assembly 40 are one or more monitors (sensors) 202, 212,

222,232,242, and 252, all of which are more fully described with respect to Figure 3.

Ion exchanger 50 is connected in parallel to fluid line 122 using shunt fluid lines
124A and 124B. Ion exchanger 50 can comprise an anion exchanger, a cation exchanger, or a
mixed bed exchanger, and can advantageously alter a concentration of one, two, three or all

four of HY, OH", CO;~ and HCO; " in the fluid passing through the exchanger, as well as

11 .
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25 lon exchanger 50 is connected in parallel to fluid
line 122 using shunt fluid lines 124A and 124B. |on

wexaitasgess 50 can conprise an ani on exchanger, PATAAR00/M02664
exchanger, or a m xed bed exchanger, and can
advant ageously alter a concentration of one, two,
three or all four of H OH', C03-- and HCO3 in the
fluid passing through the exchanger, as well as 11. WO
2007/ 089855 PCT/ US2007/ 002664 ot her desired ions. One
other d¢¥ReA iGHy O 8mPbrthRNisE%¢ RANYRharm ﬁ it 90{1'}1 0 O?ngod plflggiuced by

produced by conversion of urea
convegé%mrya x(thisstheserhent aﬁpmﬁ’bcfrﬁ) cﬁqn@a‘ the @aédirtioh lof sodlum wﬂl

chang@ B@éﬂﬁn@vﬁéor{tfoﬁ'@alv 59%'3}1 8fs h\() lﬁ_Bf g—; }ipvglﬁrﬁ)g{] etsHEbent

| ow fromthe sor ent

aSSCmEEYc‘WaW@rIS tBoexdaggar@ge nodul e 60 is entirely
optional. In either wearable or port abl e units, for

e i rawmn fromthe
pg??%gﬁrgg?ﬁlg a6\6/ i§ éﬁ%ﬁr ééj?oc gf; z & h%%earelt &Ar portabqe units, for
examplg fluid cadbe thtlrmDIJsly tveittaiaaah YrohOtheddelitoMeb NQMALyAIY pRRGESed, and

f th troduced. ~But
L M N
reintrogpckd. Bub &/hem.‘imﬁﬂ‘ﬁrﬁtgﬁﬂ pedesdif & dbBirkD ] Et%ﬁfg%%gdl{lg )

flui untll it is rejintroduced

edvan R P B bpresiie ap st prosessaPpRno Hhoirineiced.
Contemplateml sahage cdpdcities &@%e%rﬁ%ﬁoﬁthﬁ)o thPROHAYE3 (ii?%g Fhiess the

lan i ctates, ot herw se ranges herein are
gu agﬁ £ %I?tﬁ?‘%‘élg@teéé)t%?”hﬁ akh ganges hereimdretto be nntelrpaiq:xed m$ being inclusive
of theif@sdpoa®val unit 65 is needed because the conversion
of urea to ammoni um carbonate the exchange of
niumjons for hydrogen ions, and the reaction of
rf?%’?{j‘r“b‘@ 6015 isdedipeqausaiths sraversion of hxeeastcrdmnbmum

carbonﬂt‘é&ﬁé’f@kdhaﬁge opéﬁ%ﬁ%rﬁ mtfgpfu{(ﬁl gmlﬂgt a‘chdqgﬁ F??C ﬂ’é 'of the

di oxi de, Since (and any o ases
hydroggn donseuith gaqbpﬁ%ty itg ﬁw soebent ﬁ@bh@ﬂw#@,qnoﬂh&wubkt@ﬂilﬂ daounts of
bon/dRSIRYE t ! RASTe Lir
car on'dHé} be%lg%éggbt Iaﬁlcﬁéﬁg Silldr eéase% 1tfnélm1f:ﬁ cessing Jip 33

problematig vagy Slmuld %remhumkldrdm thmqyefem ah @drtame RPEteinY relﬁoval can be
ventin IS no

t owev
cccorlbg ol BR AR Be A G a0y MR NaR Vi S AEOS bhawrsered as merely
a vent. [I)!a)wetarabltes:ysfanm:rhbvvﬁﬁerl Perttin@gs hbedrastidst Bbca Ry hﬂa Lg%r/patlent might
weﬂtmgﬁﬁnl Q§W tIntsuch ases gas _renoval can
15 drouy tims R dime ot Sphoweud be u@@ﬁ‘ﬁldﬁwu I:msuch cases gas
removabyalt bp helniplishby dsingaltfophbbic! Gooniidoit g%?o}r{?%f@)’@dmphmc
filter, aun| te 65 smoul 65 gyelicgr eted as conprisin
P{ fhegaedrmoval 4FBE63 ipulghe bbtpraand goonprising bushdfilter(s). Valves

62, 64 cntroliflowloftfhed i@
ddot | oo o e (rﬁ]%?&é%é Qore{g%%ﬁ@&h%vrg%ﬁs/ de‘ﬁ%,sAn additional
pump (@ﬁeg 2 (& f]‘arh%'é?nb%u?@ is intended herein to provide

addi ti onal processing not satisfied
Specialty module 70 is intended herein to provide additional processing not satisfied

by the other modules. For example, specialty module 70 could provide the functionality of
dialysis phoresis, removing one or more specific proteins from the fluid. Pump 72 can be
used to control the amount of fluid passed through to specialty module 70, and filter 74 filters

the fluid returning to the main processing flow.

Glucose module 80 adds glucose to the fluid being processed by means of a glucose

supply conduit 134. Two-way pump 82 facilitates this process, and indeed allows for
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by the other nodul es. For exanple, specialty nodule 70
could provide the functionality of dialysis phoresis,
woenosysgsone or nore specific proteins from t ReTfSe0d/002664

Punp 72 can be wused to control the anobunt of fluid
passed through to specialty nodule 70, and filter 74
filters the fluid returning to the main processing

flow. 30 ducose nodule 80 adds glucose to the fluid
bei ng processed by nmeans of a glucose supply conduit

variablebntroWef o%c%gcrd\";%ﬁ '21% '(c)él?tfrfésg é‘%@‘l %&%r {?ﬁ%ﬁ% /"%8‘%68’3}3’ three

i ndeed al ] ows for
concenfrations pPEisAsE HE aypilafile cBdter 6nlimiatet irwanited FAHERAShd provides

sterilizafiof he current art, in which only three
concentrations of glucose are available. Filter 84

S_r{L'|n1nates unwant ed particles and provides
nufqhmend magyle %P‘ﬁtmﬁbﬂﬂbsmtj@iﬂ)eawasaﬁdadﬁchmg material, including

for exa%‘}tﬂé; bﬁ@ bt foky ??‘%‘Mggsgh%fwtggm‘fnqr c':a Ci QHE}IF%IP%%B@G Such materials can

i ncl udi ng one’ o
be addgghfosth §|ﬂymi bglag@rms@w mlag'ﬂ;ecsﬂamrﬁnHSHﬁanmh@Haﬁé\?Jp@ﬁE‘ondult

d b d.b
136A Jeéﬁlrg?%ﬂgnen ¢ ay %{ﬂgp@r I)i lilt §Slﬁ9§ ?g@gtﬁg (lflli?etstsrl(f%@?&ogg E\(ﬁng antibiotics,
chemothmpmtycsy);,mr@rﬁurlbﬁtsj % t2@As, HPahed 2h 8 aﬁy BER AR RYSc and health

anti biotics, chenntherapeutlc
mamta{n%g%r}]cb promaiing aggms&ilﬁpﬁgpp RFERSnean alsm mw)dgcchbmto the
user/patieet thpRighi the adtrmheatiiiy, Irﬂﬁid‘%t%ﬁ‘ bg&cﬂ%gdﬂ{?ﬁgg%xbgﬁipges is known

S .and suppl enents, can also be intro
as revef%éln ¥¥Strser / patient through the returning fluid.

I ntroducti on of such additional substances is known

é;mercar\masmmfdhagmsb& rfd@rRhmeRf & |
er.i al s can be suppailgiél Sggng’ %ﬁﬁsﬁe% g dry powder,

n
and thegﬁiassPﬂrnﬁ & 19y Itlgeséqugé@lq&]prpp@ssqad Uihds Qeqongdpred@dssrﬁdgeoﬁb Ib&cause dry
glucosd aﬁld(‘dlﬁéﬂ Heleaid]lsanan ttéﬂietg lé%oﬁe&e%asdeat géi) cglggsf tﬁ%ﬁtegg to be present

g materials would tend to
in heat'ﬁ‘?& ged Quidsaln the sbodirhent pf@me 11&'y| gumacaﬁ bewdidsb&ed in the

processf il Ghd th@n filterQ 'gH%ryterﬁlzl 8%§Hgi‘lﬁl‘é¥?l ¥ féfs‘lgp}glggnt

be dissolved int rocess
chemicylp egyy b disselved in thzblmgcdss flugt, aﬁdltheﬁl fittdréd thtougdH ¥ sterilizing filter

s_can b dIS 0 in the process
94. Eacﬁ‘ 'M’ E%ﬁ{@x (% ﬁég)nﬁﬁrdﬂ &@n eoé’“f’ﬂ? IQ'UAJ cg(vilqe‘, tz‘lpqli)Qanqm ylapsonic
v1bratorq&' 5, E%(ahd(% sdspeivieby)/fhat éﬂ@lsﬁﬁd A&ohaRy szd/bloﬁﬁk)leﬁ/dl?% ghe

devi ce, such as an ultrasonic vibra

t (79,

Inaenaggghéggmﬁg respectively), that assists in dissolving
and/ or suspending the 20 naterial being added. In a

Inyepiypidal exampleof G)Ifltehﬂittféﬁf@xb&@@lng?ﬁl%’iﬁ $wb ers %? ngi'iabtlé’@lectrolyte
sol uti on woul

| bl I
solution’ V{'&ﬁage(?ntag&uceg i t% &?Rai%g%{ foor alﬁrg trgatgenty AfiSt Aset walpmg @eriod

uce

(e.g., O- hhselt) thaipietingepbsitfdw fuend14 1sost§m!H)tldrﬂumﬁ BRafs o WfﬂggsD

tong 18V O BHAB kel o i3 L0010 pump whatl 1< “how L
along st pa processing line, and into the storage module 60 with a small fraction
going into module 30. When the storage module 60 fills to approximately two liters, the
storage module 60 is closed at valve 62. The storage module outflow valve is opened, the
specialty module pump 72, the glucose pump 82, the enrichment pump 92, and the peritoneal
inflow pump 99 are all started, and the now-processed fluid flows back into the user/patient
until the storage module is empty. The process is then repeated. When convenient, the waste

fluid in waste container 34 is emptied.
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along the first part of the processing |line, and into
the storage nodule 60 with a small fraction 25 goi ng
wonow/osesdsl e 30. When the storage nodul e 60 fi PCS/US2007/002664

approximately two liters, the storage nodule 60 is

cl osed at valve 62. The storage nodul e outfl ow val ve

is opened, the specialty nodule punp 72, the gl ucose
punp 82, the enrichment punp 92, and the peritonea

inflow punp 99 are all started, and the nom#processed

unt i

fin @pﬁda@%n@@@ lof 'cBﬁ@nJJ?ﬁ _Fgg %rs]/slgg tGalsgyr#egn {:Wétﬁlrp%%l%ﬂuéa liters of a

st or age modul™e 1 s enpty
suitablgyelgstrobric spltion unﬂﬁébmwucé}:onﬁd) Hipdtiért f885 Figst treatment. Instead of

intro 2007/ 08
int d %iélg grgcn‘; éa%zozlgg o tg té?rg gy\gé )?ﬁﬁep Pesn@?leé Bakss o dlyid is
optlon@uy) grosipgy] toges ylm mﬂcm mtateﬁl Q. BDOUL] 5B0MTY, §h & s@l.f)seauently the

uid L AP S Bl PR A i o . A1 the same

tHneﬂumhmeumd ﬂthap ﬁ@htﬂ@ |

process% Q g ygg(?gal Lrér bol us%b?%l%t%g%&%bﬁ%wmg Slame rate for
o EF&E' ®§8 the process started, (e.g. 500 -

1500n1) and subsequently the 5 fluid is slowy punped
|CEr:tmpatrhé tqoairre&ﬂteohﬂbﬁf@roffbdsm,gaﬂo 20 [fyir@opfres'iﬁdlﬁlar@%e for an 8-10

tiove fluid is slow
hour rfHigBhl YSAB‘%WPS‘%EE © gaire 9 Etgugﬁobmpm%ﬂ 3088 éommne) liters of
regenemaiidadiblysate PR OCOS Shihg t8H '
; el atlg vocne oft ues ?ﬁé&g c")[t?lgsgwpﬁ%lg}rl abcﬁﬂg% eflid Sr more
mcreasa nbflvi)g{ceef 1glengy, r, rﬁgcmerqtrcgmfﬁh@pq:rltk)ne:dtpratre:insliﬁIt]ithPD
would ﬁb@aﬂ?\éhﬁﬁleﬁé pFotSHLIBsslak ?Ode[['l? g7 é _r%rpo %, Brogglﬂgwﬂéoxms

ters of 10 reg ener at ed sate ov

w1thouwppeéla-los$h"ifge r,qc[yplntg ohige amnmtereaed proidind 8ls6prd¥Bi& oncotic pressure
and redub& cﬁae‘?ﬁmh{i‘teg b %ﬁtﬁ&&nt%fff huclogen %%/‘ngg IS hﬁ%a %\e/$ f{)g‘é;: ?r;tlated

of the peritoneal proteins
the presept inveatien paquires no Iadélsloaaii(freshahalyﬁbﬂe fsllr[&tdlﬁllyﬁﬁe WoRPKE

t hout otein-1o0ss
e S ot e he * Baeted Rt R o mermsieey plrosddiian, the

recyc Ing O
regenergwd@halysqm: would lmvea’mh}fsﬂﬂblgileﬂ fH (BY) RbERI ctdﬁ?alﬁ‘ rmal

red for fluid renoval. Once initiate
body bg é (l?iﬁgr%g SL E{H‘t‘#x H(Feqﬂqs&qrqde%ﬂ“ap@ge%@ ra@mtqmmgalormabbwy
physmlag)abl)/csmtIﬁ’es@vﬂﬁg&héip@tﬁﬁbﬁéélQné’iﬁb‘xlage bﬁxe &ﬁﬂe%ﬂ ra@'éﬁgbl jaqgfsate is

acidic and ot Cf% ﬁ theoretlcal , I'n
p% onginsily atet]ﬁ%t qféﬁ@ patederegishpys 4o ée\d@uirderttalvle the peritoneal

membrgakysi ol ogi cal pH (7.4) and would contain the normal
body base (blcarbonate) Both are consi dered
mai nt ai ni ng normal body physi ol ogy and
ﬂ i nggﬁké Fﬂ@temi’éat @ P irertirerorasessig limh ovisioh lcemphyes all of the

componamalbleabd:eﬁ:l ddttRkers Al Al act at e

TEL whi ch have %eaglr? 212 r?bgcvml“@tugd @‘R’i‘&&%@ {5 2?’ alenglgef’rﬁg for
comp ac%g;sl PBHEER WoaERI iy d hus.ifor exasaplectha lehirecot essprigalirgg excluding a
user—repld@%ibl& RerbRAt o @idPe LSS bBIndde1§ wethll b o2l Blan Selség,%cl)rc

preferab?y no more than 4 kg,, and most preferably no more than 2 kg.

In Figure 2 the sorbent assembly 40 includes in sequential flow order: a fibrin filter
41; a purification layer 42; a bound urease layer 43; a zirconium phosphate layer 44 a
hydrated zirconium oxide layer 45; an activated carbon layer 46; a buffer layer 47 to stabilize
PH; a middle molecule sorbent layer 48, and finally a particulate filter 49. Those skilled in the

art will appreciate that one or more of the layers can optionally be eliminated, and indeed the
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conmponents between catheters 110A and 110B, woul d
advant ageousl y be engi neered for conpactness and even
woren7asddssty. Thus, for exanple, the entire prBCeaS290/002664

i ne, excluding a 25 user-repl aceabl e sorbent

cartridge, could be nmade to weigh no nore than 8 kg,

nore preferably no nore than 4 kg,, and nost

preferably no nore than 2 kg. In Figure 2 the sorbent

assenbly 40 includes in sequential flow order: a
variouf nBitérinlé sHdvae as #didi 4 i o2 ound .

ur eaae | ayer 43; am’;’gl irplg gﬁrh %ﬂﬁ ﬁg’%ﬁ@%g’“@fé’?‘?%ﬁe oused in
separaff mpdyles of ¢aririsiges andiirdec hdgbm difereansamibhoatiash et RQpressly
shownliRY&h. 46; a buffer layer 47 to stabilize 30 pH a

m ddl e nol ecul e sorbent |ayer 48, and finally a

r%iculate filter _49. Those skilled in the art wll

g%ﬁ cgredfitrin fliers ayill bercapahle offilteting bayether @Aticulates (e.g. mucus,
semiso®idk hR@abligsybe el imnated, and indeed the 14 WO

2007/ 089855 PCT/ US2007/ 002664 various material s shown

as_residing in |ayers of a single assenbly could be

%ﬁﬁ;ﬂlﬁr Indes p@iﬁ&ﬂ@t thedukas io nhm?xrbeﬂt?gmtmblﬁmmh?biﬁzed onto a
matrix i ences.fromthat expressly .

R, o R i EOT R (B B neTo BTy and
renderg,hefenpy @ resistanttto displrcemant by plosdiasin @e AuidHSHS pro Rssed.

S0l i ds articular interest IS that
tmmotFERER it Ser el inpn o BRiiy® puscPitioh prsmtamith a force
greatergham¥{an ider Waals fash) ol dahaiced 30§ RaHér oF Gkl AALUAR possibly
covalerﬁia'hﬁ/ool%tiorﬁi %ni £ cagt loss of its activity and” render

e SR Ppadingof the yrgassto s subefaint by proteins in
the fluid being processed. |Inmobilization is defined

Adeeniddlemmelectleabriichelayc£a8 arl SordbliRCHELEbR material or
force 10 greater than Van der %a?s

. substrate with_a

°°mb‘"?‘§?% ,mageﬁ s gﬁhe‘o&‘:‘&‘}lﬂpﬁ ¥ miidlemelsenles urepaipgoxing ehdidiatgyials for
removipg ssddleynole@Mad £BIiRNHAlini Wi, ' f [ERSE ..
Aoplicdi acgs b‘gtrate. The m onIné_ nol eggt?gqéglrg%gﬁt&?g’y@%e jgential

pplicatign oﬁ’ﬁ Ty aPRritengal AielysigaCentridutions toddepdiroliy Oviolbfi 50, 336-
43, 2008RY/8hhéllisr, RTHR af ' ul es_urem.c _

t oxins and nat .g_ r ?gi&?%o(?lfl Ur%rggclvf%}gg%igasfsét???gl%%?%‘?mranon’

And Inigrigdiyidua), Yesability, Kignohbedrenioddnesl. B3,1904- 1843, 200 and Chiu A,

et al., ML & ' 1on of Sorpents in Peritoneal .
D aly e s,sogﬁﬁ%?kht@?%rﬁé S)Esgerﬁ%gﬁ&%ernégv, payigpts viygle}lvgg@ﬂure: the
Hong Keng experencyabivet frernaRonaleVohl2e, 668v02Ww008. Ur eni ¢
Toxins, Cassification, Concentration, And
i ndivi {abilitw, Kidney.lnternational,.
%glfb_%ﬁ% %‘?%ﬁégg%%{%@{ l%egpgjgucfaeﬁ in fany f,‘fereatt sizgs. In most instances it is
contempjgted dhatdndiyithot srsambliecivilt obethinng 16%6 | GRI ERLATRAL vied larger
izes dePAtdiBRLSoM i,ver failure: the., Hong Kong .
Shees egxpérgeégﬂ&%d\? g rugf’natl&yﬁlégoq’%‘?l? bgte eryen inghy. wejght.
For exapp6 sordeniSosdrebliesafos pohhble sn#d ni @ WP he Whéle Shdrd 2. 08B and
more prltektE) 80 inab 765, 1 L2, "Rt Jnstances it ”is ’
€ preferdbly no more than 1.5 kg. This compares favorably with typical hemodialysis
sorbent assemblies that weigh about 2.5 kg. For wearable units, the sorbent assemblies would
likely weigh no more than 2 kg, more preferably no more than 1 kg, and most preferably no

more than 0.5 kg.

Sorbent assemblies 40 can also be provided in many different shapes. For portable

units the shape is not particularly important, but for wearable units it is contemplated that the
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contenpl ated that individual assenblies will contain
at least 100 gmof sorbent, with [arger sizes
wdepErnddssy upon i ntended use, all weights her ePaThis20g/002664
given in dry weight. For exanple, sorbent assenblies
for portable units m ght weigh no nore than 2.0 kg,
and nore preferably no nore than 1.5 kg. This
conpares favorably with typical henodial ysis 25
sorbent assenbties that weigh about 2.5 kg. For

assembﬁ@sf G Bé%fa%vefytﬁatsﬁgm%@n%lrbgﬁgféﬁhlgggy %ﬁ%%ﬁén&%%%@;, to

gh no nore than

fac‘hteﬂfe I?@rrylé‘ﬁd)fﬁ%%@sspméfl@m Belno nore than 0.5 kg.

Sorbent assenblies 40 can also be provided in many

dirf FiguPsB, RAREKciafQ IS, e s s 'S not

arti?cul arly | rrp%l?t a%apLB?gﬁg?n\%%gglrea ESFReE i's
acuvatﬂ:%fl@ﬁﬁlvg@%ofmp% lae wellls\W 80971l 08AIB&DSf the system and methods of
the pre36alt/ iARZADA ld be relativel
P at,  and possI g?ntag%/%ﬁgg?olng g l%@%&fﬁ‘%f\?%‘m&ﬁ”éﬁezfzq ge that the
varioug gperpiony/ ieatueentaocapir agtonfatichity. #5%6Ab bits tﬁ1ﬂgsas&ﬁ|cbntrol involves
artifi CI al kidney 1 operation of

monitchfpfd BlBack 10bE Ut Mpiiefip Honceniivns PhrFlest cg@maentasvﬁhm

desiredumpiensnd possibigrshbit deom teQlniOkhéhEerss L5a8; Q?I{H%&gdﬁe detected.
of 5 the present invention, are advant ageously

c uter. 200, so_that the various
opo P PPt Beebh OTRYrE%ist ssnals eemiysodmporgmitors 202 and
212, angt thequghhi fegdbaidhos0Zt4 2id 1 1Y ebMes loﬁe&Haﬂgéro\?ﬂges 33 gnd 52,

aops that maintain concentration

respectﬁ@ezg gonrgﬁ{ngalwapmVﬁraga ggﬁhpg{jcqngﬁ@ré%nona(pfopt ,};@Qgﬁ bbstiommftthe relatively

proteineiboinsttdaen within aHesiredQbhigd &es ra%ht)a%f%% Lt 205, ?xfe%emd
Concengr ect%fd To that end m croprocessor can recei

PO ¥ serBim in awnfluid wdniredrosd 2o thmdser/_t@tleﬂﬁs 18545 meq/],
and mokhpreBghbld 1f4@qgggpk | oops 204 and 214, control ion

exchanger valves 33 and 52, respectively to nmaintain
| east a portion

g gy i" al_ge sodi um concentration of at
P AEY rEICARRT0RTSFOr HRDeaiTaceive bigsals dam wpﬁ-hrnnnﬁor 222, and
throughjzeﬁdeﬂsﬂtkr 1880 ©20\8htr8l REh) 98 F(P Inag‘ftam aai.%ll é"r%W? Ialﬁl]eﬂred range over a

erred concentrations o umin
period ?ffaat 1975 bdgued urrnglytmefeusé pHpatebrnteni 65 485 814Gl MO8 freforably
about 7a0d nost preferably 140 meq/1. 15 Simlarly,
m croprocessor 200 can receive signals froma pH
nitor 222, and through a feedback | oop 224 contr ol
gﬁﬁ‘iﬁ’l’%eﬁ%’f@&mﬂ%ﬁ preferghly wicehien signdbsiromdntirange detséefor@32 and

feedbacR%é;QQM)fha@%nég%?sS%n dot A When ol ag,furg,:olgé prﬂgf %%g)g‘? He st a portion

het ween 6.5
of the rqlptayely prptgiagiigh s_tmanaisgyemrethem alleyireeggicy Gisis lsﬂélﬂi1§2 mg%. The

most liklef t@mpgﬁlﬁtg 46 20 f eedback | oop

t r?g{e tri ggers1 n g%tq{féﬁe:g%]?ﬁn BX Wﬁaurear}ée%@fiﬁa?ttp@rpp
operatingpang/or gamding y0alaino 300 because presence of ammonia means that the
sorbent assembly is spent and must be replaced. Shutting down of the system could be

accomplished in any suitable way.

Microprocessor 200 can also receive si gnals from a glucose detector 242, and through
a feedback loop 244 control pump 82 to maintain average glucose concentration within a
desired range over a period of at least 1 hour. Currently preferred glucose concentrations are
between 1.5 and 4.25 g/dl, and most preferably about 2 g/dl. It is also contemplated that the

user/patient could control glucose concentrations manually to at least some extent.
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of the relatively protein-rich streamis greater than

a desired upper limt, such as 2 ng% The nost likely
waebi7meosss shutti ng down of the system by di r eeCTMg2007/002664

punp 14 and 99 to stop operating, and/or soundi ng an

al arm 300 because presence of ammoni a neans that the

sorbent assenbly is spent and nust be repl aced.

Shutting down of the systemcould be 25 acconplished

in any suitable way. M croprocessor 200 can al so

r @G EIfMBH [ . or. 242, and

L B R 308 b A SR RISl e i, catoium, or

magnesiiTA dgicatoss épﬂg@l@lwéﬁ)&@ndchgh aa‘bctdhrackvlddpl I542control pump 92 to

n d of
maint&i8 %'rvé ngf ?/@xg% Frgtrf(?ﬂe d@fgcf) Iggléorg SE 21@% ff‘trx}t%lrt%WgE@ a desired range over

a per l%‘t’f/\géwsll hoanCuiredBlygireflerred !’p@taﬁﬁ&h donRESk A% a?@gé‘c(vegn 0 and 4
so,confenplated that the 30 user/patient

meq/L] 9‘{1 e o%{e%er?b]&aggggt e Srrentiyaneterssd alciym conegntrations are

betwed:reaétanﬁGIWC@’n&ﬂdlmosﬂ. WP B AD6E8983Req/L. C

magndl Gl US2007/ 002664 Stlﬁrll fu??lher i o bpT e aguby Psfigred

ENRART PRSP RS ATa PEtYSes %@t%ﬁ@ﬁ@mand@mﬂt pryfembly about 2.5 meq/L.
magnesi um detectors, collectively 252, and through a

f PedtvasturtosP0 Kohe potler Bburbs! it ggw&% arffBéaf Bl dHeP¥Ed ﬁe‘iﬁed

concentratio f.one or nore of these elenents wt
electronicy eiFFéﬁl n}oaﬁﬁ é&‘ab’elf‘ne Arysst fos refrtable ynihend n dscureplaceable
rechar@ﬂbﬂeﬁbﬁ‘tte}fy paad ﬁ‘)"r %Gﬂeaﬁ’ﬂ;léﬁﬁit ul.'H 291 %%H{é%iag P%h wFr source is

shown th and 4 5 neg
r?ééi‘ a e’@i}?qcéﬁiq %YeBrP@Ffébkéané aﬂan ladmrrt&gwamltynad:ludma baftﬁ’y pack that

acts asbﬁM&ﬂﬂ@rrﬁpt@ol@?@%r B PaRE: SRSte BERLES ﬁ(ggl;vﬁf C}ﬁge sufﬁment

/L. Curren preferred nagnesiumc
power i %P‘Héte\&}é%ﬁmfem Bnmqﬁmuoasiy fmoatleqslt Sheusd) h)bra pesfbrably at least

8 hour@ aﬁd@ﬁg/nlmre | 4 abﬁﬁytgggstzig% urs :[ e(:) \é\%reéit?r%%ggetggsalrable to have

powers arti ney an
batteryTie of ptleagists, gnd uk«ailhyr d:asB:Eathzlisft emhoﬁﬂsr Tae PAIdAR Rr those time

h bl e batt
perlodéJﬁ't at ‘g&q%aq{,?égr alé% @P € UIPIES \gﬁﬁhl‘éﬁ% ﬁ?glgg%?tbgs éogenﬁé);emblles

about %’eré‘ommmn% ths Boyyandipao NBtHREYWRES ﬁl‘@%r%&@@pm at night. In
othercﬁ’s%”u%brl e ilél:nl ts can advant ageously include”a %
TrReatsrRaye am a Hp A FrugRorEeheiirRimsans where longer

batteryH’de\maySmure@ﬁame,O shoul d preferably have sufficient
power to operate the processing |line continuously for
east urs, nore referabl at least 8 hours,
g‘u“oﬂos‘ﬁ‘% t“sr?g ﬁée Y ROy Cétnarﬁéla FveTmIpgsQus berefits over the prior
art, includ@esfor examaylebe desi rabl e to have 15 battery life of
at | east 15, and in other cases at |east 24 hours. The
t for osetlme eriods is . that
er)’H‘?{ REN Sf T RERE S A QES%‘?ltfsfrqm Plttequonéwe@mdgbs (whether

t h ehlcrussd) irbend singls @il dresveralb@dfery @fllti)%fb\&%%%ng}értb &)
ours, when they “are sl eeping at

ni g‘tﬁq"X‘Fﬁ PO%?‘HEFY ésgg%t%%l&hﬁlﬁaﬁ% ﬁﬂfgtysrétgb dnsingige dialysate
or iBguieraluRarl e hourRHEE A8 (E) MGzt HIBEendANLabacity and

i ff%nctl(};laPFf doefselarc}??nodule.

2) Recycling of 2-4 liters of fluid per hour can provide much better removal of toxins
than the 10-20 liters now used for each treatment in the current intermittent

methods;
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20 Enbodi ments of the inventive subject matter have

numer ous benefits over the prior art, including for
wexenTpserss 1) Manufacture of the regenerati ve aBeemskop7/002664

frominterconnected nodul es (whether housed in one

single unit or several different units) allows

designers to: (a) optimze portability, aesthetic

qualities and safety; (b) optim ze dialysate 25

regeneration and flow hydraulics; and (c) maxim ze the

r o Lt tion life of eac

o e B BB ¥ mAOh Logh B par by S gonsuming an

can Sgr¥viakemege fregedinlysategnoval of toxins than the

10-20 liters now used for each treatnment in the

I iCHee thediBEAT; 4 s ekl VO 2007/ 089855
g]éT/_ US2007/ oozéafff 3 e‘kg%%}% ﬁ?ﬁ% reéf”&“&Pﬁf’g’éﬁgg’i“é’nﬁkf&‘ﬁlysate supply;
| esdt s fhpspfors evathidesspas Ghatirmgs anel ©0REBMBe Hferatgauial
vol une of fresh dialysate; 4) Once treatnent is

i9)i Pk i ' irenent..for additional .
Pl e in MR bk QbR TR bl Biastad Yeety gahancing
t er 9 EMeyakiof protsimvbowid tohénsl arideyraiding; onofd pRsekl NP without
in hp%geﬁggiﬁl%ng%%@rved i nstead of bei ng discarded,

repby enh

t he anci ng Re removal of pr ot ei n- bound toxi ns

and providing oncotic pressure, all wthout

i ghennmber ﬂfnﬂmeeﬁimlgtcan be)ﬁre’amgbreauq@g,r suh 48 DGR LRSS

can . y. £edu such .as elimpatin

c on%%%’teig%%gst 1Jt°éa1 fges?‘ rcgglﬁéacﬁ? 5'1’%3&{5%“%% pprefugsd W‘@&l @grently available
r eqeénitedealididly it eyeidrky avail able 10 peritoneal

di al ysate cyclers; 7) Through incorporation of nodul es

ey ST cific . protein removal,  contenplated
NS IARERh Ba AL RSt e Aol eontenpl ated
undegiteraplatedpmatioalimsnts Bhn GRNVG@NBIadhh IS oSRGUINMN and
glqﬁge wrar]utrlte.nt.s, hor mones, antibiotics, and other

15 'subst ancBC @AY al | be control I ed during treatnent,
using in-line nonitors, all w thout degradation

BY pE otheotrationd) of Bodiung genaisatRariaifg, Hopmeats, dhab¥fal Snd other
in addition to,its grofg&a content, has the unique

f eat ur aac5read #Hivsicnmglled Avrnamireamenhasingrindinegnonitors, all
bi caithanakgradatidiebyprbaikts;] actate or ot her

net abol i zabl e ani ons. The conposition of bicarbonate,

§)o df‘h%n;]egenerated peritoneal dialysate, in addition to its protein content, has the
unique features of exhibiting a normal PH and contains bicarbonate rather than
lactate or other metabolizable anions. The composition of bicarbonate, sodium,
PH and other cations and anions can be altered, singly or in combination,

according to specific prescriptions for the management of disorders including

electrolytes, minerals and acid-base abnormalities.

10) The automated portable artificial kidney of the present invention makes possible a
reduction in demand for specialized physical facilities, for medical personnel and
for obligatory patient labor (thereby, avoiding patient treatment fatigue). No

permanent treatment space is required, and medical and technical consultation can

be scheduled on a regular basis, e. g., monthly.
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15

20 pH and ot her cations and anions can be altered,

singly or in conbination, according to specific
wonrewmsdgssi ons for the nmanagenent of di sorder sPCT/US2007/002664

including electrolytes, mnerals and acid-base

abnormalities. 10) The automated portable artificial

ki dney of the present invention nmakes possible a

reduction in demand for specialized physica

facilities, for nmedical personnel and 25 for

obligatory patient |abor (thereby, avoiding patient

t r pPatientin&lt by Hg} \tﬁ) taent .S
r el(?w red, and nglg?%ogmtsqg& ni cg{gq%ons t?Pftgﬁlla %%lﬁ] kidney
be SiShbnATowtl heaveasghle ghartgisg eartridggs anddid #luyose b&d WRrichment
200 BARRRA hL2007/ 002664  11) Patient invol venent
consists mainly to setting up the portable artificia
Kg}ney ni htI or with the wearabl e changi ng
Wr ?ng Hhbediments| and applicatibne of pedmaedl dnﬂpﬂ’sl kfSaratus, systems
and m&N&: y
stha¥e BELY §rscl-5§é’c§ Tt sHYGk ac1 lge apaageﬁ%gh avf)eﬁ'ﬁf 4P E]%OSG §§§]le§l’r% the art

h ppl i cations of peritone
that manypereraedifigationsesides thode akrealyatbsciibeddio possibie wmhout departing

P , those skilled in the art t
rom tlﬁﬁgﬁ%rﬁoﬂ% goﬁ%%ﬁ%l iﬁ%ﬁg{n g’ g 1rbv§§1 ) §utp R dRatigry t@gyﬁfore is not to be
restrictgd gmqpb gutha rsplrp@ﬁ' shedappentd el bim<] RBGESTin 15fe?159e¥1ﬁ§ both the

h Th t
specuﬁéJﬂl:éﬁ%m\{ﬁ%&o pisy raglstexl'ngsr ﬁzgfﬂd( b %gl:rgr,‘veg%ra l:n:/tgcp ggaajégsjepsﬁbhe manner

conmstentsvxslpﬂiel dontix TR @atRReRded (Sl W mpMR . L
retln%%ﬁfth the specification ang%ﬁhCOh&mBh§ should be

1nterpretf(ﬁ If%mg SPQRES, Fﬂ?‘@?’i’ﬁ”& ©d steps ithe nbn-eacdlesive manner
mdlcat]pgslsatbh@rdfﬁféﬁ@éd él@m@ﬁ’t@,sé L 8xd

" art ot reefiald demes ﬁn@ﬁ%g%gs&pﬁ%‘% mg)gge Pressiarht or utilized, or
combingd withother € plﬁp@ﬁs{ﬁ@[lmea& 0le$tavsrﬂlagarb moeé)qrfemlysreferenced Where
the speGIABRAIELE S e

"ot cat o (e el e RIS D reoup consisin
of A, Bgf .ot and tut ghoekbhx intaypretdd dsi reqaliringlonl £ OMDEIBRENt from the

g@ R&Q@r %# conponents, or steps that are not
group, N8t
P expressly re grended) Where the specification clains

refers to at | east one of sonmething selected fromthe
group consisting 15 of AL B, C.... and N, the text
shoul d be interpreted as requiring only one el enent
fromthe group, not Aplus N, or Bplus N, etc. 19 WO
2007/ 089855 PCT/ US2007/ 002664 CLAIMS What Is d ai ned
Is: 1. A system conprising:
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a first fluid line that carries a fluid streamfrom a

peritoneal cavity of the user; 5 a separator that
woeepmEraesss the fluid streaminto a relatively PCT/US2007/002664

protein-rich streamand a relatively protein-free

stream wherein the relatively protein-rich stream

averages at least 15 vol % of the fluid stream over at

| east some period tine; and a processing |ine that

processes at |east sone of the relatively protein-rich

streamto 10 produce a iAfIil\gg di al ysate stream and
a second fluid line that Irntroduces at | east sone of

What Ish@lairaét fst ed di al ysate streaminto the peritoneal
cavity. 2. The systemof claim1l, wherein the
LA rgl at i velr%%gﬁ)r'ot ein-rich stream averages at |east 40
- O SXPET8y MRTHEN S pent  di al ysate stream over the at | east
SOfBst PREd Bee Bfat Ed . stem.of claimil
wherein the fr?léiiC g?ﬁgsefl;ﬁl b(?%tféélgﬁ??%c%p%?tpgg%cévg ghthe uger;
| B3RDATAYY thelotepsuistesithe flupksiteadi ikt s adleti &dly osteiaeeh $h8m and a

at | eal%'iatﬁ'@fﬂppﬁ%iﬁ-%e%ﬁregriggﬁspf‘é%@ggeﬁg{%&%rg{eggﬁgﬁ siream

1, whereln t'he separator

filt eravesageFhatlesyistenoiof ofthaifmid strédmh bH& at @@Jépédrﬁ% Pidl time;
punp t at least tenporarily affects aratio o The ?
relatively protein-rich streamto the relatively

Frovetssingrlae thatrmacss@atGeasT héns Y8t ivEhAl i

wher ei nrot he ggr OE%S"Z*;‘Q% li %aé i ncl udé%%ﬁglggwﬁmeggflé%ueam to
t hat pre%‘i?e mé? 1 YéHe sEeammdr om at | east some of
tahsecordfleidnine tah i5trb@aess a?leagmpaﬁtﬁwdiﬁécf%@ygatg Stream into

whereip at .l east sone of the so system
an enzt{}]?rﬁemloﬁﬁ%l Ga¥1ty.nmobi | i zed on a substrate with
greater than Van der Waals forces. 8. The system of

2. Thecdyatemn &f clahven vaﬁeieﬁk?tlﬁ%ﬁﬁ%lg%@tteﬁmﬁﬁ%@%élﬁ %Sel‘%g?f adrlﬁ:ast 40

o er-repl.aceabl e assenbly 25 having a eas
vol% °§§‘C§P§‘6‘$‘Jd€‘ﬁf%te gtrearn @vex the arlegst soims pariod oftenei n t he
processing line includes a processor conprising at
3. Thelsyaten ofdaiof | AwBedeiPMhe@XaAANY S0 R: 90
vol% é%l%ha%gg%% which alters a co% e%t ra?(l?fg?1t%|girr1l1 yerasSptggst 90
° OLg6 7P BSate1reas ovey the atk4st soemsterimdpditi@n of t he
relatively protein-free streamof at |east one of H+,

4. TheGybtem@X R ainaNdwhédeRdhe segatod Qgrr@%g‘etsearﬂoq{m& ]‘ésl?r% §Tor

wherein the processing I'ine In es a gas
ate upon at |east a portion of the

' 0S t.o . ope D1
> Theg@g i%&l%}“‘plr’cﬂg’ét[’?ﬁ FeRTIdRg @ Rinp3hatiat lepsetesywiranity afffects a ratio

of the reddtisiely froteihefcdl sirehhitoRhOFASHI MY pldtDf-AdCliidgS 2
sterilizer disposed to ’

6. The system of claim 1, wherein the processing line includes a sorbent system that

removes at least one toxin from at least some of the protein-rich stream.

7. The system of claim 6, wherein at least some of the sorbent system includes an enzyme

that is immobilized on a substrate with greater than Van der Waals forces.

8. The system of claim 1, wherein the sorbent system comprises a user-replaceable assembly
having at least 100 gm of a sorbent.

9. The system of claim 1, wherein the processing line includes a processor comprising at

least one of a cation exchanger and an anion exchanger, which alters a concentration in at
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operate upon at |east a portion of the relatively
protein-rich stream 12. The system of claiml,
woéuod7hvessssonpri sing at | east one nonitor that REaKISL@S/002664
a characteristic of the system and a circuit that
operates a signaler when the characteristic falls
outside of a desired range. 10 13. The systemof claim
1, further conprising a sodiumnonitor and feedback
| oop that nmintains an average sodi um concentration
least a e relatively protein-rich
o oS iy gk APinthre NP b 1855 B B o OB €05~ and
COsT.east 1 hour. 14. The systemof claim 1, further
conprising a pH nonitor and feedback | oop that
10. ThE® [ sy, .east ortion of the
*ég%liﬁvdeﬁg/alg{wlot el nagl%}(l: El’s%%ﬁsesé ?WICW%&EG%? FEgaqterdjsposed to
0peratq5p@1/@trle@stpmrm of thatrelaedly ptotbiddifich difeard Ne syst em of
claim11, further conprising an anmoni a detector and
11. Thé ers.a actl when an anmoni a
R Sl v Rkgin ) BB B R oBidet h aterioa iR to
operateyparedtrieast g postioreafithe selguiwy @fotéﬂﬁafnchzstf&rﬁ 16. The

systemof claim1, further conprising a glucose
east .one 20 enrichnment nodul e

12. Th@&kdiedh @ cﬁ@xqb!l gaﬁx‘brltsmlg at least one BPniet thakmgpgures a

that collecti v
charactggptag gﬁhe&m@temgmbs curowit that apefafba&tmg'hamrvt'héi’ﬂh@fchﬁxQ@teristlc falls

outs1dercﬁ*aa&é ghYaeotein-rich stream 17. The system of
S}{r ¥un%her conprising a unit that targets

rermval of a specific protein fromat |east a portion
13. Theyystane of elaim ily Birthepcomptisingiacddsilns @Hitod §ad Féé@b&&léfogﬁ‘that

I t her co an ultrasonic vibrato
mamtalﬂﬁ aft a@ér‘%& %%Hﬁlpcgﬁxcg}tra% qsfjé)égqastaa B@}fuppdﬁ tlsf refatively protein-rich
stream wetlhat a destl;edpﬁngeewbrral peiodlor@eBastlPhodie syst em of

claim1, wherein the second fluid line is operable
-21

the f.i.rst uid. line,
14 The 8 %gﬁgé@{ ﬂ’gi f%gﬁf)?ﬁ? 058 ézPI“gHm’FH’éa%%/?FéhaCéﬁfloep ghatymaintains
an average pifh of et leastirepqrtion e genglalives, protedd-vigh Re w1th1n a cﬁtsnred range

ace | e sorbent cartridge, has a dry we
overap‘é?l%d Ofﬁg ﬁg‘?\u 's kg. 21. The systemof claim1,
wherein the user-repl aceabl e sorbent assenbly has a

15. The@ygtemfgphamol furthen@Bprisiag ap aiﬁ%or§a agtect:gp grllc? ¥e%§8£%1&oop that

TOCGSSI ng line exclu

wherein the
wiggers n3elibd S8 G et sERtent oB MY ens mr@cmyoﬁ/éxeghtatwﬂy

protein-rich goeantihgreatér kgn Pdgodhe system of claim 1, wherein
t he user-repl aceabl e sorbent assenbly has a dry wei ght

16. The 9§stem of claim 1, further comprising a glucose addition module, and at least one
enrichment module that collectively adds at least two of potassium, calcium, and magnesium

to at least a portion of the relatively protein-rich stream.

17. The system of claim 1, further comprising a unit that targets removal of a specific protein

from at least a portion of the relatively protein-rich stream.

18. The system of claim 1, further comprising an ultrasonic vibrator that operates upon at

least a portion of the relatively protein-rich stream.

19. The system of claim 1, wherein the second fluid line is operable concurrently with the

first fluid line.
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no nore than 2 kg. 24. The systemof claim1, wherein
the processing |line includes a hydrophobic/hydrophilic
waQoommstssane di sposed to operate upon at | east PaT/US2007/002664
portion of the relatively protein-rich stream 25.
The systemof claim1, further conprising a power
source sufficient to operate the processing line
continuously for at least 8 hours. 26. A nethod of
processing a substantially blood-free fluid derived
20. Thiers@ffem ¢redlhi Vi . sQn, conprising: 15
: segar ating ?ﬁge?lljeb%?laﬂr?ﬂ%ﬁ%m@% gg%’- gléj"?gng%erl‘rﬁ? cgpble sorbent
cartridgg, hasia dryyeight afine mprstthén Gikg. and a  rel ativel y
protein-free fluid; processing the relatively
21. Thpkoétenbidlg [l i S havi ng an at | east )
su%st anti al P]yf’iwnq%%gﬂt%L;g rifrgé%ggatbtl%s b%%ﬁé?'&lﬁlha?ﬁidéﬂwelght of
no mogediamarkg ed) fluid; and depositing at |east sone of
the purified fluid back into the peritoneal cavity. 20
22. The $ystd rieRd; ihai ein the step of
T odg‘g‘%‘ﬁpﬁ ggﬁ%‘?‘é q%o %%resrsgr% 1F Wcﬁ‘h‘ﬁflﬁé usgrrgeplageable sorbent
assembly has adrnyeight of Thenoretieoc? k. cl ai m 26, wherein t he
step of reintroducing occurs intermttently with the
23. ThebpferRor SRAr AL . )€ hod of, cl ai m 26, )
f uﬁtaeher c%ﬁ%rli’ gﬂﬁg‘”ﬁ ??Cnlés-ggg?é“? {eg rB%tSé) rhqny F?F”ﬁﬁl’ hasyg dry weight of
nomor,eéi;adtg;fg{ y 25 protein-free fluid fromthe relatively

protein-rich fluid. 22 WD 2007/ 089855
24. ThePybtddp3PIanAG2 Go4 T d of claim26, further
conpri si ng cont r olrelfiliqﬁ}glge Igrtg C{%glgtqmtev%db‘fles(%}Y%OEQ?E?IS/RYFIWPIHIIC
membrangdispoper tp epemteirbn 4thjasaa parntioarofithe tel@i R bfdt&f-rich stream.
fluid; (c) a gas; and (d) a glucose level in the
25. Th teht 8€lcIhinki1dfy . ad . of claim26, further
el(S:.dggrrplri si Cng re’ cf?%ﬁlcgl?l?ﬁg%%% Ohweerﬁg?r%ﬁué.’t%l?"éé%f’P@G%fhe
processgig ling ¢qnsinygusly ont atdedsy Soasd- free fluid as the

purified fluid over a period of 4 hours. 32. The
re-circul ating

26. A nfEeidiOsk itbc &kl statm'g%%}g ?l&ﬁ?&éﬁ%@%ﬁ Pigg'agcf QB 3 peritgngal cavity

at |east 90% of the
of a perseqy cpoPisingd | ui d over a period of 8 hours. 33. The

(N aTrYs o] L. - urther .conprising re-circul ating
ﬁ’e s ugs{l%%%l?sgﬁéﬁ% Ibi%od{'#}?eegmwlfﬂ Yrefaiveheprateinfrichofluid and a
f | ui dredatieely ptageisefidd fliigpt to provi de at |east 20

10 a 10 hour period.

' i.fied fluid ro .
By et PtRlV IF Pertsitr ol S Sordenphdvirgn o less
re- ci substaatinllg imh®buahREsE 3% b%(ﬂk@g(zﬁlf'lﬁgg regenerated) fluid; and

depositing at least some of the purified fluid back into the peritoneal cavity.

27. The method of claim 26, wherein the step of reintroducing occurs concurrently with the

step of separating.

28. The method of claim 26, wherein the step of reintroducing occurs intermittently with the

step of separating.

29. The method of claim 26, further comprising using a filter to filter out the relatively

protein-free fluid from the relatively protein-rich fluid.
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fluid as the purified fluid at a rate sufficient to
provide at |least 48 liters of purified fluid over a
wa4odtmssssperi od. 35. The nmethod of claim 26, WReTRISI07/002664

the step of processing occurs at |east 40 hours during

a 15 period of seven consecutive days. 36. The net hod

of claim26, wherein the step of processing occurs at

| east 126 hours during a period of seven consecutive
days. 37. The nethod of claim 26, further conprising

I
30. Tlﬁmﬁi’tg}gd\%ggiﬁfiﬁ g@t ﬁgﬁld%z S?%gﬁ&ﬁg%ohﬂomng%%%ﬁ% tav@éyd gf)t}l cation in the

Pu”ﬁ@zjsﬂmfiuﬂt 138 anEwrthe padiied Huisk §)rrgeast andéabta glupesetléweh in the
KLfntipe relatively protein-free fluid through at |east
purified fIhi
one of a reverse osnpbsis unit and an ion-exchanger,
then adding a resulting product into a stream
31 Th@dﬂ%%?% Phefath @6 Birther gampripingireicirculating 4 Uieder@s a2 Jeast 80% of

the substantially blood-free fluid as the purified fluid over a period of 4 hours.

32. The method of claim 26, further comprising re-circulating at least 90% of the

substantially blood-free fluid as the purified fluid over a period of 8 hours.

33. The method of claim 26, further comprising re-circulating the substantially blood-free
fluid as the purified fluid at a rate sufficient to provide at least 20 liters of purified fluid over

a 10 hour period.

34. The method of claim 26, further comprising re-circulating the substantially blood-free
fluid as the purified fluid at a rate sufficient to provide at least 48 liters of purified fluid over

a 24 hour period.

35. The method of claim 26, wherein the step of processing occurs at least 40 hours during a

period of seven consecutive days.

36. The method of claim 26, wherein the step of processing occurs at least 126 hours during a

period of seven consecutive days.

37. The method of claim 26, further comprising embodying the processing steps in a device,

and the person wearing the device.

38. The method of claim 26, further comprising processing at least a portion of the relatively
protein-free fluid through at least one of a reverse osmosis unit and an ion-exchanger, and

then adding a resulting product into a stream containing the relatively protein-rich fluid.
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