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WO 2007/089855PCT/US2007/002664 PERITONEAL DIALYSIS
METHODS AND APPARATUS This application claims priority to our
copending U.S. provisional patent applications with the serial numbers
60V F6¥VERARY 60/763,337, both filed January 30, 2006, andRiR{ER2EHE002664
incorporated by reference herein. 5Field of The Invention The field of
the invention is peritoneal dialysis. Background Patients with
inadequate kidney function require either dialysis or kidney transplantation
for survival. When successful, kidney transplantation is the most ideal
form of 10tr@RREFDNRAADESIOVSISMETHOBAARGY AASIAN 305
returnﬁlpatien,ts to normal or near- normal life. However, the major
problems RASALBIaHEAMS PHPalen & ipler s arRg i sa SRS g wfislonsikidmesslications
W*éhéméq@aihe}rehp@r@ﬁ@mmqmmﬁ‘ﬁ vt SR $RGE-KINSY (IS which
asidchipsiateripratirn.atdhe function of the transplant from causes
including rejection, chronic (transplant) allograft nephropathy and the
FEOQWFaNREL ggg(g{i_ginal kidr_wey_diseas_,e. Th(_are _is 15also the life-long
requirement for multiple medications with toxic side effects. Most
patiefigedie plefce ionetiadysispwitbnalaih 9% being treated by
hemodialysis (IM) in the United States. This requires the circulation of a
Bhpigeramadunt of blood outside the patient's body, through a sealed
compartment constructed of artificial membranes (the dialyzer, also known
as the et Ridmesvaie Heerifwoatienpatent. cftes Hidipbjsaiidfey
e S et St e e A W e fdpl formof
tr y : :
adrom the blood acﬁ)gssgtgﬁggaur%%% mem SEAIE. aﬁﬁma RRERsEe Rty or near-
REEUIaRy 28716 YECR B e AsPrnidea sPn frents lantatiemted torithreastapfehtirtage of
Ry 5 BRSSP B BN g e
a 1 1: N ;
(tr%ggqnetrgig of I%:rgg amount ofqziggﬁ%o%%ggﬂltag% Bog{)%&géfe%ﬁé}g&%&}éﬁmn’ chronic
cir uflarft ongor%ra iR GBI aA ko sRsumERss afthemaisioriadi@hdisease. There is
alsy Shsuifiolenst Wiasmentoloranhitipkatmeiot neauires abewt:20 galons (340
liters) of water to prepare 30 gallons (120 liters) of dialysate) and a
mang:’jWaﬁ md?\?{edm@fmﬁﬁbﬁﬂi Q:Qéﬁgbog@%éggg)tr%zﬁ@@‘ﬂ?%emodia}ysis
HDeaQligyagt t ted for.2-3 days between :
i e then © ggﬂ%@ﬁ‘%ﬁvﬁ?ﬁ?ﬁ% it ?r%%%‘f‘ﬁéﬁ&%‘f&‘fé’é‘l‘s‘de the

paggaltys%% %p are tE[en rapidly remove our
“Sick 30ANer B3 CA eSS ROMRITHA F sopitaFetief tatiftje) toereboves. (the
diglyrsy ftlfatalgwbysHbnatidicekiideayinart isdituato W&atient. Fresh dialysate
geRf0iéd A5IBRBEE/ %899,2@&2&% the other side of the compartment extracting

water-soluble metabolic wastes and excess fluid from the blood across the artificial

membrane. The used dialysate exiting the dialyzer is discarded as waste. Patients are treated
for three to four hours, two or three times a week, mostly in special treatment centers, staffed
with nurses and technicians supervised by physicians. 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 1b. (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. Urnfortunately, by then the next

treatment is due.
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About 10% of dialysis patients are treated with peritoneal dialysis (PD). In

PD, fresh dialysate (usually 2 liters) is introduced into the abdominal

(peritoneal) cavity of the patient, which is lined by the patient's peritoneal
mERBPAHE Rater-soluble metabolic wastes and excess Wate‘?(lpi’i/ H3&007/002664
blood circulating on the other side of the peritoneal membrane move into

5the dialysate by diffusion and convection. After a period of time, the

spent dialysate is drained and discarded. Fresh dialysate is delivered into

the peritoneal cavity to begin a new treatment cycle. Patients on

contidvess b@ﬁbqfaﬁ@fysparmﬂahfﬁai%md(@m&)rmkﬂ 8cfhBUC(PD). In PD, fresh

dﬁlﬁ,@ﬁﬁﬂ@ﬁﬁa@l‘feffﬁgw Aupngavaldng haur g‘c';]rgnonl (IJUO l g rgltlgf the patient,

e# cle, which lasts 8-12 hours w e aslee ninc eas
num Ser'd

AHERRCHEN LR &P@Bﬂﬁﬁ@&?&%ﬁa W%@W@iﬁ@aﬁmt@m@m and
CpErRoTRie W@eb@dwmfmaiysm@ﬂmhm&gﬁ&hérparﬁaﬂyalmembz&ktﬁ{@ve into

th@fdm@tmtsyammq £9a Boh0Luenanges (2liters per . ex% p%Pl H“gsgé;l, is

drQlour fdscle Qﬁ‘ h cost of the dialysate almost alwa:

régﬁcﬁgnm Subd mafecf fg%‘ifs & Selsinrirdatriienerinnemh Ctﬁ‘é%f@@eam anew
ireatment ﬁ}ﬁ&r&ﬂ@r@@mmemiwm afuhoiharg mbﬁekmmn@z@wgpbﬁ’mﬁe 3-4
sdﬂﬁé}ﬁiﬁﬁﬁ@@@@@@r@@%@@ﬁ@mﬂ@ﬁ%ﬁ% Ak Jr%aé:cfﬁli?)xghfanp%tllto %gtmelft cycle,

g)srtar&e %(5) the qral sate and are discarded with the spent peritone
sat g s w g SE R4y BFFRS BRoBIEther b aatitntansisBraee
‘Er‘i‘&?‘é 5t yrativs nganhalysistsystamaslemdioio therfantttiiatyhecakiiiyiiges.
Tyegeherateshmn SRE T aithaRoRQ0dstient oL if Bresaited 'flelﬁy@];&t éQchange)
thl'éﬂ%ﬁ%%?s &%@Q bleﬁgSﬂn%l itation %‘nc;% (i)e,: for example:

sate usage | to abod Tﬂo fifep S?tﬁégﬂoﬁfé‘lw%rﬁ%‘ﬂts n

9?/% ??WSHU%SP@%EW Ragigstonfreepr thbysaidual isiniry turmtitmiscompletely

lom%mwﬁ@ﬁMSﬂhﬁt&&fbﬁ@m eyad féﬁmcg}ﬁ natiento2hilbe IQE%%Q Yeak

acﬁ%gpﬁx§g&%t%ﬁ%aq 'ﬁ%ﬁ{gr%ge\%% Eefs%ll%s’agee SucP 1% cpx aé%i%%er)&gﬂlet&ffmt peritoneal

& continuous protein-loss In patien y pro f&n-h
EINAS é 5k|dney failure; 3) Two or more connections are made to the
dlaly5|s system, in addition to the catheter; 4) The sodium concentration is
fixed B BBHILAH thspicbiems ssslireisntionsroftbdiptisate ofnersannotbeysis

syetasib/saaljusten thacectnpatenbis$iay®enerate the SPD is either non-existent or, if

present, are subject to limitations. Such problems and Hmitations include, for example:

1) The dialysate usage is limited to about 10 to 20 liters of fresh dialysate per day,
primarily due to the high cost of fresh dialysate. This, in turn, limits the amount of

toxins that can be removed from the patient;

2) The proteins in the SPD 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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WO 2007/089855PCT/US2007/002664 5) Commercial peritoneal

dialysate contains lactate and has a pH of about 5.5, both of which can
cause irritation and possible damage to the peritoneal membrane; 6)
Covaraerearidéritoneal dialysate contains glucose degradatioRGF@EeEE002664
formed during sterilization by autoclaving. Additional degradation products
are formed 5during storage of the dialysate prior to its use. These
degradation products can also cause damage to the peritoneal .
membrane. Further, there are only three different glucose concentrations

in thexyu @eﬁﬂﬂewail9@%&@1&/&@19@@69&'3&1@%%%51?}!1%?@9;%?f@ﬂ&ﬂzﬁs, both
concentration requires a change to a,new patch of dialysate containing

glucose ?gr%é%ﬁ%?g%ﬁagspep%%rﬁ%i%d %stsﬁjg’g% SV doya) Wiﬂ?ﬁ‘&%ﬁfnﬁmbrﬂm;
peritopegl dialysis equipment, beneficial agents, such as nut(lents,

hormo :é,oénn BIO ?c%?r RAB R R S osa Rrsesias AR PRy Gesinfarmed
cannot bé“r’é%ﬂﬁyliﬂmmﬂﬁ’) dikre lprimipart djistenisitped RERQY ERINEBle formed
SPD reg ﬁﬂﬁﬁ@tmmgﬂﬂ@d%% rt&t@’ﬂégh’fﬂgsy%&?zﬁ%}l t[)thgt)duc’cs can
displaceglgé/c%otefi{w in the SPD; 159) The prior art systenis do not

regulate and fhaintam godiu ecooeﬁl(@%’?ﬁ?éﬂlﬁ’%bm'gﬁ‘i‘?ﬁfthéh8¥ﬁl§f§‘a?élﬁﬂfhf%
steady lcViEferpresipenoycohysisianmithindivicudl patiabls dk0)sEhe, RHOthe need

an systems ihahers POy IRRhSRRIRASREHAICD BIED0YE Hér?'a?e ¥h of

. . : 0 A%
generate LR 6 O ST B EroRRee b

to removg,this gas 20or other gases in a fluid-leak proof manner, while at _

the srggu-:-ﬁ&% %ngﬁtgfﬁ‘lﬁaeﬁle‘ﬁﬁwsfﬁ %‘%‘E%fﬂ%‘d@%ﬁﬁﬁéﬁltbgﬁ%ﬁ@ﬁmmemsa
different koatitieh enéhjoties.cevvketiab b aysteti anthid)hHaepiioR@lkents cannot
sorbent $PRaGemBIAQN systems generate ammonium ions, which
appear in the effluent of the sorbent assembly when the zirconium layer is

25exRaustRdrRyeh %ﬁ@ﬂf@%h%ﬁ@”é(%ygeﬁ?ﬁ%\{j%%]eg%(%9 ngggxusl}(r?ase layer

monitoring the ﬂflllléent for ammonium ions, and the erefore cannot se

1 if)‘i}él,cwsuaﬁ?%%%?zﬁf‘&ry‘?eo‘?iﬁfﬁéﬁdﬂ‘r?ﬁtﬁi‘éFﬁwt%ﬁ%?stu rn off the

off an au

systeéy in,response to this condition. o _ _
he prior art systems do not regulate and maintain sodium concentrations and pH

in the dialysate at steady levels prescribed by physicians in individual patients.

10) The prior art systems that employ sorbent SPD regeneration to remove urea by
using urease and a cation exchanger (such as zirconium phosphate), generate
considerable amounts of carbon dioxide, but provide no means to remove this gas
or other gases in a fluid-leak proof manner, while at the same time maintaining

sterility in systems designed to function under different conditions, e.g., in a
wearable system; and

I1) 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 systemns 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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WO 2007/089855PCT/US2007/002664 Regeneration and re-use of
dialysis fluids has been contemplated. For example, US 4338190 to Kraus
et al (July 1982) teaches a re-circulating peritoneal dialysis system, as

do¥e VWEH BPEIF684 to Roberts and Lee (Tune 1999), and a 19901AvtizNe/002664
Roberts, M., A Proposed Peritoneal-Based Wearable Artificial Kidney,

Home Hemodial Int, Vol. 3, 65-67, 1999. (WO 5 2005/123230 to
‘Rosenbaum et al.) teaches a re-circulating hemodialysis system. These

and all other referenced extrinsic materials are incorporated herein by

referengiadhel SRtEEDs\MNBES & Jgfialion 95&1?@09{&13535%;1%9 example, US
4%@%%9%531@911@'1‘3{?{]8? iS4 otn5|§1tent or contrary to the definition of thaF

term provided heretn. the definition of tRat I PFRATIRP L ERIvAbNEem, as does
USnd thesddamiabrriopadat eefine 99 ferénddYoesiclet Rpplyts18Des Biteposed
Pm@mmmaﬁmwet@ﬁwmﬁcm@mﬁ@ww i r}?e%mﬁx%yﬁ?é#;@;%%t@. (WO

n scribe especially practical ways of accomplishing tha

e e i e b e dncre nd
alfiptherarérentsd o Eag e meteNa S ArToTented brventthassc eystanbeif btirety.
Wabg’{gg;ﬂ;;}éﬁ ﬂﬂﬁls@afaﬂﬁffﬁ ﬁpﬁﬁfﬂﬁ&ﬁ&@akéﬁtﬁr&%%% likeﬁ‘xtcc;?x‘égstent or contrary to

g icpted deyices that required separate | .
thp(rztli)gcessin _ar%lgyl%rt e%r(]l) ér%%ofﬁ%?ﬁ?nng %}p p#cﬁ%ﬁtnogogrﬁéﬁﬁ% L Pisesiheedn applies
%R}%ﬂﬁ'@t%f%%%efﬁléﬂéiﬁdﬁfﬁ%ﬁé efheoppieRlErt teaches a unit that

could practically be worn by a user, and that included the numerous

imprdVRshitseniraBRlabag reesRTalien. sseampiationtied 684spatbdinlysis fluid), the
p}ﬁosmgdle' qekitakeat wﬁag&eraisyltiﬁ@gml wyﬁmgé}mﬁ{%ﬁﬁgk%%ﬁéﬁﬁﬁﬁ '190

ent' itoneal cavity. 2).The dialysate flow rate throu .

B e S R e s Slbotivethan
MU IR pEf SN e alhg FoMrrRatideand hnivat sloatsote 2B truicede
somknt, b8) cihengdeneratinly sysiphitdsdawscek ha RRGRSSHMIMLRAURGh and
th SRRl ARER I Ol COMBEIAERIS SoniA e %Et”g SUREN addition

such, as zirconium phosphate, zirconium oxldee N4 ActvAted ’
n°€§r?t}o$ffcﬂ%%6%ﬁe&ﬁaﬁé HReESatiFeHE R ErdlabegveyRiant ispbrnd that included
thirmmodhitizenare caenbeddisplactbkyinp Fateinsnin ) erspens pepianeal

dialysate (SPD), thus requiring that the SPD be separated into an

ultrafilfradesiapd pepriotein tactien forpyReseslJ a8 PSRN &%‘ﬂ%&% from the
thereaftenthmtteperitacgriar g their recycling back into the patient's

peritgneal cavity.
2) 'Ihe dialysate flow rate through the peritoneal cavity is limited to 2 to 3 liters per

hour, and the dwell volume in the peritoneal cavity is limited to a volume of about
250 to 1,000 ml.

3) The regenerating system is housed in a single assembly baving multiple
contiguous 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 re generation
and to thereafter be re-united prior to their recycling back into the patient's

peritoneal cavity.
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WO 2007/089855PCT/US2007/0026(,4 5) In the urease/zirconium ion
exchange sorbent regeneration system, the sodium concentration
increases, and the hydrogen concentration decreases in the regenerated
di#PSRHE WItime as regeneration progresses, thereby deveR§{ifti§2007/002664
progressively higher sodium and pH. 6) No provision is made for the
evacuation of carbon dioxide produced during the regeneration process,
particularly as the goal of the wearable kidney is to allow the patient
unrestricted activity that will call for different bodily positions. 7) No

provisipnisimacedoriiienise ahie ahicase aag %gﬂéﬁﬁ%ﬁ'%gﬁﬁ{w sodium
glucose &%Mﬁ%ﬁ% grscgsiaré '[dir&%Lﬂa jon of ultrafiltration. 108) No

provision is made for in-line ronitors with Heed: BadR ioR degtnsadiy the
options SFEMEALT Cohiprinarits binmes regermastitecbtiatysate tBrbly developing
provisiorpisgradectphipBeiaganaraied pgritoneal dialysate (RPD) to he
enriched with nutrients, therapeutic agents, and other beneficial agents in

dry o6JioNtopiokaaicsiesizeed E@ﬁ'ﬁ@e@%@%ﬁ'&%ﬂ an%Sgr B‘Hﬁ‘é%% g%‘ltr?gg the
and timin g,;eggét()%m%m%sos)l?errpovallof “noxious"” or undesirable proteins,

e.g., paragpgrot(-;-ms, RGeS PRE SR B Mo EArkobBeeearablsdrdnstte allow
spa 11)N@F prOGRGSATES thirterd Fotivitvrbeaivdll naltife diftdeeilBodiBrpissitions.
toxins. Thus, there is still a need for improved systems that can

functien NP iraniplentirmads, oihe usting porthbiesanskvie sratie d0BRAS dNglucose
which pevtonaarkidialyssie ean-be.egsneraledhfeganstituted and re-used.
Summary Of The Invention The present invention provides

abpasatu, gisIRIDE AR meriofioi MIRRERAORGA flalvRais L2

er
substantoia%L nor%-(?lﬁ.od containing fluid is withdrawn from the B%rif%%ue% 24
25cavity BF a person or At (gEHe i s srasretrteriicizbivrtss a "person”

a perso
or "p%:ieﬁt" or "user"), the fluid is separated into a relatively protein-rich

stream andPrATR EBrSER e ecatrsaried Tridqasatidialy sretdiRIicte be
stream ignFédieneritethiziepro tessingitio sgeneyedosins: BR{igRMbAgents in dry or
reconstitijed with addiitves ANLNGN KARIeILEd B0 Ne BRIONCAl 4 timing

cavity. Use of a
y pa?terns.
10) Removal of "noxious" or undesirable proteins, e.g., paraproteins, requires the
separation of the protein fraction from the SPD.

11)No provision is made for removal of middle molecule uremic toxins.

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.

Summarv 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
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WO 2001/089855PCT/US2007/002664 substantially immobilized urease
allows a higher percentage of the fluid stream to be processed as the
relatively protein-rich stream than in the prior art. For the first time it allows
co&YéiSSpracticable development of portable and even WEdrHB107/002664
dialysis units. In one aspect of preferred embodiments the relatively
protein-rich stream averages 95 5 -98 vol% of the incoming stream from
the peritoneal cavity of the user, which would mean that only about 2-5
vol% would comprise the relatively protein-free stream. In less preferred
suémlmﬂimeﬁombatmrmafagao@aeerS | éﬂw%@raéﬁiﬁ@g%@b@ ﬂﬁf@%&@aﬂ‘%ﬁ%@t
I t least 15 vol%. All practical types otein fluid |
P S IR tE o AR Bt atlows
o rpalbr Raptrakls drvslpriserciretnbie Fohever moyeblE diaxsimplis.a
pump can be used to alter or otherwise control the percentage of relatively
proteif SiErErEEhn Rscfiadh earhhdinznsaiing relatitebuitainisichent sysiesmges 95
~SRgeleidtes theoam.t@bﬁ:iﬁ@ f@ffrﬁé&ﬁ% pyrrmvmﬁ}]t Inast 95@,%%@&%1.1 mean
referably includes a urease or other enzyme(s) tha
B B N R T A egretoeed
eoyadimTRD HiRt BEGATSRSESRIEb g osss. prsleabbvias Hiepia0enitntbleprotéinsl%, or
emmd@ammwmmﬁm @@amtaﬁeﬂimgew%@%@%a@hm@wd,
; s nat adequately.immobilized, which meant
e e b Rk e O et
PRSI CRATRE: AT Bt R S6tuseeHe Ailica eepitrouidenebinitoltthe pseentage of
relnaetepiptdfnoch shegprotaine fieepaitica=20Sorbents are preferably
included in user-replaceable assemblies consisting of at least 100 gm of
sorbeénssitatrle \?’5&@“&) Sﬁﬂﬁﬁﬂfgﬁmﬁﬁiﬁﬁg@?&ﬁﬂ@MDJ%W&ﬂﬂngg &t least one
{ rated zirconium oxi nd.
o e S S SRt e
‘mé’fféhﬂ%’&ﬁeéﬂ’gz 1SRG BERER AhSR Y aralep Blanls FrowsiErfrommeobéisttion of
thpureion pictivetselativelizgnoteinsrichatiaam (eiatysin pRoRS)-#0E ABi@B8eam.
ProViBURIS MUkl emolegbie, IEGIMIG toXins Jislog additional sorbents, % intfhobilized
wkﬁggf%rgg% %rg&bo iments at least some other processin _occurglfo? e ’
DrOtEIFTich StPEant. Yoo BRAMIS A o8eSiy fhthe Anithenuibbs paarsssed as
prefatyaichriioil.achintmosiviithe dlitd tsrconcentratipmimhaileast-a gation Bm the
préban gladiyehdotein-free stream of at least one of 1-1, OH-, cor and
HCQO3. Stabilization of the hydrogen ion concentration can also be
30erhiznsad Ry Mee-Lha Zi LK laver as the.final module i
10 Bhée ﬁggggme%%r?i&% %e%Hg%g%%%%%%@%g/%%ﬁz%%%%%%géﬁonsI?gng of bt least
S ght). It is contemplated that an assembly could include one or

more of zirconium phosphate, hydrated zirconium oxide, and activated carbon/charcoal. A
sorbent assembly could additionally or alternatively target removal of one or more specific
proteins from at least a portion of the relatively protein-rich stream (dialysis phoresis) and

one or more middle molecule uremic toxins using additional sorbents.

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 processing line can also advantageously include one or more of a
sterilizer and a gas extractor. Gas extractors can be as simple as a vent
for ortable systems), or more complicated, such as a
f?fﬂﬁ)ﬁ ol grophoblc membrane filter (for wearable systen?ﬁT/Uszgf*ngoz““
relatlvely protein-free stream (ultrafiltrate) can be treated simply as waste,
but in preferred embodiments has three other possible outcomes. Some of
the protein-free stream can pass through an ion exchanger (anion, cation,
or mixed bed), some of the stream can pass through an reverse osmosis
filter, HRRIPEPSEFIE dinches glsanrivanassausbdits lbdekftustnthe sépatatdizer and a

gdb dhesedateitbraectasesn el uighisdhnen Mﬂ?%b@%@é@%{%v&%em
YSIIChaeam, JOMontors ang leedbackloops are gontemplaied for
aintaining & characte tHhe By StEm, and for- |£ ﬁfn@oﬁ‘«fé’fﬁmﬁ Biptems).
shuttlﬂg dolvvn trlle system, when a measured characteristic falls outside of
a desiiad RS EE SR PR SR hiRiRS gt SRy B8 YeRSs- but in
pesiirarhessrichmge dastheepbthd pnsiobiegatedmpes siblaashiftoprnteire free stream
c:RSRESINNGONR TRl aieh iR AMMAN B AORCE BN D RIGIEUPRie stream can pass

throubr(’)dlmenets also |ncI e at legst one enrichment module that

reconatitLtes the protain: ﬁ%h SLFTBS AHthA G SRR S8R BRESSH GRkisdetlush the
Se[?é’t%@ ubh teesrclatisr sneereraghabiufin drissiliditiotded is:cio midimaplasdddhyagtrotein-rich
strdatients for long term alimentation and the administration of medications

(e.g., antibiotics, chernotherapeutics), micronutrients, vitamins, hormones

and anyRibRrtkerarReyiic 18osk Q%%W%'@&%%gﬂmgg%ﬁgﬁ%tm of the

an m20 a%gplements could be a?lded to the protein-rich stream as a way of
Yhtroducing tham mfo TAE BEREA ﬁg%r%%wdiéWsﬁfteﬁbﬂ'\?@ﬂPéaﬁaﬁged

chsraefeaivtin dello v ustdmefriderirbdsinasr Brpariahy:dentampldredise engnitoring and
fetuR iR sanser Jardhaskolo R Re ChaniRdid L HIIRRGRIE YRMINO e especially

o tte ga(;c S could be u%ed 0 keep additives suspended, and/or
rFFatln hefr salvation. The i line that introduces the regenerated
and setele} nsti ute?? |d bgc |nto$ gﬁperltoneal 25cavity could use either

tErdexthedmen DERMYFIENT B ATsearErektrer et debingpnstitutes

the same or a di
thygrejsanatich sovoniTeadyics siesshittenclyaitesheentdotiprafhiiojned For

mpgrEahie: smsaamﬁoﬁha Qm@%&%ﬁ&ﬁ@ﬁﬁ%&%ﬂ%9}5@%!%%%9}14&%8 2nd the
Ser- re Iace bl beng assem |s prg;fe %ﬂg no more than 5 kg. The

A f/n\l/%/ter?g}?P ot urg%rl?%l ac a%léaxsif) ht aSe8 ?5‘88&9‘??\'&8%‘3{%"5@V‘tamms’
ho1gPHET SRR S5 Raer VW@W/@SQMW&@MM@@M% agefgnd
supvslanale syaterﬂftsadhmdbwwthhﬁfrtbﬁ KRG PYAGESSIIHINRIEXPUEAinto the

pa@l&ﬁ%fe%%@qsg%?s?% %ral;'gg %ﬁgfefef bya”% f%%%&?%‘“ Lko I on

such systems the dl’ We of user- aceable sor assemplies Is

de&%ﬁ?ﬁf&té&r&%&% ﬁf&f@%&ﬁ%@( m%&%a§mem%wﬂ1§fewéraw or
othisdaved acsdifbeontaine doppwediSupplysanabds upplie Sashu P eheir solvation.

T@y&ﬁ@@ﬂa Eﬁa‘é’ﬂﬁfé‘&%&ec@%‘g%ﬁ%}&%'dicx%”EQ&%t%'Xﬁ%rc?%a&? 18 Al DU onear

could b? designed
cavity could use exther the same or a different opening from that used to extract fluid, and

could be operated concurrently or intermittently 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 assenblies is contemplated to be no more than 5 kg.
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for greater or lesser periods. To further enhance wearability, the internal

and the external structure, functionality and material of the modules of the

system can advantageously be designed to: 1) optimize aesthetic qualities

a8 Bpptimize dialysate regeneration and flow hydraeliasysa8)2664

maximize the regenerative capacity and functional life of each 10 module.

To that end especially preferred modules are contemplated to be

configured as nonrigid belts, packs or as apparel. The spent regenerative

assembly or its individual components can be removed and replaced

convemientyrand Safelys(Raving L ients with impaired sensation
TR SeBri e e  SeRE P Pt  vor

and docking ("sap-ine MeRIFARRPRS G Spvsrdirad karbeschsaetailiese dry weight
of BfsiTePecable aThen dngmpbiesentagenbiluid to B8e0USERaNEK & kg. Wearable
symtativelyuldngResigd.alti : embaqdiments, for

T nerate ot toaas B3 L Tl Rl gioutd be

I ill regenerate at legst 80-90% of
T é!%ééra{%%eo%ocessm ﬁﬂ‘?iéﬁ“l?&ﬁé%%rfﬁf gekaet 8. hotesnbics designed

5 fluid as a protein-containing
ChiBre B efdFatsy Reredes 180R00%% ovlemacpetindtofi§, NBL [SicHSINGARRIRE e .
st trie,, ey ratereteamediments il Ja;circulate at least 20
dedQlilersqof; he substantially blood-free fr% %ga%%hﬁﬁﬁ?%gfé‘ i OV 2ty be
e 50 hours, an moresprgefcéﬂalﬁwlgf SsARYidl opimizs pietioatof&tneration and
Hot¥ertybity 3t Brisrspitrticraasnentlyeprafesiack pmToaciRen Sl each
meidw Tarhalative: ratessing 1908 chRideast during a period of
ri gSEYERC m(a%tg\éeaﬁﬁ%% gnd more referablyéj%t}%{,%agﬁ_ ¥ 8rnét%l%lﬁed as non-
< 2imost 168 hours (fill time excséjf)zf1 FE P BT R E BBt APdi iFlamhisahiponents
“SUpPTES) S geriarat trevientivensiivibts thatier avereapesHie with impaired
seatiougrbficiondiesdrithepros aﬂaxhﬁ,pmyiﬁﬂm-a%nm le (and even ,
dodxeas aligdp aritomated neritoneal dialysis syster]n asg%pg%%msnap out”) and

regeneration of a protein-containing dialysate. Because the system is

peritanealdialysis;Pased, it is ‘bloodless” and because the SPD is
usgontinuously regener%:%’é‘,) | elssljﬁﬁl%lt%rﬁtgsas“?lﬁﬁ?’ﬁ%ﬁ%&ﬁ\'é‘?‘ﬁ%ﬂmn{ghid to the

S0 I}ﬁéﬁtrl%ﬁévﬁgfé%ﬂ?rlﬁ"i)ﬁf%@ anifieitl kiddeye dhenBOpiatianeal example, will
regonoteinstiicaNeSS DD/ Canthesi s PIRS LA Mo WO, protein-containin
pu%?{%@ﬁ-ﬁé%%@%%%%?ﬁgg%GGri]»d\l/naéf;l_oUS objects, features, aspéects ana
no2dvgntages of the present invention Wit BESERbMbleasR0a78Ht sesmatheriod of 8

_ %[Iow|ﬁﬁg&dlgf5ﬁéﬂlﬁé‘§cﬁ‘ﬂﬁ6?%ﬂ3&@ﬁémmw of thednventiRast 20

liters) 6 roviekb stre il bobpating riiawingsunnuiial ke HUMERIs i PESREL, ana
motkpréORMPRENSt 48 Liters over a period of 24 hours. Using yet another metric,
currently preferred embodiments will allow cumulative processing to occur at least 40 hours
during a period of seven consecutive days, and more preferably 48, 56, 70, 126, or even

almost 168 hours (full time except for replacement of power and chemical supplies).

In general, the inventive subject matter overcomes the various deficiencies in the prior
art by providing a portable (and even wearable), automated peritoneal dialysis system based
on the regeneration of a protein-containing dialysate. Because the 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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5 Brief Description Of The Drawinzs Figure 1 is a schematic of a

portable device coupled to a patient's peritoneal cavity, suitable for

intermittent emptying and reintroduction of dialysate. Figure 2 is

crogswevtigms view showing the structure of the sorbent assenustysmb7/002664

Figure 1; 10Figure 3 is a schematic showing in-line monitoring and other

controls for fluid flows within the device of Figure 1. Detailed Description

In Figure | spent peritoneal fluid is withdrawn from a user/patient's

peritoneal cavity 10 through catheter 110A, and processed along a

proc [ eg.asepar tor 20, 15an_ultrafiltrate handling

asse%i&%%@e?gggeaﬂ %%ss Sr%%ci 3 C[of‘ VBRES Oh %?é’f(‘iﬁeﬂ%ﬁ’éﬂb%‘?é"%bemme
mO"ﬁtﬁ?ﬁ’éF?ibﬁa"ﬁé%éaﬂwm %F?@@éu drserivsidnlef 70c Beptdcosorindile &ahe
irrggydiom, eimghmamﬂfmodui@%d{@erﬂwﬂ@ AT Y m%%%ﬁ%l@%m like
coRfpdingal cavity through in-flowing catheter 110B by pump 99. All of the

components of Figure 1, minus the catheters 110A, 1108 and the
}{luflﬂlgtigrgometlmes referred to herein as artificial kidney

BRERIEALE
20T. L athete “‘I‘.[Uﬁ%ssrs should be interpreted mteractlvely as
eithefiguoephiysisetiraspapiecatibeiersios esinslecatheisr g&&&%ﬁ cavity,

suiBle Amans Allet mga t IS, the /arious s 14,32, 72, 82,92
and 99, and the varlous ﬁ %n UI'[S O?Lffc&l‘ﬁ%ﬂ 1168, 116C, 116D,

118, 12 126A, 1268, 126C, 130, 132A, 1328, 132C,
2513%%9 R A e S S oLl by of
1%brﬁ 2ntional. On the other hand, it is |mportant that the components

collectively support sufficient throughput of recirculated fluid. For example,

it is COBtERpibtedhymetinshatsgtitifly blotthfieeafididthanchetrols for fluid flows
witighciteudateckas pidtified fluid at a rate sufficient to provide at least 18 liters

of purified fluid over a 10 hour period, more preferably at /east 20 liters, 30
Délitarsg 42 diatsignd 48 liters over 30that same time period. In a 24 hour

period it is contemplated that the substantially blood-free WO

200 HoBasss b erpy sezogfﬁ@bﬂﬁi@zﬁsfmwhdmbérmdrmwfaaaﬁvwﬂteﬁlea1 cavity

IOf!Ihhidu@ha:zliﬂi&e@Llffb}é% Iali_xtaopﬂféeéff’&i aldgastAs:liL ?f&%ﬁ%?ltﬂ‘dhdest 7 rﬁarator 20,
an Ier, I more eas Iters, st ore
s e i mee it g e i

0, optional storage module 60, a specialty module 70, a glucose module 80, and an

enrichment module 90. The fluid is then pumped back into the peritoneal cavity through in-
flowing catheter 110B by pump 99. All of the components of Figure 1, minus the catheters

1104, 110B and the peritoneal cavity 10 are sometimes referred to herein as artificial kidney
1.

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, 1164,
116B, 116C, 116D, 118, 120, 122, 1244, 124B, 1264, 126B, 126C, 130, 1324, 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
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To accomplish those ends it is contemplated that the various components

will be 5sufficiently robust for processing to occur at least 40 hours during

W@g&q/%%ven consecutive days, which corresponds to 5 Pigli§2a¢ 3102664

hours per night. More preferred embodiments provide for processing to

occur at least 56 or 70 hours during a period of seven consecutive days.

The 70-hour figure corresponding to 7 nights at 10 hours per night.

Similarly the various components of at least some embodiments should
mRfsurficiently rohy ﬁta%Of%ff%é’%%? | %t%tg‘é& { 8L least 120:00us du gl?ﬁters of

per FBH S ESUEh consadit ays, w correspond%}%o 8 &%

pukafsivéd, dagre Pegiarztbr %@e@@mﬁrigé@,éﬁbmfmek&béwédmtéﬁém still

mdRabea2Pe a1t SPlikdhe dngoming Sy g iteatjeaskdwostieams,
preferably a relatively protein-rich stream and a relatively protein-free

stre"afg ?I&J R‘%tcc'ﬁé'éé @{}ﬂgeﬁr ?sdclg?@é [@&Qﬂ%(@tlﬁ]{epfé}ixl%ﬂﬁ:s '3891 LA \;/111 be
eln-ri stream J0r Slmp ICIt nifican y ar ercen age
S N A Y e rdgﬂn&&pegﬁgﬁs foven
coimstaticleodaie whitkicerickpsirdatm TomhinaG bolysb& wadds. dfitve pogfatred
en%@ﬁ%wmﬁirpf&t%éégﬁr%%%ﬂ%lEﬁqgég@gGk?%tﬁﬂﬂﬂgdgﬁrx%%\ﬁék%d of seven
aS N the 10 rt Or 20 can advant IN an aver%ge
AT Ty D e R T e L P Sta Bt 5
Slméﬁﬂéﬂ@mefﬁéww@mb@@ﬁmenfsatlh@wwnwmndnmtamw@agéufﬁcxenﬂy robust

fopﬁ%eagsripgké?t:@@mamb%gyez@ﬂawcﬁmra shRldeast AR velcatiieasly80which
% t 80 VQ%J at Ieast %O vol%, at least 95 vol% and even at least

co g s ‘hours
5r§ V'? 1%, Wher the average “Aré¥aken over a meaningful processing
perio of an hour or more. rsgyeral hours, the s Ilgbetween the

relatvElT BISETHCRER AR FAHos M BrORiRTSE MR 48 Shah &I SR APl the
ingignificBnidastotifea tereninivrgrisoweisodiyof thletbishistantiatiyrislositefre@nd a

reftieis peotifciategramthe Ruified iy %@w&%&ﬁ% %@ﬁ%ﬁé@ﬁ&m@@@m@m@ stream

CEShCuIAle QlIeasE SO Gey 8 Retiod ol ATIONS, mare Brelerablialiaast o,
%873%ver a perio ZLn?Pour hd StiEmore pty r%%n‘? © overa o

thayeee congmolatsd in the mmmafszrtwmhevm@ aftthsrpfereagrich stream

coRROiMENs-san ke taimnalmpet @k@ﬂ%@@@tﬁﬂ%@gmﬂﬁmcime)
SR AR SRR AR R LR o
(o]0)

pro e| are, o rse, non- sens ave e ene
a"ﬁf’t‘ﬁﬁﬂﬁﬁt least 15 vol% of protemmch stream relative to the input stream. In more

preferred embodiments the filter 60 can maintain average protein-rich stream relative to input
stream of at least 40 vol%, at least 60 vol%, at least 80 vo0l%, at least 90 vol%, at least 95
vol% and even at least 98 vol%, where the averages are taken over a meaningful processing

period of an hour or more.

Over several hours, the split between the relatively protein-rich and relatively protein-
free streamé mentioned is a significant factor in determining how much of the substantially
blood-free fluid is re-circulated as the purified fluid. 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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WO 2007/089855PCT/US2007/002664 oncotic pressure to retard
trans-peritoneal (fluid) re-absorption, reducing or eliminating the need for

the addition of glucose to the fluid being reintroduced into the peritoneal
cawiy20@/089855The distribution of fluid between the relatively protaineichuo2664
and relatively protein-free streams can be controlled in various manners,
including pumps and valves. In the 5embodiment of Figure |, pump 32 can
be used to alter that distribution, at least to some extent. Valve 21 can

also be used to that end. The ultrafiltrate handling assembly 30 is

oseiiiemplated tahwaysn rvision.for sliminating waste flyid from

_lhe ts();(i’%;@em hut cap ?dditigr%%%%\%t%%?gf)agrgef%@?o?’qBtlgﬁglghoéﬁlgfﬁ?faaé‘lng the
fhe rela ﬁ/eé(?yltb?&%lﬁﬁ%@?lfﬁd%l%‘ﬁﬂﬁb@@ﬁ%@ﬂ@ﬁﬁé@s% therafifireineal Oavity 10.

pumprﬁgz that pumps fluid to valve 33, providing four outcomes. 1) Some

and gtdﬁ%k}lﬁ%’s? fo@‘fﬁbbﬁ];ﬁfféﬁ Heecktvagin proipiverishrapbotkuithly protein-free

stpastecoomainar @ledostosaladthe 4 uidinithe wasie SNaINer 3l be

erdlisRRSEd: ok Iﬁgﬁt@f{%{ﬂ@ Y Q QQL%%TQ i lee& 'to ﬁter th§2 cﬁgr%%ggrtlh getdﬁ?f%@, some

. )%ro%e'ngre stream can be é)umped through a reverse 0Smosi
216 provide SaitishPersecanBet sBded back into the protein-rich stream:
3) Same of the protein-free stream can be pumped through a
user-roFAtESHR R Frat iR AtReR I R 3o temoitcdtivalvaymixgddeed)rovision
fmhuénggmwmmmhee @@ta&g.tmu&@mh%&mm ﬁi&%}/@@ edule
opIdEALASA j ' protein-rich stream; and/or 204) Some
%n]; ttkezsgrearrr%eggr{?l %Egb%m%%%ﬁgﬂ%g %ﬁg{s&gsg%t%, rﬁ%&?@cﬁ#ﬂﬁ%’?ﬁhme
P Ump THE R HiC s ta e AR ShinsHoRt RrseRIhethe separator 20.
The sorbent assembly 40 is described in detail below with respect to
FigurJe) pSome g5dmostillesly grass afche asdeimiilyAtream omnil Gremorped to the waste

monitors:{eensors). Mast 21 212320 282 2HXh3RhA5 2ok MR disposed of,
more fulbél@ggg{jpggrmghoﬁggg&t to Figure 3. 25lon exchanger 50 is

connected in parallel to fluid line 122 using shunt fluid lines 124A and

124B,log,£xcHaNYEL20,. L0 comprise an anion exchanger, a cation
excha)nger, or a mige(g be eié*i%'%%g"‘é’ﬁ“a% cal %d&%ﬂ’t‘%@&ﬁ%@%l?@?’ﬁm unit 35,
concentFﬁﬁ?éW‘(SlFﬁﬁB}%% thefregndieafided back into the protein-rich stream:;

3) Some of the protein-free stream can be pumped through a user-replaceable ion
exchanger module 36 (anion, cation, or mixed bed) to alter pH and perhaps other
factors. Output of the ion exchanger module 36 can also be added back into the
protein-rich stream; and/or

4) Some of the stream can be used to back flush the separator, by using pump 32 to

pump the fluid in waste container 34 back through the separator 20.
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.

lon exchanger 50 is connected in parallel to fluid line 122 using shunt fluid lines
124 A 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 H', OH", CO3™ and HCO5 ™ in the fluid passing through the exchanger, as well as

11. .
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four of IC OW, CO3- and HCO3- in the fluid passing through the

. exchanger, as well as WO 2007/089855PCT/US2007/002664 other

desired ions. One important use of ion exchanger 50 is to reduce sodium
prﬁ’dh%?@a’%%é@nvers?on of urea within the sorbent assembly 20TSisr9e7tbrg664
production of sodium will change over time, a control valve 52 controls
how much of the flow from the sorbent assembly 40 enters the exchanger
50. 5Storage module 60 is entirely optional. In either wearable or pqrtable
units, for example, fluid can be continuously vyithdrawn frpm the perlj[oneal
oty itys ke PEAS.aSHE tnpngi %B_efef%H@Uﬁﬁ%é@%tQ%&%W%&Qcﬁ&%ﬁ%%@ted by
c@RY%NRGd fQLsSiqrage ftggrflgggaggén%{elQ)troguced. But where r‘égt]t?}:ié itte L
rocessing s desired, the sForage FhoRlIE 65 ﬁﬁ%ﬁ?ﬂﬁ&é&ﬁ%ﬂﬂ afivemev
¢ S A SsomiErbredsséd)cnnip LWt isudinifotified. from the sorbent

iti bout 3

ash@Quptetrpiate dhstoxage gapacities range from abput 500 mlto a .

liters. Unless the language context'd_ictates ot_herW|se_, all ranges here|r|1

are (Ghefiipraled@s @ﬁtﬁ‘?&}}w{f&\é@ af %@r%gﬁ%?g%regéaﬁy u0\£§l bt

HRILRS s needed because the conversion of urea to ammo%gum c_ar’B hate
© thegeic%%ngcgno BRI SRS P WY dFogchadTs g Py Headigmagtssed, and
thﬁ*?é’ﬂx%ﬁgﬂ%‘@ériqumicat@oﬁawﬁnmmﬂm@wmem@mﬂ&emgmng
regulstaniia Bamowss iaf-cathon Qie&éﬁng tQ%sﬁ‘Q&? t@%rﬁ?%nqg%{eg% €s

ithi ing line) can be prohlematic, they should be removed
e I SO oL eV aova i ABEbrepec
CoRtsraR) 86 caPreififs gase SipraliamnitBorshoultobesinterpretadsashe

lapgeaghycantentdictanaarmble BY SIBMmIAO WEVE] a_i’_@%HiiS@iIﬁe?ﬁfe%r@%i%"é‘ing inclusive
Ofbggggg@meCyser/patient might 20 well be positioned from time to time
that a vent would be upside down. In such cases gas removal can be

[ ing a.hydrophopic or combination hydrophobic /

?33??%‘%2 |ic?nfeﬁc‘:’§é:5“é’#dgﬂfg ﬁ%esg?‘éo%ﬁégf%ﬂﬁ? BRI B iteiprstERism
catmAlri g G aheRnsnefamnvalvesions B4 kphuots flow, ahdid ieieraRRcLOWOf
i i et 2B e T B AL bunisor

; . cialty module 70 is inten 0 pr

Ca@%{?ogrﬁﬁ%%?n@ @cr)ltx satis l|ﬂe18|r 57 e o ﬂlgrtﬂ?&fﬂféés.lﬁ%}“‘%%ﬁ’b?é
Pr%ﬂs%ﬁ@ hdathavid sk fermiiesfarsttiontlinpotliatysisnherasisi can be
aceemidngl anedy movensipecHia poteinsfem the:flhid By Qe7i%tg$}é?§d as merely

a vent. In wearable systems, however, venting is not practical because the user/patient might

well be positioned from time to time that a vent would be upside down. In such cases gas

‘removal can be accomplished using a hydrophobic or combination hydrophobic / hydrophilic

filter, and the gas removal unit 65 should be interpreted as comprising such filter(s). Valves
62, 64 controls flow of fluid into and out of the storage module, respectively. An additional

pump (not shown) can also be used.

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

12
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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.

30Glucose module 80 adds glucose to the fluid being processed by

m&Gh&eFB¥Ricose supply conduit 134, Two-way pump 82 fabfitdte¥ Y2664

process, and indeed allows for WO 2007/089855PCT/US20071002664

variable control of glucose concentration in contrast to the current art, in

which only three concentrations of glucose are available. Filter 84

eliminates unwanted particles and provides sterilization. Enrichment
V;n;eﬂeléogtyqlim slddosabostantiaticany desimd ik bti?&m%eﬁkgbmsﬂ%%gmm
cdlewn B oG 0L Rl e oF P RIS LRI 10,1 orovides

m§gnesium. Such materials can be added to t ein
1zatio

ste . . . .
means of an enrichment material supply conduit 136A using a two-way

pum%92. It is contemplated that medications (e.g., antibiotics,

chemdtHEAEhTRYuln R SRR AT b sthriintsathonsoneé sprcidanyathl, including
foﬂ?@ﬂag:m@ndﬂmlﬂf gh@c'giaj rpidSlgszlqdqpé@rl]&lﬁfg grﬁg;ggg;@,ngﬁ. Sucﬁ rrﬁaterials can
beSAliAR ggg%g@rgg@pp&ggg%q;ﬂp into the 10user/patient through the
13€furning fluid. Introduction of_such&aaa?t%}naéﬁ esrhrbcz}rgn HEFERAbTRRK conduit

rEVerae aﬁé@%igfay PuEh & tritciantsrtnieigiites madidaionis femerntibiotics,
°Tm&mwwﬁewwdmwm,tm A L L
mAlIRREOLRES A SR0S vantageouys hecause dry glucose
us%[?da xélﬂ?{ Enat?ri Is V\?O&L%d tend to%g%i ¢ ésé’ra a?lg?\%ﬁr%{? Cf%d%‘f&‘i’&eto

be’ prese_rlﬁ T8 Redetrerme SyidutagofrHercf peshnishiofatgintetcais known
as sryersclighrsise dissolved in the process fluid, and then filtered through a

sterilizing filter 84. Similarly, dry enrichment chemicals can be dissolved in

thl; &ezﬁﬁﬁﬁggmﬂm@mﬁgmfg agsf@ﬁgigia&fﬂ&%ﬁéﬁm%y powder,
anélpeien s gntignallydnelude a device, such as an
oridlirasonic vibrator (75, 815,g%?1d 95, ([fespéscltsivcéflrfl%],dt e gﬁé‘éﬁ‘gf?&ﬁws because dry

gisso Ving andréiE i ot deiieio 8Viid e B fiaiag prgduers that tend to be present

in heat-sterilized fluids. In the embodiment of Figure 1, dry glucose can be dissolved in the
process fluid, and then filtered through a sterilizing filter 84. Similarly, dry enrichment
chemicals can be dissolved in the process fluid, and then filtered through a sterilizing filter
94. Each of elements 70, 80 and 90 can optionally include a device, such as an ultrasonic
vibrator (75, 85, and 95, respectively), that assists in dissolving and/or suspending the

material being added.

In a typical example of intermittent processing, about two liters of suitable electrolyte
solution would be introduced into a patient for a first treatment. After a set waiting period
(e.g., 0-1 hour), the peritoneal outflow pump 14 is started to pump what is now the SPD
along the first part of the 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.

- 13.
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In a typical example of intermittent processing, about two liters of suitable

electrolyte solution would be introduced into a patient for a first treatment.

After a set waiting period (e.g., 0-1 hour), the peritoneal outflow pump 14

is BtQrtewt/t89pw¥mp what is now the SPD along the first part of #&/US2007/002664

processing line, and into the storage module 60 with a small fraction

25going 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 giMCOSSRMMBIAEH iehme 92, and the peritoneal inflow
U rbrlg ggc?ci 2l sﬁa}%gﬁrﬁﬁhe noév%ﬁ%%?ggéé %% rﬁo‘@%%%‘éf&’ligi AbGtha liters of a
“user/patient St R SRR TSGHRE IS ppBR P o dirsttisatemt. Instead of
IEsBsied ttretteamanitit ohbayasie 30 uidibeyasie 1oRtRINE b B4 IS i
omfopiiegin YR RA03/BAIBEERE 7 ) typical example

nyous pro eggn , és é%grﬁ%%%féigr%ﬁggaéboﬁd? ﬁ?}gfsg%% Séus%el%‘é) ly the

£ Goni a s\
ﬂ&dqggf{)y & doluition Woutd BE o AIREEE 1 &' prif Ok Erbr & Tirsk mémtrtahe, same

_electrolyt .
pfsteae s fintryavichganatfantireapactnten tavine papprathak8NeR stme rate for
premadieg Ao liseitividdspptionally introduced to get the process started,

(e.g. 500 - 1500m1), and subsequently the 5fluid is slowly pumped into
the patieph:prelesablAaruR 8 3ffE TI/HYR. AL the same time fiuid is
noSlOWdYWithdrawn from the erg(%ealugé\%ty a?aa%tﬁfg)amﬁ%?yd?ﬁé/ Whpter an 8-10
t §'as% g’fb e R isure & GaRRstde 2 far more) liters of

rate fOl’é)fQCESSlng as dlé%
T ESBAREIB A bFUSsiAYel tho Gaivert ot freshddiEisatt tetnamnBobONe fold or more

intreatrriendiatyeiaEhRnEMING HABHGUICS QbYW SANRIQVIY %r%%i%(s)' Ohe sPD
ngg{g}%g{%gﬁ ﬁl]% gg%g%?r%ﬁgsglalgsgg over the same time period. This .
will bring about & two-Told or THora in e T R e TBAIG eFRipiEbptek toxins
W‘FBWP&TPBH%’F-tﬁé%@ﬁf@ﬁéaqu@@wmmedﬁﬁ[ﬂem@uldd/ﬁmﬁysgﬂ{wm@tgressum
ot it e s TSNNSO N i,
th £ ; ! :
oncotic reslgurera%d re(?l%caelg ore ?r%%g?%atg(gé%%ﬁ?ﬁ Srlistsggould be
e eelbeﬁ?i%ﬁp%’f’?lﬁ?d)r@?ﬁ%&@s(ﬁéé%ﬁ‘i‘mwﬁwihehpp@seﬁuiwemmmmqmims
feﬁmﬁémmwﬁm sineRtiaivaata ngr}a‘?ﬁﬁgg%@‘ﬁﬁtﬁé)mmal
bo RILNhasRseds in_perpetuity). In addition, the
o8 nesgat%d dialgézat,e Wouldpr{g%}ggéégﬁgé’i% g’ chéf%‘)na(’? ARG oDy
P _%%m?% fhe ﬁ&?ﬁ%@@%@@@@*%@?@gﬂw&W@Oﬂsidﬁré@le dialysate is
acigipastageising neineaimtigaforhiah hedy by sielagyapel dB:RIRSARY HagHD Beritoneal
mepefit@Beal membrane. The currently available dialysate is 20acidic and
contains lactate, both of which have been shown to be detrimental to the

MY EEermplated that the entire processing line, which comprises all of the
components between catheters 110A and 1 10B, would advantageously be engineered for
compactness and even wearability. Thus, for example, the entire processing line, excluding a
user-replaceable sorbent cartridge, could be made to weigh no more than 8 kg, more

preferably 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. Thosé skilled in the

art will appreciate that one or more of the layers can optionally be eliminated, and indeed the
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It is especially contemplated that the entire processing line, which

comprises all of the components between catheters Il OA and 110B,

would advantageously be engineered for compactnes§ and even

waEDiITYS9FI5US, for example, the entire processing line, e>_<cllm]m§2a07/002664

25user-replaceable sorbent cartridge, could be made to weigh no more

than 8 kg, more preferably 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 purifica;ion@layerﬁg; a bou'nd

oWl e t I ated zjrconium _

Ty oy O

gOpH; amiddle molectis SYEEhyErdi dffRRasRAacHars dinméfitterpressly
sheynhssea-skilled in the art will appreciate that one or more of the layers

can optionally be eliminated, and indeed the WO S

20077385858 AD T BBA60VIDB2 664l i mhie Bals Sho wiras 188iding. Mucus,
selayeIsiobaisinee) assembly could be housed in separate modules or

cartridges, and/or included in different sequences from that expressly

i : fibrin filters will be capable of filtering out
i R R S e P
e Est % P dhat &}g’é&%@ﬁwﬁée%ﬁa@ﬁ@ gz fvmmdbiizedtontt ety and
reRrasishmeadashiosishat aldissiersysteizatinnwithoutsigniicantless &f
it BRI CORIMEICASIANLIO dsplacement iy proteing
in th?hfluig bein r%cet?ged. Immobilization is defined here . ! _
S AN eﬁ%&%ﬁ g %%&Bgti’é’f’eoﬁﬁtﬁ’é‘?@%é‘&@g@%@ﬁmmﬂmﬁ@posmbly
coypleatssYer imimbosdimpcduhdnianyenumbarsahways, including possibly
covalent and/or ionic bonding of the urease to a substrate. _ The middle
molebueridilsenvlegiee 6rban kympBsQ ARG IRIRRHBHR Ahierial or
cosOmBRAan Al HhEEpBraRasL Tddls Molecules utemiclonns | o
and mateéi(ﬁls fc?)r{ removing middle molecules are discussed in:

rexveixhxgﬁ ené]ter,e 1R %Céﬂ,_e_s, e gr'%WF%qufeWﬁg}hester, James F., et al., The Potential
Application of Sorbents in Peritoneal Dialysis, Contributions to Nephrology, Vol. 150, 336-

43, 2006; Vanholder, R., et al., Review On Uremic Toxins, Classification, Concentration,
And Interindividual Variability, Kidney International, Vol. 63, 1934-1943, 2003; and Chiu A,
et al,, Molecular adsorbent recirculating system treatment for patients with liver failure: the

Hong Kong experience, Liver International, Vol. 26, 695-702, 2006.

Sorbent assemblies 40 can be provided in many different sizes. In most instances it is
contemplated that individual assemblies will contain at least 100 gm of sorbent, with larger
sizes depending upon intended use, all wei ghts herein being given in dry weight.

For example, sorbent assemblies for portable units might weigh no more than 2.0 kg, and
more preferably 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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15Application of Sorbents in Peritoneal Dialysis, Contributions to
Nephrology, Vol. 150, 336- 43, 2006; Vanholder, R., et al., Review On
Urernic Toxins, Classification, Concentration, And Interindividual
Variageiyosgemey International, Vol. 63,1934-1943, 2003; an&Q@Hi2807602664
al., Molecular adsorbent recirculating system treatment for patients with

liver failure: the Hong Kong experience, Liver International, Vol. 26,

695-702, 2006. 20Sorbent assemblies 40 can be provided in many

different sizes. In most instances it is contemplated that individual

aﬂ%@ﬂﬂé”@&ﬂﬁ'b@@%iﬂe@ k@ﬁ?&&ﬂ%%@féf&pﬁ héwtpolrzlicr eerosniz%% side, to

fa‘ijﬁ‘i? Q%[éw_glu 0 Qtended}gse,_allweights hereinbelng given in"dry

weight. For example- sorbett &8&&iblies for portable units might weigh no

morelthlgn 2:Oé< and more preferably no more than 1.5 kg. This
compare$ T4y r%@%lﬁf%&%%érﬁ@ﬂﬂ@é’@@@o?%ﬁ% asddmblies that
aGHjerhAnddinagtizas dyo Fomms arablalunitae eS0T b ASSERMDIRSMOME methods of
thiikkedeeigheRROM K HIRRnE KEhTIork, no.more thanerl , an
B9t preferably no more tha%&é.S%g%%[%S%?é};anrtngge?n 68 él?ggéasﬁ’ g?%f)the

be provided in many aersRrsHEpEatptbpSrame e tiessisagedentof involves
mﬁ%{Fﬂﬁﬁaﬁfq?ﬁbw@mmuhmmmiemﬁabiemainsaimmmem@mﬁ@&h@ﬁtﬁhﬁimm
dMEMQ&Qgﬁg&H’u&%M%ﬁ%}tWpﬁgﬁl\%)e%ll%ﬁ)igore %Po\{lel. 6 detected.

flat, and possibly even slightly concave on one side, to facilitate carr§’/|n

of theagsembliasdnahel j he artificial kidney 1 operation
219 118 yalves and %&eﬁr cti\%gc{fo%%%ﬂ%#/gﬁg#ﬁ%gfé ps, as (\)/f/lél%ysn?g’émrs 202 and

oi/er_ali controf of the? %é?é’ﬁ? ARt aRLtHEasomtpld oy exehigsrerlions, 3rend 52,
reRavarthgecusiytenmrciadany dnicrcoareptieioald 25 e:ibed HRarause relatively
praparaiians/ieAIMEALE 866 augmaiealik AmARgler thinds sueh, .
cofi@tial involyes monitors apd feedback loops that maintain concentrations

of select components within 138§?r’élbkﬁﬂ‘|‘§§ iR dhssssmptsntigbiinltemen/l,
and mog RerEablindheerit conditions are detected. To that end

microprocessor 200 can receive signals from a sodium monitors 202 and

10 2tgidhty timisughrecksediadichnops: A andi2 t4ncoprOkiGneXehanger
thmagkesﬁsdaﬁlﬂ&aoﬁm\f@bﬁgdﬁ @@‘@'Qxﬁﬁtﬁ\ﬁq %gfe\z\%l%lry Mesired range over a

~ rati f at least a portign of the relatively protein-rich stream
P Heaol o A SR Do R Y LS Y e h By A dfcpos preferaby
P rc&ntrations of sodium in any fluid re-introduced into the user/patient is

135-145 meq/1, and most preferably 140 merill, Similarly, microprocessor

200 YA PRRERAS i ghAlslsparreepblymeritors228hadnflom ammonia detector 232 and

feedback loop 234 that triggers an action when an ammonia concentration in at least a portion
of the relatively protein-rich stream is greater than a desired upper limit, such as 2 mg%. The
most likely action is shutting down of the system by directing pump 14 and 99 to stop
operating, and/or sounding an alarm 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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through a feedback loop 224 control pump 32 to maintain a pH within a
desired range over a period of at least 1 hour. Currently preferred pH is
between 6.5 and 8, and most preferably about 7.4. Microprocessor
200 QRI87HEREFably receives signals from ammonia detector 2B2TAisd0R0002664
feedback loop 234 that triggers an action when an ammonia concentration

in at least a portion of the relatively protein-rich stream is greater than a
desired upper limit, such as 2 mg%. The most likely action is shutting

down of the system by directing pump 14 and 99 to stop operating, and/or

soundifiy Antéa) micPaesAVSLORNESERSROL ia means that the .
nSQIReNtassembly ié:'oﬁ@gt?&e?n%ﬁ ust b re|c1)la(;gl<{a%:]1ft.;g §t%%tﬁ8%aosvs\}ﬁ%f R or

system could be 25accomplisfied ?ﬁ%ﬂ%@ﬁﬁ%ﬁ@%ﬁ%@%ﬁ@é@%ﬂ 2Owp 92 to
n@éﬂaé%%v%%%ﬁ\%rﬁﬁ?ﬁ%“?mmféz@ geoserdetabtor 2 antWlONgRAred range over
aﬁwdﬁmm@q&%ﬁmm@kw Bﬁ%ﬁ%@%@i@&ﬁvﬁﬁ&ﬁ ggr?is%&?retween Oand4

peentiati ithin & desired range gqver a period of at least
n%%rrenttlgg?g‘gfr%eﬂ %&gé%u%%r%e ranBHSTARe I E T % vamaca s gtfons are

PENEG ﬁ?éf%fﬁﬂ{faﬁ%@%jm,fm@lalsmatémmﬂemﬂmhtneprefened

m3gusEnpatentvolidreonibGliGOSR:L0GROYRLIONS. MAnyaly f,at least
some extent. WO 20071089855PCT/US2007/002664 Stﬁfgﬁtﬁ%??% 2.5 meg/L.

microprocassorOdoan reGRWe-Sanals famRNass lgium, or
cIRRAGNESI UM, JRISSOrS. ¢ %ﬁle?.tiverl 252, andr?hrou ﬁ%@%ﬁbgﬁ oacrff)1 Hagied
control pump 92 to maintain Averaga coRceMrhinLmst sad orssigrpleteable
efha iRt tRInar aokmsebiangs. duema penindFofiat astloWetEource is
SI@W@QW’M mﬁ&mtmmﬁ@m%%%ﬁtgfé&@ml%ﬁﬁg g&igfﬂeﬂ pack that

ac@@@‘aﬂ-mﬁﬂgzr%%ﬁbwgw%b&%ﬁ%% d%xzr&e %hi?%a%r@égnﬂy é%%;%gv SBBe sutficient

concentrations are bétween 2. meq
PO e A PRy Tt e rmiéissisin foont battdtioms g redbe pre@mbly at least
8 brsganéafill mack mostpriferabiy abous SRl ERVETSAHER4925: 0 have
bathespawer souice fhaLpanere.RUlcia idney and relpred electionice, This
pelf mostly likel )lnte current for a %ortaable uni ,'a_ndla r ?@ﬁf?&%g‘ﬁléh ime
10rechargeable Batity Hackeps ieiimpil il shangethemtsdFigute:Semblics
abgi gy6wETsdaree during the day, and up to 10 hours when they are sleeping at night. In
other cases user/patients may be on a trip or have some other circumstance where longer

battery life may be desirable.

Embodiments of the inventive subject matter have numerous benefits over the prior
art, including for example:

1) Manufacture of the regenerative assembly from interconnected modules (whether
housed in one single unit or several different units) allows designers to: (a)
optimize portability, aesthetic qualities and safety; (b) optimize dialysate
regeneration and flow hydraulics; and (c) maximize the regenerative capacity and
functional life of each module.

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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shown as a battery because even portable units can advantageously

include a battery pack that acts as an unintemiptible power supply. Power
source 400 should preferably have sufficient power to operate the
procR&YAHEAHE continuously for at least 5 hours, more preferdi§iy/Hb 1402664
8 hours, and still more preferably at least 12 hours. In some cases it may

be desirable to have 15 battery life of at least 15, and in other cases at

least 24 hours_ The rationale for those time periods is that user/patients

with wearable units will likely change their sorbent assemblies about ever

four FouRscyniing theldbya@riclmpciolda bavSWERRINAHMRAEERNG A ming an

night. In Qibareases &ﬁgéégqﬂg%ﬁtg]ay be on a trip or have some other

circumstance where longer battery life may be desirable. 20Embodiments

of theynvaplive. stARISSE mat Ve numerous. benefits over the prior art,
|nclud|}ng for exampl etmS ;a?}eu actire of PRIy adiaambixisate supply;

interconfdt B HiYa0 I‘é%‘?ﬂﬂﬁétﬁér‘%@@@m inuerdisingle ufibelisevanal
different_units) allows designers to: (a) optimize portability, aesthetic
qualifiesFanETaafathe BRI svicescintdsatecad ddensy ationant flewby enhancmg

hydraulics; anebe) siaxiraizastuadesigRSHAvG sapaGIy and. functional
of each glg é{lﬁ %)n%{l cgcllnxg(of 2-4 liters ofvxf%wd pe%hgur ca%mp()grsg\r/e & Wlthaut
much better remova 0 toxms than the 10-20 liters now used for each

n_the.current intermittent methods; WO

treat |

2007/ %5&13‘8’?7 §§’6‘Eff766‘2e§8& 85 BEERRGPerdisighashis shmshalins
expensifeoraHrierfaking dinty sunsuppinganequatyokeneaf 58shhtly available
dialysategritofiy4Dargyteeatngais initiated, there is no requirement for
additional dialysatc supply; it is therefore "waterless" as that term is used

in someTfthgHitesatbasiier bPrUaIRs,| re.cons erved instead of
being digg rdeq trgf y gnhancing thgugg(?nng\%?% gt(élln R R

and providing ORCOtE presgﬁfgs ﬁﬁn\/ﬁfﬂ}ﬁ‘ﬂf’tﬂ@ﬂ@?ﬁ@mﬁrﬁeﬁémm@n@)

The nuﬁﬁﬁ%ﬁsﬁﬁ@ﬁmﬁ@éﬂ@ns can be greatly reduced, such as by

eliminating connections to a fresh dialysate supply source as
requireargseTRtionslyaedilableslucose, nutrients, hormones, antibiotics, and other

substances can all be controlled during treatment, using in-line monitors, all
without degradation byproducts;

9) The regenerated 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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10peritoneal dialysate cyclers; 7) Through incorporation of modules

customized for specific protein removal, contemplated embodiments can

provide plasmaphoresis of noxious and undesirable proteins; 8)

COMESANAIOMS of sodium, glucose, nutrients, hormones, antiBi6HES 2802664

other 15substances can all be controlled during treatment, using in-line

monitors, all without degradation byproducts; 9) The regenerated

peritoneal dialysate, in addition to its protein content, has the unique

features of exhibiting a noitual pH and contains bicarbonate rather than

lactate or other metabolizable anions. The composition of bicarbonate,

sodiubd) Beismt dne et athosistancianion seeanehe aleretkasioahigEin kidney

combinaiipiaes NG QSRESTICRIRSEINIONS for the management of

disorders includin elff}c}'golxytes, minergallségn%%c% %%i%%%%%%%lﬁi@fmcpmem

0) The automate 55r able Artificial kidney of the present invention makes

possiﬂe a reduction.in demand for specialized physical facilities, for

medical peiSShHeT BRAIBRHE OBl sne Nf RESEP e ity sEvpicingus, systems
aremethote banrdirefediguieyel dtpbomtdne ble et BEREPAS eI SHEJWIB LR te art
tmedisakatd inchnisabeonsulislon can besdnediled on aregularhasts,
S o WO 2007/089855PCT/13200 6365%8 S SaYElthout depasting

involvement consists ﬁ%éeﬂ;ﬁiﬂt()r Be inveptipetrbisst mpten e iidneyt to be
‘Wﬁ@ﬁﬂ? BroRIthn e wiet alfidc hppgidg cariridgasasethe 36986880 Both the
specifichivanindodeiasRY8Iy:éhoWSuld be interpreted in the broadest possible manner
T:Onsxstent with the context. In particular, the terms “comprises” and “comprising” should be
Interpreted as referring to elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or steps may be present, or utilized, or
combined with other elements, components, or steps that are not expressly referenced. Where
the specification claims refers to at least one of something selected from the group consisting

of A, B, C.... and N, the text should be interpreted as requiring only one element from the
group, not A plus N, or B plus N, etc.
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Thus, specific embodiments and applications of peritoneal dialysis

apparatus, systems 5and methods have been disclosed. It should be

apparent, however, to those skilled in the art that many more MCSLLP

modifications besides those already described are possible without

departing from the inventive concepts herein. The inventive subject

matter, therefore, is not to be restricted except in the spirit of the

appended claims. Moreover, in interﬁr'eﬁﬁal oth the specification and the

ciaimgs aldprmsishould be interpreted in the broadest possible manner

10consistent with the context. In particular, the terms "comprises” and

"comprising” should be interpreted as referring to elements, components,

ar stepgigyadancexghusivig:manner, indicating that the referenced

elements, co nents, or steps may pe present, or utilized, or combined

it ool S G B SAHAmS, O S e DLy 0 of the user

referengeehatihereibecppeatfichicutlaimareiots 10 ieast prRed-rich stream

something selencéed %ngm the ?roup %onsisting 150f A, B, C .... and N, the
Erprétefash

text should be" QUHHG o5 Bhe dIet P f Erthe Y Rgicin-rich

not A plus N, etrBuplusdigeicat MESISISLIR G A1MS hbétis Mlaimedtsadt some
A system, com rjsfipﬁ: 5a first fluid line that carries a fluid stream from a
peritoneal cavity 'Of the'trser: a separator that separates the fluid stream

into a relatieelyippoliein tshpstieamssandeastalativaly proteinilre si@eiirich stream
é Jorotein-g%lg?% am averages at least 15 vol% of the

wherein the r%IativeC# >
fluid stream ovefa a?s?é%?ﬁ yﬁﬁgg,sg rocessing line that

processescankbflsibnmetivdttharrelatbsaly ipsoteinmsal siecamditql diiiga® stream
modified dialys:;[lte tream ;2 contd fluid line that introduces at least
some of the n%%é)lftle%poelgfygg e riedniiito the peritoneal cavity; and

wherein the system is configured to allow recirculation of at least 80% of the

substantially blood-free protein-rich fluid into the peritoneal cavity as the

purified fluid over a period of 8 hours.

2. The system of claim 1, wherein the relatively protein-rich stream averages at

least 40 vol% of the spent dialysate stream over the at least some period of time.

3. The system of claim 1, wherein the relatively protein-rich stream averages at

least 90 vol% of the spent dialysate stream over the at least some period of time.
4. The system of claim 1, wherein the separator comprises a hollow fiber filter.

5. The system of claim 1, further comprising a pump that at least temporarily

affects a ratio of the relatively protein-rich stream to the relatively protein-free stream.

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.
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wherein the system is configured to allow recirculation of at least 80% of

the 15substantially blood-free protein-rich fluid into the peritoneal cavity as

the purified fluid over a period of 8 hours. 2. The system of claim 1, MCSLLP
wherein the relatively protein-rich stream averages at least 40 vol% of the

spent dialysate stream over the at least some period of time. 3. The

system of claim 1, wherein the relativelé&protein-rich stream averages at

Iéast 90 VRSt el SRRt Bixrjsarin sirkoas wvae afdhe serhsns slistepeiiotndes an
Qhligage thal NESYSHMAlCAIDLLWAR SINENE SRRATHURRCRMRHSESR forces.

hollow fiber filter. 5. The system of claim 1, further comprising a pump
that at least temporarily affects a ratio of the relatively protein-rich stream

19, the relsivelieR QEHLTFee, SNRGETn thelRBLRYSIEMGh SR s NS DSl aceable

processing line includes a sorbent system 30that removes at least one
(o) ¢ ayiRgat egiid Ut gt B earReRth stream. 7. The system of

claim 6, wherein at least some of the sorbent system includes an enzyme
that is immobilized gn a substrate with greater than Van der Waals forces.

- The $YSERSPARRA bnBRsHE e SBERT S (80 Bistugdrsagrpcessor
useiprephacadbietassenmblydniavingcabigastifQomichasahent, Ynitheiters a

system of .claim 1, wherein the processing line includes a processor
EORTERLMIPRMeddeatia sPHeamirhecelnhEsY Brric hirfoireatrnriydsast one of

wihjchiHa]ters;a sahermyation in at least a portion of the relatively
protein-free stream of at least one of 10HI, 01-1-, CO3- and 11CO3--. 10.
The system of claim 1, wherein the processing line includes a gas

egtractahdisposact e RperajevtpRmahieaskaspRianONeRalatha ¥xractor
rotein%{]ich stream. 15I1.The system of c}aim 1, wherein the processing

SPRSET PePSTRIE iR Alilsgskiagortion of the relatively protein-rich stream.

11. The system of claim 1, wherein the processing line includes a sterilizer disposed

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

12, The system of claim 1, further comprising at least one monitor that measures a
characteristic of the system, and a circuit that operates a signaler when the characteristic

falls outside of a desired range.

13. The system of claim 1, further comprising a sodium monitor and feedback loop
that maintains an average sodium concentration of at least a portion of the relatively

protein-rich stream within a desired range over a period of at least 1 hour.

14. The system of claim 1, further comprising a pH monitor and feedback loop that
maintains an average pH of at least a portion of the relatively protein-rich stream within

a desired range over a period of at least 1 hour.
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to operate upon at least a portion of the relatively protein-rich stream.

12. The system of claim 1, further comprising at least one monitor that

measures a characteristic of the system, and a circuit that operates a

signaler when the characteristic 20falls outside of a desired range. 13. MCSLLP
The system of claim 1, further comprising a sodium monitor and feedback

loop that maintains an average sodium concentration of at least a portion

dPthe rdibgiveEscprotedieH strsher odtnimisineairemaenje dutertanraodaiback
%&%&ﬁﬁtlthg%‘érszél adbn IRAYRISIALAIRIR e MERRELAMPISING AP on of the

monitor and feedback loop that maintains an averageof at least a portion
B FHE SLYRREH pHS RS TR SteseeWHAM aESSired range over a period of
at least 1 hour. 15,The system o | claim I. further comprising an ammonia
detector and feedback loop that triggers an action when an ammonia

dOncentratis¥SRIAEESE poltidhebf trsTag B et ldicionmaednles and at
geatendhan chmaionheIT e system: o i¢laims Ly idhet e UPRISING &, calcium,

glucose addition module, and at least one enrichment module that
CORAGRR HAYL A lsatt awer B STHESi th 4l be [ AT IARaE 88 to at
least a portion of the relatively protein-rich stream, 17. The system of
cgl?im 1, further com{prisjng a unit that targets remaval of a 10specific

btein TENDA9BLEE S2iBHIoABHHS PEIRETE BrottiiFdRTegisarmorel o

syeteie pfaldintrdbnfuthercomptisinerancubiageslic Mbratarithadpg ates
upon at least a portion of the relatively protein-rich stream. 1519.The

system of claim 1, wherein the second fluid line is operable concurrently

with therfiestyfbuieh oo 2 THesMEE AP ERIE 4n GARFGHIEYiBRAPAIARB]R ates

and wearable Sg/stem. , .
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.
20.  The system of claim 1, configured as a portable and wearable system.

21.  The system of claim 7, wherein the enzyme is an urease that is covalently bound

to the sorbent system.

22. The system of claim 1, wherein the processing line excluding a user-replaceable

sorbent assembly has a dry weight of no more than 2 kg.

23. The system of claim 1, wherein the user-replaceable sorbent assembly has a dry

weight of no more than 2 kg.

24.  The system of claim 1, wherein the processing line includes a
hydrophobic/hydrophilic membrane disposed to operate upon at least a portion of the

relatively protein-rich stream.
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20 21.The system of claim 7, wherein the enzyme is an urease that is
covalently bound to the sorbent system. 22.The system of claim 1,
wherein the processing line excluding a user-replaceable sorbent
assembly has a dry weight of no more than 2 kg. 25 23. The system of
claim 1, wherein the user-replaceable sorbent assembly has a dry weight
of no more than 2 kg. 24. The system of claim 1, wherein the processing
lthe incliBegvats BiRobiEIFEF SoRIRE ifearaer diewssed ity ateperate
uROpratleankainotinmaidhaFelptivelureigin:tich stream. 25. The

system of claim 1, further comprising a power source sufficient to operate
the processing line continuously for at least 8 hours. 26. A method of

processing aribstansaliyiploddbsa fiid Perivaditomadrerionedl,

cavity of a person, comprising: receiving in an extracorporeal device the

ATHLeLRRL 'V%Bﬁ?f@ésﬁﬂidfoé%lﬁfé?%g in the extracorporeal device the

substantiadly iplpadafieg datgrira winivahe Ripiniah i aneka fluid:
relatively protein-free fluid; processin% the relatively protein-rich fluid in the

extracotPSTRING0ite Fatasore ViSRG saksiantaly Jlpedafigalfjpid into a
immobilized ureRsr 4 preausaRiPHIfiEshregrniRted fidin-free fluid;

processing the relatively protein-rich fluid in the extracorporeal device with a
sorbent having an at least substantially immobilized urease to produce a
purified regenerated fluid;

wherein the purified fluid is suitable for recirculation back into the peritoneal
cavity; and

wherein the steps of separating and processing are performed such that at least
80% of the substantially blood-free protein-rich fluid are suitable for re-
circulation into the peritoneal cavity as the purified fluid over a period of

8 hours.

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

relatively protein-free fluid from the relatively protein-rich fluid.

28. The method of claim 26, further comprising controlling at least two of: (a) a
cation in the purified fluid; (b) an anion in the purified fluid; (c) a gas; and (d) a glucose

level in the purified fluid.

29. The method of claim 26, wherein the steps of separating and processing are
performed such that at least 80% of the substantially blood-free protein-rich fluid are
suitable for re-circulation into the peritoneal cavity as the purified fluid over a period of

4 hours.
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wherein the purified fluid is suitable for circulation back into the peritoneal
cavity; and wherein the steps of separating and processing are performed
such that at least 15 80% of the substantially blood-free protein-rich fluid
are suitable for recirculation into the peritoneal cavity as the purified fluid
over a period of 8 hours. 27. The method of claim 26, further comprising
using a filter to filler out the 20relatively protein-free fluid from the

Nativelhsroghedion ¢aim 208 vhsecindis stent efaisnsting andrenspiismhaye

GREANAY sakleask we.aft (ahasatienpstheRHY find itk B AR AROR fid are

the purified fluid; (c) a gas; and (d).a glucose level in the purified fluid. .

5Yitahlg foetfrsl SHeliamins, Whieraitvire stupy af Supasiied S over a period of

Rrasessing are performed such that at least 80% of the substantially

blood-free protein-rich fluid are suitable for re-circulation into the

peritoneal cavity as the purified fluid over a period of 4 hours. 30. The

methodTok laimedt ehereinsiRensiensth SRPAIIRG ARGRI A PPHIGAIRY are
erformPeﬁf such that at least 90%, of the substantially blood-free

B STPLAH AL G A P el CUIERR I R SRR kst T as the

therifiedftad fluigawisla periad gt fibRutso provide Thxasetbad et elepmi#Rd fluid
Whereirgtg)e ste%)S of separating and processing are performed such that
t

G EuTSHoP H@%ubstantially blood-free protein-rich fluid as the purified
fluid is possible at a rate sufficient to provide at least 20 liters of purified
fluid over a 10 hour period. 32. The method of claim 26, wherein the

ps O?E%&%ﬁ#@ﬁﬁ@lmg&a&ﬁ?{faﬂr&lﬁé%?rﬂéaega@%lm%m%ﬁaw are

pkthamubstantially laediiaennsotainstishiiig iasHibePaalied it ith fluid as the
urified fluid over

ossible at a rate syfficient to proyide at least 48 liters of ¢ )
R D ok Bl RO GO 58 O S e 6 Puried
precessirigacpttiddt least 40 hours during a period of seven consecutive
days. 34. The method of claim 26, wherein the step of processing occurs
at least 126 hours 20during a period of seven consecutive days.
33.  The method of claim 26, wherein the step of processing occurs at least 40 hours

MCSLLP

during a period of seven consecutive days.

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

during a period of seven consecutive days.

35.  The method of claim 26, wherein the extracorporeal device is configured as a

wearable device.

36.  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.

37. A method of processing a substantially blood-free fluid derived from a

peritoneal cavity of a person, comprising:
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35. The method of claim 26, wherein the extracorporeal device is
configured as a wearable device. 2536.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 osmaosis unit and an ion-exchanger, and
then adding a resulting product into a stream containing the relatively

protein-rich fluid, 3037.A method of processing a substantially blood-free
fluid defRF&H WEnPEpENtEaEI Ui Hirsuhstearinpyshepdiesilud;

receivi%ﬂ&%@%ﬁ@@%@%ﬁ?&lSﬁbfi&@dﬂ?&éH'aﬁi%ﬁt'tﬁ@é?!&%giﬁ&%afit&gﬁce into a

separating the substantially blood-free fluid in the extracorporeal device

into a relativeljEFYoYE I -PrOfciit Ardnid ndivealpirstzincieinshieg,; fluid;
procesgingdtgmelativeluirrateich g ﬁmﬁ!{lﬁle&s%ﬁﬂ%%élém&%c\é%th a

a 5sorbent having an at least substantially immobilized urease to produce

a purified regeNEPSREAANIRE Fdrsastrubsantialrimme kilizad i sase to produce a

recirculation baekfietprtpenestiangalacavity; wherein the steps of
separatirkgl] and processing are performed such that at least 10 80% of the
substanVii BISSRHEE Sk Stk In sHifbg Hrerecstapialin Pack énipdmnericoneal

the peritonealeayity as the purified fluid over a period of 8 hours; and

processing at least a portion of the relatively protein-free fluid through at
least oné %fre&“r%\? épso% BRALALNE AR RS IBR A RGER IR theh that at least

adding a 15re80%ing o dulsitimidatlSHR3M QN RIANE-the mialiveduitable for re-
protein-rich fluid. . . . : . . : .
circulation into the peritoneal cavity as the purified fluid over a period of

MCSLLP

8 hours; and
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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