WO 2009/157878PCT/SG2009/000230 A FLOW SYSTEM OF A DIALYSIS DEVICE AND A
PORTABLE DIALYSIS DEVICE Technical Field The present invention relates to a flow system for
use in the dialysis device and a portable dialysis device containing said flow system. Background
10Kidneys ar® §ita¢BIgHEAS of the humans homeostasis system. Kidneys aeCasamepatfilter in the
body which remove toxic metabolic wastes such as urea from the blood. Kidney failure or malfunction
may lead to an accumulation of toxins and to an imbalanced electrolyte 15 level in the blood, which
may result in undesiraBleFePErERSTTRS tht &rdRARIRITY SIEVEHCH dRHBU A SHRRIBLE this regard,
patients with impaired kidney functionality wilkusually-haye-te,uadergo dialysis for the removal of toxic
wastes in the blood and for the 20 restoration of the optimal level of electrolytes in the blood. For
the past few years, the predominant form of dialysis used for patients with end-stage renal disease
(ESRD) is hemodialysis. Hemodialysis involves dhe: tse10f@h=af extracorporeal system for the

removal of toxins directly. from the patient's blood by passing a large amqunt of the patient's blood
! Skt red? alige‘5 %ce%sé;{,%tigﬁé st&Bend hours

through a filtering unit of S%Iyggﬁslﬁncon\%ntlélnajl%émo ialysis p?
immobilized throuif@ut the Bedarationssfthdalialysisa rncamberingtibe patients mobikity i Aaother

drawback of hemogialysis i5he:n8ed 19 oy systen.

Backgroun&

i0 - Kidneys are vital organs of the humans homecstasis
system. Kidneys act as & natural filter in the body which
remove toxic metabolic wastes such as urea from the
blood. Kidney failure or malfunction may lead to an
accumulation of toxins and to an imbalanced electrolyte

15 ievel in the blocd, which may result in undesirable
repercussions that ‘are hazardous to an individual’s
health. In this regard, patients with impaired kidney
functicnality will usually have to undergo dialysis for
‘the removal of toxic wastes in the blood and for the

290 restoration of the optimal level of electrolytes in the
blood.

For the past few years, the predominant form of
dialysis used for patients with end-stage renal disease
(ESRD) is hemodialysis. Hemodialysis involves the use of

25 an extracorporeal system for the removal of toxins
directly from the patient’s blood by paésing a large
amount of the patient’s blood through a filtering unit or
dialyzer. In conventional hemodialysis processes,
‘patients must spend hours immobilized throughout the

30 duration of the dialysis, encumbering the patient’s

mobility. Ancother drawback of hemodialysis is the need to



WO 2009/157878PCT/SG2009/000230 utilize an anticoagulant during the treatment process, which
may inevitably increase the risk of internal hemorrhages. The other form of dialysis used for
patient with 5 kidney failure is peritoneal dialysis, most commonly applied in the following two
techniques: "E6hHG6E% Bmbulatory peritoneal dialysis" (CAPD) and "autoh§atS&396titeersal dialysis"
(APD). In CAPD, fresh dialysate is infused into the patient's abdominal (peritoneal) cavity 10 where,
by means of diffusion, metabolic waste and electrolytes in the blood are exchanged with the dialysate
across the peritoéal mémbrahe a1 afteRsUREIEnt diffudien éfithe eleetrohaes amt Arctabolic waste

to occur, the dialygate is retaiped:indbe+ 15 ppdominalpedtonaal) cavityfor a:couple ofhours before
removal and replacement (of the spent dialysate) with fresh dialysate. Major drawbacks of continuous
i‘éklx%ﬁ

ambulatory periton4P dialysi§ re a low level of toxin clearance, and the need to continuously replace
the spent 20 dialysate, Whichceanehe dreittousfor thieapatient and gisrupiive e biséher daily activities.
To overcorge the,above-meptioned problemsof conventional hemodialysis and continuous ambulatory
peritoneal dialysis trcg%{?r%],rzn%“a%%rﬁatéé pe?ﬁgﬁgtaqn%%ial%%lﬁi}ﬁ)’degll?:gé: hat\:/céIIE)T"leOenrsljL developed
in recent years. |# PG sdialysis iStperfdrmed at hightt op whitectiret gatent is ré'stimy: Tecdialysate is

exchanged and replgced aytomatically.oFhis allowsfop mare freguent changes of dialysate and better

toxin clearance with 30minimal interruption to the Satient's daily activities. WO
2009/157878PCHISESH0HG002307 + ysis” (APD) . In CAFD, fresh .dialysate is

infused into the patient’s abdominal (peritoneal) cavity

10 where, by means of diffusion, metabolic waste and
electrolytes in the blood are exchanged with the
dialysate across the peritoneal membranse. To allow
sufficient diffusion of the electrolytes and metabolic
waste to occur, the dialysate 1is retained in the

15 abdominal (peritoneal) cavity for a couple of hours
before removal and replacement (of the spent dialysate)
with fresh dialysate. Major drawbacks of continuous
ambulatory peritoneal dialysis are a  low level of toxin
clearance, and the need to continuously replace the spent

20 dialysate, which can be arduous for the patient and
disruptive to his/her daily activities.

To OVercome the above-mentioned problems of
conventional hemodialysis and continucus ambulatory
peritoneal dialysis treatments, automated peritoneal

25 dialysis (APD} devices have bpeen developed in recent
years. In APD, dialysié is performed at night, or while -
the patient 1s resting. The dialysate is exchanged and
replaced automatically. This allows for more frequent
changes of dialysate and better tfoxin c¢learance with

30 minimal interruption to the patient’s daily activities.



However, all dialysis techniques described above still suffer from several drawbacks. For example,
hemodialysis fails to remove protein-bound toxins, while peritoneal dialysis entails a significant loss of
beneficial proteins for the patient. Hemodialysis CAPD and APD fail to provide optimal clearance for
uremic toxins¥ BEL&UET G  limitation of application time and/or volume of diggiEse9s@doedue to cost
constraints). In cases where the hemodialysis device comprises a 10 regenerating unit, such as a
sorbent that regenerates spent dialysate, the overall size and weight of these dialysis -devices are
often too large to be port@slB&iiRFthergtdre 8éxbt rhprove apdtiems' nidbility. iSech dévioes are also

cumbersome duesto;the bulky naturerotl5 the,sorbent usediig ensure adeguate remayal of the
toxins" which is a requirement resulting from the intermittent use cf the device. In addition, the flow

system of known‘FEG8RerAtivG Henddialy sisHeVitEs e ghires &L pTRME 6f parpEswhiehinturn
undesirably oneer inoreeafthe disatvantagesdesctioed abovei Fhere 25:s alsossreedsto provide a
flow systerg for the dialysis device ich ensures proper and efficient, functionin gf the dialysis
device without corr?pro"rﬁ“ls?hg;on%g%s%z_erfvaei”g% af% ‘DO\ﬁgFC ééarrllsjcu”mp oA ot thé Hevfoe 30 DSummary
According to a fir3B8sp@&l théelis prsvidedav flow systerrefia didlysissdenéce Tomprsisgic a

dialysate conduitadich is capable of beinginfiuid communication with the peritoneal cavity of a
patient's body and of being in fluid communication with a flow path, said flow path allowing dialysate to
flow from a patierfts B8y fFa Sofbbit apabiesst rdifioving CoRtathinaRRSWtRMSeRd dialysate in an
outflow mode and irsan inflawemede returning saicidialysate substantially free.ef soptaminants to said
D o ol g L BHTRL VIR R0 21009 SN PN PR fag el mode and
gspent dialysate, the overall size and weight of these
dialysis;devices.are often too large to be portable and
therefore do not improve a patients’ mobility. Such
devices are also cumbersoﬁe due to the bulky nature of
15 the sorbent used to ~ensure adequate removal of the
toxins,, which is a reguirement resulting from the
intermittent use of the device. In addition, the flow
system  of . known regenerating Themodialysis devices
requires a plurality of pumps, which in turn undesirably
20 increases the overall size, weight and power consumption
of the device. |
There is a need to provide a flow system for a
dialysis device that overcomes or at least amelicrates
one or more of the disadvantages described above. There
25 is also a need to provide a flow system for the dialysis
device, which‘ensures proper and efficient functioning of
the dialysis device without compromising on the size,

welght and power consumption of the device.

30



a plurality of valves disposed along said flow path and being configured to, in the outflow mode, allow
said dialysate.to flow from said dialysate conduit to said sorbent for removal of contaminants therein,
and in the inflow mode, allow dialysate s jally free of said contaminants to flow back to said
dialysate conduit for transmission to said patient's body: and a storage chamber in fluid communication
with said flow path, said storage module configured to store dialysate that is substantially free of

contaminants which:have; beep rerpoveddy said sohent.  Advantageously, the flow system does not
require aplurality of pumps to work the dialysis device effectively. More advantageously, only a single

pump is required & PERApFHuid t& et s6rbent el Hiere@iter baeRrdo the patient's body. This
significantly reduces the size and weightofdhedialysisdevice;and-alsarsaves,en :pperating, power,
thereby further saving on space required for smaller ba;_t}gry size reflected in the embodiments in which
the device is mobile and Wearable: In ohe’ 8hbddiment; the 5w sysfem torfiprises’onf oné pump
that is operative for beth the-inflovr nbde and thefoutflewnmode. Infandtherembadimest, the flow

system comprises a,total of ope pump. ;. In ano errfgjbodimgzng, tper«’e is provided a flow system of a
dialysis device comprising: a flor\?v path for al ovﬁng \aiﬁ}%é’te t%T%WﬁBngf %5t\fé5r?t*“sebo” yto a

sorbent capable of Feridvirigt €8ntamifaritsswithin saiddialysate: andbaekto saikbtbhatient’s body;

a pump for moving said dialysate-alongrsaid flow pathiand - aseries afvalves. dispgsed along said
flow path and being configured to, in an outflow mode, allow 15 said dialysate to flow to said sorbent
for removal of contaminant& th8I8iE afdih antinfldl mode: Allowraikiysate Subatartiallf reé of said
contaminants to flow:beckstewardssaid patieatls bodyree of contaminants to said

patient’s body;
a pump for moving said dialyvsate along said flow
path in both the outflow mode and inflow mode; and
a plurality of valves disposed along sazid flow path
and being configured to, in the ouﬁfhmﬂ mode, allow
said dialysate‘to flow from said dialysate conduit fo
said sorbent for removal of contaminants therein, and
in the inflow mode, allow dialysate substaniially free
of said contaminants to flow back to said dialysaée
conduit for transmission to said patient’s body; and a storage
chamber in fluid communication with said flow path, said storage
module configured to store dialysate that is substantially free
of contaminants which have been removed by said sorbent.
Advantageously, the flow svstem does not reguire a
plurality of  pumps to work the dialysis devicse
effectively. More advantageously, only a single pump is
reguired to pump flulid to the sorbent and thereafter back
to the patient’s body. This significantly reduces the
size and weight of the dialysis device and alsc saves on
- operating power, thereby further saving on space reguired
for smaller battery size reflected in the embodiments in

which the device 1s mobile and wearable. In cne



wherein the pump moves said dialysate fluid along 20 said flow path in both said sorbent mode and in
said inflow mode. In one embodiment, the flow path allows dialysate to flow from a patient's peritoneal
cavity to a sorbent capable of removing contaminants within said dialysate, and back to said patient's

peritoneal cawity: @bs/iR@ne embodiment, the flow system further compriseg@rfdarimbiligsgyeans
disposed along the flow path to, in an outflow mode, remove fibrin from dialysate before said dialysate
enters said pump, said plurality of vales and said sorbent. The fibrin filter means may be disposed on

30said flow path agliacentie:sajd dialysate ronduit.&er exapple.Lthedibrin filter means may.be
disposed between, the patient's body and the pump and along said flow path. In 'one embodiment, the
fibrin filter means is°dis] oes%?jti?ﬁ’r%eoﬁéfélyba?dﬁgcem?o the TpEtiEnt&BiEdyFoF exdtfpl& &t tHe Bxit of the
peritoneal cavity. Addantageously; the-fitmimfiitarmeans is.able niwemovingfibrinpresent innmucus or
forms of coagulatigntqﬁsir%%frgrré the Beritoneal cavity before the dialysate enters the flow system. This
advantageously ‘reo?uces the risk of cUIoBging of the flow system. More advantageously, filtering off
fibrin 10 cohtaining matéfial protohgs thelitespanasfithe flove system. Thedibritefiltermednsymay be a

filtration device, a filter RaRer Qj-any meanssuitable, fordiledng away, fibrin containing material in the
dialysate. 15The flow system may further comprise a micro-organism filter means being disposed

along said flow path, said nficro*6raifsi fiter meahe bdify EoAfigirebtorenovemicreBrganisms

from the dialysate wherttransmiited-along the flow pathr Fhemicteprganismditter ragans may be 20

disposed along the flogvngathn.bneat\l/lvteen m pump and dig:%/sqte conduit. The micro-organism filter
means may be a bactéria filter capable’ 5f removing Bactéa Font the diaRs&RSFhé filtdPmBans also

serves to ¥¥move anpaticroorganisatiythat have inadvertently entered the flow 25 system. As the flow
system works to regenerat%a%ql&%coflgyt%%%ggt dialysatg, ghqéggeﬂsgng% of a.micrgorgfgviqsm filter

means for filtering microorganisms from the dialysate ensures the sterility o?rtﬁe afaajfysate returning to
the patient's body. TRé WiiératBfganism 30filter means may be a filtration device, a filter paper

a series of valves disposed along said flow path
| and being configured to, in an outflow mode, allow
15 said dialysate to flow to said sorbent for removal of
contaminants therein, and in an inflow mode, allow
rdialysate substantially free of said contaminants to
flow back towards said patient’s body,

wherein the pump moves said dialysate.fluid along
20 said flow path in both said sorbent mode and in said
ianQw mode. In one embodiment, the flow path zllows
dialysate to flow from a patient’s peritoneal cavity Lo a
sorbent-‘capable ¢f removing contaminants within said

dialysate, and back to said patient’s peritoneal cavity.
085 In one embodiment, the flow system further comprises
a ¥ibrin filter means disposed along the flow path to, in
an outflow mode, remove fibrin from dialysate before said
dialysate enters said pump, said ?lurélity of vales and
| said sorbent. The fibrin filter means may be disposed on
30 said flow path adjacent to said dialysate conduit. For

example, the fibrin filter means may be diéposed between

Ut



WO 2009/157878PCT/SG2009/000230 or any means suitable for filtering away fibrin containing
material in the dialysate. In one embodiment, the flow system further comprises a pump module
having said pump and part of said flow path 5 disposed therein, said pump module being capable of

being coupleduo aspaiiegtis body; and a sorbent module capable of being igvetsibly.aliashed to the
pump module and having the sorbent and the other part of the flow path disposed therein, wherein_

when the sorbent module is 10 attached to said pump module, the flow path of the sorbent module is

in fluid communicatian with:tbe-dlow path,of.the pwBPRedule, Adyaniageously, the sorhent module

containing the sorbent can be replaced easiléhwhen the sorbent contained therein is spent. This greatly

15 ,improves the edseSFusaHRUTESHveniehte td-Bid tiseri Thasortfeat fodbiletaiPBE edsily

reattached to the testef the How systemeoftihe pump rpadulea a connectal Thusyat leagt part of
said flow path ma 111)e cg}gga?;:inedain ahdetachable sorhent module containing said sorbent that 20is
capable of being fluidly decoupled from said pufipin an Roperativé Mode: = 9 PR& oW sy&fe may
further comprise dadvenmt rigans disposed alongishid Héwmpathfoneniaving gas-feamrthe dialysate. In
one embodiment, e gasent sueans, 29.6900rises & sarpenl s yeuk dewpsieam. ol ihe sorbent in

the outflow mode, for removing gas from the dialysate that has béen generated by contact with the
sorbent. AdvantaG@dudly, Whér fife sodefl gas veht isdispesed-dowhsteeart ot the sofernt in the

outflow mode, theslasge 80amaunt of gases.that axe released-from the sorkent whenthe diglysate
et Wt ST D O AN e e e sy stem More  prin
10 containing material prolongs the lifespan of the flow
syétem, The £fibrin filter means may be a filtration
device, a filter paper or any means suitable for
filtering away fibrin containing material in the
dialysate.
15 The flow system may further comprise a micro-organism
| filter means being disposed along said flow path, said
micrcmofganism filter means being configured to remove
microorganisms from the dialysate when transmitted along

FA

the flow path. The micro-organism filter means may be
20 disposed along the flow ~path between the pump and
dialysate conduit. The micro-organism filter means may be
a bactéria‘filter capable of removing bacteria from the
dialysate. The filter means also serves to remove any
microorganisms that have inadvertently entered the flow
25 system. Az the flow system works to regensrate and
reconstitute spent dialysate, the presence of & micro-
organism filter means for filtering microorganisms from
the dialysate ensures the sterility 6f the dialysate
returning to the patient’s body. The micro—orgaﬁism

30 filter means may be a filtration device, a filter paper



advantageously, this prevents the build up of pent up gases which may undesirably increase the
pressure within the flow system. The sorbent gas vent may be disposed within said sorbent module
and is in fluid communication with the flow path therein. In one embodiment, the sorbent gas vent is

disposed immediatghyagiacent to the sorbent, along said flow path for remgyipg9as igmshe
dialysate. 10In one embodiment, the gas vent means comprises a degasser, upstream of the

micro-organism filter means in the inflow mode, for removing gas from the dialysate before passing to

said micro-organisg filterpeans, Jhe degassermay be disposed,withip said pump madyle and is 15
in fluid communication with the flow path therein. Advantageously, when degassé/r is arranged to be

upstream of the mic?8 GrgRATR FitELMeahs iR thé My hsHE fases present within the dialysate can

be removed before therdialysatenpassessthrqugihthermicroarganisms;filter20 means.suchas a
bacteria filter. Advanta%eogila/%1 as the gresence of air bubbles having sizes that are larger than the

B iR increaR¥s he Mék Sf BEMRgHthBHiter Afeand i the radeRde bf the

pore sizes of the fiiter
degasser upstrearicithesrict-arganismsfiltet means ivthelinflowi 25 megareduses sychgisk by
eliminating gases jn,the dialysate before g,d_i}algs te passes through the filter means. In one
embodiment, the deg%gser disclosbgg héﬁ[—ﬁn may ﬁgi\yé anti aﬁ:tésﬁéﬁﬁﬁétigﬁﬁﬁ@%&?@%ﬁﬁle, the

degasser may als6be Rtéd Wit arisaduididnal fitet 26 30prevent fierorgamisms sutk asbacteria from

entering the flow systarmdiom theamasphess, d herfieaassemay b dispased immediplely adjacen:

to the micro-Qrgarfgrsbms filter means. The gas vent means disclosed herein may also be‘replaced any

means capable of TERSVIAG gaseSrom the Huw SySterti 6 oheemBoakRait, thediolr system further
comprisesld contreti¢rtitat ds configueedito actuatedbe puep feneperation instherinflow made and

outflow mode. Th%g%g ller m e disposed ip sajgtpum module to ensure compactness. In one
embodiment, the controller is %%¥£%CIﬁ§a||JynCOﬁ€ﬂ%3d 0 Caor?[?)mvl\%élr;L §6Urt8Psuthds & ¢Bll 6r8'battery

located in said puR#F-modifle. The comtrgllernndy bdso bedelectricadly colpled directlydosdeetrical
mains. The controllsgnay elsbe gonfioured taaciuaje the gl |

1 ¥3lies Jrransmission o
dialysate 15 along said flow path, wherein the valves are selected from the group consisting of at least

one of a pinch valv8®a SIRHEValv& R pidted Yalié arria solenoidnrie. THisdllows #he inflow and
outflow ofithe dialyﬁ@tﬁgff@m thagpatients badytohpautomaticnThiSience to the user.

The soxbent module can be easily reattached to the rest
of the flow system of the pump module via a connector.
Thus, at least part of said flow path may be contained in
a detachable sorbent module containing said sorbent that

20 “1s capable of being fluidly decoupled from said pump in
an inoperative mode.

The flow system may further comprise gas vent means
dispcsed along said flow path for removing gas from the
dialysate. In one embodiment, the gas vent means

25 comprises'a sorbent gas vent'dOWnstream of the sorbent im
the outflow mode, for removing gas from the dialysate
that has been generated by contact with the sorbent.
Advantageously, when the scorbent gas vent is disposed
downstream of the sorbent in the outflow méde, the large

30 amount of gases that are released from the sorbent when

the dialysate reacts with sorbent, can be guickly and



20is particularly useful when valves such as a pinch valves are used to _cont_rol the f_Iow of di_alysate.
In another embodiment, the plurality of valves is operative by the flow direction of dla[ysate in along
said flow path. Such valves may be check valves. 25 Advantageously, when check valves are used,

the flow systemvgamopesate without the need of additional types of va!ves ?H%@ﬁ@@%ﬁg y@lves. In
one embodiment, the flow system further comprises a sensor for sensing the amount of dialysate

being 30transmitted from the dialysate conduit in at least one of the inflow mode and outflow mode.

The controller -mayg@@egqqﬁggy?d to.determing the Pg;rpuntt%fedialéﬁaé% beigg gggr%gd p)‘fjg;:ee[sensor
and thereby change the speed of the operation of the pump according to the'sensed dialysate load.

5In one embodiméit” HE-FERMF S Configired (& ARV dialysdte alonitie flow pathmwitiout:any moving
parts of the pump gamuBsg intoonkact withithe: dialysate. The.puwop-may pumpis.at leastane of a
peristaltic pump angjl a dﬁ%l’ev[a%m Hump. Ag)vantageously, when peristaltic pumps or 10 diaphragm

pumps are used, thére are o mdving medhdnical EBfHPon&hE invéf&jfta&%/syithktﬁe Higfpsre<This
enables the>flow systerto baiaiclosetdoop systeirand decausenthere 1sjn@@ﬁﬁtﬁpi@£m%ﬂgalysa_te”

[ i [ ' [nati ialysate is substantially
with any moving mechanicgl.compgnents, the risk of contamination of the .15 dia
reduced. Preferably, the pump can acrl;ilgéye a di%%sa?é‘ ow ra?g o?rfﬁeomed??i%ﬁnt % 1_/ﬁr1?e
Advantageously, thisRiitfe 6Bfow tafe id Foskc by feelinventots 46 e¥ectively @mdtefficiently remove

contaminants frona dfie gialysate o2@In anesernbadiment;the flow system, further compyises,
' ' dialysate.

10 In one embodiment,' the gas vent means comprises a
degasser, upstream of the micro-organism filter means in
the inflow mode, for removing gas from the dialysate
before passing to said micro-organism filter means. The
degasser may be disposed within said pump module and is

15 in fluid communication with the flow path therein.
Advantagedusly, when degaéser_is arranged to be upstream
of the micr0worgahism filter means in the inflow mode,
gases pfesent within the dialysate can be removed before
the dialysate passes through the nﬁcromorgaﬁisms filter

20 means, such as a bacteria filter. Advantageously, as the
presence of air bubbles having sizes that are larger than
the pore sizes of the filter means increases the risk of
damaging the filter means, the'présence of the degasser
upstream of the micro-organism filter means in the inflow

25 mode reduces such risk by eliminating gases in the
dialysate before the dialysate passes through the filter
means. In one embodiment, the degasser disclosed herein
may have anti-bacterizal functionality. For example, the
degasser may alsc be fitted with an additional filter to

30 | prevent microorganisms such as bacferia from entering the

flow system from the atmosphere. The degasser may be



an additive dispensing means for dispensing a desired additive into the dialysate. The dispensing
means may comprise a dispenser disposed in said sorbent module and being in fluid communication
with said flow Path for 25 addition of said additive thereto. The dispenser may be actuated by said

controller to m@@ulaiethg-amount of additive to said dialysate according toﬂ@%/%ﬁ%i@ﬁh Of%lggreof. The
addition of additives into the dialysate serves to beneficially reconstitute nutrients which have 30been

lost from the dialysate during dialysis.  The flow system may further comprise a storage chamber in

fluid communication withsaid flow path ; said, storage module configured to store dialysate that is
substantially free of contaminants Whicﬁl hav%sbe?ri‘) rem %ed bci/ S%Lé%or@étrﬁf:?hg% 8%3g%amber
may be disposed intheorB&t it foduld’e Irdpet af6tHer Batbotlinddrteirestiov Systerrfuntier

comprises an ammosia sensesconfigureaip datectanypapiaPresenLinAid dialysate hefore passage
to said 10 dialysatL}? co&duit in-an inflow mode. Advantageously, the sensor for detecting ammonia
present in the dialySate ma%infiz&S e utilization of the sorbent before the sorbent has to-be replaced.

Due to the presence &hthensensdrothenpatient wilk be able ig acewratelyddentify. .15 whenthe sorbent
of the flow system.has {a. be r pl%%edC More advantageously, because usage, of the sorbent of the flow
system can be fully maximizeg, t_heraé is fi6 néed to %C%Eﬁg)or)gf)e eXced8ive sorbenttHBRrialFithin the
flow system as a pRRERtiAErY Feastie; suchtéxeessivdsorbemt 20unafesial maysultimately be

under-utilized. Acggggm@ym%c%g;)g theresisi,aegd 19 incorpor %ng%%sijs&\iees%rgegt material, the
is als

entire flow system and dialysis device can be kept compact and there is also réduced lrvlvsa%Jfﬁaege of

material due to urieratfiiza661. The'@mniohfa sei¥er Mg 2Ebe didposed i ihecpdmp module.
AccordinglAto a setendaspett, theruisprovideds-a periablesdiglysis devieg compyising:; ,a housing

_having means fc_)raat_l;_)a h@q:nt tgoac%%téeéwt's b_od ,éhe housing comprising: 30a dialysate conduit which
is capable of being ma?ﬁu& c?ﬁmmunlcatlor%r\}vltﬁ%/ﬁ FeRBnBA Sty dfle controller may
also be electrically coupled directly  to electrical
mains. The controller may also be configured t§ actuate
the plurality of valves for transmission of dialysate
15 along said flow path, wherein the valves are selected
from the group consisting of at least one of a pinch
valve,  a shuttle valve; a piloted wvalve and =& sélénoid
valve. This allows the inflow and outflow of the
dialysate from the @atient’s body to be autﬁmatic. This
20 is parﬁicularly useful when valves such as a pinch valves
are used tc contrel the flow of dialysate.

In another embodiment, the plurality of wvalves is
operative by the flow direction of dialysate in along
said flow path. Such -valves may be check valves.

25 Advantageously, when check valves are used, the flow
systemtcan cperate without the need of additional types
of valves such as pinch valves. |

In one embodiment, the flow system further comprises a
sensor for sensing the. amount of dialysate being

.30 trénsmitted from the dialysate conduit in at least one of

the inflow mode and outflow mode. The controller may be



patient's body and of being in fluid communication with a flow path, said flow Path allowing dialysate to
flow from a patient's body to a sorbent capable of removing contaminants within said dialysate in an
outflow mode and in an inflow mode returning said dialysate substantially free of contaminants to said

patient's bodyiy o 208spmpefor moving said dialysate along said flow path inspeib the iy mode and
inflow mode; and a plurality of valves disposed along said flow path and being configured to, in the

outflow mode, ailoW said dialysate to flow from said dialysate conduit to said sorbent' for removal of

contaminants thereisn anjndhe infow mads, alow dialysaie.substanvialy fige of said sopfaminants to
flow back to said dialysate conduit for transmission to said patient's body; and a storage ¢ amber in
fluid communicatiGF Wit sdid floPpatR a8 stofhgelnsatme comiared e store dialysatd tsat is
substantially free ebeentaminants which bawgbeen-rameved by, saidsorhent- he portable dialysis
device may be at&a&ahgd to the patient's 'body and transported by the patient easily.. In one
embodiment, the means for attachment are configured to attach the dialysis device to the torso of the

patient. Advantageousty, thecdiatysisdéevisetcan bedransparted easilyhyi thereatient-and.aseows the
patient o carry oL is/hes armgl daiiv agtvties, without suhstantal impegiment while having dialysis
) 0

. . s movin ArTsS, 0L ..
occurring simultaneously. In one embodiment, the means for attachment compr%e% a belt configured

to engage the waisP8f Rl Howerisi3o i tipsohimecaticrit hintasother ensodimeRtstheumeans for

attachment comprisss bagk-backqapables being wom by e palient..said bagkpack hayng a
pouch for recelptéjf id housing. This may enable the weight of the dialysis device to be distributed

s
throughout the lar %afiéﬁmhgﬂ%eﬁg%%“&ﬁﬁ@?)‘é‘fiéﬁt, tHSREbyRRTpr BV fiSerRgmoNer  The
portable didlysis devdge: disgiosechhereinrmay sds further sompsiseanyafthe caspenent gescribed
above for the flow, m. In a third aspect, partable device as defined from kidney malfunntion.
In one embodiment, t e?ee%tpsroﬁae(f %%%Sgﬁab@%%ély&ede\%c% HFédt a paticht SaHfaHNg from
kidney malfunctiohlfor &kamphy edreal failurecsr renal rekated disensesy Definitions bediedellowing

words and terms dsed herein shall haye the. m8§ni%@di8qt§9ﬁ/sate with any moving

mechanical components, the risk of contamination of the

15 dialysate is substantially reduced. Preferably, the pump
can achieve a dialysate flc-rﬁ.‘vk rate of from 0.1 1l/hr to 20
1/hr. Advantageouslyr this ra.ng@ of flow rate is found by
the 1inventors to effectively and efficiently remove
contaminants from the dialysate. | |

20 In one embodiment, the flow system further comprises
an additive dispensing means for dispensing a desired
additive into .the dialysate. The dispensing means may
comprise a dispenser disposed in said sorbent module and
being in fluid communication with said flow path for

25 addition of said additive thereto. The dispenser may be
actuated by sald contreoller to modulate the amount of
additive to said dialysate according to the flow rate
thereof. The addition of additives into the dialysate
serves to beneficially reconstitute nutrients which have

36 . been lost from the dialysate during dialysis.
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The term "sorbent" as used herein broadly refers to a class of materials characterized by their ability to
adsorb and/or absorb the desired matter of interest. The term "non-toxic' as used herein refers to a
substance that causes little to no adverse reactions when present in the human body. The term

"contaminantsivin e, coptext of this specification, means any constituents, typicalystaic, spnstituents,
within a dialysate that are generally harmful to human health and which are desirable to be removed in

a dialysate detoxification process. Typical contaminants include, but are not limited to ammonium,

phosphates, urea, creatinine and sjis agidl.Eheezm thipcompatible; as used herein refers to L/ the

property of a material that does not cause adverse biological reactions to the human or animal body.
The term "upstreard® as isel KT Fefert R I8tz afiér WithirPthe v paie FElative 16 gepoint of
reference, and in dicettion oppasiteitgihatiof thedialysateflow. 41 Fhesterm "downstream’.as used
herein refers to a Iocggﬁ?tiqtni\évﬂin th% J]jlgw path, relative to a ﬁPoint of reference, and in direction of

=Y He terfT crack-pressure” as USedRarsin réferd to e pdiAtst whithithe

the dialysate flow.
internal preSsure ofeapriedmatic 18sysienstriggers thelpening of agvalvehambEhe tesn "regenerate”

as used herein refers 1o, theyagtion of detoxifying qr[gg/?%e by absorption of uremic toxins. The term
"reconstitute” as used herein refers to the 15 action ot converting regenerated dialysate to essentially

the same state and chBmi¥&Frcofiposition agTeehipsitoneal dralysateprisy & dialysisrtheThe term
“outflow mode” ascusgd heeain sefersdedhedlov abdialysate rom- the patientshody thrpngh a

present in said dialysate before passage - to  said
10 dialysate conduit in an inflow mode. Advantageously, the
sensor for detecting ammonia present in the dialysate
maximizes the utilization of the sorb@ﬁt before  the
‘sorbgnt has to be replaced. Due to the presence of the.
3ensor, the patient will be ables to accurately identify
15 when the scrbent of the fld& system has to be replaced.
More advantageously, because usage of the sorbent of the
flow system can be fully maximized, there is no neéd to
incorporate excessive sorbent material within the flow
system as a precautioconary measﬁre; such excessive sorbent
20 material may ultimately be under-utilized. Accordingly,
because there is no need to indorporate excessive sorbent
material, the entire flow system and dialysis device can
be kept compact and there is also reduced wastage of
material due to under-utilization. The ammonia sensor may
25 be disposed in the pump module.
According ' -:to a second aspect, there 1s provided a
portable dialysis device comprising: '
- a housing having means for attachment <o a
patient’s body, the housing comprising:
_3Q a dialyéate conduit which is capable of being in

fluid communication with the peritoneal cavity of a

11



20sorbent. The flow is referenced from the patient's body. The term "inflow mode" as used herein

refers to the flow of the. diglysate from, a sorbent to the patient's body. The flow is referenced to the
patient's body. The term™u tFafﬁtra%gﬁ%oaggasgﬁseé) heréin 25 re eﬁﬁ&h@ﬂ%&iﬁ%ﬁfé from the

patient's body to an iltidfilttatiorplbag =Tie flew isireférencedtto the patient's body.vsate to
Theword'substantially'dgespotexclyde,, . . ; Zcompletgly’ e.g. a composition which is “substantially
30free" from | may be completely free‘eg‘r?ref)rﬁL ?(. Where WO 2009715 ﬁé&é’%s@%%@%ooﬁ 0o -
necessary, the word™stibstdHiially® ey Bé omitted frophfife defidition of thevimweationn  abnless

specified otherwise, dhe terms "eomprisingl’ and "compriser; and grammatical yarianis thereof, are
intended to represent "open” or "inclusive” language such that they include recited elements but also
permit inclusion of additiohar; Unrécited @Bments.y TA8%us&d hérein: #He Teritsabbit” JAthe context
of concentrations oficomponéntsiofdlye formulations, 10 typically means +/- 5% of the stated value,

more typically +/- 4% of the stated value, more typically :+/- 3% of theﬁstaj d value, more typically, +/-
2% of the stated value, even £ff}lor% typically +/- i‘y/o oFthe stated Vafue: aﬁﬁ ERnTHcre ypically +/-

0.5% of the stated 15Value.? >ThroGditoutthis disclosdre, ceraimembediments may be disclosed in
a range format. It should be upgderstead that,the description in range.format is merely far.convenience

and brevity and should not be construed as an
path and being configured to, in the outflow mode,

allow said dialysate to flow from said dialysate
conduit to said sorbent’ for removal of contaminants
therein, and in the inflow mode, allow dialysate
substantially free of said contaminants to flow back
to said dialysate conduit for transmission teo said
patient’s body; and a storage chamber in fluid communication with
said flow path, said storage module configured to store dialysate
that 1s substantially free of contaminants which have been
removed by said sorbent. The portable dialysis device may be
attached to the patient’s body and transported by the
patient easily. . |

In one embodimént, the means for attachment are
configured to attach the dialysis device to the torso
of the patient. Advantageously; the dialysis device
can be transported easily by the patient and allows
the patient to carry ouﬁ his/her normal daily
activities without substantial impediment while having
dialysis cccurring simultansously. In éne embodiment,
the means for attachment comprises a belt configursed

he

ot

to engage the waist of the lower torso or hips of
patient. In ancther embodiment, the means for
attachment comprises a back-pack capable of besing worn

by the patient, said backpack having a pouch for



20 inflexible limitation on the scope of the disclosed ranges. Accordingly, the description of a range
should be considered to have specifically disclosed all the possible sub-ranges as well as individual
numerical values withirethatrange. Eer exarpple; gdescrptian gf.a 23 rapge such as from 1 to 6 should
be considered to have s%)e%ificgl\ly disclosed sub-ranges such as?f_rom 1 ?063 Tf%em "i“tjogﬂl, fréth 1 to 5,
from 2 to 4, from 2 to & Trofit 3 15°6 Btc° e wall 28 indfvidtiaf Alfiberswithintthay nange, foreexample,

1,2,3,4,5, and 6. Thisapplies30regardiess opthe breadih obtheyange, . WQ . wioron,
2009/157878PCT/SQ@&Q&{Q@Q@O pme;ai!:edmlgisclosure of Embodiments Exemplary, non-limiting
embodiments of a flow System 6f élléfy“sis devicé and portable dialysis device will now 5be disclosed.
The flow system of a dialysishdevice tomprises.aldialysate=cansiitayhieh is; eapakle-of.peing. in fluid

communication with the-peritgneal.cavity, of a patient's body and of being in fluid communication with a
flow 10 path, said flow path allowing dialysate to fIO\‘A%froom a patients %gﬁfﬁc}%\ SoTBERt-Cihble of

removing contaminarits ¥ithin“Gaid dralydats i an-6dflow mode and in an inflow mode returning said

dialysate substantially free of:coatamtinaats tasgaid-patient:s body, 15}3% pump for g}gvingsseaid dialxs_ate
along said flow path jn,both the qutflow mosde Ci%r;qrilr?%f(liow kgnode; and a Plurality oéf valves &gposga
along said flow path and being configured to, in the outfiow modé allotF said Hidlysatsto fiowfrorng

said dialysate conduit'18"sdid~20%8tbeht¥6i-iethoval of contaminants therein, and in the inflow mode,

allow dialysate substantially freeref saidcontaminants-te-flov back 1o said dialysate conduitfor.

transmission to said patient'shody. The Qoggple di(alysi§ jdevice comprises a ho*usTn”g%]a?/ingj"?n* ang’
- FeTEeat renlsuliering from kidney malfunction, for

for
example renal failure or renal related diseases.

Definitions
The following words and terms used herein shall have
the meaning indicated:
The term “sorbent” 2z used herein broadly refers to
a class of materials characterized by their ability +*o
adsorb and/or absorb the desired matter of interest.

h8Y . ! I ‘ '
The . term non-toxic” as used herein refers *o g

substance that littlie !
hat causes little to No adverse reactions when

The term “contaminants” in the context of this
specification, means any constituents, Typically toxic
constituents, within & dialysate <that are generally
harmful to human health and which are desirable to be
removed in a dialysate detoxification process. Typical
contaminants include, but are not limited to ammornium,
phosphates, urea, creatinime and uric acid.

The term “biocompatible” as used herein refers to
the preperty of a material that does not cause adverse

biological reactions to the human or animal body

13



25attachment to a patient's body, the housing comprising: a dialysate conduit which is capable of
being in fluid communication with the peritoneal cavity of a patient's body and of being in fluid
communication with a flow path, said flow path allowing dialysate to flow from 30a patient's body to a
sorbent capabl@ FPPEitsvhg contaminants within said dialysate in an outflowivaceessd234/0O
2009/157878PCT/S62009/000230 in an inflow mode returning said dialysate substantially free of
contaminants to said patient's body; a pump for moving said dialysate along said flow path in both
the outflow mode and inflow mioelen anthbsa phamality efvalvesdlispesed. along:$aidsflow path and being

configured to, in the ouflow mode. allay said diaiyeate Lo.0aw ftars saud dilysate conguit o said

sorbent for removal of contaminants therein, and in the inflow mode, allow ialysate’ substantially free
of said 10contamirfants fd'fiéw baido sdid dialysateleandaitForatiarmsmission te said>fatiehes body.
The valves may heieonfigured o @&llow a unidirectional flow or a bi-directional flow when required. The

valves may.be pinch valyes, shuttle valves, piloted 15 valves, solenoid valves, check valves or
5 5] Term :

combinations thereof. THe flow S7tem/dishsis G&Tice Atay aistbe it to AConTolIdiSuéh as a
control system cokfigaited: to-open andclose tee Yalvesria an, autemated snanrnes. Fheropening and

closing of any one.of e wabves 20 ruay alsg e defermined by the feedbacctegeived by the contro
system on the status of the other valves. The control system may ajfs}f) invért'the pump direction. The
valves may be made of &fatefialthat rRbibebimaEble Or Bislogicatly Inere im ome Embodiment, the

valves are the point at which the internal pressure of a pneumatic
10 system triggers the opening of a valve.

The term "regenerate" as used herein refers to the
action ofkdetoxifying dialysate by absorption of uremié
toxins.

The term “"reconstitute"™ as used herein refers to the

15 action of converting regenerated dialysate to essentially
the same state and chemical composition as fresh
peritoneal dialysate prior to dialysis.

The term “outflow mode” as used herein refers to the
flow of dialysate from the patient’s body ‘through a

20 sorpent. The flow is referenced from the patient’s body.

The term “inflow mode” as used herein refers to the

"flow of the dialysate from a sorbent to the patient’s
‘body. The flow is referenced to the patient’s body.
The term “ultrafiltration mode” as used herein
25 refers to the flow of dialysate from the patient’s body
to an ultrafiltration bag. The flow is referenced to the
patient’s body.

The word “substantially” does not exclude

“completely” e.g. a composition which is “substantially

30 free” from Y may be completely free from Y. Where
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25 made up of a material that is capable of withstanding the pressure within the flow system without
any appreciable change in the desired properties. In one embodiment, the flow system/dialysis
device comprises a total of only one pump. 30The pump may be replaced by any means suitable for
generating fIBYW?BY08EAGHy a pressure differential WO 2009/157878PCT/862603/000R88 between
any two points in the flow circuit. In one embodiment, the pump is selected from the group consisting
of peristaltic pumps, gear pumps, diaphragm pumps, piston pumps, hydraulic pumps, pneumatic
pumps and 5 methanica pumpshAdvantageousiy tdue tathevdesigry ofthe flowtsystent ronly one

pump is required . yithgut-any loss.jn the desired.pressure required to pump the dialysate from the
peritoneal cavity through the sorbent before being pumped through a series of other filters and 10

returned back to the pefifdheaf catit§ “infdh& embBaMERE thetfemp: raile frapmele Brdillysate flow

rate of from abous Rl /hnterabew20 e  oAhedisclosed flow system/diglysisgevicg faay also be
in fluid co munica%ignn\ggl& atfilter cat%able %f A5 removing fibrin from the dialysate. The removal of
fibrin from the dialysate may Feduce the risk of BloERage Tn the fiow Sy&tem bf i afkfysis davice. In
one embodimenttiretfiltdrfory removihgdibrinrremaves filrirefrontthe dialysata How, befare the

dialysate s fed to 3 spgent, 20 Thizmay Jpduce the Osk pl glogaing.Io another embodiment, the filer

for removing fibrin removes fibrin from the dialysate flow, before the dia ysate enters the pump- and
valve assembly. This m&y préféhteiediing ahdlsckaye Feotiiendrits Vel foptiestinctidnality of

the 25 flow systernrsuch as sensars, valves angbpiapssandjacreases the lifespan.of the sorbent. In
one embcl%iment the filter_for removing the fibrin is made of poly(vinyl)chloride (PVC). In one

embodiment, the 7t f6r removiing tie i is made oF polypFopyieAeFhe 3ofits malaid be
capable of withstapdingatheypregsurét of the stated value, more typically +/-

3% of the stated value, more typically, +/- 2% of the
stated wvalue, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated

15 wvalue. |
Throughout this disclesure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
20 inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to  have specifiéally disclosed all the
possible sub-ranges as well as individual numerical
vaiues within that range. For example, description of a
25 range such as from 1 to 6 should be considered te have
specifically disclbsed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 'to 4, from 2 to &, from
3 to 6 2tc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and ©. This applies

30 regardless of the breadth of the range.
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within the flow system without any appreciable change in its desired properties. The flow
system/dialysis device may also be in fluid communication with a bacteria filter for removing bacteria
and any micro-organisms that are present in the dialysate. In one embodiment, the bacteria 5filter for
removing micFotaAisHE has pore sizes of no more than about 0.20 micraag/sazasmthesembodiment,
the bacteria filter has a surface area of from about 0.05 m2 to about 0.60 m2. The surface area of the
bacteria filter may be about 0.185 10 m2. The bacteria filter may also be capable of withstanding the
pressure within the flow system without any appreciable change in its desired properties. In one

embodiment, the flow system/dialysis devica,isjn fluid. communication with.at least one air vent, s

capable of releasing accumulated gaseous inclusions within the dialysate into the atmosphere. The
release of gaseous inclUsi6H® s océtitby-reahs of acmeeRanicalvalvé or alfembranearalve. In

one embodiment gasenus,ipelusionsiis aceumulaied andreleased dn a floas valve, :2q Inagother
embodimegt gas%ousdincltﬁsions may be released through a hydrophobic semi permeable membrane
of pore sizé of no r%oré‘““ﬁ%noﬁ%‘microns, wherein the hydrophobic membrane is permeable to gas,

but impermeable to dialfsete. h @ne epbiodimertt, unwantedyinflux afe25atmesphericsgases into the
Ine vonting membyanes In ohe cuabadiniont Rg of Said SFVNES fo Dpcihonat mited iy hent t,
and downstream PYHE 88 et CAdVERtBgdUS YR e 80pesifioring of theovent incirimediate vicinity of
the body and of being in fluid coﬁmunication with a flow
10 path, said flow‘paih aliowing dialysate to flow from a
patient’s Dbody to a sorbent capable of removing
contaminants within said dialysate in an outflow mode and
in an ;nflow mode returning said dialysate substantially
free of contaminants to said patient’s body;
15 a pump for moving said dialysate along said flow
path in beth the outflow mode and inflow mode; and
a plurality of wvalves disposed along said flow path
and being configured to, in the outflow mode, allow sald
dialysate to flow from said dialysate conduit to said
- 20 sorbent for removal of contaminants therein; and in the
inflow mode, allow dialysate substantially free of said
contaminants to flow back to said dialysate conduit for
transmission to said patient’s body. The portable
dialysis device comprises a housing having means for
25 attachment to a patient’s body, the housing comprising:
a dialysate éonduit which 1is capable of being in
fiuid communication with the peritoheal cavity of a
patient’s body‘and of being in fluid communication with a
flow path, said flow path allowing dialysate to flow from
30 a patient’s body to a sorbent capable of removing

contaminants within said dialysate in an cutflow mode and
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sorbent allows for efficient release of gas inclusions WO 2009/157878PCT/SG2009/000230
andprevents,overpressure,malfunctionofother . components the flow system and/or the dialysis device,
and harmful effects of gas inclusions for the patient. In another embodiment, one of said air vents may
be positione XM FéEAbw path immediately next to, and upstream the stérilegittsg/opbasexhaustive
release of gaseous inclusions prevents clogging of the sterile filter by gaseous inclusions. The flow
system/dialysis device may also be in fluid 10 communication with at least one gas remover
(degasser). The gds REMoVEF Ray Be dapablelstrentoving any Linwantad: gases; sechiasidarbon
dioxide gas, that ase proguces-duringtherdialysis,aperation.qr.during dialysis regeneration in the

sorbent. In one embodiment, the gas 15 remover comprises a vent that releases the unwanted gas
from the flow system. TRe V&fitinayPe d'methaniaiventld i N8at Fent S vett hiay ‘alsd be

effected by a hydgephobia mermbrane: permeable ta-gas butimperneaklede dialysate. In another

embodimeant, the gas remover Is {iLlZOhyd[é)pQg?lc membrane v ntglr a combilgatLanOOf hydrophobic

vent and hydrophilic filtér. © uIlfﬁlaonet«‘e/m odiment. the S\I/:\)/gfﬁem '3®%issﬁewce“is %is& it fluid

communication withcatheastonecdispensging system {'enrichment inoduteseapablecof 25214
supplementing degited addilivesnte {hg, dialysgte flows The desired subsiances may inglude essential

substances for normal functioning of the human body, selected from the group consisting o

potassium, calciuti BREthagriasiurfTPRE tesifedF ST SBMEES Ffay HISE ficude2dsmaétic agénts
30essential for thereffisacyfdialysis suchasaisgse, digosassharides,oraminoaeidss inyone

embOd”nfgtthecontaminants to flow "back to said dialysate conduit for
transmission to said patient’s body.

The valves may be configured to allow a uﬁi»
directional flow or a bi-directicnal flow when reguired.
The valves may be pinch valves, shuttle valves, piloted
15 valves, solenoid valves, check wvalves or combinations

thereof. The flow system/diélysis device may also be
linked to a controller such as a control system
configured tec open and close the valves in an automated
manner. The opening and closing of any one of the valves
20 may also be determined by the feedback received by the
control system on the status of the other wvalves. The
control system may also invert the pump directicon. The
valves may be made of a material that is biocompatible or
piclogically dnert. 1In one embodiment, the valves  are
25 made up of a material that 1s capable of withstanding the
pressure within the flew system without any appreciable
change in the desired.properties.
In one embodiment, the flow system/dialysis device
comprises a total of only one pump.
30 The pump may ke replaced by any means suitable for

generating flow by creating a pressure differential
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WO 2009/157878PCT/S62009/000230 desiredsubstancesincludesubstancessuchas supplements,
nutrients, vitamins and co-factors that generally promote human health. The desired substances may
also include therapeutic substances such as medications and hormones. Advantageously, the
enrichment mY83EHBE8 Aot require any additional discharging or pumping¢aésirasiamsdo ensure that
an accurate amount of desired substances is dispensed into the dialysate. More advantageously, this
reduces the overall power 10consumption and weight of the dialysis device. The flow
system/dialysis d&¢@teeray alswybetindluigednimunicatiorwith & storage modtle. The sterage module

may be capable of storing.Legenerated and/ar reconstituted, dialysate leayving th ;sorbent prior before
15being returned to the patient. The 'storagg/e mg;odule may also be capa% e of stBe'rrlﬁg egge%?dialysate

(‘ultrafiltrate") or &ddifidRaldidlySate, Ricl hidy: Be internsitentlyremoneafom, &F éntrodiwed into the
patient's peritonegleaty. 2041 ane erbadiment theifiow system/dialysis device s further in fluid

communic%ion with at least ane pressure sensor. In one embodiment, the flow system/dialysis device
S . meé%anlc% umRE ég
is in fluid communication with two pressur

ERESRIEHHE BresSite sERsor Bin 1e35 of
sensing the pressutre of ihevdialysatenflowirite the diatysis device agdifrem thes dialysis davige, while a

second pressure sgosor heing,gapable of sensing the pressure of the dialysate flow before entering
the sorbent. The pressure sensor may ?ﬁso provi é’t Eé%]gaeck f&ﬁﬁﬁg Fo% ps%é)ssmﬁléx?ggu%%gr to

regulate the presSurdlofsthbdidlysate Flowikg fo- and$rom T dialysis device. the sorbent

before being pumped through a series of other filters and
10 returned back to the peritonsal cavity. In one
embodiment, the pump is able to achieve a dialysate flow

rate of from about 0.1 1/hr to about 20 1/hr.
The-disclosed flow system/dialysis device may also
be in fluid communication with a filter capable of
a5 removing fibrin from the dialysate. The removal of fibrin
from the dialysate mayKIeduce the risk of blockaée in the
flow system of the dialysis device. In one embodiment,
the filter for removing fibrin removes fibrin from the
dialysate flow, before the dialysate is fed to a sorbent.
20 This may reduce the «risk of clogging. In another
embodiment, the-filter for removing fibrin removes fibrin
from the dialysate flow, before the dialysate enters the
pump- and valve assembly. This may prevent clogging'and.
bioc%age of components vital for the functionality of the
25 flow system, such as sensors, valves and pumps, and
increases the lifespan of the sorbent. In one embodiment,
the filter for removing the fibrin is made of
poly(vinyl)chloride (PVC). 1In one embodiment, the filter
for removing the fibrin is made of polypropylene. The
30 filter may also be capable of withstanding the preséure

within the flow system without any appreciable change in
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WO 2009/157878PCT/S62009/000230 The pressure sensor may also provide feedback to trigger an
alarm in case the detected pressure is outside an acceptable range. The flow system/dialysis device
may also be in fluid 5 communication with an ammonia sensor. The ammonia sensor may be situated
"in-line" in th&ftRPBAHSEr regenerated dialysate returning from the sorbePE TG G8084teHt. In another
embodiment, the ammonia sensor is connected "off-line", via a 3-way connector and a 10 suitable
dosage system to any point in the flow path for regenerated dialysate returning from the sorbent to the
patient. In one emBédiMent the apiroRktSaTsor IBsapablevof deteetin(pthelgoricentrationof ammonia

present in the diajysta. in the,form.offree ammpnia-orammoniymions. 15 The ammonia sensor may

also provide a feedback input to the control system of the dialysis device so that if the ammonia
concentration exceéeds A tiiddsiredppef Hithit ¥aRge> e EBItIS! SY5EM hidF activate @falarm

and/or deactivatestheauap i 20kranether embodiment, dhe ammenia:sensorgamprising 2 flow-through
cell is situaﬁed "in-IirieC".eig tr}%gowr act)h for re%enerated dialysate returning from the sorbent to the
patient, with all of the fegenerated dialysate PaSSiRG tHAUGH Said ¢8I 5iR afdfiet effbodfment, said

flow-through cell icgenrideted doffdiner, \i& ar8-avayneonnector and a suitable dosage system to any
point in the flow path foryteaeneralid dialysaies RIMIING,fram the-sarbent o fhie patigt The dosage

system may allow only a small part of 30the regenerated dialysate to pass through said cefl. The
dosage system niFh& eenibiRedof affreSsarereguids ah ofificérpinch valvera nirodispense
valve, or a pumpsDialysate passing threugh said:sensor eell may be-cpllgeted in a:suijable=container,
such as alg”p barga afor I%lheé dlslggcszgléria filter may also be capable of
' withstanding the pressure within the flow system without
any app:eciable changé in its.desired propérfies“
1In one embodiment, the flow system/dialysis device
is in fluid communication with at least one air vent,
15 capable of releasing accumulated gaseous inclusions
within the dialysate into the atmosphere. The release of
gaseous inclusicns may occur by meansg of a mechanical
- valve or a membrane valve. In one embodiment, gaseocus
inclusions is accumulated and released in a float valve.
20 in another embodiment gaseous inclusions may be released
through a hydrophobic semi permeable membrane of pore
size of ne more than  0.20 microns, wherein the
hydrophobic membrane is permeable to gas, . but impermeable
to dialysate. In one embodiment, unwanted influx of
25 atmospheric gases into the dialysate path is prevented by
means of a suitably oriented checkr valve, sealing the
7 external face of the venting membrane. In one embodiment,
one of said air vents 1s positioned immediately next to,’
and downstream  of the sorbeﬁtn Advantageously, the-
30 positioning of the vent in immediate vicinity of the

sorbent allows for efficient release of gas inclusions
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In one embodiment, the ammonia sensor is positioned in any part of the dialysate flow path
downstream the cation exchanger layers of the sorbent. In one embodiment, the ammonia sensor is
positioned in the dialysate flow path downstream of all cation and anion 10 exchanger layers and
upstream of APIPAARTESMpound absorber layer. Advantageously, this aramgermeabestsures the
re-adsorption of traces of harmful substances that may leak from the ammonia sensor. In one
embodiment, the ammonia sensor is also an 15ammonia-selectivepotentiometricoramperometric
electrode. In emeiembodiment,the flovesysterddiadysis dewicéraeeives andéar sensistfeedback

signals to an alargb%g%g’ he alarm system m§¥ Qe a?lgeﬁtcoegiveagg (agraugg)eZO C%nndfor a visual

alarm and may also be able to display the reason for the alarm. The alarm system'mgy%sélastble to give
off an alarm wheftie! fressied volarielard/or fiowr kdte ofthealialysata issnotrwithiothe desired

range. In anotherembegimentnthe.alar-system s ablg to give oft25 analarm whenthe, .. -
concentratigns of metaboljc toxins (most notabli that of ammonia) are not within the desiredf range.

Preferably, the alarm &y&tem MK al¥o ghe off A alarfi'whREn Any BFEAE 25MPBNERESof #fe flow
system requires reptacepent sfan examplecwhen shefsarbent isT30spentand requiresgeplagement. The

alarm system may .alsg_he. adyanfageously linked to the.control system to give. off an algrm when the
power status of the digl?/sis device is low. %rﬁl one’ g%%%%ﬁen%?&%;all%ﬁn g)gste%%ealssoﬁﬁ"lvé%%ﬁ an

alarm when the ptidf-8drrékit 8adeimsp aBhgllas speed are out of the normal working range. 5H The
control system may incargerate &PLsessayeaRanje of integrogating A memory having-predertemined

instructor§ or pumping dialysate from an external source to the dialysis device and from the dialysis
elxm%glr‘?m

device back to the AFe60rER. FhbLoRtrol SSREmM M) BEMKEEN2046 a (AeFafiefate, such as a

keyboard, and a graphicas usetinterfaces suehkas apd:Gb displaysferalloying an opgratosdo interact

\NnhtheconU0|S¥§§Q%, such as carbon dioxide gas, that are produced
during the dialysis operation or during'- dialysis
regeneration in the sorbent. In one embodiment, the gas

15 remover comprises a vent that releases the unwanted gas
from the flow system. The vent may be a mechanical wvent
e.g. float wvent. The vent may alsc be effected by a
hydrophobic membrane, permeable to gas but impermeable to
dialysate. In another embodiment, the gas remover is a

20 hydrophobic membrane vent or a combination of hydrophobic
vent and hydrophilic filter.

In one embodiment, the flow system/dialysis device
is also in fluid communication with at least one
dispensing system ("enrichment wmodule") capable of

25 supplementing desired additives into the dialysate flow.
The desired substances may include essential substances
for normal functioning of the human body, selected from
the grbup‘consisting.of potassium, calcium and magnesium.

| The desired substances may alsco include osmotic agents

30 essential for the efficacy of dialysis, such as glucose,

oligesaccharides or amino acids. In one embodiment, the
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In one embodiment, the control system comprises a memory having a computer algorithm for storing
said predetermined instructions. The control system may also comprise a removable storage device
such as a Secure Digital (SD) card to capture and log key information of the dialysis device and the
patient. Advahtad@dtidl§7dhe LCD display linked to the control system is tdcHSGB&LER}e and is
capable of relaying a user's instructions to the other components of the control system. The control
system may control the delivery of the fresh dialysate to the peritoneal cavity and the spent 25
dialysate from thélpetitGiteal c&WBE THeCEshtrol systéttmay apebsomrsiaie timmgsuring and

amount of each delivenwptihe.dialysate. the cohtro) systerm may recieve fegdbackfromythe pressure
sensor and ammonia sensor. The control system may be able to store the delivery 30history of the
dialysate. The coRtrof ifeané midy B8 Bhle o @bre Bfiadrbcestthe dRfisats diSFardiag ot
parameters (i.e amount and duratier)linpatteddea usentEhe copiioksysiesrmay:alse be £apable of
controlling the dispensing output of the desired subsjance to be discharged into the,dialysate from the
enrichment modlﬁ%. %C\?%ﬁglrj% a@%ﬁqtﬁ?ﬁg can %Se'us%aé%iﬁ%agfe tcfjugc?ﬁ/tfiolﬁfhée di%%gﬁgﬁxgeéluttput. The
system may use aqstedeternined program settiry values as distantivgl poilitsariccowerimesthese
settings can be cysfomized accarding fo theuser s requirements., 10Adyantageaysly, the gentrol

system has a learning ability to allow it to call on prior knowledge or memory to apply instantaneous
settings. This leaffing = islity 1 pietarably éRcSHetPsy e6fware: TheNSich knburtédge, distred history,
is based on past gyents; #eludingy 15 dispensing rates:ana dispensing periggs: and igstased in the
memory. il'(yle diaglszi}sss%stgm itself may he g]ﬁonci)tgr%q) remote%%)1 a %ard,wired communication link to

the contral meanS or By radio communieations OF by Means of & portible data log off. 20The flow

system/dialysis device fay be.peweredby&iialysis device may also be in fluid
communication with a storage module. The storage module
may  be capabie of storing regenerated and/oxr
reconstituted dialysate leaving the sorbent, pricr before

15 being returned to the patient. The storage module may

| also be capablé of storing @XCess dialysate
("ultrafiltrate®™) or additional dialysate, which may be
intermittently removed from, or introduced into the
patient’s peritoneal cavity.

20 In one embodiment, the flow system/dialysis device
is further in fluid communication with at ‘least one
pressure sensor. In © one embodiment, the flow
system/dialysis device is in fluid communication with two
pregsure sensors, a first pressure sensor being capable

25 of sensing the pressure c¢f the dialysate flow intc the
dialysis device and from the dialysis device, while a
second pressure sensor being capable of sensing the
pressure of the dialysate flow before entering the
sorbent. The pressure sensor may also provide feedback

30 input ﬁo a pressure regulator to regulate the pressure of

the dialysate flowing to and from the dialysis device.



alternating (A.C) power supply or a directly current (D.C) power supply. In one embodiment, when the
flow system/dialysis device can only be powered by a D.0 power supply, the flow system/dialysis
device may further 25 comprise a rectifier to rectify the current originating from a A.0 power supply. In
one embodinféhEtREFI8Y system is powered by compact batteries to ensBFESGALISTNPZIA one
embodiment, the flow system is powered by a rechargeable battery that is capable of 30powering the
flow system/dialysis device for at least eight hours of continuous usage. The conduits through which
the dialysate flowSmapbesmade of¢asitientiebemicaily mndwidkgicatiybaerk matetalsggerThe

conduits may alsgpe able fo withstanddhe, pressyure with the flow.system of the dialysjs deyice without

leakage. In one embodiment, the conduits are tubings made of medical grade polymer such as nylon,
silicone or polyurdftiit Fhestubfifiand the other components of the flow system may also be
connected using a connggtorimade ©f sesilieat majerial sueh as-ofynedicat40grade pelymer as nylon
or polycar%onate ogngrg%%ulphqne. IQ] rh(j)ther embodiment, at least one connectar has a double-lock
quick release and fodine cgﬁl‘fégt%resl 0 pr%r\:‘/eﬁ%%ﬂéae,sé%p?lfé)gré and baltena contamihation. The
flow system/dialysisydevise may tisotsel molnted 16@0h a carrierctivat has awveapalile corffiguration so
that the dialysis deyice comprising {he flow sysfem.can he easilytransporied by, the user, fhe carrier

with a wearable configuration may allow the patient to have continuous peritoneal dialysis when
stationary or on thé 2¢°fibve. KdvamagesslyEthe taftertallows patishitdreemimeént ahldl does not

restrict the patiend'sriermad dange eFmotiga-yndesirably: In gne embodiment: the cagies is made of a
material t{181t is Ii%ht‘wei pt, fire resistant and water proogéno,n-water absorhing). The carrier may 25

also be made up ot A fatsTiat thAtIE stifficiently 1ard Bhdugh'ts pt&tectthe ddipSients aht tubings of
the dialysis devicesfgemskriocks andaceiderdal pinchingnin ohecembodiment;iibecatrier ishe

o SISO, SIS eyl sagetes o et s e
of detecting the concentration of ammonia present in the
dialysate in the form of -free ammonia or ammonium ions.

15 The ammoniza sensor may also provide a feedback input to
the ceontrecl system of the diazlysis device So‘that 1f the
ammcnia concentration exceeds an undesired upper limit
range, the contrcol system may activate an alarm and/or
deactivate the pump.

ZO Iin another embediment, the ammonia sensor comprising
a flow-through cell is situated “iﬁ—line” in the flow
path for regenerated dialysate returning from the sorbent
te the patient, with all of the regénerated, dilalysate
passing tthugh said cell. '

25 In another embodiment, said flow-through cell 1is
connected “off-iIine”, wvia a 3-way connector and a
suitable dosage system to any point in the flow path for
regenerated dialysate returning from the sorbent to the
patient. The dosage system may allow only a small part of

30 the regenerated dialysate to pass through said cell. The

dosage system may be comprised of a pressure regulator,
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WO 2009/157878PCT/SG2009/000230 pressure concentrations in specific parts of the user's body
and thereby providing wearer comfort for the patient. In one embodiment, the carrier is in t.he form of a
waist pouch. In another embodiment, the carrier is in 5 the form of a waist pouch and haymg at least
one strap runiagoaeidég’the shoulder of the patient. In another embodimertithemasriesisiin the form
of a knapsack (backpack) that can be worn at the back with two straps running across each shou!der
of the patient. 0 Advantageously, the carrier may also be aesthetically designed for wearable active
lifestyle and can B& uséd a5 2edesktop idesticev 8tie¢ Descriptionc@f Brawings 15The accampanying

drawings illustrate gigclosegd-ambadiments, §Qﬂ<€9e£‘£&%§¥f)@9 the ngg‘i&l_:es of the disclosed
e

embodiments. It is to be understood, however, that the drawings ar esgnec??or p‘u?ggse_s of
illustration only, i iGHES définiton Bt théikfits Z0BF e RivenBo Fig.ss i adschentatiz, of one

embodiment of thes disclesaed tHowsystem, wherein the flow of the dialysate is toward the sorbent from

i ity. ig. Ib i ematic of one embodiment of the 25disclosed flow system,
wﬁeﬁgir:]t?geg?lloc\:/?\gghe &i%|y§§?elbe£b%§ggient’ the ammonia sensor is pesitiocned y

in any part of the dialysate flow path downstream the
cation  exchanger layers of Lhe sorbent. In  one
embodiment, the ammonia sensor is positioned in  the
dialysate flow path downstream of all cation and anion

10 exchanger layers and upstream of an organic compound
apsorber layer. Advantageously, this arrangement ensures
the re-adsorption of traces of harmful substances that
may leak from the ammonia sensor.

In one eambodiment, the ammonia sensor is-‘élso an

i5 ammonia-selective potentiometric oxr ampercmetric
electrode.

In one embodiment, the flow system/dialysis device
receives and/or - sends feedback signals to an alarm
system. The alarm system may be able to give off an audio

20 and/or a'visual alarm and may also bs able to.display the
reason for the alarm. The alarm system may be able to

.give off an alarm when thé pressure, volume and/or flow

rate of the dialysate is not within the desired range. In

" another embodiment, the alarm system is able to give off

25 an alarm when the concentrations of metabolic toxins
(most notably that of ammonia) are not within the desired
range. Preferably, the alarm system may alsc give off an

alarm when any of the components of +he flow system
requires replacement, for example when the sorbent is

30 spent and requires replacement. The alarm system may also

be advantageously linked to the control system to give



is from the enrichment module to the peritoneal cavity. Fig. 2a is a schematic of the flow system in
an alternate .arrangement, wherein the flow of the dialysate is toward the sorbent from the peritoneal
cavity. WO 2009/157878PCT/S62009/000230 Fig. 2b is a schematic of the flow system in an
alternate arrafigeiteAit”dlerein the flow of the dialysate is from the enrichmensarogulestadthe
peritoneal cavity. Fig. 3a is a schematic of the flow system in yet another alternate arrangement,
wherein the flow of the dialysate is toward the sorbent from the peritoneal cavity. Fig. 3b is a
schematic of the fidW systermdmyevhen ariotheralternatesaangement, wherejn the flew:afdhe

10dialysate is frorpsthgoqu.richnlqp't (gpl%d%l%kg% g%%g%qgonﬁ%lec%\g%/im S“)Z!?q% él is_a schematic of the flow
ose C

circuit for the removal of the ultrafiltrate as disc erein Fig. ba'is a ématic of the flow system in
yet 15 another alfefRaterarfafg@menewithiEenomiber of theeck valvesmwitiin ahe floarsystermd wherein

the flow of the dialysate is t@\ﬁ/aggéh%@ggqnt‘gmm% pegitpneal cavity. Fig. 5b is a schematic of the
flow systerg in yet 2Q another alternate arrangeMent with a number of check valves within the flow

system, wherein the flo 't th& GiiySate i§FrohfThe BRKchmBREFRUREfo the peritsReareavity.

capable of interrogating a memocry having predertemined
instructors for pumping dialysate from an external source
to the dialysis device and from the dialysis device back
to the external source. The control system may be linked
10 to a user interface,- such as a keyboard, and a graphical
user interface, such as an LCD display, fbx allowing an
operator to interact with the control system.
In c¢ne embodiment, the contrecl system comprises a
memory having a computer algorithm for storing said
15 predetermined instructions. The control system may also
comprise a removable storage device such as a Secﬁre
Digital (8D) card to capture and log key information of
the dialysis device and the patient. Advantageously, the
LCD display linked to the control system is touch
20 sensitive and is capable of relaying a user’s
instructions to the other components of the control
system. '
The control system may control the delivery'of the
fresh dialysate to the peritoneal cavity and the spent
25 dialysate from the peritoneal cavity. The control system
may also control the timing, during and amount of each
-delivery of the dialysate. The control system may recieve
feedback from the pressure sensor and ammonia éensor.
The control system may be able to store the delivery
30 history of the dialysate. The control mesans may be able

to store and process the dialysate dispensing out
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Fig. 5c is a schematic of the flow -system for the 25removal of the ultrafiltrate as disclosed herein in an
alternative configuration from that shown in Fig. 4. Fig. 6 is a functional block diagram of the
control system of the flow system disclosed herein. WO 2009/157878PCT/SG2009/000230 Fig. 7,
is a flow chart"éhBfidg§7tie& flow of dialyate in an embodiment of the flow sy$t&i$G:2009/RieR38a-8c are
pictures of one embodiment of the carrier for thedialysis device/flow systemdisclosed 5herein. , Fig.
9a-9c are pictures of another embodiment of the carrier for the dialysis device/flow system disclosed
herein. Fig. H0a216¢ ars pitiures ofiget anether embadinment 10pfithesartier for the=dialysis

devicelflow systegdisclgsed ferein, . o g 1 Linc8 pisture-of a protalype ghane ebodjent of the
entire flow system disclosed herein.. Fig. 12 i1s a picture of one embodiment of the
dispensing output of the desired substance to be
discharged into the dialysate from the enrichment module.
5 . Various algorithms can be used in order to control
7 the dispensing output. The system may use a predetermined
program setting values as a starting point and over time
these settings can be customized according te the vser’s
requirements.

10 - Advantageously, the control system has a learning
ability to allow it to call on prior knowledge or mémory
to apply instantaneous settings. This learning ability is
preferably encoded by software. The priocr knowledge, or
stored history, 1s based on past events, inciuding

15 dispensing rates and dispensing periods, and is stored in
the memory. The dialysis system itself may be monitcred
remotely by a hard wired communication 1link to the
control means, or by radic communications or by means of

& portable data log off.

20 The flow system/dialysis device may be powered by a
alternating (A.C) power supply or a directly current
(D.C) power supply. In one embodiment, when the flow
system/dialysis device can only be powered by a D.C power
supply, the flow system/dialysis device may further

25 comprise a rectifier to rectify the current originating
from a A.C power supplv. In cne embodiment, the flow
éystem is -powered by compact batteries to¢ ensure
portability. In one embodiment, the Fflow system is
powere& by & rechargeable battery that 1is capable of

30 powering the flow system/dialysis device for at least

eight hours of continucus usage. The conduits through



15carrier for the dialysis device/flow system disclosed herein. Fig. 13 is a picture of another
embodiment of the carrier in the form of a vest for the dialysis device/flow system disclosed herein.
20Fig. 14a and Fig. 14b are CAD (Computer Aided Drawings) of another embodiment of the carrier in
the form of aWes i i&"8lialysis device/flow system disclosed herein. 25P&EA®EEEBtion
Referring now to Fig la, there is shown one embodiment of the disclosed flow system (200), wherein
the flow of the dialysate is toward the sorbent (84) from the peritoneal cavity (60). The dialysate is first
drawn out of the'gefitbnealcaviti (84) srickpassasthrongh a pressuressersor (625 {0 determine if the

pressure of the diglysate being withdrawn from the peritoneal cayity. (60) s within a safe limit.

Valve check point one (64) ensures that valve D (92) is closed before the flow of the dialysate is

allowed to proceed. Onc&valvEEREEK Poirftdhe GYYinditates i vdlve Y {gP)iaissed the
dialysate is pumpegkly: pusp:A €70) tireugh malve L6674 Therdialysatesthen flows tg Lb;valve check
point two (gZ), Wr‘yglg detgrmgeﬁ{whetherzvalve C (682{;%C| sed. If affirmative, the dialysate is allowed
to proceed across va Ve ( ??ovg\ilgred's a pnresgﬁree sERSGr (V%ﬁ.rul-’he &%Esu?eogéiﬁ§&s(76§%%termines
if the dialysate flowisi atithe worrect pfessadiliefdre @tlevanghe wialysate:topreceed intorthe next flow

cireit (202) comerising e Safhent (54) via.egmRSEtor A7), he flow gy (202) camprising

the sorbent (84), the dialysate flow past valve check point three (80), which determines if valve B (74)
is closed as part 2078ttRH&Fletv feedbatk Systent BRsGredthe diaflalecarbesetrfied HeK to the

peritoneal cavity {6Q)ariadbe sightpath. Jherdialysate, thepseentinuesstodlow thrgugh.adfikrin filter (82)
to remove any residual fibri%at may cause damage to the sorbent (84). After removal of 25 residual

fibrin, the dialysafe passes thdtigh te Sorbaht (84) RSHKEFERTB\AIOf GFed Snd Bthe (fiitfanted ions
as described above. Thecsgeneratesbdiatysate exiing fromsthe satbent{84xflows tonasds a storage

module (86) for the temporary;stoage. of excess. dialysalg. AGEWAICN, ., features to
prevent leakage, spillage and bacteria contamination.
The flow system/dialysis device may also be mounted
15 on a carrier that has & wearable configuration so that
the dialysis device comprising the flow system can be
easily transported by the user. The carrier with a
wearable configuration may allow the patient to have
continuous peritoneal dialysis when stationary or on the
20 move. Advantageously, the carrier allcows patient fres
movement and does not restrict the patient’s normal range
of motion undesirably. In one embodiment, the carrier is
made of a material that is light weight, fire resistant
and water precof (non-water absorbing). The carrier may
25 also be made up of a material that is sufficiently hard
| enough to protect - the components and tubings of the
dialysis device from knocks and accidental pinching. In
one embodiment, the carfier is ergonomically designed to -
"~ - distribute the weight of the dialysis device so that the
30 pressure arising from the weight of the dialysis device

is distributed over the users’ body, preventing excessive
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30the dialysate flows past an enrichment module (88), which optionally dispenses a predetermined
amount of desired WO 2009/157878PCT/SG2009/0002311 substance, such as hormones, nutrients
etc, into the dialysate before the dialysate is returned back to the peritoneal cavity (60). Valve check
point four (90Y$s2ptedéfi hear the exit of the enrichment module to 5 detePfRECRAPAIYBIRY(66) is
closed as part of the flow system's feedback control to ensure the dialysate is returned back to the
peritoneal cavity (60) via the right path. Referring now to Fig. Ib there is shown a schematic 10
diagram of one eRilfotliment sfanesisclasediBw Systens (204) cwherels thetflow:of the<lidlysate is

from the enrichmgatipodule(88) e the,peritoneak cavity (6Q).As the diglysate exits,fromthe
enrichment module (88), it passes valve check point four (90) which determines of 15 valve A (66) ia
now closed. If poRitivéEthe: dialy st isCTRFed i3 low thFough éoritectér AT78)pastth@ Pressure
sensor (76) which againdeteismioes ifthe presswse okthe-dialysate flawds instheicorrect region for
entry into tge per%tggea% cavity %602 Lhe djtalyésate\ 20 tré?nglovv.s through valve C (72) which is now

T ohe

open, towards pump A (%5“ F9ump A (a/bf' provcftl:fé:sn the rivmagvf‘or}ge for eeﬁ%rlng e 515@%%& back to
the peritoneal cavity (60)IP@mpd%s €70} propels theddialysdte tha gasTeatover (94) dwougkwalve D
(92) to remove apy.ynwaRied 25 gas emitied during.the dialygis opgrafion, A small volume, of

dialysate is shunted to a pressure regulator (96), which receives feedback from the pressure sensor
and adjusts the ptB&sirB Gt the Aitdysatd loWAacEsidingly by thakgifil the progefiihgSiewesof pump A

30(70). The smalt-walime;of dialysats;is thenallowed:e.enderran agymoniaisensop(7) 4@ determine of
the ammqlaia ngZOOQ 157878PCT/SG2009/000230 . '
! vantageously, the carrier may also be aesthetically
designed for wearable active lifestyle and can be used as

a desktop device.

Brief Description Qf Drawings
15 The accompanying drawings illustrate disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It is to be understood, however,
that the drawings are designed for purpocses of
illustration only, and not as a definition of the limits

20 of the invention.

Fig. 1la 1s a schematic of one embodiment of the
disclosed flow system, wherein the flow of the dialysate

is toward the sorbent from the peritoneal cavity.

Fig. 1lb is a schematic of one embodiment of the
25 disclosed flow system, wherein the flow of the dialysate

" is from the enrichment module to the peritoneal cavity.

Fig. 2a is & schematic of the flow system in. an
alternate arrangement, wherein the flow of the dialysate

is toward the sorbent from the peritoneal cavity.
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level in the dialysate is within a safe range. After detection, this small volume of dialysate is then
collected in a drip bag (98) to be discarded. The majority of the dialysate flows from the gas remover
(94) to a bacterial filter (99) fpr removal of bacteria from the dialysate before returning the dialysate
back to the pBritdA4ITaAty (60). Referring to Fig. 2a there is shown tR€ 6%W289%5t6mM34200') in an
alternative arrangement with the fibrin 10 filter (82") located near the outlet of the peritoneal cavity
(60", wherein the flow of the dialysate is toward the sorbent (84') from the peritoneal cavity (60", i.e.
outflow mode. A numbeF é8teclfical featurexihemare thesshmess thatshownsindgig. la described
above are 15 indigates:by the same refarence nymerakbutwith & prime symbal (3;Valye A (66') and B
(74" open while Valve C (68%qand D (92') close. A tidal volume (prescribed by clinician) of dialysate is
pumped from the patieh?? peRforfdaf tSURFI60 TR the Sforh§€ rMEaIETBES Vieau Hi¢ fibrin filter
(82, pressure sensor B_(62"), pump. (70, flow sensar (67), pressure_sensor A (76') and sorbent (84").
During this mode the flos(vlr%’te %acorllt(?o”%d %%% Iéla‘s%pf(a%d %ifth?‘ii(?‘rbeumf(;e)L €70 BhdiE anitaifel at
constant rate as detefmiied i thestainkiarm\Whearthe flolsensor (673 sefised thet atvalume of
dialysate equal tosthe,tidal volurpe has heen pumped injo,fhe storags,modyle (86), the system enters
the inflow mode as depicted in Fig. 2b. It is possible that during the outflow mode, §8particularly
when the patient iR 5ed, the tube connecting the patient's peritoneal cavity (60') to the. system may
be choked. Under such é;i.rcumitgnc‘es the peritoneal pressure sensor (62') detects an abnormal
pressure and the system tHggers an udio-visUalalarm that isBearetC8hiy"WhER%he Situkfibn is back
to normal again. Audible: alap canrbe:muted-by astiMute’ butten-locatedran afpressure sensor (62') for
a short period of ti is.progr . ferring to Fig. 2b there is shown the flow,system
(204 in gn!paltern%%%t%%;%ge%e??v%bﬁg fiﬁﬁ%%‘@reﬁf%%g%%q?&%e %e???hep Sﬁtjfé:to&etﬁ% peritoneal
cavity (60"), wheréfi'the¥tow. of the dialysate is from the enrichment module (88") to the' peritoneal
cavity (60, i.e. inflow mEQde. A number of technical features that are the same as that shown in Fig. b
described ic above are intfcated by’thé sarERRErencE huiretal bt Wit 5Hhe stAboFEF Valve C
(68") and D (92) cpemwhile Malven A (90Y anth By(88Y) lase. Jhe-dialysate:eentained in the storage
module (86) is pumped back to the patient's peritoneal cavity (60') via the pressure 20 sensor A (76"),
flow sensor (67), gas reficver (G4') afd thestactesa fiteo©9'y sressure senysoreB: (621 anetback to the
peritoneal savity 6Q5): uring ihis made the flowrate is controlled by the speed of the pump (70°) and
is maintained at constant rate as determined by the
valves within the flow system, wherein the flow of the
'dialysat@ is toWward the sorbent from the peritoneal

cavity.

Fig. 5b 1s a schematic of the flow system in yet

20 another alternate arrangemeﬁt with a nﬁmber' of check
valves within the flow system, wherein the flow of the
dialysate is from the enrichment module to the peritoneal

cavity.

Fig. 5c¢ is a schematic of the flow system for the
25 ° removal of the ultrafiltrate as disclosed herein in an

alternative configuration from that shown in Fig. 4.

Fig. & is a functional block diagram of the control

system of the flow system disclosed herein.
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25 clinician. When the storage module (86) pressure sensor sensed an abnormal pressure that signals
that the storage module (86') is empty, the system returns to the outflow mode as shown in Fig 2a.

It is possible that during the outflow mode, 30particularly when the patient is in bed, the tube
connecting tHeEa8IBEHRritoneal cavity (60') to the WO 20091157878PCTI5G20004:280230

system may be choked. Under such circumstances the peritoneal pressure sensor (62') detects an
abnormal pressure and the system triggers an audio-visual alarm that is cleared only when the
situation is back to normial agaih. Auslilble Blanm caatie riuted by the&Mitebuttor lochted en the

pressure sensor (62) for a shor petiod of ime that.is pr ﬁggagble, During- the inflow mode the
the

system (204") pumps a small amount of dialysate throug ammonia sensor 10 (97'). The 'presence

of ammonia in the dialysate willszause the-systern42043 tostop.autormaticaliy.after the storage module
(86fl is empty and tréggers an_audiovisual alarm to prompt the patient to change the sorbent (84"). The
S atfomafiCdily wWhen the 18! Efirionts Sensor(99 dSes heFde et angrore

alarm will be cleafé
ammonia irpthe disdysate.. Audible alarm can be muted by the "Mute™ button located on the ammonia
sensor (97) for a short period of time that is programmable. The system also keeps track of the time
that the 20 present sorl3érit (84% iPi ase \Whehthe sorferit(84) rrinausecfbimore thantthe

predetermined lifespan; &n audio-visyal %@ngﬂggec{@@é%w%whg patient tg change the sorbent
(84"). The alarm will be cleared automatically after power down. Audible alarm can be 25muted by the

"Mute" button for 35Hort period of time that is programmable. Referring to Fig. 3a there is shown the
flow system Fig. 10a-10c are pictures of yet another embodiment
10 of the carrier for the dialysis device/flow s5ystem

disclosed herein.

Fig. 11 1s a picture of a prdtoﬁype of one

embodiment of the entire flow system disclosed herein.

Fig. 12 1is a picture of one embodiment of the
i5 carrier for the dialysis device/flow system disclosed

herein.

Fig. 13 is a picture of another embodiment of the
- carrier in the form of a vest for the dialysis

device/flow system disclosed herein.

20 Fig. l4a and Fig. 14b are CAD (Computer ZAided
Drawings) ' of another embodiment of the carrier in the
form of a vest for the dialysis device/flow system

disclosed herein.

25 . Detailed De$cri§tion
Referring now to Fig 1la, there 1is shown one
embodiment of the disclosed flow system (200, wherein
the flow of the dialysate is toward the sorbent (84) from

the peritoneal cavity {(60). The dialysate is first drawn
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(200") in yet another alternative arrangement with the enrichment module (88") located between
the sorbent 30(84") and the storage module (86"), wherein the flow of WO
2009/157878PCUSG2009/000230 the dialysate is toward the sorbent (84") from the peritoneal cavity
(60"), i.e. outlSWHAHEE'SE number of technical features that are the same BETisaeetsoweLin Fig. 2a
described above are. indicated by the same reference numeral but with prime symbols (). The
operation of the flow system (200") in the outflow mode as depicted in Fig. 3a is similar to that
described above fortFig.f2a; Refereing torkig 13bcthete ys shown thedlopeasystem 10-204H) ia yet
another altermatiye, atangement with the £Pvichment madle (38) {acatad betsen e sarbent (811
and the storage \r%%)dule (86", Wherein‘the')?low of t%{e (fia ysate is from the eﬁﬁgﬁr%eﬁf‘mg%%le (88" to
the peritoneal cafity?@60PF lite. isfiG\W nedéLox P berf 15 e chRicat fseraresthat are tHelsame as
that shown in Fig; 2b.geseribed ahowe argdndicated by the same reference numeral but with prime
symbols ("). The operation of the flow system (200") in the inflow mode as depicted in Fig. 3h is similar
to that destribed above20for Figh&bk: poRefersing naw to Figdrthere lissshewn-a:schematic of the
flow circuit (206) f ttl:] ngg@v@#f the IH filtrate as disclosed.herein, i.e. ultrafiltration removal mode.
A number of tech"‘h%f:a ?eatures t a?é?e%hegzégrvﬁe%ésj t%%?d%cz?l Sdae}tgaov"esargilgai’&%?edt By the same
reference numer&BiisFith a Pringe sEmaBel (9heckDadig theaulgrafilfration: mbtdesthesentire volume of
dialysate including.the-amounbof ultrafilteate generated:hy the-patient is,pHmn;out of the patient's
peritoneal SOcavityJ g60') and into an ultrafiltration bag (%08). When

(70} through wvalve A {(566). he’ dialysate then flows to

10 valve check point two (72), which determines whether

valve ¢ (68) is closed. If affirmative, the dizlysate is

allowed to proceed across valve B (74) towards a pressure

sensor (7¢). The pressure sensor (76) determines if the

dialysate flow is at the correct pressure before allowing

the dialysate to proéeed into the next flow circuit (2023

et
n

comprising the sorbent (84) via connector A (78).

In the flow circuit (202) comprising the scrbent

{84}, the dialysate flow past valve check point three

(80}, which determines if valve B {74) is ciosed as part

20 of the flow feedback system ensures the dialysate can be
returned back tc the peritoneal cavity (60) via the right

path. The dialysate then continues to flow through a
fibrin filter (82} to remove any residual fibrin that may
cause damage to the sorbent (84). After removal of

25 residual fibrin, the dialysate passes through the sorbent
{84) for the removal of urea and other unwanted ions as
described above. The regenerated dialysate exiting from

the sorbent (84) flows towards a storage module (86) for

the temporary storage of excess dialysate. After which,

30 the dialysate flows past an enrichment module (88), which

optionally dispenses a predetermined . amount of desired
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the peritoneal pressure sensor B (62') sensed an abnormal pressure signaling that the peritoneal
cavity (60") is empty, a volume of the dialysate equal to the original total volume as prescribed by the
clinician is then pump 5 back into the patient's peritoneal cavity (60'). The remaining volume in the
ultrafiltration W&2998) & the ultrafiltrate and is discarded. This amount is d€tEBGMEDEBUbtracting
the volume pumped into the patient's peritoneal cavity (60") from the volume pumped out of the 10
peritoneal cavity (60") and recorded in the Secure Digital (SD) card for clinical assessment by the
clinician. Duripgiopera on thespatientcan IStarttStep therpump €70’y anytaumbien of times by
pressing the Star/Siop 1. Bulandoeated faeragn 20Jopg as Ihe.solept (nalshown) isyjgl in use

continuously for more than its lifespan. The parameters measured during the operation are ?ogged into

the SD card for chfiEal-a8sEssmeft by the (@ician! 2DReferfinglto Pt ba thereris $A6Wn #fe flow

system (200") inyetzanotheraliernative arapgemeyt with,a number-ofichack valves (110,112, 114,
116, 118, %O, 122 and 124 Witgin the flow system, wherein the flow of the dialysate is toward the
sorbent (84") fromthe 25 peritonedicality (60" % e. Sutfiow FHEde A RdmbePof (ERANiC& Ratures

that are the samesgs that'shovir¢nlFig: 13a descrited abovesareindicated byithe: samedefarence
numeral but with 9&@%&%@?8?&1% %’ tlgh%p%rggg§ %gl)Bf ég% f'8‘é"|¥§%5§e’}“6@ﬁoﬁ in ttq%eeogﬂow mode

30as depicted in Fig. 5a is similar to that describe ve for Fig. “3a,with the exceptioﬁﬁﬁattin this
WO 2009/157878REF/SG2009/000230 configuration, the valves check points (operated by a valve

actuating motors) described in Fig. 3a are Leplgqed by a number of check valves (110, 112, 114, 1186,
118, 120, 122 and'124) “Fi& ThiBR vaR8s Gflo e fiow Sydtdm 1s shown a schematic

10 diagram of one embodiment of the disclosed flow system
(204), wherein the flow o0of the dialysate is from the
~enrichment module‘(BB) to the peritoneal cavity . (60). As

the dialysate exits from the enrichment mcdule (88), it
passes valve check point four (80} which determines of

15 valve A {66) is now closed. If positive, the dialysate is
al}owed_ to flow rthrough connector A (78) past the

~ pressure sensor {76} which again determines if the

pressure of the dialysate flow is in the correct region

for entry into the peritoneal cavity (60). The dialysate
20 then flows through wvalve C (72) which is now open,
towards pump A (70). Pump A (70) provides the driving

force for delivering the dialysate back to the peritoneal
cavity (60). Pump A t?O) propels the dialysate te a gas

_ remover (24) through valve‘D (82) to remove any unwanted
25 gas emitted during the dialysis operation. A small
volume o0f dialysate is shunted to a pressure regulator

(96), which receives feedback from the pressure sensor

and adjusts the pressure of the dialysate flow
éccordingly by -changing the propelling power of pump A

30 {70y . The s=mall wvolume of dialysazte is then allowed to

enter an ammenia sensor (97) teo determine of the ammonia
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5 to be implemented in a much simpler manner. Fig. 5a also shows an additional air vent (126) present
on the storage module to release pent up gases, a breakable valve 100 leading to an ultrafiltration bag
(102). Referring to Fig. 5b there is shown the flow system 10 (204™) in yet another alternative
arrangementWrRASHaRBer of check valves (110, 112, 114, 116, 118, 120PQP3GpL2UWBithin the
flow system, wherein the flow of the dialysate is from the enrichment module (88) to the peritoneal
cavity (60", i.e. inflow mode. A number of 15 technical features that are the same as that shown in
Fig. 3b describedlabyéve are inticatediin theasamel referende nunseralddia withrprime $yimbals (). The
operation of the f@g\g@g@gghgoogmg thesinflow mode as depigted in giq,g)tlg sir%]gar tghtgf'i[
described above 20 for Fig. 3b with the exception that in this configuration, the valves check points
(operated by a valie sty Hotors) déstRbed il Fid.%3a are feplaed ByssatRitier of dieck valves
(110, 112, 114, 146; 318:120,£122,and 1:24) s The cheek valvesallovstheflow system 2510 be
implementgd in atmuch %imc;:ller Ena&nngr,.lléig. 5b §I§o shows an additional air vent (‘126gﬁpresent on the
storage madule t6 Teldads pERt up yases, & brehkable Vaive £ Téanlinftf to°4F bitfaffitratioag (102).
Referring to Fig. Stahere=is shovn thefflow systemr8Q¢206E Her theaemovat obthecultrafilinate: as
disclosed herein,bg.rglygggndagiogaqlggﬁ ir?@@) alternative configuration from that shown in Fig. 4. A
number of technical features that are the same as that shown in Fig. 4 described above are indicated

by the same reference pumeralibu with prime symbels.€4).{Ehes Soperatian f the flowsystem (200™)
in the uItrafiItrationﬁlrggde as depicted in Fig. Sc is similar to that described above for Fig. 4 with the

exception that in {Ki€ CohfigtifatiBR, the vaRva8 th8k Foife [BpBRtEd B ARalvE &ctdafify fhotors)
described in Fig. Balarer 10 éeplacedbby asaumber:of checkaualves (136, 112 134,116,188, 120, 122

and 124). The chgggy%vels@l_lqu tr‘]v, ngisf%/s%%rg t%PewlmOo%e@EQt%qt%rb&?rg%%h Elsrnpclgga%n?&ner. Fig.
Sc also shows an additional air vent (1 tSe) present on the storage module to rélease pent Up gases, a
breakable the sorbent (84’) from the peritoneal cavity (607), i.e.
outflow mode. A number of technical features that are
~the same as that shown in Fig. la described above are
15+ indicated by the same reference numeral but with a prime
symbol (7). Valve A (66’) and B {74’} open while Valve C
(687) and D (92’) close. A tidal volume (prescribed by

clinician) of dialysate 1is pumped from the patient’s

peritoneal cavity (607} into the storage module (86’) via

20 the fibrin filter (827), pressure sensor B (627), pump
(7¢"}y, £flow sensor (67), pressure sensor A (76') and
sorbent (847). During this mode the flow rate is

controlled by the speed of +the pump (70’) and is
maintained at constant rate as determined Dby the
25 clinician. When the flow sensor (67) sensed that a volume
of dialysate equal to the tidal volume has been pumped
into the storage module (86}, the system enters the

inflow mode as dépicted in Fig. 2b.

It 1s possible that during the outflow mods,
30 particularly when the patient d4is in Dbed, the tube

cennecting the patient’s peritoneal cavity (60') to the.
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15valve 100 leading to an ultrafiltration bag (102). Referring now to Fig. 6 there is shown a
functional block diagram of the control system (500) of one embodiment of the flow system disclosed
herein. The control system (500) of the flow system is powered by a 20 rechargeable battery (502).
Electrical acc¥8s2t§i&7¥é&hargeable battery (502) by the flow system, is detarsdized:apthe power
management module (504) which comprises a on/off switch (not shown). The power management
module (504) also allows the rechargeable 25 battery to power a Real-Time Clock (506) which itself
comprises a backiipsb&tteryin caseof faihwrkat the Rethargeable battery (502)aThecontiat system
(500) further comprises & picrocontraller,(516) whigh is preprogrammed:to reéglgiveagzq% send signals to
the various 30components of the control system and the flow system. The microcontro feris electrically
linked to an ammBhfa® ¥8heoriBE8) TAGdis ViR inbicHEEGED8 R pumpdhotor (5Ee): valiemotor (512),
Secure Digital (SB) gard interface-(&14): Instiumentation Amplifier{(520.522) . JRUSRHEGNS (524),
pressure sensors {%g?hSZ u%o 55enslor1(g30%ﬂand valve limit switches (532). ~ When in use, the
flow systern is first powered up f)yltﬁe trAZdh suiteh Bf tHEP&tertiargetiBitmodiE (884). When
the turn-on switch {s-priesgedthe povsersmanagement motitle (506) allowspowessaccess of the
microcontroller 10;(516) and o}@e&ag%@]pg&gggslgfnthe contral system, flow system and dialysis device,
leading to the activation of the entire dialysis device. The pump motor (510) and valve motor (512) are

activated to drive the dialysis-fltighfromsthe; peritopealavity of the, patientiptodhe,, o ystem
(2047) in an alternative arrangement with the fibrin

i0 filter (82") located near the outlet of the peritoneal

cavity (60’), wherein the flow of the dialysate is from

the enrichment module (8B8) +to the peritoneal cavity

(607), i.e. inflow mode. A number of technical features

that are the same as that shown in Fig. 1b described

above are indicated by the same reference numeral but

}..1
(@3]

with a prime symbol (7). Valve C (687) and D (92’) open
while Valve A (907) and B (8B0') close. The dialysate
-contained in the storage module (B86’) is pumped back to
the patient’s peritoneal cavity (60’) via the pressure
20 sensor A (767), flow sensor (67), gas remover {94*) and
the bacteria filter (99’}? pressure sensor B (62') and
back to the peritoneal cavity (60’). During this mode the
flow rate is contrclled by the épeed of the pump (707)
and is maintained at coastént rate as determined by the
25 " clinician. When the sﬁoiage module (86') pressure sensor
sensed an abnormal pressure that signals that the storage
module (86') is empty, the system returns to the outflow

mode as shown in Fig Z2a.

It is  possible that during the outflow mode,
30 particularly when the patient is in bed, the tube

connecting the patient’s peritoneal cavity (607) to the
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15 dialysis device. The pressure sensor (528) senses the pressure of the peritoneal cavity to
determine if any obstructions had occurred between the peritoneal cavity and the pump. A signal is
then sent from the pressure sensor (528) to the instrument amplifier (522), which 20 amplifies the
signal and pa&&e¥tpésasiplified signal to the microcontroller (516). Similarig the:presawnacsensor (526)
senses the pressure of the storage module to determine if any obstructions had occurred between the
peritoneal cavity and the pump, before transmitting the 25signal via the instrument amplifier (520) to
the microcontroller(5iiaiuFromethe armplifiad sighals ohtained Fannthe-pressuke sepsars(526,528),the

microcontroller (518).then decide; ther to activate th io visyal indicator (508) to alert the user
of any 30obstruct{%)ns. Feed%ack%’lg/gzér'%a%é1 g%e a?ézon?eoc%ive?déagi/qtheQrﬁi%?gé:osntr(ﬁ%r (%%fﬁ%‘ﬁwlthe flow
sensor (530) and BA€ SFAlVE limit Switifes(B32EFromitbefeedback signats-obitaired byltherflow

sensor (530) and the valve limit switghes (532), dhe migrocontroller (516) decides if the direction of flow
is correct apd proceeds to activate the 5 valve motor (512), which in turn controls the opening and

closing of the vario?R Valves'ifithe SyqeAr ritirethatthedialygats How Wit fie dotidetdirection.

The control systeiiszalsa programmesktessotind eft the-audiavisyalipgdicator (508) after Jaours of
usage and 6 hourgf 1Qidﬁ§emci@1%tgsio§ usage asar inder to the user to replace the spent sorbent.
The time of usage Is actively monitoredl "byg’[herﬁlea ime Clock (506). The SD-card interface (514)

stores the patient’s spegific- g@@uirgq@ntf,ﬁq)%vlgg@elogggthgggg&%s. thaihave ocgu}ged during the
operation of the flow ﬁ:tem as a reference for the clinician. eferring now to szg 19 fhefe is shown

a flow chart showiithe flBRPSF dialysatedh BhvémbBdirmeatstihe Ho® systErT(E00)swharein the flow

of the dialySate is(97’). The presence of ammonia in the dialysate will
cause the system (204') to stop automatically after the

storage module (867} 1s empty and triggers an audio=-

visual alarm to prompt the patient to change the sorbent

(847). The alarm will be c¢leared automatically when the

15 ammonia sensor (977) does not detect anymore ammonia in

the dialysate, Audible alarm can be muted by the “Mute”

button located on the ammonia sensor {877) for a short

period cf time that is programmable.

The system alsco keeps track of the time that the

.20 present sorbent (847) is in use. When the sorbent (847}
1s in use for more than the predetermined lifespan, an
audic-visual alarm is triggered to prompt the patient to

change the sorbent (847). The alarm will be cleared
automatically after power down. Audible alarm can be

25 muted by the “Mute” button for a short period of time

that is programmable.

Referring to Fig. 3a there is shown the flow system
(200"7) in yet another alternative arrangement with the
enrichment module (8877} 1located between the sorbent

30 (8477} and the storage module (86’7), wherein the flow of
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20 toward the sorbent (602) from the peritoneal cavity (604) as indicated by the upward arrow. The
dialysate is first drawn out of the peritoneal cavity (604) and passes through a transfer set (606) and
pressure sensor (608) to determine if the pressure of the dialysate being 25withdrawn from the
peritoneal caWyXB®a51&7within a safe limit. The dialysate flows througB&rfitsinofiltes3810) to
remove any residual fibrin that may cause damage to the flow system (600). After removal of residual
fibrin, the 30dialysate passes through the Pump (612), flow sensor 614 and another pressure sensor
(616). The dialysatecthemi $V@=2009/157 8 78PC TS G2069/080230rpassesithrough @ennedter A (618)
and proceeds on ta the sgtbent, (602). The dialysate ap@sssaé@g&g%?g Sorbent (602) for the removal
of urea and other unwanted ions as described above. The regenerated dialysate exiting froth the
sorbent (602) flows f6Wareislthe EnfieRfent MbtulRB20)WhictPaisperises afpredéterminéd amount of

desired substance; such as hogmenesnautrientsantibigtics, et intetbe diglysateheforg, the dialysate
reaches the storarqggﬁodule (622) for the temporary storage of excess 10dialysate. A tidal volume

(prescribed by clinfcian)of dfalysateTs Bumpdd-frofthe patiehts .péiiBR8aFcavity (504) it the
storage module (622): Duiring this atifowlmede the flow (radod s’ gontrolleddydthespeedraidhe pump 15
(612) and is mainiaing, st constan rate.as dgtermined by Jbe clnigian,. Woen thg flgw sensor (614)
sensed that a volume of dialysate equalto the tidal volume has been pumped into the storage module
(622), the systen-&rtefs the flow mode wherein the flow of the dialysate is from 20the storage

module (622) to the peritoneal cavity _(604%), N ) i
Referring” €o Fig. 3b there is shown the flow system

10 {(2047") in yet another alternative arrangement with the
enrichment module (88’7} located between the sorbent

(8477} and the storage module (8677), wherein the flow of

the dialysate is from the enrichment module (88’') to the
peritoneal cavity {6077), i.e. inflow mode. A number of
15 technical features that are the same as that shown in

Fig. 2b described above are indicated by the same
reference numeral but with prime symbols ('), The
operation of the flow system (20077) in the inflow mode
as depicted in Fig. 3b is similar to that described above

20 for Fig. 2b.

' Referring now to Fig. 4 there is shown a schematib
of the flow circuit (206) for the removal of the
ultrafiltrate as disclosed herein, i.e. ultrafiltration
removal mode. A number of technical features that are the

25 same  as ﬁhat described above are indicated by the same

reference numeral but with a prime symbol ().

During the ultrafiltration mode the entire volume of
dialysate including the amount of ultrafiltrate generated
by the patient is pump out of the patient’s peritoneal

30 cavity (607) and into an ultrafiltration bag (208). When
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It is possible that during the outflow mode, particularly when the patient is in bed, the tube connecting
the patient's peritoneal cavity (604) to the system may be choked. Under such circumstances the 25
pressure sensor (616) nearer to the transfer set (606) detects an abnormal pressure and the system
triggers an atfiffodfigh&Isdkarm that. is cleared only when the situation is ba@KESEnigagain. Audible
alarm can be muted by a "Mute" button for a short period of time that 30. is programmable. WO
2009/157878PCT/SC2009/000230 Fig. 7 also shows the flow of the dialysate is from the storage
module (622) to theperitondalrcanity (664 pas indieated:byBthesdifactivarafdtie arravporiginating from

the storage modyle..As the dig@&ggqlgﬁi&s f{g{ggh%ﬁgrggeermgg#gea( 22),J1.: se)& g,o)nnector A (618)

and proceeds on to the pressure sensor(616), flow sensor (614) and Pump (612.)- Thé?l dialysate
is then diverted t6&degasder (8247 Betdre Thé didlyshis 45 alloeibtb procedcontei® ibdlacteria

filter (626) from the degasser(b24) A smal velurae of dialysate wilh be parged fromuthe flow, system
(600) to a amm%nia sensor (62%)’ for the detection of ammonia in the dialysate. The ammonia level in

the dialysae is tHeh-deterfifted if  is WithinT B safe BEFange A e fhafority Githe dialfaste flows
from the degasserd€624):tong bactenzfilter (626) foi rembiakofzhacteriazthe(diabysatesnawdlows from

the bacteria filter (626). to; ptessure sensar(698), fibrin filter.set (610) and transfer set (606) and back
to the peritoneal 20 LE:avity (604). During thsi;s modce t e’ef ow rﬁaltles(is %%?ﬁ‘flr%ﬁe& %y(tgﬁg %’6‘&%&% the pump
(612) and is maintdinetatédistantraté 4% détetmiifed byt dlinicfre Whes pressurersersor (616)

nearer to the conpeetordp48) sensad an phmormalpressike that signals 251hatthe sterage module
(622) is empty, the system returns to the outflow mode from the peritoneal cavity (604) to the sorbent

(622). It is posSibte At turifig thé InfloW tdde, FiticdIgA§ wHeh thepatleht is #E5etE the tube
30connecting thebpatient’s petitoneal cavity (604} to thei system may be chekad. Under sugh

circumstances thgl inician

During operation the patient can Start/Stop the pump

(707) any number of times by pressing the Start/Stop

15 button located thereon so long as the -sorbent (not shown)
is not in use continuously for more than its Jlifespan.

The perameters measured during the operation are logged

inte the SD  card for «c¢linical assessment Dby the

clinician.

20 -' Referring to Fig. 5a there is shown the flow system
‘ (2007 77) in yet .another alternative-arrangement with &
number of check ﬁalves (110, 112, 114, 116, 118, 120, 122

and 124) within the flow system, wherein the flow of ths
dialysate 1s +toward the sorbent (84777 from the

25 peritoneal cavity {60777y, 1.e. outflow mode. A number
of technical features that are the same as that shown -in

Fig. 3a described above are indicated by the sane
reference numeral _but with prime symbols (777). The
operation cof the flow system (200'’7) in the ocutflow mode

30 as depicted in Fig. 5a is similar to that described above

for Fig.  3a, with  the exception that in  this
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WO 2009/157878PCT/SG2009/000230 pressure sensor (608) nearer to the fibrin filter set (610)
detects an abnormal pressure and the -system triggers an audio-visual alarm that is cleared only when
the situation is back to normal again. An audible alarm can be muted by a "Mute" button for a short
period of tim& th&t ¥ fdGrammable. During the inflow mode,the flow syst&AHEONHUEAH a small
volume of-dialysate through the ammonia sensor (628). The presence ofammonia in the dialysate 10
will cause the flow system (60.0) to stop automatically after the storage module (622) is empty and,
triggers an audioisdalcalanh topronifithevpatisr to-divarige 2 Borber(B02) tTHe aldrmawill be

cleared automatigally, whes:the ammopia sesor{628) does not, detect anymore 15.ammania in the

dialysate  Audible alarm can be muted by the "Mute" button for a short period of time that is
programmable. ©Y The SyStBATalst keeiRTFackoF tRé tirhétRat the Dreskht sorbeht (6b2Fis in use.

When the sorbert£602)120 is: iniuse for mote=thandbe pf@ﬂe%mnad;uf%@@nmmammwal alarm is
triggered tQ prompt thy the patlerit to ch,éange the sorberg (602 The alarm will bﬁ clea UJT matically
after power down- Aucf'ble &larm can be muted Bly the eoutt%nnf?)r d 'shoft” perloda Fime 25that
is programmabIeShOWAftéFltt@é@@iwgdalealarmwthah@é the sdeserit isactivatedt theagatient will

stop the dialysis mode, and.activate. the.ultzafijiratign mode of ogeratian @ét@wrem%th%@a' in
Connector B. This allows the entire 30volume of dialysate to be pumpe from the peritoneal
leading to an ultrafiltration bag (1023,

Referring to Fig. 5b there is shown the flow system

10 (204777) in yet another alternative arrangement with a

. number of check valves (110, 11z, 114, 1ie, 118, 120, 122

and 124)lWithiﬂ the flow system, wherein the flow of the

dialysate is from the enrichment module (88;) toc the

peritoneal cavity (607), i.e. inflow mode. A number of

15 technical features that are the same as that shown in

Fig. 3b described above are indicated by the same

reference numeral but with prime symbols {’''}. The

operation cf the flow system (200777) in the inflow mode

. a2s depicted in Fig. 5b is similar tc that described above

20 for Fig. 3 with the exception that in  this

configuration, the wvalves check points (operatéd by a

valve actuating motors) described in Fig. 3a are replaced

by & number of check wvalves (110, 112, 114, 11s, 118,

120, 122 and 124). The check valves allow the flow system

25 to be implemented in a much simpler manner; Tig. bb also
shows an additiconal air vent (126) present on the storage

- module to release pent up gaées, a breakable wvalve 100

leading to an uvltrafiltration bag {102} .

Referring to Fig. 5c¢ there is shown the flow system
30 (208777} for the removal of the ultrafiltrate as

disclosed herein, i.e. vltrafiltration mode 1n an
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cavity into the ultrafiltration bag. When the peritoneal cavity is empty prompted by an abnormal
negative pressure at the pressure sensor near to the transfer set, the system will return an amount of
dialysate equal to the 5 Sum of tidal plus reserve volume (as determined by the clinician) into the
patient's peritdHAP AR/ The remaining amount of dialysate in the ultrafif¥aiSG26G0be total
ultrafiltration that the patient generated minus the amount of dialysate in the sorbent after
10exhaustion. Upon completion of the ultrafiltration mode, the system is shut down and the
disposal module &'di§éariidcted froRt tE e disposalomodule and replacel witi amewddisposal

module. After whigh-the rechargeabls haftery-is.replaced with-a new rechargeahle battery. .

Referring now to Fig. 8a-8c, there is shown one embodiment of the carrier (700) for the dialysis
device/flow systefi THe dialysi§ dedicBRfsw Systent Rodfached 174 beR iRE carriéh(@0vjtHat can be
worn 20 around thefwaish o¢ the:user.zQnetcompariment 7Q2)s capable of storing;the disposable

module while another. compartment (704) is capable of storing the nop-dispgsable part of the dialysis
device/flow systefgr%%ﬁ]%%éagrnrier (%0) istat?achegg fo'a buséf{fet%‘?%) fgrgg%curijg 25tHe cafrigr to the

user. Referring to*- Figeda-begsictipes bbanotiercdembothtientofithe .cafderiin thexfoimmofsosling
pouch (710) for the, dialysis;devicefloysysterpare shown, The dialysis d%‘é!%%’;&'?\lx\vlcb%ﬁ&%@tis

attached- to a carrier 30(710) that can be slung across the shoulder of the user.

2009/157878PC T3 GZ0%/G00P5 o dsparteni7i2is capas opsiding therdfispdssble module

while another compartment{{¥24)dstuating motors) described in Fig. 3a are
10 replaced by a number of check valves (110, 112, 114, 116,
118, 120, 122 and 124). The check valves allow the flow
system to be implemented in a much simpler manner. fig.
5¢ also shows an additional gir vent (126) present on the
storage medule to release pent up gases, a breakable

15 vaive 100 leading to an ultrafiltration bag (102).

Referring now to Fig. 6 there is shown a functional
block diagram of the control system (500} cf one
embodiment of the flow  system disclosed herein. The
control system (500) of the flow system is powerad by a

20 rechargeable battéry (502). Electrical access to the
rechargeable battery (502) by the flow systemn, -is
determihed. by the power management module (504) which
comprises a on/off switch (not shown). The poﬁer
management module (504) also allows the rechargeable

25 battery to power a Real-Time Clock (506) which itself
comprises & backup battery in case of fallure of the Re-
chargeable battery (502). The control system (500}
further comprises a microcontroller {516) which is
preprogrammed to receive and send sigﬁals to the wvariocus

30 compeonents of the contrel system and the flow system. The

micreocontroller 1is electrically linked to an ammonia
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capable of storing the non-disposable part of the dialysis device/flow. system. The transfer' Set. and
fibrin 5 filter set is located at the back of the carrier (718). The carrier (700) is attached to a buckle
(706) for securing the carrier to the user and a comfort sling (716) for slinging across the user's
shoulder. RelEHHYYEEHG® 10a-10c, pictures of another 10 embodiment ofrtiesszamienimthe form of a
backpack (740) for the dialysis device/flow system are shown. The dialysis device/flow system.is._.
attached to a backpack like carrier (740) having straps (752a and 752b) that runs over the users
shoulder. The straps£752a @b 752y uts supportthe entite cliadysis dévise/flowsysternvand distribute

the weight of the dialysis deyice{flow gystem ackoss,both.shoylders,of gtrjl_% gﬁtiegkﬁne compartment
' i (

(744) is capable of storing the disposable module while another compartment is c%%g le of
storing the non- 28 didpdsable part of the HigtjdiseRNicicon sybtam i The transfer Geband fibrin filter

set is located at the fiack-ofthergarries (748). The saniar (249)ds attachegto aduckle (75Q),for
securing t carriser tgs'ttﬁ:e L¢$%r Refegin‘g now tg Fig. 11, there is shown a picture 25 of a prototype of
one embodiment ot the entire flow By aterR tisclos8H herdih Fwith % dispésable module (800), the

non-disposable compongnt of the flaw system (802) and. the transfer. set (804) described above.
Referring now to Fig. 12, there is shown one 30em ogﬁﬁtér?tﬁ bﬁﬁe%:‘é‘?r?é:r. %863‘?8?{ therdidsis WO

2009/157878PC386 20051000238 Hevide/fdw S)5teRoR02)nFhe attalgsis devitel(302) istattached to a

belt like carrier (3003 thaticanthe-wosn arqund-the:waist gt theuser, A tube (304) whigh exits from the
dialysis device/flow ggitem &%?Oé? seryes a conduit for the dialysate to flow from the peritoneal cavity
ce'(

of the user to the tialysis device! (302) 8Ha fofifHe d&RRISdeviceithv BY<ERC@B2Y BheRTo0 the

peritoneal €avity. (516} and other components of the control system, flow

system and dialysis device, leading to the activation of

the entire dialysis device. The pump motor (510} and

valve motor (512) are activated to drive the dialysis

fluid from the peritoneal cavity of the patient into the

15 diaiysis device. The pressure sensor (528) senses the
pressure of the peritoneal cavity to determiﬁe if any '

obstructions had occurred between the peritoneal cavity

and the pump. A-Signal is then sent from the pressure

sensor (5Z8) to the instrument amplifier {522), which

20 amplifies the signal and passes the amplified signal to

the microcontroller (516). Similarly, the pressure sensor

{526) senseé' the pressure of the storage module to

determine i1f any obstructions had occurred between the

peritoneal cavity and the pump, before‘transmitting the

25 signal wvia the instrument amplifier (520) to the
microcontreoller (5167} . From the amplified signals
obtained from the ©pressure sensors (526,528), the

microcontroller (516) then decides whether to activate
the audio visual indicator (508) to alert the user of any
30 obstructions. Feedback signals are alsc received by the

microcontroller (516) from the flow sensor (530) and the
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Referring to Fig. 13, there is shown a picture of 10 another embodiment of the carrier in the form of a
vest (306) for the dialysis device/flow system (308). The dialysis device/flow system (308) is attached
to a vest like carrier (306) having two straps (304a, 304b) that runs over the users shoulder. The
straps (304a302¥p1578liport the entire dialysis device/flow system and BiStisiR@nesaight of the
dialysis device/flow system (308) across both shoulders of the patient. Referring now to Fig. 14a
and Fig. 14b, there is shown CAD (computer aided drawings) of another embodiment 20 of the carrier
in the form of a v&stfeethe didlysisdevicbAlow s§stem disclosedthereiheAdtshoivn i §igs 18b, a

button (400) is located onsthe carrier {426) 40, disendage the gonnector helding the dialysis. device/flow

system in place and in contact with patient's torso. 25 Button (404) located on one side of the carrier
(420) serves to di¥8nGEHES dispédablé fRodtite FORP T Baret (420) ThdssatAeraldd cohmrises a

female connectorq#06} ta ast ag asfiuich conduit 1o-apd feom the patients peritoneal sawity for dialysis.
For the ease of the %{(}){patienc's u%esz%%%carrier 420) houses a removable electronic_control panel

(414) having an on/off Butten W 1157878PCT1SE 50661000338 [dt58) CRYRiBuisT (410),

intermittent alarmc(#12}:aind @h LOE: screen ¢4E6) te Indicate for instancesammonia ospsessure
abnormalties. Advagagaqusly, 16 cgnolianel (414) hasa siplecintedace Al i usey friendly.

More advantageously, this allows éase of use for the elderly and those on the move. The carrier (420)
on its own also pfRAde<hstilatiorftoithe iy s 8ASGIHG thatthe Aemdsphéric emperatare does not

adversely affect the demperature of dhe dindysate.sthe carmer(420)is alsa 0 sufficient]y hard to
protect thﬁ[ﬁomp%r%ents arggl tubinigs of the dialysis device/flow system from knocks and accidental

pinching. The carfier (420)" 1€ IS5 ligHtFEIgRE fife FESTeBAT AN WatdF prodt IndrRwhts @gorbing).
Moreover, the cabier (420ristergenoimically 15rdesignechavithaeight:egenly tistributed-te prevent

pressure points apd strain on ti}%bo MeThﬁ@%\(/fran %eégh&gg t(q{e c%ri;?ér)(ﬂo%gnd tgs_digli(gis
device/flow system ranges from 2.5 kg to 3.5 kg. When in use, a pafient'wears the Vest/carrier (420)
interface (514) stores the _pati@nt’s specific

requirements and saves a log of the events that have

15 occurred during the operation of the flow system as a

reference for the clinician.

Referring now to'Fig 7, there is shown a flow chart
showing the flow of dialysate in an embodiment of the
flow system (600}, wherein the flow of the dialvysate is

20 toward the sorbent (602) from the peritoneal cavity (604}
2s indicated by the upward arrow. The dialysate is first
drawn out of the peritoneal cavity (604) ‘and passes.
through a transfer set (606) and pressure sensor (608) to
determine 1if the pressure of the dialyséte being

25 withdrawn from ‘the peritoneal cavity (604} is within a

safe limit.

The dialysate flows through a fibrin filter {610) to
remove any residual fibrin that may cause damage to the
flow system (600). After removal of residual fibrin, the

30 dialysate passes through theKPﬁmp (612), flow sensor 614

and another pressure sensor (616}. The dialysate then
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20 having two modules (not shown) mounted onto it. The patient then attaches the female connector
(406) from the carrier (420) to another male connector (not shown) exiting from the peritoneal cavity.
After which, the dialysis device is switched on using the on/off button 25 (408). The LCD screen (416)
then lights up®@ ittéat8’that the dialysis device/flow system is switched ofC§ErRéaRFHESorbent
module is designed to be changed or recharged after eight hours of usage. The beep alarm (412) will
sound 2 hours before, followed by 1 hour and 3015 minutes before the designated eight hours of
usage, to alert thegsatient torctrange therspertsorifent Sl chamyg theospedtssorberttothetpatient first
switches off the dialysis flevicedflow sysfemuusing dhe onjoff hutton (408), the,spent sarhent is then

removed from the carrier (420) by using the disengaging button (404). A new 5sorbent is replaced and
the patients startd e machine -a§aiR=BppRcatiohs ‘e did8iBs et 6w system ihdy belfsediTor 10
peritoneal dialysis ot hemedialysis-Advaniagequsly.dheflow systerny onlyreguires.the gpepumMp.
Advantageously, as only one pump js.required to work the flow system in a dialysis device, the overall
weight and size o fe (%3@%%g§evi&@ié%re uic:%"asfro?r—‘ﬁ”é%ﬁ\‘/%sntio“% di%?yré%scq%%%tebﬁﬁéu?‘rﬁs again
improves portabilityasf thevdiatysisideviee anel patiemtsiatobility.r¥dresadvarntageduslys asahly one
pump is required, fhe puerall power.cansumption.isrequired fa otk the, Ao system of tbe dialysis
device is reduced_ This relates to the use of less power 20 storage devices such as batteries, which
in turn reduces tHé*6%erdiFeight Bt e Bvicerand the Wefghtthat thealiser Fas B 66ar. 1haddition the
requirement of less peaver tadanction theflow: systemeofthe dialysis device-prolongsdhe duration of
the power gtorag ,delvices usage 25 before the next power storage device are recharged or replaced.

Advantageously, 1 ré38c8s the hassle of recharging or replacing the power storage devices

frequently. A tidal volume (prescribed by clinician) of
“dialysate is pumped from the patient’s,§exitoneal cavity

(604} into the storage module (622). During this outflow

mode the flow rate is controlled by the speed of the pump

15 (612) and is maintained at constant rate as determined by

the clinician. When the flow sensor (614) sensed that a

volume of dialysate equal'to the tidal volume has been

pumped into the storage modﬁle {(622), the system enters

the inflow mode wherein the flow of the dialysate is from

20 the storage module (6Z2) to the peritoneal cavity (604).

It is possible that during the outflow mode,
particularly when the patient 1s in bed, the tubs
connecting the patient’s peritoneal cavity (604) o the
system may be choked. Under such circumstances the

25 pPressure senscr (616) nearer to the traﬁsfer set (606}
detects an abnormal pressure and the system triggers an
audio-visual alarm that is c¢leared ‘only when the
situation is back to normal again. Audible alarm can be
muted by a “Mute” button for a short pericd of time that

30 . is programmable.
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While reasonable efforts have been employed to 30describe equivalent embodiments of the present
invention, it will be apparent to the person skilled in the art after reading the foregoing disclosure, that
various other modifications and adaptations of the invention may be made therein without departing
from the Spirtt @A8P8d8PE%f the invention and it is intended, that all such nE6diREatiNRHEIH adaptations
come within the scope of the appended claims. Claims 1. A flow system of a dialysis device
comprising: a dialysate conduit which is capable of being in fluid 5 communication with the peritoneal
cavity of a patient's bod¥ighd of behsyp insfivie Tohiraudibatior Withleflol patis.said flewipath allowing

dialysate to flow e & paiegs hedy.oa srbent qapable ofemaving coniagnants Within said

dialysate in an outflow mode and in an inflow mode 10returning said dialysate substantially free of
contaminants to §aid pAfeAESBOdy?Y T“RSHufhpRfF Mheving Said dralysate vlong said #éhasath in both
the outflow moderanghirflow mosles g-plueatity of values disposedialang saidflew pathy the

5 . storage module (622), it passes Connector A (618) and
"proceeds on to the pressure sensor (616), flow sensor

(614) and Pump {(612).

The dialysate is then diverted to a degasser (624).
Before the dialysate is allowed to proceed on to a
10 bacteria filter (626) from the degasser (624), a small
volume of dialysate will be purged from the flow system
(600) to an ammonia sensor (628) for the detection of
ammonia in the dialysate; The ammonia level in the
dialysate is then determined if it is within a safe
15 range. And the majority of the dizlysate flows from the
degasser (6Z24) to a bacteria filter (626) for removal of-
bacteria. The dialysate now flows from the bacteria
filter (626} to pressure sensor (608), fibrin filter set
{610) and transfer set (606) and back tec the peritoneal
20 cavity {604). During this mode the flow rate is
controlled by the speed of the pump {612) and is
maintained at constant rate as determined by  the
clinician. When pressure sensor (616) nearer to the
connector (618} sensed an abnormal pressure that signals
25 that the storage module (622) 1is empty; the system
returns to the outflow mode from the peritoneal cavity
(604) to the sorbent {(822).
It is possible that during the inflow mode,
particularly when .the patient 1s in bed, the tube
30 connecting the patient’s peritoneal cavity (604) to the

system may be choked. Under such «circumstances the
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15 and being configured to, in the outflow mode, allow said dialysate to flow from said dialysate
conduit to said sorbent for removal of contaminants therein, and in the inflow mode, allow dialysate
substantially free of said contaminants to flow back to said dialysate. conduit for 20transmission to said
patient's body* @AY*1578’8torage chamber in fluid communication with said§ldfGsaeh/ossieh storage
module configured to store dialysate that is substantially free of contaminants which have been
removed by said sorbent. 25 2. The flow system as claimed in claim 1, wherein said flow system
comprises only oR& pEfYF that B GseratiVelfor bathahe inflow mdde andothenoutfiow mode=80 3. The

flow system as claimed in @@H@&fyrthﬁﬁcomﬂéﬂgaﬁo %@@@%@e:Sheg{“HDE%U system

PCT/802009/000230 Received 29 July 2010
triggers an audio-visual alarm thay is cleared only when

the situation is back to normal again. An audible alarm
5 can be muted by a “Mute” button for a short period of

time that is programmable.

During the inflow mode, the flow system (600}
diverts a small volume of  dialysate through the ammonia
sensor (628). The presence of ammonia in the dialysate

ER; ﬁill cause the flow system (600) to stop automatically
after the storége module (6ZZ2) is empty and triggers an
audio-visual alarm to prompt the patient to change the
sorbent {(60Z). The alarm will be cleared automatically
when the ammonia sensor (628) does not detect anymors

15 ammonia in the dialysate. Audible alarm can be muted by
the ™“Mute” button for a short period of time that is

programmable.

The system also keeps track of the time that the

preseit sorbent {602) is in use. When the sorbent (602}

20 is in use for more than the predetermined lifespan, an
audio-visual alarm is triggered to prompt the patient to
change the sorbent (602). The alarm will be cleared
automatically after power down. Audible .alarm can be

muted by the “Mute” button for a 'short period of time

25 that is programmable.

After the audio-visual alarm to change the sorbent
is activated, the patient will stop the dialysis mode and
activate the wultrafiltration mode of operation after
breaking the seal in Connector B. This allows the entire

30 volume of dialysate to be pumped from the peritoneal
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a fibrin filter means disposed along the flow path to, in an outflow mode, remove fibrin from dialysate
before said dialysate enters said pump, said plurality of vales and said sorbent. 5 4.The flow system as
claimed in claim 3, wherein the fibrin filter means is disposed on said flow path adjacent to said
dialysate contf{t2¥8857%7& flow system as claimed in any one of the precedinysdadmaofusther
.comprising: a Micro-organism filter means being disposed along said flow pat_h, said micro-organism
filter means being configured to remove microorganisms from 15the dialysate when _
transmitted alongthe flow pathe 6 tThe fdwrsyStémras tclaimed in claim b, wherein the saiska-organism

filter means is dispgsed @lang the flow path befween the pump and dialysate 20'conduit. 7. The flow
system as claimed in an};;;one of he?]prgﬁc?édf?]g C ai%rrr%s, urther 85%%“8%@]?{% pl}frﬁpplroedsuslél‘h%vmg said
mxnpandpaﬂoﬁ?&dthe pressure sensor near to the transfer set, the

system will return an amount of dialysate equal to the
5 sum of tidal plus reserve volume (as determined by the
clinician) into the patient’s peritoneal cavity. The
remaining amount of dialysate in the ultrafiltration bag
is the total ultrafiltration that the patient generated
minus the amount of dialysate in the sorbent after

10 exhaustion.

Upon completion of the ultrafiltration mode, the
system 1s shut down and the disposal module is
disconnected from the non disposal module and replace
with a new disposal module. After which the rechargeakle

15 battery is replaced with a new rechargeable battery.

Referring now to Fig. 8a-8c, there is shown one
embodiment of the carrier (700) for the dialysis
device/flow system. The dialysis device/flow system is
attached to a belt like carrier (300) that can be worn

20 around the waist of the usei. One compazﬁment (702) is
capable of storing the disposable modu;e while another
compartment  (704) is capable of storing the non-
disposable part of the dialysis device/flow system. The
carrier (7C00) is attached to a buckle (706) for securing

25 the carrier to the user.

Referring to = Fig. 9a~-%c, pictures of another
embodiment of the carrier in the form of a sling pouch
(710) for the dialysis device/flow system are shown. The
dialysis device/flow system is attached to a carrier

30 (710) that can be slung across the shoulder of the user.
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25flow path disposed therein, said pump module being. capable of being coupled to a patient's body;
and a sorbent module capable of being reversibly attached to the pump module and having the
sorbent and the other part of the flow path disposed 30therein, 51 Amended Sheet IPEA/AU
wherein whe® the4iHéiit module is attached to said pump module, the fl®watrwbhesorbent
module is in fluid communication with the flow path of the pump module. 8. The flow system as
claimed in any one of the preceding claims, further comprising gas vent means disposed along said
flow path for remé¥irg gasfroar tireedialysdtel 10 9. The floarsystem asfclaimed i staim B8hwherein

the gas vent meags comprises azoreant 9as,vent dowpsiream of the sorbent in the utflow mode, for
removing gas from the dialysate that has been
capable of storing " the non~disposable part of the

dialysis deV1ce/flow‘systemn The transfer set and fibrin
5 filtef set is located at the back of the carrier (718).
The carrier (700} i1s attached to a buckle (706)  for
securing the carrier to the user and a comfort 'sling

(716) for slinging acress the user’s shoulder.

Referring to Fig. 10a~10c, pictures of another

10 embodiment of the carrier in the form of a backpack (740)
for the dialysis device/flow system are shown. The
dialysis device/flow system is attached to a backpack

like carrier (740) having straps {752a and 752b) that

runs over the users shoulder. The straps (752a and 752b)

15 support the entire dialysis device/flow system and
distribute the weight of the dialysis device/flow system
across Dboth shoulders of the patient. One compartment

(744) 1s capable of storing the disposable module while
another compartment (742) is capable of storing the non-

20 disposable part of the dialysis device/flow system. The
transfer set and fibrin filter set is located at the back

of the carrier {748). The carrier {740) is attached to a

buckle (750) for securing the carrier to the user.

Referring now to Fig. 11, there is shown a picture

25 cof a prototyvpe of one embodiment ot the entire flow
system disclesed herein, with a disposable module (BQO)

the non-disposable component of the £1ow system (802) and

the transfer set (804) described above.

Referring now to fig. 12, there is shown one

30 embodiment of the carrier. (300} for the dialysis



15generated by contact with the sorbent. 107The flow system as claimed in claim 9, wherein the
sorbent gas vent is disposed within said sorbent module and is in fluid communication with 20the flow
path therein. 11. The flow system as claimed in any one of claims 8 to 10, wherein the gas vent means
comprises a ByHY8EE Eifsstream of the micro-organism filter 25 means in BSEiB@eWOMSEE: for
removing gas from the dialysate before passing to said micro-organism filter means. 12. 'The flow
system as claimed in claim 11, wherein. 30the degasser is disposed within said' pump module 52
PCPS620097000230Reddiven 28 Jaitye201038i3d is il faid domimanicatirrwith thesfiew path therein.

13. The flow system.as.glaimed inany.gne gfithe ....i .y {300) that can be worn
around the waist of the user. A tube (304) which exits
from the dialysis device/flow system (302}, serves a

5 conduit for the dialysate to flow from the peritoneal

| cavity of the user to the dialysis device (302) and from
the dialysis device/flow system (302) back to the

peritoneal cavity.

Referring to Fig. 13, there is shown a picture of

10 another embodiment of the carrier in the form of a vest
(306)  for the dialysis device/flow -system (308). Thes
dialysis device/flow system (308) is attached to a vest

‘like carrier (306) having two straps (304a, 304b) that

runs over the users shoulder. The straps (304a, 304Db)

ot
o

suppert the entire dialysis device/flow system and
distribute the weight of the dialysis device/flow system

(308) across both shoulders of the patient.

Referring now to Fig. 1l4a and Fig. 14k, there is

shown CAD (computer aided drawings) of another embodiment

20 cf the carrier in the form of a vest for the dialysis
device/flow system disclosed herein. As shown in Fig.'

13b, a button (400) is located on the carrier (420) to
disengage the connector holding the dialysis device/flow
system in place and in contact with patient’s torso.

25 Button (404} located on one side of the carrier (420)
serves to disengage a disposable module from the carrier
(420}, The carrier alsc comprises a female connector

(406) o acﬁ as a fluid conduit to and from the patient’s
periteneal cavity for dialysis. For the ease of the

30 ‘patient’s use, the carrier (420) houses za removable

electronic control panel (414) having an on/off button
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, preceding claims, further comprising a controller that is configured to actuate the pump for operation
in the inflow mode and Outflow mode. 14. The flow. system as claimed in claim 13 when 10dependent
on claim 7, wherein the controller is disposed in said pump module.  15. The flow system as claimed
in claim 14, wrersii/iié& Eontroller is electrically coupled to a power 15soulselisGatetiivzsdid pump
module. 16. The flow system as claimed in claim 13, wherein said controller is configured to actuate
the plurality of valves for transmission of dialysate 20along said flow path.  17. The flow
system as claimet4d €Claim-t&akkerein sai vaivds areiselected from the Yrotp ddrisistingnd of

at least one of a pipch ¥alvea shittie valve, 25a piloted valve and g solepoid valve. ;. o,
' pressure abnormalities. Adﬁantag@ously, the control panel
(£14) has a simple interface that is user friendly. More

5 - advantageocusly, this éllows ease of use for the elderly
and those con the move. The carrier (420} on its cwn also
provides insulation te the dialysisg, ensuring that the
atmospheric temperature does not adversely affect the
temperature of the dialysate. The carrier (420} is also

iO sufficiently hard to protect the components and tubings
of the dialysis device/flow system from knocks and
accidental pinching. The carrier (420) is alsc light

weight, fire resistant and water ©proof (non-water

absorbing}. Moreover, the carrier (420) is ergonomically

fot
[#3]

designed with weight evenly distributed to prevent
pressure points and strain on the body. The overall
weight of the carrier (420) and the dialysis device/flow

system ranges from 2.5 kg to 3.5 kg.

When in use, a patient wears the vest/carrier (420)
20 having two modules (not shown) mounted onto it. The

patient then attaches the female connector (406) Ffrom the

carrier (420} to anocther male connector {not shown}
exiting from the peritoneal cavity. After which, the
- - dialysis device is switched on using the on/off button
25 . (408). The LCD screen (416) then lights up to indicate
that the dialysis device/flow system is switched on.
Typically the sorbent module is designed to be changed or
recharged after . eight hours of usagé. The beep alarm
(412) will sound 2 hours before, followed by 1 hour and
30 15 minutes before the designated eight hours of usage, to

alert the patient tc change the spent sorbent. To change
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18. The flow system as claimed in any one -of claims 1 to 15, wherein said plurality of valves are
operative by the flow direction of dialysate in 30along said flow path. 53 Amended Sheet IPEA/AU
PCT/S02009/000230 Received 29 July 2010 19. The flow system as claimed in claim 18, wherein said
valves are chiEEIZWINEE20. The flow system as claimed in any one of clafffig/5a31¢/604Becomprising
a sensor for sensing the amount f dialysate being transmitted.from the dialysate conduit in at least one

of the inflow mode and outflow mode. 1021.The flow system as claimed in claim 20, wherein
the spent sorbent, the patient first switches off the

dialysis device/flow system using the on/off button
(408). The spent sorbent is then removed from the carrier
{420} byr using the disengaging buttoﬁ (404 . A new
5 sorbent is replaced and the patients starts the machine

again.

. Applicati@ns

The disclosed <flow system may be used for

10 peritoneai dialysis or hemodialysis. Advantageously, the

flow system only reguires the one pump. Advantageously,

as only one pump is required to work the flow system in a

dialysis device, the overall weight and size of the

dialysis device 1is reduced from conventional dialysis

15 systems. This again improves portability of the dialysis

device and patients’ mobility. More aadvantageously, as

only one pump is required, the overall power consumption

is reguired to work the flow system of the dialysis

device 1is reduced. This relates to the use of less power

20 storage devices such as batteries, which in turn reduces

the overall weight of the device and the weight that the

user has to bear. In addition the requirement of less

power to function the flow system of the dialysis device

prolongs the duration of the power storage devices usage

25 before the next power storage device are recharged or

replaced. Advantageously, this reduces the hassle of

recharging or replacing the power storage devices
freguently.

While reasonable efforts have been emploved to

20 describe equival@ntfembodiments of the present invention,

it will be zpparent to the person skilled in the art
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the' controller is bonfigured to determine the amount of dialysate being sensed by the sensor and
thereby change the speed of the operation of the pump according to the sensed dialysate load. 22.
The flow system as claimed in any one of the preceding claims, wherein Said pump is configured to
move dialysatECtéttiig’slow path without any moving parts of the pump carisgzintmeaatact with
20the dialysate 23. The flow system as claimed in claim 22, wherein said pump is at least one of a
peristaltic pump and a diaphragm pump. 25 24. The flow system as claimed in claim 22 or claim 23,
wherein the pumpristeapabie of achievihg a dialysate flow rate of Homr0,1 1iwde 20,11 o3025.The
flow system as clajmeckin 2y 992 of g, pregeding claime fufther somprising an addiive 54 Amended

eet IPEA/AU -

be made therein without departing from the spirit and

scope of the invention and it is intended that all such
5 modifications and adaptations come within the scope of

the appended claims.
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dispensing means for dispensing a desired additive into the dialysate. 26.The flow system as claimed
in claim 25, when dependent on claim 7, wherein said dispensing means compyi /§t i@)enser
disposed in said sorbent module and being in fluid communication-with said f@gy g% Tzﬁggﬁéﬁ of
said additive thereto. 10 27. The flow system as claimed in claim. 26, when depen‘éeen on Blaittt (13,
wherein. said dispenser is actuated by said controller to modulate the amount of additive to said

dialysate according to the flow rate thereof. 15  28.The flow system as claimed in claim 7, wherein
the storage, chamber is disposed in the sorbent 20-module. 29. The flow system as claimed in any one
of the preceding claims, further comprising an ammonia sensor configured to detect .ammonia present

in said 25dialysate beforé gassage 1osaid Uialysate conduikin.an inflomrmade;:  30. The flow system
as claimed in claim 29, whemdeppndent-on glaim 7, wherein the. ammonia sensor is 39¢disposed in the
punwprnogLne.SS communication with the peritoneal cavity of a patient?s
body and of being in fluid communication with a flow path,
sald flow path allowing dialvsate to flow from = patient’s
body to a sorbent capable of removing contaminants within
said dialysate in an outflow mode and in an inflow mode
10 returning said dialysate substantially free of contaminants
to saild patient’s body;
& purp for moving said dialysate along said flow path
in both the outflow mode and inflow mode;
a plurality of valves dispcsed along said flow path
15 - and being configured teo, in the outflow mode, allow said
dialysate to flow from said diaiysate conduit to said
sorbent for removal of contaminants therein, and in the
inflow mode, allow dialysate substantially- free of said
contaminants to flow back to said dialysate conduit for
20 transmission to said patient’s body; and '
a storage chamber in fluid communication with said
fiow path, .said storage module configured to store
dlalysate that is substantially free of contaminants which

have been removed by said sorbant.

25
2. The flow system as claimed in claim 1, whersin said
flow system comprises only one pump that is operative
for both the inflow mode and the outflow mode.. .
30
3. The flow system as claimed in claim 1 further
comprising:
-0
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Amended Sheet MEA/AU 31. The flow system as claimed in any one of the preceding claims, wherein

the dialvsate conduit comprises an outflow conduit for transmission of dialysatg tient's
ﬁi% gq%g%%/sis
QW using

[
body and an inflow conduit for transmission of dialysate to said patient's body, %ﬁ?
device comprising: a housing having means for attachment to a 10p%%eeﬁ‘{% body
comprising: . a dialysate conduit which is capable of being-in fluid communication with the peritoneal
cavity of a patient's body and a9f %ﬂfr)]% in fI:lJ:.Jic_iL ggjmm{g@n{jl%astio with a ngap%tg sa{:ig élowlpath allowing

dialysate to, 15flow from a patient's &y to a sorbent capab & of Pe‘smovmgL contaminants Within said

dialysate in an outflow B#dde arelin ap infflow erddel rsturiingssaidr diebysate Substantidliyofree of
contaminants to said patientsshedy: 20a-pump for maying said.dialysate along said flgy path in both

the outflow mode and inflow mode; _ . a plurality of valves disposed along said flow path and being
configured to, in the outfio\w Rode 2aiiow- §aid daly8ate td s frohv SarFdialysate conduit to said

sorbent far removal of contaminants. therein, and.in the inflow mode, allow dialysate 56
4. The flow system as claimed in claim 3, wherein
the fibrin filter means i1s disposed on said flow

path adijacent to said dialysate conduit.

10 5. The flow system as claimed in any one of the
preceding claims, further comprising:
a micro-organism fiiter means being disposed
along said flow path, said micro-organism filter
means being configured to remove microorganisms Ffrom

5 the dialysate when transmitted along the flow path.

6. The flow system as claimed in claim 5, wherein
the micro~organism filter means is disposed along
the flow path Dbetwesan the pump and dialysate

20 " conduit.

7. The £flow sfstem as claimed in any one of the
preceding claims,rfurther comprising: ‘

& pump module having said pump and part of said

25 fiow path disposed therein, said pump module being

capable of being coupled to a patient’s body: and

a2 sorbent module capable of being reversibly

attached to the pump module and having the sorbent

and the other part of the flow path disposed

30 therein,

51
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Amended Sheet IPEA/AU substantially free of said contaminants to flow back to said dialysate conduit
for transmission to said patient's body; and a storage chamber in fluid communication with said

flow path, said storage module configured to store dialysate that is substanti:]g ; §%§)G@§F989§ﬁ%nts
which have been removed by said sorbent. 33. The portable dialysis device eEFdHﬁ%d%ﬁ‘%Ya%QﬂOSZ,

wherein the means for attachment are configured to attach the dialysis device to the torso of the

patient. 34. The portable dialysis device as claimed in claim:, 33, wherein the means for
attachment, comprises a belt 15configured fo er“rlglé’tgeS lég Warst BT e fowet t6rsbortips bPthe patient.

35. The portable dialysi§ #eviceas claimédlin.claime flow 38awhereif thetmeansforattachment

comprises a back-20packcaganle of Reipgwarm:by.ihe patient, said;hackpack haying.a pouch for

receipt of said housmgﬁ_ﬂ.}f the pump module. i
5 .

g, The Flow system as claimed in any one of the
preceding claims, further comprising gas venit means
disposed along said flow path for removing gas from
the dialysate.

10

9. The flow system as claimed in claim 8, whersin
the gas vent means comprises a sorbent gas vwvent
downstream of the sorbent in the oﬁtflow mode, for
removing gas from the dialysate that has been

15 generated by contact with the sorbent.

i0. The flow system as claimed in claim 9, wherein
the sorbent gas vent is disposed within said
sorbent module and is in fluid communication with

20 - the flow path therein.

11. The flow system as claimed in any one of claims

8 to 10, wherein the gas vent means bomprises &

degasser, upstream of the micro-organism filter

25 means in the inflow mode, for removing gas from the
dialysate before passing to said micro-organism

filter means.

1z. " The flow system as claimed in claim 11, wherein.

30 the degasser i1s disposed within said pump module
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36. The portable dialysis device as. claimed in any one of claims 32 to 35, wherein said flow
‘system comprises 25only one pump that is operative for both the inflow mode and the outflow mode.

37. The portable dialysis device as claimed in any one of claims 32 to 36 furt%gpg SHGOGHY fibrin
iRFrEF Ayt BEore

filter means disposed along the flow path to, in-an outflow mode, remove fibr Sé
said dialysate enters said DUMP, said plurality of vales and said sorbent. 57 Amended Sheet IPEA/AU
caiclow path aciacent 1 Saie a1 eetd Sorcu J0- 1 poriable tial i Hovics S dEEied i any

said.flow path adjacent to said dialysate conduit.

one therein.
| - d : N
13, The flow system as claimed in any one of the
5 preceding claims, further comprising a controller

that 1s configured - te actuate +the pump  for

operation in the inflow mode and dutflow mode.

14. The flow system as claimed in claim 13 when
10 dependent on claim 7, wherein the controller is

disposed in said pump modulse,

15. The flow system as claimed in claim 14, wherein
the controller is electrically coupled to a power

15  source located in said pump module.

16. The flow system as claimed in claim 13, wherein
said controller is configured +to actuate the
plurality of valves for transmission of dialysate

20 along said flow path.

17. The flow system as c¢laimed in claim 16, wherein
said wvalves are selected from the group consisﬁing
of at least one of a pinch wvalve, a shuttle valve,

25 a piloted valve and a solenoid valve.

is. The flow gystem as claimed in any one .of claims
i to 15, wherein said plurality of valves arel
operative by the flow direction of dialysate in

30 along said flow path.
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of claims 32 to 38, further comprising: a micro-organism filter means being disposed along said

‘flow path, said micro-organism filter means being configured to remove micro%r(g;lirlgil from the
dialysate 10when transmitted along the flow bath. 40The portable dialysis deyjc é %ﬁ\ﬁg%%&m
nth nd

39, wherein the micro-organism fil er means is disposed along the flow path’ SIS €T
dialysate 15conduit. 41., The portable dialysis device as claimed in any one of claims 32 to 40, further

comprising: a pump; giodule .having,said pymp.and part of said 90floy path disposed therein, said
pump module being capable of being coup?ed toa patient':sL eO%dijpan(\éc\i,lam aqsgdrbg?ﬁtem%ﬁﬁle capable
of being reversibly attadifedtd e’ pimpdnd-hafng théEorbent and the other part of the flow path
disposed therein; 25wherein when the sorbent module is attached to said pump module, the flow path

of the sorbent modglg is in fluid communication with the flow path of the pump module. 58
, . The flow system as claimed in any one of claims

5 13 teo 19, comprising a sensor for sensing the
amount of dialysate being transmitted from the
dialysate conduit in at least ona of the inflow

mode and outflow mode.

10 2L, The flow systém a8 claimed in claim 20, wherein
the " controller is ¢configured to determine the.
amount of dialysate being sensed by the sensor and
thereby chaﬁge the speed of the operation of +the

pump according to the sensed dialysate load.

22, The flow system as claimed in anvy one of the
preceding claims, wherein said pump is configured
to move dialvsate élong the flow path without any
moving parts of the pump coming inte contact with

20 7 the dialysate.

The flow system as claimed in claim 22, wherein

4N
[#8]

sald pump is at least one of a peristaltic pump and
a diaphragm pump.
25 |
24, The flow system as claimed in claim 22 or claim
23, whgrein the pump -is capable of achieving a

dialysate flow rate of from 0.1 l/hr to 20 1/hr.

T30 25, The flow system as claimed in any one of the

preceding claims, further comprising an additive
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PCM0O2009/000230 Received 29 July 2010 42. The portable dialysis device as claimed in any one of

‘claims 32 to 41, further comprising gas vent means disposed along said flow @%uilj I8 i as
from the dialysate. 43. The portable dialysis device as claimed in claim 42, Wﬁgggkp %ggggﬁg
means comprises a sorbent gas vent downstream of the sorbefit in the outflow mbge, or 10.7 oving
gas from the dialysate that has been generated by contact with the sorbent. 44. The portable dialysis

device as claimed in claimd3nvhen dependent on claim 41 wherein tge Qrbent 93 yent 15is
dispesed within said sorbent module and is in fluid corﬁgr)nunicai%n wit et?ﬁe“z""f?ogw %a i therain.
. into the dialysate. '

26. The flow system as claimed in claim 25, when

5 : dependent on claim 7, wherein said dispensing means
comprises a dispenser disposed in said sorbeﬁt

medule and being in fluid communication with said

flow path for addition of said additive thereto,

10 27. The flow system as claimed in claim, 26, when
dependent on claim 13, wherein_said dispenser is
actuated by said controller to modulate the amount
of_additive to sald dialvsate according to the flow

rate thereof.

15
28. The flow system as claimed in claim 7, wherein
| the storage chamber is disposed in the sorbent
20 ‘module.
29. The flow system as claimed in any one of +the
receding claims, further comprising an ammonia
sensor configured to detect .ammonia present in said
25 dialysate before passage to said dialysate conduit
in an inflow mode.
30. The flow system as claimed in claim 29, when
dependent on claim 7, wherein the ammonia Sensor is
30 disposed in the pump module.
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? 45. The flow system as claimed in claim 42 to 44, wherein the gas vent means comprises a

degasses, 20 upstream of the micro-organism filter means in the inflow mode, for remaving gas from
the dialysate, before passing to said micro-organism filter means. 46. The por, EGIE/% 9%%92@%% as
claimed in claim 45 25when dependent on claim 41, wherein the degasser is 8iSp0 Mﬁﬁ%}}l@

pump module and is in fluid communication with the flow path therein. 47. The portable dialysis device

as claimed in any ong 300f claims 32 10 46, further comprising a 59, Amended Sheet [PEA/AU
. e S T 1 oY o .
controller that is configured to actuate the pump for %Ber%jﬁ%ﬁgllﬁ?he IfIGH InddeSandtoutfidiv mode.
preceding claims, wherein the Clalysate conduit

comprises an outflow conduit for transmission of
dialysate from said patient's body and an inflow
5 condult for transmission of dizlysate to said

patient’s body.

32. A portable dialysis device comprising:
a nhousing having means for attachﬁent to &
10 patient’s body, the housing comprising:

a dialysate conduit which is capable of being in
fluid communication wikh the peritoneai cavity of &
patient’s body and of béing in fluid communication
with a flow path, said flow path allowing dialysate to

15 flow from a patient’s bedy teo a sorbent capable of
removing contaminants within said dialysate 4in an
outflow mode and in an inflow mode' returning said
dialysate substantially free of contaminants to said

- patient’s body;

20 2 pump for moving said dialysate along said flow
path in both the outflow mede and inflow mode:

a plurality of valves disposed along said flow
path and being configured to, in the outflow mode,

3 . =1 1 ¢ = = 3 :
allow: =zaid dlalysate te flow from sald dialysate

o
7l

conduit to said sorbent for removal of contaminants

therein, and in the inflow mode, allow dialysate
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48. The portable dialysis device as claimed in 5claim 47 when dependent on claim 41, wherein the
.controller is disposed in said pump module. 49. The portable dialysis device as claimed in claim 48,
wherein the controller is electrically 10coupled to a power source located in sa?@ﬁfﬁﬁﬁ%%@%@?@&
The portable dialysis device as claimed in any one of claims 47 to 49, Whereiﬁ‘%e@&ﬁﬁl@%(}
15configured to actuate the plurality of valves for transmission of dialysate along said flow path.

51.The Ckmn]grou%nbstantially free of said contaminants to flow back to

said dialysate conduit for transmission to said patient’s
body: and
a storage chamber in fluid communication with said
5 flow path, sald storage module configured to store
dialysate that is substantially free of contaminants which

have been removed by sald sorbent.

33. The portable dialysis device as claimed in claim
10 32, wherein the means for attachment are configured to

attach the dialysis device to the torso of the patient.

34, The portable dialysis device as claimed in claim
33, wherein the means for aﬁtachment comprises a belt
15 ‘ configured to engage the waist of Lhe lower torse or

hips of the patient.

35, The portable dialysis device as claimed in claim
33, wherein the means for attachment comprises albackw
20 pack capable of being worn by the patient, said backpack

having a pouch for receipt of said housing.

36. The portable dialysis device as claimed in any one
of claims 32 to 35, wherein said flow system comprises
25 only one pump that is operative for both the inflow mode

and the outflow mode.

37'. The portable dialysis device as claimed in any one
of claims 32 te 36 further comprising:
30 _ a2 fibrin Filter means disposed along the flow path
to, in an ocutflow mode, remove Ffibrin from dialysate
before said dialysate enters said pump, said plurality

of vales and said sorbent.
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portable dialysis device as claimed in valves are selected from the least one of a pinch valve, a shuttle.

.valve, a piloted valve and a solenoid valve. 52. The portable dialysis device a %lﬁ)g c%bn any 25one of
claims 32 to 49, wherein said plurality of valves are operative by the flow dire§| ) % fﬁ]along
said flow, path. 53. The portable dialysis device as claimed in 30claim 52, Whe?ceefhvgg; edifle
check valves. 60 Amended Sheet IPEA/AU 54. The portable dialysis device as claimed in any "

28. The portable dialysis device as claimed in claim
37, wherein the fibrin filter means is disposed on said

flow path adiacent to said dialysate conduit.

38, The portable dialysis device as claimed in any one

{n

of claims 32 to 38, further comprising:

a micro-organism filter means being disposed along
‘said flow path, said micro-organism filter means being
configured to remove microorganisms from the dialysate

10 . when transmitted along the flow path.

40, The portable dialysis device as claimed in claim
3%, wherein the micro-organism filter mesans is disposed
¢ along the flow path between the pump and dialysate

157 conduit.

41. The portable diglysis device as claimed in any one
of claims 32 to 40, further comprising:
2 pump medule having said pump and part of said
20 flow path disposed therein, sald pump module being
capable of being coupled to a patient’s body; and
a sorbent module capable o¢f beding réversibly
attached to the pump and having the sorbent and the
other part of the flow path disposed thexein;
25 wherein when the sorbent module is attached te saild
pump module, the fiow path of the sorbent module is in
fluid communicaticon with the flow patﬁ, 0of the pump

module.
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one of claims 47 tb 53, comprising a sensor for sensing the amount of dialysate being tragismoilt.teltd from
the dialysate conduit in at least one of the Sinflow mode and outflow mode. 55. The portable dialysis
device Zs claimed in claim 54, wherein the.controller is configured to determin@%%@%@@ﬂw
dialysate being sensed by the sensor 10and thereby change the spend of the%?ﬁéﬁ’&tﬁo??df}iﬁé(ﬁ@mp
according to the sensed dialysate load. 56. The portable dialysis device as claimed in any one of
claims 32 to 55, wherein said pump is 15 configured to move dialvsate along the flow pgth wﬂhout any
moving parts cf the pump coming into contact with the dialysate. 5/7.The portable dialy5|s device as
claimed in claim 2056; wherefisaiebptipip is dt kgst onelefragperistalticapuay and @ﬁdaphéagm pump
58. The portable dialysissdevieeas claimed ipclaiM reher Cgﬁpgriggi&n gzswpgﬁ%m&ggrpsump is

capable of dispesed along said flow path for removing gas from the

5 dialysate.

43, The portable dialysis device as claimed in claim

42, wherein the gds vent means comprises a sorbent gas

vent downstream of the sorbent in the outflow mode, for

10 . -removing gas from the dialysate that has been generated

by contact with the sorbent.

159
1=

The portaeble dialysis device as claimed in claim 43
when dependent on claim 41, wherein the scrbent gas vent
i5 is disposed within said sorbent module and is in fluid

communication with the flow path therein.
45. The flow system as claimed im claim 42 to 44,
wherein the gas vent means comprises a degasser,
20 uvpstream of the micro-organism filter means in  the
inflow mode, for removing gas from the dialiysate before

passing to sadd micro—~organism filter means.

46. The portable dialysis device as claimed in claim 45
25 when dependent on claim 41, whersin the degasser 1is
disposed within said pump module and is in  fluid

communication with the flow path therein.

47. The portable dialysis device as claimed in any one

30 of ﬂlaims 32 to 46, furthef comprising a
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2"achieving a dialysate flow rate of from 0.1 1/hr to 20 1/ht. 59. The portable dialysis device as claimed
in any one of claims 32 to 58, further comprising an 61 additive dispensing means for diapensing a
desired additive into the dialysate. 560.The portable dialysis device as claimed’faiaiR BB b3 0

dependent on claim 41, wherein said dispensing means comprises a dlspensBﬁ%ﬁWH}S&iﬂﬁ

sorbent module and being in fluid communication with said flow path for addltlon of said
additive 10thereto. 61. The gortﬂ)le di%HXsis d.eV|c as.claimed in_claim
contyolier at 1s niigured to actuate the pum

for operation in the inflow mode and outflow mode.

48. The portable dialysis device as clzimed in
5 clailm 47 when dependent on claim 41, wherein the

controller is disposed in said pump medule.

49. The portable dialysis device as claimed in

claim 48, wherein the controller is electrically

;10 coupled to a power source located in said pumn
module. 7
50. The portable dialysis device as claimed in any

cne of claims 47 to 49, wherein said controller is
12 configured to actuate the plurality of valves for

transmission of dialysate along said flow path.

51. The portable dialysis device as claimed in
claim 50, wherein said valves are selected from the
20 group consisting of at least one of a pinch valve,

a shuttle valve, a piloted wvalve and a sclencid

valve.
32. The portable dialysis device as claimed in any
25 one of claims 32 to 49, wherein said plurality of

=~

vailves are operative by the flow direction of

dialysate in along said flow. path.

53. The portable dialysis device  as claimed in

30 claim 52, wherein said valves are check valves.
&0
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60, wherein said dispenser is actuated by said controller to modulate the amount of additive to said
“dialysate according to the flow rate thereof 62. The portable dialysis device asg

e;i& An cIaimG
41, wherein the storage chamber is disposed in the 20sorbent module. 63. T%@ g 8?%%2‘%%
device as claimed in any one of claims 32 to 62, further comprising an ammona aérsor “eonfigtited to
detect ammonia present 62 Amended Sheet IPEA/AU in said dialysate before passage to said

dialysate conduit inéﬁr.] inf'o‘!‘ﬁ‘NQdEo§tab1e dialysis device as claimed in any
) ; one df claims 47 to 53, comprising a sensor for
sensing the amount of dialysate being transmitted

from the dialysate conduit in at least one of the

5 ' ‘ inflow mode and outflow mode.

55, The portable dialysis device as claimed in claim

54, wherein the controller is configured to determine

the amount of dialysate being sensed by the sensor

10 and thereby change the spend of the operation of the

pump according to the sensed dialysate load.

Se. The portakle dialysis devic§ as claimed in any

one of claims 32 to 53, wherein said pump is

15 configured to move dialysate along the flow path
without any moving parts of the pump coming into

contact with the dialysate.

57. The portable dizlysis device as claimed in claim

20 56, wherein said pump 1s at least one of a

peristaltic pump and a diaphragm pump.

58. The portable dialysis device as claimed in claim

5¢ or .claim 87, wherein the pump is capable of

25 achieving a dialysate flow rate of from 0.1 1/hr to
20 1/hr.
58. The portable dialysis device as claimed. in any

cne of claims 32 to 58, further comprising an

61
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le dialysis device as claimed in claim 63 when dependent on claim 41, where_ln the_
'Sfﬁ-rq(])eni%o;ar?sir IS gi/isposed in the pump module. 1065.The portable dialysis device as clalmeql In any
one of claims 32 to 64, wherein the dialysate ‘conduit comprises an outflow qoﬁ@ﬁﬁ@%ﬂ%ﬁ@&ﬁ%mn of
dialysate from said patient's body and an inflow conduit f(_)r transmission o_f diflysaredBiduwdaic 10
patient'S body. 66.Use of the portable device as claimed in any one of claims 32 to 65, to treat a

patient suffering from kidney malfunction. 2 25

% r

additive dispensing means for dispensing a desired additive

into the dialysate.

5 60. The portable dialysis device as claimed in claim
59 when dependent on clain 41, wherein said
dispensing means comprises a dispenser disposed in
said sorbent module and being in fluid communication
with said flow path for: addition of said additive

10 thereto.

61. The portable dialysis device as claimed in claim
50, wherein said dispenser is actuasted by saigd

controller to modulate the amount of additive to said

15 dialysate according to the flow rate thereof
62, The portable dialysis device as'claimed_in claim
41, wherein the storage chamber is disposed in the
20 sorbent module.

£3. The portable dialysis device as claimed in any
one of claims 32 to 62, further comprising an ammonia

sensor .configured to detect ammonia present
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54,

65,

656

PCTI8G2009/000230
© Received 29 July 2010

in said dialysate before passage to said dialysate

conduit in an inflow mode.

The portable dialysis device as c¢laimed in
claim 63 when dependent on claim 41, wherein the

ammonia sensor is disposed in the pump module.

The portable dialysis device as claimed in any
cne of claims 32 to 64, wherein the dialysate

‘conduit comprises an outflow conduit for

-transmission of dialysate from said patient’s body

and an inflow conduit for transmission of dialysate

to said patient’s body.

-Use of the portable device as claimed in any one of

claims 32 to 65, To treat a patient suffering from

kidney malfunction.
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