WO 2012/ 067585PCT/ SG2011/ 000395 DI ALYSI S DEVI CE AND METHCD OF DIALYSIS
Technical Field The present invention relates to a dialysis device 5 and in
parti cul awote12zo6pisst abl e or wearabl e di al ysis device. TReTiSeeentoneas al so
relates to a nmethod of conducting dialysis. Background Ki dneys are vital

organs of the human honBORFESFS BBVIGE i ANP YETHQY SOBCRIALYSIBatural filter

in the body which renpve toxic netabolic wastes such as urea fromthe

bl ood. Kidney failure or malfunction may |ead to an accumul ation of toxins
and to an inbal anced el ectrol yte | @echnikallh®ikllaod, which may result in
undesi rabl e repergussions that 15 are hazargous to an individual's health.

Renal dysfunction ‘atd PGP Fai IMFEEM@N nfpart PEul'&t , 2erftibashijes r éRalice
di sease, pmy mausent hpabedyutgrl oss Qhep%%éaﬁﬂéthﬁd%%%?%%F£ rSﬁBY%;%%X'C

waste in the blood and restore the optinmal |evel of electrolytes in e 20
bl ood, Wit hi FHy¥si-ol ogiTé®l Aavgesiobi abysis ireleomsonky usedmtohoepl ace

i nadequat e Ki f i remving toxic waste. For the past few
years, the pfg£§%¥ﬁgﬁgff§%ﬁ$% Sdialysis used for patients with end-stage

renal disease 25 (ESRD) is henodi al ysBackddwat al ysis involves the use of
an extracorporeal systemfor the renmoval of toxins directly fromthe
patient's blood by passing a large amount of the patient's blood throggh a
filtering unit or%GQQPYferaerﬁﬁdﬁﬁly§¥§a@ﬁea®ﬁeﬁﬂﬁiybmmahlyhbmsbstaevera

10 system. Kidneys act as a 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 level in the
blood, which may result in undesirable repercussions that

15 are hazardous to an individual's health.

Renal dysfunction and / or failure and, in
particular, end-stage renal disease, may cause the body to
lose the ability to adequately remove toxic waste in the
blood and restore the optimal level of electrolytes in the

20 blood, within physiological ranges. Dialysis is commonly
used to replace inadequate kidney function by removing

toxic waste.

For the past few years, the predominant form of

dialysis used for patients with end-stage renal disease

25 (ESRD) is hemodialysis. Hemodialysis involves the use of
an exXtracorporeal system for the removal of toxins
directly from the patient's blood by passing a large
amount of the patient's blood through a filtering unit or
dialyzer. Hemodialysis treatment typically lasts several

30  hours and must be performed under medical supervision
three to four times a week, which significantly decrease a

patient's mobility and quality of 1life. Furthermore, as
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30 hours and nust be perforned under nedical supervision three to four
tinmes a week, which significantly decrease a patient's nobility and quality
of life. Wonoteawemsse, as WO 2012/ 067585PCT/ SG2011/ 000396Tisenaidioad3psi s i s

performnmed peyriodi | y.rat.her than on .a _continuo basi atient health
det eri or at esﬁgggg%g%yéésa 5 r%%fﬁ%ﬁlflegy@eemqoﬂlqﬁﬁlﬁ% 58%?5%1 naft’s JFe @

removed has beatisoopkebedispThet other hkan ihohedicalivsias cused fQioPpatd ents
with kidney failure is peritoneal dialysis, nost cormonly applied in the

fol |l owi ng t wottegrRfRtiesYClEsnt i husilis: AnbaPatenynpetst oheal rénabvydi stas
(CAPD) and " Ltoneal dialysis" (APD). In CAPD, fresh dial ysate
is 10 inf use%g%ﬁyggﬁﬁéggéa?i ent's abdom nal (peritoneal) cavity where, by
means of diffusion, netabolic waste and el ectrolytes in the blood are

exchanged wi th thehdi altysat efaen0ss t Aeapekikoneadq Nerdy apgc i dacal lown
sufficient diffusion_of the electrolytes and netabolic waste to 15 occur,
the dial ysat 8173Yet 4fhEE ¢ n {he BBHORPRGRL(peiptomdal) cwatty damenlsoupl e

O our s ergpeLigaovah ander ephacsient (gl e Shenlo dial yoalsh MR {r eoh

di al ysate. Major drawbacks of continu ul atory ritone ysis are
a low |l evel afbtbxiargl epeancene2D addalheinted (Caproont iamdousiauteplace t he
spent dial ysate, which can_be arduous for _the zgati ent and disruptive to

hi s/ her dai I5CREEPNTET eSalYSis "1o(2gdk esd Pt HFAP Br oBIt&RD devRé®gahave een

desi gned ot hainfesonstinkut eHisegdatispent diplorsiale frpovhespdial ysaa%fi?tg,
and/or peritoneal dialysis as opposed to discarding it. However, current
devi ces t hat"hkeEdnst PYut @egded /o5pedt fdiualipsat e nehabskeier alaassociaatded

di sadvant i [ d d.difficult.i [
i nL o1 ni g THE ST eH 1T v ot~ Foroanet aFC A RN e AaN el gt 1/ 80 % hat

current deviaesosd t ehheeqpetretanphlr anidmpreind.| ui T coaneeli ons,f fliGhht
i ncreases thc?, 1 sk, of introducing biological contam nation and reduces

sterility of YR et | FREddistieGt IS Eoifhomeied it e sdisspésed 2
VD 20124 667585RGT/ SGRAL1/ QAQ395 0L eitdher daiblyqweek]y E’Bem)'éfo@o}’n& ddi ng

another |ayer of conplexity to the operation of such devices. [n addition,
the flow systrRstbfongmWn ¢ageher dpirng déatysé s odevi@ess reglibres r@nplviarial i ty

of punps, ngﬁé]if%gfﬁé%ﬂ%@ﬂ?Si&gplythe spent dialysate) with fresh
dialysate. Major drawbacks of continuous ambulatory

peritoneal dialysis are a low level of toxin clearance,

20 and the need to continuously replace the spent dialysate,

which can be arduous for the patient and disruptive to

his/her daily activities.

To address this problem, devices have been designed

that reconstitute used / spent dialysate from hemodialysis

25 and/or peritoneal dialysis as opposed to discarding it.
However, current devices that reconstitute used / spent
dialysate have several associated disadvantages including
complex set up procedures and difficulties in maintaining

the sterility of components. A further disadvantage 1is

30 that current devices often require a plurality of fluid
connections, which increases the risk of introducing
biological contamination and reduces sterility of the
device. In addition several components must be disposed
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5 increases the overall size, weight and power consunption of the device.
Accordingly, there is a need to provide a dialysis device that overconmes or
at | east woebi2omwaisés one or nore of the di sadvant ages destsSiGhed/aizoye.

There is als - ed, t. rovi a dial ysi.s device wthout conprom sing
on the size,eﬁgféﬁﬁggh aﬁgwgrW%%kiﬁnﬁﬁ(ﬂ19ﬁﬁaxm§ _'%e?n%%?%ﬁrggﬁﬁéoPélng
to a first aspeptiextihgr@ol $hpr oyeded i ysich Qﬁ%’\}f@e§9”pfh5588it%§1]§,r om a

di sposabl e housing having a flow path along which dialysate recei vec
pat?ent i s stBFect et ¢ YESanPhanknewhoveggatamtiimopeiativeds devicas

ntroller f ol i . operati f said di sposabl e hoysing;. and
gga; interfaggq%ggﬁg égﬁg%f%yg Q%pg?aﬁﬁgmgﬁuﬁfé%ﬁFtﬁe %%Hﬂ}r%?g%?lgﬁ%f¥he
di sposabl® housirrgste enebl evéhell estval, ofeinnt ashaaroddonsheudhal ysat e;
wherein the flow path is fluidly sealed fromthe controller and interface
means. 25Adv8§t£b§oﬂ§V§??he di sposabl e housing may be di sposed of on a
daily basis or after each dialysis cycle. This is advantageous as this

 mproves the sterhbbbyaohgihe disposable hoysing and reguges the, chances of
patient infection. It iIs % urther advantage of the device that
device that overcomes or at least ameliorates one or more
of the disadvantages described above. There 1is also a
10 need to provide a dialysis device without compromising on

the size, weight and power consumption of the device.

Summary
According to a first aspect, there is provided a dialysis
device comprising:

15 a disposable housing having a flow pathralong which
dialysate received from a patient is subjected to
contaminant removal when in operation;

a controller for controlling the operation of said
disposable housing; and

20 an interface means capable of operably coupling the
controller and the disposable housing to enable the
removal of contaminant from the dialysate;

wherein the flow path is fluidly sealed from the

controller and interface means.

25 Advantageously, the disposable housing may be
disposed of on a daily basis or after each dialysis cycle.
This is advantageous as this improves the sterility of the
disposable housing and reduces the chances of patient
infection. It is a further advantage of the device that as

30 the flow path is fluidly sealed from the controller, the
sterility of the device can be maintained by daily

disposal of disposable housing and therefore the disclosed
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30 the flow path is fluidly sealed fromthe controller, the sterility of
the device can be maintained by daily disposal of disposable housing and
t her ef or evohe1xdisssssosed WO 2012/ 067585PCT/ SG2011/ 00039 CusGel/0dees not
suffer, or is at |east not as readily prone to, biological contam nation
conpared to RRSWASdi ¥PSSi §odevFeetierit s asf 't hépagdvamagesof reheily

di al ysi s devj hat .5 a,si-ngl nn tween the di sposabl e housing
and Zont roll keD(rfglng rtetglﬁi rg ,oq%ﬁﬁg%gedscc%ﬁl%a %eavﬁggr?pl e%’%%alg dsseti?l nlén?‘ﬁ%
device up foriepgesati davitesis a further advantage that the connector
between the di sposabl e housing and the controller is fluidly 10 sealed to
prevent biological or chem cal contam nation of the device. It is a
further advantagelthaf ehéWitherofdvratgios wi < hvevd ol wsicordinice otlidie

di scl osurse cgn {gni fi.cant r relative. ther djalysis devices.
15 It isfﬁ f%rt%g?éggvé%%age.%%%tqgﬁggg¥hl§gfs é%?ggagg pr%?ﬁ 9 tHE

di scl osure openttreslat &ad owegystem prasur eedasthtyi nghavhicehpilBxi¥LN of

i nproves ener utiljsation, It is a further advantage that the
devi ce accorﬁgﬁblﬁﬁ t St A8V UF§cFBshiPe PREERBIGY- ef ficient. Accor di ng

Lo a second aspect: GRere f&dHOVI Aotk dLial ke ARl roll Rl apernanl e th a
di sposabl e housing having fluid displacenent nmeans conflgure_ to nove

di al ysate al oAy adifewrpath diepobed windi ntlsai d-drowsd higgr 25 4 hef nantlol | er

ConMpri sihifg: sealed to prevent biological or chemical contamination of
the device.

It is a further advantage that the size of the
dialysis device according to the disclosure can be
significantly reduced relative to other dialysis devices.

15 It is a further advantage that the dialysis device
according to the disclosure operates at a low system
pressure resulting which in turn improves energy
utilisation.

It is a further advantage that the device according

20 to the disclosure is energy efficient.

According to a second aspect, there 1is provided a
dialysis controller operable with a disposable housing
having fluid displacement means configured to move
dialysate along a flow path disposed within said housing,

25 the controller comprising:

actuation means for actuating said fluid displacement
means and an interface means for connecting said
controller to said disposable housing, wherein said
controller and said interface means are fluidly sealed

30 from said flow path during operation of the disposable
housing.

According to a third aspect, there is provided a

disposable dialysis housing that 1is configured to be



actuation neans for actuating said fluid displacement means and an _
interface means for connecting said controller to said disposabl e housing,
wher ei n swpaoersssl | er and said interface neans are fl ecwisg2eabesds 30 from
said flow path during operation of the disposable housing. ~According
to a third a§%@%ﬁ?egher Yis ProAdedd fisposablee didabpsesbheusi hgushay i s
configured te@cheri\WO,g012/ 067585PCT/ SG2011/ 000395 operated by a .
controller,the disposabl e housing conprising: _ a flow path disposed
therein al ong whi eh Tiai ypate recepeed f tomraipatd Botg i shsuhj egl £dytot e
contam nant 5 rennvgl ggen in operation; and an interface neans for
in

connecting sard hdu P8 adcofesFotdi g i ntEr¥etiehedds oforBaminant

controll e, removéhewBen iA UpBrathent! gwgpath is fluidly sealed from ﬁai d
controller and said interface nmeans. 10According to a fourth aspect, there

is provided a di afysil®teydesm corrs sfag: connectd ndi Wb?ﬁuhf;“@i G thgvi ng
fl th Lhlng. dj a received froma patient e dial ysa

3nde?3%?ﬁg cg§?%%$§gﬁ§lggn%%gggﬁﬁf em%?gﬁogéds?ﬁdtﬁ8an8%}ﬁ§'paph; a

control | er operabvyeceinedchedsto saied i SposabheiBousing1hy kY ef fage

means to control the operations of the disposable housing;
wher ei n saidS?Fng%%Eﬁgf%eFlﬁ?ﬂl?a%%a}%ﬁe¥g®%¢tM@aQ®-controlIer and

i nterface nmeans. According to a fourth aspect, there is provided a
dialysis system comprising:

a disposable housing having a flow path containing
dialysate received from a patient, the dialysate
undergoing contaminant removal while disposed in the flow

15 path;

a controller operably connected to said disposable
housing by an interface means to control the operations of
the disposable housing;

wherein said flow path is fluidly sealed from the

20  controller and interface means.

According to a fifth aspect, there is provided use of
a dialysis device in accordance with the present
disclosure, to treat a patient suffering from kidney
malfunction.

25 According to a sixth aspect, there 1is provided a
dialysis method implemented in a dialysis system
comprising a disposable housing having a flow path
extending therethrough and a sorbent zone for contaminant
removal, an interface means operably coupling said

30 disposable housing to a controller for controlling the
passage of dialysate along the flow path of said
disposable housing, the method comprising the step of:

passing a dialysate along the flow path of said
disposable housing while ensuring that the flow path and
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According to a fifth aspect, there is provided use of a dialysis device in
accordance with the present disclosure, to treat a patient suffering from
ki dney mawobunctieosss 25According to a sixth aspect, ther @CrrsGpoaxoases a

dialysis nethod.i nplenmented in a dialysis systemconprising a disposable
housi ng havi Ag2dYPIR0W pafRrexbentd nd ltHieet heeaghdanran séRBeninzensater

cont am nant h@gg%agmdthgnggg&ggqlgﬁqns operably coupling said 30
di sposabl e housing to a controller for controlling the passage of dialysate

al ong the fl ow patdecofrdsaigd b sposabtentiousspgctt hechatehods cyerisiday & he

step of: . _Rassing a_dialysate along the flow path of said disposable
housi ng whilglgﬁgﬁﬁﬁngyFﬁgp' REPEESW Fath and WO

2012/ 067585PCT/ SGA01d{ 9993951  dinahysate therelna sefbyi glaxhse@&ﬁﬁaiﬁ%%t he

interface neans _and the controller. According to a seventh aspect,
there is pro?ilt@édsatei al ysrsivgdt emtxonprisi ngatiandi sposhbl e dbabsysgte

having a flo >ant gj ni .di_al.ysate received froma ti,ent, th
di al ysat e ungggg%?ﬁgg o%#gﬁgﬁéﬁﬁnFeﬁ§¥gr“§%iY%lg?586§885g fﬁbtﬁvﬁmfﬂ%wh;
a pressure seasor configured to determne fluid 10 pressure changes in the

fl ow pat h. a controller operably connected to said disposable housing
by an interface nmBan®TfSSESRt r FEPERE ofSFdtiddeof the Hitspasiatt e hbusd ng

and wherg n phessarLr ehhgkeks i 60RHEHE g( bgtggternine the flowrate of
dialysate in the 15 fl ow path based on the pressure changes output by the

pressure sensor. 2 conteebkeli ngregaklei ghthnaspedt ,td heaedi sdigmydded: a

kit conpri si ne dial ysis_devi.ce accordi to the first aspect, together
with instruc??%%gggo%yuég.l E&8F&i R§0S g%hfﬁpﬁﬁﬁﬁxﬁﬁ? W 1L Hrdvi ded

a kit the disposable housing and wherein the controller is
configured to determine the flow rate of dialysate in the

15 flow path based on the pressure changes output by the
pressure sensor.

According to a eighth aspect, there is provided a kit
comprising the dialysis device according to the first
aspect, together with instructions for use.

20 According to a ninth aspect, there is provided a kit
comprising the controller according to the second aspect,
together with instructions for use.

According to a tenth aspect, there is provided a kit
comprising the disposable housing according to the third

25 aspect, together with instructions for use.

Definitions
The following words and terms used herein shall have

the meaning indicated:

30 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.



conprising the controller according to the second aspect, together with

instructions for use. According to a tenth aspect, there is
provi ded woknt2/we3spri si ng t he di sposabl e housing accor dipag/sGaotiteeodvhird 25
aspect, together th instructions for-use. Definitions The foll ow ng

words and terms u 8§ nEREMn ShPTLPR" th§5néﬁﬁ#hgfﬁﬁﬁﬁéaté@feg@ThéOteam
"sorbent" as g ei r lLasgy t
st e e ooy St y00 8t A e e e

characterized by their ability to a he desire

of interest. Pr@Ecp012h06E8E5RCINSE28%1/ 000395 The term "non-toxic" as
used herein refers to a substance that causes Iittle to no adverse

reacti ons when pr%gent in the human body. The term "contam nants" in the
context of this 5 SeC|FF@at|68ntﬁ@éﬁ§n§§y comst ithfent@ontspi cabfy tloksc

constituentsgpwitikipaa;idhal ysatg thgﬁ ar g,ge har hu n, health
and which are de5|raglé to be reﬁnve in % d?g g%%%%’deg%gi?%g% io

process. Tpr@aStéﬁﬁﬁahﬁnanwsthnalude @ual@$et®ottham1teﬂxio gomenh Uy 10
The term' bloconpatl | e”

phosphat es, reatl i ne_and u iCc ac

as used hereﬁ%gﬁe grs(fo e prdp ?@ 6?“g HRLER 4 1¢ h&ledded fot taude

adverse b|oI@gmcaédrea@tupnalbqy%aeehuagaoggfgabggbnbogyocggg tef?%lcal
"upstreant as used herein refers to a 15 localization Wthin the ow pat h

relative to QOBBPW%néFt?eﬂéKéﬁE%f aﬁétlnaﬁﬁrévﬁi oR ioppesi t eot cantthawiwh, t he

dlalysaQQ)flgwbséhgtégrn1 QQMM@£%§ % ysed hereéglrefers to a
| ocalization within the OM/pat iVe to point "of reference, and in

direction of the dialysate 20f| ow.
The term "biocompatible™ as used herein refers to the

property of a material that does not cause adverse

biological reactions to the human or animal body.

The term "upstream" as used herein refers to a

15 localization within the flow path, relative to a point of
reference, and in direction opposite to that of the
dialysate flow. The term "downstream" as used herein
refers to a localization within the flow path, relative to

a point of reference, and in direction of the dialysate

20 flow.

The term "crack-pressure" as used herein refers to
the point at which the internal pressure of a pneumatic

system triggers the opening of a valve.

The term "regenerate" as used herein refers to the
25 action of detoxifying dialysate by removal of uremic

toxins.

The term "reconstitute" as used herein refers to the
action of converting regenerated dialysate to essentially
the same state and chemical composition as fresh

30 peritoneal dialysate prior to dialysis.
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The term "crack-pressure" as used herein refers to the point at which the
internal pressure of a pneumatic systemtriggers the opening of a valve.
The ter mwopegererasse” as used herein refers to the 25 aeCirsc2ef/odes9dxifyi ng
di al ysate by renoval of uremic toxins. The term"reconstitute" as used
herein refers to the &&fon Wftidam eredanyg 2egenedabedednalngfatrs to the

essentially ¢1,, tBe sgge; a hepj cal | ign $s fresh 30
peritoneal diafysate pr?%r§%%£§ia?ggﬁs.g%%[)%%€g$%€7%8 YSG5%ﬁﬁV%%O3§5
The term "ousbrbennmodeheaslusedshereenenetear srba the phoewent'dipbysate from
the patient's body through a sorbent. The flowis referenced fromthe

patient's body. The term"infl ow node" as used herein refers to the
5 flow of the di aFy8att&rfy ommt ko beptet oashaigsat imresn bodferFhed Qe i s
referenc t e tient' s: The t "fluid" used herejn
refers tgﬁa ?%éﬂl dcp%r ltglggaé%g%%%ﬁahofuﬁoq h?s Sgﬂgrg%?%tsurté), gé?ta}?%lent S
enbodi ment s hegly10The flisel bsedeifarancaageofonaapatiénshoubdape under st ood
that the description in range format is nmerely for conveni ence and brevity
and should not be construed as an inflexible limtation on the scope of the
di scl osed ranges. TAecbREFngfyuifheadeseerphrsrinf refeavgd ostodlidibeal 15
considered t9 haye specifically disclosed all the possible sub-ranges as
wel | as individual numerical values within that range. For exanple,
description of a range such as from1l to 6 should be considered to have

speci fical |y di scTiosedgisabe r amdes dusblasufeomckrtt@ i3 EnouIntAtd, 2
from1l LL]@ 5, from2.to 4, from2 to 6, from3 to 6 etc., as well as
i ndi vi dddl mfrbErS CoReehi I t Ratt F¥Ifgelf OFBRt exalplFrould pbes urglermstanst 6.

This appliescrggardhessqobcthgcbrgadth ol hhe rapge.c
Thewor d"subst anti al | y"does%ot%xcl ude 25 " (a:lo | et e?y"'Sl e. gl.S amcegr%)la/si tfloéfn
which is "substeririanty dneebrervonyyYamsy fheoudohplet eby toeettnem ¥s Where

necessary. ‘Une:yprdisubstant il Ly gRY b omiLted frgm the definition o
ranges. Accordingly, the description of a range should be
15 considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as
from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,
20 from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers = within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range
The word “substantially” does not exclude
25 “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.
Unless specified otherwise, the terms "comprising"
30 and "comprise", and grammatical variants thereof, are

intended to represent "open" or "inclusive" language such



Unl ess specified otherwise, the terns "conprising" 30 and "conprise", and
grammatical variants thereof, are intended to represent "open" or
"incl usi W0 2beigeEsge such WO 2012/ 067585PCT/ SG2011/ 0003€%/SGhait1/obisey

i nclude recited el nts .but. al so permt_ inclusion of additional, unrecited
el enents. £hatAs(%gggd Hé’rcéi‘“ﬁi,ethlgeq]eﬁﬁi " aBotf'eltPn PHE cont¥xt RErmit
concentrat i opsef conpenent sahit hebps il ahronsteq Lypieatky neans +/ - 5% of
the stated value, nore typically +/- 4% of the stated value, nore typically

+/- 3% of the stabteduvafuéentome tyipt cablky, "ebourdofin hehst atoed eva lLk:%f /
even nore typi +/- 1% of the stated value, and even re typically +/ -
0.5% of the (ggfrg?%llé%’%aa‘%h%&s/lodé%tai FOERDOTT nent sCTmy H1So pﬁoﬁ%%%’%b%rbs' .
broadly &nd gegpecathy|yehesein- EachrofhtheRarower wecias angd, subgeperic
groupings falli ngowithi n the generic_disclosure also form partoof the ~

di scl osure. Thi s?*Fnefudd¥ t hedfrferrévges&oTst ioiPbiathe bAbodineft sthéth a

rovi so or negati i m I QR, ing any subjpect, matter f pmlthe
ISenus, rega%sg% ess o‘i‘]é{g\}ﬁéf mﬁ%r qxgtl%gﬁ\gygxcﬁ);edénaterlttagalstst%stﬁe@%lxﬁ cuaef’ly
recited heregven Dngtéoswire cafl 1@ot+/onal % Enfioditent sa 2&dExeaplajy and even

non-limting enbodi nents. of flow system of dialysis device will now be
di scl osed. The T I%Wlsf/asf% of” a('l) d%l%éi@‘%e@?%@e%o%w%es: a di sposabl e

housi ngibavi ng a ddow paténab@Ngembs Chay also be described broadly and
generically herein. Each of the narrower species and

subgeneric groupings falling within the generic disclosure

also form part of the disclosure. This includes the

generic description of the embodiments with a proviso or

15 negative limitation removing any subject matter from the

genus, regardless of whether or not the excised material

is specifically recited herein.

Disclosure of Optional Embodiments

20 Exemplary, non-limiting embodiments of a flow system

of dialysis device will now be disclosed.

The flow system of a dialysis device comprises: a
disposable housing having a flow path along which
dialysate received from a patient is subjected to
25 contaminant removal;
a controller for controlling the operation of said
disposable housing; and
an interface means capable of connecting the
controller and the disposable housing to enable
30 contaminant removal from the dialysate;
wherein the flow path is fluidly sealed from the

controller and interface means.



di al ysate received froma patient is subjected to 25 contam nant renoval
a controller for controlling the operation of said disposabl e housing; and

an i nt er f'woeormamnssscapabl e of connecting the _ PCT/SG2011/000395
control | erandt hedi_sposabl ehousi ngt oenabl e 30 cont am nant renoval fromthe
di al ysat e; Wher 8RR tHECIGBlepat h tihe f BdisgPyabéal edofs bRyt heurther

controller a Lat a 012/ 06,7585P 000395 In
one enbodine%gébgﬁgégigﬁoggﬁgén%o§§$%g ur?ﬂg%écggéiﬁggé%g%ggrB@ﬁ%lfﬁﬁ% in
fluid communidcallyentwi t ilbhe daahysade fremopatd fosnt@nDyvimgs Cont amimant s
in the dialy .aﬁe. %In one enbodi nent, the di sposabl e housing further

conpri ses a §f8 &8 Chanber in fluid communication with the dialysate flow

path for storing the ghal ysat&tharei nine disﬁesQBEeen@Méﬂ?ﬁt’f&%ﬁ,er

di sposabl e housing further conprises a fluid di splacenent means co Jgured
to nove 10 t AeMHraPgsat®e akonggehechdirddepsate filowpathmmiinioneienbodittent,

ol ysate {10 path  COAFPobPed B8 RoRCFof LCRLuel FoRtH b 61 HovENGREL BT
In one embodiment, the disposable housing further
comprises a fluid displacement means configured to move

10 the dialysate along the dialysate flow path.

In one embodiment, the disposable housing further
comprises valve means disposed along the dialysate flow
path configured to control the direction of movement of
the dialysate relative to the sorbent zone and storage

15 chamber. In one embodiment the valve means are operative
by the flow direction of dialysate along said flow path.
In a preferred embodiment, the valve means are check
valves. In another embodiment the valves are pressure
actuated or mechanically actuated. In one embodiment,

20 the controller further comprises actuation means for
actuating said fluid displacement means and said valve
means when said controller 1is connected to the disposable
housing by said interface means.
In a preferred embodiment, all check-valves along the

25 dialysate flow path to the sorbent zone are resistant to
clogging by fibrin.

In a preferred embodiment, the fluid displacement
means comprises a deformable diaphragm.

In one embodiment the deformable diaphragm is in

30 fluid contact on one side with the dialysate flow path,
and on another opposite side, in contact with a pressure
chamber that is capable of receiving fluid therein.

Pressure changes within the pressure chamber deform said

10



the dialysate relative to the sorbent zone and storage 15 chanber. In one
enbodi nent the val ve neans are operative by the flow direction of dialysate
al ong saiwofRbveepissh. I n a preferred enbodi nent, the valPea/SGeemn®oeEs9e check
val ves. I n actuat ed mechani cal | y-actuated. the controller further

conpri ses act§ PFWG%EQ(P#%RﬂQf%ﬂs%@%%%nﬁﬁ?rebélW@§Qﬁwﬂ%ﬁk¥ﬁﬁﬁ% ¥htlohe

enbodi ment, agtudatiian Baes £hgl, peaps and said valve means when said
controller is éonnéotga to the d?gposable housi ng by said interface neans.

In a preferred enBodi e, ahbocthmf:rgt-,;/al ghgl gld@irfgrh%@l%?bﬁjﬁimsﬁ@nf :ﬁgva
bt or red onBOAPRBRE. e T o) S SEomBRP HEAR R So s ot or M e
di aphragm® a rigid member.

In one embodiment, the actuation means comprises a
pump capable of fluid communication with the pressure
chamber when said interface means operably couples said
disposable housing to said controller.

10 In another embodiment, the actuation means is a motor
which drives a piston wherein said piston actuates the
deformable diaphragm.

In one embodiment the pump is selected from the group
consisting of gear pumps, diaphragm pumps, piston pumps,

15 hydraulic pumps, pneumatic pumps and mechanical pumps. In
a preferred embodiment the pump is a pneumatic pump. In
one embodiment, the pump 1is capable of achieving a
dialysate flow rate of from 0.1 1/hr to 20 1/hr.

In one embodiment, the interface means comprises a

20 conduit connector that fluidly couples the pump of the
controller to the pressure chamber of the disposable
housing.

In one embodiment, the conduit connector comprises a
first mating part disposed on the controller and a second

25 mating part disposed on the disposable housing, and
wherein the first and second mating parts are configured
to lockingly engage with each other.

In one embodiment, the fluid displacement means is
integrally formed with a wall of the Storage chamber.

30 This 1s advantageous as it permits the pumping
mechanism of the dialysis device to be shared by the
storage chamber thereby permitting a reduction in the size

of the disposable housing. This is further advantageous

11



I n one enbodi nent the deformabl e di aphragmis in 30 fluid contact on one
side with the dialysate flow path, and on another opposite side, in contact
wi th a prweordecisanber that is capable of receiving fl ®Ca/SGher®oess
Pressure changes within the Eressure chanber deformsaid WO

2012/ 067585PCH SE20 PG TTIF5 Chef o??fhftﬂ@%ﬁléﬁhr 8&m ahindre h@oefwbrme@nd
di al ysate vmtdydgggﬁsqv@|§£¥§gge glgg dFy segfeégﬂrone enbodi nent, the

def or mabl e di aphragmi s |spose omthe pressure
chanmber and 5 a rﬂ@udomenbmbodlment Inﬁmnedemm@ﬂaMP@trmﬂhﬁjﬁpt@@mpﬁﬂsagans
uid, communi cation with the pressure chanber

bl e |
&ﬁgﬁr;Z?z ?n?ﬁg?ﬁﬁggﬁégﬁs %&ﬁﬁ%ﬁﬁbn%06%¥%§355 Pd df¢pBERBIEInoasi AgStBedai d

control I es. 10l taret hentgnmboghh ment,1.4dha Act Ua&hono%anémbédgm@ or which
drives a piston wherein said piston actuates the deformable di aphfagm

| n one enmbodifERt iVRe PUARSrisS nge| Re g ﬁsomQHkyqpmmpbyoiﬁuﬂdrmﬁeﬁs@ear
punps, di aphr, i n_punps,, 15 hyd u pneunmati.c punps
and nechanlcaﬁggénps. %yag%?e eﬁ?edt%ﬁboéyﬁéﬁﬁ:tﬁgg gﬁ%OFs Pnediat &
punp. | n oneféntadicoenunitheipunpits €apaphepof achieving a dialysate flow

rate of fromO.1 1/hr to 20 1/ hr. I n one enbodi nent, the
interface neans coRpfi <&s 34VARTEGRAWSY EorRIEHOrORhaPulPui @ng ol eane he

punp of tdhe cantiebber tontberpressyre chanher of , the djsposable , ;.

storage chamber comprising a deformable diaphragm to move
dialysate along the flow path and the additive dispensing
means. This reduces the requirement for additional pumps
and connections and thus results in a significant

15 reduction in the size of the dialysis device relative to
known dialysis devices.

In one embodiment, the disposable housing further
comprises a gas vent in fluid communication with the flow
path for venting gas from said dialysate. In one

20 embodiment the gas vent is activated by fluid pressure
changes that occur in the conduit connector that is in
fluid communication with the pump.

Again, this 1s advantageous, as only one pump is
required to activate the storage chamber comprising a

25 deformable diaphragm to move dialysate along the flow
path, the additive dispensing means and the gas vent
means. As all of these elements of the device can be
activated by a single pump and a single connection this
further permits miniaturization of the device and enhances

30 portability and energy efficiency. Furthermore, with only
one pump to activate these elements there is also a
significant reduction in the complexity of the device
which results 1in a decrease in manufacturing costs

relative to known dialysis devices.
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housi ng. I n one enbodi ment, the conduit connector conprises a first
mati ng part di sposed on the controller and a second 25 mating part disposed
on t he diwpasefleassiousi ng, and wherein the first and seeom$Gaetiionggpart s
are configured to_l ockingl ngage W th each other. - In one

enbodi ment, the f1'i i g‘a’%agé‘%ﬁ%ihnEBﬁsC%dPﬁttegrOémeftf%rﬁéd i i el |

of the storage-ghaimgr. + Thiss, i g.ad i r m t he i ng
mechani sm of the dial ysi sh%gfeevi (% tgobe¥§%§?g58%§ ?ﬁ%hé%gfaguéétf:%%er%e&%@

t her eby per miispogplale duuetion dmd ttee sizet vfltde. di sposabl e housing. This
is further advantﬂge%s aV\AD 012/ 067585 Cr[L/ SG2011/000395 as it permts the
construction of a horé poftabVE&AGSundbt MiS VRS UETE c &G0 B Ngs elo by e
patient.5 disdIoone enbagi meate thendisposabhacBeUsi Ng cOARLI S§% an

addi tive di spensing nmeans for dispensing a desired 5 additive into the

di al ysate. |5e Enbddi mentecinmn igdiadnaadi spetsiqrp nedes idd spotsiavdteed by
fluid pressurg, chan thate 9ecW, in the conduit connector that is in fluid
comuni cation wth the punp. IS is advantageous, as only one punp, and
only one 10 int erfracenconhtetontiser egqubs@timtot activat e hidtrdhe stkarnage
chanber conprisi.ng a d%[ ormabl e di aphragmto nove dial ysate along the flow
path and t h&additiVve oiSPehst ngCheafs SCHid edue@atadie regbveenenthieor
addi tional pUMS M LOHNRCHPIH ARG AW r&sul ts in a significant 15
reduction in the size of the dialysis device relative to known dialysis
devi ces. | FronéneénbedbreAnenthet dé s poisabd @e hotsdmige if uritsher ocampei ses
a gas vent in flui icatli wth the flow path for venting gas from
said dialysa g.t#ﬁ%o%gn%qgcn%g&%%@n A4he ‘gas vent is activated by fluid
pressure changes Irhaineoaaiod imdrite gondubtt €ONNEEt 8bmphatelSai BofbUid,
conmmuni cation w.th the punp. Again, this is advantageous, as only one
punp is reqdi® dgt%e&lct&%ataétt helst e ehbeier feghpepsragian of the

15 pump.
In one embodiment, the interface means comprises a

pressure sensor configured to determine the pressure of

said dialysate when in the disposable housing. In one
embodiment, the pressure sensor 1is disposed in the
20 controller. In one embodiment, the pressure sensor is

disposed in the controller and is in fluid communication
with the conduit connector. In a preferred embodiment,
the pressure sensor is disposed in the interface means.
Advantageously, the pressure sensor can, by
25 determining the pressure of the dialysate in the flow
path, also determine the pressure in the peritoneal cavity
of a patient. This is further advantageous as it permits
the use of one sensor to the pressure of the dialysate in
the flow path and in the peritoneal cavity of a patient.
30 It 1is a further advantage that the use of one sensor
permits the device to be reduced in size to fewer
components being required in the device.
In another embodiment, the disposable housing further

comprises a fibrin filter means disposed along the flow
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25 deformabl e di aphragmto nove dialysate along the flow path, the additive
di spensi ng neans and the gas vent neans. As all of these elenents of the
devi ce camoher2asrissat ed by a single punp and a singl e ceamscRiamoedas s
further perm tsk&n]'éni aturization of the device and enhances 30 portability

i

and energy ePFFRi ERcySTRURt héPrBPe frRMt KisHNF adFe BFRF S ok | Y by sdiese

elenments theggréssalsop shgpi fhgant regyctd i | exiLy e
devi ce whi ch resulsts in a decre%se in ngﬁuf%rg{ufﬁlﬁ%%gggﬁrs{grefég%i v]ghf%ﬂﬁnom

di al ysi s devftéser We20d2/067585RCHSER0IIMOD05ly adjddemne embogidrent ,
t he conduit CO{l{leer(%%Dr LS ins#l ated such that there |s ng el ectrical cont act
bet ween t he & sposabl e Rotisi ng fantTH Cofifr Sfferexit P§ ZRCadiAintaife of

the device asepidhmgal 0 dhe 15 .di sciosue t hat,ddhacg@nduihcoppeetpr fgsul ts
in no electric or electronic contact between the disposable housing and
control | er. removing |theyn fihrdmatisvemafbodp reroly he(Titer f acsh eaime

provi des el egtrdc orr el ronl t t we he 10 di sposabl e housi ng
and control | gr. e %ﬁgne&g%%% |‘lr;m£(relt tehee st%grltécgeg ch8hbe elf‘%vjr%%at%be
upstream of Savdirsoibemtadzonef polypropyllrnene Emdodinest tihey cankpolder

conprises a conputer configured to act on instructions for operation of the
15 punp. Capr%:leoneo rrt’fﬁgizlf?ﬁé:rﬁr}djt% iTt%er fRAGS s "oiim séda drlessure
sensor qonf i gady t o, detdrm ng | hepressung Of spifdi alysate whenin the

di sposabl e housing. In one enbodi nent, the pressure sensor is disposed in
the 20 cont IRIIRGLLIGE one Aot aasnus the phessiitler sengorl ties dihsposedid n

the controll I Sel id c nication wth the conduit connector. In
a preferred Cg({rﬁ)a%]l?ene(?lf 9?{%%9%?%%%1?%?&(:%55 %175%8?88 P tci?é‘qlﬁtaétrlfoa{be
neans. Advartageousl ¥rohepriasspeesensentancdyi2p setrerd ning (e pfessure
of the dialysate in the flow path, also determ ne the pressure in'the
peritoneal GIViS of g paEienfYSTRMNs i T ¥%r ERERNAGURRLAGEOUECASCES pérait s

the useisf onesensandgyie PFessurer gf hal v i [l AaLh and
in the peritoneal cavi t({}glor?fa pat1 ent. BOEPtgtlgfga ﬁ%&%hgriav% \G/Ez?iI e;%élés’ tHat

the use of dndtsenswr pdin tfdhriae devinteitdnige medeced li npsiclenios f ewer
conponent s i requi red. in _the device. l.Ln _anot her enbodi nent, the
di sposabl e ﬁgiufrsél%ﬁganf ur theco i S bR fiPEeR < 1i BBBEEd "AYong

the flow be a filtration device, a filter paper or any means
suitable for filtering away fibrin containing material in
20 the dialysate.

In one embodiment, the flow path may comprise a trap
located upstream of the sorbent zone. In one embodiment
the trap comprises an inlet valve and a filter 1located
opposite the inlet valve. The inlet valve is preferably a

25 resiliantly deformable disk valve. In use the dialysate
enters the trap in an inflow mode through the disk valve.
During an outflow mode the disk valve is closed preventing
the flow of dialysate from the sorbent zone to the
patient. The dialysate that enters the sorbent =zone may

30 comprise fibrin. The fibrin is prevented from entering
the sorbent zone by the filter and is therefore retained
in the trap. Advantageously, the trap is capable of
removing fibrin, mucus or forms of coagulation arising

from the peritoneal cavity before the dialysate enters the
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WD 2012/ 067585PCT/ SG2011/ 000395 path to renove fibrin fromdial ysate before
said dialysate enters said flow path. In one enbodi nent, the fibrin filter
means i s wopraedssmedi atel y adj acent to the patient' sPbhodg20fionoiexanpl e

at the exit of the patient's 5 -perj.toneal cavity. Ip one epbodi nent , the
filter for reROVFRY CRES i%f?i Flhgs dr’rﬁ‘gé(sdfs p ?‘91%/‘?/1 ngh)lscﬁ’i ANGE IEVELY | n
one enbodi nenddutbe fild eriker semmiugithe biebrimei s1mdepatn.  More

pol ypropyl ene. The filter may al so be capabl e of withstanding the pressure
wi thin the f3évwrnpaggatehyw tfidteranyg appf edildblie changeliningt sadegiiedd
properties. eqysly,.the fibrin filter, means i.s _capahl.e of_.removi ng
fibrin, nucu@p%ggl#@?ng&oef %6%8%?%& oonf]art:hsei n%l ¥ ot HE per i t }heealfléi\?irty
before tBe diedysameyemers thetfhewosysi®mcelhi s advant-agegust yoreduges
the 15 risk of clogging of the flow system More advantageously, filtering
off fibrin COIRET ni AGLhaPERI alf Opr olfdig<e iy | | #¥apanféPrife fACHWaEPIOEM

The fibrin fjlter; reans mpy be g%g%rati on device, a filter paper or any
means suitable for filtering aw%il Ibrin containing material in 20 the

di al ysate. Im opee enbodddEnent t hethéowtpavh sgptennpmaye Hutrrtapr

| ocat ed upstcroenéml}ffethe sorbent zone. Insﬁo.rjg enbodi nent .t he trap conpr.i ses
an inlet valVE&RNCR 91 BT OCH%Ed SPpositte She 56t VANE.  FHEPPRFE:

val ve isoprefesapl yaa L25r16si lpant) ys@@fdorM@k@—gfﬁgnygﬂnv%iﬂiﬂarusﬁetah% _
di al ysate enters the trap in an inflow node through the disk valve. During
an out f | ow MRAEI heCORSkIVERde it cl BSBAVHr eVERToRg dand sfisow Bfomi atsat e

fromthe sorbent zone h tJ ~e. fdialysate rs t sor bent
zone nmay 30 conprise flgqgreglnilr%glé I r%ﬁ—"le-rll-:hi asg%%vgﬁtteedﬁfh%n‘lsg%ﬁéri ngﬁat e~
sor bent zonenyodimesrt | t erhandniicsrd-lvereefrorsen r etiditred imeatle Wadp. be a

Advant ageously, the trap isefc_ pabl e of rgg\/ovi ng fibrin, nmucus or fornms of
coagul at i on "5 TF$FEH™ h §% offéd A& F befGcd LRE 181%al PE&EETdAt er s

the WO120127,067 58&PCT{ SG20444 090395y s05bgatt 2onei ghit pgoggmégs deyice.
Thi s advant gﬁgleously reduces the risk of clogging of the flow path. Mre
advant ageousiyLtey Ifeanhpbid $ebYen tonralpvaganut 8icabopgehonygs thet

| ifespan of [hg M. amavsiarm, The Jdller . mpags day e a filtration devi ce,
a filter paper or any neans sui apli'e for Ti erir¥g away fibrin containing
material in the dialysate.

As the dialysis device works to regenerate and
reconstitute spent dialysate, the presence of a

20 microorganism filter means for filtering microorganisms
from the dialysate ensures the sterility of the dialysate
returning to the patient's body. In one embodiment the
micro-organism filter means may be a filtration device, a
filter membrane or any means suitable for filtering away

25 micro-organisms containing material in the dialysate. In
one embodiment, the bacteria filter for removing
microorganisms has pore sizes of no more than about 0.20
microns. In another embodiment, the micro-organism filter

has a surface area of from about 0.05 m? to about 0.60 m°.

30 The surface area of the micro-organism filter may be about
0.185 m®. The bacteria filter may also be capable of
withstanding the pressure within the flow system without

any appreciable change in its desired properties.
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I n one enbodinent, the flow system may further conprise a mcro-organism
filter means being disposed 10 along said flow path, said mcro-organi sm
filter mesosotrgiemgsconfigured to remove microorgani sms PCOSGRoIE/ 000385 ysat e
when transnmitted along the flow path. I'n one enbodi ment, the_ m cro-ergani sm
filter means may B& @NAtded- Grdead ismaret,| tfgre ezt _%ahlz)lellmacstz_v@t fn%ger
bacteria 15 fx : di al te havi.n actericida roperties. ,
filter means Cgﬁ?gtlggrsveg %(%%r e‘rfrfg)ég grheyarﬁs] crlgor%%ﬁ ns 9 frafgon with

i nadvertent | yagnt efledy t bethl dwrsysdmedRing gaAs firken diad ysiisidaeviee works to
regenerate and reconstitutespentdi al ysate, t hepresenceofa 20 m croorgani sm
filter means°P6r FPCEFERG  mtEoSiganicdtis M0 (FRERE bi§s a2 eSensemesgahie

terilitysof ] r rani ng Qﬁ'erfto's_%.._lnone_
erte):)di ne%ft) tﬁgﬂﬁi ?roﬁnfﬁgrgﬁps%#iﬁ@ers%%gmé %_e af |rl%t rati on devi E‘E?ma
filter menbr&he Giaampameandiaguilabl eednr gbhbtateagbawayoriz:d GF O-10r gadi SN

containin i in the dialysate.ln one enbodj nent,the bacteria filter
f or remv?n?%gésggrégﬁiGSW %s%pé?reegﬁﬁre?éjeo?m OO HBPR" t RAR dSHRETD. 207 S
mcrons. In asathes enbedimentomihieiBher 6n0kgaRi sALHi Figl, Basnpa surface

area of fromabout 0.05 n2 to about 0.60 n2. 30 The surface area of the
nmi cro- or gani sm fi FEer°lifay eBEOAhBERTO. 185 nBasTheehactw s f chierisay ad so

be capablce ofieyhbbstandbngst Beafr 83SULE wilhLn Lo [ ow systema thout any
appreci abl e change 1n its desired propertiés. _ _

2012/ 067585PETp8ER2014/ 00080psate. | Tn anot _hﬁfeieaﬂiﬂp@ld Mﬁquﬂ@gm,qu:sfgg)l e
housi ng furtger conpri ses aFfaS vent nmeans |in fluid communication with said

flow path for-Perpvl ng® ghd FHohdtRe™aiat ekt Yhtlanea&fbblPwenetht he gas
vent nmeans conprises a sorbent gas 5 vent downstream of the sorbent zone

. . it h
for removing gas fgomibe didbusabethathas hegn generated by, contact wit
t he sorbent gzgne. In a preferred enbodi ment t%e sor ben gasv%‘ﬁt s i

fluid comunhydtepireini e h meilrfnow pfiitd. Hyumnehanbodin@tinatde gas want
means Cqﬁpriggfeéked from polytetrafluoroethylene (Teflon®),
polypropylene or other hydrophobic polymeric materials.
In a preferred embodiment, gas is vented by the
hydrophobic membrane by applying a positive internal
pressure in the flow path or alternatively by establishing
20 a negative pressure on the external side of the membrane.
In one embodiment, ~ positive internal pressure for
degassing is provided by a suitable flow resistor, for
example an orifice or filter membrane or a backpressure

regulator, for example a check valve having a preselected

25 crack pressure.

In another embodiment, the degasser comprises a

vacuum degasser comprising a vacuum pump to create a
negative external pressure on the external side of the
hydrophobic membrane. In one embodiment the wvacuum pump

30 1is disposed in the controller. In a preferred embodiment
the interface means comprises a vacuum pump connector to
fluidly couple the vacuum pump of the controller with the
external side of the hydrophobic membrane when said
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10 degasser, downstream of the sorbent zone, for renoving gas fromthe
dialysate. In a preferred enbodi nent, the degasser is in fluid

comuni cawpaniavierisssai d fl ow pat h. I n one enbodi MEMISG201M0E395 bent
gas vent is a hydrophobic nenbrane. The hydrophobi c nenbrane may be 15

sel ected froﬁPB%F??EFFaﬂ%uﬁ?%ﬂ?ﬁﬂ%%et?Té ﬁoﬁ&ﬁP?ﬁﬂRkﬁob?P@h@gobMﬁuﬁﬂ
hydrophobi ¢ pakyprerie pBLgLials. In a preferred enbodinent, gas is vented
by the hydrophobi c nmenbrane by applying a positive internal pressure in the
flow path or alternatively by establishing 20 a negative pressure on the
external side of Che amgmbsBered Nefbedenbod] Mehle, de@oSédt Veohptesaal 5
pressure for degassing is provided by a suitable flow resistor, for exanple
an orifice oVaFgPPeFegéﬁﬁ?énéoﬁprésbé@kﬁr8§§Bvefpégﬁﬁéﬁ@ﬂ§ feord iexdms g a
check valgve ?éMng 8o presehected 25, oragk pr i1 pressddJL angthen
enbodi nent, the degasser conprises a vacuum degasser é%npr|5|ng a vacuum
punp to creabgdaopkgal¢venaxtermal préssuae prefderext ermaddiSiate: of drhe
hydr ophobi ¢ HESQ{?@S- | n_one enbodinFnt ihg vacuum punp 30 is disposed in
the control 1 879°rn"a Preferted&nbolr hBALEEnRYi At BrFECE Re8RESCEMpr iBEs a
vacuum punp penpeciod tordssiedy soupde the variumipymLf the controld er
with the external side of the hydrophobi c nenbrane when said WO

2012/ 067585PEI SERHIA7 000395 controller is connected to the di sposabl e
housi ng by the interface neans. In a preferred enbodi nent, the
degasser, conpri s vacuum asser_conprising a punp, for exanple a
diaphra&815 punp?g?fé%ﬁéa?%P%f 'egh ?%etggt%?ﬁ%?nﬁrg@EuV@“Banh@lﬁﬁﬁﬁﬁﬁhobic
merbrane. | ndewpstef€dni edf eghediseeblentt henRggatie/ el PF@SSHhSuhS 6@nielded by
a pressure sensor. The punp and pressure sensor nmay be di sposed wi'thin the
control | er. 4oRdvaik aebertsd heh the serbent gaseveheni shei spedesate

downstream oOfed des SQIPENE-ZBBR %@ﬁtgﬁ%gg %%%%%Hngfcﬂﬁ§ ethggcgggikgéeased

fromthe sorbent zone when the dialysate reacts w't h sorbent ton
therein, carebeequivkly amleffattifueny rtdleecasdd lfisdm t bevdical.ysi smdewi ce.

More 15-,advan ousl| this_prevents the build up of pent up gases which
may und%girég%%g}ﬁ%?%ﬁggd@het%ﬁgssBF%vﬁPFﬁiﬁjﬁhegﬂiiﬁ syBt MRTE  up

advantageowﬁaseéhhﬁi@bsﬁagrQﬂ%@éﬁﬁﬂﬁﬂwsﬁﬁéré£9€‘@ﬁé”ﬁ%é%k&féawﬁﬁhﬁﬁnt
t hat contains gases which can inpede dialysis treatnent and may be harnfu
to 20 the pdthentlownaysbeBent Meas \ashitantegasaisdivsposteis wit #® npsavent s

ther oi n. I Ghe oRbodi Tt T het &b7HoRD. dasrent™y s i s posber | Feedrarel y
adj acent to wWhiers ordrentmpede, dabdpgisaitdebknanpathd atayr e®VhAgmgas £Hom
the dlabgsaﬁﬁka patient. The sorbent gas vent may be disposed within
said disposable housing and is in fluid communication with
the flow path therein. In one embodiment, the sorbent gas
vent is disposed immediately adjacent to the sorbent zone,

along said flow path for removing gas from the dialysate.

25 In one embodiment, the controller further comprises a
control means for controlling said actuation means.
Preferably, the control means is electrically coupled to a
power source located in said controller. In a preferred

embodiment the control means is a pressure sensor.

30 In a preferred embodiment, the pressure sensor senses

pressure of the dialysate flow into the flow path and the

17



251 n one enbodi ment, the controller further conprises a control nmeans for
controlling said actuation neans. Preferably, the control neans is

el ectri cavbyoroepiséd to a power source |located in said eomsSGad11®n039$n a
preferred enbodi nent the control means is_a pressure sensor. 30ln a

preferred enBOAFRBAE, ThetPFesEifte’ Sdifsof 18¥NsE’ iésshit @Y oPaithe BR&PySat e
flow into thentkewnpatheand tha V‘E%@%.lz’ O />83PCIL 3(20111,Q00397, pressyre

of the dialysate flowin the flow path before entering the sorbe Zone.
The pressurePsensde fagdhbse pnpuidéof eeghacksimputedwl &t qr ess uregt egud at or

to regul ate pressure of .the dialysate flowing.to and fromthe 5

di al ysi s dev%gg. Pressung, o ofy e@%%réJ ssc?rtﬁ’ra\glglg%&gprB@l FEG eédBECkTRD
trigger an abashysDscaseitbe detected pressure is outside an acceptable
range. In one enbodi nent, the disposable housing further 10 conprises an

addi tive di spensing nmeans("enrichment nodul e”)for dispensing an "additive
sol ution" or "eanbﬁnﬁmNe%ﬁﬂxﬁi(ﬂﬁhﬁcatonwhe dilaloysptrevide fedlieaadditsove

sol ution or ' lLutian may_ conpri se. _essential substances for

nor mal funct?g% %gpggﬁlégﬁﬁg ﬁ@wéﬁxﬁ%d ,eséﬁégfiﬁgfFgﬁﬁﬁﬁéegﬂﬁhﬁmé%%%?%ting
of potassi unancatcepinaiand nagnesi um The substances nay al so i ncl ude
osnotic agents essential for the efficacy of dialysis, such as gl ucose,

ol i gosaccharides or amno acids. In one enbodiment, the additive solution
conpri ses 20 subst@ancEs s @Ewoss meudpl evbat sdiappsabhes, hous amy nsfantcher

co-factqrs t al Ly pr . human,.heal t h. The_additive, sol ution may
al so ingfidegt egg%giti€%SU&§@§£%ggsug#%ﬁ§%ﬁiﬂ%atWSﬁESandﬁﬁﬁpﬂﬁﬁﬂﬁnt
module™) for dispensing an “additive solution” or

“enrichment solution” into the dialysate.

The additive solution or enrichment solution may

comprise essential substances for normal functioning of

15 the human body, selected from the group consisting of
potassium, calcium and magnesium. The substances may also
include osmotic agents essential for the efficacy of
dialysis, such as glucose, oligosaccharides or amino
acids. In one embodiment, the additive solution comprises

20 substances such as supplements, nutrients, vitamins and
co-factors that generally promote human health. The
additive solution may also include therapeutic substances

such as medications and hormones.

In one embodiment, the dispenser comprises a diaphragm
25 integrally formed with a wall of said dispenser. In one
embodiment the diaphragm is in fluid contact on one side
with the additive or enrichment solution and, on another
opposite side, in contact with a pressure chamber that is
capable of receiving fluid therein. Pressure changes
30  within the pressure chamber deform said diaphragm which

thereby dispenses additive solution into the dialysate.
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I n one enbodi nent, the di spenser conprises a diaphragm 25 integrally forned
with a wall of said dispenser. In one enbodi nent the diaphragmis in fluid
contact omoane/®ri$é with the additive or enrichnment sol RCIISG26I1H)030H

anot her opposite side, in contact with a pressure chanber that is capable

of receivinglPl GREHRer SMPoPmEdur & hehafhigeReBe i RAY nPeha Qiresset doxhanber
def orm sai d di,aphkag Lch therepy. di di.tive _sol.ution_into the
di al ysat e. %¥?20 %/g%@@%BPCT?éGQ@%i/d%@%%%ﬁﬁﬁﬁgngiE%rs§% %&Fweﬁ??pth%s

di spenser nmgibpoaetiuahetdhbycansyoihge.punp. I n one enbodi nent the syringe
punp is disposed in the controller. In one enbodinent, the additive

di spensing nmeans may 5 be discrete fromthe di sposable housing. This is
advant ageous as thB &RF GRRGTINSGul £mdafest Evat Eacpepannbe mamjeoted t o

i L1eronts Srek: | badkandl ealohfliatie T8 XA R, WRENLRE. 200 LIS, at®
di spensi ng means contains an additive solution contarnin glucoseshed%
treat nent isathent8gpresersetdhst enrliichatnan moetihed.anldoi\ergorgadies can

radiation is_the preferred sterilizatjion technique for the disposable
ous no. | nPOnG BHECHERENS  ChERARTE | e S S retHen SENBF 1 ous ain

interface meansmplepnererbodhaentaqitthe d nheshagsidy MRans CQHHEE@LE% a?n
connector that fluidly couples the additive dispenSing nmeans to the flow
pat h di sposedifhtihie dpspbsabl EORbasNhgy DAucnecehbedi resptmane ciannegot or

conpris a fj i . . di S he additive dispensi ng neans and
a secong%naié%%§%5$?&d?gsggg S%%§?ﬁe§%ﬁgg¥%pos§% 8/ hbusiPh ,aaﬁﬁ“gh%ﬁ¥ﬂqlthe
first and set®ond tted i npreedidryear e eantiiguredivta | oekingl yuengager wi tiheach
other. In ogg.ean%%fen%, the first mating part disposed on the additive

di spensi ng nea™RC A Or SReHHd mati ng part di sposed on the di sposable
housi ng may be sealed to 25 maintain the sterility of the additive solution

o o PRS00 SRR L P
di sposed on arhe iditspdsals emheusi.ng dre seal edmbydimans, oftiee plitg M face
frangi bll% serr?elans?’o clglmggpieseesnboadi rg:eoqltn’ectthoer f itrlrlsatt rrqftliuni%l%/ar tcoq,lipslpeosse%h%n the
additive dispensing means to the flow path disposed in the
disposable housing. In one embodiment, the connector
comprises a first mating part disposed on the additive
dispensing means and a second mating part disposed on the
20 disposable housing, and wherein the first and second
mating parts are configured to lockingly engage with each
other. In one embodiment, the first mating part disposed
on the additive dispensing means and/or second mating part
disposed on the disposable housing may be sealed to
25 maintain the sterility of the additive solution in the
additive dispensing means. In one embodiment, the first
mating part disposed on the additive dispensing means
and/or second mating part disposed on the disposable
housing are sealed by means of a plug or frangible seal.
30
In one embodiment, the first mating part disposed on the
additive dispensing means mates with the second mating

part disposed on the disposable housing by breaking or
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addi tive di spensing neans mates with the second mating part disposed on the
di sposabl e housing by breaking or WO 2012/067585PCT/ SG2011/ 000395
punct uri ryoan1dicsdssdgi ng the plug or seal of the mati ngPPAUSG20TINNGIS S
advant ageous_as itﬁErecIudes t he i padvertent reuse of a spent additive

di spensi ng nBHASTF : _ : Hen
addi tive di spgpging nE@H§Scoqgr|sg&vgnggéggﬁgeragor %@ldFQ%cﬁ §e%dduﬁh¥e
I N one enbodi nent, the contal ner ag Focated’i

| n bhedeabbdihentusehe faddi $peet dadpensirag disars siisiga ntdagisd in

sol uti on.
housi ng.

BIn& dispbRabld h&hsi MLuS| Arorfeanbedi fdst ,matieng

may be a

i I Si nd of the container in
cont ai ner conp£|5|§gS§8%%§gge | ocated at 10 an end

comuni cati of W¥h

deliverysof the additéve sahwddoneditomihe addiidme di $pensing, e

inarigd

oPOUF A8 hi s enbodi nent, the sponge facilitateﬁ
O the

di alysate flow path.1n another enbodi ment, the container ‘may be resiliently
def or mabl e. | f°BAEL45S epbothentndheéont dicdeiinigs Hehubddtitrieed fsomtaon.

10

15

20

25

30

In one embodiment, the container may be a bag located in a
rigid housing. In one embodiment, the additive dispensing
means is a rigid container comprising a sponge located at
an end of the container in communication with a connector.
In this embodiment, the sponge facilitates delivery of the

additive solution from the additive dispensing means to

the dialysate flow path. In another embodiment, the
container may be resiliently deformable. In one
embodiment the container is manufactured from a

biocompatible plastics material. Advantageously, all these
empbodiments allow air-free withdrawal of the enrichment
solution in the container thus enabling orientation

independent use of the dialysis device.

In one embodiment, the dialysis device has an
automatic dispensing system comprising a fixed
displacement pump to dispense a fixed volume of additive
solution to the dialysate flow path. The fixed
displacement pump comprises a rigid casing defining a
hollow interior. The volume of the interior may be
selected from the group consisting of about 0.1 to about
10ml; about 0.1 to about 9ml about 0.1 to about 8ml about
0.1 to about 7ml about 0.1 to about 6ml about 0.1 to about
>ml about 0.1 to about 4ml about 0.1 to about 3ml about
0.1 to about 2ml about 0.1 to about 1ml and about 0.1 to
about 0.5ml.

In one embodiment, the fixed displacement pump comprises
two  chambers separated by a deformable impermeable
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bi oconpatible plastics material. Advantageously, all these enbodi nments
allow air-free withdrawal of the enrichment solution in the container thus
enabl i ng woizerwrissn i ndependent use of the dialysis depCesG2@alonoone
enbodi ment, the dialysis device has an_automatic dispensing system _
conpri si ng a"¥TXEN'E S adeABRE 280 t 37di epensEpdinesd voPofe of ddditive
solution to &g Al YS(%Ih%rJﬂg%N ??t h; o T*l%cia%%dTﬁhSp% f&e%}on@ﬁ%&c%%%ﬁ S€S
arigid casing defining a 25 hollow i nterior. e volune O e‘interior
may be sel ect®th f ropumbe drooupexconsist amgaot abmewt. 0.1hé ooabeut ch@mbe rabout

0.1 to about, 9nil about 0.1 to out 8nl about 0.1 to about 7nml about 0.1 to
about 6ml ab&tta® At t )abSuﬁ“S%%QﬂﬂnﬁOWﬁﬁp%Q?EﬂﬁﬁnWhhﬁ s5Bsueng ithmgnabout

3ml abouts 30ndudid 0 about AHl akeutiifelirto @houtyihm Hand ahoyt, Q. d tg.about
0.5nL. In one enbodi nent, the fixed dlspfacenent punmp conprises two
chanmbers sepifiEtribye a dbsphnadhe taperimealice 20:gaMQve pressure in

2012/ 067585P / 3 nbr an r _di aphragm|n one enbodi nent, one
of the chanﬁgggﬁ%%ﬁ§%ﬁ%%91§§?g %Lg%g%gf%w?l%?%lgbﬁﬁuﬁngFfBH Al EPSunp,
for exanpl e e iametnp. mddel ot her chankere (chasdhernd)tistha fhdigdtive

comuni cation with the enrichment 5 nodule. In one enbodi nent, the air punp
act uat es t h&deTBtifabte dcasitagm Te°T nabeBtnelfat | 98OpE eddur e2boutehafber 2

and t heeby pidhdrayes addigaye sehid on dﬁogagbﬁ%ﬁg@ggaﬂﬁgﬁtmgggeakg
pressure is selected from 10 about 60 and about . _one ehbo rment the
negati ve abdauimBoacabaues 4QheabirfoShbllen dhapheagenttedi amnty pbeiaite
pressure in chamber 2 to dispense additive solution into
the dialysate 1in the dialysate flow path. This 1is
advantageous as it permits a predetermined amount of
15 additive solution to be dispensed into the dialysate flow
path consistently. The volume dispensed 1is entirely

dependent on the pump volume and is independent of

dialysate pressure or flow rate.

In one embodiment, the air pump is used to actuate the
20  storage chamber comprising a deformable diaphragm to move
dialysate along the flow path, the additive dispensing
means and the gas vent means. As only one pump is

required for the operation of the device, the device is

very energy efficient. As such the device may be powered
25 by a battery. In one embodiment, the device comprises a
rechargeable battery, such as a rechargeable lithium

polymer battery.

It is a further advantage that the same controller may be
used for an entire range of dialysis devices such as

30 wearable devices, portable devices and desktop devices.
Advantageously, a patient can use a wearable device for
mobility during the day and a heavy duty device during
sleep at home, with the same controller.
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punp actuates the deformabl e diaphragmto apply positive pressure in
chanber 2 to dispense additive solution into the dialysate in the dialysate
fl ow pat WOTBhi26785advant ageous as it permts a predet ePrirsedoamoesas of 15
additive solution to be dispensed int-o the dialysate flow path
consi st ent | yReFhargsrphe Eﬁgbéﬁééé REcepdivaaltpggependentthen dee qrumpoam| une
and is indep e f .dj S u r.f e. _In_one enbodi nent,
the air purrpﬁ?{s;I gtggg ttgj chét/ug Ign?%géiortgt %rnag%@%éﬁ%rersggﬁﬁﬁ's' g Saucrga'
def or mabl e dithghe agin t monmodendeal ysat 6 mldnrg tde f Lavepatpribhe addidiye
di spensi ng neans and tge gas vent nmeans. As only one punp is required for
t he operati oR°®F"t itPde¥ice, the device is very energy efficient. As such
t he device may be powered 25 by a battery. In one enbodi nent, the device
conprises a fgec g - e char ble lithiu ol r
battery. %It |f§ gﬁ% ugﬁﬁéglggbgngéae§$%§€§§ﬁ§bg§n§35gﬁ?yoIclagr tbr?ayc{%tgactfgeer% for
an entire rahgenothdi dkyscs dedi ceshsughdasn3@ weakablte demvireg@sg poritabl e
devi ces and deskt op .devi ces. Advantageously, a patient can use a wearabl e
devi ce for mbbi IFIFHUr i FFRETERY anfi®a heal§raaehlaePeet oty Al &&p at
home, with thecisargegont ol kerin 2he WA 2012/ O6S8RRCT/ SG2011/ 000395
Rechar geabl e batteries are advantageous as the device does not have to be
connected to an AC power source. As such, there is no danger of inadvertent
interrupti onliofithe powshesuppivantBgen tdne erbadi teat deheceecbargraliel
batteryl%an bsei det acherﬁ froé}r%)];he devi ce and recharged on a separate
char gi ng uni 1% another? Hbodi sttt HeE recfar GEdbIE thatt@ér y Pdan Mswed
recharged iresdily i nwhheedi abyisisudayi candt &§aﬂg§ﬂ£t hgroadyantage dhen
when the device i's powered 10 using fechargeabl e batteries, a pafient can
be noved easiI3PRui | WoMd n@ngelREIEREYysPS pibcedumaturerl exidmplseedur i ng
an ener gency, et | saster, s i ere _no _power, .(and water)
may be avai Isaﬁned.ﬂ& MALU%)Z{'{[%ngy iI'n (;acncatc)r gléc@ %ﬂ%%%eaxgﬁl\sl%b&s%‘re may have
the 15 foll ow ng exenplary characteristics:

A battery in accordance with the disclosure may have the

15 following exemplary characteristics:

Charging:

Maximum Charge Current: about 1200 mA
Charge Limited Voltage: about 12.6V
End-of Current: about 24 mA

20 Discharging:

Maximum Discharge Current: about 2400 mA
End Voltage: about 8.25V
Operation:

25 Temperature Charge: about 0-45
Temperature Discharge: about -20 ~ +60
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Char gi ng: Maxi mum Charge Current:about 1200 mA Charge Limted Voltage: about
12. 6V End-of Current:about 24 mA 20 Di schargi ng: Maxi num Di scharge
Current : alvoup12246@35mA End Vol t age: about 8. 25V Qper at i onPCIBGLEIer3as ur e
Char ge: about 0-45 Tenperature Discharge:about -20 - +60 WO

2012/ 067585PCT/ SG2011/ 000395 The battery may have a lifetinme of greater

than 100 cycles prekerabl r than ;20Q cycl s and npre preferab
greater thanTgﬁb cycFes9ofM? cﬁ%%%%néb 2‘ n 5héaenbod%h§ntethat apalyé¥s
devi ce i s onloycdetiivatoes fstre 1yhe goenttreol | erthzand 20 G posydl €s hosséingmare

led t ther.. | nbodi nent , e di sposabl e housing is provided
&f?ﬁ : pigggéﬁg%gﬁag&gggfg@ﬁﬁé gﬁ§ﬁﬁﬁbﬁ F¥Cate8d°tor6R EREL8Gnt rol ler. In

one enbodsnent, the switch nmay be a linit switch. Wen the controller and
di sposabl e housing are coupled together the pin on the disposabl e housing
act uat es thel&widc¢h ¢ROeHENeNt FbRtedited vsdrmedtvite bat terly tact heated

controller power l£Q§SW:&Hlf%?ie%nbgganEﬁ%Sposable housing are coupled

together. In one embodiment, the disposable housing is
provided with a pin adapted to activate a switch located
10 on the controller. 1In one embodiment, the switch may be a
limit switch. When the controller and disposable housing
are coupled together the pin on the disposable housing
actuates the switch in the controller to connect the
battery to the controller power lines. In one embodiment,
15 the pin is deformable or breakable. This is advantageous
as the broken or deformed pin cannot actuate the switch
once the controller is removed from the disposable
housing, thus preventing the inadvertent or intentional

re-use of a used disposable unit.

20 In one embodiment, the disposable housing further
comprises an ammonia sensor configured to detect ammonia
present in said dialysate. Advantageously, the sensor for
detecting ammonia present in the dialysate maximizes the
utilization of the sorbent before the sorbent has to be

25 replaced. Due to the presence of the sensor, the patient
will be able to accurately identify when the sorbent of

the flow system has to be replaced.

In one embodiment, the ammonia sensor is capable of
detecting the concentration of ammonia present in the

30 dialysate in the form of free ammonia or ammonium ions.
The ammonia sensor may also provide a feedback input to

the control system of the dialysis device so that if the
ammonia concentration exceeds an undesired upper limit
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15 the pin is deformabl e or breakable. This is advantageous as the broken
or deforned pin cannot actuate the switch once the controller is renoved
from t he wosprammbise housi ng, thus preventing the i nadvePCemsG2or/0besvent i onal
re-use of a used disposable unit. 20l n one enbodi nent, the di sposable

housi ng furt hBF9CconptT sESTERCAMBNP BERe S0t e6hiVgtited o aderact artfoni a
present in sgkdcdiakysatge ﬁgr\{gnt ageously, the sensor for detecting ammnia
present in the dialysate maxinizes the utilization of the sorbent before
the sorbent has to be 25 replaced. Due to the presence of the sensor, the
patient willIbeoabl embodacentat ehy iadenhiiby ssherrt he sordentorafd the £4pw
system has to_be repl ceg., Ln one enbodi nent, the amoni a sensor is capable
of detectingPthe 8gnégﬁt AP ER25F AfPBniPa thr Ssems tinearhe BO- R at kR i n
the formsof fhee RN dc@bo@IHONE UMLHENS, &?ié‘mg'%ﬁ"s% senson jmay .al sq,
provi de a feedback input to the control system of the di a ysis device so
that if the BHpforieguconcdsgzaseon exbeeds rancuddesi rigte uppennkbn densAR
2012/ 067585P SC2011/ 000395 range, the control system nay actjvate an

al ar m and/ or%%a(%t%i v%(é%a%%cg Ba%geﬁﬂ SHe E%odﬁaﬁ#%ﬂ REP afforf S SeRsst is
posi tioned imeaainpard oktthe dhahysate fihowmat Bdowasgtkream of the the
sorbent. 5 In another enbodi nent, the_ammonia sensor is |ocated in the
vacuum degasS¥ir ORPRONEE t PEHPERNet-he AMTBANATIEASEr ndye bemmooasedansstr eam
of the vacu u a [ Lht ect . ia jn the gas emtted
fromt he@hyo%%ho@t%i ﬁﬁﬁ?ﬁgng@ tgérg%gti ve y,l hé%;nn?rlgni éihs?élnssorggo b i be
| ocated to der@etmapumpi-a | Anarthexhaesbodimsetre, vateummuspia | BehBbs is
enbodi nent CEhe a ni a ensor S ﬂ'es]posed in the controller.

1sposed 1n t contro
In one embodiment, the ammonia sensor may comprise a
material or indicator strips, which change colour on

15 exposure to or in the presence of ammonia or ammonium

ions. In one embodiment, the ammonia sensor is an
optochemical sensor. In another embodiment, the ammonia
sensor comprises an ammonia-sensitive membrane. In

another embodiment, the ammonia sensor may comprise a
20  conductivity sensor to monitor for ammonia. In one
embodiment, the ammonia sensor is an ammonia-selective
potentiometric or amperometric electrode. In one
embodiment, the ammonia sensor is configured to detect
ammonia in gas extracted from a dialysate flow by a
25 degasser.
In one embodiment, the ammonia sensor is disposed in
the controller.
In one embodiment, the device comprises a gas vent
means comprising a degasser, downstream of the sorbent
30 zone, for removing gas from the dialysate. In one
embodiment, the gas vent means is a hydrophobic membrane.
In a preferred embodiment, the gas vent means comprises

two hydrophobic membranes arranged in parallel. Each
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I n one enbodi nent, the ammoni a sensor may conprise a material or indicator
strips, which change colour on 15 exposure to or in the presence of ammonia
or amoniw20®7388 one enbodi nent, the amoni a sensor PET&G2aE00eEM cal

sensor. | n angt her odi ment, the ammpni a sensor conprises an
anmoni a- sens?‘y%QpﬁQﬂEﬁFaﬁ‘@rﬂq{%t her LerpbaAnEfI 2qHE akfroAna Slensvenmay

conprise a 2@nco (o3 TAVA ; or to%yyy . f: anamni 8, In.gnel
enggdinent, ?ﬁe gﬁﬁonfgkgﬁﬁggg%iséan nwé%?gggg{ectlye pd%en%lpne???%?%r
anper onet ri cbereeenodée hydoowghemiodimmehiranktlse armronee samnsedinsn€onfhgur ed

to detect a iLa |n.gas extracted froma dialysate flow by a 25degasser.

I n one enbogggeﬁs?h%%gcaﬁﬁﬁgﬁfQﬁH%%rCP§V8 sﬁ6§e§a?hl%%%t%oﬁpﬁmﬁkﬂw of

In one erdbodgaentn the deviceacenphi SKS §y9§§?M§B§cnﬁéﬂ§r§9gEt'S'ng a
degasser, downstream of the sorbent 30 zone, for renoving gas fromthe

di al ysate. In one enbodi ment, the gas vent means is a hydrophobic nenbrane.
In a preferred enﬁ@diﬁ@ﬁtherhee@bstHamtnEam&7com?%%i%§§é£§%2¥?ggggﬁ?@
menbr anes ar .' arallel. Each WO 2012/067 ,

hydr ophobi ¢ %e ?gﬁ%QFgoPocgfég adf actht (¥ af? VETt3t¥n dne ok trent
a hydrophi | i exmenbaanpressheeated thet weere the1 hydaephebi, memhianes, i one
enbodi nent, the hydrophilic nenbrane is curved to facilitate the flow of 5

gas in the dPEPyEaLe- t o heohy depBbRSbnenrefbrards. pump is disposed in

10 the controller. In a preferred embodiment the interface
means comprises an air pump connector to fluidly couple
the air pump of the controller with the external side of
the hydrophobic membrane when said controller is connected

to the disposable housing by the interface means.

15 In a preferred embodiment, the degésser comprises a
pump, for example an air pump, to create a negative
external pressure on the hydrophobic membrane. In a
preferred embodiment, the negative pressure is controlled
by a pressure sensor. The pump and pressure sensor may be

20 disposed within controller.

In one embodiment, the air wvent is in fluid
communication at one end with a pump, for example an air
pump, located in the controller and at another end with an
ammonia sensor and exhaust. In one embodiment gas is

25 vented by the hydrophobic membrane by applying a positive
internal pressure in the dialysate flow path or
alternatively by establishing a negative pressure on the
external side of the membrane. In one embodiment,
positive internal pressure for degassing is provided by a

30 suitable flow resistor, for example an orifice or filter
membrane or a backpressure regulator, for example a check

valve having a preselected crack pressure. In one
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I n anot her enbodi nent, the degasser is in fluid conmunication with an air
punp to create a negative external pressure on the external side of the
hydr ophobwo 20emisrsse. | n one enbodi nent the air punp i sPdIsEaea®$39510 t he
controller. |n referr embodi nent _the interface neans conprises an air
punp connect%@bg%PW?ﬁldl3g§%ggﬂép9ﬁ§£éﬁr IS CRERERESol FRr SMtH Qvhe
external si deoefluifie rbydrophehiic STRMDranes WheRs sak d reRt 1k lser aitS_L(f%%rEeCt ed
to the disposable housing by the interface nmeans. 15Iin a preferre

enbodi nent, PP@Y degdsser tohpevsesnduptimforf ot rexampteiam aifr iy sate

Create a ne i ve. pressure on the hydrophobic nenbrane. In a
preferred e%g%d?%%%?égéﬁgé%e%g$?v%'pressure is controlled by a pressure

sensor. The punp and pressure sensor may be 20 di sposed within controller.

In one ebodi mentint beeaidmy@Mmdst | Nthbuigh onaini eatipn i one;gnd i th a
punp, for exanple an air punp, located in the controller and at another end
with an ammot PR heiesexhaust. | n one enbodi nent gas is 25 vented by
t he hydrophobi c nmenbrane by applying a positive internal pressure in the

di al ysate flow path or alternat.ively by establishing a negative pressure on
the external si dgfnof Yhe %&ﬁl@ntl’n %H@ eﬁbﬁ@?ﬁ‘%ﬂ?? PUITIRE iMHtYer kAl

pressure fordidggassd ngf | 6n psovsded bysas30rsHirtabl @ athow;EegisSLoky, har
exanple an orifjice or filter nmenbrane or a backpressure regul ator, #or
exampl e a chidck:VatVve2AB91hg98 predbreciasd asr ddletprassune. flawopethWhs

2012/ 067585RGH{:3(32011L000395 . gbog] I sposabl.e _hqusi ng conprises
an outflow condui t for transﬁ%ssigﬁégggﬁvg%ggﬁgé ?ggnfggf 6§Viéﬁ + $06ody
and an i nf| oleworduicenf obet remsmi sisiah, ofordi akyshtest 0 saild qratdent ' sybody.

5In one enbogdi.nent,. the degasser is. disposed in the disposable housing.
In one enbo F%égi,d%ﬁﬁ?%ﬁ ﬁ&iaﬁﬁ% %bﬂ%? ﬁbh%yh%%sﬂ?%posgﬁ 6f 8nfHr8AEEy

basis or afteiveeachydi akysine cyebecel ttHat apsadyant aga-of 4 e device;that
as the flow path is 10 fluidly sealed fromthe controller the sterility of
the devi ce d&¥WB&eshiptiaiare, the aldrestblaehposanedandy e | padisposal of

the di spgsahle housing. 1t 4 further advantage of the device that as
only one connect?on isoﬁeéﬁfﬁégﬂﬁ§¥We§ﬁn$ﬁgl F%%SQab? hotfsi 1§ V¢ t he
patient, 15 stilyeirfiiglansfl yoireldagiechl contaen fatuothef LOeadeyhsechst the
S|gn|f|cant%¥ redﬁced. ht is a further advantage that the connector between
the di sposabi@"fi6i§'ng 8REVERE cohbffol ISFSHISINLR di raswsained t enpr evehe
bi ol ogi cal ebrehemieal ¢gntampaiionsofidhe devige it 1§80 .34vant age
chemical contamination of the device. It is an advantage
20  of the device that, as the flow path is fluidly sealed
from the controller, the risk of biological and/or
chemical contamination of the dialysate by the controller

is significantly reduced.

In one embodiment, the flow path through which the

25 dialysate flows may be made of resilient, chemically and
biologically inert materials. 1In one embodiment, the flow
path may also be able to wiﬁhstand the pressure within the
dialysis device without leakage. In one embodiment, the
flow path is manufactured from medical grade polymer such

30 as polycarbonate, nylon, silicone or polyurethane. Other

components of the flow system may also be connected using
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20 of the device that, as the flow path is fluidly sealed fromthe
controller, the risk of biological and/or chem cal contam nation of the
di al ysat ewbypotde7ssentrol ler is significantly reduced. | RrRCose2envoesonent ,

the fl ow pat i t he 25 di.al ysate flows nmay be made of .. -
resili entl,o c e%géggggoggﬁggﬁoIoggirgaﬁﬁlyle?/nﬁcerl?atn%lfjearll af 8 ﬁ_sor?_g Ssbdiarent ,
the flow patdirady pbSombe &dleytcn bt hsd Bnck tihen PFESSHINS W d i Phbhe,

di al ysis device w thout |eakage. In one enbodinent, the flow path is

manuf actured from nedi cal grade pol yner such 30 as pol ycarbonate, nyl on,
silicone or pol yutet ARRfecemOphHémesonpoientSlof shetéhowusyseemampralss be

connected usjn L067585PCT/ S 11/ 000395 a _connectar e Q
resilient ma er%f)g}égscéggﬁgg o%ennseodﬁ’calezlgnr aﬁ%ogfg?%é?f“ éaéﬂﬁ@ﬂr%n g}?ge Flow
pol ycar banat ey orempol fsttiphonesonlpgtiens enbodidgnt ,sdihed.l ow syst emdrurdher
conprises a conductivity sensor.In another enbodinent, the flow 5 system
further conpiTRISIZERY eatRenEb?v | fY ahORhERrERBBEIFRBRE L SERe af IGR a$istiom

further conpydses-a creahini;ne $6RsQ0- | %&n%ﬂd%g@{, enpodi nept., tp%sftlﬁ%w
system conprises a glucose sensor.|n one enmbodi nent, these rther
sensors may bunpoicated adowhstream sfnddwe. sor Bentodd iaemddweiddrowy pathesd n

one enbodi nent, .t hese sensors may be di sposed al ong the dial ysate fl ow path
adj acent tc)%kf%&%%iﬁePﬁ%raeaﬁgs e locageg %ownst eam of the sorbent

10 in the flow path. In one embodiment, these sensors may be
disposed along the dialysate flow path adjacent to or
within the degasser.

It is an advantage of the device of the disclosure
that due to the requirement for only one pump and a

15 deformable diaphragm integrally formed with a wall of the
storage chamber that the overall size of the device can be
significantly reduced relative to other dialysis devices.

In one embodiment the disposable housing may be
provided with a tamper proof seal. In another embodiment,

20 the controller may be provided with a tamper proof seal.
The tamper proof seal may be located on the conduit
connector disposed on the controller or disposable
housing. This 1s advantageous as the tamper proof seal
will ensure that the controller or disposable housing are

25 sterile before wuse. The tamper proof seal will also
prevent a controller of disposable housing that has been
tampered with from being used in a dialysis cycle. This
is further advantageous as biological or chemical
contamination of the device, and the risk of patient

30 infection is further reduced.

There is also provided a dialysis controller operable
with a disposable housing having fluid displacement means

configured to move dialysate along a flow path disposed
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It is an advantage of the device of the disclosure that due to the

requi rement for only one punp and a 15 deformabl e di aphragmintegrally

formed wiwb 2a1vmr38sof t he storage chanmber that the over &Ci/Ss2an/00039% he

devi ce-can be'%h?ﬂi fica tl% reduceg relative to other dialysis devices.
n lﬁ) 3 & '

Fhent "t K83 sposabi e h&dsi ng’ HeyP b pr 60MBEd Shi'Eh & tHpem

I n one enmbodi e

proof seal. hsaaBotfher emhediifRNt 328 trheieonrilren@y: beRROVided W th a
t anper proof seal. The tanper proof seal nay be | ocated on the conduit

connector di $pb8EEAEA tAFONEPE| | epnecHiBPposHbice konsiredgleThi soi said

advant ageous np f seal _w.ll ensure that e controller, or
di sposabl e h%%%?%%%i%g Zg&éggr??l e Berore usgt hectc’é%ﬁé)ﬁqﬁrroofa alSauq |
al so prevent iateohscel Ineraref dispasiabld shoyskngdt hatohasheenst anpesad, with

frombeing used.in a dialysis cycle. This is further advantageous as
bi ol ogi cal orf“thefi CBFrTohtam hatielbfPetrb eviieesinthd the risk of patient

30 infection is f@ﬁé?érigeggggdpmovid dTQ?FﬁiééoééBer89%39gﬂsathﬁ%X? S
controller operable with a di sposabl e housi ng ‘having fl ui i Spl acene

means confi guked tie novef djatedatte dbongparbitew payhadi sposedl 18O, the
2012/ 067585PCTL S0 éqg(9395 within said housing, the controller conprising
actuation meansfor acttati HY s P T di spl acement neans and an

interface meanstiiow ceamect idigeaidd comdaiier 400841 dudisposalle housi ng,
wherein said controller and said 5 interface neans are fluidly sealed from
said flow pat¥CuYehg BPeRatd onPatiehe disposubieckedsi fg. contanfhend is

al so provi ded @, ¢l sppsabl & ddg?édé/asﬂﬁoﬂo%ﬂﬂg that is configured to be
operated by a controller, th I sposabl e housing conprising: 10 a flow path
di sposed t herrei niafontpahi ofeadisal yisat e aeceiotachdl r araial patdweriing S tsubjaect ed
to contam nant_renoval. when iegtd%)er ation; and an interface neans for

connecting saidt HoUEI ' oo PRI e £ AL bf said

control ber, wirbe Mte eim hde USesiaf dof [r}ﬁx\/c}ﬁ)a_il@ Esuibhuidky-seal %g_o rom;gai d
controller and said interface neans. ere is also provided a dialysis
Systen]conprqgﬁquller and said interface means.

There is also provided a dialysis system comprising:

a disposable housing having a flow path containing
dialysate received from a patient, the dialysate

20 undergoing contaminant removal while disposed in the flow
path;

a controller operably connected to said disposable
housing by an interface means to control the operations of
the disposable housing;

25 wherein said flow path is fluidly sealed from the
controller and interface means.

In one embodiment, the system comprises a pressure
sensor configured to determine fluid pressure changes in
the flow path. In another embodiment the controller 1is

30 configured to determine the flow rate of dialysate in the
flow path based on the pressure changes output by the
pressure sensor.

In one embodiment, the controller comprises a

computer program encoded in at least one computer readable
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a di sposabl e housing having a flow path containing dialysate receivedfroma
patient,the dial ysate 20 undergoi ng contam nant renoval while disposed in

t he fl owwet2n12/067585 a control | er operably connect ed toPsaiSd2dii®paonbl e
housi ng by ' rface _nmeans to_contral the operations of the disposable
housi ng; 25 %¢£§ﬁ’sa%§eflo%?%%f%e¥s'ﬁﬁﬁQﬁaglseﬁ?gar%ﬁéﬁgthéicoﬁﬁiolI and
interface meamstructiond eneoelodimrent:, 18essYyHrRM e6fiputses PedHASKdr e
sensor configured to determne fluid pressure changes in the flow path. In
anot her enboBPRERR: t hEPEEAPLEI | €10 i siBDLBRART gur &0 deterwiad t ke flaow
rate of dialysateslo.thefbow.panh hased on, the oressuge. ehanges outait by
t he pressure sensor. n one”enbodi nent, the cont T ol 1 2r conpri ses a
conput er 5pr oftewm eacbdéthdad avnl eastd omee conpet ehaneadabbecpMD by said
2012/ 067585PCT/ SG2011/ 000395 nedi um the conputer program conprising a set
of instructi®hs®®ehtotfdd i at | east one conputer readabl e medi um operable
to inplement, whet,exegut ey fifdACesSSPhe CAlGM ALING theohbowskat e of
dialysate in the 5 fl ow path based on said pressure changes output by said
pressure sens@pputer programpnenepdodi hendt thestontyeoldompudenpricsaitale
conput er pr nco in |.east one conputer readable nediu t he
conput er prgrgér(ginqrg’onpgﬁgi ngC%&%%E&(SJf %6 RSt uct?d §T°sh8odéd iﬁ%t 1%
one conput erineadadt Loredi uA-odper abl eatto iapdemerie WBRPUEXEC ULE Y] &
processor, calculating the use tinme of the sorbent cartridge based on the
start tine dfe %ﬂysigpﬁéﬁﬁbea A diBpbEERT e hoUdieRy cHFisThg BYsordbent
zone. | n one,lo-&ihod mepli Lhe,s1a4t thEe hgLcordglatedsw tha sorpen
predetermned lifetine of the sorbent zone in the disposable hou3|ng.ﬁ n
one enbodi nerarthiedasebased of the soelyénttizeneof sdhahysbdsedsiingr ealnew ne.
I n one enbod:ﬂ§q§Sab en the .processor.detects tha&)thg use tine fo i s equal
to the predeteimted 1 ferthedor CPRRI5FBENt? ZGIELHI I SIS i s stoppat
Thi s i sladvasimgeownt as tical ysicsrwl | | theeSt opped Ebhtise pey@nt iy overyse

of the sorbent zone and reduci ng,any untreated dial ysate being sent back to
t he patient;medetermlned lifeftime of the sorbent zone in the

st

disposable housing. In one embodiment the use time of the
sorbent zone 1s monitored 1in real time. In one
embodiment, when the processor detects that the use time

20 1s equal to the predetermined lifetime of the sorbent
zone, dialysis 1s stopped. This 1is advantageous, as
dialysis will be stopped thus preventing overuse of the
sorbent zone and reducing any untreated dialysate being
sent back to the patient.

25 There is also provided a dialysis method implemented
in a dialysis system comprising a disposable housing
having a flow path extending therethrough and a sorbent
zone for contaminant removal, an interface means operably
coupling said disposable housing to a controller for

30 controlling the passage of dialysate along the flow path
of said disposable housing, the method comprising the
steps of:

passing a dialysate along the flow path of said
disposable housing while ensuring that the flow path and
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25There is also provided a dialysis method inplenented in a dialysis system
conprising a di sposabl e housing having a flow path extending therethrough
and a sorwerm1zenssf or contam nant renoval, an interfaceCrsensl10pesonbl y

coupling said.disposabl e housi-ng to_a cqontroller for 30 controlling the
pasgage of dgégggg? Cal ohyF $He %FbmfzﬁﬂaTﬁf %ﬁﬁi?%h:ﬁ&ﬂgbbFEehdH§¢%@fa@%e
net hod conpringébfg bhe 8heP&cAtroller. Passing a dialysate along the flow
pat h of said di sposabl e housing while ensuring that the flow path and WO

2012/ 067585PCT/ S&01210008bsddnahysahe matheilincospfliaedl yhseated bfom t he

i nterface neans .controller, I n one,_enbqdi nent  the. net hod
conpri ses the stZgg%%?§ﬁ§§séfgﬁauﬁ?e%gﬁpge%hhﬂgggéiﬁl?ﬂgsﬁF3I§%8Wep?FBw
path 5 durindusand pasdipgsstep; sasd; and determining the flow rate of

di al ysate al ong sgig dialysatehfloylpath accorg!n to cha?ges |n_§ald
nmeasur ed pressur e®SteIMINIng| hhgnglewbsdt frenf  diaby fethodl $ugt heidconpri ses

t he 10.Step @Ia§9£&§éiPQo&hEaQﬁFQEHBP&gﬁé'Pﬁ’éﬁéﬁ%ég fnt§£9§tm£ég&Qé8te'
There is also provided a dialysis systentconprising: a drsposabl e
housi ng havipyeasttrew path contai ning dialysate received froma patient,the

di al ysate 15 undergoing contam nant renoval while disposed in the flow
pat h?/ a prefsrgu?% seh 83”8%%?! gm%dn?Bh%t%??ﬁ%%gf?ﬂpﬂrb?%_%sﬁlﬁ%
changes lion tieep | ofv pai st an§onh& 0bid €5 rRPERDE Yok opnest €4 4 o sakd:

di sposabl e 20_ housing by an interface neans to control the operations of

the di sposabt®hotRthg and wherein the controller is configured to
determine the floysale;of,giglysaleila &g d1o0 pat, baged,qn. Lhe, pressure
changes out put by the pressure sensor.
a disposable housing having a flow path containing
dialysate received from a patient, the dialysate

15 undergoing contaminant removal while disposed in the flow
path;

a pressure sensor configured to determine fluid
pressure changes in the flow path.
a controller operably connected to said disposable

20 housing by an interface means to control the operations of
the disposable housing and wherein the controller is
configured to determine the flow rate of dialysate in the
flow path based on the pressure changes output by the
pressure sensor.

25 In one embodiment the controller comprises a computer
program encoded in at least one computer readable medium,
the computer program comprising a set of instructions,
encoded in at least one computer readable medium, operable
to implement, when executed by a processor, a calculation

30 of the flow rate of dialysate in the flow path based on
the pressure changes output by the pressure sensor.

In one embodiment said determining step comprises the

steps of:
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251 n one enbodi ment the controller conprises a conputer program encoded in
at | east one conputer readable medium the conputer program conprising a
set of i sOroctG6esss, encoded in at | east one conputer reatsioke 1oeeosim

ble to ipplenent, .when executed by _a processor, a cal culation-30 of
?Egr?IOM/rat%ng aPBﬁyéggeai%lFﬁE PFeWepaFheHabEaS6HIEnECpRedsarePaRhnges

out put by theoppessUEeasSensthe of diwgeageeegogh;{@m &%Q“éeéﬁﬁﬁi phpg step
conprises the steps of: WO 2012/ 067585PCT/ SG2011/000395 a). applying a
first preseleetld pressure to a flow path to pernmit a volume of dialysate

to enter or it i w pat h; b). detecting a second, preselected
pressure in §gid @g%%%éggg %h%ﬁ%%?da%rgs?igﬁﬁ?gofrfﬁﬁuﬁﬁt? 8FleExit of
di al ysat & t ososrégencsandef | 9w patbsul€) ordeher 8hpkpgotheyyel yae of

dialysate that has entered or exited the flow path, and d). correlating the
time requiredoYidaehteaPd SeeBneei® ptedepathed pressure with the vol ume

of dialysate-th en r i1ed saj a o determne.the
flowrate ofC%hga%?ﬁfﬁsa%gé?ﬁhgh%g%®%$y%?s&g%%#%%%g %Qa% ?%Spﬁggéﬁ%%dlnent,
the control |er eohped selse af Tow tieetrh compadit er program encoded in at | east one

ter readable 15 di u the further conmputer program conprising a set
of 1 n &y %ﬁ%ltjrrﬂ% at"§ e oﬁ%q%bg%ﬁt@? Feadab? el dedeapidoper abl e

of instructions, Eneh . ( edi )
to inpleﬂEntpréﬁéﬂbéﬁ@ﬁﬂﬁﬁﬁk§M&éiWﬂﬁﬂe§§@rvo?@mét@fa&ignyQ{égﬁﬁg{'ﬁggOf

sai d presel ected pressure based on said determined flowTate dr al ysat e
20 in the fl%ﬂﬁﬁﬁﬁqLor exlted said flow path to determine the flow
rate of the dialysate in the dialysis device.

In one embodiment, the controller comprises a further
computer program encoded in at least one computer readable

15 medium, the further computer program comprising a set of
instructions, encoded in at least one computer readable
medium, operable to implement, when executed by a
processor, an iterative optimisation of said preselected
pressure based on said determined flow rate of dialysate

20 in the flow path.

There is also provided the use of a dialysis device
according the disclosure, to treat a patient suffering
from kidney malfunction.

There is also provided a kit comprising the dialysis

25 device according to the disclosure, together with
instructions for use.

There is also provided a kit comprising the
controller according to the disclosure, together with
instructions for use.

30 There is also provided a kit comprising the
disposable housing according to the disclosure, together

with instructions for use.
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There is also provided the use of a dialysis device according the
di sclosure, to treat a patient suffering fromkidney mal functi on.
There i s wbzo1pwesssded a kit conprising the dialysis 25pdesiceel1aoaosdi ng to
t he di sclosure, together with instructions for use. There is also provided
a kit conprising the controller according to the disclosure, together with

instructions for use. 30Theseiéf B&SOrPHOVLAESE DKitkikPEPri sing the
di sposabl e housinﬁbaccording to the disclosure, together with instructions

for use. WD 2012/067585PCTPrSaz0nY/ 000393 1B efl Ibescmiapts orm ofd Dy alw says
The acconpanyj i-ngs._ k|| rate a dj scl osed,enbodi.nent .and serve to
expl ain the %??%3?%?@% o?n%héﬂﬁ&ﬁﬁsgPos%ﬁpg%ﬁ%d% Sht PIHCGEELES b8? the
under st odd, Howevesedt hatbddimatitawi ngs ase wdesbgnedndoF s pusRPsesowlver,
illustration_only, and not as a definition of the limts of the invention.

Fig. lais atSehemat® diYGHERST of¢enbdarigRedof fhe 100WHRe$®Sed OF
dialysis devigensEigribh oh1d schemide diagr amqaf,n di_pent; of; the
di scl osed dialygis detice, erein the f?om10ft#%?%ﬁ%ﬁ@gg?e%ﬁgt%%@ﬁ%?the
st orage chanbértheoimvhetpernitoneal cavity. 15 Fig. Ic is a schematic

di agram of one enbodi nent of the disclosed dialysis device, wherein the

fl ow of the gialy ate, is fromthe storage chanber to the peritoneal cavity

Fig. Idis a $€hemdtit® dfagFafferione it neht oBF 192D eRRE| 6Sedhe

di al ysi godeviicec15:84! 8148y ai scheprtd ¢ di agram of one enbodi nent of the
di scl osed di al ysis devi ce.

Fig. 1b is a schematic diagram of one embodiment of the
disclosed dialysis device, wherein the flow of the
dialysate is toward the storage chamber from the

peritoneal cavity.

15 Fig. 1lc is a schematic diagram of one embodiment of the
disclosed dialysis device, wherein the flow of the
dialysate is from the storage chamber to the peritoneal

cavity.

Fig. 1d 1is a schematic diagram of one embodiment of the

20 disclosed dialysis device.

Fig le is a schematic diagram of one embodiment of the

disclosed dialysis device.

Fig 1f 1is a schematic diagram of one embodiment of the

disclosed dialysis device.

25 Fig. 2a is a schematic diagram of an alternative
embodiment of the disclosed dialysis device, wherein the
flow of the dialysate is toward the storage chamber from

the peritoneal cavity.
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Fig if is a schematic di agram of one enbodi ment of the disclosed dialysis
device. 25 Fig. 2a is a schematic diagramof an alternative enbodi nent of
t he di sclweedidiczdsysi s devi ce, wherein the flow of the @#CaSEIGIM00395t owar d

the st hanber from th i t oneal - cavi w oo .
2012/ 067585PCH SC0117 000305=FT o1 28 + 42 "s RhelFi & A AGMEMto T e ure

enbodi ment ofa Fi gheee 2, thberebn e tHowaf1 fdec i abysabh ithef @M the
storage chanber toward the peritoneal cavity. Fig. 3 is a graphic
repr esent at i OMAHICE e iy dontrl L tomenk @ Wital ysat e according to an
enbodi mrent of the present disclosure. Figs. 4a-d are a cross sectional

views of a prototype_of a_disposable housing in cordance with an

enbodi nent gélqheyp%asgnfgr&?)ziélcosrl?rper.esfﬁl 'tg.(mS ?afg %h%eEiBchlo%?ér\?ile\ﬁfof a
prototype oftlmedeabodaentaddfotdiengi abysirs gaybgemdhsclaseghbenpickenki 9. 6
is a schematic diagram of one enbodi nent of the disclosed di sposable

housi ng conptisFRF Wt screte additive dispensing means. 15 Fig. 7 is a
schemati c di agram of one enbodi nent of the disclosed dialysis device

conpri sing discrete,additive dispensin ans in lLackin ngagenment with
a di sposabl 2F Stsjsi%g cli%l(aiecc%rc ance Sﬁ?%l(?‘h%fd}%%\%sﬁ?e? pgoguog.yg@ Pg &
cross secti ahiadpod 2 ofh@usient ech connecdDicoOf w2bnt he agddbtivendi sgersisng
means in accordance with the disclosure. Fig. 9 is a cross sectional view
of a seal ed RIGHTEtt ot BH A& Saddi ti ve di spensing nmeans in accordance with
the disclosure. 25 Fig. 10 is a cross sectional view of an enbodi nent of an

addi tiveqdi Si ang i e wWtiht i sclosure, WO
2012/ 067585PE%%/'SG?81#oogsgfgeg%.géﬁp %s a ‘%“F os%?scejacti oral” iR oF af™e
enbodi ment cfmand iadditt iofe tdies pardiyig sMesve den Acearaant enandimn t he

di scl osure.

Fig. 6 1s a schematic diagram of one embodiment of the
disclosed disposable housing comprising a discrete

additive dispensing means.

15 Fig. 7 is a schematic diagram of one embodiment of the
disclosed dialysis device comprising a discrete additive
dispensing means in locking engagement with a disposable

housing in accordance with the disclosure.

Fig. 8 is a cross sectional view of a sealed connector of
20 the additive dispensing means in accordance with the

disclosure.

Fig. 9 1s a cross sectional view of a sealed connector of
the additive dispensing means in accordance with the

disclosure.

25 Fig. 10 is a cross sectional view of an embodiment of an
additive dispensing means in accordance with the

disclosure.
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Fig. 12a-c is a cross sectional view of an enbodi nent of 5 an automatic

di spensing systemin accordance with the disclosure. Fig. 13 is a graphic
repr esentwi2ore/wfssshe vol tage drop of a rechargeabl e baPCersG20E080895
dialysis ting.in ﬁ di.,al ysis device in aCﬁordance ith the gisclosure. 10
Fig. 14 is a yfaphicrfepr €semiht PRt HPNE eV%SWtéﬂﬁnﬂPoﬁmB? FERENELgeHD e
battery versugd ot abysi siitdgm idd) cpghant PHNMDI A8cbPdandeVi GRid  the
accordance with the disclosure. ~ Fig. 15 is an enbodi nent of a degasser in
a device in @teoreice with the disclosure. 15 Fig. 16 is an enbodi ment of
a fibrin trap in a device in accordance wth the disclosure. Fig. 17 is an

enbodi nent of.a p r-connecting switch in accqordance with the disclosure.
In the figur %?’I?gg_ﬁuﬁﬁréﬁscﬁgﬁ%tae?Fk%nﬁ r 2 EWo et 3 | BUPPESERPHt iV of

Drawi ngss5 an Reftenfdng t@i%ggnlséngt heyerba shewn, onergihadi npnty ofc e

di scl osed di al ysis device (200). The dialysis device conprises a disposable
housi ng 25 (dDJckesrsify a flow path in the formof conduit (20), a
controller in the formof a control housing (30) for controlling the

operation of _the djsposable housing (10). Ip.this _figure the disposable
housi ng (10)4hd ﬂ% $ol #otRihg f%@ée %%tﬁ5f08p8fa63§ 88&ﬁ88?e§r98 &dch
other. WO 201240675850 SeRO1+000395usheiidiispasabl sndousi AY d(iJaQQs%d
control housing (30) conprise interface neans in the formof a conduit

connect or (401 EH sifoseF BiragEied gt rtdle biwsimFEY:30) and (40b) di sposed on
t he di sposabl e housing (10) capable of 5 connecting the control housing and

t he di spgsabl.e housing._ The. di sposabl e housing (10),and control housi
(30) arggbrg{}L Tqkﬁfﬁgd%é?%?ggégeﬁ%%ﬁ%%%%Ya%h%% ?get§8n38??a88nH&@POFQ%4Oa)
i s brought iatpetiockidgppngageseny weiBusonduilty Sionnector w{ 4Abxohhe sgandui t
(20) of the 10 djsposable housing (10) is fluidly sealed fromthe contro
housi ng ( 30)PHMHYEorduidt XoHEctidy a4 Hoe with therpl sfldspgis devi ce
conprises a flexible dialysate tube (50) which is capable of being in fluid

conmuni cati %(jl\ll ttl"f)t r}_% pg{li te%eo%imce%\{:i t¥f( 6a0) d%@gs%e%onfin“,i Ea (c?eo icérh%n

accordance with the disclosure.

15 Fig. 16 is an embodiment of a fibrin trap in a device in

accordance with the disclosure.

Fig. 17 is an embodiment of a power-connecting switch in

accordance with the disclosure.

In the figures, like numerals denote like parts.

20 Detailed Description of Drawings

Referring to Fig la, there is shown one embodiment of

the disclosed dialysis device (200).
The dialysis device comprises a disposable housing
25 (10) having a flow path in the form of conduit (20), a
controller in the form of a control housing (30) for
controlling the operation of the disposable housing (10).
In this figure the disposable housing (10) and control

housing (30) are not operably connected to each other.
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15 dialysis device further conprises a storage chanber (70) located in a
rigid conpartnment (180). The storage chanber (70) conprises a deformble
di aphr agmwO28)2/06misegral Iy forned in one of the malls of PCESG201araepes chamnber

(70). The d r mabl e di ragm -@ﬁﬁ f|UI ni.cati on on 20 ane
side with tﬁ{éh%l a y%%?%aalg %dg? § ) orf otGrPé} Bhpodit® Hide, (3%
fluid comunisabi Dse Wi Eht@r@é@ésufr\%aﬁgantﬁ‘{ (80 . Yhen the dissposahls «
housi ng (10) and contr ol hou3|ng (30) are operably coupled to each other,

the conduit comreetor (40a) 4dbﬁpﬁ5@ddww-Gﬁﬂpﬂe@omhéOQShpnéssgré3@haﬁbei
(80) of the 94§Q9589%§0Q8HS'@? O)dRQBan%qB Q%ﬂ]ocagf ;Eg%g con

housi ng (30) iS°C |gure

di aphr agm ( 7d9nndytimguchagcanpressuoeschangadi rhkthelippessule Gfaﬁuﬂlefg (80)
whi ch deforns the deforpmable 30 dlaphragn1(71) and thereby noves dial ysate
within said di%l §45PeSeBhauiCYSEER, eﬁea@rxﬁatl%shﬂwqoﬁ@@z 2IF3)

are di sposedopfg@@gtthgn%gndtagel(;@v@nd =Abeq gepahitoured fo, 10 the oylifil ow

node, allow the dialysate to flow fromthe peritoneal cavity
2012/ 067585RETISE011/ (0395 {60proagihtte S0 ageckhagbeenI@ymenmnd wirtht he

i nfl ow node thQMIthe dlal¥§ate 32@ Iom1fr?g1the st or.age ﬁﬂﬁﬁber (7Q) to

sai d sorbentZ&ne (1165957 tPéno Of cont &fi n&T S rer e atf urter

permt the diadpysedielsubsianidally) 5isreeuohlsakdatent arbpanhe Qi @w back
to the peritoneal] cavity (60). The di sposabl e hou5|ng is also

provi ded wi tPEH-Rhr | ¥hhetitd reritd el { 2o)nedter: df 4penkiy a presel ect ed
amount of an enrighirent; , 2%39%'0?%$ &é’tégﬁﬁyl 5§a5?1%%§&fé4§||ﬂf$l sate

conmuni cation with the ¢ uit via a con e enrichirent
nmodul e i s alwsde n(F0 uidhcomimi capalohewpf hbanngninc iienit sehntuindrcatdser voi r

121 Th (9 fluid th def bl e menbr ane
§72))0f tﬁepgh Eﬂ%npeﬁﬁgapgg§2§%yggggoﬁ§ilOggénéoﬁ%ggﬁagrgﬁﬁg 40thewhen

the di spesabiiesnpiisd nge(10) angd teeit r@bnbpoust 89a( 3oL | BnORSERDI € 0)
engagenent . An ammoni a sensor (140) is al so provided domnstreanlof

t he sorbent %Rﬁﬁ?%qjxn 3 of Het @ceompyr anephi 418R) theTHﬁaBy9aﬁee Ainaowies i s
detected by {hg rrgs;rg%sdeest oG 0l 2t Mhen Lhe dispasall e 0edyng,(10)

and control are operably coup
formed in one of the walls of the storage chamber (70).

The deformable diaphragm (71) is in fluid communication on

20 one side with the dialysate conduit (20) and, on another
opposite side, in fluid communication with a pressure
chamber (80). When the disposable housing (10) and
control housing (30) are operably coupled to each other,
the conduit connector (40a, 40b) fluidly couples the

25 pressure chamber (80) of the disposable housing (10) to a
pump (90) located in the control housing (30).

The pump (90) 1is configured to actuate the deformable
diaphragm (71), by inducing a pressure change in the
pressure chamber (80) which deforms the deformable

30 diaphragm (71) and thereby moves dialysate within said
dialysate conduit (20).

Check valves (100,101,102,103) are disposed along the

conduit (20) and are configured to, in the outflow mode,

allow the dialysate to flow from the peritoneal cavity
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A degasser in the formof a hydrophobic nmenbrane (150) is also |ocated
downstream of the sorbent zone. The external side of the hydrophobic
nmenbr ane W020)2/468ss8sn 25 flui d communi cation with a vacureTseapi1(0dey via
the conduit c ect or é40a,40b) when the control housing and di sposable
housi ng are o@@ab@‘ﬁl EoGipPédraref emamgnoW ¢ FREAl B0 tiHes ein§lomemode

enbodi nent of; R S ) e, di a hqQusi n 10) and contr 0
housi ng (30) aolgecr&}abﬂlkfle cc?)ﬁp %%a%]t%geggﬁao?lﬁgjﬁ Oclglpeera (lgrnag%? ncgﬁmgﬁff %Wo’
nmode, wherei ra heattiowafbdrite dbakysat®0) s floawarembhiel stor agenehanrhen+§70)

fromthe peritoneal cavity (60) of a patient. The punp (90) actuates the
def or mabl 2 \Rﬁefﬁfél/'oeé}%%ﬁ%ﬁt)é@%lw BB395 Nei ABtraAter 1prbbyanadating

negative pregsigee oM thedpressuhenahagbel, (80), fheynegatiye pressure in
thg pr essﬁre chanber &80) def or msnt he defoor mabvlve 5. aphr agm%?%e Ey b asi ng
t he def or mablSé VditapHe&gm (71) in the 5 direction of arrow A and thereby

di al te f sal: ri.toneal cavity.(60)_ of the patient into the
i 8l ysat o sondui t {30y CrRCRGEERe. LPHBLEL) LS ThEL Pal JEaPSCFRoWE b thE
st orage charrbelricml)enthrmugbléheckzvalveféiooaisﬁeﬁggiiurg SenseE1£dv0) is

located in operable commnication 10 with the punp (90) to establish a
presel ect ed %@ﬁéfflitveo r 88s i WM tﬁ@%FE@Sur@%a er Obf&(i)}f@;tﬁ,t oin
determ neo i f sibheqprassyne ofctdhe dialy gL0g; W t awp.fromthe, .

peritoneal cavity (60) is Wthin a saf th]te?mt. %e p{?ryﬂ (90} Sperap@tt
interm ttentl{y3@nder th&he5 cemtidimeitthewqudssur éssensdo (170) toiuid

intain th L ressure in the .pressure chanber (80) within a .
b esel oot ed FARGe  CREBC nE Lo dgS CHATBY [ FSLH S Tl 1o 6 yCHEB) - t i s

i s detected Dyet bempr e99ur & Sensof1(1d0)omklhg88ElBY the H rﬁ/ecﬁéhgﬂné%lé he
pump dirECtiggmg?gngo }Qﬂs g%nv€ﬂél g%r&@%m%%itegééglgn {;HW 3?;hné§;duit
15 connector (40a,40b), when the disposable housing (10) and
control housing (30) are in operable engagement.

An ammonia sensor (140) is also provided downstream
of the sorbent zone (110) to detect any ammonia in the
dialysate. Ammonia is detected by the ammonia detector

20 (141) when the disposable housing (10) and control housing
(30) are operably coupled to each other.

A degasser in the form of a hydrophobic membrane
(150) is also located downstream of the sorbent zone. The
external side of the hydrophobic membrane (150) is in

25 fluid communication with a vacuum pump (151) wvia the
conduit connector (40a,40b) when the control housing and

disposable housing are operably coupled.

Referring now to Fig 1lb, there is the embodiment of

Fig. la showing the disposable housing (10) and control

30 housing (30) operably coupled with each other, operating
in an outflow mode, wherein the flow of the dialysate is
toward the storage chamber (70) from the peritoneal cavity

(60) of a patient. The pump (90) actuates the deformable
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The punp 90 is also in fluid communication with a diaphragm (72) integrally
formed in a wall of said enrichnment nodule (120). At the sane tine as the
st orage cwarheo6(WS) i s actuated under negative pressur @CTiSGRIABHEAs i chment
modul e (120) Ji.s al so actuated under -negative pressure by the punp (90),
Such that a Fr-eBBCEOR ndd AmDURY of NHRCERT| CRMEHE L S0l Ubonsheewi Phdrdw
froman enri ghaeg ol yt es ir ( 1. check valve (103) _.into
the enri chme%t m)glﬁlée (HPi%Ig?.GEChE%gPVaI vﬁ%%log)ggégqg%suﬁggs%ﬁ? njondi%ﬁ?sate
i s withdrawnpraseurhe ehamgdnentsmmpdules or20) theonis hertaptsi td {8 rag¥O
2012/ 067585Pg%§62811/ 000395 Referring to Fig lc, the_flow system of
Figure I b is $hdwn ¥ n THES 1M | dhSrodef aelden Ehabpradmof (The diml ysxe is

from the st onagecehapber G7Qbuwt @ Lhe R AR Vil 1R the
storage chanber (70) is 5 ful IW tﬁe punp (Qg)eaigg%%atcgélr‘%%)t&e%%ab%eld

di aphragm ( 725 1By EAduciang tposi @G veobr éssunatiirertthei pressuree chanhert  80) .

The positive re-hn r ure cha (8 deforns the deformble
di aphr agm (7i§5§§/§gi 35:0%9R{1%e%1u83%§eef gtrrr’%fblngﬁﬁ apﬁll)lﬁgﬁffg’i)saitﬁ E£HEYEi et i on
of arrow B ahdet kerelyyenovesmdeal ysate £rosnghe sleenages chanbarn70) and

check val ve émo% cl oses gr eventing dialysate fromreturning to the
peritoneal cBYFEY{BOTREPHr é1H8Y ng St FesREES 4 Nr OREVEdEntcaNmyaritos t iT5The

pressur gosensoen (LKD) BRRbt of o)t hecprassyse Iin Lhe, pressure, chaher (80) to
el

ensure that the pressure of the dialysate ng°ret Urned to-t hé Feri t'éneal
cavity (60) PRe$Herenviohinoteei prasshira ahsaberl i(80). afibe tdi aleysata rifd ows

fromthe storag h r...(70) i nto. the sorhent zone (110) through check
val ve (101) .{ﬁhghgeggﬁgrsg ed Ogizgi}‘ﬁﬁsa(fjeawscﬁﬁet CHYT pERENGBRED (11O tthen
flows past apeegasseslidathey fosm ofs ahydophoh € menprane (150). The
external side of the nenbrane is subjected to negative pressure by a vacuum

punmp (151) to 25 aid the renoval of gas generated during the dialysis
procedure. The di&t§sapem® hen9) owspehabagh antemmbhtansénsonnfa40) twai ch

TNl L or gt herdieel ) Ol ATIR 2L U8 egeneral ol Lol yeat o R sl g 1 nat

the ammoni a [evel does not exteed a safe I'THit,

30 peritonealegmvity pB6)sotea jpat trat prirmmitica dsamiesect@d)by,ihe @moni a

det ect or (141}).
preselected range. Once the storage chamber (70) is full
of dialysate, this is detected by the pressure sensor
(170), triggering the inversion of the pump direction and

20 thus converting the system to an inflow mode.

The pump 90 is also in fluid communication with a
diaphragm (72) integrally formed in a wall of said
enrichment module (120). At the same time as the storage
chamber (70) is actuated under negative pressure, the

25 enrichment module (120) is also actuated under negative
pressure by the pump (90), such that a predetermined
amount of an enrichment solution is withdrawn from an
enrichment solution reservoir (121) though check wvalve
(103) into the enrichment module (120). Check valve (102)

30 ensures that no dialysate is withdrawn into the enrichment

module (120) from the conduit (20).
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WO 2012/ 067585PCT/ SG2011/ 000395 The regenerated dial ysate then flows
past an enrichnment nodule (120). In the inflow node, the punp (90) actuates
t he di aphwegm20623850f the enri chnent nodul e (120) , pamisGhotag0395

previ ously been pgiged-mjth a volune of 5 enrichnment solution fromthe
enri chnent sol uti ofi*FESERToitP EeB2t)S urterfpo%i BYEepr 64sdriguras thels

enri chment nedulg (120) the a%h%éb%d,m%EEQK Valeve i( 103 L1 asgs, t o, ensur e

that the enrichment sol ution does not flow back into the enrichnent
sol ution reséivdivpatea2l)isTheren i ahirent stiOrapelul ehehP8) t haw )di spensese a

presel ected amp of ,enrichment sol utjon containing desired substances,
such as elgcs?gﬁgéggélogﬁgfgg gé@ﬁrs, ?i%??s?tﬁﬁgﬂéanéﬁbﬁﬁd the I1ike,
into the i akysal e wendyiund 2Q)o0hhr quahaebeck: val Vee £d02)n a0d ondi Ly
(130). 15The regenerated di al ysate then flows back to the peritoneal Tavity
(60) through({hé bubBl eltfdpipg1) Pardtivexi biresdivaleysdte cdmduinrgs)re

As in the ou%ggﬁgégng§@)the punp (90) is operated intermttently under the
control of the pressure sensor 20 (170) to mmintain the positive pressure

in the pressure chanber (80) within a preselected range. Once the storage

chanber is enpty Dfe dipalsysate, phespiessure 688SYPrdskile dehspbsrt higpjand
inverts the pupp direction and converts the systemto the outflow node to
repeat the dfafyETs 28 cldei Rata ks ngiarimagn d, ther e s priessimaed e

al t er natjigve LAt ial ysis .devi.ce ac ' t he
disclosupe.f%gPﬁﬁglysis&%%%$§29%263§5m6?k§h§%1é&?%%%:nglégtﬁgrggnégﬁﬁvjas
t he devi ce deser¢iednonesi dsald@skaec frime ttegenespied dhahysat @ 7fonomridhe
sorbent zone_/(110) flims pa Qxﬂ deg?sser in the formof a hydrophobic
menbrane (150)5° The8xt&r nal™'si'de bfCPhg nméHTElE 478 dialysate  from

returning to the peritoneal cavity (60) before being

treated to remove contaminants.

15 The pressure sensor (170) monitors the pressure in
the pressure chamber (80) to ensure that the pressure of
the dialysate being returned to the peritoneal cavity (60)

in the inflow mode is within a safe limit.

The dialysate flows from the storage chamber (70)

20  into the sorbent =zone (110) through check wvalve (101).

The regenerated dialysate from the sorbent zone (110) then

flows past a degasser in the form of a hydrophobic

membrane (150). The external side of the membrane is

subjected to negative pressure by a vacuum pump (151) to

25 aid the removal of gas generated during the dialysis

procedure. The dialysate then flows through an ammonia

sensor (140) which monitors the level of ammonia in the

regenerated dialysate, to ensure that the ammonia level

does not exceed a safe limit, prior to returning to the

30 peritoneal cavity (60) of a patient. Ammonia 1is detected
by the ammonia detector (141).
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WO 2012/ 067585PCT/ SG2011/ 000395 subj ected to negative pressure by a vacuum
punp (151) in fluid conmunication with the hydrophobic nenbrane to aid the
renoval oWogar/gesser at ed during the dialysis procedure. PDrfSGeoirngo3dds om

| a-c, the gas vented fromthe 5 djalysate is then passed through an amoni a
sensor (140) |ocated i F ST ol ﬁbﬁ Vﬁat?SO)g}“ e 5&1%@ a Refkor an

moni tors theehevehmOht am@RRi1@ | 2L, gastyented fxomihe dial ysate dip
ensure that the ammni a | evel does not exceed a safe limt, prior to
returni ng thé&ddl ap§sapEes 0 thike diGphericmoneédd) cali tie( 80x ichmanpaticehtle

Ref erring to(ﬂ@) l e, nther <_:Iiss srheq)_/vnouanl alkt)er native §nb0 iment of the

di al ysis device according £o the di e osures  TREEFS y§i'd! ddvied sod)t

wor ks i nSessemti@hhgnt heosapeomayras the daviieamdasciichedibh Fiegsrl5 ila-c.
However, the unf (90), al so subjects the hydrophobic nmenbrane (150) via the
condui t connéctol’ (HBHEESENBRALTANE PAEPSUCED4) 4% hegarrveé cpressumediure ng
an outfl ow nmpgey r i at g, LS, r Lve i ent' ritoneal
cavity (60) via ﬂa@%eﬁ?%ﬁ%%{?hl §§%(t§]é ?f% {é¥2816%gg§:?9g\g/gl \(ta;g F%&E‘%eer?s&%es
that no gas i mroduvetht ntso el ai aldesat e rpet h Mica t e dky driephobitte
menbrane (150) during an_inflow node, when th (90) . subjects the
pressure chaerr%%lrélr(r%}ed?ttos%g%ﬂ?%e bresslrer Aﬁﬁ'gﬁg gas)TPEI e384 SFERY he
di al ysate i snddiere detezded byet hea25s0moaia sengobskldBled amouBef €fyd ng
to Fig if, there is shown an alternative enbodi nent of the dialysis device
accor di ng t IS o3t et 1 ahece b Y31 39 dées teed 200Pshenksesi nsessentsi al | y
the sanme way, i ce r.i bed i i gs - However,, .t he punp
(90) is in f?%?cdg%% n%'cato%g%%v]ﬁcfhg%%ﬁﬁgf hemg%e%%ﬂ%é’ charer J!ﬁﬂ ANE
enri chnent nddul @ik&20)intica ahsi rigled yeanrectondu{41)(2ion tiiersisposabloe

housi ng (10).The p (90), al so, subjects the WO
2012/ 067585I3’€H7V§62®1r’8132/)0(?6%b§°d@dﬁstse(ﬁ31% the formof a hydrophobic nenbrane
(150) to negative pressure during an outflow node (where dialysate is

recei vedsfrom a patd entigs Rekionegh o ¢uLty (‘? vi i) e dialysate
tube (50)). During an ir?%%lnowarmde tk% g punp 18%31 su (?‘%é(:t ?%Cﬁie ;gg)esgér%e
chanber (80)rerd fyusiali veapiegsured.) MVahweuglO4heensuisieke t habpno(Has bad

i ntroduced intq .the dj.alysate path via t hydr ophobi ¢ nmenbrane (150)
during an in eéiv%b%ded,lamesﬁ & Pt & d(?)%%s’ubj ects the pressure chamber

(80) to positive pressure. Ampnia gas 10 released fromthe dialysate is
then detected by ahe: AMTAY ao8€8868% WHHY, the pump (90) is operated

intermittently under the control of the pressure sensor

t he

20 (170) to maintain the positive pressure in the pressure
chamber (80) within a preselected range. Once the storage
chamber 1is empty of dialysate, the pressure sensor (170)
detects this and inverts the pump direction and converts
the system to the outflow mode to repeat the dialysis

25 cycle.

Referring to Fig 1d, there is presented an
alternative embodiment of the dialysis device according to
the disclosure. The dialysis device (200) works 1in
essentially the same way as the device described in Figs

30 la-c. The regenerated dialysate from the sorbent zone
(110) flows past a degasser in the form of a hydrophobic

membrane (150). The external side of the membrane is
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Referring to Fig 2a,thereis presented an alternative enbodinent of the flow
system (201) in accordance with the present disclosure wherein the flow of
15 the diwbysetw748s toward t he storage chanber (70) fromCrise2panioneal

cavi t 60), i.e. outflow node. The punp (90) -actuates the defornmable
di aph?/aém %ﬁﬁ?l%ﬁt? dbiei RgIRédaE \Eér%?%‘é%%réyi A tHREPIesBUFe dRafberin 80) .

The negati ver pr£$SHHRMLAL  BLESS; Iy Ghrdef opamothe. 20 4
def or mgbl e di aphragm (%11) E%slgihaévisllﬁ%pt ﬁgéde%rr(r?gbl e %I apﬁ%gm??% |anlo{ he
di rection oftkerowemoand t hef ebgamsovegedeabysat e d‘urdmg?ai thper ic})img]%fadis

cavi t 60) of th atient. into the dialysate nduit (20) via _bu trap
(51).yT§1e Zji%ﬁ%%%f%lp% om@lrfjéetrﬁé‘gstfofr%e¥éﬁﬁnb3%e( S 2%9‘%6%% éd°n % i gi d
conpart ment {i80)sdts ough teheck-yadae €L0BhgA RIESSHAEn S£NSRNHs6L70)14(S

| ocated in operable comunication with the punp (90) to establish a

presel ect ed REEHIFVelPr édSurenfithi nheheipgessive chBnbermn8O)aarenswr

determne if ! S e h i . in i t hdr f.rom the
peritoneal cr%(%/ﬁecy&zsgoﬁﬂ%sl\%}lte%i (ra?fg %ﬁ%ﬁ‘?mﬁ Q%e %ggl'h\ée%ﬁ%@i) Cf§85n ptﬁleer at es
interm ttentdialytere the comtrol tloftt hreparsstie 3ersdr dotd0hdto dxididai n

the 41 WD 2012/ Q67585PCT/ S&011/ 000395 negative pressure in the pressure
chanber (80)% wthi"n gllﬁ?%selperdtoerd Fang’é?t&%ng hé & oFagéYeRaRbEFC (ZOE i s

full of 1di alpesatienddn o4+ det @ntied, by, t fLgssure sensor (170) which
inverts the punp direction %ﬁd converts E%ﬂlaﬁce 5 systemto an inflow node.
An enrichment nodule (120) is provided in fluid communication with the
conduit (20) vi aRefoonduid ¢230)Lg The, ericctenens mddwre £42Q@) tesrneanfiegur ed

Lo be 2ctuat bt ey ] 08 PUIP (5011 S ey d 14 oW g JOEeT g1 g o
disclosure. The dialysis device (200) works in
essentially the same way as the device described in Figs

15 la-c. However, the pump (90) also subjects the
hydrophobic membrane (150) via the conduit connector (not
shown) and valve (104) to negative pressure during an
outflow mode (where dialysate is received from a patient’s
peritoneal «cavity (60) via a flexible dialysate tube

20 (50)). Valve (104) ensures that no gas is introduced into
the dialysate path via the hydrophobic membrane (150)
during an inflow mode, when the pump (90) subjects the
pressure chamber (80) to positive pressure. Ammonia gas

released from the dialysate 1is then detected by the

25 ammonia sensor (140).

Referring to Fig 1f, there 1is shown an alternative
embodiment of the dialysis device according to the
disclosure. The dialysis device (200) works in
essentially the same way as the device described in Figs

30 la-c. However, the pump (90) 1is in fluid communication
with both the pressure chamber (80) and the enrichment
module (120) via a single connection (41) in the
disposable housing (10). The pump (90) also subjects the
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shown in the inflow node, wherein the flow of the dialysate is fromthe
storage chamber (70) to the peritoneal cavity (60). Once the storage
chanber (WO)oizéfassl, the punp (90) actuates the def or mebirscdophesagm

15(71), by inducin Qsitive pressure in_the pressure chanber (80). The
pogi ti)ve );;rleggg?ésgﬁptlﬁle tp}’re\esgal‘f@ GHanbeYOEOPRERE 6r e RRT OFREDI &°

di aphragm (743qby:bkagi-egshbe defanuable di@pitaom641) i Ahey diraction of
arrow B and th%rety m%)vessdi al ysat g@?rom C'?%e st orage 20( c_harrberl (9&% and
check val ve {300Fcelusds fprmventdaty aditdlsy sl farom Y etavitng (60)t kda a

it I it 60),. bef ore bei treated to renove contam nants.
'ICI)'(;(raI p?gggurg J\s{%ﬁg%%e(%ﬁ@?y%%ﬁ?t glf'lg’%t Hés%ﬁr)essﬁ%“irigtﬂ% @Péi?ﬁfr EodRarbér
(80) to ensupemphavothesupriessy eciof Bbethardi ahvsals besmy ket lﬁdg%%ﬁte& the

peritoneal cavity (60) in the inflow node is within a safe limt.
di al ysate flBW8SF¥HM t h&33t6r aged Ohaderr¢70fhipfAt a1 hea SokBerith tzmmeiqetl 0)

t hrough chec I ( . ner at di al fromthe _sarb zone
(110) 30 flo%\%y%ag}?ea&g%%%%%{;% PEORIEEE £hles 98¥§§§§86ﬁoﬁﬁe@b§€%r a(ﬁnre%toélso)
| ocat ed upstdeamof aa ciretkowahoee(10)en WRe20hHH671985PCHAISEOd/ @0R395
pressure chamber (80) to positive pressure. Ammonia gas
10 released from the dialysate 1is then detected by the

ammonia sensor (140).

Referring to Fig 2a, there is presented an
alternative embodiment of the flow system (201) in
accordance with the present disclosure wherein the flow of

15 the dialysate is toward the storage chamber (70) from the
peritoneal cavity (60), i.e. outflow mode. The pump (90)
actuates the deformable diaphragm (71), by inducing
negative pressure in the pressure chamber (80). The
negative pressure in the pressure chamber (80) deforms the

20 deformable diaphragm = (71) by biasing the deformable
diaphragm (71) in the direction of arrow A and thereby
moves dialysate from said peritoneal cavity (60) of the
patient into the dialysate conduit (20) via bubble trap
(51). The dialysate flows to the storage chamber (70)

25 located in a rigid compartment (180) through check valve
(100). A pressure sensor (170) 1is located in operable
communication with the pump (90) to establish a
preselected negative pressure within the pressure chamber
(80) and to determine if the pressure of the dialysate

30 being withdrawn from the peritoneal cavity (60) is within

a safe limit.

The pump (90) operates intermittently wunder the
control of the pressure sensor (170) to maintain the
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The presence of check valve (105) results in a positive pressure gradient
across the hydrophobi ¢ nenbrane which permits the renoval of any unwant ed
gas emn t two 2drienggst he di al ysis operation. The di al ysat @Crisenofiloosdsst hr ough

an 5 ammoni a Sensor: (14%) whi ch, nonitors the Ievek 8{9 a%a in_the-
regener at ed AT 3T y§4T e PHEG Seisur € t kA€ tie™Hntioni 5 PEYEE d nt tBxBedd a
safe linit, préosléorsgt gaa%eg t @rike nesidoneabe caMbh¥e 60y 00f i@ patiiient.

The regenerated dial ysate then fl ows past an 10 enrichnent nodule (120). In
the infl ow ndle,d4tHe k9 ngé&hpisnpis9demrttind ednt hehenrpehpsnte nodulser
(120), which ai VO f richment,..solution under positiv
pressure. Théﬁe)wri gﬁ%&?ft Jﬁ%\g%?%g( fglg) QLhmgp‘ral g%%%%ﬁ%Sﬁ aanpd(rjegg ‘é'%féa gr?(?unt
of enrichnentysodutt@nacont i ow ngods. desired substances, such as

el ectrolytes, osnotic agents, nutrients, nmedication and the |like, into the
di al ysate conduit (20) via conduit C§130). The syringe punp (91) only
operates in the i#| cwWprfpedenent modulmhe (lefoneriast edwivaldesht dnt hén Ufildows

back to the j it 60 gh e bbl e (5 d
flexible di a%éy}smaﬁ&tieu%%ﬁét%?EB)}{Ch(e don Qe gl aﬁlléfl%wc%régg}£t 31()&3%3@
(90) is operHtedenntehmehtemtddnlendéer2 @ heisoriondigafredcher @r &S wee userRsor

(170) to maintain the (gositive g{essure in the pressure 25 chanber (80)
within a pre¥el 2cEd TEGRIMNES t hid! st aget kiamieis enpty of dial ysate,

the pressure sensor (170) detects this and inverts the punp direction and

convertgot he systgmd.o the oyt £l gw-pode  to dial ¥s] yglLe..
30Fig. 3, shows a graphiﬁt}frepresgnt gtc')i gr?teofﬂl%%gaélf%?vé%o% r}é?b?ﬁpgdi‘%gl y}ssate
in an enbodisherun ofit hetlde al ysf$owWOn@042/ 06E586PCT/ 8620111000385 dewi ce

according to,the present disclosure. Th hases aof the fl control in Fig.
3 are separ a(%JeagW%toe " oh?flgﬁ/?m"i Cow THE 9wt 12mP§ Ty aﬁyv%hthBW rofe, a

negative actpeatitghddeSsayerys (5oprodused Wha PusPagihighnbsropenat ed
intermttently under the control of a pressure sensor. As can be seen in
Fig. 3, the fiebati v&@pr o8 e (PR) t hechrabstr ekharfsdoimalte nddiapdd agint hi n

e e, T8, 5 SRt Uper a0t | ouerpLEgaUES:  Hnobil vt Ll o
chamber (80) The positive pressure 1in the pressure
chamber (80) deforms the deformable diaphragm (71) by
biasing the deformable diaphragm (71) in the direction of
arrow B and thereby moves dialysate from the storage

20 chamber (70) and check valve (100) closes preventing

dialysate from returning to the peritoneal cavity (60)

before being treated to remove contaminants.

The pressure sensor (170) monitors the pressure in
the pressure chamber (80) to ensure that the pressure of
25 the dialysate being returned to the peritoneal cavity (60)

in the inflow mode is within a safe limit.

The dialysate flows from the storage chamber (70)

into the sorbent zone (110) through check valve (101).

The regenerated dialysate from the sorbent zone (110)

30 flows past a degasser in the form of a hydrophobic

membrane (150) located upstream of a check valve (105).
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pressure during the off-times of the punp. The neasurenent of the tine

whi ch passes during the pressure relief (tR - relaxation tine) nmay be used
to esti mawe 2teeefsfect ed fluid fl ow speed. When the storagsGetmambesssi s 15
full of di al% annot_be relieved anynore and the pressure

ate, the pressure c : pr
becones stat i i“ef r%ﬁed“éf‘? od oF%ﬁ% Yasve Ji8pic 19HYts This 4 speeietved by
a pressure sg@@@eur@hi@a@f&g@era%rto@% rgﬂsr%?dmﬁ PUrb2 A0 inﬁ&W
ual to the volume of 20 [2)

mode. The average "outflow' flowrate is eq
st orage chanbérmitsi dak veiomel) odi wingedinbyartteel tdare areiquiaeduoifdgl ths he

storage chamhe mletely. .This rate i s dependent. on the choi ce of
presel ect edngﬁé%%gg qune‘lriéstlé)ﬁld caﬁ%’%e dﬁﬁ‘gl Fife® d0tTR di Ay, ORI t ¥

i nflow noile amposiiti v@naeiuati NY) PRESSHN @02 tox Pragduced by the &Hﬁﬁnighe
di al ysate contained in the storage chanber is subsequently forced through

the sorbent 2Bndh6f IFELRRNALRD andaigsehen itet wwrdre othhe pate emtmoThe
punp i s oper i ithe Vi C t e _positive _pressure is

regul at ed be?%\gg%l g?gégnté)tctt e%éécu(_:’peﬁl;é g%égeﬁdl#%\%\%f Brassure I 1 Bhet ¢ 1 ui d
in the storagkechanberneglfoacedyt hébughtthepsotbent cartridge, thereby
relieving the (positive) pressure. The duration of this relief can be used
to estimate the flowrate (tR - WD 2012/ 067585PCT/ SG2011/ 000395 rel axati on
time): Wien the pufPechdfsEnS e &t ydiphespiessurtetanddrwise rekbevedn

anynor e 1and Lhe; prassHr foREEANRS HBhati G ' fabl ts ;. static
time), indicati %g conpl et i on g? tzﬁc)a "j nIfr{ ?ﬁ@pﬁgégngﬁgdgx’/g&%e TR ow
flow rate egeahs thelolagmiadfes heéhst oragechhanbermdiivi ded(1yo t he vhinen

required to [ HP'%G " an$W'. Fig%ms al so shows a wait tine or
vdwel 1" time (W T Thi%s PRrFBY i uSRETIMeBht POl Y HO T oVBRAEF MAFtive
exchange ratereoveral | fliow eateceasats rsiqrage (chanbarn ypl alﬂgpé%egd%

volunme) divided by the total cycle tine (-Lc = outflow + inflow +

dwel | ). For Empteccteda apeenti c dversittiaxedmingespateips desimtednitrthen

the systiem cads Useqt Bepdwe) L Li | exi, it _time until the desired

total cycle tine has passeé.6%5255.%4285;%%9%?%%%%%ypgsﬁlo pos&f € Housi ng

(400) in nutrients, medication and the 1like, into the dialysate
conduit (20) wvia conduit (130). The syringe pump (91)

only operates in the inflow mode.

The regenerated dialysate then flows back to the
20 peritoneal cavity (60) through the bubble trap (51) and
flexible dialysate conduit (50).

As in the outflow mode, the pump (90) is operated
intermittently under the control of the pressure sensor
(170) to maintain the positive pressure in the pressure

25 chamber (80) within a preselected range. Once the storage
chamber is empty of dialysate, the pressure sensor (170)
detects this and inverts the pump direction and converts
the system to the outflow mode to repeat the dialysis

cycle.

30 Fig. 3, shows a graphic representation of the flow

control of dialysate in an embodiment of the dialysis
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accordance wth an enbodi nent of the present disclosure. Fig. 4b shows a
cross sectional view of the di sposable housing taken along axis A-A of Fig.
4a. The dwepordbrsshousi ng conpri ses an encl osure (401) PAESGAOIPOERIS

interior 20 402) for receiving control- housing (not shown) via a
condui t conng%%?%(ﬁﬁi?f.rg%ﬁg BPsﬁg%Blr@Sﬁ&}sidﬁgscé&%ﬁeses e iRfiases of

conpart ment (4Q4)r1dsf i BbRGral PRESSHY £ cha | itch e
chanber (406) is_disposed. The S orgg%n%ééégﬁggga hied %é{f’f&ﬂ

def or mabl edi apREagn{ 420y 28wehiégrally formed in a wall thereof. The
storage chanber (406) is in fluid communication with a sorbent zone (407),
via a fluid chann;fl g41@. 1 The sorbent zone (407) conprises a check
val ve (409, see Fig. %#c Td 1#4) B34S # dPRBARFUKE c ACITHA bWPEh PI Sfsgss 6rS 30

in the fgmptoaubydr pphabbampenhrang (41 W24 intermittentl
2012/ 067585PCT/ SG2011/ 800385 By Fi g. Egljz:peﬁfraovi delsn aercn}losse-nsec% i%nnda Y view
of the sorbehbenBanlecadl ofgaariresGiCeofsdEiagpr 4a. AAncenr behmern nodutiey (411)

isin fluid go i cat i ith an enrichment solution reservair (412) via a
check val ve %Zgg?ﬂéTﬁ}éé(ggte#élcﬁ%%en “YWodul € (4115 iRFHLE T n FIRET LS
comuni cati onanhthitbe eandunt e diahysat e>wi a Cﬁ'@@é‘el@&ﬁ’&l(ﬂﬂa?ﬂar and

Fig. 4d provjdes a cross-sectional view of the sorbent nodule along axis

D-D of Fi gure®4@’ TRESPEYERer at eddAPA YK b xi §50 heodi spdsdbise tifousiang

via 10check vahves£499)pand-gutl gt (415) q) | durd ng, an_aqutfl.ow
node, the controlahousi ng ((r:10t shlcl)a/n) is(rﬁgéat)edri%%lit%ﬁe |%r?t er%n%rga?%d’f)) of
t he di sposahbPecsdust ngd(400g seshdi goffatamds4b)ef Thehpumpunp t he camy ol

housi t def | e di aph 15(420) | ted in th | | of
he st or age CHERBErT{H06. Vig (- CORBUTD COmiER of {08, “Bee FIGFou by

transm ttingreuigs f kui d-f remithei 60nduitk ) CarReAor, 493} ot herehy tindyci ng
negative pressure in the pressure chanber

effected fluid flow speed. When the storage chamber is

15 full of dialysate, the pressure cannot be relieved anymore

and the pressure becomes static for a period of time (ts —

static time). This 1is detected by a pressure sensor,

which triggers the reversal of the pump to an inflow mode.

The average "outflow" flow rate is equal to the volume of

20 the storage chamber ("tidal volume") divided by the time

required to fill the storage chamber completely. This

rate is dependent on the choice of preselected pressure
limits and can be modified accordingly.

During the inflow mode a positive actuating pressure

25 is produced by the pump. The dialysate contained in the

storage chamber is subsequently forced through the sorbent

zone of the device and is then returned to the patient.

The. pump is operated intermittently, such that the

positive pressure is regulated between preselected upper

30 and lower pressure limits. The fluid in the storage

chamber is forced through the sorbent cartridge, thereby

relieving the (positive) pressure. The duration of this

relief can be used to estimate the flow rate (tp -
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(405). The negative pressure in the pressure chanber 20(405) noves dial ysate
fromthe peritoneal cavity of the patient into the storage chanber (406)
t hrough oweckivmiise (408). At the same tine as the stor&ge/Schenrves3of 406) i s

actuated un ggg%t ve sure e sy ighaent. gl e (413, Eﬁ@‘{a Fige 4C)
is also act a%le under F\%g ive Yg}%&gressurg lg? t%e punp such I% at’ a N
predet er m nedremind  @fanamtenbiec hrent eseldut bagmozew tndr awhef r pmeasure

enrichment solution reservoir (412) though check v%ve (4132 into,thg
enri chnent RFFAE 4293 1¢ nfGge AUPPRECENES nFHB% mbde onte the $tBFage 30

chanber (4061)n&i%afﬂ*ﬂd% dhg R actHatgs the rdefor bl & di aphragme(44Q)

| ocated in the wall of the storage chanber (406) via the conduit connector
(403) by5trdnismiltav™ng £1WO 2638206 268BPCT/ SG201Y0QA00R®95 off] uitdiet o stheagendui t

connector (403) ,an there induci ng .positive pressure in the pressure
chanber (405yc)q‘.a?“*lbﬁe¢5r X $e§eb§r «Le{g”fu%é %h G reéjgsﬁ)r e gﬁ@teer (405 " hoves
di al ysate fromthe storage chanber (406) and check valve 5 (408) cl oses

preventing dial ysate f5om et uhnig 4 oyhbe Rekict oneahggayity thekor e bei ng
treated to renove contam nants. Dialysate flows fromthe storage chanber
(406) into tThe sardeimd zbheu$dd7) ot lsootgle lcHdrmedvenrab) . fTnedr egehenaeed
di al ysate exiting from.the rhent _zone 1 407 | ows hydr. obi c
menbr ane (4f6’)tet'o roéfr%\?télanflgaﬁmﬁ ed g% uée)ln%(ttset)djgcﬁﬁef ng %ﬁntebegtl a%(,%sllgglg
operati on. The dggassedndial ysateetihapy f ltows pastalancenniechoent nopdul e
(411), a check valve (409) and exits _the disposable housing via tube,
connector (#HEHELIOMS| H e Lows | bwoirsded,) -t he FpEmE53 80 &ct ddt €3 RECLLIC

enri chment npdul 1(%h&§®rr£@éiigvaee&%aw%m aheck, yabyechAllke
cl oses. The enrichnment nodule (411) dispenses a presel ected anmount of
enri chnent gdlaitdwsl tohime nkrg adeslexitb bebstahcesmesurht s thectesliyeds,

osnotic agents, .20 nLitrients medi catié{)n and the like, into the dialysate
t hrough chedi® Wl & (LA MOTRE diPa%7$5t'e is then returned to the peritoneal
cavity via a check valve (409) and a tube connector (415).

15 Fig. 4a shows a prototype disposable housing (400) in
accordance with an embodiment of the present disclosure.
Fig. 4b shows a cross sectional view of the disposable
housing taken along axis A-A of Fig. 4a. The disposable
housing comprises an enclosure (401) defining an interior

20 (402) for receiving a control housing (not shown) via a
conduit connector (403). The disposable housing comprises
a rigid compartment (404) defining a pressure chamber
(405) in which a storage chamber (406) is disposed. The
storage chamber has a deformable diaphragm (420)

25 integrally formed in a wall thereof. The storage chamber
(406) 1is in fluid communication with a sorbent zone (407),

via a fluid channel (416).

The sorbent zone (407) comprises a check valve (409,
see Fig. 4c and 4d) in fluid communication with a degasser

30 in the form of a hydrophobic membrane (410).
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Referring nowto Fig. 5, there is shown a picture of a 25 prototype of one
enbodi nent of the entire flow system di scl osed herein, with a di sposabl e
housi ng (WOQ@p12zoedssshe control housing (510). Referring PaTRIGZ08B/000398re i S

shown one enbodi nent of4a di sposabl e housi ng §601%.hav'%ngv§ }‘NI owfpatttgl in
the formof 30 it 209TOFhe" Wi sposabP2hdtsng {601) *E8npritses s

flexible di alysae tHbeu{S0k1vhyChi:iis capabbe efigheimg inahl wndichment
comuni cation with the peritoneal cavity (60) ang a W ,
2012/ 067585PCRIS®E 0447 D00395 ivorfduiitd (QOYMIHe afi 01y sV stledncenrdchnent

conprises a stor.age chanmher. (70) at in ayrigid rt t (18Q).. The
st or age charﬁnoelrut?%} 5%%8%?’8(%‘5 a(4d§)or§g Igadlcép?%rkag&n%(@% (?ﬁ?égral &)3?6
formed ip onghofchrentaklosiuok t hel st oriage al sohanbherf (W) . cThewdef-artiabl e
di aphragm (71) is in fluid conmunication on one side with the dialysate
condui t (20)WidHY, thsh Gty Wbt aliaeia £  Poffurfikdtion with a
pressure chanber (80). The punp (670) is configured to actuate the

def ormabl e 10 di g%?i%ggrqé71%ﬁ%@%/%%gdugi ngrglsaégg%gg?%ang%akn the pipessure

chanber (80) whi formns or mabl e ragm ) t her eby noves
di al ysat e wddrbersai duslilal ¢ sakosgndaikt s( 20D Chetk Fadwes 4a. The

(100, 102, 103, 105) are di Sd§|05ed al ong the 15 conduit Zg% ar}}ciljélar_e conf.i gured
to, in the JRIFHY I, BAlowatre Gralysat’St FFFRWHr oI 1 t Iréal
cavity (80) &xdibe st agey phagrherc (A ends) h the inflow node al low the
di al ysate to flow fromthe storage chanber (7>O) to said sorbent zone (110)

for renoval of contam nants 20 therein, and further permt the dialysate
substantial |l y frem ofissaidhciong aannantts ltaw fhode badkhe octoher per ittorsealg

cavity (60). The disposablie housing s, al sg provided wth g gl siete, .
disposable housing (400, see Fig. 4a and 4b). The pump in
the control housing actuates the deformable diaphragm

15 (420) located in the wall of the storage chamber (406),
via the conduit connector (403, see Fig. 4b) by
transmitting pump fluid from the conduit connector (403)
thereby inducing negative pressure in the pressure chamber
(405) . The negative pressure in the pressure chamber

20 (405) moves dialysate from the peritoneal cavity of the
patient into the storage chamber (406) through check valve
(408) . At the same time as the storage chamber (406) is
actuated under negative pressure, the enrichment module
(411, see Fig. 4c) is also actuated under negative

25 pressure by the pump such that a predetermined amount of
an enrichment solution is withdrawn from an enrichment
solution reservoir (412) though check wvalve (413) into the

enrichment module (411).

In wuse during the inflow mode once the storage
30 chamber (406) 4is full, the pump actuates the deformable
diaphragm (420) located in the wall of the storage chamber

(406) wvia the conduit connector (403) Dby transmitting
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enrichment nodul e (620), for dispensing a preselected 25 anobunt of an

enrichnment solution into the dialysate. The enrichnment nodul

eis not in

fluid corwonorarsss with the dialysate fl ow path in thi ®crisgaea/ooiBas

et TP COTBL 588,80, PLLANTRAL SOl 0 AESPYPLEY ( 98Eheifo

cont ai ner acture 1 0CO

atible

material fopdyaldiveg phResenrkchignttheol prieegurot cshobay. Thedenri clihent

modul e (620) is provided with a connector (622) adapted for

f 1 ui

d
communi cat i APV h@TeWOUZE1 2406 7585 PETY S/ CIFFEE i diYysdt e "CSRdu t
(20) of thecﬂkﬁggéﬁﬁJegﬂﬁwskﬂg (B g Then SANDECY 20 6 624)4 | SnseR! &d1pel O
nt'o e di sposabl e

to insertion’i

ousing to nmaintain the sterility of the

enri chmept s@EIog)i onlbsetherendrchiment dietiubet 620)om Thet§rdisposabl éhe
housing is provided with a nale conpector (623) of corgr)logrrent ary

confi gurat i G HFANE lconfE¥EEY (6995°FBcatRu6h t He Bhrith

mertt mbalree

(620) . Wen dd4)vmRfidig engagenenty {see Figyse ot hensal £ conpectannte23)

serves to break the seal of the connector (622) to forma fl

uid 10

connecti on betOfeenitte ehei clamentr exers 0ilA0l62 0L HavdtheCeariehnedt ohodul e

(620) and t di al ysat e_conduj.t_-(20), of the.dis I ousl
di sposabl e housi ﬁagf%@i? a sé]!lcao]L Sral?tseesegéggéﬁ1 i C r?gﬁt %Bgnpug(%
a predeterm mad )anpust; s ofpaenr | £ hmeitr ophoddlcut hatbtand he 4dioal

0 Th
%‘%%‘@f %%mgddi nS

ysat ecooneui t

(20). A degasser in the formof a hydrophobic nenbrane (150) is also
| ocated dowrRfty eBRTBREEAe FuT bERE t2BAe ‘%ﬂ@)g _Tﬁ@e_e Ha LS| 8°5R TRE -
nyar gg?;—"b' C JRMIANE dSR0) di% 1iyi el & HePMMuniGat | @asW t Bnai encardiche (630
- module (411), a check valve (409) and exits the disposable
housing via tube connector (415).
15 In the inflow mode, the pump also actuates the

enrichment module (411) under positive pressure
valve (413) closes. The enrichment module (411)

a preselected amount of enrichment solution

and check
dispenses

containing

desired substances, such as electrolytes, osmotic agents,

20 nutrients, medication and the 1like, into the

dialysate

through check valve (414). The dialysate is then returned

to the peritoneal cavity via a check valve (409) and a

tube connector (415).

Referring now to Fig. 5, there is shown a picture of a

25 prototype of one embodiment of the entire £
disclosed herein, with a disposable housing (50

control housing (510).

low system

0) and the

Referring to Fig 6, there 1is shown one embodiment of a

disposable housing (601) having a flow path in the form of

30 conduit (20). The disposable housing (601) comprises a

flexible dialysate tube (50) which is capable of being in

fluid communication with the peritoneal cavity
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20 A hydrophilic nenbrane (610) is disposed in the degasser conpartnent, in
the dialysate flow path and directly downstream of the hydrophobi c degasser
menbr ane W020)2/06T38¢ hydr ophi |l i ¢ menbrane (610) serves a®Ca/Sieaniiioer3ds o

prevent gas, particle nd 25 _dial ysate exiting the sorbent peritoneal
cavity (60). cg%’ﬁbfesg@e’ faci§ t teny SdégalQet C e Mtade r 160TPriReFerd i ng
to Fig 7, theterh§eshaunoap ¢rhodhpent.af ;30 it he disclosed 'eﬂyS' evi ce
(700). The di al ys?s devi ce cgnp?i ses aedi élpoéaabl egqhousoi(?rﬁ%l (tg-lo = h{';ll\slal(ﬂg' a
fl ow path i nTV® 2002R067385ROErSGIIN1/ 00B85s¢ heaf demormabdrdul itag2@)gm a

controller in e.formof.a contral .housing (690) for_controlling the
oper ation of (ﬁ]g aPsﬁ%%Eﬂz %85&6%9 oD %etkﬂ%sﬁaiéﬁl 8Th&hS; rf%o(r@@f) and
control Moustngub&0) 700npr i Bie= | ateptAsB1 BRANS phralfe & 1f\or s of neanduid

connectors (691a, 691b, 691c) that connect the control housing (690) and

t he di sposabF@RoLEFRE ¢B02Y. OTRe sdidsposiabl ethoudiagyE60e) candudsnt (2681)
housi ng (690 re.br I.n ti engag n en the _conduit,
connectors a%%&'br%ﬁgﬁﬁg?h%% Fgggfg%ge%§8éngﬁt %q%d%\#én@gﬁéﬁia%lfﬁ)w%ﬁl t he
di sposabl e houstegsBO1ghamsbdt u{tldy. seal ed fromthe control housing (690)
and conduit connectors (691a, 691b, 691c). The di al ysis device (700)
conprises a flexible dial gsat,e tube (50) which is capable of being in fluid
15 comuni catTonP®Ph t BéEC periit ofeBF gBVPEY YBORCAHata corluide fc20kblEhe

0 al ye! aodevd eailiudher oMY L5es ASLang0e. chanber (4 0)d arpl ed N g f 1 01 d

conpartment ( ). The storage chanber rrses a mabl'e

di aphragm ( A)edsuegyr achymbermed(8§ onehdtht helefmlrins of thde skedoagab2@
chanber (70),. The defor | e_di,aphr a 71) is in. fluid conmunication on
one side wi t%lﬁfﬂiera Al y(rsﬁse 88ﬂduﬁr}le‘?@§]@§ E%H,esongéﬁﬂai’ﬁ%?eoﬁﬁdémt% $Pd€, in
fluid comundicatyremddha@uipr essure chanber (80). Wen the di sposabl e
housi ng (601) and control housing (690) are operably coupled to 25 each

ot her, the conduit connector (691a, 691b, 691c) fluidly couples the
pressure chamsak (8B1vwsts t he Ol siPgs dlfi3e 1M8uUsi rge( 6@Lspbeedn ailbnpumphée670)

locatedlgntégﬁ&§¥gr?&opogﬁhn%fé*%gﬁfigured to, in the outflow mode,

allow the dialysate to flow from the peritoneal cavity
(60) to the storage chamber (70), and in the inflow mode
allow the dialysate to flow from the storage chamber (70)
to said sorbent zone (110) for removal of contaminants
20 therein, and further permit the dialysate substantially
free of said contaminants to flow back to the peritoneal

cavity (60).

The disposable housing is also provided with a discrete
enrichment module (620), for dispensing a preselected
25 amount of an enrichment solution into the dialysate. The
enrichment module 1s not in fluid communication with the
dialysate flow path in this figure. The enrichment module
comprises an enrichment solution reservoir (621), a
container in the form of a .bag manufactured from a
30 biocompatible material for holding the enrichment solution
(not shown). The enrichment module (620) is provided with

a connector (622) adapted for fluid communication with the
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The air punp (670) is configured to actuate the 30 deformabl e di aphragm
(71), by inducing a pressure change in the pressure chanber (80) which
def or ns tWe 2defwwrisabl e di aphragm (71) and t her eby noves PAT#IGpeA060396t hi n
said dialysate conduit (20). 012/.067585PCT/ SG2011/ 000395 eck
Val ves (100 102 105 105F 43k di 4F0s8d ol Bhg CHE CERAR (M 30) "dnd 4rd
configured tThei Bothecostf [ eprnode, saldiew the ot at ysaheetoi bhownfbomrehe

peritoneal cavity (60) to the storage chanber (70), and in the inflow node
5 al | ow t he HiPYSH LS t NFYDWT r o9 t HBasRbRrAYe ERAMbEESrId)tio $4i d t36r bent

zone (110) f m.na t | d_ further 1t
di al ysate su s%%éﬁ%%ﬁ#yg%%gggé égi }g%n §%§%§% ggtgﬁﬁﬂg%tﬁﬁgﬁﬁg tﬁg%
peritoneal cavipys46D) . hdiding his prgutéedl heidhser abécenpnclkerentr nwdd)e

(620), is located in the disposable housing (601). The connector (622) of
t he enrichnéﬁ? FOURERBIRTY s GH N 5Rf Ehigadénedt S P RE TR e (Cormect or

(623) of the gispasabhe thusing; &ondof Magihei d gamnect iy bet neep Hihg
enrichment 15 reservoir (621) in the enrichnent nodul e (620) and the
di al ysat e contiaden20) ofc¢ hEidiispodabltdrchousiagegBodytor (623Theerves

di sposabl e housj n 6 al sqQ conprises an _enric t punp.(660) faor .adding
a predetern?ﬁ%dbﬁg%gng%éfSgﬁ?icﬁgﬁ&esg u ?Sﬁofoqg%g)dﬁﬁTygéf% %oﬁgﬁﬁdj
(20). 200The-®@idcthimnt bpunPef 660k | dnai fhmete dispkacerent (quinp €ONMPHeSi Ng
a di aphragm (661) in fluid communication with the air punp (670). The air
punp (670) &XErtEBEHosSIPFWES of A0 heGaf Vi eai F1 PrEsktd ecoPodthe didphicdgm

(661) of the.gord chrmnt, pum, (66Q) @t he def ormabl e di aphragm (71) of 25
t he storage chanber (70), functioning as pneunmatic punp for cycling

di al ysate through the dial ysate conduit (20) at the sane tine. On one side
of the di aphrtegmi{&6d3abhet heuehngchsent) puey (66 riseanaal renedrpachrent
and the other. side 30 is the

whi ch quidgﬁ}conqﬁgts to the air punp (670), . _

enri chment $81TR i 6 Conidr 1AM N onnREEHRGSFBIRRE eRPHERNeAt SPES&MTETT
(621) reservaidl W @t he nalediGoRReators {f2% 623)).. Wen the enrichment
solution conmpartnment is subjected to negative pressure enrichnment sol ution

is drawn fromthe enrichnment reservoir (621).
A degasser in the form of a hydrophobic membrane (150) is

also located downstream of the sorbent zone (110). The
external side of the hydrophobic membrane (150) is in

fluid communication with air conduits (630 and 631).

20 A hydrophilic membrane (610) is disposed in the degasser
compartment, 1in the dialysate flow path and directly
downstream of the hydrophobic degasser membrane (150).
The hydrophilic membrane (610) serves as a barrier to
prevent gas, particles and bacteria contained in the

25 dialysate exiting the sorbent zone (110) from reaching the
peritoneal cavity (60). The membrane also produces a
backpressure facilitating the venting of gas through the

degasser membrane (150).

Referring to Fig 7, there is shown an embodiment of
30 the disclosed dialysis device (700). The dialysis device

comprises a disposable housing (601) having a flow path in
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WO 2012/ 067585PCT/ SG2011/ 000395 When a positive pressure is applied to the
air conpartnent, the enrichnment solution is forced out of the enrichnent
punp (660y0i2nt20067388 di al ysate conduit (20). 5 A degassePCirrsGeoug/ob@os of a

hydrophoblc nbrane 0 cated. down treanlof he sorben zone
(110). The externgf[m éi %ﬁniﬁ¥e @%bgpthl %ﬁf Fatte fﬁSé%l SRR AR
conmmuni cat i ofomt &1 amcsus:mgiut §50( 686r aBEn633) 1ih aheowelraeu@hyelfs the
operation, air conduit (630) is an outlet 10 to the anmonia sensor %140)

and air cond@1$9?%ﬁkﬁel§0PﬁlﬂBU|HﬂUdnnunﬂﬁé%|éhsmpﬁﬁbﬂﬁe e ws s (0670)
During degassg g, f e, fl BoBHTHg 8%% i ”” al e loust ’}?%&QQPZPE)%%”S a

negative pressure to renbve an ron1 he ysate in a ysate
condui t (620)fohAncheckonahie AS(HE80)ops event s, e&9emna59abv tham epheeicng air
conduit (630). A hydrophilic nmenbrane filter (610) anstrean1of t he

hydr ophobi ¢ 150 OUsridgent (& WfAs, aﬁ&rt @Fesdéﬁﬁoﬁéétgrlgoééﬁpélned

in the dlaly§@yg fromeeaching i 20-pelhd oneah ) C%MkiYC&QQ}olTﬂ%uQEKBrane
(610) al so produces a backpressure facilitating the venting of gas through

t he hydr ophob®%0 e résreané roLBMIL. mrg:me@peaaand'e8be@l@@wem@nenbw@ementthef a

seal ed connecto 5 (622) in_accordance h th i nvention e
connect or (55ﬁ:t%0nn%F 8ﬁnen?r%n ulew%%zoinf% pﬁ%@lﬂgﬂ w R gmﬁng
(800) that cmmebe:@cshctdge@oby tdfe eornectiehoctR3): | aeatsadqon (he) is

di sposabl e hou5|ng (601). In figure 8b the _connector §6222 on the .
enrichment ot sSSP bEGhET S0 Ao GRRTRY o9¢ t habfe COBAMEEL Or

(623) on the.di euﬂﬂ%§'ﬁﬂﬂ&§0¥%nk§ di sl odge the plug (800). Figures
9a and 9b show an enbodi ment’ of a 'seal’ed ‘connector (622) in accordance wth
t he present invertheon. dhel yWWs 20820r0625853PCT) SREMZ 085 a flexible

dialysate tube (50) which is capable of being in fluid
15 communication with the peritoneal cavity (60) and a
conduit (20). The dialysis device further comprises a
storage chamber (70) located in a rigid compartment (180).
The storage chamber (70) comprises a deformable diaphragm
(71) integrally formed in one of the walls of the storage
20 chamber (70). The deformable diaphragm (71) is in fluid
communication on one side with the dialysate conduit (20)
and, on another opposite side, in fluid communication with
a pressure chamber (80). When the disposable housing
(601) and control housing (690) are operably coupled to
25 each other, the conduit connector (691la, 691b, 691c)
fluidly couples the pressure chamber (80) of the
disposable housing (601) to an air pump (670) located in

the control housing (690).
The air pump (670) is configured to actuate the
30 deformable diaphragm (71), by inducing a pressure change
in the pressure chamber (80) which deforms the deformable
diaphragm (71) and thereby moves dialysate within said

dialysate conduit (20).
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connector' (622) on the enrichment nodule (620) is provided. wth a plug
(800) that can be pierced by the connector (623) |ocated on the disposable
housi ng (WORp12ae7485gure 8b the connector (622) on the emrcirsieaentooososiul e is

brought 5 into i t~ Wt t CayHIec; i sabl e
housi ng (601) tg%%ieg%cg%qh%%%ﬁ@gow&’.ﬁ%’gur es %LIS% gggg%%%&s%ggvnghgﬂg
enbodi nent aebnauseal @b )coanectere oforH igirreePatandidb.thEheocohheet ondEe622)
on the 10 enrichnment nodule (620) is provided with a plug (800) that can be

pi erced by tHeéO¥onraet S eEDLS okat df Vh RO SRBs e hgCe86LY. In

figure 10b t(%%maw%@rsQ@%%);eOMa%e%nrSﬁ@ﬁ?ﬂénav%l &HS ProughHt nbALO

mat i ng engagenent with the connector (623) on the di sposable 15 housi ng
(601) to5pieldewt kdepldigp (BONe Thefénwi chmwentthrodet @rdge achaghbdrconfai ner
for holding the additive sqlution, rising a sponge (1001) . located at an
end of the ¢Ont3Fher 59 %ce APBSL | gﬁ% t%log cﬁﬁrﬁg}.éf‘gr O(%fo?]t?ﬁ%n?ﬁoﬁge
facilitatestdelicvary ghqat heiamdchpenthisol thé oyi20 fd-a18 t BebeRbhehaent,
reservoir (621) to the dialysate conduit (20). Figure 11 shows anot her
enbodi nent d&freg <ont a@hér coRteRdnaRLtscHfenf LadBRE K 620) tha PRI tPRGELe t he
cont ai ner i %a%?t%,n (tﬁ%ﬁdf ormof aresiliently deformable bottle (1101). The
eft 'ha

bottl e on the side is full of enrichnment solution. The bottle on
the right hand silde wfid heifuger ehkes ddeplretted. e300 Hingente m@dusbouws28) ,

cross-sectiagnal, view of, the enrjchnent 660) . enf | chnent dul e
(650) compr fSed b tER ehigit S LSUa TS (6043 5% P01 b- comRanFERTEaRCH ¢h
the enrichmrbopunp f 660 e vi ant-henfBhied qeaneet or&AH522 and 623) matheag
enrichment punp (660) is provided with a di aphragm (661) which defines an

ai r chamber epEBZPmient Miitd cdfmIF LatF M eEEr t he< Al r opuipe( AGEPSRGRAY and
an e”r'Ch”E%%uEQE F%%?é%%?ﬁbgréﬁggé)déhﬁg f%ﬁ: r%&ﬁifgg.%%&quggnt

enri chment reservair igure shows™ a close up view of figure
12a in an outelkawoaycl e62When it hehai reqpuinghexet t sicalulegat 62@) preassutae

beyond 50 mrHg, in the dialysate outflow cycle, enrichnment solution is
dr)a/wvn from ldHé‘lé(ﬁrait(?hr‘FQﬁldur%sérz\Pdi et the disposable %Ousmg (601).

The disposable housing (601) also comprises an
enrichment pump (660) for adding a predetermined amount of
enrichment sclution to the dialysate conduit (20).

20 The enrichment pump (660) is a fixed displacement pump
comprising a diaphragm (661) 1in fluid communication with
the air pump (670). The air pump (670) exerts a positive
or a negative air pressure to the diaphragm (661) of the
enrichment pump (660) and the deformable diaphragm (71) of

25 the storage chamber (70), functioning as pneumatic pump
for cycling dialysate through the dialysate conduit (20)
at the same time. On one side of the diaphragm (661) in
the enrichment pump (660) 1is an air compartment which
fluidly connects to the air pump (670), and the other side

30 is the enrichment solution compartment connecting to the
enrichment reservoir (621) reservoir via the mated
connectors (622,623). When the enrichment solution
compartment is subjected to negative pressure enrichment

solution 1s drawn from the enrichment reservoir (621).
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10(621) into the enrichnment solution chanber (663) of the enrichnment punp
(660). Figure 12c shows the enrichnent punp (660) in an inflow cycle.ln the
i nfl ow cywbeomenssa positive pressure 15 greater than 200TisGRgL1/0803eXert ed

inthe air anber (662),.the enriechnent solutiaon cha ert1(36631¥ will .be
enpti ed and "5 xed voPUTEC bFS enPEERFENE sof Titi GRPVES. whPl 1w t 8 *dnd

nmerge W th theHalysat e tRet Berdiphysat eotanduht W acnddetod201) £h20
Figures 13 and 14 show the results of battery tests on a dialysis device in
accordance it gieerdi sounes urtet 0 ) THe tsu riios el ichl wsvd cexgsardiient (4fs t o
determ ne the m ninmum capacity of the battery that is needed to support the
25 operation of a high capacity dialysis cartridge for at |east 12 hours.

Based onsan mves@gesPoWen epasurpti oF of Hpdrfprdbihensysiens fioboa 12 hour
operation, the mninmumbattery capacity needed would be at | east 1836mAh.

Thus, to ret®iIP atOF@asE SUUIGIEILRE Bk t EPF cHPRIY 6Y8F d 130 )year Pfhe
m i mum bat Lefye needed W | obe AFD3Mid: Hlibils ACkBEGhDY toshe St ant] Ve

speci fications of the battery, ere'the battery capacity will drop to 80%
of its over afluichpawirtyn e ort swioperat i omorgel s i $§63Hrand hadl300 dyckes

(1836mAh x 120%. Tg,dg%erm’ ne the.actual usage, d ra}%&caﬁ“& VWO let
2012/ 067585PCH S 0147 00D395°P6F 2t he" sy §tamC 2 Wadt s' Sier'e er FBr MG 1GSi ng
an 11.1Yp 2250mAkle landddind® Podyder batber wndlesir #tondaking eB0o) is in

representative operation scenario for a normal 5 flow control, where the
punp i s bei ngtdift nEPTONIEFRIAPR t Hifkki nEBPN Atr iR 400MhHg (1 RHAITSRE or

-100mHg ( oW, Wt t r at 4 of 't PLES € nhhe i hesulgygshowed
that a 225(?#%%14&10%%%% t y{}géjat?%‘; y&v\@&s( g%?g) t%nsgggo?tg ?E% ment gén dU(ope?ati on
for 18Hrs bef:aretd t anaseghui vowrdppsulk@® t he fremwer eaaty 1§aSV.fForgurtdel3

shows the 1 apft show ng  he, vol Lage dtop of Lfe, baLLSTy Yeraus. (1.,

15 (680) prevents external air from entering air conduit
(630) . |
A hydrophilic membrane filter (610) downstream of the
hydrophobic membrane (150), prevents gas, particles and
bacteria contained in the dialysate from reaching the
20 peritoneal cavity (60). The membrane (610) also produces
a backpressure facilitating the venting of gas through the

hydrophobic membrane (150).

Figures 8a and 8b show an embodiment of a sealed connector
25 (622) 1in accordance with the present invention. The
connector (622) on the enrichment module (620) is provided
with a plug (800) that can be dislodged by the connector
(623) located on the disposable housing (601). In figure
8b the connector (622) on the enrichment module is brought
30 into mating engagement with the connector (623) on the

disposable housing (601) to dislodge the plug (800).

Figures 9a and 9b show an embodiment of a sealed connector

(622) 1n accordance with the present invention. The
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Test #2: In the second test, assum ng the worst case scenario that 15 the
punp is constantly ON for the whole inflow and outfl ow cycle operation, the
resul ts swowotdmmrssshe battery can |ast for 14.5Hrs bef oP€TiSG2agosast down

by the firmvare at, 10 elow js the.graph, show t ol.t age dr.op of
Che. bat tery JHAGS" The 622F abfoRh i FAELARTRNS AR o0 TR e
shows an exphodedavigw®f (8odegasser €iB0Me | piaeeendancechet ediRctor
di scl osure. The degasser conprises a gas vent nmeans in the formof two

hydr ophobi ¢ hedadlr ahesateasoey &h¢ (EFEI)sabife hSwdphobPel renblands ware

arranged in r e Lt her ~side of h b L an ( . Each
hydr ophobi c é)nrg r%n%ao%{j%g{éégnéﬁggﬁgi E%Foéggggﬂgg}ngcgﬁ?&t% %srz%vljeon%i?t( 1505
and 1506fF. Thetdegassely | snahsomerioviwdeth wehb atsnnadet s/ qulzet sof 1562 and
1508) and a dialysate outlet (1509). The hydrophilic nenbrane is curved to
facilitate theSRPRPHT RRISIHP t RO BD o RIRETR TR thE Ry 6t Ophobi ¢ menbr anes

and subsequently the air vents to renove gas fromthe dialysate in the WO
2012/ 067585PCT/ SG2011/ 000395 di al ysate conduit O the dialysis device.ln
use a 4 mcrbigapes fida emrrsealldbt hehtwp dhet hemsodbeemt zone i tdealed

di al ysis device and is covered by the.degassgr. The hydrophilic nemhrane is
Hocat ot ad; SEETMETT e Aher s 171 V57 B5-a EpRcEP PRELcehaViAp) o tre
hydr ophirbi ¢ drerbsianent eflegese Spsbent i popderileakagenf comithe @oohertazone

and paper filter and also acts as a bacterial filter. Referring to Figure
15b, in a nofdml SF aPysirseepebat i &£CrOaqtodt 4PP3out Lecategomn i $hen

flLui d communi 23400, 1 t R0 1ABTON 81 FENSOE,ANGs & 3£CQRE BLEc OBl 1508)
isin fluid co nication with a degassi ng exhaust via another connecting
air-port (notéeZhowon When eetechmnent f orodanmoniia gasopgbsentceté n rtahié ngase

of sorbent cggégéé%g%t with the connector (623) on the disposable

15 housing (601} to pierce the plug (800). The enrichment

module is a rigid container for holding the additive

solution, comprising a sponge (1001) located at an end of

the container in communication with a connector (622).

The sponge facilitates delivery of the enrichment solution

20 from the enrichment reservoir (621) to the dialysate

conduit (20).

Figure 11 shows another embodiment of a container in the
enrichment module (620). In this figure the container is

25 in the form of a resiliently deformable bottle (1101).
The bottle on the left hand side is full of enrichment
solution. The bottle on the right hand side of the figure
is depleted.

30 Figure 12a shows a cross-sectional view of the enrichment
pump (660). The enrichment module (620) comprises an
enrichment reservoir (621) in fluid communication with the
enrichment pump (660) via the mated connectors (622 and

623) . The enrichment pump (660) 1s provided with a

53



15 exhaustion, atnospheric air flows through a throttle valve, or any
stable flow constrai ned valves, in the controller, allowng a controlled
anount ofweii1zmw7§ssow t hrough the first air outlet (150PLT/SGR0EANOEB9F

conduit above.the hydro ic nenmbranes, and flow out fromthe 20 other end
of the air cgﬁaﬁgfaég tﬁggﬁbc&W&QQ rdSSEP%F (ABOBLT afeFPecul 4P82t o Hh

amoni a sensenuh R (RN IaRLler -wil | fige dggas$ing, e akhoRHIP A3 the
controller exerts a negative pressure to renobve any gas, In particular 002,
in the air cenddchmeha tsvd Utiirogt ahamiP&r okt (r507) ubsc kednonari eaxdhiaust i n
t he controllgrth Refeéring to Figure }? Lan expl oded view of a fibrin
trap (1601) I'$"8h&RA. SPBOFIHG Hi AFSSTEO Tt (P45 bossibl e that dial ysate will
contain sone snmall amount of fibrin. 30 The trap conprises an inlet valve
(1602) and a filter (not shown) |ocated opposite the inlet valve (1602).
The inlet vaF¥8urs ik héhPyem af cdosesi Wy ertlley deforhediee dilgk hihged on a

Tnto the t1ag aai thuS ST V512708 7585RCT &BOLLI Obbsos nat EHrE on
any fibrin ppeseatirenbelyendi &l (/satiy, | anUsthd hei gl abysat evertlens dhel d,r ap

t hrough an inlet (1604) and passes through the disk valve (1602). The disk
valvegis Iocﬁ?@ﬂcéﬂeﬁts?ﬁgufg%BS}?DQFPHQ 5ﬁ08quﬁoﬁQﬁﬁﬁ§mQQﬂa4ﬁﬁ%ﬁFQkﬂve

(1602) i cl oged) agajmst hde e @hmei 604, premant LRambBe fewe of di aliysate
fromthe sorbent zone to the patient.The dialysate that enters the sorbent
zone may conpRisehnenti pumpe(6Pbrin is prevented from entering the
sorbent zone by the filter (1603) and is

Figure 12c¢ shows the enrichment pump (660) in an inflow
cycle. In the inflow cycle when a positive pressure
15 greater than 200 mmHg is exerted in the air chamber (662),
the enrichment solution chamber (663) will be emptied and
a fixed volume of enrichment solution, VEP, will flow to
and merge with the dialysate in the dialysate conduit via
outlet (1201).
20
Figures 13 and 14 show the results of battery tests on a
dialysis device 1in accordance with the disclosure. The
purpose of the experiment was to determine the minimum
capacity of the battery that is needed to support the
25 operation of a high capacity dialysis cartridge for at
least 12 hours. Based on an average power consumption of
153mA of the system, for a 12 hour operation, the minimum
battery capacity needed would be at least 1836mAh. Thus,
to retain at least 80% of the battery capacity over a
30 year, the minimum battery needed will be 2203mAH. This is
according to the retentive specifications of the battery,
where the battery capacity will drop to 80% of its overall
capacity when its operation cycle is more than 300 cycles

(183emAh x 120%). To determine the actual usage duration
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10t herefore retained in the trap (1601). Figure 17A shows a
power - connecting switch in accordance with an enbodi nent of an invention.
The sw t oWOQ20i2006Y585s | ocated in the controller (1702). TReT®GR2010W003951 N an

15 dpti when th troll 1702) - i t l.ed t [ bl
nousing. A TE&F 1 LEHC |57 Uy nbl G e FAE FH ChG"Tor Heor Sa Tlder Wabe

(1703), is |peateah) nLacchanngd1 gD Datddmpdi atel y adjacent to the switch
(1701). 20 A pin (1705) is located on a breakable frame (1706) on the

di sposabl e housing (1707), which is of conplenentary configuration to the
channel (170#9st o€hted on the controller (1702). \Wen the disposabl e
housi ng and 25 controller are coupled together, the pin (1705) is received
in the channel (1704) and the franme is deforned and broken (1708) 2y t he
control ler (4¥62}9 (Bi gtFRFATH)L2TFHE pPREEEFOST WheR Fbtat é@5 n? t R ERannel

(1704) exerts &, POSitiYe, CHPEESEHOGERLCEs 0Bt hE FubBel bibenal 63 twi ch

30 closes the switch (1701). The frame continues to urge the pin toward the
rubber tubi ngpimtatt et ectbleeswl ehmi{d70Inflnvod arcl-d9ddmeigndiCtitdn ofFi, gur e

17B). The switch (1701) now electrically connects the batter not__shown)
Lo Lhe cont I TBTET oSN e Tl BEySitte dROTEE TS e UelCBy b ahEVED
2012/ 067585RHA S0 LY NRI395c pas & eny . Phe thrgctudedabnamed 1406poean the

| onger hold the pin (1705) rigidly upright for the pin (1705) to get
i nserted i ntlERpEC nPePretyon) fton tielcontebPrer 11 WD Hyaf ndosn by

Applicaﬁbonsthe firmware at 10.5V. Figure 13 shows the graph showing
the voltage drop of the battery versus the operation time

in this experiment.
Test #2:

In the second test, assuming the worst case scenario that
15 the pump 1s constantly ON for the whole inflow and outflow
cycle operation, the results show that the battery can
last for 14.5Hrs before it was shut down by the firmware
at 10.5V. Below is the graph showing the voltage drop of

the battery versus the operation time in this experiment.

20 Figure 15a shows an exploded view of a degasser (1501) in
accordance with the disclosure. The degasser comprises a
gas vent means in the form of two hydrophobic membranes
(1502) and (1503). The hydrophobic membranes are arranged
in parallel on either side of a hydrophilic membrane

25 (1504) . Each hydrophobic membrane (1502 and 1503) 1is
located adjacent to air vents (1505 and 1506). The
degasser 1is also provided with air inlets/outlets (1507
and 1508) and a dialysate outlet (15009). The hydrophilic
membrane is curved to facilitate the flow of gas 1in the

30 dialysate to the hydrophobic membranes and subsequently
the air vents to remove gas from the dialysate in the
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It is an advantage of the device that as the flow path is fluidly seal ed
fromthe controller the sterility of the device can be maintained by daily
di sposal wb2dizpesabl e housing. 10 It is a further advamCage:2eil/onéses

di al ysi s devj.ce that a_single canngctor,.betywee .di. sposabl e usj ng and
controller f%aﬁgﬁﬁgﬁed?o?%%étré)uc?ﬁ% fﬁ%£%§%5$e§?§§g8f se??ﬁn%gghéidgvice
up for oper atiice®. papdt Eslaeturdhars aglvantage dhathéhecsivzetofzéme in

di al ysis 15 device according to the disclosure can be significantly reduced
rel ative totdehetiali e isi dedévrcand 15| soxer@t neY ad¢ariielSitat ThE
devi ce accordj -he di re;Ls efficlent I, i $an adyant age
of the deviggbgggkgéﬁﬁg ggﬁgkgﬁgo ﬁ%séﬁ%gﬂg%dtﬁ%#ﬁ%s the fluid digpFacenent
means i s5i ntfeégralrd yoif o nepaaet h (aowakhoeh )t.he Biorigercpanbec tkmbrpeen ts

t he punpi ng mechani sm of the dialysis device_to be shared by the storage
chanber t her&CFer MITIHY aPPEdEEL L6/ aﬁ%rﬁF%WthSf%ﬂﬁ?%%ép%%%%lé“%

housi ng. Thigdes 23 1ftunt ey advantageous as dalctRerimit §itikeconstruction of
a nore portable and unobtrusive device to be used by a patient. It is

a further advantage that the connector between the di sposabl e housi ng and

t he Contrpl%%%e&%i%‘uk%L%idﬂgequ ,0§§?85ﬂ9lb§5?0%%é929§§5o§§?5990B° a
prevent bi ol ogical dr “chermical® cont’arfi nation of  t he dévi ce. 'S ah

advant age offitthe dew ceuthat , (8501 heil aw gathid scdrhmirdi gatsieah edithoemt he
controller, the risk of biological and/or chem cal contam nation of the 5

di al ysate byWR&icomddiaer2t$ &i JRFPIeantFy WedGded 1°08) 15t 1RsLvidr t her

advant age offhgndeviGent hali@s oaly Qe Hmy and,anlktong, i Nt exhaeer
connector is required this reduces the Tequirenment for additional punps and

connect i ons camdiechisar esdlrt-poiry a (sbgni Bheoant .r edubbheon Pateotihg sifze of

t he dial ysis _devi.ce relative to knawn g%alysis devi ces

: Lt.is .a
further advafte8dof 9the BV TEDf fhe tlrsct 88hr & 1 ha &S Sni F26RE S i s

requiredst o eaglhéationd Stahagehelidmeraian gdsid i vensbspensangtheansland a
gas 15 Ventvgﬁigf, gglsaggrtgggb grr?fgbrnégégéggfggé(n%;¥;égra in the
controller, allowing a controlled amount of air to flow
through the first air outlet (1507), to an air conduit
above the hydrophobic membranes, and flow out from the
20 other end of the air conduit to the second air outlet
(1508), and circulate to an ammonia sensor in the
controller. During degassing, the air pump in the
controller exerts a negative pressure to remove any gas,

in particular CO2, in the air conduit via the first air

25 outlet (1507) back to an exhaust in the controller.

Referring to Figure 16, an exploded view of a fibrin
trap (1601) 1is shown. During dialysis, it is possible
that dialysate will contain some small amount of fibrin.

30 The trap comprises an inlet valve (1602) and a filter (not
shown) located opposite the inlet wvalve (1602). The inlet
valve 1is 1in the form of a resiliently deformable disk
hinged on a stud (1605) such that the hinge 1is located

away from the dialysate flow into the trap and thus will
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devi ce and enhances portability and energy efficiency. It is a
further advantage that as only one punp is required to activate the storage
chanber, wheorddrissve di spensi ng means and the gas vent POE&SG201110h&9E i S a
20 significant reduction in the conplexi of, t deywi ich resul in a
decr ease innﬁﬁnd?%cth?%ga%%sgébfé?a?f§8%¥5 %Ro&ﬁed§§f§§F%Q!évicgg.hgg

It is a further @idvadage oftdhe devi eeaphathrihehpressitiletsensod 4 caanal so
be used to neasure a patient's 25 intraperitoneal pressure, wthout

addi tional PESSF & Setisdy sthe disk valing bbb Uppar edt et KRS vard bl% ofher
modi fi cat i ong, and adapt ati ong, of ke, i.nvepli-ongwld Becappar eplad o the
person skilled in the art after reading the o?e90|ng 30 di scl osure w thout
departing frdamkt headpieri ti1and) scope afodde ianeentston tamd inles i ntehded
that all such nodifications_and adaptati ons caonme wi.ithin the scope of the
appended cIQqﬁie”WM%bd¥§?0%#%@5@%T53 @fiF608§§§ A ﬁ?g%?ng\ PafyEPs
devi ce conmpringi Nitient. @ @in3Posaples nousi g havkRgsa wdal ysatent | gvhpat h
al ong which dialysate received froma patient is 5 subjected to contam nant
renoval whemaiyn operatisen, wHarigin saiBheli shosabt e housPhgVeBkpri sé50R

storage chanber_ i.n fluid comuuni.cati i th . the di at W pat r
storing theegi§?§§§&e%b%er%$ﬂyJﬂ: Zofd mﬁyat%%%t?%?Fé? fg%é%%%trg¥$i%8 t he
oper at i pm ofcrsaicd k@ dicspasabl e rhetsi ngiap (160an .i nterface neans capabl e of
operably coupling the controller and the di sposable housing to enable the

contam nant renoval fromthe dialysate, and
Figure 17A shows a power-connecting switch in accordance

with an embodiment of an invention. The switch (1701) is
located in the controller (1702). The switch is 1in an

15 open condition when the controller (1702) is not coupled
" to a disposable housing. A resiliently deformable

material, in the form of a rubber tube (1703), is located

in a channel (1704), immediately adjacent to the switch
(1701) .

20
A pin (1705) is located on a breakable frame (1706) on the
disposable housing (1707), which 1s of complementary
configuration to the <channel (1704) located on the
controller (1702). When the disposable housing and

25 controller are coupled together, the pin (1705) is
received in the channel (1704) and the frame i1s deformed

and broken (1708) by the controller (1702) (Figure 17B).

The pin (1705) when located in the channel (1704) exerts a
positive compressing force on the rubber tube (1703) which
30 closes the switch (1701). The frame continues to urge the
pin toward the rubber tubing to actuate the switch (1701)
intec a closed condition (Figure 17B). The switch (1701)
now electrically connects the battery (not shown) to the

controller to permit the dialysis device to be used by a
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a fluid displacenent neans configured to nove the 15 di al ysate al ong the
di al ysate flow path, wherein said fluid displacenent neans conprises a
def or mrablwodneplerssgm i ntegrally formed with at | east onecmsiGkoafoossas d

st orage chanber, wher ei n the flow p is ffuidly sealed from
the 20 cont st tand it r‘?%%%t%%‘ﬁs ra?e T%wal ¥8f's %v%{ﬁ’ég% &PaPred
inclaiml, whergin sahdsei Sfa |0 EQPPEhEeS, B S@W@@% %en%ettn

fluid conmuni cation with the aI ysate f ow pat h for ‘renovi ng
cont am nant sinsented diat yshhe. CBanﬁhé dilalOfei sordeWheecastcbéﬂnEd (ilm0ehai m 1
or claim2, wherein said disposable housing further conprises val ve neans
di sposed al o?%altrh‘e di al ysate flow path 30 configured to control the
direction of novenent of the dialysate relative to the sorbent zone and
storage ghamgsgd1i caMZdhl?/ 067585PCT/ S&2011/ 000395 4. The di al ysis device as
claimed in claim3, wherein said valve neans is operative by the flow
direction of dialysate along said flow path. 5 5. The dialysis device as
claimed in any oneanfadvantsgd of 4het hievdenrt rdldterad ut}hdaeflc@npaitsi ng
actuation ne ns or actr é r}gE said fluid dloﬁ[ | acenent neans .and sal vaI ve
B

means when ht PBF Fonhtt €S HHE i SpDs 85158 Hddrsi ngt by &ai d
10|nterfacecﬂﬁﬂﬁia can be maintained by daily disposal of disposable

housing.

10 It is a further advantage of the dialysis device that a
single connector between the disposable housing and
controller is required, thus reducing the complexity of

setting the device up for operation.

It is a further advantage that the size of the dialysis
15 device according to the disclosure can be significantly

reduced relative to other dialysis devices.

It is a further advantage that the device according to the

disclosure is energy efficient.

It 1is an advantage of the device according to the
20 disclosure that as the fluid displacement means is
integrally formed with a wall of the storage chamber this
permits the pumping mechanism of the dialysis device to be
shared by the storage chamber thereby permitting a
reduction in the size of the disposable housing. This is
25 further advantageous as it permits the construction of a
more portable and unobtrusive device to be used by a

patient.

It is a further advantage that the connector between

the disposablé housing and the controller is fluidly
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6. The dialysate device as clainmed in any one of clains 1-5, wherein said
def ormabl e di aphragmis in fluid contact on one side with the dialysate
fl ow pat woO2R0ed7588n anot her opposite side, in contact WRCTISGR0PNEE9sIr e
chanmber that is capable of receivin f‘dl@:fld therei.n. .7. The di algsi s device

as clai med 573014 %, PRAEFRE nP26LRELG81 o PrasiiE diEdhr EYhh 375 1 SpYsedt and
fluidly sealgd fdamdde pressyrg, Q@b @A thdi devBiderna8, dbethe

di al ysate device as clained in any one of clainms 6 to 7, wherein the
actuati on nedmey qoripgy i sesfhupdhp 25atagabiremofthiel ahtcmihati cathonrwbkh t he

pressure chanber,_when said interface ans__oper abl| 0 es_sai d di sabl e
housing to $ai d %%%f?%ﬁae . @.nd'lzl% dia ?}“slicsaoldev%ré}égrguggléll%%d io(n% C|§.1?%’I 8,

wher ei n §0saiid iyl age tRansGoieses sascghdydi tagonpeetancehat fluidly
coupl es the punp of the controller to the pressure chanber of the

di sposabl e housing. WD 2012/ 067585PCT/ S&011/000395 10. The dialysis
devi ce as cl ai mredt nsCai lmdtheherdvant hge cordtine EmvieEt drhatond? i sty a

first mating _part disposed on the controller d cond i p

adapt ed di s%)(?s?e(? R t neds 09%&65%%? elrh%eu];sfancge, %O?lr{c]“%%h%fe}% ¥%§54‘$§%t€%%%
second natin@dqaedss acBeconfégul eemént | ocdkimgl wdengdgeaw t hpeagbh otdéed. 11.
The dialysis device as clainmed in claim9 or claim10, wherein the

di sposabl e Hﬁﬁgﬁﬁ&i@@ﬁpﬁqgﬂggﬁﬁ results in a significant reduction in

10 the size of the dialysis device relative to known dialysis
devices.

It is a further advantage of the device of the
disclosure that as only one pump is required to activate a
storage chamber, an additive dispensing means and a gas

15 vent means, this further permits miniaturization of the
device and enhances portability and energy efficiency.

It is a further advantage that as only one pump is
required to activate the storage chamber, the additive
dispensing means and the gas vent means, there 1is a

20 significant reduction in the complexity of the device
which results in a decrease in manufacturing costs
relative to known dialysis devices.

It is a further advantage of the device that the
pressure sensor can also be used to measure a patient's

25 intraperitoneal ©pressure, without additional pressure
Sensors.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing

30 disclosure without departing from the spirit and scope of
the invention and it is intended that all such
modifications and adaptations come within the scope of the

appended claims.
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10addi ti ve di spensing nmeans for dispensing a desired additive into the
di al ysate. 12. The dialysis device as clained in claim1ll, wherein the
addi ti ve WO2pemwiisg neans is activated by fluid 15pr ess@ece/Scher@essos hat
occur in the conduit connector that js.in fluid comunication with the
punp. 13. The dialysis device as cl §A78%Si n claim 11, wherein the additive

di spensi ngy means 415, di s d&t&d rQMdNe 12001 sposabl e housing. 14. The
dialysis device as ‘claimed in claim 13, wherein the additive dispensing
means conpri ses: allspusalflacdiareningy W28/ artblalivd 3jisd f dewviettas cl ai med

in claiml1l4, wherein the.interface mean onprises .a connector that fluidly
coupl es thsgloa&ﬂ:li"‘m]fgl e iy T4 sve[d(g) ftC Oer}rrpfal (?v?%plaetrhct disposed in the

di sposabl esthousitig 30 bt abtie dital nesicsr devitoen ash dpaddidmy ¢l ai m 15,
wherein the connector conprises a first mating part di sposed on the

addi tive difspens] g ifbahsoRATRRE & St TERtI WY PardS di sSPG¥ePOn the _
and second” TRt g Barre o o CaNFYgUred {0 1 GekTRgly eNGRgS w LA each of her .
17. The digdttsideticeiras Waidied vsated dimdkGinmherein 5 the first mating
G Sposed on t he GiUPOCHN S HoUs I HPe Sl chd QAR HCah The SUer 11 |ty of
the agdditiyessidiomddsthe additive di spensing neans.
an interface means capable of operably coupling the
controller and the disposable housing to enable the
contaminant removal from the dialysate, and
a fluid displacement means configured to move the
15 dialysate along the dialysate flow path, wherein said
fluid displacement means comprises a deformable diaphragm
integrally formed with at least one wall of said storage
chamber,
wherein the flow path is fluidly sealed from the

20 controller and interface means.

2. The dialysis device as claimed in claim 1, wherein
said disposable housing comprises a sorbent zone in fluid
communication with the dialysate flow path for removing

25 contaminants in the dialysate.

3. The dialysis device as claimed in claim 1 or claim

2, wherein said disposable housing further comprises

valve means disposed along the dialysate flow path

30 configured to control the direction of movement of
the dialysate relative to the sorbent zone and

storage chamber.
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10 18. The dialysis device as clained in claim17, wherein the first mating
part di sposed on the additive di spensing neans and/ or second nating part
di sposed w0 20te6@issposabl e housi ng are seal ed by neans @CT&G2ERI00EIDr

frangi bl e seal-. _19. The dialysis device as.clainmed inh claim 18, wherein the
first nati%g pa??ed9§6g¥§asoﬁeﬁﬁgea&ﬁ?tF@@lﬁ?gpéﬁ%i%gaﬁﬁahs|ﬁ§%ﬁ?%ﬂth t he
second mating pagiq 20,8y 8PRegdson & hg Lishosabbe hRESIENGWh ireakidig or
puncturing or dislodging the plug or seal of the mating part. 20. The

di al ysi s devi ceohsdtd by stk i nlany omed of let dvash 25 claim 9 to 19, wherein
sai d di sposabl e housing further conprises a gas vent in fluid conmunication
with the flow path for venting gas fromsaid dialysate. 30 21. The dialysis
devi cesas gl ai neige i Aigh aks 28evivBer eisn dihe ngas Mendny soaet iofateddhimes f 1 ui d

pressure changes that occur in the conduit connector ;that is in fluid
comuni cation wit ATt He plifp. COVT 204 08F5BBPETFIERH1 EF0003FE . L Ofhe

di al ysis devic | ai ned, ] J : heikpn t i spcpupled to
a hydrophi | i c BT A | ?E?U%%ﬁ]e%fﬁla y%t%%@%%%%%%%f“ The
di al ysat e devi canas shainedailneanyneames ofwhdrai msaidt oc22trahéreei n isai d
storage chanber is qgstreaqlof sai d ggrbentk)one. 24. .The ialysiskﬁevice
as claimed in any"ORetet cl® st 1P TP Vher BPHSEEPd Bt 1 o136
conpriiges a conppterrsonfhaumed to act on instructions for operation of the
punp. 25. The dialysis device as clainmed in any one of clainms 15 9 to 24,
wherein the interface neans conprises a pressure sensor configured to

determne fhe pressyre 9. eal dodialysat g1uhgny! Bnt BRyd2RO3D] @ st ng.
1-5, wherein said deformable diaphragm is in fluid
contact on one side with the dialysate flow path
15 and, on another opposite side, in contact with a

pressure chamber that is capable of receiving fluid

therein.
7. The dialysis device as claimed in claim 6, wherein
20 the deformable diaphragm 1is disposed and fluidly

sealed from the pressure chamber and a rigid member.

8. The dialysate device as claimed in any one of claims

6 to 7, wherein the actuation means comprises a pump

25 capable of fluid communication with the pressure
chamber when said interface means operably couples

said disposable housing to said controller.

9. The dialysis device as claimed in claim 8, wherein
30 sald interface means comprises a conduit connector
that fluidly couples the pump of the controller to

the pressure chamber of the disposable housing.
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26. The dialysis device as clainmed in claim25, wherein 20

sensor

pr ecedi ng 8Iai

pr esent

the pressure

r is disposed in the controller and is in fluid comunication with the
conduit cwonetwriss27. The dialysis device as cl ai ned i RCUSG2oN®0@o5t he 25

sai

wher ei n 30t he
2012/ 067585PCT/ SG2011/ 000395 29. The dialysis device as clajned in claim

28, wherein thdiapeerida Feridwr ¢eneontigtr eddt 6 dfaitd
ions. 5 30. Th
anmoni a sensor

. Cpnprising,an. anmoni a..sensgo Nt | edy to
g?‘&i éf t%-5 28V Ihe dral ylsa}ls% K ewflge Calgli(E:nI ot oufletes
ARBDIH A RENS W orrse & $POsedp I hs & headifsipesabher hroyspagt

anmoni a

almed rn claim 27,

WO

i% BRL&nmoni um

Sodeelysi 5, dpuLon asncl hed) Bock b 28,000 28 uherel n the

rrses a nateria ges colour in

e presence of

ammoniza. 31. Theediedhysithedevfiiaastas arldi negtdmd anyaoheg of petas nsal®28 to

30, wherein the amoni a sensor conprises an a i a-sensi tive menbrane.
The dialysis dé@Péég§§eélépnéﬂcﬁﬁnﬁﬂﬁiﬁPﬁ??ewﬁgggiﬁaF e CAMTSNi a sensor s

di sposed in the controller. 15 33. The dialysis device as clained in claim

32, wherein
11.

10
12.

15
13.

20
14.

25
15.

30
16.

The dialysis device as claimed in claim 9 or claim
10, wherein the disposable housing comprises an
additive dispensing means for dispensing a desired

additive into the dialysate.

The dialysis device as claimed in claim 11, wherein
the additive dispensing means is activated by fluid
pressure changes that occur in the conduit connector

that is in fluid communication with the pump.

The dialysis device as claimed in claim 11, wherein
the additive dispensing means is discrete from the

disposable housing.

The dialysis device as claimed in claim 13, wherein
the additive dispensing means comprises an interface

means.

The dialysis device as claimed in claim 14, wherein
the interface means comprises a connector that
fluidly couples the additive dispensing means to the

flow path disposed in the disposable housing.

The dialysis device as claimed in claim 15, wherein
the connector comprises a first mating part disposed
on the additive dispensing means and a second mating

part disposed on the disposable housing, and wherein
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t he ammoni a sensor is configured to detect ammonia or amoni umions. 20 34.
The dialysis device as clainmed in claim32 or 33, wherein the ammonia
sensor cowpropéas7ssmat eri al whi ch changes col our in thePpI&sS2omd®0EOs

ammoni a. 35. The dialysjs_device as ciai.ned in .any_agne of -¢lai 532 to
34, wherein thégﬁﬁngh¥%£sgﬂ§oF658 r??%gjghEﬁﬁﬁﬂ%i%?%eﬁgpgﬁgergénéféne. 36.

The dial ysi s devieeimsl €laidqmge vl ddar&es. 32 or 33, wherein the
anmoni a sensor conprises an 30amoni a-sel ective potentionetric or
anperonetric electrode. 37. The dialysis device as clainmed in any one of

clainms 32 3 r.ei n.the, ammoni a_s ;S -conf { e -

2012/ 06758%gmwfﬁ6§6%9§%t§%t Sl amnehy l?‘nn%%fgﬂéxg ¢ é\é\t%l Fom a

di al ysate flow tiye a tlegassetating 3%t The sgioaleysi rdevihee asiddltdiveed i n
claim 37, wherein 5the degasser is 2isposed in the disposabl e housi ng. 39.
The dial ysis de¥iTREEEIY aPRRAS| ARG Lorfé ORI k4 - gé}—”%ﬂéﬁé%oﬁ e

device is povergd Dye aqpgld&iyie 10o40indherdi gbysks devihGenasicl aged in
claim 39, wherein the battery is a rechargeable battery.
sterility of the additive solution in the additive
dispensing means.
10
18. The dialysis device as claimed in claim 17, wherein
the first mating part disposed on the additive
dispensing means and/or second mating part disposed

on the disposable housing are sealed by means of a

15 plug or frangible seal.

19. The dialysis device as claimed in claim 18, wherein
the first mating part disposed on the additive
dispensing means mates with the second mating part

20 disposed on the disposable housing by breaking or
puncturing or dislodging the plug or seal of the

mating part.

20. The dialysis device as claimed in any one of claims

25 claim 9 to 19, wherein said disposable housing
further comprises a gas vent in fluid communication

with the flow path for venting gas from said

dialysate.

300 21. The dialysis device as claimed in claim 20, wherein
the gas vent 1is activated by fluid pressure changes
that occur in the conduit connector that is in fluid

communication with the pump.
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41. The dialysis device as clained in claim40, wherein the rechargeable
battery is a lithium polyner 15battery. 42. The dialysis device as clained
in any orwoabi1zdeesspr ecedi ng cl ai ms, wherein the fl ow paPiTSGapIN0sEss a
fibrin trazp | ocat ed upstream of the sorgent zone. 20 43. fdi ﬁl Si.S
control | el ZoperZ 4 t¥S 1S dFEBLSEbRE KIGSFRG WMhersiHlsatt 8 §%8§8b| e
housi ng conpri s§s aggkoragg champenphid |t dcompamdraiion Wetheaidi al ysate
fl ow path di sposed wthin said housing for 25 storing the dialysate
therein, havi ngiflltdd idi spleackimentsatearfs cofatdured to nove di al ysate al ong
the dialysate flow path, wherein said fluid displacenent neans conprises a
def ormabl e di aphragmintegrally forned with at | east one wall of a

30st or gge chantyefs diel eHd ahid©Ff c£ T & Ba ke d ach uahiyooneaeans claimact uat i ng
said fluid displacenent neans and an interface neans for connecti ng sai d
controll er to sait di&posadFelmnotsidgStanesei AN3BPAT coft HBFFEF3EndTsai d
interface WO 2012/067 CT, 011/ 000395 neans are fluidly 'sealed from
sai d di al ysat ezﬁaijlgwspoa%ﬁég}urzlloﬁl?bperati on of the disposabl e housi ng. 44,
A di sposabl e dialysis housing that is configured to 5 be operated by a
control ler, the disposable hgusi. ng conpri si a dialysate.flow path

ng: .
di sposed t4fer eiTieal it T heay af sﬁ?ecrlé‘&g‘legiec}nf rgh 2°pat Pent P4 Subj ect ed

to coppam nant g enpyal pwhen i eper atd o 10shstorege champerisés flkuid
communi cation with the dialysate flow path for stori ng t he dial ysate

t herei n; erfdufier disptatewesd ne@nsaebnf Pyur éastsuabienthe f@ral ysat e
al ong the dial ysate .fl qw pat ein said fluid displacenent neans
conprises a defdre leondiCgtf)lht—’rmaeg%Lﬁ[(p'

25. The dialysis device as claimed in any one of claims
15 9 to 24, wherein the interface means comprises a
pressure sensor configured to determine the pressure

of said dialysate when in the disposable housing.

26. The dialysis device as claimed in claim 25, wherein
20 the pressure sensor 1is disposed in the controller

and 1is in fluid communication with the conduit

connector.
27. The dialysis device as claimed in any one of the
25 preceding claims, comprising an ammonia sensor

configured to detect ammonia present in said

dialysate.
28. The dialysis device as claimed in claim 27, wherein
30 the ammonia sensor 1s disposed in the disposable
housing.
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15 integrally formed with at | east one wall of said storage chanber; and an
interface neans for connecting said housing to a corresponding interface
means of wai2dizawmissol | er, wherein in use, the flow pat hPC3/SGeuildhysdseal ed

from 20 sajid controller and said interface neans. 45. (A dialysis system
conpri si ng;zg' Thea%?‘iéfﬁ%ﬁbﬁ@"ﬁ&ﬁsiaﬁg Cﬁaﬂﬂir??g‘?a”&li Gl-98t &% da?%%ﬁlﬁl

contai ni ng di al ysat enkeegived f4am as pabienlyu e 25 diakysatgumbider goi ng
contam nant renoval while disposed in the di'al ysate fl ow path; a storage
chanber in fluidrcemmonigationswi th the dialysate flow path for storing the
di al ysate therein; a fluid displacenment neans configured to nove the 30

di al ysate along the dialysate flow path, wherein said fluid displacenent

nmeans opnpgpsesThe defienehlse H-apty agy idtagal | ynf eneme vid hoat d®east one
wal | of said storage chanber; and WD 2012/ 067585PCT/ SG2011/ 000395 a
control | er oper@bfyetdnnelet e Sl d PV abI @OV g Dy BEGhteer f ace

nmeans to control, th o) t i ousi :
. . ntOf &ﬁ&% 05 @ﬁ hf %ﬁ f@? ﬁb% YE Mnonia.
wherein said flOw patﬁgls %wdj[y seal e f&’gmt e controller and
i nterface means.
31. The dialysis device as claimed in any one of claims
10 28 to 30, wherein the ammonia sensor comprises an

ammonia-sensitive membrane.

32. The dialysis device as claimed in claim 27, wherein
the ammonia sensor is disposed in the controller.
15
33. The dialysis device as claimed in claim 32, wherein
the ammonia sensor 1s configured to detect ammonia

or ammonium ions.

20 34. The dialysis device as claimed in claim 32 or 33,
wherein the ammonia sensor comprises a material

which changes colour in the presence of ammonia.

35. The dialysis device as claimed in any one of claims
25 32 to 34, wherein the ammonia sensor comprises an

ammonia-sensitive membrane.

36. The dialysis device as claimed in claim 28, 29, 32
or 33, wherein the ammonia sensor comprises an
30 ammonia-selective potentiometric or amperometric

electrode.

37. The dialysis device as claimed in any one of claims

32 to 36, wherein the ammonia sensor is configured
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46. A systemas clainmed in claim45, conprising a pressure sensor
configured to determne fluid pressure changes in the flow path. 10 47. A
syst em aswolaixmeasssn cl ai m 46, wherein the controller i ®CtoeRigwreEdst o
determ ne and control the flow rate of di ale/sat-e 'nfthe fl%w qath based on
the pressure cHahg@etodt pafmeyiehdPprdss P SEnsst . T190 38 MR 3y&lEm as
clainmed in claim&b Wy £l@RigaAly wherein the controller conprises a
conput er program encoded in at | east one conputer readable nmedium the
conput er program conprising a set of instructions, encoded in at |east one

20 t bl e. nedi ble ta i.npl enent, . wh t ed .
comput e €] £, TEFLUN (208Cable Lo ARLETEDichpnsrerot by 2

processor, f ow pat’h based on

sai d pressure changesgHduti Py S eSS WHe sBNgsal2% 4budihey syst em as
clainmed in any one of clainms 46 to 48 wherein said determ ning step
conprises the steps of: a). applying a first preselected pressure to the

fl ow path p 1t ure .dialys - enter_ .or it said_f:l Qw pat h;
30 b). det%ég'ti ﬁ%ﬁga %Jg%i(;‘ﬁé pr%gé Eéj%:t é)é g:trlggisn%r(jeq"ltnn as’g%/ dgé%oﬁzggqgﬁa%ber as a
result of the em38, orhexdiin ofhaliddwisat el 4 paovedfadmsa ddtlerpath; c).
determ ning the volunme of dialysate that has entered or exited the flow
path, and WD 2012/ 067585PCT/ SG2011/ 000395 d). correlating the tinme

requi ned toyreaple sai 81 $8£oONdePr 8sehact Ot iHRESUt ecWath 8be vl nof

di al ysate that has entered or exited said flow path to determ ne the flow
rate of the di allysdeattiary Hes di algBiar sk e LT tHU - The system as cl ai med
in claim49, wherein the controller conprises a further conputer program
encoded in at | east one conputer readable medium the further conputer
program cofpsi STy aiseysod destedchisons,laimed in claim 40, wherein

the rechargeable battery 1is a lithium polymer

15 battery.

42. The dialysis device as claimed in any one of the
préceding claims, wherein the flow path comprises a
fibrin trap located upstream of the sorbent zone.

20

43. A dialysis controller operable with a disposable
housing, wherein said disposable housing comprises a
storage chamber in fluid communication with a
dialysate flow path disposed within said housing for

25 storing the dialysate therein, having fluid
displacement means configured to move dialysate
along the dialysate flow path, wherein said fluid
displacement means comprises a deformable diaphragm
integrally formed with at least one wall of a

30 storage chamber, the controller comprising:
actuation means for actuating said fluid
displacement means and an interface means for
connecting said controller to said disposable

housing, wherein said controller and said interface
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i mpl ement ed i npa @i dysing SyelamiCRMRIt $hRg da sgicspesableudusi.ng having a

di al ysate flow path extending therethrough and a sorbent zone for
contam nant renoval, an interface neans operably coupling said disposable

housing to ,a cqontr.oller .for controlli 5.1 h ssage I ate al on
the flow éélth %ﬁ‘ OLlaslpaoSci—:}bslpeos%]b %y %ﬁsﬂ%&,g?{lhe%r?%?ho c%%??g?%%étﬁg stepg
of : 5 HeassipdGatedi abysate abengotherdi akysat dikbowapath bbusand

di sposabl e housing while ensuring that the dialysate flow path and

di al ysat e @@€9 fluidly sealed from 30 the interface nmeans and the

control ler. 53. as ¢l al j LA 52 AUnrt her MAKkshng the
steps of: WO 501€f%%%%§%ﬁ?§@gjléﬁg0%g%§£% 2 r(raeasuri ngorg?essure ghanges

in the di alipSatseatfd owerativetur i hgosai d pasdilmgtst eps subjectddt efRi ni ng
the flow rate of, dialysate along said dialysate flow path according to
changes i r?oéjéia&ur’?@é%:urr?&oé’% é@%ﬁ]r e BE e et hod as clainmed in claim

53, fuypther conprishhggshersier of iadjustingcbhrudetardbnediitiowthate to a
target flow rate.
dialysate flow path for storing the dialysate therein;
a fluid displacement means configured to move the
dialysate along the dialysate flow path, wherein said
fluid displacement means comprises a deformable diaphragm
15 integrally formed with at least one wall of said storage
chamber; and
an interface means for connecting said housing to a
corresponding interface means of said controller,

wherein in use, the flow path is fluidly sealed from

20 said controller and said interface means.

45. A dialysis system comprising:
a disposable housing having a dialysate flow path
containing dialysate received from a patient, the
25 dialysate undergoing contaminant removal while disposed
in the dialysate flow path;
a storage chamber in fluid communication with the
dialysate flow path for storing the dialysate therein;
a fluid displacement means configured to move the
30 dialysate along the dialysate flow path, wherein said
fluid displacement means comprises a deformable diaphragm
integrally formed with at least one wall of said storage

chamber; and
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di al ysate flow path containing dialysate received froma patient, the
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flow path; a storage chanber in fluid communication with the dialysate flow
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di al ysate flow %?%?1%5551&%&]0?‘7 eP3bperhl ﬁegﬂﬁ(‘éctsﬁfljﬁfﬁs Fadi<Bosabl e

housi ng by-&an: + ot &L f ageq N"Bans-£o-£q40l  the operations of the disposable
housi ng and wherein the controller is configured to determne the flowrate
of dialysate in the dialysate flow path based on the pressure changes

out put 30 t pressure sensor.. 56. .The system clai ned i.n clai mb55,
wherein th é/'co%roﬂse enfclzorﬁ)sri scglsalénecdgnplu ercslparl(%ra%s’encc(?@é)(fl‘lsnl At %‘east one
conput er rgasedl e Nedingdr t Ben€OgRLEEr Y Oogearrm¥e fluid pressure

2012/ 067585PCT/ SG2011/ 000395 conprising a set of instructions, encoded in
at | east offeanges in the flow path.

10
47, A system as claimed in claim 46, wherein the
controller is configured to determine and control the
flow rate of dialysate in the flow path based on the
pressure changes output by the pressure sensor.

15

48. A system as claimed in claim 46 or claim 47, wherein
the controller comprises a computer program encoded in at
least one computer readable medium, the computer program
comprising a set of instructions, encoded in at least one
20 computer readable medium, operable to implement, when
executed by a processor, calculating the flow rate of
dialysate in the flow path based on said préssure changes

output by said pressure sensor.

25 49. The system as claimed in any one of claims 46 to 48
wherein said determining step comprises the steps of:
a). applying a first preselected pressure to the flow
path to permit a volume of dialysate to enter or exit
said flow path;

30 Db). detecting a second preselected pressure in said
storage chamber as a result of the entry or exit of
dialysate to or from said flow path;

c). determining the volume of dialysate that has entered

or exited the flow path, and
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the flow p e'tinme required to reach said second
presel egcted pressure with the volunme of dialysate that has entered or

exited said flow path to determne the 20 flow rate of the dialysate in the

dialysis de¥i celnSEYTHE sistekr et dl kP im T ai i S7 Wiet®in t he
O I Oby SR B8 Aol A Q8L LOMMULRL, RLOGIAT oo elodeast one

conmputer rea urther 25 conputer program conprising a set

of instructn oms,lencodete | comatut @asteate bomped am r eddabf ertedf um  oper abl e

to i nplenent, when executed by a processor (?%iterative optim sation of
Sl

sai d presef¥REF rsrd v Y et Het ¥1Ow ¥4t%e of dial ysate
in theof | ow,ddatih 59.14 & togOrmsishgr thesghisl y sisadevj ce of any one of

clainms 1-42, together with instructions for use.
operable to implement, when executed by a processor, an
iterative optimisation of said preselected pressure based
on said determined flow rate of dialysate in the flow
path.
15
51. Use of a dialysis device according to any one of

claims 1-42, to treat a patient suffering from kidney

malfunction.

20 52. A dialysis method implemented in a dialysis system
comprising a disposable housing having a dialysate flow
path extending therethrough and a sorbent =zone for
contaminant removal, an interface means operably coupling
said disposable housing to a controller for controlling

25 the passage of dialysate along the flow path of said
disposable housing, the method comprising the step of:

passing a dialysate along the dialysate flow path of
said disposable housing while ensuring that the dialysate
flow path and dialysate therein 1is fluidly sealed from

30 the interface means and the controller.

53. The method as claimed in claim 52, further

comprising the steps of:
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measuring pressure changes iﬁ the dialysate flow
path during said passing step;

determining the flow rate of dialysate along said
dialysate flow path according to changes in said measured

5 pressure.

54. The method as claimed in claim 53, further
comprising the step of adjusting the determined flow rate
to a target flow rate.

10
55. A dialysis system comprising:

a disposable housing having a dialysate flow path
containing dialysate received from a patient, the
dialysate undergoing contaminant removal while disposed

15 in the dialysate flow path;

a storage chamber in fluid communicaticn with the
dialysate flow path for storing the dialysate therein;

a fluid displacement means configured to move the
dialysate along the dialysate flow path, wherein said

20 fluid displacement means comprises a deformable diaphragm
integrally formed with at least one wall of said storage
chamber;

a pressure sensor configured to determine fluid
pressure changes in the dialysate flow path.

25 a controller operably connected to said disposable
housing by an interface means to control the operations
of the disposable housing and wherein the controller 1is
configured to determine the flow rate of dialysate in the
dialysate flow path based on the pressure changes output

30 Dby the pressure sensor.
56. The system as claimed in claim 55, wherein the

controller comprises a computer program encoded in at

least one computer readable medium, the computer program
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comprising a set of instructions, encoded in at least one
computer readable medium, operable to implement, when
executed by a processor, a calculation of the flow rate
of dialysate in the dialysate flow path based on the

pressure changes output by the pressure sensor.

57. The system as claimed in claim 55 or claim 56
wherein said determining step comprises the steps of:
a). applying a first preselected pressure to a flow path
to permit a volume of dialysate to enter or exit said
flow path;

b). detecting a second preselected pressure in said
storage chamber as a result of the entry or exit of
dialysate to or from said flow path;

c) . determining the volume of dialysate that has entered
or exited the flow path, and

d). correlating the time required to reach said second
preselected pressure with the volume of dialysate that
has entered or exited said flow path to determine the

flow rate of the dialysate in the dialysis device.

58. The system as claimed in claim 57, wherein the
controller comprises a further computer program encoded
in at least one computer readable medium, the further
computer program comprising a set of instructions,
encoded in at least one computer readable medium,
operable to implement, when executed by a processor, an
iterative optimisation of said preselected pressure based
on said determined flow rate of dialysate in the flow

path.

59. A kit comprising the dialysis device of any one of

claims 1-42, together with instructions for use.
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60. A kit comprising the controller of claim 43,

together with instructions for use.

61. A kit comprising the disposable housing of claim 44,

together with instructions for use.
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