W02012/067585PCT/SG2011/000395 DIALYSIS DEVICE AND METHOD OF DIALYSIS Technical
Field The present invention relates to a dialysis device and in particular to a portable or wearable
dialysis device. The invention also relates to a method of conducting dialysis. Background Kidneys are
vital organs o¥ th&RifvakShomeostasis 10 system. Kidneys act as a natur&CHHEF 3t HI89BEdy which

remove toxic metabolic wastes gg@ﬁg§ﬁeﬁg%§hgﬁ09&fﬁ@ﬂeﬁa%? f?lfunction may lead to
whi

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. Renaldysfunction and/or

failureand,in particular, end-stage renal diseasesfaay eatsertha 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. Diaﬁ%is R ESiTon i USEH 6 fepliteah S deqtidtekidhesy fifdiondsyietroving
toxic waste. > Fenthe past few yéars, dhe predominant forpl ef disdysigaiseifor patiepts, with
end-stage renal dj 5 (ESRD) is odialysis. Hemodialysis involves the use of an
extracorporeal syggﬁ?fgoezr' the re?n}%éval 0 ‘%ﬁ%& éllrec?ll_yi/?ﬁ)om Iff%%%ﬁént@ Blodt b??ﬁ}ggﬁl\g & farge
amount of the pat%?ﬂ'%”&éé&‘fhf&@hya?ﬁﬁering unit or dialyzer. Hemodialysis treatment typically lasts
several 30 hours and must be performed under mggigal,supesvision three to four times a week, which
significantly decrease a patient's mobility and quality of life. Furthermore, as

Kidneys are vital organs of the human homecstasis

10 system. Kidneys act as a natural filter in the body which
remove toxic metabelic wastes such as urea from the blood.
Kidney failure or malfunction may lead to an accumulation

of toxins and te 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
particuiar, 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 inadeguate 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) 1s 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 blocd throuch 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 decresase a

patient's mobility and quality of 1ife. Furthermore, as
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WQ 2012/067585PCT/SG2011/000395 hemodialysis is performed periodically rather than on a
continuous basis, patient health deteriorates as soon as a "treatment cycle" in which contaminants are
removed has been completed. The other form of dialysis used for patients with kidney failure is
peritoneal didl5MIHI6EEEommonly applied in the following two techniqueBCEEIHEENEBmbulatory

peritoneal dialysis=(ARD) gk automadted peritaneakdialysis' {APP)./pGARD. fresh dialysate is 10
infused into the patiegt‘s abdominal (peritoneal) cavity where, by means of diffusion, metabolic waste
and electrolytes ifi the BISGd 5%%% ang&k %\ﬁfﬁtthg%‘/’f&iflgat%eé{?rﬁéé’fﬁé:‘Bériﬁ‘)ﬁeﬁ?%rﬁﬁrﬁe. To
allow sufficient diffusiontofetire etecticlytes andvinetabotic maste 115 OCele the slialysate is retained in
the abdominal (pg%@§efym%el\g%@_r a couple of hours before removal and replacement (of the spent
dialysate) with fresh dialysate. Major drawbacks of continuous ambulatory peritoneal dialysis are a low
level of toxin clearance, 20 and the need to continuously replace the spent dialysate, which can be
arduous for the patient A& digklstive o His/het dalfiedativities »sedTofandrassithisprblent devices

have been designaag! reeansiiie used /spesidialisate from hemodiliais 25 anggopeytoneal

dialysis as opposed to discarding it. However, current devices that reconstitute used / spent dialysate
have several assdeRted disadvantaGes fehidifg EEmplesCsetifFprocedtfes angditiéitieasn

maintaining the steiility ©f eomporents cAdutherdisagyantage g 381that clyrent dgyicgs.eften require
a plurality of fluid conncectieoglf, ngic incre,aseé%l%tg risk of introducin% biological contamination and
ral ¢

reduces sterility 6t the device. In addttion sev dinpoRentd ilist Bé TféposEf L ysate 1s
M70201/%7985PCTI8G2011100039%0f withee dailys weskiyranmbnthbe addingsanotherdayer,of

complexity to the,gperation of sugh, deviceg; dn addition, the flow %&tb%@ f known rse%geenegl%tcijng
dialysis devices re_quirgs a plurality of pumps, which in turn undesirably 5 increases the overall size,
weight and powet tBnstifptichtofthedsvide. 0o prEdrdingyafiese iy atdecdhe provitesa thalysis

device that overcames or atleast ameliories oneemereaf the gisadyantgges deseribed,gbove.

There is also a 18 ne d to provide a dialysis device without compromising on the size, weight and
i é%ﬁﬁ§%%w8 .SE aﬁ}ectrolytes an metabolic waste to

power consum ptIO}’l
15 occur, the dialysate 1s retained in the abdominal
(peritoneal} cavity for a couple of hours before removal

and replacement (of the spent dialysate) with fresh

dialysate. Major drawbacks of continuous ambulatory

peritoneal dialysis are a low level of toxin clearance,

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 dialyséte from hemodialysis

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

the sterility of components. A further disadvantage is

30  that current devices often reguire a plurality of fluid
connections, which increases the risk of introducing
piclogical contamination and reduces sterility of the
device, In adadition several components must be disposed
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According to a first aspect, there is provided a dialysis device comprising: 15a disposab_le housing
having a flow path along which dialysate received from a patient is subjgcted to contamlnant removal
when in operation; a controller for controlling the operation of sald.dlsposable housing; and 20an
interface medhs ¥HP4BRIESHT operably coupling the controller and the dispoB&BIedrOuULEKEEsS enable the

removal of contansinast fresrthesdialysatese 1 yhareinsthe-flow path is fluidly.sealed 5;9@: tgoef
controller and interface. means. 25Advantageously,the disposable housing may be dis 0se of on a
daily basis or aﬂe?%%%%%%ﬁ?gist&c@@rrﬁg T advatitagéodsas tﬁi%_"lﬁﬁfﬁ@ves the stédlityisfithe .
disposable housirgrandfieducesythesehances of patient #yfestion i ig;a further advantage af the device

that as 30 the flo is.fluidly sealed from the controller, the sterility of the device can be
path 1 ur&b;re“ﬁouos‘::f;ngpélﬁﬁfhergfbjrgl?helais&%é’d Ypeesirably

maintained by daily disposal o d?s*posa
2012/067585PCTISCZGERO00395 overall size, weight and power consumption

of the device.

Accordingly, there is a need to provide a dialysis

device that overcomes or at least ameliorates one or more

of the disadvantages described above. There is 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 dispeosable housing having a flow path along which
dialysate received from a patient is subjected to
contaminant remeval when in operation;

@ 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 luidly 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

dispcsal of disposable housing and therefore the disclosed
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device does not suffer, or is at least not as readily prone to, biological contamination compared to
known dialysis devices. It is a further advantage of the dialysis device that 5 a single connector
between the disposable housing and controller is required, thus reducing the complexity of setting the
device up for*operatienssS |t is a further advantage that the connector bekV&EhaHd/thepssable

housing and the controller ig fluidly %Q’sesalgcli:é% prevent biological or chemical contamination of the
device. Itis a further advantagé1 that tﬁle” size’of the dﬁﬁys%tde%%%sg’ccgﬁﬁng% the"@iStiosure can

be significantly regitieBé relafive t& bii@cdiafbis devitesiira itisa futhepadeantage thatiherdialysis

device according &g 1he, disclogure qperates 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 is provided a dialysis controller operable with
a disposable housing having fluftl displatemet RBARE BoRfigUred 16 Tidve dralyinte atorigatfow path
disposed within said hotiging, 25-the-cantroller-carnprsing: @g@p@ig@@@anﬁggg%@atg}gjsaid fluid
displacement meggsgnd 3n interface meansefé)r corg}necting said controller to said disposable housing,

wherein said controller and Said TiteFacE ieans aré Atidif E8aidd 90 frBm sTRGRADAH deifing
operation of the disdsatile Worisitry i ce Ageofdingdpearthirtbaspect, there is provided a disposable
dialysis housing that is egnfigured tg he, .. operated by a controller, the disposable housin

comprising :  a flow path disposed thergﬁn'along whig{ﬁ3 di%;?ffs%teg }Eléece?voend%g}:nog p%ﬁgﬁte %nsubjected
to contaminant rémévalReR FRBperaticiiarer  ardntdifece meansdor eonnécting saitdigusing to a

corresponding intestacedmeansetsaigicoptroleli cal 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 1s a further advantage that the device according

20 to the disclosure is energy efficient.

According to a second aspect, there is 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 connacting said
controller to said disposable housing, wherein said
contrecller and sald 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 is configured to be



wherein in use, the flow path is fluidly sealed from said controller and said interface means.

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 path;  a controller operably connected to said disposable housing
by an interface meaasdosdntio)the: operationsidiethe dispesable dwusiigie whessingaid flow path is
fluidly sealedo%orpitglenconirolIer and interface means.  According to a fifth aspect, there is provided
use of a dia?ysé) device in accordance with the present disclosure, to treat a patient suffering from
kidney malfunction . £ 1oxcchriify 9iEBiREPAspeet thtre i3 brovidedha ealydis AietRéE implemented

in a dialysis.gystemcomprising adisposable-housing MF{“@@%Q@W%G flovy path extending
therethrough and a sorbent zone for contaminant removal, wherein said disposable housing comprises
a storage cR&MBER In TR cofinfthficatior™ WithdHE dialysate flow path for storing dialysate therein, an
interface means eperablycotipliag saishdisgasable-heksingtg aconfrolierfot contralling the passage
of the dialysate alon% fgj}e flow .pactg ogggid disd;-)ossaglre ggusaingbzalglui%(liislplacement means configured

t
to move thec%l}faﬁ?g’gtena 8%8 the dléﬁysat% flow Ifﬁath, wherein said flui delsp’lacement means comprises

a deformable diapfiragai inteégraihye formigekwith av lezst bné svafl of isdld storage éhdmber; the method

comprising the: step of; . passing,the.dialysate along. the flaw path of said disposable housing while
ensuring that the flow path and WO 2012/067585PCT/SC2011/000395 dialysate therein is fluidly

sealed from the iRtEFEEER HEansan@ thELHRtFOIIGSPECAccordifto & Sevsiitl HipRctthere is
provided a dialysissystepseermpssing: baidisposable housing having a flow path containing dialysate

received from a patient, the diaép/satkel unsd.e%ig% cggtaménag%g%mov%%vhiée g;@ggseg in the flow path;
a pressure sensof coMtigurEa to detéfimine fuid T8 prasstire changes in the flow path. -
dialysate recelved from a patient, the dialysate

undergoing contaminant removal while disposed in the flow
path;

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

wherein gaid flow path is fluidly sealed from the
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 .

According to a sixth aspect, there 1is provided a
dialysis method implemented - in a dialysis system
compriging a dispesable housing having a dialysate flow
path extending therethrouch and a sorbent zone for
contaminant removal, wherein said disposable Thousing
compriseé a storage chamber in fluid communication with
the dialysate flow path for storing dialysate therein, an
interface means operably coupling said disposable housing
to a controller for controlling the passage of the
dialysate along the flow path of said disposable housing,

a fluld displacement means configured to wmove the



a controller operably connected to said disposable 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 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 togeirarawithaasirdgctichsfordisd. vZeAc orBiiyto Batfikth agpedts ieresidistovided a kit
comprising g, eantgalleriaceording to dhe secong aspeet, oostherwith instrictions feruse.

According to a tenth aspect, there is provided a kit comprising the disposable housing according to the
third 25 aspeet ghRtrsr Vit HREukEdRs BF usE2BEfiMAGN 2L LTt fofidwihg WoFrdESnd terms used
herein shalldravethe, meaning incicatedndeThedermrisodent’ as used herein broadly refers to a class
of materials characterized by their ability to adsorb and/or.absorb the desired matter of.interest. WO
2012/067585PC'F7§%:§6]1Q1/3%%%9§? laQ/zﬁ%%grma‘?n%rrl‘gtoégeasﬁ?s%% h%%% re(‘[%?s 5] jéldsubstance that
causes littleitospo aelveesérmactionswitidrs presant inthé hamahbody.oFhe #drim 2eshtaminants” in the
context of this 5 specification, means any constituents, typically toxic constituents, within a dialysate
that are generally harmful to human health and which are desirable to be removed in a dialysate
detoxification process. Typical contaminants include, but are not limited to ammonium, 10 phosphates,
urea, creatinine and uric acid. 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.
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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®B8t/%¢755 he term "crack-pressure” as used herein refers 6 HREHIM%SE R hich the

internal pressure gf a;pneunaatie systern triggers the opening of ayvalyeo, +nLhe {grm regenerate”
as used herein refers to the 25 action of detoxifying dialysate by removal of uremic toxins. The

term "reconstitute™ &8 Used herelr réfdrs 16 hé action of converting regenerated dialysate to . .

essentially the same stateanddhemical campesitianias #5830 periteneal dialysate;prgr togdialysis.

WO 2012/067585%%[?%%035 /0£g395 The term "outflow mode" as used herein refers to the flow
t 1

of dialysate from the ient's Bo y[t[hrgarélﬁ%l Sorbent. The flow is referenced from the patient's body.

The term "inflow mode" @s tsegherbihaefersito the Sflowiobthe didlsatefrom asorhenttorthe
patient's body. The flyds referenced 1q the pafienf's bady. B agihgntg’rm "fluid” as &Jfaegy%%;:eein refers
to a liquid or a gas. ‘
undergoing contaminant removal while disposed in the flow
path;

a pressure sensor configured to determine fluid

10 pressure changes in the flow path.

a controller operably connected to said disposable
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

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 instructicns 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 tfo

adsorb and/or absorb the desired matter of interest.



Throughout this disclosure, certain embodiments may 10 be disclosed in a range format. It should be
understood that the description in range format is merely for convenience and brevity and should not
be construed as an inflexible limitation on the scope of the disclosed ranges. Accordingly, the
description oPr#&8¢&f%5uld be 15 considered to have specifically disclo$&d 4 HE pessafble

sub-ranges as well as inghdduakpymerica) values withip thaf, g%r&gehlze_(}reg&amPge%gggcriggonéof a
range such as from 1 to 6 should be considered to have specifically disclosed sub-ranges such as

from 1 to 3, from £ 163" 38%Forh 2o SHGRD thid Hiém Bro™® MY 81646 atea aisiwek astindividual
numbers " within that sange ifor exxanplgah, 20314, 5, and 6. This applies regardless of the breadth of
the range Theword"substantially"doesnotexclude 25 "completely” e.g. a composition which is
"substantially free" from ¥, gnaytte)aer %ompleteilzy free from Y. Where necessary, the word "substantially”
may be omitted from the gefinitlon‘of the MVention” Uhfess pecifiet othefvise < the &Fmstiebmprising”
30 and "comprisespad §iamnmiatical vasiants thergof, are intendedtte repregent Jonen” eksinglusive”

language such WQ;2012/067585PCT/5G2011/000305 that they ingwa?ﬁ regi;gq elements but also

permit inclusion of additional, unrecited elements. AS Usé %ereln, e term "a %ﬁ'e,l?ﬁjtﬁé’ context
of concentrationsBfEoRiponehfsoftiERIMAIaaaHTS: 5 ayisicali vbans n¢- 586 of thevstatedvalue, more

ypically +/- 436 of thessiated value, moretyelsaly 3% akihestated value. mare vpically, +/- 2% o
the stated value, even mare 'Q/%cally +[- 1% of the stated value, and evén more typicah/ +/-'0.5% of
odiEMSTRay Q86 béd8scriBed Brbadfeahd genevisiyivarein. Each

the stated value. TOCeTtain am

of the narroWer spéciestattsubgenreric graupings. falling within thesgeneric disclosure also form part of

the disclosure. This includes the generic description of the embodiments with a proviso or 15 negative

limitation removing any,§HQjegé£glatt.%r.f5%@ the ggnus, re ardless of whether or not the excised

material is specifically recited herein. ~ 5 - S TGS Berein rertrs to the
property of a material that does not cause adverse

biological reactions to the human or animal body.

The term Tupstrean” as used herein refers to a

15  localization within the flow path, relative to a point of
reference, and in direction cppesite 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 fo the
25 action of detoxifying dialysate by removal of uremic

toxins.

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

30  peritoneal dialysate prior to dialysis.
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Disclosure of Optional Embodiments 20Exemplary, non-limiting embodjments of a flow system of
dialysis device will now be disclosed. The flow system of a dialysis dgwcg comprises: a disposable
housing having a flow path along which dialysate received from a patient is subjected to 2_5
contaminant YEPVAP6 75853 controller for controlling the operation of said #iSpE&abIE18HSIng; and

an interface means capable of cohnecting the, conirgllerandthedisposablehousi %toengblet%o
contaminant removal from the dialysate; wherein the flow paﬁw |S%%l%§? sé§%f fsromc%he tontroller
and interface medc"r}sc?wwéf201%9é7§8§PCTf$@201&7(ﬁ)03—"9333 Ighésembodimertth the:dispasable

housing further cemprisas a serbent 2one n fluickcammunication with the dialysate %%Vféﬁ)Pfith for
removing contaminants in the dialysate. 5In one embodiment, the disposable housing further

The term "inflow mode" as used herein refers to the
5 flow of the dialysate from a sorbent to the patient’'s

body. The flow is referenced to the patient’s body.

The term “fluid” as used herein refers to a ligquid or

a gas,

Throughout this disclosure, certain embodiments may
18  be disclesed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
15 considered to have specifically disclosed all the pcssible
sub-ranges as well as individual numerical values within
that range. For example, description of = range such as
from 1 to 6 should be considered to have specifically
discleosed 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 & etc.,
as well as individual numbers " within that range, for
example, 1, 2, 3, 4, S5, and 6. This applies regardless of
the breadth of the range
The word “substantially” does not exclude
25 “complétely” £.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 Thersof, are

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



comprises a storage chamber in fluid communication with the dialysate flow path for storing the
dialysate therein. In one embodiment, the disposable housing further comprises a fluid
displacement means configured to move the dialysate along the dialysate flow path. In one
embodiment¥REHEpESEDIe housing further comprises valve means disp8sdFafdht! & dialysate flow

path configured tercontroktheydirectionefanovesnentaf the dialysate relative tg the, sorgent zone and
storage 15 chamber,.In one em odiéggfntthe valve means are operative by the flow direction of

dialysate along said flow path.h & prefeh@dPernbBainFed i §a8hEans are check valves. In
another embodiment thé walvesdaré pressure actuated-ar mesbanically: actyated 4p ©pesembadiment,

20 the controller ggltltg:eernccggiggg%%ssactugyon means for §ctuatig% saidtguid dig%zégggaeﬁrgégg;r;s and

said valve means when said controller is connected 1o the disposable 6usin
means. In & préfébresrémbotiitaant, all thegk-valvesealeng thel 25 dllalysatecftow pathi tosthieysorbent

zone are resistant ta clagging by, fibrin. . - . dn 3 preferred grubadime ﬁtlrg fLuA'q d'@glag%m%t means
comprises a deformable diaphragm. In one embodiment the deformable diaphragm is in 36 Tuid
contact on one sifeAWtA tHE didfysdie HBwipAACaRd Bn anothe toppbsite side:; &t edntaelwith a

pressure chamberhat isccapablg-eizereiving fluid shereiny Reessure ehanges,withig.the pressure
chamber deform ;Egl% Vé/O 120%?/10671{5 _SPOC'I;J§G%011/000395 deformable diaphragm which thereby
moves dialysate Within said dialysate flow path. °* “fiForie @hffodimEnE the deformable diaphragm is

disposed ahd fluidly seéfedtfeom thelpréssunetchamlyeradnd 5 leerigid smentbes. broadly and
generically herein. FEach of the narrower species and

subgeneric groupings falling within the generic disclosure

alse 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 Optiocnal 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 o enable
30  contaminant removal from the dialysate;
wherein the £flow path 1is fluidly sealed from the

controller and interface means.



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

said piston atttidtd&theteformable diaphragm.  In one embodiment tHé Biifrid i YER8Eted from the

group consisting of gearrpumfise di@ngmmps,ﬂétora@ggtpéa%ehy%@a@ﬁﬂ?&jm@%&%%‘%maﬂc
pumps and mechanical pumps. In a preferred embodiment the pump is a pneumatic pump. In one
embodiment, the PUhTg 1°Eapable o achieviRg 2edialfsate ot EtEBrRoRR D hiid-20 L.

In one embodimet sthedaterfacel means-gamprises ar2theondyit coppester that-fluidly.cougles the
pump of the contaoj!lg{ t%gueepressure chamber of the disposable housing. In one embodiment, the
conduit connector coﬂpnsés ‘a first mating part disposed on the controller and a second 25 mating part
disposed on the disposdble lrousingrand wkerein the éirstaang secbrid mating pats areaonfigured to

lockingly en_gageyg%gggl&gthgr. +olLqne em 'rpen.t the fluid.displacement means is integrally
formed with a wall of the storage csha?nbegr. 30T IS%S adlv%n%%lelo%s %ngrjfﬁ?sg?h%npu‘ﬁ%’ﬁng

mechanism of thé falfsia desiceto’ Beshared bithe Sterageschdrmbel thereby petinitting ra. reduction
in the size of the disposghle beusing,Jhis s furtheradvantageous WO 2012/067585RCTISG

2011/000395 as it Cpermjts the construction of a more portable and unobtrusive dévice to be used by a
patient.  In on&8EMbodinTent the disPosabie HoTERR Contisiess afcaddifve Brpésintonteans for
dispensing @desired Siadditive irtostherdialyisatei:ln onssembpdimept the additive dispensing means
is activated by fluid pressure changes that occur in the conduit connector that js in fluid communication
with the pump. This is a van?ageou?%gs%mhﬁ/néhe p%t;’n?p, gﬁ&%%?fr%% holsing | furtner
comprises valve means disposed along the dialysate flow

path ceonfigured 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 is connected to the disposable
housing by said interface means.
In a preferred embodiment, all check-valves along the
2> 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 i1s in
30 fluid contact on one side with the diazlysate flow path,
and on ancther opposite side, in contact with a pressure
chamber that is capable of receiving fluid therein.

Pressure changes within the pressure chamber deform said

10



10 interface connector is required to activate both the 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 diRiPSIEHBYIEE relative to known dialysis devices.  In one eABbEMEHI*ARYisposable

housing further corapeisesiaigasaeniin fyid qimamun@?éipgwithntbﬁeféo%ﬁéﬁy@ée@%% gag from

said dialysate. In one 20 enngodiment the gas vent is activated by fluid pressure ~ required to activate
the storage chamber Softpti ﬁ@BGZSf&Sfer%We diaphragm to move dialysate along the flow path,
the additive dispensing eanswend theigasiveniimeans: As alkelthess elemenis.ef.the device can be

activated by a sin and a single connectian this further permits miniaturization of the device
and enhances 30%%§§b| |t<3i/ E%’ID en%%y%fﬁ/ciesr?&% ﬁfgrt%lé?ﬂﬁofﬁ Snithr oIy orfe pulibits activéte these

elements thete is2alse aisignifisantreduction in the complexity of the device which results in a

decrease in manufacturing costs relative to known.dialysis deyices. WO . .
2012/067585PCT/SC2011/000395 Iri one embo et the-comul S RecS R TSt such
that there is no efé¢iiital CHrractbetiveerf the dispesablnheasihgrandithe:contrellep ressuitis an

advantage of thedleseeaccording Wethe Sigiselosyre thakihesconduif canpectar results in ng electric
or electronic contact belwedn the disposapie hoysing and conuoller.
i0 In another embodiment, the actuation means 18 z motor
which drives a pisten 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,
1>  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 1l/hr to 20 1/hr.
' in c¢cne embodiment, the interface mesans comprises =&
20 conduit connectcr that fluidly couples the pump of the
controller to the pressure chamber of the dispogable
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 sach other.
In one embodiment, the fluid displacement means is
integrally formed with a wall of the steorage chamber.
30 This 1s advantageous as it pesrmits 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 1s further advantageous

11



In an alternative embodiment, the interface means provides electric or electronic contact between the
10 disposable housing and controller. In one embodiment the storage chamber is located
upstream of said sorbent zone. In one embodiment the controller comprises a computer
configured to"#e 8 & Fictions for operation of the 15 pump.  In one EMBBHEANEMEME interface

means comprisesza pressure senser configured 40 determine the presgure.of E%igttgg%atg ienin
the disposable housi g} In one embodiment, the pressure sensor is disposed in the 20 controller. In
one embodiment,liﬂélb BESIrER R0 dishoseditrthe coritrdlet A#BYs in fluid communication with

the conduit connector. Ina preferretlierabediment,dhe pressibe sensoris disposed iy the: interface

means. Advantagaegl)us‘laydt epfggsu&qssensorgan,by 25 dete\;\%nining the pressure of the dialysate in the
flow path, also deférmine the pressuréin the peritdnadl tavity of & pARERE TRE isfurfifei ired
advantageous asdtigérmirethe wse oftdrre sensdy tothe. pressitre aftthe dialysateria:tbe flowgpath and

in the peritoneal cayity.of a. pafient,. 30 :ﬂBE afyrther advaniage that the use gf ane sensor gf)]ermits the
device to be reduced in size to fewer coniponents being required in the evice. i anothe
embodiment, the dishteable HotsirFfither éontprises anfibrin:filter nearisadisposet along the flow

WO 2012/067585@@&5@3%@4@%@5@@@@3}@/%@;;@ from dialysate before said dialysate
enters said flow path. In one embodiment, the fibrin filter means is disposed immediately adjacent to

the patient's body, for example &t tha @it MR Faticht's B PeritOheal RatRy. |AheSmBoamsent, the
filter for remdvingittvedfitiraris madenefpaly (viny!) chlgide£BVG)oIn are emhadimentthedfijter for
removing the fibrig,is made ropylene..The filter may also be capable of withstanding the
pressure within the fglowglo sgésgtgg%viﬂ%ﬁj any éﬁgre%i;%% Sﬁgﬁggé? th itk @8EiFéd BropRrivs’e
Advantageously, #hé libfa Titer AfeghstiBcapable afaemouiny fittrin, aslsCus:orfors of congylation

arising from the pectiaeal caity beforedbe dialysate anjersibe fopsysten, This advaniageously
reduces the 15 risk of clogging of the flow system. More advantageously, filtering off Tib¥in ontaining

material prolongsTthe lifsSpaitot tHa fow &fStemt % fibRRSHEE Tneahd may besa diltidtiorrdévice, a
filter paper bb any sbansisuitable fiosdiltering away fiben goataing materalin 20the dialysate.  In
one embodimentkt{pct)ewfrllogipaalthsrggy gomprise a trap located upstream of the sorbent zone. In one
embodiment the trap compnsé’s an infet vaRé and a filter located opposite the inlet valve. The inlet
valve is preferablya 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 wvent is activated by fluid pressure

changes that occur in the conduit connector that 1is in
fluid communication with the pump.

Again, this is advantageous, as only one pump 1s

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 & 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 te activate these elements there is also a

significant reduction in the complexity of the device

which results in a decrease in ﬁmnufacturing costs

relative to known dialysis devices.
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25 resiliently 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 prevehtet O 8Atering the sorbent zone by the filter and is therefér&YetaiAde #Sthe trap.
Advantageously, the tramisceapabie ot ieaavingfiksing susus.orforms of oagulatign, arising from the
peritoneal cavity bef%re tthe g:ial%1 ate enters the WO 2012/067585PCT/S62011/000395 sorbent zone
of the dialysis deVice. This advantigeousty reliice§ 17& HER O Llogefi 8F the RBRMSSH. M
advantageously, diltering=dft ibhn contajnimgamateriat prialongs ke lifespan of the flow system. The
filter 5 means may be afiltratjon device, a filter paper or any mearis suitable for filtering away fibrin
containing material in tﬁ(faé d%ﬁ/sggé. YR IQ(EJJ%laegeQmboo%in%ﬂ’é‘:j}n , tH8 HoWw syRfem Thay further &ifiprise a
micro-organism filierdheans beirfididisposed 10caleng said flowpath,csaid misto-peganism filter means
being configuredtogemove migrozganisms,fram the, dialysate when transmitted along the flow path.
In one embodiment, the micro-organism filter means may be a micro-organism fﬁlter %apggﬁ’eeof
inactivating bactgﬁéfﬁsnﬁoﬁ%ecdﬁl‘iﬂéﬁﬂelw having bactericidal properties. The filter means also
serves to remove any microgrganismsrihat have inadverienthrentergd the flow system, . As the
dialysis device worrlé% {o regenefate#and reconstit%iequ_entdialysate,thepresenceofa 20 microorganism
filter means for filtering MICroorgaRISMS frofi the Ay SAR ersuréSHeStkrililorRedialjsdte
returning ta the phitir'sabddy. inwonenembodinentthelhiero-organism filter means may be a filtration
device, a filter membrapg or ifahle for filtering away 25 micro-organisms containing
material in the dialysat(;ﬂ.]q In S%Eyerr%%%%?ﬁr%ﬁr%t?%ie gé%tensa@%lfear Ec%/r rér%%rfi/?negr mi&rsoorﬂaﬁ%ﬁﬁg has pore
sizes of no more“thah 56Ut 26 Fhitréris- Raahotisercembodiment, the micro-organism filter has a
surface area of from aleutdhe5 M2 iiahaut-0.60-m2.30 The:surface area of the oI filter -

may be about 0.185 m2. The bacteria filter may also be capable of withstanding the pressure within
the flow system Withott AR apprécidbie cRange i it dedifitPpropeiticRenasion of the
2012/067585PC3862011/000395

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 1s 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 periteneal cavity
cf 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 peritcneal cavity of a patient.
300 It is a further advantage that the use of one sensor
permits the device to be ryeduced in size to fewer
components being required in the device.
In another embodiment, the dispcsable housing further

comprises a fibrin filter means disposed along the flow
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In another embodiment, the disposable housing further comprises a gas vent means in fluid
communication with said flow path for removing gas from the dialysate. In one embodiment, the gas
vent means comprises a sorbent gas 5 vent downstream of the sorbent zone for removing gas from
the dialysate ¥f2eHa9G&Eh generated by contact with the sorbent zone. IPETFERIPBHATbodiment the

sorbent gas vent jsiinfluid comymupication withesaid floy path, 4o %@ﬁ?@oqme@tdggzggs ygnt means
comprises a 10 degasser, downstream of the sorbent zone, for removing gas from the |al§/sate Ina
preferred embodifiterit the TRYAsskT %' in Fifd commiinic&ficn R SaITIOW pathie  fribagn
embodiment, the Sbthent gas:vest isia hydrophohicimembeane; dhehydrgphebic-membrape may be

15 selected from polytetrafluoroethylene (TeflonO), polypropylene or other hydrophobic polymeric
materials. In a pr f‘et}Fegdqgm%o ﬁncp ft, éeg% ise\?{eaﬁrfé'(]i%y?ﬁe ﬁéﬁroﬁﬁ&ﬁic ‘?ﬁerﬁ%@r%n@%?lé’ﬁ]ﬂyﬁlg a

positive interhal presstreincthe flewipath or aliernatively byrestablishing 2tha negative pressyre on the

external side of the memprane;|n one emhodiment itive internal pressure fqor degassing is
provided by a suitable flowga;esistor, for e‘xam.p%an%grl |%ce gréfiltécrorggmb ‘éﬁréyoir?a bSckpresstre
regulator, for exahiple’a chéBk ke HiRf afreselectés 256rack presure remdnianpthene

embodiment, the tiegasser; GOMPIReS S vasyupy degassel.comprising:a yacuum pump tg create a
negative external pressure onf;he external side of the hydrophobic membrane. In one embodiment the

vacuum pump 30 & di8pSsed n the CORGEME- 17 a praferréd BATDMIMet Bie Thtelface nidans
comprises &&acuymtpampvcorinector terfjuidlyreotipte e vacuum-prMP:ef the contrgller with the
external side of the ic mgmbrane when said WO 2012/067585PCT/SG2011/000395
controller is conn%c%g%g ?%%ispo%?gl%nﬁggsﬁﬁﬁ %%/%he ﬁ%rfa & héinst 1 T it a Pietéifed

embodiment, the‘@égasser edmprises envactiur degassercomprisitgapuam, forexanple-a

diaphragm 5 purap:itgs¢reate anedative gxternalpressure onthe hydrophobic membrane. In a
preferred embodiment, the negative pressure is controlled by a pressure sensor. The p?ﬁmp and

pressure sensor Wiy bE dispBsed-Rithin ¥i7é €8ntrdliet S10AdVaREEsUSHL Wheadhe sarbent gas vent

is disposed downsiream of the sgthentzonen thertasge amaunt of gases thatarg seleased,from the
sorbent zone when.the dja(llgsa%ecgeacﬁ l\rﬂvzgt:pnsorbent contained therein, can be quickly and effectively

Il erin i H -
releasedfromthed%éﬂyss evice. More containing material prolongs the
lifespan of the flow system. The fibrin Ffilter means may

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 located
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 o 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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15 advantageously, this prevents the build up of pent up gases which may undesirably increase the
pressure within the flow system. More advantageously, this also prevents dialysate from returning to a
patient that contains gases which can impede dialysis treatment and may be harmful to 20 the patient.
The sorbent §A5XEHTHAY be disposed within said disposable housing anBG3/f{AtAH %8 Munication
with the flow pattsthesein: Inzone embodireent.ithesorbenigasaent isdispeseimmediatelyadjacent

to the sorbent zone,,along s%igeflow4pa}(toh fOé re ovin%ﬁ;as fram the dialysate. 25In one embodiment,
the controller further comprises a coritrol fiearis fo¥ €ohtrol shitf actdatibn Fiddhs. Prglfé’?ﬁbly, the

control means is &fectritallycoupled tafa powerrspureéflocated im said controller Inwa peefesred
embodiment the gontral means,is apr re sensor..30In a preferred embodiment, the, pressure
sensor senses prﬁessure %‘f the d?alysét%é %%\?vnlntg%ﬁe% ow p%affJﬁ%né f/hset%() Fhe TECEE
2012/067585P CTSGZ0 F1#000395 2préssareastitre didysate flow irf thé lowpatis before entering the

sorbent zone. The-pressure SaNsSor May-also pravide fegdback input to;a pressure requlatar fo

regulate the pressure of the dialysate flowing to and fromthe 5 dialysis device. The pressure
sensor may alsoBtofieFeedBack fo tHggersat dlarm in case the detected pressure is outside an

acceptable range. In orienembodiment, ¢ gisposablerkousing furthers1@.comprises an-additive

dispensing mean(;s&@pnri,c@gnent mr%)glgle")_fgjfs désrpiegsingcgutﬂgadditive solution”,or "enrichment solution”
into the dialysate. © The additivé Soiition oF enfichmant sttitioR TRAY co%r%&% eSeSHt Yibstances

for normal fihctiéAingof B5 iite himan edy; seleetéd fromthe-grogprdensisting of potassig, calcium
and magnesiumy,Ehe substances may.alsq @cluggng)(;\p%oticnﬁg)qg% Qﬁgggg%l Jor the efficacy of dialysis,
such as glucose, oligosaccharides or amino acids. In one embodimeft, the additive solution comprises
: dialysate when transmitted along the flow path. In one
embodiment, the micro-organism filter means may be a
micro-organism filter capable of inactivating bacteria
15 from the dialysate by having bactericidal properties. The
filter means alsoc serves to remove any microorganisms that

have inadvertently entered the flow system.

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
micre-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 (.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 mw®. The bacteria filter may alsc be capable of
withstanding the pressure within the flow system without

any appreciable change in its desired properties.
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20 substances such as supplements, nutrients, vitamins and co-factors that genera!ly promote human
health. The additive solution may also include therapeutic substances such as medications a.nd
hormones. In one embodiment, the dispenser comprises a diaphragm 25 integrglly f/ormed with _a_wall
of said dispelt&&tHHBA¥Embodiment the diaphragm is in fluid contact onSrie*SiEd ¥itfrifhe additive or
enrichment solution andz gn anotherORReSite: sidein %%ﬁ‘%@Qa‘%ﬁ?és%rgﬁ‘%ﬁb%%@ﬁéﬁﬁcapab'e
of receiving fluid therein, Pressure changes 30 within the pressure chamber eform sai diaphragm
which thereby dispel&és atTitife SGiGtioRSho tHEaRTysate. WO1ZD12/DBTS8EPCT/SG 20111000395

In another embodimeat, thedispesser1pay herstuatgd by A ;yy_igge pHIP, [:Lr_gg%ae{gpo&r@%nt the
syringe pump is di%pose in the controller. In one embodiment, the additive dispensing means

may 5 be discreté from the disposable housiig THS difatagetiisas e énfchithentnotele and its
contents can® be Sebjectéutoséxarmple; Additive dorpreferred different sterdlizatign fachniguegs.

the dialysate that has been generated by contact with the

sorbent zone, In a preferred embodiment the sorbent gas
vent is in fluid communication with said flow path.

In one embodiment, the gas vent means comprises a

10 degasser, downstream of the sorbent zone, for removing gas

from the dialysate. In & preferred embodiment, the

degasser is in fluid communication with said flow path.

Iin one embodiment, the sorbent gas vent is a
hydrophobic membrane. The hydrophobic membrane may be

15  selected from polytetrafluorcethylene {(Teflon®),
pelypropylene or other hydrophobic pclymeric materials.

In a preferred embodiment, gas 1is vented by the
nydrophobic membrane by applying a poesitive 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 i1s 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 is disposed in the controller. 1In 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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is the preferred sterilization techniquefor the disposable housing. In one er_nbodiment, the additive
dispensing means comprises an interface means.In one embodiment, the interface 15 means .
comprises a connector that fluidly couples the additive dispensing means to the fIOV\I/ pat(l)’l Q|Sposed in
the disposablehtfd&itfg>nh one embodiment, the connector comprises a fifStRSAMY P4 disposed on

the additive dispensing siaans and a-seeend mating pastdisnasadsen the 20 disposable hoysing, and
wherein the first an se%ond mating parts are configured to lockingly engage with éach other. In one
embodiment, the inrr%[erﬁaﬁﬁa &?F&%posed on the additive dispensing means and/or second matmg
part disposed on the disposable housing may be sealed to 25 maintain the sterility of the additive
solution in the additive dispensimgemeansdin<one embadiments thedfushmating pardispased,on the

additive dispensi lor second mating part disposed ogthe dis psable housing are sealed
by means of a pltrj}gg gﬁ?ﬁ%%ﬁ% %é% . 30°In one le‘n%@di%%gﬁ% 'thé FrstTat] g paft dlspEsEd af the

additive dispensifgfReans tatesssitiethe:secend hiating paﬂ@ismﬂsec_bm&$i§ezdéspa5ﬁble;h@using by
breaking or 19 WO2Q12(067585REH 562011/000395 puncturing or disladging the plug ot seal of the

mating part. This is advantageous as it precludes the inadvertent reuse of a spent a ditive dispensing
means in a new digPsalR FETERGSIn‘ohe eRboeimet, ke adamve issersing mean<The

pump and pressure sensor may be disposed within the

contrellier.

10 Advantageously, when the sorbent gas vent is disposed
downstream of the sorbent zone, the large amount of gases
that are released from the sorbent zone when the dialysate
reacts with sorbent contained therein, can be quickly and
effectively released from the dialysis device. More

i5 advantageously, this prevents the build up of pent up
gases which may undesirably increase the pressure within
the flow system. More advantageously, this alsc prevents
dialysate from returning to a patient that contains gases
which can impede dialysis treatment and may be harmful to

20 the patient. The sorbent gas vent may be disposed within
sald 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 controcl means is electrically coupled to a
power source located in said controller. In a preferred

embodiment the control means is a Dressure sensor.

30 in a preferred embodiment, the pressure sensor senses

pressure cof the dialysate flow into the flow path and the



comprises a container for holding the additive solution. 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 10 an end of the container in communication with a connector. In this
embodiment ¥REEF6AGEXacilitates delivery of the additive solution from tRE HAHANEWESENsing means

to the dialysate flowepathAde apgthehembodiment: the £0ntainer, may be ¢ Igglieﬁglﬁl}pep&@p&e.ln one
15 embodiment the tcontainerti}s1 manufactured from a biocompatible plastics material. Advantageously,
all these embodiments allow aitFredRAGrawaPof the ehRBhrERESHIGRor il #RF coltaingr fius

enabling orientatipndndepefeentusekofithe dialysis:deviess 20tr onembedimant, thedialysis device
has an automatic,digp gggsgxseter% omprisin .a%ig((ed displacement pump to g:npense a fixed

t il -4 . H . .
volume of additive solution to tﬁe_diaésatg Gfllovcvg p% .S“Isﬁeeflxe W&ﬂgceE?en?B EE8W1pr?s?s a rigid
casing definifig a5 holdw ifterioEEThe volume of the interior may be selected from the group
consisting of about 0.1 to about 10m1; about 0.1 to about 9m1 about 0.1 to about 8m1 about 0.1 to

about 7m1 about 0.1 tohoutGral about 01 £ about, 5m1 about 0.1 10 ahout %%'el‘ 0oyt 0.1 fo about
3m1 about 30 0.1 to about 2m1 about 0.1 to about Iml and about 0.1 to about O. rrcﬁ Fn one”

embodiment, the fixeFGiSpRRefeht Pur CGRfriddEmdcdRimtberskepariied bysa deforhtable

impermeable 20 an acceptable range.

In one embodiment, the disposable housing further
10 comprises an additive dispensing means ("enrichment
module™) for dispensing an “fadditive solution” or

“enrichment solution” into the dialysate.

The additive solution or enrichment solution may

comprise essential substances for normal functioniﬁg of

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

20 substances such as supplements, nutrients, wvitamins and
co~factors that generzlly promote human health. The
additive soluticn may alsc 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
ewbodiment 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. ressure changes
30 within the pressure chamber deform said diaphragm which

thereby dispenses additive solution into the dialysate.
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WO 2012/067585PCT/SG2011/000395 membrane or diaphragm.In one embodiment, one of the
chambers (chamber 1) is located in fluid communication with a pump, for example an air pump. The
other chamber (chamber 2) is in fluid communication with the enrichment 5 module. In one

embodiment¥RSUF B actuates the deformable diaphragm to induce REGAFRAEBA838 e in chamber

2 and thereby withdraws addiivesolitiontiem the.ensichmentanodule. Ig.one embodiment the
negative pressure is selected from about 30, about 40, about 50, 10 about 60 and about 70mmHg. In

another embodimieftt, the air piiRp actutes W defdirabBidphrdifm t5EE Y Posiiverprdssure in
chamber 2 to dispenseadditive sghationbinte dhe gialysate in the dialysate flow path. This is
advantageous as it permits a predetermined amount of 15 additive solution to be dispensed into the

dialysate flow path con%%teg%Tgreﬂg/ggi%v%n%spensed é%ggtlr,ely dependent on the pump volume and

is independent of dialysate pressure or te. Th oné embddiment THE HrPImP T8 tsed W actuate
the 20 storage chHzEmbericomptising rdeformbble diaphragm te move diatysate along the flow path,

the additive dispensjag means,and the gas yept means. Asanly one purp is required for the
operation of the device, the device is very energy efficient. As such the device may%e powered 25 by

a battery. In one BfbBdRHEAL tHe dévict E6mitikes ATeEhaigexble batterghsucivnas a redhargeable
lithium polymer batiery1ltis aduether-advantage-that theisame ggggol}g&mgy he.used for an.entire
range of dialysis gggi&as such a:;Ls 30 wearable devices, portable devices and desktop devices.

Advantageously, 8 patient can use e &rabié Hevice for hishifty Hfihg theafdyearid & hedls duty
device durihg sleepedichome, witle the sameicontrelieiod.  However, gamma radiation

is the preferred sterilization technique for the

disposable housing.

In one embodiment, the additive dispensing means comprises
an interface means. In one embodiment, the interface
15 means comprises a connector that fluidly couples 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 & 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
dispcsed 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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21 WO 2012/067585PCT/SC 2011/000395 Rechargeable batteries are advantageous_as the device
does not have to be connected to an AC power source. As such, there is no danget; oglnad\r/]erée;nt
interruption of the power supply. In one embodiment the rechargeable ba_tter can be detached from
the device aﬁ%ﬂr&%ﬁ’fﬁéﬁ on a separate charging unit. In another embodﬁfé&?ﬁ%&lwffﬁgﬁgeame o
battery can be resharged-imsjtudn the: dialysis devicedt is Bjyrther agdvantage then when the device is
powered 10 usingarechargeable,batter,ies, easily while continuing the dialysis example during an

emergency or in 8°foved procétitire, 16t nafltaPHSASRT" Scenatio where AG BB@\}é‘ile_(énd iwter) may
be available.  #ubdttenyriareccoetanrceasithetherdiselosdre: may have she A5ifelowing-exemplary

characteristics: Chayging: Maximum Charge Gurrent:about 1200 mA

5 In one embodiment, the additive dispensing means
comprises a container for holding the additive sclution.

In one embodiment, the container may be a bag located in a
rigid housing. In one embodiment, the additive dispensing
means is a rigld container comprising a sponge located at

16 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

15 embodiment the container is manufactured frem a
biocompatible plastics material. Advantagecusly, all these
embodiments allow air-free withdrawal of the enrichment
solution in the container thus enabling orientation

independent use of the dialysis device.

20 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 fixead
displacement pump comprises a rigid casing defining a

25 hollow interior. The wvolume of the interior may be
selected from the group consisting of about 0.1 to about
10ml; about 0.1 to about 9ml zbout 0.1 to about 8ml about
0.1 to about 7Tml about 0.1 to about 6ml about 0.1 to about
oml about 0.1 to about 4ml about {.1 to about 3ml zbout

30 0.1 to about Zml about 0.1 to about 1lml and about 0.1 to
about 0.5ml.

In one embodiment, the fixzed displacement pump comprises
two  chambers separated Dby a deformable impermeable
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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 WO 2012/067585PCT/SG20111000395 The battery

may have a IN&iMESF Gi%ater than 100 cycles; preferably greater than _Zob(ajﬁfé_’é’%f?@“ﬁ%r_e preferably
greater than BOO@maqung@rg@lgrp@ yﬁd@m@\ embgdiment tt@ﬁg@ﬁ;ggg’wc% on%acgpl/ ted when

the controller and disposable housing are coupled together. In one embodiment, the disposable
housing is provideBaNTHT 55in (GliE8teE 0 Activate a SRfdFBCated 1@6ﬁ.@he%ﬂi¥mﬂéﬂallﬁl@ﬁe
embodiment, thewswxitchamaybe,a ol switehs Yheskthe conroligr. andigispesable heusing.are

coupled together the pin on the disposabl hqusing actuates the switgh in the controjler to connect_th_e
battery to the con¢cﬁ#e)nrlgp%{/ve9rﬁiné§ Ihnonglélm%oﬁﬁ’ﬂlérﬁ‘f?i%atﬁécﬁ?n 15 ddformigble o BrBARABle. This is

FO
advantageo@s asnttéuiroken ofrdefonmed:pirocanirotactuate the switghuapcesthe.condtolleris removed

from the disposaple-housing, thug preventing the inadvertent or intentional re-use of a used disposable
unit. 20In one err?k!)%diment, t%e dis%r()ssa?bﬁg%]ougi%g fart 3F§om8ﬁ§§s an ammonia sensor 3(:8nf|gured

to detect ammonfa:preseht in aid diaksaky Advartagesusiyicheisenser iortdetectimganmmenia
present in the dialysate-maximizas the ytilization of the,sorbent befare the sorhent has to he,

pressure is selected from about 30, about 40, about 50,
10 about 60 and about 70mmHg. In another embodiment, the ailr
pump actuates the deformable diaphragm to apply positive
pressure in chember 2 to dispense additive solution into
the dialysate in the dialysate flow path. This 1sg
advantageous as it permits a predetermined amount of
1> additive sclution to be dispensed into the dialysate flow
path consistently. The volume dispensed is 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
mopility during the day and a heavy duty device during
sleep at home, with the same controller.
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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 i8¥2 2§13&% ¥ honia sensor may also provide a feedback inpuftfeHREX¥BHAWBEY stem of the

dialysis device sq:thatd:theammonia concentration exceeds.an yndesired ypperlimit WO
2012/067585PCT/S62011/000395 range, the control system may activate an alarm and/or d8activate

the pump. In one’&thbdditfient thé anfiRbArRSesoF 5 FosithfheBldn ahy Peitt 6fthe Aalysate flow path

downstream of thersarbenis5 Inanethes embediment dhe ammenia sepsor.is. ocated,ip the yacuum
degasser. In particular, the ammonia sensor may be located upstream of thé vacuum pump as

described herein’ts ‘tetet Hiimbnia in the gas emitted from the hydrophobic membrane. Alternatively,
the ammonia sensor 10 may be located to detect ammonia in an exhaust of the Vacuum pump. In this
embodiment; the ammronigesénsdmisrdispose driacthe cpnitoller. B one-embediments thesamugonia

sensor may comprisga matesial ot Indieaior. alfjos, HNCh, ehande salot On. 2 Sxpasute o or in the
presence of ammonia-or ammonium ions.In one e odiment, the'ammaonia sen aH
In another embodiment the rechargeable battery can be

recharged in situ in the dialysis device.

It is a further advantage then when the device is powered
10 using rechargeable batteries, a patient can be moved
easily while continuing the dialysis procedure, for
example during an emergency or in a natural disaster

scenario where no power (and water) may be available.

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 Iﬁscharging:

Maximum Discharge Current: abcut 2400 mA
End Voltage: about §.25V
Operation:

25 Temperature Charge: abcout 0-45
Temperature Discharge: about =20 ~ +&0
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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
potentiometri& P &HIPEmetric electrode. In one embodiment, the ammdHid/SEASI ¥ Snfigured 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- dowlistreat o thd sotBeftEd sonetiordefioving gesFromlhie.
dialysate. In one embbéiment; the gasn/ent means is:a hydraphobicomemprane. In.a grefered

embodiment, the gas vent means comprises two_hydrophobic membranes arranged in parallel. Each
WO 2012/067585%I ﬁlfs‘éﬁr)gi’ll%of)% my“d}SBhéa% rﬁgﬁgo?éné’i% focakéd dfent to an air vent. In

one embodin¥ent a hydrophilic membrane is located between the hydrophobic membranes. In one

embodiment, the-InhMQpQMB%WQ{%n%%@f‘ﬁd&tﬁf‘cﬁ%”ita&%&%govi’ of 5 gas in the diqjyscjate to the
, the

hydrophobic membranes. In another embodimen Sélegasser is in fluid cdmmunication with an
air pump to creaté @ eghfife SQBIHEP breéSsuRREN thé woesrmal sidéofithiengydropholicupémbrane. In

one embodiment thgyatump is dispesed 10 the.cgrtrollerdn gjpggtggg%gmgggi q@t ttleﬁinterface
means comprises an air %p%m% connector to fluidly couple the air pump of the controller with the
0

external side of t& Rydrd i MefhbPare FHBASEM dohtrofiehiidshnactedits the dizposable
housing by e interfaveemeansrt3irea prefefreshembadimentethe, degasser COMPRSES d- 2

limit switch. When the controller and disposable heousing
are: coupled together the pin on the disposable housing
actuates the switch in the contreller to connect the
battery to the controller power lines. In one embodiment,
15> the pin is deformable or breakable. This is advantageonus
as the broken or deformed pin cannot actuate the switch
once the controller is removed from the dispcsable
housing, thus preventing the inadvertent or intenticnal

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 fdx
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 Dbe 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 alsc 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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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 vent is in fluid
communicati$P B &R with a pump, for example an air pump, locatedPREZEEHIASAET and at

another end with aramamonigesenserand exhaustdn ang embediment gas,is 25.uented hy the
hydrophobic mergbrang,%y ggpl Ing a positive internal pressure in the dialysate flow path or
alternatively by es?a%(ﬁsﬁinag n ﬁﬁtﬁ ‘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 orificerorditter snérnbaneor abeckpressure reguator, for examiple sheheckvalye having a
preselected crack pressyre. In one WO 2012/067585PCPSC2011/4M0395 embodiment, the
disposable housihg comprises an outffow conduit fortransniisaion of diilySate from s4id Fatient's body
and an inflow corduitFoPtraasmissiorcsfdialysatehte saithpatient'sbodyr  1#n dreembbdiment, the
degasser is disposed inde dispasablequusing., jn.ope mbodiment, (e disposable housing may
be disposed of on a daily basis or after each dialysis cycle. It is an advantage o the dévice that as the
flow path is 10 fIdiaK sBBled3fsihife LESiroIRsthe Stefilty oF AR dBviceiean Be madstainiet; dr at least

ameliorated, by dailyediaposal otithesdisposahlenhausing. Itisaa fyrther advantage et the deyice that as

only one connecgoréisoquq?qﬂg}r?g bﬂ%vr\f{gen the dis% stable housing and the patient, 15 the risk of
biological contaminatioh of the dévice 1s Significantly Teaaced it i a furfheFBBGAR RS Bt tRe

connector Bétwewa thebdisposabte:Housing dmid:tive controltersis fluidly sealed i@ prevent bislggical or
chemical Conta%%d;m&g.ev'cerr!t '%@sadgﬂgg%gﬁnent, the ammonia sensor is

disposed in the controller.
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 3is an
optochemical sensor. In another embodiment, the ammonia
senscr 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 ampercmetric electrode. In one
embodiment, the ammonia sensor is configured teo 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 cne embodiment, the device comprises a gas vent
means comprising a degasser, downstream of the sorbent
30 zcne, for removing gas from the dialysate. In one
embodiment, the gas vent means is a hydrophobic membrane.
In & preferred embodiment, the gas vent means comprises

two hydrophobic membranes arranged in parallel. Each
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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 ifé®t3Ha&(&788s. In one embodiment, the flow path may also bePABIEGa0W1884Rd the

pressure within the,dialysie slevicasithout leakage Jn.ene embodiment, the flow path is manufactured
from medical gracie polymer such 30 as polycarbonate, nylon, silicone or polyurethane. Other

components of th nflov@}/ UWstePT NG 2188 be ConfeltEaRriding: W0PETHEB7S85RE T/$G28144000395 a

connector made Gkresdient thaterigbsugihas of medisakeragde pobunernas pylonQLRelycarbonate or

polysulphone. In w)g;&p%%en& txgg flow system furthgr comprises a conductivity sensor.In another
embodiment, the ftow 5'system furiher comprises & 0red seror Fcanothéf 8mbbainterft theflow

system furthér corpgrises altredtivihg sensot.in atfarthed embiogiment; dhe flomesystem comprises a
glucose sensor.In one embodiment, these further sensors may be located downstream of the sorbent

10 in the flow path. In org erabadiment, these sensqrs may be djsposed along the dialysate flow path
adjacent to or within the degasser.  Itis an advan“tége%%%)he {gi%%iacgso%he%?scl%gure*ﬁ%ﬁ%ue to the
requirement for o BHEStRAP hd & 155 deféFmable diaphragmtintegrakyaformed withe witlof the

storage chamberdhat ihe.0verad size-ef e devicestan bg significantly redycedrelative tg other
(mmyQSdevmeS&mmmmane. In one embodiment the air pump is disposed in
iG  the contreocller. In & preferred embodiment the interface
means Ccomprises an alr pump connector to fluidly couple'
the air pump of the controller with the external side of
the hydrophobic membrane when said controller is cennected

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
ammon;a 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 & negative pressure on the
external side o©f the membrane. In one embodiment,
positive internal pressure for degassing is provided by a

36 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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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 is
advantageou¥ 42WiPE€A%ure that the controller or 25 sterile before use. TRETAGHBEPHEENt a

controller of dispesatie tasperedonith fraradieing used,ina ithe tarmper-prof seg| dispesable housing

are proof seal will als h%us%'n%tq:at has been dialysis g%ﬁle. This s further advantageous as

biological or cherRical coRtamination of the: device, And the HSé SEpatienit 36 3Afechar iehiriter

reduced.  Theredy algodravideicha dialysie sontrollefcapetabie suith:a disposable:housing having

fluid displaceme - i d, oye dialysate along a flow path dis_ppsed WO_
2012/067585chgg%%glallc\:/%%ggéeﬁw%igl]os%ﬁ/d housing, the controller comprising actuation means f(_)r
actuating said fluid displacement means and an interface means for ponnecting said controller to _sald
disposable housing, wheteift saidEoediarand saids idtartmeemedns areshidlyseated fiom said

flow path during gpefation.otthe-dispasable housing. There is also provided a diqusgble dialysis
housing that is configured to be operated by a controller, the disposable housing comprising: 10 a flow

path disposed therein along which dialysate received from a patient is subjected to contaminant
removal when in opera i8n: SR8 embldiment, the disposable housing may be

disposed of on a daily basis or after each dialysis cycle.
It is an advantage of the device that as the flow path is
10 fluidly sealed from the controller the sterility of the
device can be maintained, or at least ameliorated, by
daily disposal of the disposable housing; It is & further
advantage of the device that as only one connection is
required between the disposable housing and the patient,
15 the risk of biclogical contamination of the device is
significantly reduced. It is a further advantage that the
connector  between the disposable housing and the
controller is fluidly sealed to prevent biclegical or
chemical contamination of the device. It is an advantage
20 cf the device that, as the flow path is fluidly sealed
from the <controller, the risk of biclogical 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
biclogically inert materials. In one embodiment, the flow
path may aliso be able to withstand the pressure within the
dialysis device without leakage. In one embodiment, the
flow path is manufactured from medical grade polymer such

3¢  as polycarbonate, nylon, silicone or polyurethane. Uther

components of the flow system may also be connected using
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an interface means for connecting said housing to a corresponding interface means of said controller,
15 wherein in use, said flow path is fluidly sealed from said controller and said interface means. There
is also provided a dialysis system comprising: a disposable housing having a flow path containing
dialysate rec¥i@eifsth’apatient, the dialysate 20 undergoing contaminantheRiti#ifE%disposed in

the flow path;  sa contreléraaperably eonnested t=said tisposable housing by an integfaceimeans to
control the operatiog%gf theldri%)osable hggging%: 25wherein, said flow path is fluidly sealed from the

controller and intéfface nieans. - i ghe embddirient’ Tié B58RhT cBmpHsel St pRistife sensor

configured to determine fluid pressure changes in the flow path. In another embodiment the controller
is 30 configured to detefminerthedioveratesofidialysate il the fiowipath based on thepressure changes

output by the pregsuyrg, Sensek., ; +-/n o0g.embodiment, the controller comprises a computer program
encoded in at least one compu‘frér %)eadablse WO 2012/5675375PCT/ %02 76 OBQS%%eé?r%‘f the
computer progrSHY 86Ripristritr aset of frEWRICHRMS, eAcodddin asfisstbne computerreadalle

medium, operablexiedmptement, shen: expcutedduna processer.caleulating the flow rate of dialysate
in the flow path based on said pressure changues output by said pressure sensor. In one

embodiment, the*cohtiiler comprised a coMPUeT progfanteAcoded intat9east brié conipltdr readable
medium, the computer pragram camprising aset o610 instrugtionse engaded ip.at leastong eomputer

readable mediuny, gperable to implement, when executed by a processor, calculating the use time -6f
the sorbent cartri_dée basedsoﬁq%%taﬁat?}mméo%f |§I§/§f’selﬁglsir%o§%s§v§ %’?gf)ogfblg Ii\%uglﬁﬁl?:":‘()'rﬁifprising a
sorbent zoh€. In BhetiBembodimentthe Startctirme frbortéteted withha peedeterminedidetime of the

sorbent zone in theglispasablgihausing, dn ane.embodiment the usedime.of he sorbent zone is
monitored in real time. In one embodiment, whenthe processor detects thatjt e use time
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 diaphfagm 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 procf seal. In another embodiment,
20 the controller may be provided with a tamper proecf seal.
The tamper proof seal may be located on the conduit
connector disposed on the controller or disposable
housing. This is advantageous as the tamper proof seal
will ensure that the controcller or disposable housing are
25 sterile before use. The tamper proof seal will alsc
prevent a controller of disposable housing that has been
tampered with from being used in a dialysis cycle. This
ig further advantageous as biological or chemical
contamination of the device, and the risk of patient
3¢ 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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20 is equal to the predetermined lifetime of the sorbent zone, dialysis is stopped. This is
advantageous, as dialysis will be stopped thus preventing overuse of the sorbent zone and reducing
any untreated dialysate being sent back to the patient. 25There is also provided a dialysis method
implementedM? 2Ha¥&i85system comprising a disposable housing havingP& FiéGpEPresdending
therethrough andvai serhenizone figs contaminantremovak an interfagepeans operably. coupling said
disposable housiggé%g controller for 30 controlling the passage of dialysate along the flow path of
said disposable housing, the mathol compriSigthe Steps ot SPLALSisg b disigdate alhgithe flow
path of said dispdsabte heasingwdile efsuringdhattheifiow pathandANQoller to said
2012/067585PC'I;{%%@Q%%OB%%&@Qsate tQ\erein'. is quidey_/ ealed ronlt_he?interfa,ce means and the

. whHerell S3 CONTrol e 2 :
controller.  In one émbodiment the mettiod comprises the step Sf7 measuting pre8Sure® ges in

the dialysateflowpath™S dafingisaidspassing Stept @by sedétetmifingrthes flow ratecof disdysate along
sald diaysate flowpathacspldiagilo.chandesnald measiited fiessre. I one embodiment,
' f

the method further comprises the 10 step of adjusting the determined flow rate to a target flow rate.
There is also provided & Bidfiysis Systeff comhprianga dispobsaprakddsing havinga fowpath
containing dialysatesreceived:-batm gypatientibe dialysaterts sadergoing contaminant,remoyal while
disposed in the flngsg%tlsﬁéb 1e & ressure ggpﬁsqfricsoirgigyred to determine fluid pressure changes in the
flow path. ? P E
10 a flow path disposed therein along which dialysate
received Zfrom a patient 1is subjected to contaminant
removal when in operation; and
an interface means for connecting said housing to a
coxrespondihg interface means of said controller,
15 wherein in use, said flow path is fluidly sealed from said
controller 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;
& contreoller 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 is
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 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. 25In
one embodinéhtthHéeBfroller comprises a computer program encoded iRt 28 BHEESmputer
readable mediunmethewomputerprogwam comprisinga; setof instctionsencogded iat least one
computer readable medium, operable to implement, when executed by a processor, a calcylation 30 of
the flow rate of dfarf}%eﬁlé?ﬁ the ?Ibw%%?ﬁ%%%eol on t%\tg pp%éasassugfe cchnaenggg Ig%?pt?trby e %g)is re
sensor. In onecsthbodimernsaid determining stepesomprisesithesteps:efc V& by  a

2012/067585PCESC2AL000395 ). apnlyipg & sareselegted prassite 10 g.flow paih fg permit a

volume of dialysate to enter or exit said flow path; b). detecting a second preselected pressure in
said 5 storage charfiberRd rdstiHest the erftiy 8r SGESEHIaR S0 Tt Frony saidflowpata; €).
determining the voluma.etdigltsate that has entered or exited the flow path, and d). correlating the
time required to reach said second 10 preselected pressure with the volume of dialysate that has
entered or exited said flow p&th&o dBTEIRTABTRE flow Fafe of B bilsHte in (e dialySSdevice.  In
one embodiment; the:controftercamprises adarther.camputes progiaen engeded in atleash dae
computer reada 5 medium, the further computer program comprising a set of instructions,
encoded in at Ieg&s%[%lnueméom;%%r reg(a%%iletr%%diu%{ 0 Io(‘agrgble foin pﬁjé?ngenrﬂ, wifen eskee%utea y a
processor, Hh itetatifer B plimisition Ut saftpresdlecéd pressiire based-omsaid detemninedlffow rate of

dialysate 20 in the-flowwpath. operabie o implement, when executed by a
processor, calculating the use time ‘¢f the sbrbent
cartridge based on the start time of dialysis using a new
disposable housing comprising a sorbent zone. Iin one

15  embodiment the start Time is correlated with a
predetermined lifetime of +the sorbent zone in the
disposable housing. In one embodiment the use time of the
sorbent =zone l1s monitored 1in  real time. In one
embodiment, when the processor detects that the use time

20 is egual to the predetermined lifetime of the sorbent
zone, dialysis is stopped. Thig 4is advantageous, as
dialysis will be stopped thus preventing overuse of the
sorbent zone and reducing any untreated dialysate béing
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 controliing the passage of dialysate along the flow path
of said dispesable hcousing, 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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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 acBrRHG#67¥8 disclosure, together with instructions for use. 3BGHERISIAYEBrovided a kit

comprising the dispasaledwusing aecarding tathe disgloswe; tegethegwith instryctions-for, use. WO
2012/067585PC1¥€§GH2501611/ 09%95 Brief Description of Drawings The accompanying drawings

illustrate a discloSed emBodiment afit Serve 16 explain the principles of the 5 disclosed embodiment. It
is to be understood, howsver¢hatthedirmeings bee designeddonputpases-ofdllusteationsonly, and not

as a definition of the limjts_qf the invention. Fig. la is a schematic diagram of gne embodiment of
the 10 disclosed dialysis daévi'ce. F%g.%%?s? a°Schematic %Faglrgméglfe ore ‘gg?bsoao%ﬁwe#%‘f’tﬁéaa%closed
dialysis device, wheréFtheaficv iof fife dialysate is 2oward the storage chamber from the peritoneal

cavity. 15 Fig. lo s a schematiz diagram of opegmboeiment efibie isdgsed dialyels dovice, wherein
the flow of the dialysate is from the storage chamber to the peritoneal cavity. Flg.Jl is a schematic
diagram of one efiGodiftiert of #7285 ¢HiscI8S64 T is R Vide THIg fe is'a sthénwaitsdiagrhm of one

embodiment of the-diselased dialysis device. Fig If is a schematic diagram of one embodiment of the

iscl ialysi vice, -
disclosed dialysis de C?n one embodiment, the method further comprises the

10 step of adjusting the determined flow rate to a target

flow rate.

There is also provided a dialysis system comprising:

a2 disposable housing having a flow path containing
dialysate received from g 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 sald 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 bassd on
the pressure changes output by the pressure sensor.

in one embodiment said determining step comprises the

steps of:
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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. WO
2012M67585PCT/S62011/000395 Fig. 2b is a schematic diagram of the embodiment of Figure 2a,
wherein the fB281HA& Falysate is from the storage chamber toward the PEFSHEHICAUY. Fig. 3is a

graphic representation epihe,fiow centrolef5the slialysate aceording 1o agbeglbgggaegg%the present
disclosure. Figs. 4a-d are a cross s%ctional views of a prototype of a disposable housing in accordance

present tifostire™ 18°RIG5 Fs & herSpsctiverviBiiict & pictotyseiof one

with an embodiment o the presen
embodiment of thetiadysis device disclosed herein. Fig. 6 is a schematic diagram of one embodiment

of the disclosed disposable hausi omprising a discrete additive dispensing means. Fig. 7 is a
schematic diagrarrf of one emﬁjériéaegntso Ctﬁgogigﬂggéeg %Fa%s%s%%%e%ﬁmpﬁsiﬁ@% discrete additive
dispensing meanstinl8eking eritfaege dentawitie sudispogable dousingyincaceardanes with the disclosure.

Fig. 8 is a cross segtignal view of a.sealed conngcter of 20 the additive dispensing means in
accordance with the disclosure. Fig. 9 is a cross sectional view of a sealed connector of the additive

dispensing mearfs' in &&CctdaRCS Withthe disdlegare D5 iyl 1995 @ droas seetomalbrewdof an

embodiment of anradditive dispensigmesnsiin agggrdance with the disclosure. WO
2012/067585PC'(I1T/)SGZg%%/ogpggi%nﬁg. i1 ist a Cross sectional view of an embodiment of an additive
dispensing means in accordance with the discidsurs T Hg SE2a-¢ i 83Gidss 2ettisRarigw of an

embodimenfof Soan sticmatic dispensing system irhaccartianee withitheldiselosure, righi3 is a
graphic representatian. of the valtage drap, ofia seghargeaple battery versus dialysis.ime in a dialysis
device in accordance with the disclosure. _
rate of the dialysate in the dialysis device.
In one embodiment, the controller comprises a further
compulter program encoded in at least one computer readable
15 medium, the further computer program comprising a set of
instructions, encoded in at least cne computer readable
medium, operable to implement, when executed by a
processcr, 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, %o 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 alsc 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.

31



10 Fig. 14 is a graphic representation of the voltage drop of a rechargeable battery versus dialysis time
with constant pumping in a device in accordance with the disclosure. Fig. 15 is an embodiment of a
degasser in a device in accordance with the disclosure. 15 Fig. 16 is an embodiment of a fibrin trap in
a device in a¥@rEE Rith the disclosure. Fig. 17 is an embodiment of aFs@WERE3AREEing switch in
accordance with the disclosure. In the figures, like numerals denote like parts. 20Detailed Description
of Drawings Referring to Fig la, tggge |fs %hown ong_embo iment of the disclosed dialysis device
(200). The dialysis device comprises a d?spos%%?g ﬁBuJS'f:r’]ré (P@W&\ﬁﬁ& a flow path in the form of
conduit (20), a controlleFrethezfornmmgka control hiousing430) for nontrolling the operatian ofthe
disposable housi .4 this figure isposabl %ésiln ( 3) and control housing_(30) are not
operably connect%%é%%é&:%%theér%wwg%)%gz/(?ggw% 5 2(%E 17000395 “hE E;‘lassposa Ieg“&?gusing (20)
and control hbusifgSB6Y EBfpREE RTteFate meahs ikthefornvef alcokduit conhector¢4a) disposed

on said control heusing (3).and (40h) disposed, o thedggg%s@%{e hoysing (%Ql)r%%%aetge ofo@nnecting
the control housiggeimd the disposable housing. The disposable housing (10) and control housing (30)

are brought into operativé Enyagefient whHEnthe ebnddit Gorfebisri(@barisBrodiditt iRterbERing
engagement withedonduit canrectos{40b) The conduit (20) of the 10 disposable housing (10) is fluidly
sealed from the control housing (30) and conduit connector (40a,40Db). The dialysis device
comprises a flexible dialysate tube (5Q) which is capable of being in fluid communication with the
peritoneal cavity J(p6lL(.s);)°an6I§a gosndauit(s(ﬁ > The 15 ﬁ?ﬁsﬁsa Iae\(/jl%le ?’ur}%efe%‘g% 88 % StéragB%hamber
(70) located In a figRFécormpartiient(180) IFivd storage chamber (70) comprises a deformable
diaphragm (71) integrally formed in one of the walls of the storage chamber (70). The deformable

diaphragm (71) igir fluid wommunicationson: 20 one sidewith the.dialysaie conduit (20)-and, on
another opposite side, in fluid communication with a pressure chamber (BO). When the disposable
housing (10) and"coiitrdi Histisirny 830§ 5ré opfdBi§ Toupleirdteach Sther, thé eBndeif cohector
(40a,40b) fluidly couplesshe 25 pressuseshambeneB0) ot thesdisposableheusing (1) to apump (90)
located in the conglihousing (g’g}fity

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

cavity.

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

20 disclosed dialysis device.

Fig le is a schematic diagram of one embodiment of the

disclcsed dialysis device.

Fig 1f 1is & 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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The pump (90) is 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 (J0} #Hd'%&Configured to, in the outflow mode, allow the dialysdtE &I & the
peritoneal cavity WD 204 2/06 Z585RGETHEG 2011/800385 o(60} te: thektordge:ahamber (40)-@nd in the
inflow mode allow the dialysate to.flow_from the storag .c?mb r (70) to_said sorbent zone (110) for
removal of contavrgnalharﬁllé@[ g%enln,(72 grgfd Fufr%wer%gerr%%efhg dia yssft%esu )gtaFlsﬁngy § Fseesé:fosraﬁa(e
contaminants to fibarisgck tocthergeritoneakeavitys0). ca vihe disposable housing is also provided
with an enrichment module (120), for dispensing a preselected amount of an enrichment solution into

the dialysate, in 10 fluidscoramunication;with-the canduit (2Q),via, a %QU%&%@@JE&%“@@GN

module is also in fluild communication with an enrichment solution reservoir (121). The pump (90) is in
fluid communicafior? with A d&fdtmaBrRTRERIGIEN €725 bf thBliRATENt Mmbd(esl 205saToRduit 15
connector (40a,490) ~whenAbe 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 amm%nlia in tt;le %&agsate. Ammonia is de,tectef by the ammonia detector 20(141) when the
disposable housing®(L0) ahd cShtrol hotsing (30 are Bperably Totipfed o edch-6there °“ategasser
in the form of a ydsoplsebitanbmbrang (150)isaisa focate dr downstreamieftheseorbent zonre. The
external side of tpgeryé}(gpgggiglggmkggne (150) is in 25 fluid communication with a vacuum pump
(151) via the conduit connector (40a,40b) when the control housing and disposable housing are
operably coupled. Referring now to Fig Ib, there is the embodiment of Fig. la showing the disposable
hougng(lé9an&36hnoﬁ 15 a perspective view of a prototype of cne

embediment of the dialysis device disclosed herein.

Fig. 6 1is a schematic diagram of one embodiment of the
disclosed disposabkle 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 dispcsable

housing in accordance with the disclosure.

Fig. 8 is a cross sectional view of a sealed connector of
20  the additive dispensing means 1in accordance with the

disclosure.

Fig. 9 is a cross sectiocnal view of a sesaled connector of
the additive dispensing means in accordance with the

disclesure.

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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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 WO 2012/067585PCT/SG2011/000395 diaphragm (71), by inducing
negative pre¥stirdiH4&%8ressure chamber (80). The negative pressure irffRESSES&P8Ehamber (80)

deforms the deformableidiaperagm-7d3d by hiasingthe defarmmable diaphragsx {&L-p the 5 gdirection of
arrow A and therehy maves dia )l/sate from said peritoneal cavity (60) Of the patient into the dialysate
t e tialyiate T 5

conduit (20) via BUDBIE Trap (5 B0 the stor AT (70) tHrBugh cHeck valve

(100). A pressureisensdos(L7#)) is located in operable communication 10 with the pump (90) to
establish a preselected negative pressure within the pressure chamber (80) and to determine if the

pressure of the dialysate heing withdrawn from the peritoneal cavity (60) is within a,safe limit. The
pump (90) operc';]l%(ii:~:¥ihte%#aitt%ntl%%ur(%de}rélltﬁr?eg 5 Sc%ﬁ#é?%? rt]he%lrggsu?é'ﬁ séﬁso%“ﬁ?g)l%err}l%incfgin the
negative prezsurélin thesréssdre chamberI80pwithirs A presélected rangroOnce #hé storage chamber
(70) is full of dialysate; thig 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 ad tHfe stbragé cRamber(76) K atiGad didéhegative prEsdfradtheizs@nfichment
module (120) is alsa actuatedanider negative pressuie by ibe pump @M esuch thata predetermined
amount of an enr%@r{]gnt fglugiogoi§g\gltthd€gawjr_L rom an Snrichment solution reservoir (121) though
check valve (103% into the enrichment module & 03 %heléﬁ?/%l?vseuﬁ%Z) 30 ensures that no dialysate is
withdrawn into the enrichment module (120) from the conduit (20). WO
2012/067585PCTiSG2041/090898rarhic representation of the voltage drop of

a rechargeable battery versus dialysis time with constant

pumping in a device in accordance with the disclosure.

Fig. 15 1is an embodiment of a degasser in. a device in

accordance with the disclosure.

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

accordance with the disclosure.

Fig. 17 i1s 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 f{figure the disposable housing (10) and control

housing (30) a&are not operably connected to each other.
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Referring to Fig Ic, the flow system of Figure Ib is shown in the inflow mode, wherein the flow of the
dialysate is from the storage chamber (70) to the peritoneal cavity (60). Once the storage chamber
(70) is 5 full, the pump (90) actuates the deformable diaphragm (71), by inducing positive pressure in
the pressureCRABEFEH).  The positive pressure in the pressure chaRiFeF¢EH 443 s the
deformable diaphiagm ABnshiasing the:30deformable diaphragm{7)in theditection efiarrow B
and thereby moves Hgiarlyggte fgonm tg% storagemchambe;.r (70)%%nd cEeck valvg (100) closes preventing
dialysate from reflming to the pertoneal cavity 160) before beiRg treatld t& feméve EoaHiRants.
15The pressure semsorq170) méhitorsitheppressurenin $he pressure chamber {80) toxEnsusadhat the
pressure of the diglysate bej rned tQ the peri vit in the.inflow mode, is within a safe
limit. The dia_lysatl(?ai }lél%?/}vs ﬁggrf%%t%gto%%eqér}%amageérgg(%%%%lntgéﬁgzs%ébe?w}t@:)nec\ Esz elt‘ﬁroougg;h check
valve (101). The feg@rrérate® diahpsate florn thé sorbeit zane (11e) thesrfiewid past@degasser in the

form of a hydrophakic mempbeans £150)uEhe gxteinal sidesof the membiane.is, subjegted to,negative
pressure by a vacuum ;{)grmp (151) to 25 aid the removal of gas generated during the dialysis
procedure. The dia88tE therr fiots tRRSGH Y Bmnfotia SBHEEF (146N ShichthBnitofe e lével of
ammonia in the regenerated dialysate, 16 enswedhat theammonia level degsyratateed.asafe limit,
prior to returning 1o tgg 30 pentonealécawty ;g%ﬁf a patlﬁrl\éAmcrggg@i@ dezeéc ?d by the ammonia

detector (141). MRSl 201 2M§?§1§1§I5 T1SG 000395 Theregenerat dlalysoa e thtekheflows past

an enrichméht mdeeiRe EEX0)S Imghiesibfiow hode thefurp (90 pastlates therdiaphragm (72) of the

enrichment module.. s ; (20) swhichhas praviously heen primed with ayglume of 5 enrichment solution
from the enrichment solution reservoir (121), under positive pressure. As the enrichment module (120)

is actuated, check valvé {035 tfosé3itd eAsirEthattRBRRiAfent sbiitibhtd6es Hiok Hoarack into

the enrichment selition reservein (121)  hesearghment 12 medule (£2Q);thep dispenses-a preselected
amount of enrichm%nt solution conttainingldesired sub é nces, such as electrolytes, osmotic agents,
Wil h §;§

T liit £205) throGgREHETk Vake (102 4nd

nutrients, medication an ﬁ}éﬂﬁ(ref into the d?ép’l)‘/féfé:@ c
conduit (130). 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 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 dispesable housing (10) and
control hcousing (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 centrol housing (30).

The pump (90) is configured to actuaste 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
dialyvsate conduit (20).

Check wvalves (100,101,102,103) are disposed alcong the

conduit {20} and are configured to, in the outflow mode,

allow the dialysate .to flow from the peritoneal cavity
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15The regenerated dialysate then flows back to the 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 20 (170) to maintain the positive pressure in the pressure
chamber (80YXiitid/ 2 pr¥selected range. Once the storage chamber is erRER/EREIAMYYAE, the

pressure sensor (1¢@) detgctsiibis and-invertsthe pump dirgction and conyerts the system to the
outflow mode to req;at the dialysis 25cycle. Referring to Fi%a)la,there islclgreé%%teﬁqg; AleMative
embodiment of th8 tidYsi5 Hevitbidectamgi thé efisciowtife. The didigsiadievide(@08) WOHRS in

essentially the same wayias the device d,aﬁ@éibedmo’%ig%%(}la&ﬂ@@affg%rpragggtd;qyggﬁtfgom the
sorbent zone (110E)Jleor\/vs ast a degasser in the form of a hydrophobic membrane (150). The external

21087588PCTASEY011/600395. StbEtted 18 Hegatve ipressure by a

. 21
side of the membrane is Wo 26T 1
vacuum pump (15D)¢a floifl communicatienwith the kydraphabicmembrane: ta.aid the sremoval of gas
generated during 5Q%g@ys(i§@)rqcedure. Differing from la-c, the gas vented from the 5 dialysate is then
passed through an ammionia sensor (140) located in the control housing (30). The ammonia sensor
monitors the level of amfihiadn twe gal\entéd froin the dialysdtedo emsure that theiaramenia level

does not exceed arsafedimit; priopderewrningthe dialysate to, the 1Q peritoneal cavity (60) of a patient.
Referring to Fig le, there is shown an alternative embodiment o%?ﬁe df%%?sisade\ﬁcree%égrﬁfﬁéj to the

disclosure. The dfalyal8 Hevite Go0FRoHEREESseAfial tensahie way s thsiddwee Yescriled in
Figs 15 la-cl Howelet,cthe pump(90)aise suldjests e hydsaphahic membrane (150)-yia the, conduit
connector (not shpy\fm)and valv%}%04) to ne%aative Jpressur during an outflow mode (where dialysate

) : e ; e ; ' i
is received from a patient's peritoneal ca@ﬁfl 0y Via a fléx Lfé%llalyﬁﬁte tgpee in fluid
communication with an enrichment selution reservoir (121).

The pump (90} is in fluid communication with a deformable
membrane (72) of the enrichment module 120 wvia conduit

15 connector (40a,40b), when the disposéble 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 contreol 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 1b, 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 1is
toward the storage chamber (70) from the peritoneal cavity

(60) of a patient. The pump (90) actuates the deformable
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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 is then detected by the 25ammonia
sensor (140)WO 208&881ig to Fig If, there is shown an alternative embodif{entEH &M sis device

according to the disalosureml he dialysis gevice,200)works g g@f@@tiawggesﬁ%e \%ﬁ/ as the device
described in Figs_30 la-c. However, the pump (90) is in fluid communication with both the pressure
chamber (80) an& tHe EHﬁgthelh?rF;t?(?dfule((iigb) via a'$ifiglé:EGRkédtn MBSAtke disposable housing
(10).The pump (98) @isw subjestathe WQ 201 2/06 75858 C /562014000395 degasselin,the form of a
hydrophobic membrane g150)i;[(l)anse.g]ative res?;r%adyri .an outflow mode (where dialysate is
received from a patient's peritonear cavity (60) Via ' fiBkible" diafySHE 1658 (SO Duiig d&ffflow
mode the 5 fumpi{9BEiisjects the pressuke ehamber-(80Y taposiive pressures Valven(104) ensures
that no gas is int into,the dialysat th via the hydrophobic membrane (150) during an inflow
mode, when the %ﬁrﬂ%g%%%bjgef@%% p?ré?sur}eg%hgﬁ%e? { d)et%“pojéﬁig}é p%zelsesucr'?é.g,&%?ﬁgﬁia gas 10
released from th&d e {£thenvdétetiee By tHerammidria sefiber (148).yReterrirg tolig2a,there is

presented an altermativerembgdiment:ef the flow systam,(201) i@h%qp@fd%f&ewitg@‘@)?f%%t

disclosure wherein the flow of 15 the diaLysate‘ is toward the storage chamber (70) from the peritoneal
cavity (60), i.e. otitfiow mode® TheBump (80) attuhtES e déformaBl g hPaFMUTZLY. 25y rducing
negative pressureiinthetpressurercharbber (80). henagative pregswedndhepyessuig chamber (80)
deforms the 20 deformahle diaphr 71) by hiasing the deformaple diaphragm (71) in the direction
of arrow A and t(:lﬂ?eéreby moves %?él%%g]tﬂé ?roﬁwgggi%uﬁg?itg!ﬁ%% ceéviti}g(%b) %‘Ef‘netﬁa Shtb-tte dialysate
conduit (20) via Bubble frap (525 Uite diflysate flows toatie storage chamberL%0) 2xdecated in a rigid

compartment (18€) gmwg;hqh%g@g@ye g@;@@).@spr@ﬁgg%sgn%%rfg7@ 1%31 lco.cated 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
The pump (90} * operates intermittently under the

15 contrel of the pressure sensor (170) to maintain the
negative pressure in the pressure chamber (80) within a
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) i1s 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 inte the enrichment

module (120) from the conduit (20).
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30 being withdrawn from the peritoneal cavity (60) is within a safe limit. The pump (90) operates
intermittently under the control of the pressure sensor (170) to maintain the 41 WO
2012/067585PCT/SG2011/000395 negatiie pressure in the pressure chamber (80) within a
preselected RRFEIIATEThe storage chamber (70) is full of dialysate, thisFiSldeteetetBiPthe pressure

sensor (170) which invegtsctheipump diregtion and conyvers the étig%f&m fo-an-inflows made, . An

enrichment module (120) is provided in fluid communication with the conduit (20) via a conduit (130).

The enrichment B4R (120) i< 86nfigdteds beadtated By AyAingé Bump 19%) indke iffew mode.
10Referring to Fig2b] e flow systens efdrigure=2a iswshoxwrin the dpflowy modse; wheygin the flow of
the dialysate is frog}nrt%e %%)r ge chagcnber é?O) to the peritoneal cavity (60). Once the storage chamber
(70) is full, the pump (90} Setuales the'defSmable didshrabim F5(71f By iRBa&RG posithie préssure in
the pressurechafmbet (80)1Tthe positive pressureinithespresstee chamben{80kdefurmmthem

deformable diaph@gm (71).py biasing:the deformable diaphragm (71)the direction of arrow B and
thereby moves dialysate froﬁ] the storggg ng c%%n%[l)‘er?(?_ “and ¢ Igeéfzk valve %}%O) &gseesssﬁﬁ:e?/enting
dialysate from reftitAmiefto 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 The positive pressure in the pressure chamber (80}

deforms the deformable diaphragm (71} by ©bkiasing the
10 deformable diaphragm (71) in the direction of arrcw B and
thereby moves dialysate from the storage chamber (70} and
check vwvalve (100} closes preventing dialysate from
returning to the peritoneal cavity (60) before being

trezted 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 infleow mode is within a safe limir.

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 & degasser in the form of a hydrophobi.c
membrane (150}, The external side of the membrane is
subjected to negative pressure by a vacuunm pump (151) to

25 aid the removal of gas generated during the dialysis
procedure,. The dialysate then flows through én ammenia
sensor (140) which monitors the level of ammonia in the
regenerated dialysate, to ensure that the ammonia level
does not @wteed a safe limit, prior to returning to the

36  peritoneal cavity (60) of a patient. Ammonia is detected

by the ammonia detector ({141).
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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 Weah&#ne$150) located upstream of a check valve (105). \WOI/SG2011/006395

2012/067585PCT/SG2@1E00039%%-Fhe presence of chegk valve £105) resyltsdn a£§§give pressure

gradient across theO%)édrophobic membrane which permits the removal of any unwanted gas emitted

during the dialysi§ 0peraficn TTHECG AN S até khah flows throtgh ah EmATonRcSEhso 0 Pwhich
monitors the level bb anuaniads she regenesptechdialysate, to ensye that-thergmonia leyel does not

exceed a safe Iim(it_E j)d'i)or t% Retugnir?1 éo thge%%ritonfgz%}v% tg%(gl)ﬁ%f 8\??7 ﬁﬂg&[.tgzg;%{aggaﬁdp o)

dialysate then flows past an 10 énrichmént modfe
actuates the®enriehmentnsodule ¢120); avhiclr contairs avolurmeefensichmentsolttientinrder positive

pressure. The enﬂglgmgntm%gleég}%@t%g (E%@ nses.a pr%sele%%d %rgguggoé ggrichrgegte solution

containing 15 desired substances, such as electrolytes, osmotic agents, nujtrlernﬁs, medication and the
like, into the dialysaté condluft $EOfViaccondift (130 Tt dyiiige pumpe@1) onfnepertaes:irtthe inflow
mode. The regenerated dialysatesben:flows bagk £o the, 20 periipneal.cavity,(60), through the -
bubble trap (51) and flexible dialysate conduit (50). As in the outflow mode, the pump (90) is
operated intermittertly GRASF the Sontfol Bt thé pressiite Senddf (170) to nidiftairs e BEEIVE pressure

in the pressure 25«chamber{(80) withihenpresétected tanges Once:the storage chamber is empty of
dialysate, the pregsure se Sor ggq) dietgcts this_and inverts the pump direction and converts the
! vt T T S :
system to the outflow moc?e fo repeat the dialysis cycle® 3 Elsgl.%%jéjhgo\lfvgsa{: grapiic réptedetation of
the flow electrolytes, osmotic agents, nutrients, medication and
the like, into the dialysate conduit (20) through check

valve (102) and conduit {130).

15 The regenerated dialysate then flows back to the
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

20 " (170} to maintailn the positive pressure in the pressure
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

25 cycle.

Referring to Fig 1d, there is presented an
alternative embodiment of the dialysis device according to
the disciosure. The dialysis device (200} works in
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 hydrephobic

membrane (150). The external side of the membrane is
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control of dialysate in an embodiment of the dialysis WO 2012/067585PCT/SG2011/000395 device
according to the present disclosure. The phases of the flow control in Fig. 3 are separated into

"outflow, "inflow" and "dwell". In an outflow mode, a negative actuating pressure is produced by a
pump, whichY¥CoilétafEdtermittently under the control of a pressure sen&eF5&34aNM&%een in Fig.

3, the negative peassye inthepressure-chambsrds maintainedawithin the, limits,9f a preselected upper
and lower pressure. Ugobstructed flow of dialysate is 10indicated by continuous(rapid) relief of
(negative) pressure during ThE BH-fifhes0r thie pimpl Fhé HitRRreMERt SFtHBLRAE whithebses
during the pressureerelief tRov sélaxation tigae) mayhe useddo estinpatesthe effected fluid, fow speed.

When the storage cha is 15 full.of dialysate, the pressure cannot be relieved anymore and the
pressure becomegs]%]t‘é%%p%reé perﬂzljé %Ef”fiﬁ%’(ts SBitic Hinte). ?E‘i% iS88telfed 6y a préSsursensor,

which triggefs thé ¥éversarof the puhsy torars ifldwahodegiheaveragetouatflow! dow ratel s equal to
the volume of 20 the starage,shamber tidal volume?) diyided hy the fime required fo fil the storage

-chamber completely. This rate is dependent on the choice of preselectea pressuré?im?t% and can be
modified accordiffgi* Befing tHE infOVF notie aAFEsitve adthatiig pressures2s iprédased by the

pump. The dialysate opssaised in e starage shamber is.subsequently;forcedthraugh.the sarbent
zone of the device and gs then returned to the patient. The pump is operated intermittently, such that
the positive pres8uré & fegaialed betRethiprestleded Uppeta0 Gl Idhér predstre imitd " he fluid in
the storage ¢hamberiisdorced througly tHeé Soreht carttidgern thereby relieving the (positive) pressure.
The duration of this relief can be used to estimate the flow rate (tR WO

2012/067585PCT/SC2QLY00039 relgxayion time): Whenihe purp chamber is empty, the pressure
cannot be relieved anymore and the pressure bec’omes staticfor a period of tinte (t8-'stand ime),
indicating complEfGY BEBREVInfIGW" phdse. Thesduerage 5%mflove’ flowsratediguals the vottme of the

storage chambegdividecsby ghe time reguliredstosagnaplete “inflowd. a@(ﬁ alsQ,shows a wait time or
"dwell" time (tw). This rr{;e,riodlis usgd to control the overall fluid exchange rate: overall flow rate equals
sKwagechambeF@Sﬁ Hgal y 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 (b0}). Valve {104) ensures that no gas 1s intreduced 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 is then detected by the

25 ammenia sensor {(140).

Referring to Fig 1f, there is 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

36 la=-c. However, the pump (80) is 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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10(tidal volume) divided by the total cycle time (tO - outflow + inflow + dwell).For example, if a specific
overall exchange rate is desired, then the system can use the dwell time as a flexible wait time until
the desired total cycle time has passed. 15Fig. 4a shows a prototype disposable housing (400) in
accordance With*4H#8fBSdiment of the present disclosure. Fig. 4b showsE-EffPsEe4EHaI view of the

disposable housiagdaker along axiseA-AbFig.rAas The gisposable-housipg camprises an gyclosure
(401) defining an interioy 20 (402) for receiving a control housing (not shown) via a conduit connector
(403). The dispod4ii& HolRind ESmpFiges BTG c8mpaHer {464 Fefiniitfd preistte thamber
(405) in which a sterage-elamaber £406)ds gisposed Thepe r Starage chamberhased) via a _
deformablediaph 420) 25.integrally formed in_a wall thereof. The storage chamber (406) is in
fluid communicat@% r\%% lagsc?r %ni{%z%ﬁé (%é%e viQE% filid cf?a%%%ﬁ“@fé}. TR I8Ment 28ne (407)
comprises aThe&kwalve $409, sdeiFigr dc Bind 4d) #rs Huideconmubicatiar® With ecdegasser 30 in the

form o a hydropfighigsnembrane (410). WQ,20,NG7585PGT/SC:201, 1/90395 . Eig Ac provides a

cross-sectional view of the sorbent module along axis C-C of Fig. 4a. An enrichment module (411) is in
fluid communicatiéyr Withsh EhAcHPRRE sBRIEBNTéservo (BI9Y vRNG eheck orivEad 3). 1T 5

enrichment module£443) is.alserin flid cemmaunigatien with the.genduis of dialysaie-via chgek valve
(414). Fig. 4d grovides ac osiésectio&?l view of the sorbent module along axis D-D of Figure 4a.
The regenerated dialysate exits the disposable-Rouding ia  FochESR Valve (4081518 b8HISE@15).

10 released from the dialysate is then detected by the

ammonlia 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}, il.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 (8(0) 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
(515 . 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} Lo 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 (20) operates intermittently under the
contrel of the pressure sensor (170} +to maintain the
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In use during an outflow mode, the control housing (not shown) is located in the interior (402) of the
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 (484} 38285583 b) by transmitting pump fluid from the conduit cBRHEEMH (408 thereby

inducing negative:pressire indthesyressurechamben(4053..Fae regative-pregsyre i the gressure
chamber 20 (405) moves dial gsate from the dperitoneal cavity of the patient into_the storage chamber

(406) through chE&K VANVE(4D8). A IHE santd fithe F&thd S18AgR HABEX(406) is dctuatetfunder

negative pressureftheieatigeent module (41, see ki 4e) in alsa astuatedsunder negative 25

pressure by the pumpg such that a prede ermir ed amount of an enrichment solution is With?érawn from
an enrichment sofgtior% reser\t%ll_r (ﬁ%qg)gﬁt%sughr}é%e&u\r?glveg(fl%ﬂﬁt%nthea ré%ri&oﬁgﬁf fRodd S411). In
use during the infeWwiRBdE Drive theistorage 86 chamber (406) is full, the pump actuates the -
deformable diaphragm (420) located in the wall of the storage chamber (406) via the conduit connector

(403) by transmitting W@ 2QL2/067385RCT43@2041/600395 flyid toﬁ@g&p&@&nit copnestor (j403) and
thereby inducing positive pressure in the pressure chamber (405). The positive pressure in the
pressure chambéi(#08} idveLdialysate o theBtage dKaMbEL@O0B) &RaEReEK VAIVE)S (408)
closes preventing'sialysate franme returmag te thelperjtongal gavity hetare beingdtealed to ramove
contaminants. Diﬁl sate flg\:{vg from tp}e S grljgei%hq_rgbeg x(14&6 into the sorbent zone (407) through
channel (416). T regeﬁ)eratgg d?a"fygat exiting front the $drbent 28ne 10(407) flows past a
hydrophobic membrane (410) any unwanted gas emitted during the dialysis The degassed dialysate
then flows past an modis &4EL)na check valvey409hand exits theshieusing viai tubescannector (415).

shown in the inflow mode, wherein the flow of the
dialysate 1s from the storage chamber (70} to the
peritoneal cavity (60). Once the storage chamber (70) is
full, the pump (9C) actuates the deformable diaphragm
15 {71}y, by inducing positive pressure in the pressure
chamber {80). The positive pressure in 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 wvalve (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 peritonesal 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).

42



15In the inflow mode, the pump also actuates the enrichment module (411) under positive pressure
and-check valve (413) closes. The enrichment module (411) dispenses a preselected amount of
enrichment solution containing desired substances, such as electrolytes, osmotic agents, 20 nutrients,
medication af® #1&2(i€é38hto the dialysate through check valve (414). TheF§iaifS2E tE&h returned to

the peritoneal cawityevig achecka/alye (489)-and;atybe gannectard415). Referring now to Fig. 5, there

is shown a picture of a 25 roto;)épe of one embodiment of the entire flow system disclosed herein,
with a disposableioising (5085 AHThe cBAtrBFRoukiYy (S RRISHHG 16 ERPE 2fbereVi& SHown one
embodiment of awspasable: heusing(681) bavingya fowspathdn dae farm of 39 canduit £2Q), The

disposable housi .comprises a flexible dialysate tube (50) which js capable of being in fluid
communication w%%étﬁh%%gritrgr%ea a(?%%/ﬁg/l '(GO%e?hed aa W%fﬁfﬁwé%%ﬂ%ﬂﬁ%&%gﬁ%onduit
(20).The dialysis #eviveifirtiereompridds a strage chamber (Z0)Hoeated v A rigid compartment
(180). The storage,chagberd30) compiises adeformable diaphyagm, W%}lg};eggﬁ"y formed.in one of

the walls of the storage 5 chamber (70). The deformable Jiaphragm (71) is'in fluid cSmmunication on
one side with the'GiZRsafPEShdiRt-(20F ahEc oA afiiser bbpbsite Ridez1n flaidedmmuhication with a

pressure chamberH{80}<Hhe pusyl (G20)is onfigured tq, agiuate the deformable 10 diaphragm (71), by
inducing a pressure change in the pressure chamber (BO) which deforms the deformable diaphragm

(71) and thereby movesIi !C_glysatg Withi}[:la%aig dia(ljys te conduit (20). Check valves (100,102,103,105)
are disposed along the 15 conddit (20) and are c&ﬁaﬂg’(ﬁg&?o, in“the outffov? Hiode PAIfdw thédialysate
to flow fromt the peritdnbakervity(60) to the2stbragelcharnker (70),andisdbe inflow mede-allow the

dialysate to flow from, the storage shamber (79).to gaid;sorbent zone (110) foy yemoval of eontaminants
contains a volume of enrichment solution under positive
pressure. The enrichment module (120) then dispenses a
preselected amount of enrichment sclution containing
15 desired substances, such as eleétrolytes, osmotic agents,
nutrients, medication and the like, into the dizlysate
conduit (20) via conduit (130). The syringe pump (91)

only operates in the infiow mode.

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

As 1in the outflow mode, *he purmp (90} is operated
intermittently under the contrcl of the pressure sSensor
(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 o 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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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 NG4EI&2EFHFin fluid communication with the dialysate flow pdRTLiERN ¥ii#eS The

enrichment moduie: comprisesanientchmentsolytian £eseryeir (621), Acontainer in, the forpy.of a bag
manufactured from a 30 biocompatible material for holding the enrichment solution (not shown). The

enrichment modulé 620} % provitedwith & cBhfector (B22) atired tsrduid é6mmeificaion with the
WO 20.t2/067585RET1S620 k000395 dialysate conduit (20) of the disposable housing (601). The
connector (622) is sealed prior to insertion into the disposable housing to maintain the sterility of the
enrichment solution in “ﬂﬁ eQQCQﬂ}%@E m!vgdul%g620 . The 5tdjs osable housing is provided with a male
connector (623) of complementary configuration tothé tenhdctor (622)36¢at R theehrichient
module (620). W& i afatingyergagementy(seelFigurecPethetmdleiconnecton (623) setves to break
the seal of the ¢ C to.fer [ 0 jon between the enrichment reservoir (621) in
the enrichment rﬁ%%%,g%é%%nzoﬁe@d%%%g% %&(%%%%%?bf thﬁégdigﬁ%sa%o e %%%%inlgn@gﬁ' The
disposable housifg (6B} alst*EGrhpriges BieSHicHeAtpURPS66DY forarding shprevetermined

amount of enrichmentdbi selution: tnthe dialysate £oRdUILE0) preselected upper and

lower pressure. Unobstructed flow of dialysate is
10 indicated by continuous (rapid) relief of {negative)
pressure during the off-times of the pump. The

measurement of the time which passes during the pressure
relief (ty - relaxation time) may be used to estimate the
effected fluid flow speed. When the storage chamber is
15 full of dislysate, the pressure cannot be relieved anymore
and the pressure becomes static for a periocd 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 egual to the volume of
20 the storage chamber ("tidal volume") divided by the time
required to fill the storage chamber completely. This
rate 1is dependent on the choice of preselected pressure
limits and can be modified accordingly.
During the inflow mode a positive actuating pressure
25 1s produced by the pump. The dialysate contained in the
storage chamber 1is subseguently forced through the sorbent
zone of the device and is then returned to the patient.
The' pump is operated intermittently, such that the
pesitive 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 {(tg -

44



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, in
the dialysate W8WBH’aRd directly downstream of the hydrophobic degas&eFHfefibiii#3150). The
hydrophilic membedre:(81Q)rsenies=as a bdftiento hreventgas, pastitles and: baoteriy cortained in the
25 dialysate exitpgibe, sorent ggne (14Q) from teaching the pedionealgavity,60), The membrane

also produces a backpressure facilitating the venting of gas through the degasser rane (150).
Referring to Fig Pathere s sHawa an émbodinkaitiof80the disesed diatysiktdévice (706! The

dialysis device comprises;a, dispggable-noysing: (6013 hayinga flewpathin Weh. average
2012/067585PCT/SC2011/000395 the form of conduit (20), a controller in the form of a control

housing (698) for ¢8AtBHiIng theWperafidh of ¥ dlisposable hBhsiRGI608). THE Bispdsabfe? Rousing
(601) and controkhamsing (690) cemprise:interfage:meansiindhe Sfosmneheonduttieanneetors (691a,
691b, 691c) that connect the control housing (690) and the disposable housing (601). The disposable
housing (601) and contrgl housing, (690) are brought info gperative engagement when the conduit
connectors are brough into Ig%ki%g@ng%a%g‘ﬁnsenf 1‘68‘ﬁ£e %olrrlnc?uito(%) %?‘%ﬁégdisp%ﬁné%le(ﬁ%éing_ (601)
is fluidly sealed fitrhstheohtd| housing{630) arhtorduit bennectors (6913, 6% b;:691x)ge The

dialysis device (700).comprises @ flexiblg, dialysale tuhe (p0) which) 3,capahle of heing in fiyid 15

communication with the peritoneal cavity (60) and a conduit (20). The dialysis device further comprises
a storage chhmbkk {#6) locted™d a rifiVéstfPartient-180): The stofayeléhaimbet (70Fcomprises a
deformable diaphragm #1)-integrallyformegd.ja one,of theawalls.of the storage 20 chiamber 70). The
deformable diaphragm (71) is in fluid communjcation on one side with the dialysate conduit (20) and,

on another oppoSite Stde, i At BSMnfthication T Aressurethahiber $88)- $FhéR the'dfsposable
housing (601) ancheontra Housimg:(696) areDperablecowriad toi2eeach-dther,the donduidonnector

(691a, 691b, 69@3&%‘1'&%&" S'lh&e Bréessség%gg mber (80) of the disposable housing (601) to an air

pump (670) located in the control housing (69 e air pump (670) is configured to actuate the 30
deformable diaphragm (71), by inducing a pressure change in the pressure chamber (80) which
deforms thé~deformablé& tapKraghi 071 ahdPtiefey RfoveshalgsateewiiAssad disdydateigobnduit

(20). accordance with an embodiment of the present disclosure.
Fig. 4b shows a cross secticnal view of the disposable
housing taken along axis A-~-A of Fig. 4a. The dihsposable'
housing comprises an enclosure (401) defiriing an interior

20 {402) for receiving a control housing (not shown) via a
ccondult connector (403). The disposable housing comprises
a rigid compartment (404) defining a pressure chanber
{405) in which & storage chamber (406) is dispbsed. The
storage chamber has a deformable diaphragm (420)
25 integrally formed in a wall thereof. The storage chamber
(406} is in fluid communication with a sorbent zone (407},

via a fluid channel (419).

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

30 in the form of & hydrophobic membrane (410).
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WO 2012/067585PCT/S62011/000395 Check valves (100,102,103,105) are disposed along the
conduit (20)-and are configured 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 5 allow the dialysate to flow from the
storage chamB2¢7ai%5&aid sorbent zone (110) for removal of contamindis/HeareiPoasg further
permit the dialysate substantially-free gf saigbcontaminanys 40 dlew: hagk to theiperitopeal eaty (60).
10In this figure the discrete enrichment module (620), is located in the disposable housing (601). The
connector (622) PR & TidRATEEMEdNEY 636 it iratifg ehbRgemnt with the hafs B6Rhector
(623) of the dispasahledousing tofermma fltic conreetiombetnaemtheienrichment Abaesentoir (621)
in the enrichment module (620) and the dialy, conduit (20),of the disposable, housing (601). The
disposable housiﬁghrgbﬁélsg%:%%ﬁfr%le‘s aLQZl?\%?chrvnle%t f?um%1 6666(0) f’roar%\zd%in 45 %rédetecr?nbfned
amount of eArichementEuhetion tothie tialyséafel¢condait @05020 Fhe hvicEmentpump(660yis a fixed

- displacement pum%orpgéis%%giacpwgg@@gﬂgég;lu%gomwcggqquvit@tfg)qir 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 cy€lirfty diafsat® BF5HgH The HialfSaeTotRRHH(20% At tHE 84metfme fOR one side
of the diaphragms(6643 i thexearichment pump (869)is an-air compartmaentavhieh fluidly eganects to
the air pump (670), and the, othercflide 30 is the enﬂrichmegtt solytion com%\aﬁr/t ent connecting to the
enrichment reser{/%ﬁe(%eii?‘Lf‘eegervojrra\fiﬁﬁé afsd-cénné&tdrs 652%%@57. het the ericiment
solution coipartnient iis subjected (¢ hegativer ptéssuré £nfichment solution is drawn from the
enrichment reservoir (621). WEN 12/06 7585P CT/S C20 | 1/000395 When a positive pressure is
applied to the air compagment, th@u%quj@nherpt sQlution.is f[%%eeq out,0f thgo%qrmm%tpm% (660) into
the dialysate conduit (20). 5 A degasserin the form of a hydrophobic membrane (150) is also located
downstream of thé'86rbertZohe (F10). Thes&rnal’sidé of thé ByBiopHobid Afembrade (£86) is in
fluid c?mmunica&q@g@&@aaﬂ@oneuga@3@ and 63d)In8 gormal dialysis-gperatign, aireengdyit (630) is
an outlet

the control housing actuates the deformable diaphragm
15  (420) located in the wall of the storage chamber (406),
via tThe conduilt c¢onnector (403, see Pig. 4b) by
transmitting pump fluid from the condult 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
(4081, At the same time as the storage chamber {406) is
actuated under negative pressure, the enrichment module
(411, see Fig. 4c) 1is also actuated under negative
25 pressure by the pump such that a predetermined amount of
an enrichment soluticon is withdrawn from an enrichment
solution reservelr (412) though check vaive (413} inte the

enrichment module {411).

In wuse during the inflow mode once the storags
30 chamber (406} 1s full, the pump actuates the deformable
diaphragm (420) located in the wall of the storage chamber

(406} wvia the conduit connecter (403) by transmitting

46



10 to the ammonia sensor (140) and air conduit (630) is in fluid communication with the air pump
(670). During degassing, the air pump (670) in the control housing (690) exerts a negative pressure to
remove any gas from the dialysate in the dialysate conduit (20). A check valve 15 (680) prevents
external air fis 286§ air conduit (630). A hydrophilic membrane filter I3 &wWABIEAM of the

hydrophobic membrane ¢150)prevgnts.gas, paticles @nd hasteriaseantaineddn ¢he dialysate from
reaching the 20 peritoneal cavity (60). The membrane (610) also produces a backpressure facilitating
the venting of ga&4RrduditthE A aropobit mehhisrarks- G0y L BigurE& 82 and 8b show an EMibodiment
of a sealed connggtor25:6622)ipaacordange witl:the peasent énventionbeihe ¢anigcton{622) on the
enrichment module (620) js provided with a plug (800) that can be,dislodged by .the connector (623)
located on the di f)%sigﬁlgeéﬁougfn%m(%gi IR ﬁaﬁ%é Bb the cormec 51:5 (% Z)QS% théhgrcfr}fch‘r;}lagrﬁemodule is
brought 30 iAto Mty erdagerment vetrethel connédtol (623 ronfthemdisposableingusing (60¢) to

disloige the plug(§00), Fighres 9 gnd,ob shaw an emaodiment of Asealed cannector (627) n
accordance with'the present invention.The WO 2012M67585PCT/SG 2011/000395 connector' (622)

on the enrichmeFCMBATIE B0 -is providedswith a iRy 06y fiat E&F bes pieFest® by thE e nector

(623) located on the gisposablehousing (601, In figure Bhcthe conpegtor (6224)axthe enrchment
module is brought 5 into mating engagement with the connector (623) on the disposable housing (601)
to pierce the plud (800§ SEifuFeS 183 afid 106°EHGw thé'emBSdirh ﬁ?of??ea?eodt%gﬁﬁectzo?n(ﬁ Figure

9a and 9b.1The cotmectof (622) opetie a2 hydrophobic membrane {410) to remove
any unwanted gas emitted during the dialysis operation.
The degassed dialysate then flows past an enrichment
module (411, a check wvalve (409) and exits the disposable

' housiﬂg via tube connector ({415).

15 In the inflow mode, the pump also actuates the
enrichment module (411} under positive pressure and check
valve (413) closes. The enrichment module (411} dispenses
a preselected amount of enrichment sclution containing
desired substances, such as eléctrelytes, osmotic agents,

20 nutrients, medication and the like, 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 f£flow system
disclosed herein, with a disposable housing (500) and the

control housing (510).

Referring to Fig 6, there 1s shown one embodiment of a
disposable housing {601} having a flow path in the form of
30 conduit (20}). The dispcsable housing (601) comprises a
flexible dialysate tube (50) which is capable of being in

filuid communication with the peritonsal cavity {60) and a
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10 enrichment module (620) is provided with a plug (800) that can be pierced by the connector (623)
located on the disposable housing (601). In figure 10b the connector (622) on the enrichment module
is brought into mating engagement with the connector (623) on the disposable 15 housing (601) to
pierce the pldt (&6 enrichment module is a rigid container for holdigHAEAHNFSolution,
comprising a spongedd0@1) located ataneeng:ofithie pontainer da cammunication yitha sonnector

(622). The sponggjagilitateg derlrh\éer of,/,téwev\inrichment_solution‘20 from the enrichment reservoir (621)
to the dialysate conduit 120)” Eigtre-11 SHows Kol dMbBditisthf CRGRGERF i tHe Bhtichment

module (620).In this=figtire thg Tontainiris 2500 thecfanmrdfse resiliently sefarmabla betie-(5401). The
bottle on the left hand side.is full of entchment solution. T ttle on the right hand side of the figure
is depleted. 30 F%urg 12a sh%ws aﬁ?:ro@ssi@géaio*nnal view o thg%e%ri‘?r:ﬁr;nesnt%jumtp 660YFRES
enrichment modHB4B2EY comfrises afhenrishimemafebenair24 3 imfluid communicatibhawith the

enrichment pump.£6&Q)4a the mated conpectors. (622:.and §23), The enrichment pump (660) is
provided with a WO 2012/067585PCT/SG2011/000395 diaphragm (661) which defines an air

chamber (662) irffitid cOMMTRICATEN WiBP e &ir pfsp (Hct shbwiT) afrraeheehAfent sbiltion
chamber (663) ireflgidcomimanicedignawith gbe enrichment reservoir (621). 5 Figure 12b shows a close
up view of figure 12a in an outflow cycle. When the air pump exerts a negative pressure beyond 50
mmHg, in the dia,l%séate outflow g%lge, einsrichme tsoluti{%n is drawn from the enrichment reservoir

10(621) into the enrichment so{lutlon chambcecr)'n( égilgfe e %%ric%‘fﬁé’r?‘ttﬁurﬁW?GGﬁ)e. ﬁéﬁﬁbiﬁc shows

the enrichmént p@Wb@@@)’ﬂn a inflow eycletiithedinflonecygle avhierra pasitivey pressurect greater
than 200 mmHg js-exented in the gl chamber(662), the enrichment solution cham| Orﬁgga 3) will be

emptied and a fixed volume of enrichment solution, VEP, will flow to and merge with the |a|§/sate in
the dialysate co : 5%ﬁmettié®1)§nd thereby moves dialysate within caid

dialysate conduit (20).

Check valves (100,102,103,105) are isposed along the
15  conduit (20} and are configured to, in the outflow mode,
allow the dialysate to flow from the peritoneal cavity
(60} te 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 sclution into the dialysate. The
enrichment module is not in fluid communication with the
dialysate flow path in this figure. The enrichment module
comprises an enrichment soluticn reservoir (621), a
container in the form of a ‘bag manufactured from a
30 biocompatible material for helding 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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20 Figures 13 and 14 show the results of battery tests on a dialysis device in 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 averag¥pidrastisumption of 153mA of the system, for a 12 hourR§jR$&EO1/M98%NMiNimum

battery capacity aeeded yould e atleast; 1836mAN. Thus, 49 sgtain i leastBA%0f thesbattery
capacity over a 30 year, the minimum battery needed will be 2203mAH. This is according to the
retentive specificationS 8P battery® there the Bater) &ipketty Wil dFotote6% dfsovetall capacity
when its operatiot eyele i inoretibas 30§ cywcles [B36mAR X 12090). skedetermjne the agtual usage
duration WO 2012/067585PCT/SC2011/000395 for the s%/gﬁmrgh% tests, were ggggrmed uzjng an

11.117, 2250mAEf?fﬁﬁPumﬁ?rb:olysn?éP Eéﬁgry%‘?es 8. ?’%ﬁmg a repreénéjﬁjt‘é iVe ration scéfario for a

normal 5 flow cortrekwidréghe pumpds beingroumet: ONvand GFEEE maintaire at eithers4G0mmHq
(Inflow) or -100mumHg(Guiflaw) withqut a relaxation of the pressurg, the result showed that.a

2250mAh capacity battery was able to support the mentioned operation for 18Hrs before it was shut

down by 10 the firftfi#dieat A0. 5V Figtire 13 8Kows Hedyrsph 6hding théveitagerdrop ofthe battery

versus the operatiggdiraeda this expenimentoTest #2110 theisecopd igst; assuming, theygist case
scenario that 15 the pump . is constantlg ON for the whole inflow and outflow cycle operation, the

results show that the Bzt fry CAR 18536r D4.5HPS beROPERIWAS sHirdowrt By 1 Frmiwdred310.5V.
Below is thelgraplrshewingthehwitagendropof therbatteryniersusstheveperatiar time im thise
experiment. 20 F'gllérlec%i%gleowg Cﬁﬁgxpgg%q Via?%c’ft% ge asser S(1;;@1) iQn ucj%da{bc& Wic'g the
disclosure. The degasser comprises a gas vent means in the form of two%y rophobiC membranes
(1502) and (1503 THelspdrophobidwiesibiranéstke arranged in parallel on either side of a hydrophilic
membrane 25(1504).Each hydrophobic membrane (1502 and 1503) is located adjacent to air vents

(1505 and 1506)rThe gdegasserissalse psoviged aith aik inlefsioutlsts: (1507 .and1508),and,a dialysate
outlet (1509). The hydro%hilic membrane is curved to facilitate the flow of gas in the
pump (b60) for adding a predetermined amount of enrichment

15 solution tTo the dialysate condult (20},

A degasser in the form of a hydrophobic membrane (150) is
alsco 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, in 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 wventing 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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30 dialysate to the hydrophobic membranes and subsequently the air vents to remove gas from the
dialysate in the 55 WO 2012/067585PCT/SG2011/000395 dialysate conduit Of the dialysis device.In
use a 4 micro paper filter seals the top of the sorbent zone in the dialysis device and is covered by the
degasser. THEhFHESIATE membrane is located adjacent to the paper 5 fiRETIHEEHGE¥(not shown).

The hydrophilic membrane reduces sarhent powder leakage fom the sorbentzofg.andgaper filter
and also acts as a bacterial filter, Referrinﬁ)to Figure 15h, in_a normal dialysis operation, a 10 first air

outlet (1507) is irf i Eomiiticaton &R art SnTomaSehsor and 2esststirait ohtlat (156%) is in
fluid communicatitrspithed degassing exhaust via anotites cernesting-:aiepart (Ratrshows)When
detecting for ammggiac%%% presence in the case of sorbent cartr.id%e 15 exhaustion, atmosgheric air
flows through a throttls valve, or any Stable flow corshRiRad valves S the coltrollér, Allowity a
controlled armourtofrairto flowdhidughcthesfirstair oldlet £1.5069 1 to, arf alrccondukittaboverthet

hydrophobic mergggan%%na&q)fllowh%gsfgq@ t.h(?g%g)thea[nqu %tge @Egggggiﬁ%th%gggqg gir outlet

(1508), and circulate to an ammonia sensor in the controller. During degassing, the air pump in the

controller exerts a%tegative Présstite s ferose BAYHE in (ffHiculang0 S By bir eeRAERYia the first

air 25 outlet (15073 bmck toran exhaustin thepontrolles.-s + Referdng 1o Eigre 16;amexploded view
of a fibrin trap (1601).is,shown. During dialysis, it is possible that dialysate will contain some small

amount of fibrin. S0°THa trafy RBRTHHEeE an Mgt VA& t0602) 58 a fiREXGTHE sEOWRPBREIS opposite
the inlet vahve (1602). The ihlétvalvéds in the forleof aresitieatly defarmahie glisk Binged ar a stud

(1605) such that fhe hinge is.logated away fram the, dialysate flow info the frap and thus will,
connectors (691la, 691lb, 6%1c).,
The dialysis device (700) comprises a flexible
dialysate tube (50) which is capable of being in fluid
15 communication with the ©peritoneal cavity {(&0) and a
conduit (20). The dialysis device further comprises a
storage chamber (7¢) located in é 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 fliuid
communication on one side with the dialysate conduit (20)
and, on ancther oppésite side, in fluid communication with
a pressure chamber (80). When the disposable housing
(601) and control housing (690} are operably coupled tc
25 each other, the conduit connector (6%la, 69%1b, &91c)
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 tc 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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‘WO 2012/067585PCT/SG2011/000395 not catch on any fibrin present in the dialysate. In Use the
dialysate enters the trap through an inlet (1604) and passes through the disk valve (1602).The disk
valve is located on a stud (1605).During an outflow mode, the 5disk valve (1602) is closed against the
inlet (1604) pRéveHafg7882 flow of dialysate from the sorbent zone to the PAiEBETNE@ERsate that
enters the sorbent zonernway coamprise fibringThe fibrin3s preverted franspo nderinng e sedent zone
by the filter (1603) and.is 10therefore retained in the trap (1601). Figure 17A shows a
power-connectincgggvc\i/ﬁéﬁ in g(}:} ordariceWith &7 régrr: &firgncgenft of anl|I?|v§‘er11]tefon(?> 1ﬁLe“LsOv‘""vitcrﬁofj_‘ﬁ’o1) is
located in the comtriohter (1762)dThel swich is i arf 15vopémr condition wihent theneeritrotter(1402) is not
coupled to a dis ble housing. A I i% ntl imable material in.the{cf)lrén of aruhb tube (1703),
is located in a cﬁﬁel%?%), i_mrﬁegi%a ely gg?ﬁ%%?t:( tie)s'vvitc d(17101). 20 A"g)lln (170%%5 ocated on
a breakable>frangde {2706) 6n thecdigpésdablé hodsing (1707), Wichsisufagmpléaiegary configuration

to the channel (1704} jocated-an the-contsgller (1702). When thedispesable housing,apdn+« s

therein, and further pesrmit the dialysate substantially

free of said contaminants to flow back to the peritoneal

cavity (60).

10 In this figure the discrete enrichment module (620),
is located in the disposable housing (€01). The ccennector
{622y o©f the enrichment module (620) is in mating

engagement with the male ceonnector (623) of the disposable
housing to form a fiuid connection between the enrichment

15 reservoir (621} in the enrichmeni module (620). and the
dialysate conduit (Z20) of the disposable housing (&01).

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 (66l1) in fluid communication with
the air pump (870). The air pump ({(670) exerts a positive
or a negative alr pressure to the diaphragm (661l) of the
enrichment pump {640} 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) 1s an air compartment which
fluidly ceonnects o 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 tThe enrichment solution
compartment i1is subjected to negative pressure enrichment

seglution 1s drawn from the enrichment -reservoir (621).
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25 controller are coupled together, the pin (1705) is received in the channel (1704) and the frame is
deformed and broken (1708) by the controller (1702) (Figure 173). 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 YV PReHaMETontinues to urge the pin toward the rubber tubif§ TGaLEIEHRIE switch
(1701) into a closgg.gondiion fEigure 4o B).Igl'gg\sg\(y'g@h (1791) now elecirically connests the battery
(not shown) to the controller to permit the dialysis device to be used by a WO 2012/067585PC
T/5G2M 1M00395° pRtientSHe fracttiréd fra 65 RaH rfong&r KEIHIRE phiEL795) Fgfly upright
for the pin .(170%94e getinsertedinto (ke channeb(1704) onsthescandraller {1.7@2) @gain. 5 Applications
It is an advantage of the device that as the flow path is fluidly sealed from the controller the sterility of
the device can be maintained by daily disposal of disposable housing. 10 It'is a further advantage of
the dialysis device thatasirgle tonhbetof betwedn thendisposable housiugrand €oritroller is sequired,
thus reducing the camplexity of setling,{be devicep foroperalinD.,.. Itis adurtherdvantage that the
size of the dialysis 15 device according to the disclosure can be significantly reduced relative to other
dialysis devices. #95% futthersddirantage tHi thieYdEAee abeordifights the disclosdre isiénetdy efficient.

Itis an advantage Qf the deyieeraccording te:the 20 disclasure that @ssthefuid displacementmeans is
integrally formed with a wall of the storage chamber this permits the pumging_mechanism of the

dialysis device td'B&&hared By Hiie StoPRGE Thafiber Hiéreby FeMmiting 2 redudticHinIhE SiZe of the
disposableibusing. This isa2xdurthersehamtageous jasahperatits theconstructioh(of aimorenportable
and unobtrusive device to be used %/ a patient., I%#sea %ghergg%gnta(%&ay the %)Lrgp&%or

between the disposajb e h%ﬁ‘s“f%g an 1t:he controller isfluidly” ™~

degassing, the air pump (670) in the control housing (690)

exerts a negative pressure to remove any gas from the

dialysate in the dialvsate ceonduit {20). A c¢heck wvalve
15 (680) prevents external air from entering air conduit
(630) . '

2 hydrophilic membrane fiiter {610} downstream of the
hydrophobic membrane (150), prevents gas, particles and
bacteria contained 1in 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 c¢f a sealed connector
25 {(622) in accordance with the present invention. The
connector (622) on the enrichment module (620) i1s provided
with a plug {800} that can be dislodged by tThe connector
(623) located on the disposable housing (601). In figure
8b the connector {622) on the enrichment module is brought
30  imto mating engagement with the connector {(623) on the

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

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

{622y 1n accordance with the present invention. The
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WO 2012/067585PCPSG20111000395 sealed to prevent biological or chemical contamination of the
device. It is an advantage of the device that, as the flow path is fluidly sealed from the controller, the
risk of biological and/or chemical contamination of the 5 dialysate by the controller is significantly
reduced. NI ¥ikPEsSadvantage of the device that as only one pump BRd/sENae0rtterface

connector is requireshibis raducesihe ggquirement-forragditional pumps @nd congegtions and thus
results in a significant reduction in 10 the size of the dialysis device relative to known dialysis devices.

Itis a further adviitdye df Bre"devicd’8f th&fscloSaPe that 45165 The PUmpHE redififetiactivate a
storage chamber, apadditive=dispensingmealisand &gas hvenhmeans ithis futherpeunis
miniaturization of.the device and enhanceg portability and energy efficiency. . Itis a further
advantage that aéﬁ%n?(}lgng pump ?sorequgrﬁejg)tooarlcti%é?e ﬁw%rs“’t‘é%lgeen J&hénr%%lgr‘,ethésa dﬁ?\}leq%f%pensing
means and the gastventragang, theresig=n20 sigrificant réductionire the comgéxity afthecdevice

which results in %%9@@‘&‘5‘1@ ngQgtlar%ur't% ggst&;é@}ié/g%g mgé(vr%)g@t&ysi% ggyipes. Itis 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 adaptationsoaf the.iventien will he apparentig dhe person skilleg indbearg after
reading the foregoing 30 disclosure without departin% from the spirit and scope of the invention and it

is intended that afi"8UEHMRtifftatiohS Hitl adaftafiord come FithifthE StBpe bf e appehbid claims.
Claims 1. Adialysis devicercomptisibhg: (620) is provided with a plug (800) that

can be pilerced by the connector {623) located on the
disposable housing (601}. In figure 10b the connector
(622) on the enrichment module is brought into mating
engagen@nt 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
scluticn, comprising a sponge {1001) located at an end of
the container_ in communication with a connector (622).
The sponge facilitates delivery of the enrichment sclution
20 from the enrichment reservoir (621) to the dialysate

condult {(20).

Figure 11 shows another embodiment of a container in the
enrichment module (6Z20). In this figure the container is
25 in the form of a resiliently deformable beottle (1101).
The bottle on the left hand side 1s full of enrichment
solution. The bottle on the right hand side of the figure

is depleted.

30 Figure 1lZa shows a cross-sectional view of the enrichment
pump (660). The enrichment module (620) comprises aﬁ
enrichment reservolr (621) in fluid communication with the
enrichment pump (660) via the mated connectors (622 and

6230 . The enrichment pump (660) 1is provided with a
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a disposable housing having a dialysate flow path 5 along which dialysate received from a patient is
subjected to contaminant removal when in operation, wherein said disposable housing comprises a
storage chamber in fluid communication with the dialysate flow path for storing the dialysate therein;
10a controllePfdrE3Mbifhg the operation of said disposable housing; P& iFfapHEBGP8ans capable

of operably coupling:thercenirollersand the disposalie-housing tognablethecoptamingnt removal from
the dialysate, and_15a fluid displacement means configured to move the dialysate along the dialysate

flow path, whereirl SAiFfIid AEBIENE mEENS CoRfprises aRFSBrmANE dRifHagmaRtgally formed
with at least one walt bf saichstorage.ehamber, 20mkerejn ¢e flaw pathisdluidbrsealed frarthe

controller and intqﬂat%e egné:hrzl.c'ghe Qj_al%seigéjlg‘yjﬁe a gkalir)ned in claim 1, wherein said disposable

housing comprises a sorbent zone in fluld 25 communication with the dialysate flow path for removing
contaminants in the dialysate. 3. The dialysis device as claimed in claim 1 or claim 2, wherein said

disposable housirg further ¢omprises; 30 valve, means, dispased a%g!g Fl% %’péys%—:‘aﬂogvnpag@}

configured to contro th direction of movement of the dialysate relative to the sorbent zone and
storage chamber°80 AMENDED'SHEETiFA/ADe 2ir pump exerts a negative

pressure beyond 50 mmHg, in the dialysate outflow cycle,
enrichment soclution is drawn from the enrichment reservoir
10 _(621} into the enrichment solution chamber (663) of the

enrichment pump (660G).

Figure 12c¢ shows the enrichment pump (660} in an inflow
cycle. In the inflow cycle when a positive pressure
15 greater than 200 mmAg is exerted in the air chamber (662),
the enrichment sclution chamber (663) will be emptied and
a fixed volume of enrichment sclution, 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 in accordance with the disclosure. The
purpése of the experiment was to determine the minimum
capacity of the battery that is needed to support the
25 operation of & high capacity dialysis cartridge for at
least 12 hours. Based on an average power consumption of
153mA of the sysﬁém, for a 12 hour operation, the minimum
battery capacity needed would be at least 1836mAh. Thus,
te retain at least B80% of the battery capacity over a
30 year, the minimum battery needed will be 2203mAE. 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

(i83emAh x 120%). To determine the actual usage duration
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4.The dialysis device as claimed in claim 3, wherein said valve means is operative by the flow direction
of dialysate along said flow path. 5 5.The dialysis device as claimed in any one of claims 3 or 4, the
controller further comprising actuation means for actuating said fluid displacement means and said
valve meansWfheH Z&idEdntroller is connected to the disposable housing ByT&Kidc10W6EPface means.

6. The dialysate dgyice.as claimedn any anesetclaimsl-5 whersin gaid deformable diapkragm is in
fluid contact on one side with the dialysate flow path 15 and, on another opposite side, in contact with
a pressure chamber #ts capable Bt fLeiviRg At fifsr&in. 7. The dialysis device as claimed in claim
6, wherein 20the deformable diaphragm is disposed and fluidly sealed from the pressure chamber and
a rigid member. 8<Ehe gialysate 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 gggrably couples said dg%%g%able hou%@gé% said controller..9. The dialysis.device as

. . . g’ . a e eSe e opex scenarlio for & norm
claimed in claim 8 Wherein 30said mterface meanspcomprlses a conduit connector that ufafy couples

the pump ofthe damtrollesntd the predsure dhambperaf the disposable:hoesing6aAMERDED SHEET
maintain at either 400mmHg (Inflow) or ~-10CmmHg {(Qutflow),
without a relaxation of the pressure, the result showed
that a 2250mAh capacity battery was able to support the
mentiored operation for 18Hrs before it was shut down by
10 the firmware at 10.3V. Figure 13 shows the graph showing

the voltage drop of the battery versus the operation time

in this experiment.
Test #Z:

In the second test, assuming the worst case scenarioc that
15 the pump is constantly ON for the whole inflow and outflow
cycle operation, the results show that the battery can
last for 14.5Hrs befcore 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 twoe hydrophobic membranes
{1502) and (1503}. The hydrophobic membranes are arranged
in paralliel on either side of a hydrophilic membrane

25 {1504) . Each hydrophobic membrane (1302 and 1503} 1is
located adjacent to air vents (1505 and 1506). The
degasser 1s also provided with air inlets/outlets (1507
and 15C8) and a dialysate outlet (15092). The hydrophilic
membrane is curved to facilitate the flow of gas in the

30 dialysate to the hydrophobic membranes and subseguently

the air wvents tc remove gas from the dialysate in the
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LPEA/AU 10. The dialysis device as claimed in claim 9, wherein the conduit connector comprises a
first mating part disposed on the controller and a second mating part adapted disposed on the
disposable housing, and wherein the first and second mating parts are configured to lockingly engage
with each otté® 2012/46i&88ialysis device as claimed in claim 9 or claim 10 PWHEf&H 18dF8posable
housing comprisgszary 4 8addittvardispensing meansifos dispensing-a desired additivesinte the

dialysate: 12. The, diaéysis device_as claimed in clainill where%n t@g additive di%pensineg means IS

activated by fluid i%ﬁre ﬁPeeghaflqlge%etﬁatsgc?élfr inthe c%%%ui? conneectosr(?ﬁ‘]gf3 i$'in fiGid

communication with the pumpi s13&hiecdialysis device asectairmedsin claem dd gwherein tiighadditive

dispensing means. is.di te fro isposab using. 14.. jalysis device laimed in
claim 13, where%ﬁtﬁgﬁdﬁﬁg di%émr;s%%%meérgls c%%?r%rﬁ%e% argf'x %r?t-graf%gé mggns.%\gf% 1? @I%ge!!gialysis
device as claimed-Frélnirk 1 4awheesiathe intérfadewidans confprizedzpesandctor#mapfialtly couples

the additive dispensingmeapsiiethe flowpath disppsed in-the-disposable hausing. 3016, the dialysis
device as claimed in claim 15, wherein the connector comprises a first mating part disposed on the
additive dispensiig fifeans-afid a®Setohdtmating St dipoded vnithe digpdsable housing, and
wherein 62 AMENDED SHEET

Referring to Figure 15b, in a normal dialysis operation, a
10 first air outlet (1507) is in fiuid communication with an
ammonia sensor and a ssecond air outlet (1508) is in fluid
communication with a degassing exhaust via another
connecting air-porit (not shown}. When detecting for
ammonia gas presence in the case of sorbent cartridge
15 exhaustion, atmospheric air flows through a throttle
valve, or any stable flow constrained valves, 1in the
controller, allowing a controlled amount of air to flow
through the first air outlet (i507), 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 senscr in  the
controller. During degassing, the air pump in the
controller exerts a negative pressure to remove any gas,
in particular C02, in the alr conduit wvia the first air

25 outlet {1507} back to an exnaust in the controller.

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

30 The trap comprises an inlet wvalve (1602} and a filter {(not
shown) located oppesite the inlet valve (1602). The inlet
valve 1is in the form of a resiliently deformable disk
hinged on a stud (1605) such that the hinge i1s located

away from the dialysate flow into the trap and thus will
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1PEA/AU the first and second mating parts are configured to lockingly engage with each other. 17.
‘The dialysis device as claimed in claim 16, wherein 5 the first mating part disposed on the additive
dispensing means and/or second mating part disposed On the disposable housing are sealed to
maintain the 8i@Afity'##& additive solution in the additive dispensing me&f37/SE2AI805185dialysis
device as claimetbin claitei 7 cwhergin the fiist matingepart disposed dnethesadditive dispéasing means
and/or second mating part disposed on the disposable housing are sealed by m fa 15plug or
frangible seal. 18" ‘Iehed%?aﬁ sﬁg ‘HRvice'ds Elaimed %rgl%irg %ﬁ?%ﬁwﬁereailﬁ thé in%t éﬁﬁ% art'c isposed on
the additive dispeasegsmeansmdtes nithdhe lsecend matingigart 20disposedsen theldispasable
housing by brea%i g Qr_puncturing '%ﬂiglo ing-the plug mating part. or seal of the, .20. The dialysis
device as claimeﬁnaény one of cla%ms 25?: w%]r%g to 19, ‘\{v%érréin said dLilspo*s'abﬂIe houéing i‘uerther :
comprises & gasNent in'fiuid eomirBRicatiorswiththé fldw paeh-for Veritity gas from saiddilysate. 30
21. The dialysis deyice s glaimed ineglajm 20, wherein the gas.yvent is.activated py fluid pressure
changes that occur in the conduit connector that is in fluid communication with the pump. 63 '

the patient. The dialvysate that enters the sorbent :zone

may comprise fibrin. The fibrin 1is prevented from

entering the sorbesnt zone by the filter (1603} and is

10 therefore retained in the trap (16061).

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 contreller (1702) is not c¢oupled

“tn 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
(1761 .

20
A pin (1705) is located on a breakable frame (1706) on the
disposable housing (1707), which dis 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 1s deformed

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

The pin (1705) when leccated 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 tc actuate the switch {1701}
into a closed condition (Figure 17B}. The switch (1701
now electrically connects the battery (not shown) to the

controiler to permit the dialysis device to be used by a
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AMENDED SHEET TEA/AU 22. The dialysis device as claimed in claim 21, wherein the gas vent is
coupled to a hydrophilic bacteria filter in the dialysate flow path. 5 23. The dialysate device as claimed
in any one of claims 1 to 22, wherein said storage chamber is upstream of said sorbent zone. 24. The
dialysis devicBGRIEI4TEE in any one of claims 10 8 to 23, wherein said cBRFOREI EWEALSes a

computer configugsteract on instruetions forgperationof the pump.25. The dialysis,deyigesas
claimed in any one of claims 15 9 to 24, wherein the interface means comprises a pressure sensor
configured to deteMhinthe prélelire’drEid diaffatdWhehan tid gispdgable hbasing 26 the
dialysis device as etaimeshiniclain 2hewhereim20 the pressute sensor isfispesed-in the gentroller
and is in fluid communication with the conduit connector. 27. The dialysis device as claimed in any one
of the 25 precedi%%aélgi'ms, comprising an ammonia sensor configured to detect ammonia present in
said dialysate. The dialysis device as claimed in claim 27, wherein 30the ammonia sensor is
disposed in the dispdsatsisimnssing. 64 AMENDED SHEET

It is an advantage of the device that as the flow path is
fluidly sealed from the controller the sterility of the
device can be maintained by daily disposal of disposable

housing.

10 It is a further advantage o©of the dialysis device that =a
single connector between the disposable housing and
controller 1is reqguired, 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 accerding to the

disclosure is energy efficient.

It is 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. Thisg is
25  further advantageous as 1t 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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IPEA/AU 29. The dialysis device as claimed in claim 28, wherein the ammonia sensor is configured to
detect ammonia or ammonium ions. 5 30. The dialysis device as claimed in claim 28 or 29, wherein
the ammonia sensor comprises a material which changes colour in the presence of ammonia. 31. The
dialysis devidEhEEAMEE in any one of claims 1028 to 30, wherein the aRffi6Ha%EPREEPomprises

.an ammonia-sefsitiveimenaae<32. The-diahisis dévise asHaimad ingslaimm 24 whereip the
ammonia sensor is disposed in the controller. 15 33. The dialysis device as claimed in claim 32, -
wherein the amniBfia®ehsot is coffigutedTo HEBL AR dHia O AnfiRdniim TOHS: 20784 ke dialysis
device as claimeiliswclaint 82 o 38; wherein dbe asamontansensor conrises=a matedal mikich changes

colour in the presence.gf ammmonig. 35 The dialysis device as claimed inany ene ol.clais 2532 o
34, wherein the ammonia sénsor comprises'an ammonia-sensiiive membrane. 36. The dialysis device

as claimed in claim=28:529,:32pr BBewherdindhé@amironid sehsoreornprises @anc8@ammonia-selective
potentiometric or amperometric electrode. 37. The dialysis device as claimed in any one of claims 32

to 36, wherein the ammaeniaSenserisGIfigyred ntage of the device that as only

one pump and only one interface connector is required this
reduces  the regquirement for additional pumps and
connections and thus 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 is a

20 significant reduction in the complexity of the device
which results in a decrease 1in 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
SEensors.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
perscen 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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65 AMENDED SHEET 1PEA/AU to detect ammonia in gas extracted from a dialysate flow by a

degasser. 38. The dialysis device as claimed in claim 37, wherein the degasser is disposed in the

disposable housing. 39. The dialysis device as claimed in any one of claims 1-38{miserBin: hwztevice
is powered by a battery. 10 40. The dialysis device as claimed in claim 39, wherrirdhedpiterisa
rechargeable battery. 41. The dialysis device as claimed in claim 40, wherein the rechargeable battery
is a lithium polymer 15battery. 42. The dialysis device as claimed in any one of the preceding claims,
wherein the flow path comprises a fibrin trap Ioc%lréa'ﬁﬁstream of the sorbent zone. 20 43. A dialysis
controller operable with a disposable housing, wherein said disposable housing comprises a storage
chamber in fluid ceminaizationdeith aedialysateiffdumpath disposed within said housing for 25 storing

the dialysate thereiné_hagiglgggggﬂs@gﬁgqggt means cogfigyg%% 1o @o?galysat%along the
. : g

dialysate flow path, wherein said fluid displacement meéans comprises a 3¥mable diaphragm
integrallyfornfetPREh W iedstbirfe- WRAIE a30adrase drambar nhboowtroller comprising: actuation

means for actyating saiskflui displacemenimeansead apiaieriacemeans far,connecting said
conrale to sgid dsposable hoyelng, wherelg said comyolier apd sod Iteriace 56 AMENDED SHEET
chamber in fluid communication with the dialysate flow
path for storing the dialysate therein;
10 a controller for controlling the operation of said
disposable housing; ‘
an interface means capable of operably coupling the
controller and the disposable housing to enable the
contaminant removal from the dialysate, and
15 ‘a fluid ﬁisplacement means configured to move the
dialysate along the dialysate flow path, wherein éaid
fluid displacement means comprises a deformable diaphragm
integrally'formed with at least one wall of said stora§e |
chamber, ‘
20 wherein the flow path is fiuidly sealed from the

controller and interface means.

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

contaminants in the dialysate.

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

2, wherein sald disposable housing further comprises

30 valve means disposed along the dislysate flow path
configured to control the direction of movemenﬁ of

the dialysate _rEIative tc the sorbent zone and

storage chamber.

&0
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IPEA/AU means are fluidly sealed from said dialysate flow path during operation of the disposable
housing. 44. A disposable dialysis housing that is configured to 5 be operated by a controller, the
disposablehousing comprising: a dialysate flow path disposed therein along ®giGdElysadess
received from a patient is subjected to contaminant removal when in operation; g0&:stQragyesehamber
in fluid communication 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 fluid
displacementémeangeempiisdy aidefciendlsie disphrigrmnsdntegratiydommed withatteast one wall of

said storage chambeg, and.an interface. means @eg%fggng,ggigﬂéqﬁ%todg_?gg\g%ggnding

interface means of said controller, wherein in use, the flow path is fluidly sealed from 20 said controller
and said interface nfé%n@?a%?%aiaﬂﬁﬁ§%y§?e‘rﬁ cORfisRAER - a disposable housing having a

dialysate flow path containing dialysate received from a patient, the 25 dialysate undergoing
contamingnt rgmovalhig dispased inhe dalysate fioyaty 2 stgrpog chamber n fluid
communication with the _ _
3 or 4, the controller further comprising actuation
means for actuating said fluid displacement means
and said wvalve means when said controller - is
- connected to the disposable housing by said

10 ~ interface means.

6. The dialysate device as clazimed in any one of claims
1-3, wherein said deformable diaphragm is in fluid
contact on one side with the dialysate flow paﬁh

15 and, on another opposite gide, in contact with a

bressure chamber that 1s capable of'receiving fluid

-therein.
7. The dialysis device as claimed in claim 6, wherein
20 the deformable diaphragm is 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 comprizes a pump

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

said disposable housing to said controller.

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

the pressure chambexr of the disposable housing.

&1
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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
defoLmable diaphragm integrally formed with at least one wall of said storage GPEIFRI&20 B E>S
AMENDED SHEET IPEA/AU a controller operably connected to said disporakiedaosssing e an
interface means to control the operations of the disposable housing,  wherein said flow path is fluidly
sealed from the controller and interface means. 46. A system as claimed in claim 45, comprising a
pressure sengér. cofifiguréd 3 getermiise flarl pressute thedgesiin the flowpatiwhe421A system as

claimed in claim 46 - wherais e contraller s spnfiguisd g determing.and gontrgline, . .
disposed on the controller and a second mating part
adapted disposed on the disposable housing, angd

5 wherein the first arid" second mating parts are

configured to lockingly engage with each other.

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

additive into the dialysate.

12. The dialysis device as claimed in claim 11, wherein
the additive dispensing wmeans is activated by fluz.d
15 pressure changes that occur in the conduit connector

that is in fluid commumication with the pump,

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

20 disposable housing.

-14. The dialyeis device as claimed in claim 13, wherein

the additive dispensing means comprises an interface

means .
25
15. 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,
30

16. 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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flow rate of dialysate in the flow path based on the pressure changes output by the pressure sensor.
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 conRrisggraisehoios
instructions, encoded in at least one 20 computer readable medium, executed y.8,RROSEESSH; 1
operable to implement, when calculating the flow rate dialysate in the flow path based on said output

by said pressure sensor. pressure
the first and second mating parts are configured to

lockingly engage with each other.

17. The dialysis device as claimed in claim 16, whefein
5 the first mating part disposed on the additive
dispensing means and/or second mating part éisposed
on the dlsposable housing are saaled to maintain the
gterlllty of the additive solutlon in the additive
dispensing means.
10 |
18. The dialysis device as claimed in ﬁiaim 17, wherein
the first wmating part disposed on the additive
dispensing means and/or second mating part dlsposed
on the disposable hou51ng are sealed by means of a

15 plug or frangible seal.

19. The dialysis device as claimed in claim 18, wherein

;he first mating part disposed on the additive
dispensing means mates with the second wmating 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 5 to 19, wherein said disposable housing
further comprises a gas wvent in fluid communication

with the £low path for venting gas from =aid

dialysate.

30 2i. The dialysis device as claimed in claim 20, wherein
the gas vent is activated by fluid pressure changes
that occur in the conduit connector that is in fluid

communication with the pump.

€3
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changes 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 b). detecting a second preselected presE8E N Saidsstprage
chamber dialysate to or c). determining as a result of the entry or exit of from sajg:flowpesho e 2
volume of dialysate that has entered or exited the flow path, and 68 AMENDED SHEET TEA/AU

22. The dialysis device as claimed in claim 21, wherein

the gas wvent is coupled to a hydrophlllc bacterla

fllter in the dialysate flow path.

5 23. The dialysate device as claimed in any one of claims

1 to 22, wherein said gtorage chamber is upstream of

sald sorbent zone.

24. The dialysis device as claimed in any one of claims
10 8 to 23, 'wherein said controller comprises a
computer .configured to act on instructions .for '

operation of the pump.

25. The dialysis device as claimed in any one of claimg
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 is disposed in the controller
and is 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 is disposed in the disposable

housing.
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“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 detelmine the flow rate of the dialysate in the
dialysis device. 50. The system as claimed in claim 49, wherein the controller cepyprises; a1 kitibet
computer program encoded in at least one computer readable medium, the furt%g&g&@g}@%ﬁ)gram
comprising a set of instructions, 10 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 saic deteintived famiate otidialysatexin heflowepathn 15154 4Jsex0f a,gialysis device
according to any on?é)g cla}[;mgnji-gfz,st(e) I;[éeoal'; ai%atignt %ufferin cilfrom kidney malfunction. 20 52. A
dialysis method implemented in & dialysis systern comprising A diSSosablefidusiffag a dialysate
flow path extending $¥erRhrtightan@assorbent zone for contaminant removal, wherein said
disposable housing comprises a storage chamber in fluid communication with 25 the dialysate flow
path for storin dialyﬁsate therein, an interface means operably coupling said disposable housing to a

i

controlleP for &dntrolfifg the paZsage GFHHE HalfSatE Ay Re #Bw phfi-Bf stid @Spdshble housing, a

fluid displacement meane tanfigheed tomonedhes30-dialysateaangdde dialysaig dewspath, wherein
said fluid -displacemgﬁgphga&% ar%orggriﬁgg &q;ef%mggg g)igghrar%:n% érég\%gll% formed with at least one

wall of said storage chamber; the met comprising stespeo PSHEET IITA./AU
passing the dialysate along the dialysate flow path of said disposable housing while ensuring that the

dialysate flowspath and dialysate {Bergin isdlidly sealeg.fram the ﬂ@rf@g&n@gnéﬂgﬂ@e controller. 5
53. The rénethod as %Igimed in claim 52, fyrther comprising,the steps of:
1 to 30, wherein the mmonia sensor comprisesﬁ@n,

ammonia-sensgitive membrane,

32, The dialysis device as claimed in claim 27, wherein
the ammonia sensor is disposed in the controller.
is . |
33. The dialysis device as claimed in claim 32, wherein
| the ammonia sensor is configured to detect ammoniz

or ammonium ilons.

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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measuring pressure changes in the dialysate flow path during said passing step; 10determining the
flow rate of dialysate along said dialysate flow path according to changes in said measured pressure.
54. The method as claimed in claim 53, further 15 comprising the step of adjusti¢iti&zatetoostsd flow
rate to a target flow rate. 55. A dialysis system comprising: a disposable housingdianigoa/sialysate
flow path 20 containing dialysate received from a patient, the dialysate undergoing contaminant
removal while disposed in the dialysate flow path; a storage chamber in fluid communication with the
dialysate flow path for siégingctheaialysate therehas2Sexfluidaisplacemenaméanseonfigured to move
the dialysate along the dialysate Jouwpath,- wherein said fluid displacement means comprises a
deformable diaphragm.integrally formed with at least one wall of said storage chamber; 30a pressure
sensor configured to determine fluid pressure changes in the dialysate flow path. a controller

operably conzaectedinssaith disposablecrausingby an itegace meansita controltheanerations of the

disposable housing and whereln the congiolleris 70 AMENDED, SHEET I EAAY e,

39. The dialysis device as claimed in any one of claims

1-38, wherein the device is powered by & battery.

10 40. The dialysis device as claimed in claim 39, wherein

the battery is a rechargeable battery.

41, The dialysis device as claimed in claim 40, whérein
| the rechargesable battery is a lithium polymer
15 battery. '

42. The dialysis device as claimed in any one of the
preceding 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 fluld communication with a
dialysate flow path dispdsea witﬁin said.housing for

25 storing the dialysate therein, having fludid
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 contzroller comprising:
actuation  means for  actuating  said fluid
displacement means and an interface means for
connecting said controller to éaid disposable

housing, wherein said controller and said interface
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configured to determine the flow rate of dialysate in the dialysate flow path based on the pressure
changes output by the pressure sensor. 5 56. The system as claimed in claim 55, wherein the
controller comprises a computer program encoded in at least one computer rea@aais Grodiwonde
computer program comprising a set of instructions, encoded in at least one compedgrégagabite
medium, operable to implement, when 10 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 clairmekecl@resS5EonsRim 56 45 hwkbrdineaidsstdrndnmbystepeorfiptises the steps

of: a). applying a firspresglaciad Rigssuie; A Jew path & PEDLLA Yolume. of dialysate to enter or
exit said flow path; = b). detecting a second preselected presSure in said 20 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 enteeerl or exitetisthedtov path,zaneds 1. cosrelating thadime secuiresitgeagh gaid second 25
preselecrsed Qressure with the volume of dialysate.that has gntergd or exai%eé_gﬁsaid flow, path to
the A g;

determine the flow fate o ﬁ{g dialysate if the dia 3}597537 device 58 TR/ as'Q&RHEd in claim 57,

wherein the 3PEmRicGiiEREomprises a further computer program encoded in at least one computer
readable medium, the fyrthey somputaiRrogeanm cemprsing @ setafdasiructions, epcedgd in at least
one computey, feadable Medium, 9peiablg [0 Implement, when exqaited by & processor, an
contaminant removal when in operation;
10 : a storage chamber in fluid communication with the
dialy_sate flow path for storing the dialysate therein;
a fluid displacement means configuréd to move the
dialysate along the dialysate flow path, wherein said
fluid displacement means é:omprises a deformable diaphragm
15 integrally formed with at least one wall'cf said storage
chamber; and
an interface means for connecting said housing to a
corresponding interface meané of said controller,
‘wherein in use, the flow path is 'fluidly sealed from

20 sald controller and said interface means.

- 4%, A di_a.lysils system 'comérising:
a dispesable housing having a dialyéate £low path
containing dialysate zreceived from a patient, the
25 dialysate undergoing contaminant removal while ‘disposed
| in the dialysate flow path; ‘
a storage chamber in £1luid commun'ic_:ation with the
~dialysate flow path for storing the dia’i}.rsate therein;
' a fluid displacement means ccmfigured 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 sStorage
chamber; and
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71 AMENDED SHEET IPEA/AU iterative optimisation of said preselected pressure based on said
detatmined 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. 60. A kit‘comprising the controli%q;yﬁgl%%/ﬁ@%%‘bether
with instructions for use. 10 61. A kit comprising the disposable housing of cla¢sside 83GatHERwith
instructions for use. 72 AMENDED SHEET IPEA/AU

a controller operably connected to sald disposable
housing by an interface means to control the operations
of thg dispesable housing,

wherein said flow path is fluidly sealed from the

‘5 controller and interface means.

46. A system as claimed 1in claim 45, comprising a
pressure sensor configured to determine fluid pressure

changes in the flow paﬁh.

10
47. A system as claimed in claim 46, wherein the
controlie; is configured to determine and control the
flow rate of dialjrsate 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
ﬁhe 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 £low rate of

dialysate in the flow path based on saild pressure changes

output by said pressure sensor.

25 48. 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; ' . 7

36 b}. detecting a second preselécted pressure in said
storage chamber as a result of the entry or exit of
dialysate to or from said flow path;
¢) . determining the volume of dialysate that has entered

or exited the flow'path, and
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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.

50. The system as claimed in claim 49, wherein the
controller comprises a further computer program eﬁcodad
in at least one computer readable medium, the'further
computer prégram comprisiﬁg a set of instructions,
encoded in at least one computer readable medium,
operable to implement, when exeéuted by a processor, an
iterative optimisation of said preselected pfessure based
on said determined flow rate of dialysate in the flow

path.

51. Use of a dialysis device according to any one of
claims 1-42, to treat a patient suffering from kidney

malfunction.

52. A dialysis method implemented in a dialysis system

comprising a disposable housing having a dlalysate flow

, path extending therethrough ‘and a sorbent =zone for

contaminant removal, wnerein said disposable housing
comprises a storage'chamb&r in fluid commﬁnidation with
the dialysate flow path for storing dialysate therein, an
interface means operably coupling saig disposable housing
to & controller for cdntrolling the passage of the
dialysate along the flow péth of said disposable housing,
a fluid displacement wmeans configured. to move the
dialysate along the dialysate flow path, wherein said
fluid displacement means comprises a daﬁormable dlaphragm
lntegrally formed with at least one wall of said storage

chamber; the method comprlslng ‘the step of:
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passing the dialysate along the dialysate flow path
of said disposable housing while ensuring that the
dialysate flow path and dialysate therein is fluidly

sealed from the interface means and the controller.

53. The method as claimed in claim 52, further
compr.isilng the steps of:

measuring pressure changes in the dialysate flow
p’ath'during sald passing step;

determining the flow rate of dialysate along said
dialysate flow path according to changes in said measured

pressure.

54. The method as clairhe_ci in claim 53, further _
comprising the step of adjusting the determined flow rate

to a target flow rate.

55. A dialysis system comprising: ‘

a disposable housing having a.. dialysate flow path
containing dialysate received from a patient, the
dialyséte undergoing contaminant removal ‘while_ dis?osad
in the dialysate flow path; |

‘a storage- chamber in £luid communication with the
dialysate flow path for storing the dialysate therein;

& filuid dispiacement weans configurea to move the
dialysate along the dialysate flow path, wherein said
fluid displacement means comprises a deformable diaphragm
integrally formed with at least one wall of said stcaraga
chamber;

'~ a pressure sensor configured to determine fluid
pressuré changes in the dialysate flow path. |

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

of the disposable housing and wherein the controller is
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configured to determine the flow rate of dialysate in the
dialysate flow path based on the pressure changes output

by the pressure sensocr.

56.‘ The system as claimed in claim 55, wherein the
controller comprises a computer prééram ehco&ed 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 of the flow rate
of dialysate in the dialysate flow path based on the

pressure changes output by the pressure sensor.

57. The sygstem as claimed in claim 55 or claim 56
wherein saild determiﬁing step comprises the steps of:
a). applying a first preselected‘pxessure to a flow path
to permit a volume of dialysate to enter or exit =aid
Elow 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;

¢). determining the volume of dialysate that has entered
or exited the flow path, and |

d). ccrrelating the time reguired 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
contfoller 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
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iterative optimisation of sald preselected pressure based
on éaid determined flow rate of dialysate in the flow

path.

59. A kit comprising the dialysis device of any cne of

claims 1-42, together with instructions for use.

60. A kit comprising the controller of claim 43,

together with instructions for usge.

61. A kit comprising the disposable housing 6f claim 44,

together with instructions for use.
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