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FIG. 1

(57) Abstract: This disclosure generally relates to dialysis systems and related methods. In one aspect of the invention, a dialysis
system includes a device (24) configured so that a medical fluid can pass therethrough, and the device is adapted to remove one or
more substances from the medical fluid as the medical fluid passes through the device. The dialysis system can also include a
sodium control system (40) adapted to alter a sodium concentration of the medical fluid.
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Dhalvsis Svstems and Methods

CROSS-REFERED

(CE TO RELATED APPLICATIONS

s application claims the benefit of U.S. Applivation Sertal Na. 617003 429,

X

filed on November 18, 2007, which is incorporated by reference hereins.

TECHNICAL FIELD

This disclosure relates to dialysis systems and methods.

BACKGROUND

denal dysfunction or failure and, i particularn, end-stage renal disease, causes the

oo

body to lose the ability to remove water and minerals and exerete harmiul metabolites,
maintain acid-hase balance and control electrolyvte and mineral concentrations within

snine, and

»,

phiysiological ranges, Toxie uremic waste metabolites, mnelading wrea, o

&8

B3

arie aoid, accumulate i the body's tissues which can result ina person’s death iWihe
filtration Nunction of the kidney 18 not replaced.

4 §1 e wanie

Dialysis i3 commonty used to replace kidney function by ramovin

b

is~-foxXins are

toxins and excess water. In one type of dialysis treatment~hemodialy:

fiftered from g paticnt’s blood externally i o hemodialysis machine. Blooed passes from
the patient through a dialyzer separated by g semi-permeable membrance from a farge

volume of externally-supplied dialysis solution, The waste and toxing dialyze ot of the

\e
=
5

hinod throngh the senu-penmeable membrane mnto the dialyais solution, witch s then

maciines generally reguive a contingous water source, reverse osmosis machiery, and

& A

drain Jines for discarding the large volumes of water and dialysis solution wsed during @

3 treatments are typically conducted at g chnie singe the homodialveiz

gie srestment. Hemodialysis freatment typically must be performed three of four imes

& week, wider supervision of the chinteal staff] requirements that significanty decrease a
patient’s autonomy and guality of life.
Certain devices reconstitute used dualysis solution frons hemadialysis and/or

solation can be regenerated

peritoneal dialysis ag opposed to discarding it. The dialysis

- RS
wiple, th

i @ machine smploving a device that elinnnates wrea from the selution. For ex

Y

b

N
e
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original Redy” {REcirenlsting DYalysis) Sorbent System {Bhunenkrantz of al., Artif

Orpans 3(31230-23¢, 1978} includes a sorbent cartridge having five lavers through which
dialysis solution containing uremic waste metaboities flows in order o be regenerated.

peg

SUMMARY

& In ouw aspect of the fnvention, a dialysis system includes a device configured so
that a dialysis solution can pass therethroagh, a fhaud line connected to the devive, and a
sodinm eontrol syatem in floid communication with the fleid line. The device s adapted
to remove one or more substances from the dialvsis solntion as the dislvsia solntion
passes through the device. The flud hine is arranged so that solution exiting the device

10 passes through the fhad e The sodium control svatem s adapied to alter @ sodium
conceniration of solotion passing through the fluid line.
it another aspect of the invention, a dialyvsis apparatus ineludes 2 module
contigured o retain a device adapted to remove one or more substances from a &
solution as the dialysis solution passes throngh the device after exiting a dia
15 machine. The moedule is configured io be refeasably fluidly coupled 1o the dialysis
machine
In ap additional aspect of the myention, a method inchudes removing one gr more
substances from spent diatysis solution by passing the spent dialysis sedution through s
device, and altering the sodiwm concentration of solation exiting the device.
0 Iy vet another aspect of the invention, a method inchdes rgmoving one or more

3

substances rom spent dialysis solution by passing the spent dialysis solution through a

$

device, and removing one or more gases from solution exiting the devige,

1 an additional aspect of the invention, a method includes passing o frosh diabysig

achine to which a patient ts connected, thureby forming 2

Seadretes O
sehaiion tuuph¢

25 spent dialysis solution, coliecting the spent dialysis solution in g container, and, afier

completing a freatment of the patient, removing at least some of the spent dialysis

solution from the vontainer,

S frons 8

et aspect of the tnvention, a method includes movéng a il

centainer o Huid lne, the container being connected to the flaid A s connection
3¢ line, and detecting whether fhuid is present in the comnection line,
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Embodiments can include one or more of the following features

i sove eobodiments, the sodium control systens i adapted to introsfuce a dituent

vy inte the fhod bne.

in some ombodiments, the sodium control aystent includes & container that
contains the dilvent, and the sodinm control system further inciudes & pump arranged o
move the difueat from the contamer to the Huid hine.

In some embodiments, the sodium control system 13 adapied o nutroduce sodivn
{e.2., a sodiwn chionde solntion) into the fluid line.

In some embodiments, the sodium control system includes a container that
coutaing a sodium solution, and the sodiam control system s adapted to draw the sodium
solption fram the container to the fuoid line using vacuam,

i some embodiments, the fluid Hine includes @ venturt tube to witich a Bue

extending from the container is connected,

In some enbodiments, the sodium control system inclades & conta
containg a sodiom zotution, and the sodivm control system further comprises a pump
arranged to move the sodiam solotion from the comtainer to the faid line.

in some embodiments, the sodim contrel system further tnciudes a dilnent

souree, and the pump is arranged © move diduent from the diluent source to the Haid hine.

I seane embodiments, the dituent source s ¢ Hnid Hine thal containg pressurizad

diluemnt,
I some ensbodiments, the sodivm contrael system further includes cnw or mare
valves that can be actuated to contral movement of the sodium solution and the diluent o

-
>

the Sud Hne.

yas.

In some embodiments, the sodian control system is adapted to infroduce a dileent

and sodium nto the fuid line.

I some emnbodiments, the dialysis syster further inchudes a conduativity meter

that 18 adapted 1o measure conductivity of the solution passing through the fhid Hne, and
the conductivity meter is in communication with the sodiam control gystem.

In some embodiments, the sodhun control system s adapted to alter the sodium
concentration of the solution passing through the fluid line based o an vutput signal of

the conduetivity metet,

Lo
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fu some embodiments, the sodium contro] system is adapted to deerease the
sodium concentration of the solution passing through the fluid Hoe if the outpat signal of
the conduchvity meter indicates a conductivity above a predetermined conductivity,
in snme entbodiments, the sodiam control systern is adupted o increase
5 sodium concentration of the solution passing through the fudd Hoe i the output signal of
the vonductivity meter indicates a conductivity below g ;):redc:immémé; conduetivity.
in sorme embodiments, the sodium control syatem meludes a resiy contaning
coiwnn.
fn some embodiments, the resin includes a strong acid and strong base
0 combination.
1 sowme ambodunents, the device i3 a sorbent cartridge.
i some embadimenty, the sorbent cartridpe includes at least one laver of material
capabie of punfying water and/or regenerating spent dialysis solution

s sodiwn

in some embodiments, a layer of the sorbent cariridge compsise

fe

15 sircontum curhonate,
In sonwe embodiments, the dialysis system further includes & dual compartment
reserveir for retaining the dialysis solution,
in some embodiments, the dual com pa,;:tmcnt reservorr inciudes a finst reservors
for spent dialvsis sofution and a second re for fresh dialysis solution.
20 In some ernbodiments, the fitst reservorr 15 farger than the second reservoin
In sonwe embodiments, the dialysis systens further ncludes an input line and an
output hoe, The fnput and output lines are i Buld communication with the second
veservoin The fnpot Hne iy arvanged 1o deliver frosh dialyais solution inte the second
resevvolr and the output line is arranged © remove frosh dialysis solution from the seeond

i some embodiments, the diatysis system further inchudes an inpotfoutput line.
The tnpoet/output Bne i3 fhad communication with the second reservoir. The
inputiouiput Hne is arvanged to deliver fresh dialysis solution into the seeemd reserverr

and to remove fresh dialvsis solotion from the second reservoirn

pze
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in some embodiments, the dialysis system further inchudes an infusate svstem in
fluid communication with the fluid tine. The infusate system is adapted to introduce an
mfusate solution inse the Hluid Hne,

In somwe embodiments, the infusate solution nclndes magnesium, ealehum, and
potassium.

In some embodiments, the diglysis systemy fusther inclades a Sow meter arvanged
to detect a fow rate of the dialysis solution, and the infusate system 1y adapted to

introduce the infuaate soluetion into the fluid Hine based on the flow rate of the diglvsis

sotation.

{n svme embodiments, the flow mefer s positioned upstream of

ins

ES

¢ enrhosdiments, the dialysis svatem comprises a nwdale faidly coupled o

a dialysis machine

in s emaboediments, the module comprises at least a portion of the sedium

control systemn, and the device 13 fhadly coupled to the module.

In somie embodiments, the module is electrically connected o the digl

maching,
in some embodiments, the module is configured to retain the device,
i some embodiments, the modude includes a device holder that can be avranged

1 a first configuration to aliow fhuid o pass through the device or in @ second

&

)

coniguration to allow fhad to pass from a first portion of the device holder o 8 second
portion of the device holder without passing through the device.

I some cwbodiments, the device 1s removed from the devics holder and the first
and seconst portions of the device holder are folded toward g back of the device holder
when the device bolder s in the second configuration,

in some embodiments, the dialvsis machine is a bemodialvsiz machine.

n some embodiments, the module firther includes & sodiom control system that
18 adapied o alter he sodium concentration of the dalysis solution,

in sone onrbodiments, the sodiam contro] system 1s arrangest to alter the sodiwn
concentration of the dialysis solution afler the dialysis solution passes through the devies,

In some embodiments, the module further ineludes an infusate systen that is

adapied to introduce an infusate sohution inte the dialvsis solution.

O
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1, 32

in stme embodiments, the infusate solution comprises magnesiun, caloium, and
DOLESKIU.

In some embodiments, the imfusate system 1s arranged to introduce the infusate
solution inte the dialysis solution after the dialysis solotion passes theough the device,

in some embodiments, the in'ﬁ.matc system includes a container that condaing an
infusate solation, and the infusate system is adapted to draw the infusate solution from
the contamer fo the uid lne using vacuw.

fre some embodiments, the fluid ine includes & ventur tabe to winieh a Hine
extending from the container is connected.

In some embodiments, the module includes & pump adapted 1o move the dialysis

sofation frow the module to the dialyas machine when the modale is Suidly coupled o

enthodiments, the moduie can be releasably fuidly coupled to any of'a

plarality of different dialysis machines,

In some embodiments, the module can be releasably eloctoically connerted to any

Ny
%
22

of the plurality of dif

erent dialysis machanes.

f some embodiments, the method further inchudes passing the solution exiting
the device taough a dialysis machine after altering the sodivm concentration of the
selution exating the device.

in some ombodiments, the device s floidly coupled to g module that s roleasably
fuidly coupled to a dialyais machine.

In sonwe embodiments, the methed further ineludes moving the spent dialysis
solution from a dalysis machine to the device.

i some embodiments, the spent dialysis solution s moved froen the dialyais
machine (0 & reservoir and then from the reservolr to the device.

i some embodiments, the method forther inchudes introducing an inftgate

sofution into the solution exiting the device.

b3

In some embodiments, the method further includes detecting a fow rate of the
spent diglvsis solution, and the nfusate selubion is mtroduced inte the solution based on

&

the detected flow vate of the spent dialysis solution

&
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In some embodiments, the method further inclades discarding the container after

w spent dalysis solution.

TRINOVIRE {]

s

I sowne embodiments, the method further includes activating an {ndicatoy {e.4

g

an audible indicator andéor a visual indicator) i {had is not present in the connection line,

Smbodiments can include one or more of the following advamtages.

Yors,

e some emmbodiments, the dialysis system can be used in g home grvivonment, In

particular, bocause the sorbent cartridge allows preparation of dialyvsate §

and enables speot dialysis to be reeyeled, the dialysiy system does 1w

large volume

N

s of water or dialysis solution, or necessiiste ex
devices, or reguire spectal plumbimg or wiring, Thus, the dialysis sesiom makes 1o home
use much more practical conpaved (o cortain provious systems,

i1 some anbodiments, the dialysis svstem controls sodinm levels in the diabysis
solutisn. in certain embodiments, for example, the spent dialysis solotion p‘a;\:sed
throngh g sorbort cartnidge that removes toxing from the dialyas solution and at the same

ine removes sodium. The dialysis system can include a devies downstremn from the

sorbent cartridge that delivers sodium {e.g., sodium chilonde (NaCl}) nto the diglvsis

solution i maintain sodinm levels within a desired range. Maintaining sodinm lev
the dialysis sohution within a desived range can help o reduce discemtont exporienced by
the patient as a result of moreased or decreased sodivm levels i the patient’s blood,

In cerain embodiments, the module includes a system adapted to deliver certain
substances, such as magnesitm, caleiom, and potassinm, inte flok! exiting the sorbent
cartridge to form regenvrated dialysate. By providing this system in the moedule
oppased to the dialysis machine to which the modide 18 connecied duning sse. the vmamber
of electrical connections between the modale and the dialysis machine can de reduced.
This e redoce the ikelthood of an electrical connection grror.

in soime vmbodiments, the dialysis system inctudes a sorbent cariridge moant that

pernits flaid to either pass thwough a sorbent cariridge disposed theremn o to pass di

through the serbont cartridge holder without passing through g sorbent cartnidge.
result, the dinlysis svatem can ron i a standard mode in which dialysate flows through
the sorbent cartridge or ju a different mode (e g, 2 cleaning mode or a rinsiug mode} i

¥
7
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which the fHoid (e.g., a cleaniug solution or a rinstne solution) does not pass through the

sorbent cartridge. This arrangement can permit fhnd to be eveled through the dialysis

systent even when a sorbent cartridge is not present. Thus, this srrangement permits the
user fo clean and/or rinse the systemt by remaving the sorbent cartridge and efreulaiing a
cleasing solution or rinsing solution through the dialysis system.

it seme embodiments, the dialvais system can be used in either a mode it which

dialysate is roeyeled and passed through the dialysis system maltiple times or in & mode

S, Hhe user is

yorl

in which dialysate 1 disposed of atter a single pass through the gvstem,

provided with mose options regarding the manner in which treatment is camied out.

wr

Other aspects, fratures, and advantages will be apparent from the deseription and

drawings, and from the claims.

DESCRIPTION OF DRAWINGS

s a schematic view of a modde that can be used o regenerate diabyais

&

ok
ook

G
solution snd contrdd sodium fevels within the dialysis solution, and a front view of a
dualvsis machine.

FIG 2is a front view of a hemodialysis machine with the module schematically
tustrated in FIG 1 coupled thereto,

FIG 3 s another schematic view of @ module that can be used to rogenerate
dialyais sohition and control sodium levels within the dialysis sohution, and a front view
of & dialysis machine.

5

FICGL § 15 yet another schiematic view of a module that can regenerate dialysis
solution and control sodium levels within the dialysis solutton, and a font view ofa
dialysis mschine.

FIG S is s perspective view of a dialysits system that includes a dialysis machine

and & modude with a sorbent eartridge holder that is holding 2 sorbent cartridge.

FIG & 18 a cross-sectional view of the sorbent cartridge holder of FIG S with s

s

sorbent cartridee positionesd i the sorbent cartridge holder,

&8

FIG 7 i perspective view of the dialysis systen of FIG S, witd

ge removed and the sorbent cartridge holder 1n a folded voniiy g urstion,

&

cart

SN
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X < o v

PG § s o cross-sectional view of the sorbent cartridge holder of FIG § with the
sorbont cartvidge remeoved and the sorbent cartridge holder in a folded coufiguration,
FIG B iy g schematic view of the module of FIQR 5, and a front vigw of the
dialvsis mackhine of FIG S

FIG 19 s a graph tilustrating sodivwm changes during a four houor sinmlated

patient run
FIG 11 iz a graph illustrating conductivity versus sodinm levels during a four
how stovalated ‘7(113"‘1? an.

FIG 12 98 & graph Hustrating conductivity response {o detonized bolus injections

&

during a four hour simulated patient run.

FIG 13 5 g praph illostrating conductivity response to continuona diletion during

a four hour simudaied patient mn,

DETAILED DESCRIPTION

his disclosure generally relates to dialysis

oy X

tems and methode, The dialysis

ol

systems typically include a module that is capable of regencrating thalysis solation {e.g.,
dialvsate) and controing sodium tevels within the dialysis solution. The modale Can be
used alone oy in conjunction with other devices that faciiitate dialysis.

The methods deseribed heretn cany include drawing used ot spent dialysis solhution
from a dialvsis machine inty a reservoir, passing the dialysis soloetion through @ sorbent

cartridge thereby removing electrobytes and metabolic waste products frony the spent

is solution, feeding the recyeled dialysis solution back to the dialvsis machine, und
manipalating the sodign levels of the recyeled dialysis solutiog to within appropriate
physinlogical vanges.

The systems and methods deseribed herein can advantageoasty eliminate the high

b

yolume of water osage, expensive and noisy reverse osmosis equipment, and the need for

a drsin fine that ovcur with many known dialysis systems and methods, Thug, the

systems and methods desertbed herein can enable a hemodialysis machine to be relatively

castly modified for use in g home environment without reqeiring the instaliation o
special plumbing or wiring in 4 patient’s heme. In addition, the systems and methods

deseribed herein can allow levels of sodium in the dialysis solotion to be maintained

S
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within substantially the same physiclogical range as is achieved in single-pass
hemodialy

1, a dialysis systern 10 melades a modude 20 Juidly connecied

te 2 ialysis machine 30, The module 20, as discussed below, can be used to zu\aig
diatysis solution and control sodium levels in the dialysis selution,

The wedele 20 geserally includes a st fluid foop 22, a sorbent device 24, &
reservolr assembly 26, and a system for controlling sodium 40, The sorbent device 24

N
N

and ihe reservoir assembly 26 of the module 20 are coupled to the firgt Ruid loop 22 in g
manner sach hiat the serbent device 24 and the reservoir assembly 26 arg in floid
communication with the first {hud loep 22, The fivst fluid toop 22 includes conduits that

define & flow path for cireulating dialysis solution from the various compenents of the

weduie 26 to the dialvsis machine 30 and back {o the module 20

3

The sorbent device 24 includes a housing containing a sorbent cartridge capable

of removing urende toxing. In some embodiments, the cartridge is disposable. The

cartridge can, for example, be constrocted such that 1t can be disposed after use aund

remorved from the housing, The replaced cartridge could then be rep ath @ aumilar

cartridge for o subsequent use of the module 20, The cartridge can purity water and

<

regeneraie spent dialvsis sobution throngh the ase of a series of layers which can remove

unt, oxidants

heavy metals {e.g., Jead, mercary, arsenic, cadminm, chromium and thell
{e.g., chlorine and chloramine), ure, phosphate and other wemie waste metabolites {e.g.,
creatinine and wric aeld) from the solation, withow! removing or adsorbing exeessive
sorounty of cations {e.g., valcium, magnesium, sodium, polassium) or ussential fons,

In some embodiments, the components of the cartridpe thas perform the afore-
mentioned functions include a purification layer that yucledes activated carbon; an ion
exchange layer that includes a polymer phosphate binder or an ion exchange sorbent; and

g grea resroval laver that includes strong ackd cation exchange resin ansd basic resings) oy

urea-degrading enrymes and an lop exchange sorbent together with & composition that

rejects cations {e.g., Jat membrane / hollow fibers desoribed further herain, an fone

exchange menbrane, or an encapsulation sarrowding the urea removal components

In certain embodiments, the cartridge includes the following levers and muterialy
sodiam zirconivm carbonate or other alkali metab-Group IV metel-carbonate; xirconium

i0
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phosphate or other aramonia adsorbents: alumma or other like material; sluming
supported wrease o other immobilized enzyme layer or other material so convert urea to

anumoniy, such as distomaceous carth or riveonium oxide; and granudar aciivated carbon,

7%

such as chareoal, or other adsorbent. The sodium ziveoninmg carbonate componert can ac
as a ;}h{}sp}me adsorbent. The zirconium oxide can be capable of acting as a coanter {op

or ton exchanger to remove phosphate, and can be in the form of hydrous zivconium

exide (gg frous zirconim oxide containing gcetgte), The zirconium uxide can also

be blended with the sodiom zircontum carbonate when positioned in the cariridge.

Non-limiting examples of urea-degrading srvsyimes that can be emploved in either

o~

embodiment of the serbent cartridge include enzymes thal are natoraliy noourring {e.g.

p

aregse from AV\ beans, other seeds or bacteria), produced by recombinant technology

al, fungal, msect or mammalian celis that express andfor seerete urea-

degrading eywymes) or produced svathetically (e.¢., synthesized). In some erabodinents,

the enzyms is uregse

3

in cerfamn embadiments, the sorbent cartridge further inchad ow fibers, The

ey ol

bullow fibers can reject positively charged ioag, as well as incresse the capavity of the

o

cartridge. The hollow fibers can be coated with an on-rejecting material, which through

L
.

a walsr-purification like mechanism allows the urea through but rejects pc}siii.\;:siy

charged 1ons such as calcinm and magnesium. The material coating the
be any such material known 1o one of skill in the art {e.g., falty acids or polvimer chaing
ke polysulione} that can effectively reject calcium and magnesium nd thereftwe retain
the tons in the dialysis selution. Generally, to have this effect the material stself would be
positively charged. {n some smbodiments, for example, the matesial used {o coat the
hollow fibers is cellulose aectate {e.g., cellulose siavetate), The hollow fibers that are to
be eoated are commercially avatlable (¢.g., Fresentus Meadical Care North America) and
can e coated with any desired fon-rgjecting matertal avasiable to one having skill in the
art,

Alternatively, the hollow fibers can inchude an fon-selective nanotiltration
membrane. Such membrancs are conmmercially avatiable frons a number of sources {e.g.,
Awmerida, Koch, GE, Hoechst and Dow Chemical). These membranes have pores sives

that prevens ionic substances from diffusing through the membrane. For example, there

i
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ave nanefilration monsbranes that have an gbilily to reject fons with more than one

negative charge {&.g., sulfate and phosphate) while allowing single-charged tona fo pass

vy

through, with the converse alse being the case. In either case, the bollow {iber devices
are svailable in a vanety of dimensions and need only be simail enough te § in the
replaceable cartridge, which can be sized for use n an in~home system

In cortain embodiments, the sorbent cartridge can further nclude a Sat nusmbrane
thai s coverad with a postitvely charged material like those deseribed above, n addision,
the membrane can be an won exchatge (e.g., andon) membrane that limits the passage of
pastiively charged 1ous (e.g., Astrom® \msmm AFX anion exch hange membrane, PCA

GimbH PC-SA anion exchange membrane). Advantageousty, this fon exchange

membrane aise has an ability to adsorb phosphaie.

\

The cartridge andfor its components or ayers can be replaced (o.g., membraneg,

area-degrading enzyme), regenerated {e.g., resin, sorbent} andfor sterilized for re-use

(\

when necessary {e.g., saturation, damage, depletion). In addition, the entire carteidge can

be replaceabie and thus removed from the dialvsis system when there s a decrease w the

regeneration efficieney of the eartridge (e.g., through laver saturation; or the caririd

becomes wiwn oF \‘u)nui"t'(h for mstance

Further examples of sorbent cartridges are desertbed in U3, Fatent No.

/

K2R3 ULS. Paient No. 7,033 498, and 1n Sorty’s REDY carindge , 3ee “Sorbent
Diaiysis Primer”™ COBE Renal Care, ne, Sep. 4 1993 Edition, and “Rx Guide 1o Custo
Dialysis” COBE Renal Care Ine. Revision B Sep. 1993}, all ingorporated in their entivety
by reference herein,

The reservoir assembly 26 of the module 20 is capable of retaining dialysis

e

sotution. in sceme embodiments, as Hustrated 1o FIG §, the reservolr assembly 26

‘/

<

includes a first, or spent, reservolr 26a and a second, or fresh, reservoir 206, The first and

x

second reservoirs can be any size or shape sufficient 1o accommaodate and contain an

initial volume of fludd and any fhuid acoumudation that wonld occur durdag the course of ¢

o

dialysis treatment. The reservoirs can be construeted from rigid or flexible materials,

v
A
3

T yoservoirs can also he formed ss an open containier, or alternatively, the reservoirs

can he formed as & closed container. If the reservoirs are a closed comtumner, the container

N

cary include an opening, such as @ vent, to allow for air to be expelled ss flud enters the

o

12
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reservedr i some embodiments, the second reservoir 26b has a fudd volume capacity
that ts less than the Suid volume capacity of the first reservoir 28a. The seeond reaervoir
269 can further be appropriately sized so as to it within the fnterior of the first rescrvair

26a The first and second reservolirs 26a, 26b can be arranged and posttioned relative o

ane another s pacity of the second reservotr 26h s reached,

excesy Hurd can overflow futo the frst reservodr 29a. The reservoirs 3

26, 20h can be
fixably mated w a dialysis machine. Alternatively, the reserveirs can be removably
attached to the dialysis machine. The reservoirs can be positioned at any angle on a
dialysis machine. As iustrated 1o FIG 2, in cortain embodiments, the reservoirs 264,
26b of the resorvotr assembly 26 are positioned within a housing of the modale 20 on the
. b fae 3 1 2

side of & hemodialysis machine 30.

1

The moduie 20 can further include a system or c’:\mtr-s.iiizxg an eleetrplyte, such as

1
H

sodinm. As shown In FIG 1, a system for controliing sodium 44 inchisdes o third, or

fluidly coupled to the fivst fuid loop 22, Simular to dhe St
1

-

dilaizon, reservoir 42
and second reservoirs 28y, 26h, the dilution reservoir 42 can be formed from rigid o
flexidle materials. The dilution reservoir can be of any stze or shape that caables the
reservolr 0 retain a volume of fluid that is sufficient to provide dilution of the fhad
cirendating theough the components of the system. Typically, the dituest contained in the
difwsion reservolr 42 §s water, However, any of vartous other spitable dduenis van be
used.

The syatem for controlling sodium 40 further includes a three-way valve 50
flurdly couplied to the first fluid loop 22 and to the dilution reservoir 42, The three-way
valve S0 can be arvanged to direct flnid exiting the sorbent cartnidge 24 into the dilution
reservonr 42 when 1t 1s desived to il the dilution reservoir 42 and can be artanged to

« 3

diveet the fluid exiting the sorbent cartridge 24 to the fresh reservoir 26b ence the dilution
reservair 42 has beon filled, as discassed below,

The module 20 can further include g meter capable of measwring clectralvie
concentration, such as measoring the sodiom ion concentration in sofution. For example,
the moter can be a conductivity meter or a pH meter. In certain umbodimenty, the module
meludes an anmonia and/or ammonium jon monttoring device fo detegt smmoma
motecules andfor ammoninm ions in the dialysate fluid, Deteetion of ammonmia

13
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molecules andfor ammonium lons cau inhibit {e.g, prevent) ammonis ansdfor ammaninm
tons frem belng introduced into a patient who ts undergoing treafruent with the module

.

Addittonaily, the detection of ammonia andfor ammonium fons allows for monttoring the
efficiency of the sorbent cariridge of the module, as well as indicating that the sorbent
cartiidge is properiy operating. The wmodude can aise inchude, for example, various valves
for starting and stopping Juid flow, fluid pumps or other fhaid Sow generating devices,
Bow meters for detecting How and messuring flow ute\ a diatysate floid heater for
controliing the lemperature of the dialysate, and other knowa devices that may take part
in the perforasance of a dialysis treatment.

St referning 10 FIG L, to control the components {e.g., the valves, pumps, i}
of the module, a microprocessor 70 13 in electrical communication with the components
of the module. The microprocessor 70 ean controd, alter and adinst thy pamp flow rates
and the tming and seguencing of the components of the module in response (o pre-
progranmmed Inatractions or according to the paticnt's needs as determined by the skilted

clindeian, One skilled i the art would understand that the module andfor

can further include appropriate software for operating and controlling the systems and
devices desenbed herain,
The mndude is conpled to a hemodialysis machine 30, such as a varsien of the

Freseniug Medical Care 2008K design. In hemodialysis, blood flows through an arteriad

chanpel to an arterial pressure sensor, The arterial pressure sensor includes a transducer

a0 that the pressure of the blood flowing through the cireuit on the arterial side can be
monitored. The blood then Jows through a portion of the channel that alnts @ pump,
such @3 a peristaltie pumyp. The pump forees the blood through the civeutt, The binaogd

then flows to the dialvier and then to g venous pressure sensor. The access porta through

which blood 13 removed and roturned can be at a copvenient and appropriate place onta
pationt and can be connected to the hemodialysis machine by any appropriate wedical
wbing.

While the arterial pressure sensor has been described as being positioned before
the pamp, i some embodinents, the arterial pressure sensor 15 after the pomp. v cortan

X

embadiments, pressure sensors ave positioned both before and after the blood pomp.
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™

he dialysis systems deseribed herein can offer advantages such as enabdling

7

¢ flow rate can thas

higher dialysate flow rates {approximately 300 mimin). The
be simitar to standard hemodialysis, thereby providing better elearance and allowing tor

";sis machines

only 3-4 dinlysis reatments a week compared with current home hemodi

that require & or more treatments per week. A forther advantage of the dialysis system is
that 1t aliows for the module and the dialysis machine to operate at different pressures
therehy intubiting the sorbent cartridge from deforming or bursting, and the dialysis
machine from air-locking. Additionally, the dialysis system uses sigaificantly redoced

N

s dialysis. For example, a volame of

volumes of fresh dialysate as compared to single pe

six Iiters of fap water can be sufficient for the module and the dialysis Qystem to provide

sedution oy a complete dialysts treatment.

Referring to FIQ 1, amethod of operation of the dialysis system will now be
desertbed. At the indtial stage of startup (i & water supply and drady are utilized),
sonnector 8§ 13 mserted into the connector reeeptacie 90, which s connceted o @ water

source {e.¢., 8 water tap) via a fluid condutt 100, and connector 82

18 inserfed o the
CORNTCIBE ¥ ~"¢,p°'zdc 82, which 13 connected o a draiin or waste bag vig a thad conduit

18 not conneeted to the fivst fuid loop 22 atilus t

oy
Pt
,...J
(’,
el
’\'
et
@
[$%
e
-J
3

L cartridge 24

Anndet valve 36 15 then opencd to allow tap waier 1o enter the system via the
fhad conduit 100 throngh the inlet valve 56, continuing through the receptacte 20 and
conrector 8O mto o Haid conduit 102, At the same time, the three-way valve 50 1s tumed
off to altow the tap water to continue through the valve 50 to a fhud condait 166 and into
the reservolr 26b. The mlet valve 56 is kept open uattl an appropriate volume of tap
water has entered the system. The incoming water volume can, for example, be sensed
via commercially avatlable devices such as a float switch or scale that could be commected
to the electronies 74 for monitoring. Alternately, the patient can pour tap water into the
systent through an opening 10 the fresh reservolr 20b, ehiminating the need for the inlet
vatve 56 and sssocinted monitoring devices. In some embodiments, about aix lters of tay
water iy introduced nito the system. Adternatively, a volume of eight to nive hiters of tag
sater may be used for ¢ patients,

Onee the system has been initially primed, the pationt fluddly cormects the sorbernt

)

cariridge 24 to the fluid loop 22 by removing conmector 86 from receptacie 90 and

5
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inserting vonnector 80 info the sorbent cartridge at receptacie 96 and by removing
gonuecior 82 from receptacie 92 and inserting connector 82 into recopiacie 94, With

Huid cireulating

connectors 8§ and 82 jnserted into recoptacics 96 and 94, respectively

throagh the Thid loop 22 can pass through the sorbent cartridge 24,

o

Beginning at the spent dialysate reservolr 26a, fhad exits the bottom of the spent
digbysate reservolr 26a through a fluid conduit 108, entering a recirculation pump 62 that
maves the fuid through g floid conduit 110 and into the bottom of the sorbent cartridge

24 via a Huid condhuit 114, The fluad passes through the sorbent cartridge 24 and exits the

N

top of the sorbent cartridge 24 via a foid conduit 116 through the receptaci 96 and the

SH%w

s the fhad condait 102.

compector 84, ¢

2
o3

210

vosh,

he three-way valve 50 is energized by the electromies 70 wia g contral fine
allow the processed fond to enter the dilution reservoir 42 via a Suid condait 1040 The

infusion pang 60 18 turned off at this thine, allowing the flund to 11} the dlution reservodr
42, This volune of sedium free fuid can be used later in the treatment 1o dilnte the
averall sodinm content of the dialvsis solution circulating in the dialysis systent

Once the dilution reserveoir 42 1s filled, valve 56 13 fumed off cansing the
remaiing fuid fom the spent reservoir 26a and the sorbent cartridge 24 1w pass through
a fhuid condait 106 and into the fresh reservoir 26b. At this stage, the fuid s deliverad

is spiked with & known
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concentrate {either liquid or powder iorm) to attam & base sodivan ad bicarbonate level

1t

s can be carried out manually or automaticaily, At this tme, as

desceribed above, fuid continues to recireulate through the dialysts machine 30 anst the
module 20,

The fuid s pulled from the fresh reservoir 26b into the dialysis machine 36
through a fluid condwit 118 by a pressurs pump 64 that can be adiusted to suflivien
feed the dislvsis machine 30 via a floid conduit 120, Within the dtalysis machine 38, acid
containing magnesiam, calcium, potassiam, dextrose aud other desived constituents, is
proporiioned along with a known quantity of water to adjust the electrolyte fevels of the
fhuid to levels speeified by the physician, Duning treatment, sodiam fovels in the sorbemt
cartridge 24 tend to butld so that sodium levels inerease tn flutd passing throagh the

sorbent cartridge 24, The additional volume of water from the acid concnnirate can



N
&8

WO 2009/064984 PCT/US2008/083554

confribute to the dilution of the sodivm levels generated by the sorbont cadridge 24 aud
increase the water Jevels in the spent reservoir 268, The spent dialysate exils the
hemadialysis machioe 30 through a drain line connected o a Huld conduit 122 and
travels into e spent reservolr 264,

The spent dialysate i3 drawn from the spent reservoir 26 to the sorbent cartridge

24 by pump 02, As a result of being passed through the sorbent cartridge 24, toxins, such

as uren, and certain dialysate components, such as mwagoesiun, calciom, and potassium

are atripped from the spent dinlysate. The reeveled dialysate exiting the sovbent cartridge

~

<

24 ts then trausforred to the fresh reservolr 20b and ultimutely is oycled back throagh the
dialysis machine 3

During the freatment, a signal transmitted from the dialysis machine 30 1
monitored by e wicroprocessor 70 via a control line 76 for conductivity of the reeyel
dialysate godng to the patient. Since the Ca, Mg and K are volumetrically proportioned,
and added to Ca-free, Mg-free, and K-free solution exiting from the sorbant cartridge 24,
any changes fo the base conductivity would generally be a result of sodium generation

fowpd

&

conng from the so thent cart ridge 24, 1f the sodium content exceeds & spooifisg
setting that hag been entered into sofbware in commuonication with the microprocessor 76,
the microprocessor 70 transmits a signal to the mnfusion pump 0 via another controd line
74 0 activate the infuston pump 64U, allowing further dilution of the soduium iy the

reservolr volumes with the sodium free solution that was collected in the ditation

,..
T
=
<

reservnir 42 prior to treatment. An alternate contrel method woutld be 1o monitor €

congluctivity at the drain hne of the hamodialysis machine 30 feeding the wodule ;
climinating the need for ag clectronic signal from the hemeodialyais maschine 38 o the
modude 2
An alternative embodiment to the dilution method would be t have g receptaciy
at the ditution reservedr 42 where a male connector of the dialvsis machine can plug into

the dilution resurvedr 42 and the dialysis machine 3 could proportion sadiwm Hee flaid

wto the system using microprocessors of the dialysis machine, therehy eliminating the

peed for an infusion pump 60,
Another embodiment to the difotion method would be to utilize packaged sodiom-

free water that can be proportioned through a pump in the dialysis machine 30 as a

v

Y
h
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dituent, thereby cluninating the need for valve 30, dilalion reservair 42 and infusion
pump 63,
The centrol method for the ditution system can alternatively or additionally be via

electronic feedback from the hemodialysis machine, @ separate conductivity proby, or a

&g

tmed sequence.
Upou compietion of treatment, the patient would disconnect the sochent cartridge

28 and re-insert connecter SO inte receptacle 90 and connector 82 o receptacie 820 &t

this time pump 62 could empty the reservoirs 20a, 26b if the drain Hne was wilized

bringing the system back to an empty stale unti] the next treatment. Aliornstively, the
10 dhrain Hne conld be eliminated by having the patient manually drain the reservoirs at the
compiction of the treatment.

achine could be

After draining the reservoirs 26a, 20h, the module and dialysis m
cleaned by circulating a cleaning solution, such as bleach, throogh the Huid foap 22 ofthe
module, inte and throagh the dialvsis machine 30, and back to the module 28

15 Disinfection of the dalysis system can alternatively or additionally include heat
disinfestton technigues.

While certain embodiments have been deseribed, other embodiments ave possibie.

N
N

For xm;pie., while the system for controlling sodium 40 has been deseribed as
being sdapted to decrease sodium levels in the fluid passing through the system, the

Ny X

20 system for controiiing sodiun can alternatively or additionally be adapted o increuse
sodiom levels in the fluid passing through the system. As shown in FIG 3, for exanmple, a
systesn for coni}‘o‘siing sodiom 40A inchudes a container 44 contatning sodium concentraie
solution i adifition {o the dilotion reservoir 42, An on~off flow swisely or valve 52 48
positioned between the dilution reservoir 42 and the flow pump 60, and an on-oft flow

25 switeh or valve 34 1s positioned between the sodiom concenirate contatner 44 and the

flow pump 6. The How pump 60 can serve to infuse the sodinm conceniration seiution

or the difytion volome indo the first fluid loop 22 depending on the state of the velves 32

and 534, I it i defenmined that the Buid exiting the sorbent cartridge 24 hass

high levels of sodivm, which can ocenr as sodium levels build ap within the sorbent

cartridge 24, then valve 52 s opened, valve 34 1s closed, and pump 68 i activated o

o

1923
b
<

draw dilution waler indo the fuid conduit 106, I on the other hand, the sudinm levels it
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the Huid exiting the sorbent cartridge 24 are too low, which can occur in the initial stages

D

X

of treatment as the fTesh sorbent cartridge 24 strips sodium from the Huid passing
therethrough, then valve 32 s closed, valve 84 is opened, and pump 60 is aotivated o

Iraw the sodinm concentrate sodution into the fluid conduit 106, As desoribed, the
sodium voncentrate can be ased to adjust and manipulate the sedium jevels in the diatysis
solution and can thus be used to adjust and manipulate a patient's sodium levels.

Whale the systems for controlling sodium have been deseribed as

dilution reservoir containing a diluent (e.g., tap water) that can be added t
cireulating throagh the svstem, other devices can alternatively or sdditionally be used o

1

conirod sedim fevels within the circudating floid. As shown in FIG 4,

senne embodiments, a system for controlling sodiam 408 includes a columa 46

containing s strong acid / strong base resin combimation that can be used o remove
sodizam from the fhad cireulating throagh the system, The cohann 46 can be formed
from a replaceable cartridge. Alternatively, the columnn 46 can be formed fom a
detonization polisher. The strong acid / strong base resin combinations can rgmove

sodinm from the dialysiz soloabion and control pHL In the system for controliing sodium

48, the three-way valve 3¢ is fuidly connected to the first fhud loop 22 and o the colams

yor

46, Upon defeciing excessive sodium levels within the fluid cireulating Sirough the
syatem, three-way vaive 50 can be used to divert the offiuent from the sorbent cartridae
24 shrough the strong avid / strong base fon exchange resin mixture in the colunm 46 {0
remove sodiumm in exchange for water. Advantageonsty, this method stiows sodinm

fevels to be adiusted without the addition of water to the fhtd cireslating ifvough the

systent. Thus, additional reservoir volume 1s not requived to compensate for the dilation.

,

et s e By g Yibne
AROD potisier. i he

However, an exchange program may be used to regenerate the deion
controf method for etther the dilution or the ion exchange systenms could be via electronic
feedback from the hemodialysis machine, a separate condactivity probe or a timed
SEQUCNCR
While the dialysis machines of contsin systems discussed above have been
deseribed as being adapled (o add dialvsia solution solutes, sach as magnesiunm, calohum,
and potassiam, to the recycled dialysis solution, in some embodiments, the module

wcloades & system for adding dialvsia solution solutes into the recveled dialysis solution,

-
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While the reserveir assembly 26 has been deseribed as betng ormed by the

module, i seme embodiments, a separate bag {e.g., a disposable bag) is connected to the

module for holding the fresh and spent dialysis solution.
in centgim embodiments, the module includes a sorbent cartridge holder or mount
that can be pad in a Srst configuration in which dialysis solution cas pass through a

sorbent cartnidge connected to the holder, or in & second configaration in which diatysis

solutton is divected through the mount without passing through the sorb

S shows a dialysis system 200 that includes 2 module 220 Suidly coupled to

ciabysis machine 30, The module 220 includes a sorbent vartridge bolder 300 configured

't which

to hodd the sorbent cartnidge 24, The module 220 also inchades o mamivid

Huid Hnes 224, 226 exiending from an infusate container 228 and g sedium chloride

container 230 gre connected, a manifold 232 to which fluid lines 234, 2236 extending from
a dialysate bag or reservoir 238 are connected, and a mantfold 240 o which fhald Hnes
247, 244 extending from an ammonium {(NH,) sensor 246 are connected. The module
220 further includes 2 mantold 24R that can be used to fhudly connest othoer componants,
such as a priming solution bag, a rinsing solution bag, ¢ cleaning solution bag, and/or a
drain bag to the module 220, Bach of manifolds 222, 232, 240, and 248 can, for example,
include projections on which fluid lines can be positioned to connect the various
components described above to their respective manifold. Any of various other suilable
connection mechaniams van altemaitively or additionaily be used to connect the Huid Hnes
to the maniiolds.

Whens in an open position, as shown i FIG 3, the wamtold 222 permits 2
infosate sohution {e.g., a solution iIncluding magnesiem, calcium, and potassium} and a
sodiven chloride solution 1o be delivered inte fluid cireulating through the madule 220
Pumps and valves within the modole 220 can, for example, be activated to pump the
ffusate selution and sodium chloride into the fhuid cireulating within the module 220

232

Similariy, the manifold 222 allows fnid to be transforred from the modnle 22
23% and vice versa, Using pumps and valves within the modale 220, fluid can be pamped
inte and suctioned out of the bag 23R8 via the fhud line 234 connected o the mamiold

232, The manifold 240 permits fluid to be transferred from the wodule

7

ammoenium sensor 246 and vice versa. By activating pumps and valves within the

<

0
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module 226 i a desired manner, the fluid can be pumped from the module 220 w0 the
ammoniom sensor 246 and can be drawa back o the modude 220 from ke anunoniwn
sensor. The manifold 248 can also be placed i an open configuration during use and

connected to thud hines such that by activating pumps and valves within the module, flaid

.

cam be drawn mito the masdale 220 from a bug {0.g.. a priming solution hag, a riming

suiution bag, & cleaning solution bag) andéor pumped from the modide into a bap {e.n., 2

5

drain bag), With die sorbent cariridge 24 uidly connected to the cartridge holder 300, as

fad

.’

shown in FIG 3, thad circulating within the module 220 18 allowed to pass through the
sorbent cartridge 24,

y %

Duning dialysis treatment, the module 220 is configured in the wanner shown in

FIG S to peroit fhuid communication between the fluid circulating within the module 2
and the sorbent cartridge 24, the infosate contatner 28, the sodhan chioride comtatner 340,
the dialysate bag 38, the ammoniun sensor 46, and, 10 s0me Cases, One or more
additional bags that can be connected to the module 220 via the manifold 248,

FIG 6 15 a cross-sectional view of the cartridge holder 300 holding the sorbent
cartiidge 24, As shown in Figs. § and 6, the cartridge hodder 300 includes a back 302, a
base 304 that i pivotably connected to a bottom portion of the back 302, und an ann 306
that is pivotably connected to a top portion of the back 302, The sorbent cartnidge 24 can
be positioned between and held in position by the base 304 and the arm 306, Refarring to
FIG. 6, fluid passageways 308, 310 exiend though the base 304 and the arm 368,

reapectively, The base 304 and the arm 306 alse include fittings {e.g., male mpplesy 312,

314 that cooperate with the sorbent cartridge 24 to place the fluid pa

of the hase 304 and the grm 306 in fluid communication with an ute
sorbent cartridge 24 and to help retam the sorbent cartridge 24 in posttion botween the
base 304 and the arm 306, This configuration permits fhud to pass throagh the had
passageway 308 of the base 304 and into the interior chamber of the sorbont cartridge 24,
The flurd can pass through the sorbent cartridge 24 and mto the Huid passageway 310 of

S
N

Ve base 304 and/or the arm 306 can be spring toaded,

the arm 308,

&1

ase 304 and the arm 306 1o retain the sorbent cartridge 24 while also permiiting the hase

2

v
(9

P

"...‘f’

304wl the arm 306 to rotate sbout their hinged axes in the event that the sorbent

R
N

cartiidge 24 expands or contracts (€., in response 1o fuid retention and fuid pressure

31
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-

therein) during wye, The fuld passagewavs 308, 310 of the buse 304 and dhe o 300 are
connected o Huid fines within the module 220 such that the cartridge holder 308 can
receive thad {e.g., spent dialysis solution) from the module 220 and retum thad {e.g.,

reeveled dialvais solution) to the module 220,

Reforring again to FIGQ 5, during dialysis, as discussed in greater detail bolow

spent diatysis sofution 18 moved from the dialysis machine 30 into the wodule 220 where

1t passes through the sorbent cartridge 24, and then the recyeled dlalysis solution enting

i

the surbent cartiidge 29 s moved back to the dialysis 3. As the spont dialys

’/x
foac)
o
s
<
o5
joed
:3

solution s passed through the sorbent cartridge 24, toxing, soch as uren, and other
substances, such as calcium, magnesium, and potasaium are stripped from the spent
dialysis solation. Sodiun can also be stripped from the spent dialysis solution or iy
cortain cases, added to the spent dialysis solution as the spent dialysis solution passes

through the sovbent cartridge 24, Thus, calciom, magnesium, potassiom, and sodiam

g

s of the recyeled diadysis solubion exiting the sovbent cartridge 24 can be altered

&
“1
C

{e.g., by introducing calenan, magnestom, potassivmn, sodian, andfor @ difuent into the
revveled dialysis solution) to restore concentrations of those substances to desirad fevels,

N

Az the recyeled dialysis solution then passes through a dial

wzer in the dialysis machine
30, toxins are transforred from the patient’s blood into the dialysis solution, forming spent

dialysis solution, This spent diadysis solution is then circulated throagh the modude 228

again to recyele or regenerate the spent dialysis solution. This provess can e ropested
until a desired amount of toxins have been removed from the patient’s blood. Because

N

the dialysts sphution is reeycled during the trestment as opposed to sinply being

discarded, the volome of dialysis solution used during the treatment can be substantially

reduced relative to certain conventional hemuodialysis techmiques, I addition,

matntaining the concentration of the various substances within the dulysis solutinn, such

v, Tagnesiug, potassiam, and sodiam, can help to prevent the patient from

o
L
(2
€«
¢
&
£
Z
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experiencing discomfort during the treatment,
Referring sgain 1o FIG. 6, a bypass component 318 18 secured 1o the baek 302 of

the cartridge holder 300, The bypass component 316 inclades ports 318 ansd 324 that are

;. o

arvanged to weeive the fittings 312 and 314 of the base 304 and the arm 306 when the

base 304 gnd the arm 306 are prvoted 1nto engagement with the back 302 {after the

<

%
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1

sorbent cariridge 24 has been removed from the cartridge holder 300). The bypass

s

component alss includes a flund passage 322 that extends within the back 302 and fhaie

'-1(' AN
\t
7

connects the ports 318, 320 to one another. The bypass component 316 allows fluid o

¥

pass throogh the cartridge holder 300 even when the sorbent cartridge 24 has been

5 remeved from the cartridge holder 300,
FIG 7 shows the aystem 200 with all external components (e.g., the sorbent

3

cartridge 24, the infosate container 228, the sodium chloride container 239, the bag 23
and their associated thad Hnes) disconnected from the module 220 and with the

240, and 248 and the sorbent cartridge holder 308 in g closed

mavifolds 232, 232

10 position. When the manifolda 222, 232, 240, and 248 and the sorbent cartridge holde

helr closed positions, they inhibit {e.g., prevent) fhuld from exiling the module
2260, and thus permit Huid (e g, 8 cleaning solution ¢r a rinsing solution) o by cireuiated
& closed cireait within the module 220 and the dialysis machine 30, Hach of the
manifoids cay, for example, include a member that abuts or extends inte fhud Hog

connection ports of the maniiolds when the manifolds are in the closed position o ereute

-
(o)

g Heidi g}';t sead.

&

Fig. 8 is a cross-sectional view of the cartridee holder 300 in its fulded or closed

“)

configuration. Referring to Figs. 7 and §, in this folded configuration, the base 304 and

the arm 306 are pivoted toward the back 302 and the futings 312, 314 ave disposed 1 the

ped

20 orts 318 and 320 of the dypass component 316, This configuration penmits fhad o pass

e

through the fluld passageway 308 of the base 304 and into a flwd passageway 322
extending through the bypass component 316, The floid then passes from the Haid

passageway 322 of the bypass component 316 to the fluid passageway 318 of the amm

306. ’E“'}ms, even when the sorbent cartridge 24 hag been removed from the cartridge

N
33

holder 300, a fluid stream can be manstained through the cartridge holder 300,
The externnal components {e.g., the sorbent cartridge 24, the infusate container
>

228, the sodium chloride container 230, the bag 238, and their associated fluid fnes) are

constructed as disposable, single use components and can thus be discomnected from the

medude 220 and discarded after completion of dialysis treatment. The manifolds and the

sorbent cartridge holder 360 can then be closed and a cleaning and/or rivsing solution can

3
o
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be civeutated through the module 220 and the dialysis machine 30 to prepuare the module
220 annd the dialysis machine 30 for a subsequont use.

FilG % waz

% }/

chematio view of the module 220 coupled to the ¢

As shown in FIG 9, in addition to the external components that have been desoribed us

being connected io the module 220, a dinlysate bag 250 and a drain bag 2573 are als

S

3

connected o the modide 228 via the manifold 248 (shown in FIGK, 3and 7). b addition,
a difetion bag 254 18 Hudly connected to the dialysis machineg 30,
St reforring to FIG 9, a method of performing hemodialysis will now b

desceribed. Privr to beginning the dialysis trestment, dialysate 18 draven frow the dtalysat

D
J’I

bug 25{, passad through the sorbent cartridee 24, and routed to the bag 238, This can be

one by activating pump 256 with valves 238, 260 opened and valve 202 closed. After

exiting the bag 230 and passing throogh the valve 238, the dialysate passes through a

g

Tuid detector 255, which is adapted to detect the presence or absence of huid within the
line. Fluid detectors of this type are available, for example, from lnfretek and Cosense.
The dialysate 15 drawn from the bag 250 until the {lnid detector 235 detects the absence

of fluid in the Hne, indicating that all of the dialvsate has been forced from the bag 250

N

into the modole 220, Uvon detecting the absence of fluid in the Hne, the flud detecior
X & K

&

253 van trapsmit this mformation to g control unit {e.g., microprocessory tat can cause

the valves and pamps throughout the system to operate in @ way 1o canse the dialysate to

~

recirculate within the module 220 andfor the dialysis machine 30.
Prior to reaching the serbent cartridge 24, the dialysate passes through a flow
mcter 261 that is configured to measure the flow rate of the dialysate passing

therethrough. A signal representing the flow rate of the dialysate can be trassmisted from

3

the flow meter 261 10 a control anit (¢.g., 8 microprocessor). As discussed below, the

=

detected flow rate of the dialysate can be used to control metenng of the infusate nto thy

As the dialysate passes through the sorbent cariridge 24, certain substances, such

$ o

as caleium, magnesium, potassiom, and sodium may be rempved fram the dialysate. As

discussed shove, the sorbent cartridge 24 is also adapted to remove toxins, such as wes,
from Huid flowing therethrough, but the dialysate from the dialysate bag 230 would
zeneraily not contain any urea. Upon exiting the top of the sorbent cartridge 24, the

RE: |
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diatysate ows tuough a babble trap 264, which helps 1o ensure that gases within the

diatysate are released. With valve 266 closed, the dialvsate is then { wagh fhad
Hoe 265, The infusate solation, which includes magnesium, caletum, and potassium, s
then pumped into the Haid Hine 268 from the infusate solution container 228 by activating
a pump 268, The combination of the dialysate and the mtusate solution are noxed within
a nuxing chanber 270

After exating the mixing chamber, the dialysate continues fo flow dirough the
futd Hine 263 and passes through a conductivity meter 2720 The condootivily master 272

cagn estimate, based on the conductivity of the fluid passing therethrough, the

5L

coneentration of sodium within the fluid, A pump 274 and valves 276, 278 van then be

activated i a manner to introduce sedium chioride into the fuid Hne 268 from the
sodiwn chlonide container 230 if the conductivity reading indicates that the sodian level
in the dialysate is lower than desired or o introduce dilotion witer {e.g., AAMI quality
water) fito the aid Hne 263 1f the conductivity reading indicates that the sodiam levelin
the dialysaie is higher than desired. The dilution water is debivered to the dialysete
passing through the thad Hoe 205 from the bag 254 connected to the dinlyus machine

3

ne 30 draws the didution water from the bag 234 and delivers tto the

h.

The dialysis mach

o ket

modale 220 where 1t passes throogh g foid line 277 toward the valve 278, The dilution

water ean be metered into the fluid Hne 263 by activating the pamp 274 and opening the
valve 278, Similarly, the sodium chioride sofution can be metered into the faid tine 268
by activating the purnp 274 and opening the valve 276.

Prior to reaching the fluid line 265, the nfusste solution and the sodiwm chloride
solution pass through fluid detectors 269 and 275, which can detect the prosenes ov
sbsence of Thad, The Huid detectors 269, 273 can be similar in construction fu the huid
detector 258 discussed above.

A microproceasor 13 used e control the pumps 268, 274 and the valves 276, 278,
The microprocessor is connected to Bow meter 261, the conductivity meter 272, the
pmps 208, 274, and the vabees 276, 278, The measured How rate of the dialysate is

transmitted in the T of a sigeal from the Sow meter 261 to the microprocessor. The

microprocessor controls the pump 2068 as a function of the flow rate of the dialys
smecasured by the fow meter 261, This arrangement helps to ensure that & destred amount

PIN
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of the infusate is added to the dialysate, and thus helps to ensure s desired proportion of
the infusate to the dialysste. The conductivity reading is similarly sent in the form of &

N2

signat from the conductivity meter 272 to the microprocessor, and, in response, the

\

macroprocessor sends sigaals 1o the pumps 268, 274 and the valvey 278, 278 {0 cause the
infusate sohution, the sodiem chlornide selution, and/or the difution water to be introduced
into thw aid Lae 263,

The micraprocessor 18 also connected to the Jaid detectors 269, 278, Upon
detecting an sbsence of Heid within their respeetive lines, the fluid detectors 269, 273 can
frapsmiit a signal 1o the microprocessor, which can shut down the svstem or provide an
indication {e.g., an audible and/or visual indication) to the user that the mfusate container
228 andfor the sodium chioride container 230 are empty. I response, the wser cay, for

example, replace or refill the infusate container 228 anddor the sodium chioride container
234,

2, the dialysate passes through ¢

After passing through the conductivity meter 2
cheek valve 278 and into the ammomum sensar 204, which deteets anmcaium fevels

within the dialyeate, I the mn‘s}mﬁutr1 tevels within the dialysate are withiv an

acceptable range, the dialvsate is allowed to flow into the bag 238,

Adier Gilling the bag 238 to 4 desired level with dialysate having a desired

<

X3 s acitvated 0

concentration of caloinm, magneshum, potassium, and sodium, a pump |

draw the diadvsate from the bag 238 into the dialysis machine 30, The dialysate is

circulated through the dialysis machine 30 where it passes through a dialyzer. Al the

same time, a patient’s blood is passed through the dialyzer sull, toxing, sucl ag

wrea, are anstorved soross u permeable membrane of the dialveer from the patient’s

blood to the dialysate. The spent dialysate exiting the dialyzer is then routed hack o the

mochie 228,

The spent dialysate passes through a fluid Hne 282 i the module 220, Depending

on the desired volume of dialysate 1o be eycled back to the dinlysis maching, some of the

QO -3

spert diadvsate can be routed to the bag 238 by opening valve 284 and elosing valve 286
as the spest dialysate is forced through the fluid line 282, Asu result of the dialysiy, for
example, thad from the patient may be added to the dialysate as the dinlysate passes
through the dialyzer of the dialysis machine 30, Thus, routing some of the apens

26



WO 2009/064984 PCT/US2008/083554

x

dialysate 1o the bag 238 can help to ensure that g substantially constant volume of

dialysate is virenlated through the module 220 and the dialysis machine 30 thronghowt
treatiment. The pump 250 in the fluid Hine 282 furves the volume of the spent dalvsate

that 18 not vonted to the bag 238 into the sorbent cartridge 24 via the base 304 of the

wn
=9

cartridge holder 300, As the spent dialysate passes through the sorbent cariridge 2¢

pss

"

Grea
8 removed from the spent dialysate. Calciom, magnesium, and potassiuumn are also

stripped from the spent dialysate by the sorbent cartnidge 24, The recyeled dinlvsate or

cartnidge efficony, npon exiting the sorbent cartridge 24, passes through the habble trap

264 where gases that may be produced as a result of chemical reactions wi

19 sorbent cariridge 29 can be removed from the reeyeled dialysate. In the manner

discussed above, after the recycled dialysate exats the sorbent cartridge 3
solution 1s ntroduced into the recyeled dialysate and, based on the conduchivity reading
at the conductivity meter 272, sodium chloride or ditution water caw be added 1o the

reeyeled dialysate, In the mitial stages of treatment, sodium levels in the recyeled

sk
o}

dialysate tend to be loyer than desired due fo the sorbent cartnidge’s tendeney to strip
sodium frons Hoids passing therethrough, Consequently, in the carly stages of the
treatment, sodiom chioride will typically be injected into fluid Hine to increase the
concentration of sodium in the recyeled dialysate. In later stages of the trestment,
however, the sorbent cartridege may contain high levels of sodium and thus start relegsing
20 sodinm mto the spent dialysate as it passes through the sorbent cartndge. This can lead
o i'}igh'cr than desired levels of sodiwen in the recycled diatysate passing theough the fluid

alting in wn injection of dilntion water into the recyeled dialysate

T

w
.-
va
(9]
s
=
m
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The reoyeled dialysate then passes through the chieck valve 279 and into the

anunonium sensor 246, The ammonium sensor 246 can help to deternsine the state of the

NG
[Ad

sorbent cartridge 24, For example, aa the sorbent cavtridge 24 13 used, the ammonium

levels n the dalysate will increase. Upon reaching a predetermined ammonium fevel,
the treatment can be terminated. Alternatively, upon reaching the predetermined
ammoniant tevel, the sorbent cartridge 24 can be replaced with « fresh sarbent carteidge
and {reatment can resum

30 Afler exiting the ammontum sensor, the recyveled dialvsate 18 routed to the bag
238 andfor the diatysis machine 30, For example, in ovder to ensure that an equal amount

T
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of fluid enters and exits the dialysis machive 30, a Tovalve 281 can be adapted to route &
portion of the dislysate to the dialysis machine 30 via Soid tine 283 and to route any

excess dialysate to the fresh dialysate chamber of the bag 238, if the Sow sate of the

diatysate at the Tevalve 2R1 1s greater than the rate at which the dialvsate is being pulied

S

1
9

mito the dialysis machine 30, some of the dialysate will be routed to the ba

3

IR, i on

1},3

N

the other hand, the flow rate of the dialysate at the T-valve 281 15 less than the rate at
which the dialvsate is being pulled into the dialysis machine 30, the dialysis machine 30
D>

witl pull some of the dialysate from the bag 238, The bag 238 i¢ formed of a flexible

material and thus sets as a compliance chamber, n particufar, as the dialysate s added ©

the bag 238, the volume of the bag 238 is allowed to incregse, and, as the dlalysate i3
removed from the bag 238, the volume of the bag 238 ix glfowed o decresse.

The dialysate that s delivered (o the dialysis machine 30 again passes ti‘zrm'xgh the

s

where toxing are transferved from the pattent’s blood to the dialysate. The speni

dislysate is then routed back 1o the module and the process is repeated until & desired
amount of foxing has been removed from the patient’s blood,

During treatment, an wltrafiltration process may also be performed to remove
water from the patient’s blood. During nltrafiltration, a pressure gradient is created
across the membrane between the dialysate side and the blood side of dy ‘aiaiyzm Asa

result, huid 1 drawn across the membrane from the blood side to the dialvsate side. This

fhaid exits the dialysis muchine 30 and passes though the module 220 via a Sud Hoe 288
and s routed o drain bag 252, This ultrafiltration process can be continued until g
destred vohune of fluid has been removed from the patient.

After completing the patient’s treatment, the dialvaate can Be removed from the

P

bag 23R, For exarapie, the pump 236 can be activated with the valves 20%, 263, 284 open

5

and the valves 260, 280 closed. Ag a result, the dialysate Rows from the bag 238 into the

drain bag 252, Empiying the bag 238 can allow the user 0 more cusily handle the bag
238 after treatment due o the decreased werght, In some cases, eight Hiers oy more of

dalysate 15 removed from the bag 238 prior to disconnecting the bag 2238 from the

madale 220

Adter draining the bag 238 o a desived level, the external components (e.g, the

:,

surbent cartridge 24, the infusate contaner 228, the sodium chlonde container 239, the

o
3
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bag 238, the dialveate bag 250, and their associated fluid Hnes) are disvonnected from the

module 230 and discarded. The munifolds 222, 232, and 230 (shows in FIGS. 5 and D 1o

which the sorbent cartridge 24, the infusate coutainer 228, the sodium chiortde container
34, and the bag 238 were Haidly connected are Closed so that fluid cannot flow wut of

N B 1 B S0 2o

the module 220 through the flaid Hoe connection ports of the manifolds 222, 232, and

\

3G, Ahag of rinsing solution is then connected to the fluid connectivn port o

oan

the

wantfold 248 (shown in FIGE. § and 7) where the dialysate bag 230 was previously

connected, and rinsing solution {e.g., water) is cirenlated through the module 220 and the

dralysis machine 39 to nose the fluid conduits within the module 228 and

machine 360, The ';'insing process 18 carried out by drawing the rising solution from the
rinsing solution bag mte the Huid Hne 282 by activating the pump 236 with valves 258
and 260 open. The rinsing solation moves along the flutd Hne 282 o the cartuidge holder
300, which iy i a closed configuration (with the sorbent cartridge 24 removed) such that
the fittings on the base 204 and the arm 306 of the cartridge holder are connected to the

2

ports 318 angd 320 of the bypass component 316, as shown in FIGS. 7 and 8. The various

pumps and valves of the module 220 and the dialyais machine 30 are then activaled in g

manner to cause the rinsing solution to pass through the various fluid vond

module 220 and the diatvsis machine 30, The nnsing sclution can be collected 1n the

drain bag 252 aller ‘;33553‘13-: through the various desired Hhuid conduits of te medule 220
and the dialysis machine 3

As an alternative o or in addition to passing the rinsing solution through the

Ny
-

module 220 and the dialysis machine 30, a clearing solution {e.g., bleach) van be

circulated though the module 224 and the dialysis machine 30 i a shnilar manner to

be

A

distnfect the vartous fluid conduits of the module and the diabysis machine.
In cortain embodiments, & fluid {e.g., a rinsing selution, a cleaning solation, or
dialysate ioft in the Huid conduits of the module 220 and the dialvsis machine 30 after

treatment) can be passed through the dialyss machine 3% where i i< hested (o 8

o

temperature of about 85 degrees Celstus, The heated fvid can be oircudated throogh the
module 220 and the dialysis maching 30 to disinféct the haid conduits within those
devices,

~ ey

&9



1@

3¢

WO 2009/064984 PCT/US2008/083554

While the wfusate contatner 228 has been described as being positioned upstrean
of the sodium chionde container 230, 1 some embodiments, the positions of the infusate
container 22¥ and the sodium chloride container 230 are veversed such that the infusate

container 228 is positioned downstream of the sodium chloride container 234

In some embodments, the bag 238 1 connected to the bubbie
additional finid Hne extending from the portion of the bag 23R that containg :«:pe;xi‘
dialysate to the bubble trap 264, In such embodiments, the flud boe 283 that feads to the
diglysis machine 30 gan extend ntoe the portion of the bag 238 containing the fresh
diglysate instead of being comnected to the T-valve 281, During use, fresh dialysate ig
first forced inte the fresh dialysate chamber of the bag 238, and then in a subseqaent
action the fresh dialvsate ts drawn from the bag 238 into the dialvsis machine 230 via the

)

faid Hine 283, Because the pressure is regulated within the bag 238 as a vesult ol the
bag's comnection to the bubble trap, the check valve 279 prior o the ammonium sengor
246 can be removed from the faid loop.

While the external components {(e.g., the sorbent cartridge 24, the infusate

cortatner 228, the sodium ehidoride container 230, the bag 238, the dinlysate bag 2530, the

&

drain dag 252, the rinsing sohution bag, the cleaning solution bag, and their associated
fluid fines) comnected to the module 220 have been deseribed as being iwm}u singie
use disposable components, one or more of the external components cun alternatively be
rewsable, For example, they can be construeted to withstand disinfection technigues,
such as autociave disimfection.
While the module 220 has been deseribed a8 being connected o the dram bag 252
a the manifold 248, the module can alternatively or additionally be connected divectly
to & drain via the manifold 248,
Wiile the systems 200 has been described us being inittally primed with dialysate
from the dislvsate bag 2350, the system can alternatively or additionally by attached to g
water sowrce and can be adapted to convert water from the water source inte diavaate,
vertain emboadiments, for example, the dialyeis machine 3 iy adapted o spike the water
passing therethrough with one or more conventrates o form dialysate.
It somie embodiments, the moduale 220 alternatively or additionally mclades
conductivity muters positioned shightly upstreara of the sodium chionde coutainey 230

G
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o

andfor shightly apstream of the infusate solution comainer 228, These conductivity

eters ean further help o ensore that desired amounts of the sodiwn chiloride solation

and/or the fnfasate sehution 1s delivered to the fhuid passing through the fhaid Hne 263,
While cortain methods deseribed above include controlling the rate at which the

fufusate solution Is introduced into the fhurd Hne 255 based on the How vate of the

(923

dialysate detected at the How meter 261, other techmiques are possible. v certain

enmtbodimuents, fur example, the weight of the infusate container 228 and the weight of the

N

dratvsate bug 238 are messured {e.2., boa weight scale), and the Jow rate of the infusats

is controlied based on these readings, In cortain embodiments, the weight of the drain

also be measwrsd and accounted for when determining the gppropriste flow

ifusate solution.

While the module 220 has been deseribed as including pumps 208, 274
moving the infusate selution and the sodivm chioride solution from their respective
containers o the floid Hne 265, other techniques can alternatively or additionally be used.

15 I certatn evbodiments, for example, a vacwan 15 used to draw the infusate solution and
the sodium chloride solution from their respective comtainers into the Juid fine 268, The
flow rate of the dialysate within the fluid Hine 2635 can, for example, create 8 vacuum that
draws the solafions into the Suid line 265, In some embodiments, venton tubes are
provided alony the fhud tine 265 at the locations where the lines extending from the

20 infusate solution container 228 and the sodium chioride solution contatner 230 join the

fhad Hne . The ventur tabey can help to onsure that a sufficient vacuwm s ereated ti
draw the solutions into the Huid line 265 from their respective containers. In
emtbodiments, that wse a vacuan to draw the solutions from their respective sontamers, a
valve can be provided within the Hnes leading from the infusate selution cantainer 228

and the sodivm ehderide solution container 230 to contr! the flow rates of the infusaie

~
o

sodution amd the sodiam chioride solution into the fluid line 265, These valves can be
connecied o and confrolied by the microprocessor in the module 2240
In addition to the components discussed above, the modulte 228 can further

pavticnlar Huid

include vanous fluid detectors to confinm that fluid 18 passing through a
ae Hue or component at a desired time, flow meters to help ensure that finid
through a particular fuid line or component at a destred rate, and filters to flter fhud

3
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passing through a particular fluid Hne or component. In certgin erubodinents, these

additicmal campanents can be connected to the nueroprocessor of the module 220 such

that other components, such as pumps and valves, of the module 220 can be adjosted
based on the readings of these additional components.

While the systems deseribed above use the sorbent cartridge 24 {0 remove toxins
front the spent dialysate, other types of devices can alternatively or additionally be used
to remve toxins from the spent dialysate.

While the modules deseribed herein have been described as boing couplad to the
dialvsiz apparatus 30, other arrangements are possible, i some enbodinents, for
exampie, the module s ncorporated nto the dialysis apparatus. Alternasively, the
module can e a stand-alone unit,

While certain devices and methods disclosed herein bave been deseribed as being

+
.

used 1 conunction with hemodialvais, they can be used in various other renal freatments.

The principles deseribed herein can be apphicable to the particular type of homadiabysis

apparatus deseribed berein, and to a variety of other dislysis apparatos having stmfar

fanctons,

EXAMPLES

The following data was collected based on use of a dialysis system of the bype
shown i FUEL T above,
For the initia] setup, Quid was recireulated from the spent reservolr via the

X

recireniation pump, into the bottom of the sorbent cartridge. The effluent from the
cartridge was then directed into the fresh reservoin Fluid from the frosh reservoir wag
pumped to the dialvais machine via the pressure pamp where t was processed i the
normal manner for the dialysis machine, The Qow rate for the dialysis machine was st
to 200 codmin and the sorbent cartridge recireulation was at 223 cefnun

The simulated patient contained 42 Hters of defonized water with 244 g of NaCCL
135.5 g of NaXMCO3, 30 g Urea, 15 g KO, 27.26 g of Sorh Concentrate containing
Caleiom Acetate and Magnesium Acctate. The intial chemistry values Tor the simulaled

A

_‘,’O
1 5

patient wore: Na 132.7 mp/dL, C1 1009 mg/dl, K 4.53 mg/dL, Ca S.88 mpidl, Mg

’,’C
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mg/di, Urea Nifrogen 33.3 mg/dL {note that a typical pre-blood wres niirogen value is

approximately 60 meddl, Leg twice this amount).
T attain a base sodium in the reservoirs, the spent reservols was spiked with
68.25 ¢ Na(ll, The systent was allowed to stabilize and ran for 4 howrs, Sanples were
taken divectly vut of the sorbent cartridge prior to enfering the fresh reservorr (Na Fm
Sorb), at the inlet dialysate comnector (Na to Pt) and from the Arterial Line Pre-Pomp (Na
B
As can be seen 1 the graph in FIG 10, the soduum levels of the pationt (ine 400)

witially dipped then came back up and remained relatively stable, The sodiwm in the "

patient” hine {{ine 3007 increased from a 133.8 mEg/L at 90 minutes to 1388 mEBqg/L at

248 minutes, for an merease of l'n'.i.':'.q./ L. inthe “Serbent Dialysis Primer™ {Cobe Renal
~

Care, fne.; Bd, 4 1993}, graph 2.1 illustrated that for the average adult renal patient with

& normal or near normal pre~dialysis sodiom, the dtalysate would fncrease from 139

mEg/L at S8 minotes to 160 mBg L at 240 minutes, an mncrease of 21 mEg/L.

Sincs calcium, magnesium and potassinm are removed by the sarbent cartridge,
the changes to condustivity going to the patient should be directly proportional to the
sodium change resulting from the sorbent cartridge, This is llustrated t the data
collected and shown in the graph of FIG 11

To further test the dilution method to show that it can work, a sovbant ¢ a'*;.z'icige.

stabilize for approximately one hour. Upon stabilization, 68 co of deionized waler was
infected int the fresh reservorr and the conductivity was observed coming from the
sorbent cartridge and at the Dialysate Infet Port of the dialyzer connected to the simulated
patient. .

Az can be seen i the graph of FIG 12, the conductivity (henee the sodiam)
decreased frony 133 mSam to 1325 mw/Cm and recovered after spproxmutely 15
minutes. A 120 co bolus of DI water caused the conductivity going to the palient o
decrease from 133 mSiow to 13,12 mS/om and took approximately 30 minutes 1
FECOYEY

The graph in FIG 13 shows conductivity control using a wetering pump attached

to u peritoneal dialysis bag, The bag was first filled using & three way valve and diverting
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the output of the sorbent cartridge to the bag prior to adding the base sodium chloride to
the bath. Conductivity (i.e. the sodium) could be varied throughout the four hour run.
Initially the metering pump was set too high, and the conductivity was dropping. After
adjustment of the voltage to the metering pump from 4.7 V to 4.5V, the conductivity
stabilized. To demonstrate that the sodium would have been rising in the absence of the
dilution, the metering pump was turned off approximately 150 min into the run.

One skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not
to be limited by what has been particularly shown and described, except as indicated by
the appended claims. All publications and references cited herein are expressly
incorporated herein by reference in their entirety.

Other embodiments are within the scope of the following claims.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group of
integers or steps.

The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgement or any form of suggestion that the prior art forms part of the

common general knowledge in Australia.
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WHAT IS CLAIMED IS:

l. A dialysis system, comprising:

a dialysis machine; and

a module that is directly, fluidly coupled to the dialysis machine via a fluid inlet line
and a fluid outlet line such that dialysis solution flows directly from the module to the
dialysis machine, through the dialysis machine, and directly from the dialysis machine back
to the module, the module being electrically coupled to the dialysis machine and fluidly
coupled to a dialysis solution reservoir, the module retaining a device in a manner such that
dialysis solution can pass through the device, the device being adapted to remove one or more
substances from the dialysis solution as the dialysis solution passes through the device, the
module comprising:

a fluid line connected to the device, the fluid line being arranged so that
dialysis solution exiting the device passes through the fluid line, and
a sodium control system in fluid communication with the fluid line, the

sodium control system being adapted to alter a sodium concentration of dialysis

solution passing through the fluid line,

wherein the dialysis system controls a flow rate of dialysis solution from the module
to the dialysis machine in a manner such that dialysis solution is diverted to the dialysis
solution reservoir if an actual flow rate of dialysis solution from the module to the dialysis
machine is greater than a desired flow rate and dialysis solution is drawn from the dialysis
solution reservoir if the actual flow rate of dialysis solution from the module to the dialysis

machine is less than the desired flow rate.

2. The dialysis system of claim 1, wherein the sodium control system is adapted

to introduce a diluent into the fluid line.

3. The dialysis system of claim 2, wherein the diluent comprises water.

4. The dialysis system of claim 2, wherein the sodium control system comprises

a container that contains the diluent, and the sodium control system further comprises a pump

arranged to move the diluent from the container to the fluid line.
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S. The dialysis system of claim 1, wherein the sodium control system is adapted

to introduce sodium into the fluid line.

6. The dialysis system of claim 5, wherein the sodium is in the form of a sodium

chloride solution.

7. The dialysis system of claim 5, wherein the sodium control system comprises
a container that contains a sodium solution, and the sodium control system is adapted to draw

the sodium solution from the container to the fluid line using vacuum.

8. The dialysis system of claim 5, wherein the sodium control system comprises
a container that contains a sodium solution, and the sodium control system further comprises

a pump arranged to move the sodium solution from the container to the fluid line.

9. The dialysis system of claim 8, wherein the sodium control system further
comprises a diluent source, and the pump is arranged to move diluent from the diluent source

to the fluid line.

10.  The dialysis system of claim 9, wherein the diluent source is a fluid line that

contains pressurized diluent.

11. The dialysis system of claim 9, wherein the sodium control system further
comprises one or more valves that can be actuated to control movement of the sodium

solution and the diluent to the fluid line.

12.  The dialysis system of claim 1, further comprising a conductivity meter that is
adapted to measure conductivity of the dialysis solution passing through the fluid line, the

conductivity meter being in communication with the sodium control system.

13.  The dialysis system of claim 12, wherein the sodium control system is adapted
to alter the sodium concentration of the dialysis solution passing through the fluid line based

on an output signal of the conductivity meter.

14.  The dialysis system of claim 1, wherein the device is a sorbent cartridge.

36



11 Sep 2013

2008322546

15.  The dialysis system of claim 14, wherein the sorbent cartridge comprises at

least one layer of material capable of regenerating spent dialysis solution.

16.  The dialysis system of claim 15, wherein a layer of the sorbent cartridge

comprises sodium zirconium carbonate.

17.  The dialysis system of claim 1, wherein the dialysis solution reservoir is a dual

compartment reservoir.

18.  The dialysis system of claim 17, wherein the dual compartment reservoir
comprises a first reservoir for spent dialysis solution and a second reservoir for fresh dialysis

solution.

19.  The dialysis system of claim 18, further comprising an input line and an output
line, the input and output lines being in fluid communication with the second reservoir, the
input line being arranged to deliver fresh dialysis solution into the second reservoir and the

output line being arranged to remove fresh dialysis solution from the second reservoir.

20.  The dialysis system of claim 18, further comprising an input/output line, the
input/output line being in fluid communication with the second reservoir, the input/output
line being arranged to deliver fresh dialysis solution into the second reservoir and to remove

fresh dialysis solution from the second reservoir.

21.  The dialysis system of claim 1, further comprising an infusate system in fluid
communication with the fluid line, the infusate system being adapted to introduce an infusate

solution into the fluid line.

22.  The dialysis system of claim 21, wherein the infusate solution comprises

magnesium, calcium, and potassium.

23.  The dialysis system of claim 21, further comprising a flow meter arranged to
detect a flow rate of the dialysis solution, the infusate system being adapted to introduce the

infusate solution into the fluid line based on the flow rate of the dialysis solution.
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24.  The dialysis system of claim 1, wherein the device is fluidly coupled to the

module.

25.  The dialysis system of claim 24, wherein the module comprises a device
holder that can be arranged in a first configuration to allow fluid to pass through the device or
in a second configuration to allow fluid to pass from a first portion of the device holder to a

second portion of the device holder without passing through the device.

26. A method, comprising:

removing one or more substances from spent dialysis solution by passing the spent
dialysis solution through a device, the device being retained by a module that is directly,
fluidly coupled to a dialysis machine via a fluid inlet line and a fluid outlet line such that
dialysis solution flows directly from the module to the dialysis machine, through the dialysis
machine, and directly from the dialysis machine back to the module, the module being
electrically coupled to the dialysis machine and fluidly coupled to a dialysis solution
reservoir,

wherein the dialysis machine and the module cooperate to control a flow rate of
dialysis solution from the module to the dialysis machine in a manner such that dialysis
solution is diverted to the dialysis solution reservoir if an actual flow rate of dialysis solution
from the module to the dialysis machine is greater than a desired flow rate and dialysis
solution is drawn from the dialysis solution reservoir if the actual flow rate of dialysis
solution from the module to the dialysis machine is less than the desired flow rate; and

altering a sodium concentration of dialysis solution exiting the device.

27. The method of claim 26, further comprising passing the dialysis solution
exiting the device through the dialysis machine after altering the sodium concentration of the
dialysis solution exiting the device.

28. The method of claim 26, wherein the device is a sorbent cartridge.

29. The method of claim 26, wherein the moduleis releasably coupled to the

dialysis machine.
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30. The method of claim 26, further comprising moving the spent dialysis

solution from the dialysis machine to the device.

31.  The method of claim 30, wherein the spent dialysis solution is moved from the
dialysis machine to the dialysis solution reservoir and then from the dialysis solution

reservoir to the device.

32. The method of claim 26, further comprising introducing an infusate solution

into the dialysis solution exiting the device.

33. The method of claim 32, further comprising detecting a flow rate of the spent
dialysis solution, wherein the infusate solution is introduced into the dialysis solution based

on the detected flow rate of the spent dialysis solution.

34. A dialysis system substantially as hereinbefore described.
35. A method substantially as hereinbefore described.
36. The dialysis system of claim 1, wherein the module is releasably coupled to

the dialysis machine.

37. The dialysis system of claim 1, wherein the dialysis system further comprises
a T-valve that is fluidly coupled to the fluid line and is arranged so that dialysis solution is
diverted from the fluid line to the dialysis solution reservoir if the actual flow rate of the
dialysis solution from the module to the dialysis machine is greater than the desired flow rate
and so that dialysis solution is drawn from the dialysis solution reservoir if the actual flow
rate of the dialysis solution from the module to the dialysis machine is less than the desired

flow rate.

38.  The dialysis system of claim 1, wherein the sodium control system is spaced

apart from the dialysis solution reservoir and from the device.

39. The dialysis system of claim 18, wherein the first and second reservoirs are

configured so that fresh dialysis solution overflows from the second reservoir into the first
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reservoir when the second reservoir is filled beyond its capacity with the fresh dialysis

solution.

40.  The method claim 26, wherein the module is releasably coupled to the dialysis

machine.
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