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DI ALYSI S SYSTEMS 5 BACKGROUND Contenporary regenerative dialysis
systens empayimvisamsspr ead application. In such systens, &carsb@nisazrtri dge
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procedure. During the dialysis procedure, the purified dialysate is
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patient. I's critica trafiltration rate remain positive
during a procelureg the didhydis prouddise, dreepuridied dedyshteascotimuplly penped At no ti ne
during the 25procedyre should the ultrafiltration rate. be n tive; such
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rate is a function of the punping rate of the input punp, punping purified

di al yl$at etransteored Heonal ihe| bjoask intohtherBiatysate. An output pump draws used dialysate
from the dialyzer chamber at an output pump. The used dialysate is pumped through

the sorbent cartridge, the chemistry of which is configured to filter and remove the
urea particles from the dialysate, thereby purifying the dialysate.

Fluid is removed from a patient over a defined time period during the dialysis

20  procedure. The rate at which the fluid is removed is referred to as the ultrafiltration
rate. The ultrafiltration rate of a dialysis procedure is prescribed by a physician, and
any variation from the prescribed ultrafiltration rate can result in serious adverse
consequences to the patient. It is critical that the ultrafiltration rate remain positive
during a procedure so that fluids are removed from the patient. At no time during the

25  procedure should the ultrafiltration rate be negative; such “back-filtration” would
result in the delivery of fluid to the patient through the dialyzer.

In regenerative dialysis systems, the ultrafiltration rate is a function of the
pumping rate of the input pump, pumping purified dialysate into the dialyzer chamber,
relative to the pumping rate of the output pump, pumping used dialysate from the

30  dialyzer chamber. By controlling the relative input pump and output pump rates so
that the output pump rate exceeds the input pump rate, the differential between the
rates guarantees that fluid is removed from the patient.

Management of the ultrafiltration rate is paramount to a successful and safe

dialysis procedure for the patient.



relative to the punping rate of the output punp, punping used dial ysate
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weight by summing the dynamic weight and the scale weight; and controls the
ultrafiltration rate of the system in response to the corrected dialysate fluid weight.

In another embodiment, the controller further: calculates an absorption weight

20  of dialysate fluid stored in the sorbent cartridge as a result of time-based absorption;
and calculates the corrected dialysate fluid rate by further summing the absorption
weight with the dynamic weight and the scale weight.

In another embodiment, the controller controls the ultrafiltration rate of the
system in response to the flow rate of the dialysate fluid through the sorbent cartridge

25  based on a predefined model of compliant behavior by the sorbent cartridge.

In another embodiment, the predefined model of the sorbent cartridge is based
on a relationship between a volume of dialysate fluid stored by the sorbent cartridge
as a function of flow rate of the dialysate fluid through the sorbent cartridge.

In another embodiment, the relationship between the volume of dialysate fluid

30  stored by the sorbent cartridge as a function of flow rate of the dialysate fluid through

the sorbent cartridge is linear.
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met hod f uinphiemates Gitpringsts usel dialiysege flhid t6 pesdnateitled fysshtdeal fdata Buidtat @ reservoir;
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the dialysate fluid through the sorbent cartridge; calculating a corrected dialysate fluid
weight by summing the dynamic weight and the scale weight; and further controlling
the ultrafiltration rate in response to the corrected dialysate fluid weight.
In another embodiment, the method further comprises: calculating an
25  absorption weight of dialysate fluid stored in the sorbent cartridge as a result of time-
based absorption; and calculating the corrected dialysate fluid rate by further
summing the absorption weight with the dynamic weight and the scale weight.
In another embodiment, the method further comprises controlling the
ultrafiltration rate of the system in response to the flow rate of the dialysate fluid

30 through the sorbent cartridge based on a predefined model of compliant behavior by
the sorbent cartridge.
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rate function no _
dialysate fluid into a dialyzer at an input rate; an output pump function module that

outputs an output pump control signal effecting the pumping of used dialysate fluid
20  from the dialyzer at an output rate, an ultrafiltration rate of the regenerative dialysis
system being related to the output rate relative to the input rate, whereby the used
dialysate fluid is filtered at a sorbent cartridge to generate the fresh dialysate fluid;
and an ultrafiltration rate function module that controls the ultrafiltration rate of the
regenerative dialysis system in response to a flow rate of the dialysate fluid through
25  the sorbent cartridge.
In one embodiment, the ultrafiltration rate function module further comprises
a scale weight sampler function module that monitors a scale weight of the fresh
dialysate fluid stored in a reservoir, wherein the ultrafiltration rate function module
further controls the ultrafiltration rate in response to the scale weight of the fresh
30  dialysate fluid in the reservoir.
In another embodiment, the ultrafiltration rate function module further
comprises: a dynamic weight calculation function module that calculates a dynamic

weight of dialysate fluid stored in the sorbent cartridge in response to the flow rate of
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rate in response to the corrected dialysate fluid weight. 5l n another
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time- bas@(ﬂn;ﬁ@s%@‘é@hb%?ptlo\ﬂ{w& tr&aﬁcbﬁnw@ﬁgmlo&moa@réttw@alwafé& k@n modul e
calculates t corrected dialysate fluid rate by further sunm ng the
absorpti ombsmmt@htwmghtl@f thadysa@ fhyhstaied inBieghtbeaherrtridge scarasulivef gie- I n

th filtrat functi furth
cont rol s PREY amersiam prsErbhe st S e By ARb RRalBR T L heh ow
rate of tbarddiall dgaése fihidirtke b e sthisohbapiorpirt wéiggevigaged on a

predefi ned nodel of conpliant behavior by the sorbent cartridge. 15In

anot h&t e%@mlﬁﬁﬁtghtﬁ%thﬁls@ﬂi@wméﬁ nmodel of the sorbent cartridge is based
on a relations by the sorbent
cartridge as a %ng}%%\éﬁl%g?%*}épk%{ﬁ %ltr {I@Ll}e@%&gftﬁ ultﬂgdlﬁ{: |r§1q'{ hr ough t he
sor bent Cafritﬂ‘ollsj@eultraﬁltratlolnl’tataI’(bﬁ'tHa:e;lysteﬂﬂIbﬁdd:slfm]ﬁﬁe totlhﬁldvefm ofohs hi p bet ween

the vol une of dialysate fluid stored by the sorb cartr afunction
of 1 ow rédiglysge fhu thﬂ?%h}%%%‘é o G?Iqugﬁrybé‘éF‘&rP%Erﬁgefl% %fg i

linear. pehaviok By A0 pﬁ{) ment, the relationship between the vol une of
di al ysate ?qu d gtor y the sorbent cartridge as a function of flow rate

of thes di al ysalrearfother dmbbdioegh) thehwedadmbé ntodelarftthe shgberit santrodgelis basad .
I n anot her odi the ultrafiltratio at ich fluidis
25 renovef F% n%’ﬁtqe%‘?enzi‘tv e ﬁfil%?]?’%aé? uldied E% 8’§r‘78fbl‘?8tr %%5%“ nment, the
ultrafiltpad RRBHEREIR) rde Qfﬁle)d?dl%a&rfﬁﬁ&ﬂ%@ghﬁﬁé t@baRdaliiagdie T egenerative
di al ysis systemis prescribed.
In another embodiment, the relationship between the volume of dialysate fluid
stored by the sorbent cartridge as a function of flow rate of the dialysate fluid through
20  the sorbent cartridge is linear.
In another embodiment, the relationship between the volume of dialysate fluid
stored by the sorbent cartridge as a function of flow rate of the dialysate fluid through
the sorbent cartridge is non-linear.
In another embodiment, the ultrafiltration rate is a rate at which fluid is
25 removed from a patient at the dialyzer.

In another embodiment, the ultrafiltration rate of a dialysis procedure

performed by the regenerative dialysis system is prescribed.

30 BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the embodiments
of the invention will be apparent from the more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings in which
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30 BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her objects,

features and advantages of the enbodinents of the invention will be
appar ent woamxdsersmor e particul ar description of preferpet/usadiodszrent s of
the invention, as illustrated in the acconpanying drawi ngs in which WD

2012/ 050781PCT/ US2011/ 052742 | i ke reference characters refer to the sane
parts thriegbfetincd tearabidr esferto thd @ws. pafts ehrdughaunths daff@emotewrecldgsarily to
scal e, enphasis instead being placed upon illustrating the l[3ri nci pl es of

the embodiFFERES MOt AECFAVENOISeHS: qoIRbas!y Instead bEng dlacad YR Fatine

regener atthé’ﬁﬁix@iﬂ%}’éﬁtﬁe SYSb&Me gﬁ({%h@%ﬁ. wi th 5enbodi ments of the present
i nventi on. I's an exanple graph of sorbent cartridge conpliance as a
function of diFGy$éateblbtlodiapateof a regenerdivediBysissyaten ovacdirdeprearwidf t he
operation of a corrpfensati on .syst.emin accordance with enbodi nents of the
preseAt RO oltbepissent IRenbl-exanpl e graph of sorbent cartridge

absorption as @|df yacsd %gﬁ)fle EdaPR of sorbent cfr{rﬁge%oi'n?li&qdé%fs aifhiedioh lbow di agr am
u

of an operation for performng the step of conputing dynam c conpliance, in
accor dancBalysathflewbadi ments of the present invention. 15FIG 6 is a
detailed flow n_oper.ation rfor m.n Js@%teﬁltigp of conputi ng

g f .
the current a Igﬁlgtr“iafghg 14854t Of theyppers gﬁgﬁ%%%rgp%r. ge’in accordance with

enbodi men.soAkndeRBtHERER M chtS b HelpPdtent inventioft! G 7 is a detailed flow
di agram of an operation for perform ng the stgg of conputing a corrected

scal dOvei ght, Fl@. Accor ckampde gaph obsesernit aertrideesbsarpoprsesBRtivmihvent i on.
FIG 8 i S8 detail ed bl ock di agram of an exanpl e enbodi nent of the
control | é®in accordance wi th enbodi nents of the present invention.

FIG. 5 is a detailed flow diagram of an operation for performing the step of

computing dynamic compliance, in accordance with embodiments of the present
invention.

15 FIG. 6 is a detailed flow diagram of an operation for performing the step of
computing the current absorption weight of the sorbent cartridge, in accordance with
embodiments of the present invention.

FIG. 7 is a detailed flow diagram of an operation for performing the step of
computing a corrected scale weight, in accordance with embodiments of the present

20  invention.

FIG. 8 is a detailed block diagram of an example embodiment of the controller,
in accordance with embodiments of the pfesent invention.

FIG. 9 is a graph illustrating a result of a tracking of a weight signal output by
the scale from an initial time #, to a final time #rin a first part of a representative

25  treatment.

FIG. 10 is a graph illustrating a result of a tracking of a weight signal output
by the scale from an initial time # to a final time #rin a second part of the

representative treatment.

30
DETAILED DESCRIPTION OF EMBODIMENTS
Embodiments will now be described more fully hereinafter with reference to

the accompanying drawings, in which preferred embodiments of the invention are
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FIG 9 is a graph illustrating a result of a tracking of a weight signal
output by the scale froman initial tine toto a final tinme tf in a first
part of awvoepraserstative 25treat nent. FIG 10 is acgraspiiiiobi7ust rati ng
a result of a tracking of a weight signal output by the scale from an
initial time toto a final tine tf in a second part of the representative
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described nmore fully hereinafter with reference to.the acconpanyi ng
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terms. ThRaRs lEKEStcRhLard 26EH t’bQiiﬁin%ﬁﬂngﬁéa slemeneréth an&Atr. fRopexangleher . For
exanple, a "first" elenment could be tem ed a "second" el ement, and,
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associ at egrekdn$ irf@niidrE M8 -used herein, the tat tanb@rumdried @agchndhdit when an el ement
is referred to as being "connected" or "Qogfg.l ed" to another elenment, it can
be di ¥ect sgmbinginss oEanoer Bogel die assoaded stpeendt-ement , or i ntervening

el ements can bg Mfl%%%ﬁ{lee%twd ﬁq%i‘%é&?& Fl%%ﬁ't iQFeefgéyé‘d‘i%% bleﬁ'lﬁr“% Lid-to as

being "directly connec or rectly coup to anot her el enment,
15t her e ase“coopliedit eranethened ekt rtus bp drseiytconftdirelrorwonplsd trséad otler descri be
the rel ationshi p between él ements should be interpreted in a like fashion

(e.g., " beleRERln Of \PETEgRNE: FIRERIE F3 PreRTGReSh, ‘{GOQHP%C‘@W'Z‘W?@% Sdirectly
adj acent, 1or&t &y th as PBRg H@kdBIPRb AR 1dS @F “BREAY Rohfled O ahbBePdlEROSe Of
descri bing particular v
15  there are no intervening elements present. Other words used to describe the
relationship between elements should be interpreted in a like fashion (e.g., “between”

I ¢

versus “directly between,” “adjacent” versus “directly adjacent,” etc.).
The terminology used herein is for the purpose of describing particular
embodiments and is not intended to be limiting of the invention. As used herein, the
20  singular forms “a,” “an,” and “the” are intended to include the plural forms as well,

unless the context clearly indicates otherwise. It will be further understood that the

99 <¢ 29 6

terms “comprises,” “comprising,” “includes,” and/or “including,” when used herein,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other

25  features, integers, steps, operations, elements, components, and/or groups thereof.

FIG. 1 is a block diagram of a regenerative dialysis system in accordance with

embodiments of the present invention. A regenerative dialysis system 28 in
accordance with the present embodiment comprises a dialyzer 40, an output pump 38,
a sorbent cartridge 30, a dialysate reservoir 32, a scale 34, and an input pump 36.

30 The output pump 38 is coupled to an output of the dialyzer 40 and receives
and pumps used dialysate fluid from the dialyzer 40 at an output rate. Used dialysate

fluid is pumped from the output pump 38 to an input of the sorbent cartridge 30.



enbodi nents and is not intended to be [imting of the invention. As used
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It will be further understood that the tellns "conprises,” "conprising,"

"includes,” and/or "including," when used herein, specify the presence of
st at ed f eat ur e$he uset eidysate fatié psgraparthtough syultgllemyats ©f thersdftent conponent s,
but do not preclude the presence or. additjon one or nore ofher

25f eat ur eSUidge éé h @’F%??é’}n%?)@eﬁ‘tﬁegﬁg?m’éfrénih’f EC,SP%CBPff)HWitmléa‘yS‘ﬁd/ or

groups t hel et «o further urﬁkﬁle usell RialysHef KtaBtaaD RNV 1R decbARNERAL I ve dial ysis
system i n ‘accordance PNI'[ enbodi nents of The present invention. A

r egener at dacersdh dheysirisens yatrelpe 38 Wil backonsiad oefuhthdetdiebgdoesent enbodi ment

conprises a dialyzer. 40, an output p 38 orbent cartrigdge 30, a

di al ysate rese\?’i‘%‘? glag’ﬁ?teﬁédc‘ﬁlpé‘g)‘%éﬁd_%%BOHWW %ﬁ)ﬁfs E?ﬁf “ r.légf dout put punp
38 is coupbeshds @) @R d%l%sﬁkétr_e@rvéihﬁ,dﬂﬂzlré/ﬁ%stéﬁd%}Cfuftﬁ&qiré’&%i 1d punps used
dialysate fluid fromthe dialyzer 40 at an output rate. Used dial ysate

fluid i s Jndusateb(fis addadte tafreshtdigpsate B8 dontranby Hgsorbsnt eanaidgoptrent
cartridge_ 30.. .The .used di al.ysate fluid progres t.hrough multiple
ayer s orPEREived e by EHPGGa AR TRtk R M GPaR I O]

chem st r yiecHihgudsesP@et thy 8ialjshdeiflth Eplegdt@sdsioAREpatett thahd coubhast tipuri fy the
used di al ysate in stages. tails of the reaction that occurs in the

sor belft cerogeduagias3zpsupipble chemigitgcussed in further detail bel ow. 5Fresh

di al ysate fluidg,] j ty. . g j dge 30 and
proceeds to thghédll gﬁ@ﬁ@?@%@&;\%&r?&%@ﬁ d\kﬁagsratégﬁ?lﬁg{éoprg{htgrdgﬁg;%gér further

pr ocessi n@serbvoil 33 ahé poflps thedttdie dialyBatelfliid fnes thediiAy2es 40 et 4d iupat ratet put by t he

sorbent cartridge at a prescribed rate during a dialysj rocedure in
accor danc]élW@W?XK@T 10.dkg Heih diplutpts HedAnigiaes, widhthe ﬂ?étt‘é/n[t ﬁz?kgﬁdeﬂtﬁsat e fluid

present ednbntdig, Hali:lfarifled hE 1fOMESE RbnlHerkORIAT ARUIAVIRS Meul Labl e

chem stry. n punp 36 draws store resh dialysate fluid from
t he disal yslabé entesehe dialyz&24(patchn pupyp pott Hé Afand shitslatanysgue poit did. iTheo t he

it er act suyai T B R RGBT ol ah P PR RANE U a5 are
transferrggkromthe blood into the dialysate. The 15blood enters the
di al yzer 40 at an input port 41A and exits at an output port 41B. The used
di al ysate fl ui Bluidisgempesd frommpehent@iver 3/gadined timgtpesind duripgie diahisss, as
descri bedpr%tc)gci{lef\é. The rate at which the fluid is removed is referred to as the ultrafiltration
20 rate. The ultrafiltration rate of a dialysis procedure is prescribed by a physician, and
any variation from the prescribed ultrafiltration rate can result in serious adverse
consequences to the patient. It is critical that the ultrafiltration rate remain positive
during a procedure so that fluids are removed from the patient. At no time during the
procedure should the ultrafiltration rate be negative, which would result in the
25  delivery of fluid to the patient through the dialyzer 40. Such “back-filtration” can be
harmful to the patient, and is to be avoided.
The ultrafiltration rate of the dialysis system 28 is controlled by managing the
output rate of the output pump 38 relative to the input rate of the input pump 36. By
controlling the respective rates of the output pump 38 and the input pump 36 so that
30 the output rate of the output pump 38 exceeds the input rate of the input pump 36, a

positive ultrafiltration rate can be achieved, ensuring that fluid is drawn from the

patient at the dialyzer 40, and not the reverse.
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di al ysis procedure. The rate at which the fluid is renoved is referred to
as the ulwoabidasomti on 20rate. The ultrafiltration ratepofi/is2adilabysg: s
procedure is prescribed by a physician, and any variation fromthe
prescribed ultrafiltration rate can result in serious adverse consequences
to the pati ent Exdess flgidghattis drawntbiydhe euiputuiumpald fremahd Galyretd® ipemai n

positive duri a cedure.so that. flujds.ar e fr he patient. At
no tine d%crcf)f‘f%g?%‘g%&l?c@ﬁ?fﬁgaté?{lorﬁﬁedsf:%rgt’lﬁlleg ra iflft' gga%%{%gar%y ¥ {a%{g élhbe negati ve,
whi ch woupgifi @84l the batbbit@arfaed 30y emyreaf isfrbgtingrated dnbigtopal ineld dilisatagh t he
di al yzer 40. Such "back-filtration" can be harnful to the patient, and is

to be avofederdoir 32. The Fxeesyflpidas sqcomalatedpvientimedn thefdalgyaty pagreoisgdt em 28 i s
contraolled b nagi-ng..th t f | ative to
the i (r)#putmraa ) 3?C%gwggtlhﬁﬁufa?%%ﬁ%%§éé' 3&88%1%9 I?to(fq{léls(géég tﬂ E}grgr?ae\glgg%(t?i ve rates of
t he out puiccpiiitaBinanddiblieate Rgeitvoftleap b3 mostotelatcadding heitowtight by at e of t he
out put punp 38 exceeds the input rate of the input punp 36, a positive
ultrafiltfatdaPh rate can be achieved, ensuring that fluid is drawn fromthe
patient at the,di [ VEIoREof the dialysate FseRSS Fol Ui d that
is drawn by thgg%gétagelzj% lség%ﬁ%ggjf@g}ﬁ?atgﬁg ﬂéﬁﬁal fizae? 4% 1iar%lszzlﬂe:cordance with the
ul trafiltsatgdar insteld. STegrbgressc i didlydidh prousdtte diradbeymatisel pmonpgoredf i ed by
the sorbent cartridge. 30, where it is.regenerated an tored in the

di al yKht ePY Baesigpif ‘%ﬁzgiﬁfﬁélagﬁ%%é%seﬂom_ rgmgcteﬁﬁiﬁrgﬂgﬁarbmogq% in the

di al ysat CahBR Y Ad éﬁeﬁgguﬂs&%ﬁ%@&ﬁ%@ 4t dahgplbtiniatk! 1t VLRteAt €. The
amount of excess fluid drawn and accunulated in the dialysate reservoir can
be noni t ofrenh the pesdiled ulteafilrgtionshight dggmainet ahen@gssary adjustMpeisseml e 34 is

configured to neasure, the i ght of the .di al ysat eseryvoi.r .32 at regqgul ar
i nter 8al sge HpRde i?r%&F@%@Sosfy\sl\%mgFoéleiﬁ%rflgle’p?&‘%ﬁ’ép al@a phatiendant oy i m)nigt or ed
10 by tr agkbMGyiibas WRtdadtically, byal parblesyseser voi r over time, to ensure that
an appropriate anmount of fluid is being pulled fromthe patient at an
appropri at e r atecertain embsithents,dhe $ysism elialilratier Fatpean kamangepd trati on rate
is determned,..a nece j Ust kel ysi s
systom  {BROBRURIY0F EF ERE R bR TR, SECLRRRER, A SRt Y
systens, aibiovad iverdht Vigndyi4drdmthersodle Sy sthenveidiilsignalet4 ledimg midbatverent s, t he

systemultrafiltration rate can be managed autgmatically, b n aut omat ed
control sthstsesent getug) msight of e diplysated st Yy 3% r Therople r\f‘gscaga%@i ght si gnal

44 fromt &%h@%%}tﬁ‘gg%@h%?ﬂ?k%é Ql%seﬂith #é B%%_Ercﬂge bP@LC@IdkY theQfmd he present

actual wei'g al ysate reservoir 3 controller 42 can also
i ncl u2le aelapsedrsirtchalie previoksscalrevadlapsmdlet iThe cofitrellee fipthee pbwidesen t hat

tracks the tinme 20 e sed since the_ previous scale i ght .sanpl.e. The
control | ePUtPHtrrlaT?e?g“&:l g@fcﬁ QOHW%]BH%?QFQ%{@%? Lte ﬂgnvﬁégtt%gledﬁﬁﬁut punp 38,
and an in%prg,@;e signal 46 to the input punp 36. Since the wei ght of

the enpty dialysate reservoir 32 is known, this weight can be discrimnated
fromthe cal cuBace tre wéightd theednyty disl ysetegestirediy Eaisdnpwns this weigkiraaai r .

be discriminated from the calculation of the weight of the dialysate in the reservoir.
25  Further since the chemistry and density of the dialysate used in the procedure are
known, the volume of the dialysate present in the dialysate reservoir 32 can be
accurately derived from its weight. By comparing the actual weight of the dialysate
reservoir to an expected weight that is derived from a prescribed ultrafiltration rate,
and by monitoring the elapsed time of the procedure and/or the time between weight
30  samples, the controller 42 can determine whether any variation in the ultrafiltration
rate of the procedure has occurred. In the event such a variation outside prescribed
limits has occurred, the controller 42 can, for example, increase the ultrafiltration rate,

or decrease the ultrafiltration rate, for a specified time period.
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25Further since the chemstry and density of the dialysate used in the
procedure are known, the volune of the dialysate present in the dialysate
reservoi rw820na30t3¢e accurately derived fromits wei ght. PBy/useompasi7ay t he
actual weight of the dialysate reservoir to an expected weight that is
derived froma prescribed ultrafiltration rate, and by nonitoring the

el apsed tine dbh onbexpngegatecentaidf 42 canhmusd aneinbetswee thendirghitraB@sanpl es, t he

controller 42 can deternm ne whether any variati in the ultgafiltration

rate of t'RE Priseseritet ﬁéﬁ%‘é‘%?ﬁﬁ’te@%ﬁen?}ﬁ’y‘?‘ﬁ%mé?;@ﬁ? H@@gﬁpuépk}lgpbgtapgn out si de
prescrib R 1 | dubk, afttacEbe, tdialgnanpl e,

[ ncreaseet'?1 Eadpm%a?%@ﬁ%r tgﬁs)l!ri] g?e?lerggﬁggi@eégseat hg ul traf il??r ation rate,

for a speysteine2B vilhdrapeelatdely mne B0idZrds 0repRaT/ovs2dme/ D5RPERT | n one

exanple, the controller 42 can cause an i.ncrease.in.the ultrafiltration
rate by |¥ér® ﬁﬁgco frellgi‘Pean sass aggfwgﬁnﬁﬁeuqﬁfﬁlgﬁ?or}rfe;%yoéecf%éméut put
punp 38 amd gifhGed BBbiwAtR: &ftpdtgﬁe bPdidluRMIBuRE 38 lifd ARSAANSRE bOthBUCh an

increase, the dialysis system28 will draw relatively nore fluid fromthe
pati ent owput fuimpe36. | In responseeto sBdxamdsicesase, He dalisip oystan 24 ik difvtause a

decrease in the ultrafiltratiqon rate. .hy decreasing the difference between
t he out pu”tepalné{gé’l%sls ﬂtuth%r%IHtt %Pé%]p)eﬂ{]%veégn%hd the input rate of the input punp

36. | n responsghhdhced @BtcARind@ eiatd&tin tdigpdheals Vs tik rsysileeanve dialysid  dr aw
relatively less fluid fromthe patient over tine. It has been determ ned

that Wer t &isemsdeboiseritscamplianee, ir fersersstihaj dhemaoups ok flyigdbest mtahdhave with
conpliance, .in th e t . R { I any tine
is dependaedﬁttl%%lstdﬁggngllggﬁ Oynsa? Iieha;])%gt\/?/ rat %Eeogt?%gﬂggg[%@g% %89 Fg:ﬂgog%hssi ng

t hrough tihem FopexAxAapt lgas bekn basozaeted dedresiortahechrtrhige 30he sor bent
cartridge 30, in_particular, denonstrates conpliance behavior. In one
exanpl e, RaAsECHIafgReRsEalc GOMPRANSe BEhAVHE: r egenerati ve dial ysis system 28

15i s det erm neg c{‘rl\lﬁ.egﬁmf:llé?thte ld%%%%tfﬁ)vmatéjé)ﬁhé{ fﬁé@%lﬁerﬁi\;‘% di?lggs faeged by the

out put punp 38, i s equal”to the rate o ow 0 lalysate fluid
t hr ough thdesanimedto bathe fiotgete3dt didlysateafui @e pragessed hy tecdutmdaprumieSanount  of

fluid stored by th bent trj dge. 30 i t hat
Cor r e pontEIhit AT onanpee Prian el i Syt SRyt e PRl SR sor bent
cartridges@0yx hhdhg 'H‘éfe%hineégha_tt hR Shahysetad Hoaw tyathe sbbeiteagaage 3he anmount

200f additional fluid stored in the sorbent cartridge 30 increases.

Such an i dengessad mimakybat eorfesponds atith adeagryn thhdiaysetpdaw ratgrthionagye 30

an | donge ySat @i dhrog e 30
i conpEauitkl G PogoRyer ot Re SR Gl AT P BlsEEt SGATMEE, > '

conprgssi haddithaneiis st iithaadrbapageidge 30Hacsaehent cartridge 30 for the
storage of additional fluid, Also, with _ increased 25prert?ffur§, S\{\B| ling of
e ts

the plastic sh®udh agfingraesed drabysate floxy rats depuehdhe subent carf fresu

in an increased internal pressure in the sorbent cartridge 30, in turn compressing air
pockets in the sorbent cartridge 30. With such compression, there is additional space
in the sorbent cartridge 30 for the storage of additional fluid. Also, with increased

25  pressure, swelling of the plastic shell of the sorbent cartridge can occur, further
increasing the volume of fluid stored in the cartridge. Assuming that the increase in
dialysate flow rate occurs during a dialysis procedure, a corresponding reduced
amount of fluid will be stored in the dialysate reservoir 32, since the displaced fluid is
instead stored in the sorbent cartridge 30. Accordingly, the weight signal 44 output

30 by the scale 34 will indicate the presence of relatively less fluid in the dialysate
reservoir 32. A portion of the dialysate fluid formerly stored in the dialysate reservoir
32 would then be displaced to, and stored in, the sorbent cartridge 30. As a result, the
weight of the dialysate reservoir 32 as indicated by the weight signal 44 output by the
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increasing the volune of fluid stored in the cartridge. Assum ng that the
increase in dialysate flow rate occurs during a dialysis procedure, a
correspomaiprgizvesaiseced anount of fluid will be stored i npCmasdéialoyzat e
reservoir 32, since the displaced fluid is instead stored in the sorbent
cartridge 30. Accordingly, the weight signal 44 output 30by the scale 34
will indi saie34 heopomsepepedy indedative vethy chmsktif ¢ ainduitof floal pHeshywat e

ir 32 A.porti t i al ysate fluid f | djnth
i arysat e i yERPas T o8 B NS G Gl SRR artat b B AT

sorbent cafihkicHR81a80 aidud Jremi drawh BNV PatieRduiineiRipdbiegalee reservoir 32
as indicated by the weight signal 44 output by the scale 34 is no | onger

proper |y Undérdatsisoenanp, thieortamier 42 wWilk operetaninderfthe pmengops egdwhthai thet he

di al ysis syst.em 28; therefore.the ihght_signal 44 is no nger,. properly
i oat v ENGRTRT etk TSRS af ot A stlnes S oo B2 B BN P e T ng
t he proceduidaateto@e ifgut §uﬁ1ﬁ€jﬁ%ﬁlﬁ Butpuhpus®BS EinkRAsedRe Wittakiltepioh adte. under
the erroneous belief that the Sultrafiltration rate of the procedure is too

| ow, and may i hdwitarkeed e dilysste Aaveratedastsages, thewimpuphefluidptopaddni nput punp
36 and ou i et |t rafilfrati imlarly, as
the di al y{s@;&e’rb%ﬁ%“?%?éeg%ggcﬁéagg%s’f‘ d?ﬁg%g%iﬁaﬁﬁsa%fﬂa‘ﬁ Bl fidhfin ad 1AL

sor bent cCeadrbéitdgendf Waendasean déeresed faaed plesslngsatie sottewt cadridge hr ough t he

sorbent cartridge 30 results in_an decreased internal_ pressure in the
sor beHt caP+RTyBdeauamessing ayprkes b s sedsntrgrgidee pocRatbsuely t he sor bent

cartridge e . I b S iJr the
sor bent cg%?ﬂp\é%sgﬁgéﬁ% rlgfeﬁgg@: rﬁgéglgq% §o§§é I tC %ﬁ%‘%@;@%fg@@%‘é&iﬁ ng that the
decr ease hdditloral fis@t eAskinowmgrthitehoderuease thudialysptafldwahbtgoceurpdaderur e, a

correspongj Bg i ncreased anount ,of . fluid wll bﬁﬂs't or.ﬁg in tJle gi al ysate

reser voi r Y8IPISIIOEEUIhR ST GPEIYIEs HICEBIUAPWF B PHE IS SR BdPE ri dge 30 to

t he 15di aly atelrfs%ﬁ%ﬁml, Kinde the ARSPIs i PUc¥d %ﬂﬁh@/@w?ﬁt c’éﬁﬂﬂ'@éf 307 (RaIt put by
W

the scale 3 indicate the presence of relatively nore fluid in the

di al ybat ediabysateveservo8B2. Apanrdingly, the waight ¢igabl&bewptt|byithe $aatar will stored in

the sorbent,.cartridge 30 | d, then be.displ.aced to, and,steored.in, the

i ol yoar onVisERIbE PGSt AALLARR REa S FR B SIS §elHio eser vor
32 as i ndbintadhlfaytetfied Wh@hy soir@hialthd<broat pattridpe Fheod€ee@ bd4 IS no

20l onger properly indicative of the anbunt of fluid present in the dialysis
syst em 28displaegddpornd stored i ithprdialysaiheeperyair 3. A altende epydEEOfhe ndi cat i ve
of the cu i t . i r i | ot he

pr ocedur emdbﬁ%%\rfgsf ﬁ}iggrb%caesggélluggd g}%g{eg‘\é}% rtg%#%%&a}th%%%%% %glatﬁlger t he

er r onzbusldaged [ebpdriyahdicheyeld fitheadmburnt af tlaid predeat infthé fielypisegeeur28; i s t oo

hi gh, and may incorrectly adjust the relative fluid rates of the input
25punp 36th§m§0r6&1%epwgbm@@§4e%nculeeg%ﬁ%peﬂﬁéni}%twgﬂf e atndhiveat e.

amount of fluid drawn from the patient during the procedure. Under this scenario, the
controller 42 will operate under the erroneous belief that the ultrafiltration rate of the
procedure is too high, and may incorrectly adjust the relative fluid rates of the input
25  pump 36 and output pump 38 to decrease the ultrafiltration rate.
Such an increase or decrease in the ultrafiltration rate by the controller during
a dialysis procedure based on false information can cause severe injury to the patient.
An erroneous increase in the ultrafiltration rate by the controller 42 can lead to
excessive fractional-filtration, causing excessive hemo-concentration, clotting, or
30  hemolysis in the patient. An erroneous decrease in the ultrafiltration rate by the
controller 42 can lead to back-filtration, or the excessive discharge of fluid from the

dialysis machine into the patient.
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Such an increase or decrease in the ultrafiltration rate by the controller
during a dialysis procedure based on false informati on can cause severe

i njury towvoheizpabisent. An erroneous increase in the ultpafidstoiansom rate by
the controller 42 can |ead to excessive fractional-filtration, causing
excessi ve heno-concentration, clotting, or 30henolysis in the patient. An
erroneous decr Eabedinrentshod thi presedhnt Intvestianoronrpehetdofpr toveplcambelaiviceein 42 can

| ead to back-filtration, or the excessi.ve discharge of fluid fromthe
dialysis TR chTBRe! SiFget s [FEERRHEVe diatysis ?ySteEhbg‘HTh%éﬁWEO%P“ePﬁe present
i nventi on  GOMMEHS & ohPliaG RIS IRBRYIPBbndnts JMGeSACRERE dGdfsty | dge of a
regenerative dialysis system Further enbodi nents conpensate Tor conpliant

behavi or s$ystept.her conponents of a regenerative dialysis system 5In one
enbodigrent, the conpl.iant behavior..of . the. sor.hent .cartri.dge,30 can be
model el in res ‘?{‘fxreg‘prfbé’%fq‘ﬂi?ﬁﬁ? F‘Bﬂplﬂeﬁ’fBeli%}oéﬂéﬁ‘etsﬂg’egto?aggﬂge é@l??r}‘?edge 30. A
conpl i ancgopBedein @%b dke tBuig Blohente tRNEh kfaerbedt dstridpelgo axai | able to the
controller 42 during a dialysis procedure. In this nmanner, the controller

42 can nmakenplecicsmods! Wi aftihe sgbend carridgsOripmade avpileblgfte thercapirelferddt e of the
regenerative dialysis system 28.based 10t.h i al flowrate
ougn Tt BBl SR L G RaRle e BaldRe PR ECR M BHAR Bt O,

t hrough t base npliance no 0 of

t he sor bepgaiab cbhie@ef ulthfitraRagateE e refeetitive afal ystsrsabtemrnsriaseal @f t he
regenerative dialysis system28 is determ ned in response to the respective
out putO r athe pegser aldﬁﬁt%ﬁ@wﬁﬁfﬁﬁ“@@g}hﬁé spibent apnfes H andpasedonitifout punp 36,
the contr ﬁrbqt{f‘? i Si - Wit 8 I i i.on rate of
t he regeng(lrdé@l{a\?gg@gga ySi }ééj%)gi%%fé%&;%dggy q‘ﬁ%ﬁ?%g% ggft&gtu%ﬁlgétiogﬂ% te i nput
rat e si gnefthdGedeneraties dinlysit spaterp 286s detekntioed iheespohgeud theateepestignal 48 to the
out put punp 38 based on the present djalysate flowrate rough the sorbent

cartri dge?utHWdaWé’éc.é}EF SO PETROI A éh%g‘p 8 Of?:]@f PPUENERYp ént cartri dge.
It has beﬁfe}ltt]%ﬁgleimdhqgaﬁe%hswﬁg wie elr@ﬁé ulRehMEoh R of 6 rSRhBGIMNe cartridge

30 20can inear, In the sense that the anpunt .of additional fluid stored
by t heb sodibbnis systemnrZSdyenadsngadjesmentsdd theanpitirate signaliiérte dseispstubst anti al |y

earLy B SERRTES QbSPTIR Pulhe F B Hplig 2or ert
conpl i ancgiaBgate flownGtd tRUGh titH RImatLtTdgeVinddased dnthé boBpleaRERIRel 1t can be
assuned that the anount of additional
50 of the sorbent cartridge.
It has been determined that the compliant behavior of the sorbent cartridge 30
20  can be linear, in the sense that the amount of additional fluid stored by the sorbent
cartridge as a result of compliance increases substantially linearly in response to
increased dialysate flow rate through the sorbent cartridge 30.
FIG. 2 is an example graph of sorbent cartridge compliance as a function of
dialysate flow rate. In this example, it can be assumed that the amount of additional
25  dialysate fluid stored by the sorbent cartridge 30 increased by a factor of 0.25 as
dialysate flow rate increased. For example, at a dialysate flow rate of O ml/min, the
additional dialysate fluid stored by the sorbent cartridge 30 was O ml. At a dialysate
flow rate of 100 ml/min, the additional dialysate fluid stored by the sorbent cartridge
30 was approximately 25 ml. At a dialysate flow rate of 200 ml/min, the additional
30  dialysate fluid stored by the sorbent cartridge 30 was approximately 50 ml. Ata
dialysate flow rate of 300 ml/min, the additional dialysate fluid stored by the sorbent
cartridge 30 was approximately 75 ml. At a dialysate flow rate of 400 ml/min, the

additional dialysate fluid stored by the sorbent cartridge 30 was approximately 100 ml.
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25di al ysate fluid stored by the sorbent cartridge 30 increased by a factor
of 0.25 as dialysate flowrate increased. For exanple, at a dialysate flow
rate of Owol2brosg7sthe additional dialysate fluid storedpPby/ush@i1ss7bent
cartridge 30 was O m. At a dialysate flowrate of 100 m/mn, the
additional dialysate fluid stored by the sorbent cartridge 30 was

appr oxi mat el y Usdarisuchi liseadimadylsdtcempliany behaveorotheaadleh) panrbe a $iegladdi t i onal

30di alysate flujd store he sorbent cartridge 3 appr.oximately 50
5 et S a5 ot SRR AP Rt e Samil o] BaR BRI ER 6 11 oo
stored DytotrhgkeSRERRAL weilrkFardl Gu§0A MREoRRRE. 0OXé tmfd@dl?/sa?ealdﬁ ratfds a di al ysate
flowrate of 400 mM/mn, the additional dialysate fluid stored by the

sor bent cadiestedd ghe @oounasl Byidsxedinttes spriad carfridge is known todleeondiollat,a | i near
nodel of conpliant. hehavior, the nodel 50 can be a single linear factor,
such as Ot.’afg&)%aieﬁléle%rx%%f'e above, that can be applied to the controller to

make deci si onsinwithdt enfb@aimtents) thel hédd bf éonaliaanbehater oPhe khidedti al ysate fl ow
rate is adjusted, the anmount of fluid stored in the sorbent cartridge is
known to eaEdepnP £l et nomhagedgierorder mradehsughasiagiecond-order qriihigd her

embodi ”Enérﬁer-ll%l nJHHQEldepge{?dﬁl%mhh@fyvelb ?é/dié?&hféguﬁg@ fohbgnt cartri dge_ 30
can be a non-Tinear, “higher-"order nodel, suc S a second-order or third
or der - pol gmiesdiaknts dbpéntisag flow rateds ipueintofhepe@nidsirder or daudi-ordec | n t hese
enbodi ments, the dialysate flow rate is input into the é(ﬁcond-ﬁrder or

t hi r d%r cBBteIDQFSHBALCICEMPEFIGFAR NSRS &P As ¢ Hclen pedielysdf tiPWdge as a
function gf, dialysate flow rate. In various enbodi nents, the nodel 50
can conprise any of a nunber of systenms for calculating sorbent cartridge
conpl i ance as I vaunug ¢robodimentsahy smtie F0 @wcompese Fgrofaxambleeof t he nodel 50
can conprise a first-order, second-order.. or higher- 15 .order_equation
enbodi ed ?yﬁtegﬁff{’ %ﬂ%ﬁ’@rsafqeﬁbc%tﬁﬁgﬁc%ﬂm? P%ﬁw{l?f‘ ?)E‘B%é’%ag%ﬂ?%fi r miar e,
or di gi t alatedIFRRRARHNBE RRAEL50 dail BipBke £HRRdLdER NeSondt diBeBElEkh&0 can

conprise a digital or analog filter enbodied in software operating on a

pr oceds orordé gouaaereembrdiel i soEivarsropgrading gn va celwgetéon with prokessolenbodi nent s,

t he nodel .50 can_c rise | .00k- U a embe i td,l e_or

non- vol at ?%W?‘th%rdgggaégé%%a??ﬁ }éar%?/a O{I gtlhg%?ﬁl roofrggr?cs,ﬁg %%g 30 CEPt hough t he
nmodel 50 donpsitvewli@tl ar atdildg filfalenibsdise pasdtveart bperutidpeorcoplotedsbgr 42 in the
bl ock diagramof FI G 1, for the purpose of jllustration, in various
enbodi mentBWaREOTHgiEll obanalemhasdwirg: Eypher Anbadimps.dbaedelSdcan2,  and

LesLde O EABNOLY Byd RIG! AL YIS v I DIRER DL RnElgLe. 25F1 G

3 is a flow-di agram e operation of a conpensation system
accorxanctae wottiolaBddi nents of the present invention. In one exanple
stem 120 can he enbodied as software

BT T AR T B e e A
42 in the block diagram of FIG. 1, for the purpose of illustration, in various
embodiments, the model 50 can be int‘egral with the controller 42, and reside on the
controller in memory, software, firmware or hardware.

25 FIG. 3 is a flow diagram of the operation of a compensation system 120 in
accordance with embodiments of the present invention. In one example embodiment,
the compensation system 120 can be embodied as software operating on the controller
42 shown above in FIG. 1.

Referring to FIG. 3, a periodic sampling of the weight signal 44 output by the

30  scale 32 is performed by the compensation system 120 at step 102. As described
above, the weight signal 44 is representative of the volume of dialysate presently
contained in the dialysate reservoir 32. In certain embodiments, the scale 34

comprises one or more load cells connected to a stainless steel plate. The scale 34 can
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Referring to FIG 3, a periodic sanpling of the weight signal 44 output by
the 30 scale 32 is perfornmed by the conpensation system 120 at step 102. As
descri bedwvahowasotshe wei ght signal 44 is representativeprofi/usb@1wsi7une of

di al ysate presently contained in the dialysate reservoir 32. In certain
enbodi nents, the scale 34 conprises one or nore load cells connected to a
st ai nl essbsiseelibrpled tehavEekipeal eas3danddhe cdibritonoaluebrat lestered lrave a known

mass, and the caljbrati.on val ues can be stored in.a mcrocontroller that is
Tocal to FHEowEaPLe fitdf By b e o dtaloroabeit B G U0H B8 beed fo
amplify apdafd bighiftde @RAIRANS0ERRhSls OulpRtby MY 16diecel 1986t &eidafogaiad an

anal og-todigital converter can digitize the output of the conditioned | oad

cel | si gndiggal cPhecrtencart digitize thrcomput off thercopditionesylond eclt fignall. dibeilaced si gnal
fromthe anal og-tQ-digital. convyerter,.for.ex | e usi . SPI __serial bus.
The | doal T eraEarar petieti et eh s e S B Bttt e B sty e

cal i brat i Rp cRahgIEREAE Sn SPT iR BiQThe IRl Bigsuhtralld apbMeilie lohecdlesul ting
value into mlligrans. In one enbodinment, the |load cell outputs from

cont i guoueutgefphdaprbnhersalibsetion paamelses taphs disdizedsignaland sonvertither to
elimnate A | i . t ! 0, i r nge, such as 3
standard [ gl\g}%/l%% ?%ﬁg&fté %@1%%& ﬁ%rgé]&segﬁr#ﬁ%lhggﬁ’aﬁgﬁoﬁ? .%egl?gﬁ)hgsnﬁ({anﬁbodi ment can
hel p to etdnfiigi@iseampies Yat Baekangsed smnappfiéErtd medibhaltees elitimge any
ultrafiltration rate. The |local mcrocontroller can then sen thﬁ@converted
val uel® o sawlings Hatgropisidedt apprticplar ghnes) ueh ARS SYRIBAHEHRIRISITON

digiti Ze%@%&x@#%& altd8int. O] dmiinOg chi AAS TS LiShatd Ao ,r‘e%'(ﬁfééé the main

I,
controller processi ng and conversion. At step 10
conpensat from astestigntht 2&uttogpuliredtrate dien diledo@bmdrbamcellaf canlileens or bent
cartridge 3Q., As described ove, the m c conpliance of.th or bent
cartri dges%: tb"e‘ﬁ’i“é%‘é‘fﬁ{‘éa?‘f%t@_t %ﬁWtCOB?O]g%Q’ﬁt il%ﬂ’é?ﬁ%l]%ﬂvﬁsegfbgdweiﬂ?ﬁﬁ? hat is
stored i ngibhgesBhBNT théldal c8iP8ard tdhshABRAANRRBLY & hBgasdEdRdleinl ysat e
flowrate of dialysate 20fluid through the sorbent cartridge 30. Details of

st ep 104 fair pfockssimgpadrdobeetsiorl ow i n connection with the description of FIG

5. At st 10 he conpensati qn tem 120.al so conputes an
absorption Iev§FSt8? (ia(?%ihes%of@re%fat?ﬁtsys&?raaéa§81.anteS s yBaerénr?ncg) \?\lﬁn%ehat in
addi ti on §oht babeitRaAHEeCTOTPA S ditril@hdel §theayabiié eshpliantef wer bent
cartridge 30 described above, the sorbent 25cartridge further exhibits an

absor pt i ospProit 6drtridas 39 repreprats the ampurt of gddisiopal diadysake Budfhat writoreéhavi or .
o : . . . 5 Vs at
L2 3 LSRR Py LRSS ISR RE AR e e, el veate
mat erd@l Hhidttheugothesnibeaacdritiddg 80 .bBenitest stoe t @hwilhigd destylsbddtetrov as t he ti ne

of exposure to_ dialysate increases. This absorption behavior is generally
i ndependeffngstionathiths geseiption ebkist-i’ance behavi or: however, in certain

cases, the dy”ﬁ%t%?@e&?ﬁ%ﬁﬁcé]eﬂﬁbtgﬁﬂ?&éﬂﬁz@%&ob:%rr?ﬁi%@%%&torﬁﬂ)ntlg@elabsor ption

behavi or. For exa ange ih sorbent cartridge conpliance due to a
f1 ow r at eoftthasgbemtcaandgd Hpsle tas heer slofw thaburaddition tatherdyoedir e can be

difterent fndihnt Dot 208 uidh SRR R el S0 GesthiBY 308 FOEG ™!

25  cartridge further exhibits an absorption which can also be referred to as a static
compliant behavior. During a dialysis procedure, the sorbent cartridge 30 stores more
dialysate as the elapsed time of the procedure increases. This is because the material
of the sorbent cartridge becomes increasingly hydrated as the time of exposure to
dialysate increases. This absorption behavior is generally independent of the dynamic

30  compliance behavior; however, in certain cases, the dynamic compensation behavior
can be dependent on the absorption behavior. For example, the change in sorbent
cartridge compliance due to a flow rate change at an elapsed time of 1 hour into a

procedure can be different than the change in compliance due to a flow rate change at
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an elapsed tinme of 3 hours into a procedure. The sorbent cartridge can thus

behave | ess dynamically over tine since, with greater saturation of the

cartri dgewdueirosombsor pti on as treatnent tine el apses, POEMS2019/052742

proportionally less material in the sorbent cartridge that will behave with

- conpliance. Details of step 106 will be 5described below in connection wth
t he descr mptlammd tinefIf G, hors into a propgdare. 4T essogenesarirpsige cejr Bk befaveor bent

trid f t I t b
Chat s e DrRBsno R Brbitttor SR byredund Al chrount of

di al ysat eatfsbptidn 5t Befehehitithb elapss DBBE i€ plobbitidaslPlksama®Eslih t@f absorption
increases. For exanple, at a tine of O mnutes, while the sorbent cartridge

10i s cons$@b¢r)ééart@g§éh§d‘tﬂlrbﬁh@’@ witheomplianes. oﬁ)ataﬂapﬁﬁtygé@@vvﬂlmd stored by
t he saf be&1 Cr%jldiqb#, I8¢ 0918930% 1%5{1%' tdeé)cglpﬁ{;)oreﬁl%%n isOmM. At atine of 60

m nut €s Fal ysate FI°GT y the sorbent cartridge 30

as a result of Fehsas pi bainpls gaphlodxdrb@itehitri®de absorpAbn as 4 furetied ofl20 mi nut es,
the additional dialysate fluid stored by the sorbent cartridge Bf%as a
resul t of iBs bt s ampLe, éﬁﬁ?éﬁﬁ‘?ﬁﬂtt@tﬁsﬁtﬁ%ﬁle ofhe grocsdyrrRragestgothei nut es,

the addit ] onal, fl.ab%e 3k Biaf a)s%l't'echu?& %ﬁ%q 1?%1’16 Bfbe P&a‘%&f&%e%% %ershﬁ% 30 as a

result of absorption is approximte a time of 240 m nutes, the
addi ti onadibsdrpalloysmr@séd WHod example;jattammdnd (Bmmrhﬁem; whde threi sdgmnexﬁhrtmiga resul t
it is

f ab t t d th f FIG 4,
gppgr ]2)2{ p’tslr‘fgqu@%gfgglpéﬁio%hg%ﬁiég‘? 6‘%‘?‘?{‘3{ flia S%F @g‘ﬂq St%‘%ij?’iy a)geg%’?%% be model ed
as a li ne ﬂrfd?la?b LORSRLR of Eﬁ)é'orﬁﬁﬁqpb?nl %Qtahﬁnea&sw RiduRR, ﬂmqg(lhtléﬁjalcan be a

single, Iinear factor, such as 0.416 ni/mn, in the exanpl e above, that can
be appl i edialyyatb ﬂelmdbyttlmsomant oarauigpéﬁgataeesmhrofab@mptpm isn. | n ot her

enbodi nents, t.he ab tion .nod gan be d ch as a
second- or tRRFO %Wa{eﬁffsgmg g?tlm%) I12 HBB‘étﬁ% (@ﬂ g&fj‘é’ aégﬁ gls’&;rg i sion
required pyiHeRBrbRRSQAHBEOB0 deh sl Gﬁibs@?tloKWﬁéilmﬁﬂal}b@@Kﬂt athl G 3, at
step 108, the conpensation system 12 usts the sanpl ed wei ght signal 44

sanpl Bd atime 0 pSOLmRUSE, th@élddyl@aﬁh Cballi@ﬁﬁ)ﬂwléﬁt%ed/@ Ejlﬁtso@@ﬂwm?ég%@o step 104
and by the abs a t ted scal e
wei ght i sascaorr?rs)lﬁg &Ejab%grpa ?gss }Jn’%gtlt ﬁ;%drgjﬁu‘% éngﬁlfjo?%e? st ep 108 will

be descri aRftidel Galysite CRRNacied OF thd stdﬂbdnhéard&iger?,lomsIaQESudIfofEbﬁrptYon iS0At step
110, the conpensation s?/stem 120 applies_the corrected sc%)e wei ght to a
ul trafilt#rereemaieht OG- cBasse osAhqgraph offiS. ¢ ¥ Andnprienhthab SPE’P@ncaI cul ation

U oo, UL A AL S ARl ey IS P e
enbodi(renthe abkirpti@paoddliSOan de a single, linear factor, such as 0.416 ml/min, in the
example above, that can be applied by the controller 42 to compensate for absorption.
In other embodiments, the absorption model can be a higher-order model, such as a
second-order or third-order model, depending on the level of precision required in the
absorption determination.
25  Referring back to FIG. 3, at step 108, the compensation system 120 adjusts the
sampled weight signal 44 sampled at step 102 by the dynamic compliance weight
computed at step 104 and by the absorption weight calculated at step 106. A
corrected scale weight is computed as a result of the adjustment. Details of step 108
will be described below in connection with the description of FIG. 7.
30 At step 110, the compensation system 120 applies the corrected scale weight
to a ultrafiltration rate calculation unit. The ultrafiltration rate calculation unit

calculates an updated ultrafiltration rate, and determines whether adjustments to the

system ultrafiltration rate are needed. In one example embodiment, this operation is
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performed by a proportional integral derivative controller (PID) that
continually nonitors the neasured ultrafiltration rate and conpares that to
a desiredwolrafsoisirati on rate. In this enbodi nent, thePcoruseatiosk7szal e
weight is applied to the PID and, based on the known el apsed tinme of the

di al ysis procedure t, the current corrected scale 5Sweight C(t) and a

previ ous pofareet by agceioatioval ghegrd(derivdtjveaonelban (BRI )uhat cahtinual st i on rate

UFR,, is determ.ned. Th I eriodjcally co r t he. ured..

ultrafil t?la’t“i%%rﬁ thepeasyje ,uirat%g%uqé’tré{'eea&d&églp?rgg%f Oraa$?s1r?$1§?ﬁagﬁraFlg?e UFRd

and, if ngeded hiddinBsditndhh @hOstrRited sad18 weightRlapfBeddphd BID &1, biedout put

punp 38, and/or the input rate si g?nal 46 applied to the input punp 36 to
q

vary t hei on thedpewniclapsedi tithg s hithe didlyditprpesivre fathesurren cprected seflfency of

C eps Toane06CTROR ¢ ATy SOERAHEA SHE AT 5y PR R PRARABRE] 771 The

procedur ezatMbFRE i3V Ghiing. IREEDSRIobiRAtn difaresahs ndesuadd wasfilatioper f or m ng
t he cal cul ati ons. The above sanplings and conputation steps 102, 104, 106,
108, 110 ®wmUBBx ter poredetesived Wiplibmban migrbéRs and, ¢f fopdseadivgs disr s and are

Coal o wei JRP Qe BeRE R e 1Bl BORE M U b e R BT %1

bei ng conmppliied td (6 inmn guinp & 6dy naryi theic aRpdctiaa dalycan flubpurberatal cul at ed 104.
Any of a nunber of different orderings are appl.ica

| th nbodi t f
the ptesent inVRHPGRICY o REFRTERETPE & PREHPT 15%3“‘*2@%?‘%?&‘@?8‘&'2”'225 °
perform t figy SOTRHIA A0 1829 0BPPod, G261 QR bétcgfpﬁou%%y HO%sirdPBreci@ht? each

t
time a periodic sanplirng of the éurrent scale weight 102 occurs, or, in an
al t er nat i the pesdedatienehile wembmgtriroeessor andveidthofonsidenplipmsgfer pérfarmengther ent

scal e wei ght 102 ogcurs. . Fl 5is a detail fl i.aar.am of an
oper at i onga\tf?}frlatﬁ)élﬁfﬁferﬁbﬁﬁe fﬁﬁ‘éplg}géﬁ%é%“%kfta%%ﬁﬁ?}’éilﬁg’dl&j‘n%’jb@%‘r@ﬁ%nee, in
accor dancge Yk REROS SN Suner bNEIFRE &S BRfersZRId YRt 11 @MtedAS tikapesifibed above,
the dynam c conpliance of the sorbent cartridge 30 represents the anmount of

addi t Ionabrddi gopseabevé InFI§. Bhdior xamgplerteesdale weightsen bepamplad 192 ege in
response o the current dialysate flow rat f. d] a Juid through the
sor bent cé’{ﬁﬁts?‘i’f%&@eég‘? gﬁfsﬁq%nr?g %Vr%bsolfeﬁlﬁgn%om&u ?ﬁéﬁ&@ %1% téggg%n];lgd di al ysate fl ow
rate (DFRYorh§liadle 681 @ENDOEACaktes T 0P Addof d hiBbelagidiffgdedioadorgt aref | ow rate

(DFR) is selected by the system attendant, or by a system conputer. Typical
desired diriligable éo thesmbedimzants ¢ichepresgd mvgntion- A o3p oXaMplaEmbadideabo ni / nin,
for exanple, i . -of. - tridge 30
is deter rr#hﬁec ntlg(e)auseéé28§h§ e e@??@ﬁg%ﬁ%ﬁ@}lﬁ%ﬁg ge gqg?’elsrbt% ’eg%rila In the
exanpte desrédcheitheadbpardiosaaphing of ihercuwettscilt Geight 10hecanonypt,iimace f act or

(CF) of the sorbent cartridge.is 0.25. Sjnce_the fcg | i ance nodel in the
exanpl e iglt%g@gmbydmp%eﬁa,c Hme e g plings of the current scale weight

102 occurs.
FIG. 5 is a detailed flow diagram of an operation for performing the step 104
of computing dynamic compliance, in accordance with embodiments of the present
25 invention. As described above, the dynamic compliance of the sorbent cartridge 30
represents the amount of additional dialysate fluid that is stored in the sorbent
cartridge in response to the current dialysate flow rate of dialysate fluid through the
sorbent cartridge 30.
In the embodiment of FIG. 5, a desired dialysate flow rate (DFR) is
30  determined at step 114. This desired dialysate flow rate (DFR) is selected by the
system attendant, or by a system computer. Typical desired dialysate flow rates

include 200 ml/min, 300 ml/min and 400 ml/min, for example,
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Sremains at a factor of 0.25 throughout the range of typical dialysis flow
rates (DFRs) between 0 and 400 m /m n. A final conpliance wei ght
associ at esowntdnsotse di al ysate present in the sorbent carCriusg@ios27épnput ed
at step 118. In one enbodiment, the final conpliance weight Y(t) equals the
product of the desired dial ysate flowrate (DFR) and the conpliance

10f act or (CF): A\C@tn)ohalﬁléfﬂctmm@fthmgwmgeéﬁ@sdﬁm@asm factor of

hi aher - or eearsl B{AGH JoumRr rodtt 1% 7T SempBaheltd b dRe pr csent

i nvent i ongomsciilseii PrS 2amé\c@m pERgceas@tP|Cr) Of tielefbedt ORfok NERDS.
rel ati onship can be nodel ed accordl ng{ to the follow ng relationship: aDFR)+
Tepie

-it j DFRabinge (he)comp(wcem in the exaneple fsgenerally linearethreompligige C ar e
conpl i ance 1.act rasfa c%}rofto'b%ztg?’o% £00: 1'% n% d{ ﬁgtc%l%{{lﬁs”l fo Rl {ﬁﬁﬁ‘? wei ght

Mt) iI's conmputed in step Pno'one e e conputation

per f or medbdtweeg0 ami 0(panami.i al filter. In one enbodi ment, the exponenti al
filter provides a snoothing function, so_that the current 25 dynanic

conpl i ance wei §Hmahganplenponeisht asogatad pihdendalyseprsemin thespiticahce wei ght

Y(1) aCCOéaq{rﬁ%e §0 cotrﬁb%terdeit @Eebqngh {rPone embodiment, the final compliance weight
Y(t) equals the product of the desired dialysate flow rate (DFR) and the compliance

10 factor (CF):
Y(¢) = CF * DFR (1a)

Although the present compliance factor of the sorbent cartridge is represented
15  as alinear model, models of higher-order are equally applicable to the embodiments
of the present invention, as described above. One example of such a non-linear

relationship can be modeled according to the following relationship:

Y(¢) = (R - DFR)+ (L—aDﬂ) —]DFRaz (1b)

20
where R, L and C are compliance factors for the system.

The current dynamic compliance weight M(?) is computed in step 120. In one
embodiment, the computation is performed using an exponential filter. In one
embodiment, the exponential filter provides a smoothing function, so that the current

25  dynamic compliance weight M(#) exponentially approaches the final compliance

weight Y(#) according to the relationship:

M) = M(t-1) + a(Y(1) - M(-1)) 2)

30 In this relationship: M(?) represents the current dynamic compliance weight; M(#-1) is

the first part of the equation and represents the previously computed dynamic
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Mt) = Mt-1) + a(Y(t) - Mt-1))(2) 30In this relationship: Mt) represents
the current dynam c conpliance weight; Mt-1) is the first part of the
equat i on woaorapomsent s t he previously conputed dynam cPCtarspéiilaszre2 wei ght ,
that is, conputed at the last iteration of the operation; a represents the
conpliance filter coefficient that is applied to the second part of the
equat i on ¢ovi{rliance Weight] JHat isy¢aputed athike fastigdratoomditheonseatinel ght , as conput ed

above in st 18. The.. i f.ilter . fficient bet 0
and 1 1 repeeni daeP PR G T SoSRr PR o Bhedn Bifltng T o
appl i ed tQubfish (&}t(?t-—%{fz-y){n%jigtml tAnsIeane @htht, Mk tdmp@ke lb@lkiipn, wher eas
if the coefficient a 1s one or near one, no snoothing I1s applied to the

current dyemhi& Bormohipdianes filsr gpeffiventa ewl vy hetween O Tl :dbMS! i ance filter

coef fici ent .oper.ates as a scal.i or.,. wei.ght i.ng, o he di fference
bet ween tcr?gft?(il ? R 6YPI9T SRt ézeﬁ%iﬁlg}ﬂgnw}[“\ﬁgén%?p{h (gtoptﬁqg\??%rg}dgg%@?mut ed 10

dynam c casmplliaabsEReitBi MY cAltdlatlon, wheRas#dhé eodifidenizay basisd neacompubd ed

dynam c conpliance weight Mt-1) to provide the current dynam c_conpliance
wei ght M ameothing icapmpped tonbe cprrent dynaspiecpmeliaie el gl Al WecatylatigRafpf e,
deteiiiil [ k4. cal I : I nt cartridge
conpl i ance%rgrbehglggér éfrtrégralcf) é%c?g%ﬁg%gﬁg ?%a %%gnggggre : g?gggwgﬁ%ﬁge di al ysate
f1 ow rat egiffeAntypéteatn thedmanamplahcewdightoy (itdne the preebudpedhpateént a i s

0.33. In the above exanpl e enbodi.nment of the dynam c conpliance conputation
procelds  19many¢eoraRIFARS We%h{ﬁ(ﬁ‘é}riééd%éﬁ%ﬁed?re% C‘Hflp‘ltiggdm%nt cartridge

i s det er i ped; GOP Liohiab A7) b Brdvik thabRkdd Q5 ¥amiEke hﬁ{c%m/@m i cal ly
determ neﬁ%ge?@{lvslgaﬁ}g:ﬁi ]e)éb?{) sorttlent car ?%(aimtljlgesm?ount edel o} e(g}éh system
The enpi rTixaddnyplthetefinermedRimbadein bsfor kyanplexdatermaredsimgtiticallyiby t he sense

that the sanme nodel is applied to each sorbent cartridge plied to the
system Companpﬁ%éerﬂf’%eértgg%?gdf)é?@ﬁtt‘faﬂgdaﬁ/ﬁ%ﬂ&@nﬁ%fr@?wtﬁg‘ﬁ%@n of the dynamic
conpl i ancgthahasd iﬁrthéqag&lat(ﬁ?ﬁ't RSioReahBLIE towIURD. A yieaMhemmal eflnd nat i on
takes into consideration ditferences between each individual sorbent

car t risdgefor the fgtes coeflisieni mp ®Bt-he performance of a given cartridge on a
g ven, VLT hend® oA NPT NS BB TRRkR SPeci 11
process 104, the dynamic compliance behavior model of the sorbent cartridge is
determined empirically, in the laboratory. The thereby empirically determined model
is applied to sorbent cartridges mounted to each system. The empirically determined
20  model is thus fixed, or static, in the sense that the same model is applied to each
sorbent cartridge applied to the system.
In another embodiment, a dynamic determination of the dynamic compliance
behavior model can be performed. Such a dynamic determination takes into
consideration differences between each individual sorbent cartridge, by pre-measuring
25  the performance of a given cartridge on a given system, prior to a dialysis procedure.
In this manner, the specific compliance behavior of each individual specific cartridge
is considered and compensated for. In an example embodiment, a new sorbent
cartridge is mounted to the system, and, during initialization, a change in fluid weight
of the dialysate fluid present in the reservoir 32 on the scale 34 is determined as a
30  result of a change in the dialysate flow rate. Multiple flow rates are tested and the

scale weight is determined for each flow rate, and a compliance factor is determined

as the change in scale weight relative to the change in flow rate.
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is considered and conpensated for. In an exanpl e enbodi ment, a new sorbent
cartridge is nounted to the system and, during initialization, a change in
fluid weiwbt2ordosotse di al ysate fluid present in the resePCOIUS2@2/062742 he
scale 34 is determined as a 30result of a change in the dialysate flow
rate. Multiple flowrates are tested and the scale weight is determ ned for
each fl ow rat dn candxangenph damoeic laetoinaiion dghedynansd caplidnge change in

scal e weight relative to.the.chapge.in ow,rate.. In ane exanple of a
dynani c d@g%Y_IPW_ mpdcls dssmise aﬁmgara{}]ﬁﬁwao%ﬁjﬁaﬁ aiﬁ%mﬁé}ﬁ%@?eosroﬁf%ggl , assuning
a linear dlihgl Goipdatie Aftbar ASRWTeAG0L, BAE chl@1SOfb etreigiidhvelR ibehaves
like a linear fluidic resistor, one can solve for the resistance value in

t he eventthe beent thabtvdi disfinmt points ant the tasistange ewy stedmowne Bnssttagéhknown. By

The r oo sbabe fol o8 Sa v olbd Brirube D AR A Bk Ph P sl O 2 "

cal cul at | Rfer@finddhis) 1ARENOAIIINEE HEMEulatidl Sfithe SibpesPBBdarvtovtiibie | i near
resistance R Knowing R for a specific cartridge, conpensation of the scale

wei ght f orortespends etbf fineargegistrncgde fermvipe Rdeh srasHic Qfthlgar |y, system
i dentificat : . 0ef.fici hi gher- 10
or der modareBipRe” By dRae R RSO CEREL (b EMIRRA. P DOPT

cor r es porgliyigriy & ysheal ide@ifiafibovindiecistd o Eduilaerthé caafldiatsobinghecor ded dat a
can be used to detelinine the tinme constant of th%€;5¥stem and. thus, its
hi ghdi0 orarder reerisls ofcthe prstene ahonsaampleed FATPR X rignele gnclign oresPanding | ow

di agram qg Rl %%Peeﬁ&e b Ok HonRE! ERLITRAD Nt B8 8 EPtd Of belRe®lo &R NG the
a % ht OP ridge

current sorption weig the sorbent cart , I n accordance with
enbodi ments tiafe dohstanrod sierdysteny emt thas.itsAdglde soiei befficibay ean b addition to
t he dynam c conpliant behavi or exhibited by the sorbent cartridge 30
descri bedekBBVd t he sorbent cartridge further 30 exhibits an absorption

behavi or. Durimg 8 idh aLy3iEAR ALK 6f arf HRr&RNIBberfflid gstegQ0st Or es nore
di al ysate as the tinme of the procedure 20increases. Referring to FIG 4

abovél5 basfedmputing themeaentrabsaiptiboweight blthe serhentroadgdgabsancpidane, t he

current absorptiaon weight A(t). is determ ned.as: A(t) = Alt + ( Atotal /
- treat ma‘ﬁ‘t%h @ﬁk@@wptéso%(%prgﬁmhn&v?}ggonr AT IS ia]&) %\h 3‘ddrlot(eoﬁlgt)é)st}éent s the
current abg@mit éiplat BiHaiviofekhibied By thb orbfitdartiagd 3@esthikedetyoat,i on and

represents the previously conputed current absorption weight, that is,
conput ed the sethent|cagtidge Birthey Hhexbibitsia abpraptien bkaviar-oParng apiabsint s a

pr edet er i, Bech L OHRY soRRAPLAM R 308l AN mERRAG dale Atnl N SPERG ol 11 dgE: ¢

20 increases. Referring to FIG. 4 above, based on a linear model for sorbent cartridge

absorption, the current absorption weight A(?) is determined as:
A(t) = A(t']) + (Atotal / (Ztreatmenl * Nsamples)) (3)

25 In this relationship: 4(#) represents the current absorption weight; A(#-1) is the

first part of the equation and represents the previously computed current absorption

weight, that is, computed at the last iteration of the operation; A orq TEPrESENtS 2
predetermined total absorption weight capacity of the sorbent cartridge; fyeamen:

represents the total treatment time and V. samples Tepresents the number of samples per
30  unit of treatment time. In an example where the total treatment time is four hours and

the sample rate is 4 samples per second, then eqmen: is ( 240 minutes * 60

seconds/minute = 14400 seconds ) and V. samples 1S 4. In this example, assuming the
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treatment represents the total treatnment tinme and AT

- sanples represents the nunber of sanples per 30 unit of treatnent tine.
In an exawpl2eiviserse the total treatnent tinme is four hoecI/iseditbzssanpl e
rate is 4 sanples per second, thent treatnent is seconds/ m nute = 14400
seconds ) and N - sanples is 4. In this exanple, assum ng the maxi mum

t ot al abswwapinium tosgiagbirpiaén whighsofrthesirbend cantiidigdo bo dpfermgisedasi 2dedl, as 125

m, then, .,for.each sanple, the absorpti ight A(t).wlkL.be increased by
(125 i g a0 SR G ahranfyt bRk M T A e L b 025 B or v ng to he
flow di agg@m(@f* E)lsgnpﬁas%),a&r GbER 73R, sainpld. S first deternm ned Swhether the
current absorption weight A(t) is greater than or equal to the

predet er mi ned Referingdbsls Bow dingin ght1G dpalcitery! 285 itinBrssésteraneedcar t ri dge

Aot "/s | gy Lie SYentel hal LG GUEtent BROLPLLOR WL LA(L) is o eater

than or equa e pr m sorpt’ on wel gﬁt capacity of the

sorbent ¢ eHéticgﬂﬁedAtorteQTaﬁsdﬁpti5rh\%|&gﬁtﬁ%p§di‘tryrcff e RPRAE BirtrRIe Bl ghtn AEt) 15 set

to equal the predetennined total "absorption 10wei ght capacity of the
sor bent cavdnt ihdgiheicotrent aBsqrpédn wtight A2/6is greater thanlon egied teethent t hat t he

current absorption weight A(t) is greater than or equal to the
pr edet er npisdeterained tosa absgsptiwnweiehigpactypd dha sprimt eaidgerhenttherther i dge

he el at Patioh PFoBReE Bed AHdver & <UL BePeitieap ey R B 2" "0 10

10 weight capacity of the sorbent cartridge A, at step 126.

In the event that the current absorption weight A(z) is greater than or equal to
the predetermined total absorption weight capacity of the sorbent cartridge A,y/4;, then
the current absorption weight A(?) is determined according to the relationship
described above at equation (3), at step 124.

15 FIG. 7 is a detailed flow diagram of an operation for performing the step 108
of computing a corrected scale weight C(2), in accordance with embodiments of the
present invention. As described above, the compensation system 120 adjusts the
sampled weight signal 44 sampled at step 102 by the dynamic compliance computed
at step 104 and by the absorption level calculated at step 106. In this embodiment, the

20  current scale weight () is determined at step 130 (see step 102 of FIG. 3 above); the
current dynamic compliance weight M(#) is determined at step 132 (see step 104 of
FIG. 3 above); and the current absorption weight A(?) is determined at step 134 (see
step 106 of FIG. 3 above).

A corrected scale weight C(2) is computed as a result of the adjustment at step

25 136 (see step 108 of FIG. 3 above):
Ct) = W) + M) + A(t) 4)

where: W(t) represents the current sampling of the weight signal 44; M(?) represents

30  the current dynamic compliance weight; and A(2) represents the current absorption

weight.
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15FIG 7 is a detailed flow diagram of an operation for performng the step
108 of conputing a corrected scale weight C(t), in accordance with
enbodi menwe 20f2/ashms1pr esent i nvention. As descri bed aboveCTiuseoiaosapensat i on
system 120 adjusts the sanpled wei ght signal 44 sanpled at step 102 by the
dynam c conpliance conputed at step 104 and by the absorption |evel
cal cul ated at wsiEp id8etaild Blbiisdiegiamd fmarkampleen?odimanent ths cabteolleei ght Wt )

is deteHnined at step 130 (see. step 102 of F%G 3 above); .the current
dynam c cthell F16née ThepgHtoli #3 includges alumliteal cammitionssts flabganhieey 104 of
FIG 3 abgve): -t i ' hs odgter m ned at step
134 (see S pg%)mirggadlgfaqgloggBgﬁgéroﬁg&gﬁﬂ &Hﬁﬁ‘t’ﬁ’a@&ﬁﬁ, é%r% %lc}alcggd scal e wei ght

C(t) is cotpucade assiredr Bstdxtampie thheompjtasements cat conppse26fisBre see step 108

of FIG 3 above): C(t) = Wt) + Mt) + A(t)(4) wher e: t) represents
the cur r RPIYSHAIRT PRGTESF 0108 “?/\%‘?”&%/%“%‘i ‘ﬁ‘ﬁ}éﬂg x)ﬁ‘gﬁessﬁf’té)s VY%‘&F&%&{%@’ 30 the
current dy 1 J wei ght; and A(t) represents the current

absor pti o%gﬁmgogﬁﬁﬁ@%‘ﬁ%‘%z/ 050781PCT/ US2011/ 052742 FIG 8is a

detail ed bl oc kIrﬁhégreaent efanapie exangilrent ivowintrelier Gfcontpeisesonproeddues 42 of

FIG 1. The controller 42 inc]udes.a plyrali of conputation, units that
can be infPé [éadlslgnéé e tsﬁﬂ‘!%eélugi;#@iaf#}é@gh Coé‘g“rﬁ%af“éeuvr@ |tons, .

dependi ng.pa4ihe BiCbL £6d:bER cHesddeadmphiaficeanaiepl 82, ahabeepiv wtighn uni ts
can conprise software bnodul es that opérate on, or in connection with, a

pr oc ek or calagativel unital$4f 4 wieightearesction vt 56, alcugentadisafdatiay @ifar e. In

th | di th | 4 i ses. d
e’ modcriedag et B g R B e bl s Bl oo SRR S & hRECCUC

vei ght cal gyt dnaRpupunpkber anis06hent cartridge conpliance nodel 182, an
absor ption wei %ht 10cal cul ation unit 154, a wei ght corf[}ﬁcti on . unit 156, a
current ultraf The pacedsre time enadalechiB4esds haplersesdimenofifhe ProcedWs ati on rate

control | ernlcﬁrglékesq}?atgfé})gelﬂttirgé'ppal\g% %Oéﬂ%g%r&n BaBoram;ts BRU LD driver

unit 168.° proce time no ecords the elapsed tinme t of the
pr oceriur ecamdctivakeish theabnedlEpgded The peoctduratie nawdild B @ntatsodragk thedul es or
units operating in 15connection with the controller 42. The procedure tine

modul e 158MEWH 0418 daPsekdFHECTFARISHOUSSCRIP RENRIFS 95 A FBEVWEBR cont i guous
scal e sanpli8fatids r&tre@bh e donfB&GAIcUl ations required by the controller

4 The scale weight sampler unit 150 samples the weight signal 44 to provide a
current sampled weight signal W(t), for example in the manner described above in
20  connection with step 102 of FIG. 3.

The dynamic compliance weight calculation unit 152 calculates the current
dynamic compliance weight M(%), for example in the manner described above in
connection with step 104 of FIGs. 3 and 5. The sorbent cartridge compliance model
182 can be accessed by the dynamic compliance weight calculation unit 152, as

25  described above.

The absorption weight calculation unit 154 calculates the current absorption
weight A(t), for example in the manner described above in connection with step 106
of FIGs. 3 and 6.

The weight correction unit 156 receives the current sampled weight signal

30 W(t), the current dynamic compliance weight M(2), and the current absorption weight
A(1), and computes the corrected scale weight C(2), for example in the manner

described above in connection with step 108 of FIGs. 3 and 7. In one example
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The scal e wei ght sanpler unit 150 sanples the weight signal 44 to provide a
current sanpled weight signal Wt), for exanple in the manner descri bed
above i n WwOcommsasion with step 102 of FIG 3. The dynamrCt/useoiplosHALe

wei ght cal cul ation unit 152 cal cul ates the current dynam c conpliance

wei ght Mt), for exanple in the manner described above in connection wth
step 104 efibddifent, Breardg!d cofbaionomizdrt comptisésdgaddomplkisamoatimndel 182 can
be accessed by the dynam c conpliance wei ght cal culation unit 152, as
25descri b¥39%bove. The absorption wei ght cal cul ation unit 154

cal cul at es t hergURAL uRRBRFBLA Bl WREE R orNddi) 1 60f0Eei RXARDERrdctedlsbAe manner
descri bed above in connection with step 106 of FIGs. 3 and 6. The wei ght

correct i oweighi $igid €1 swdicalsslatdsan sipdatehmessimgd Wtraidiaben rase gA&L BOWt), the

A1) andb o BT BT e piathie R Py O AT BIRRERLA T 1R

manner defgkiihesk BOaMRrdnte GOINREE HeQtrdht ddret@p sdd8weighF@and3a and 7. In one
exanpl e enbodi ment, the \Ne'égt correction unit 156 conprises an adder or a

sunmat i onpiewigu$ eorrected scalflyeeightGlehk dividaddsyi the elapsed hinpeatiecedh @81 at i on uni t
160 recei ves tlhe corrected scale weight signal C(t), and cal cul ates an
updat ed n%gépd?éd ultrafiltration rate UFR, n. In 5one enbodi nent, the
updat ed neasured ultrafiltration rate UFR', is calculated as a function of
the difference between the current corrected scale weight C(t) and a
previlus corrected 5&Re=n@Ght (1)) ¥ Lo di vi ded by the el apsed tide since
the last sanple ts. 10UFRni = (C(t) - C(t-1))(5) for exanple in the manner
descri bed above. The ultrafiltration rate controller 164 receives the
updat ed neasured

for example in the manner described above.
The ultrafiltration rate controller 164 receives the updated measured

15  ultrafiltration rate UFR,, and determines whether adjustments to the system
ultrafiltration rate are needed. As described above, in one example embodiment, this
operation is performed by a proportional integral derivative controller (PID) that
periodically monitors the measured ultrafiltration rate UFR,, and compares that to a
desired ultrafiltration rate UFR,. In one example embodiment, the desired

20  ultrafiltration rate UFRy is prescribed by a physician, and typically, this value ranges
between 0.75 liters/hour to 2 liters/hour. In one example embodiment, the desired
ultrafiltration rate UFRy is stored in a register 162, or other storage medium such as
memory that is available to the controller 42. In the event that the PID determines
that an adjustment to the ultrafiltration rate of the procedure is needed, then the output

25  signals 165A, 165B to the output pump driver unit 166 and/or the input pump driver
unit 168 are controlled to modify the ultrafiltration rate.

The output pump driver unit 166 and the input pump driver unit 168 receive
control signals 165A, 165B from the ultrafiltration rate controller 164 and
respectively provide the output rate signal 48 to the output pump 38 and the input rate

30  signal 46 to the input pump 36.

In various embodiments, the controller 42 can comprise a single processor, for

example, a central processing unit (CPU), that stores and retrieves data from an

electronic information (e.g., data) storage system 170 via a data bus 180. As will be
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15ultrafiltration rate UFR,, and determ nes whether adjustnents to the
systemultrafiltration rate are needed. As descri bed above, in one exanple
enbodi mrenwQ 20twesosper ati on i s perforned by a proporti on&CTiusc@grnad742
derivative controller (PID) that periodically nonitors the neasured
ultrafiltration rate UFR,, and conpares that to a desired ultrafiltration
r at e UFRdappretiaeebethappdkall@inb dldi arg mthiletthecadsileet? 20hawt wathialspeafi¢ on rate

UFRd is prescribed by a.physician, and.typicall his val ye ranges between
0,75 |11 p s i 8 Srop erthdinee st e khbe iR HE deet r oq

ul trafiltfathofnfiéd etdkRd: iSurdbRIRE thil (e fy8lintihBer ARPoonREctiBhh@hosd Or age

medi um such as nenory that is available to the controller 42. In the event

t hat the ®idbetietcarthe heged tdnaponantsadjiissir medules are dxemplary aflyland arcingh rat e of
the pr oce.dtjrg ‘}f ngedig.d then the output 25signals 165A, 165B to the output
purp dri vEFRded © 5B ERE or the i nput punp driver unit 168 are control |l ed

to nodify the mlthé AfistAthtenfddinddr; the controliEN£2 eaH RUmpltigAtedrdsvwer unit 166
and the input pu driver unit 168 receive control signals 165A, 165B from

t he ul t r afPVUt whichomyriaeledeamatol vagetygayres @f prospeersiknery iphevirider t he out put
rate o 9nghsfel Rkl DALAL AUTR PRI ARSI gy dQyabnal 0 to the

i nput punp n-various enb conprise a

si ngl e prgeess@ior afBicrR¥amndleg, ora aibinadion fHcpeds ThaCPUNinky bEMRrably hat st ores
and retrieves data froman el ectronic information (e.g.,. data) storage
syst it 17¢pup]ed tQ si@ares spHigmy 8¢ ansscopfigpred o exgspicsenusnes HyorRBSE skilled in

the art, fga'gﬂaﬁa InBfudiBnL { %a‘rt%hn% i&g; ﬁBQé@Qes"ﬁnh%&tiéﬁ%és&i& $hthQhe
conponent’s, dni t's or mod es, ermbodi ment applicable to t he present
i nvent i onomraionotiedcribed kdeinhdhettompliter pograndersstands trhgbetlduded ype, nunmber

and connecti ons armn% %nd betwegn éhe | | sted corgponewps, .uni.ts or nodul es
are exenpiErarcsnmere Afths soragsmmesindemciedim forpee st + ffgor inother |y he

i I'lustratjug;ggbodi nent, the controller 42 can be inplenented as a CPU,
whi ch may include any of a variety of types of processors known in the art
(or dével oped Hergahpgesystens Lidhcaasneudemer efla puichodsemicondptaoagnory, a

digital signal processor or.a m.crocontroller, onbi nation thereof.
The CPU iS5 BHerantyr Hoelap e sr Sremdy & M 2760 SR B Dgur ed to
execute s@ANENG®S fRkh GRMIW €71, BF OGlePRchds) E4€ (MR RBoWD. TREkREpevari ous
processes and functions associated with the operations described herein.

The conputvetenpl Blraarfuithes iniedd & heashang detabresaldi@dat Ipasonmsforsaeddficarsre of the
2 29" T, PARLF S P G198, A YRR L LSRN, 1oThe
20  mass storage media configured to store information and instructions that the controller
42 may require to perform the various processes and functions described herein. As
examples, the data storage device 178 may include a disk storage system or a tape
storage system. A disk storage system may include an optical or magnetic storage
media, including, but not limited to, a floppy drive, a zip drive, a hard drive, a
25  “thumb” drive, a read/write CD ROM or other type of storage system or device. A
tape storage system may include a magnetic tape, or other type of tape system.
It should be noted that although not shown in the diagram of FIG. &, the
infusate material added to the fresh dialysate output by the sorbent cartridge 30 from
the infusate reservoir 60 (see FIG. 1 above), has a certain weight that needs to be
30  compensated for over the time of the procedure. In certain embodiments, the infusate
weight is monitored by a scale that measures the weight of the infusate reservoir 60.

The infusate weight is gradually proportioned into the system, for example, at a rate

of 1/342 times the dialysate flow rate. The infusate is proportioned into the dialysate
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devi ces, such as, for exanple, random access nenory (RAM 172, read-only
menory (ROVM) 174, flash nenory 171, or other nenory card (not shown). The
storage syetemvisdBican further include at | east one dat abagams2diifs27ar | east
one storage device or system 178, or a conbination thereof. The storage
device 178 can include any type of 20mass storage nedia configured to store
i nf or mat i meawadhd soshanticarirolgs ektradts ¢cdtions SrtrroMasT, a8l Kay) Fegdis e to perform

the vario rocesse nd functjons described herei.n. As, .exanples, the data
st or age o‘géVgaéel% Wﬁﬁ?gﬁer‘f(?fl‘if’&’gm{émhﬁsﬁta %‘F‘gg%pgeﬁf%rtlpenr%nb?ndéstape_ st or age
system AyghsilionddahRABe 8MBlsRHBYMbNG!1ESaRc BOLATHAl cl@irolyRgneticc st or age
medi a, including, but not Timted to, a floppy drive, a zip drive, a hard

drive, a m&ett Wheb'theidiplysate matchgsithgmatient.Gie ey nRsmtictippeepfont or age

system or,devi ce, A .tape storage .Syst Yyl i e, or

ot herrgltypt © gt EB%O gl;?s(fg)agﬁ%age be&rs IP%/hes 12(%%:2. %’Ig@%%#gagal?ﬁa%l a?t ﬁ%ﬁg not shown

in the dipgeatidk, tdbthddiallyhe dxohdigattee cairRigt admadd etk iboictcbatefir dsh

di al ysate output by the sorbent cartridge 30 fromthe infusate reservoir 60

(see FI G vigw gbtvefhe infisaty ig eontiaupusheingesed thde thictialysatesglowine odisBnsat ed

for over thgglegti{&?tegg tthggagénqc‘ﬁg@ eeemﬂorairﬁa{tttﬂg ﬂhﬁw@gn%%ﬁao idiedl nf usate

wei ght is nonrtore Iby scal e at neasures the weight of the I nfusate

r eser voi rbyafle cdteolienfiisathg aneihghdedicategreaduelldrybgsedpotheidaipgdtd iidvo t he
imes.the dialysate flow rate. The

system for exanple, at a rate of 1/342
i%f usé e 1 Qérﬂ%f‘prrlgpﬁ?dé‘ﬁ%@q W%def’lh@edY%g}Qéf}@ m%‘é@&ﬂ?&”ﬁ’ &ndig 152 t cartridge
extracts catl ofjg %@ﬁw Fgg;e*g agfa% e ik refsérﬁs@i&ehg rt}:gé Asphevendier bnf usat e

concentration Is abl i y prescription, i's proportioned into the

di al ysat esotlenosarotdgealThy rdpa¢santatve deta esstinenthet ersgendrgtiveglialysis sustepat i ent .

Wien the djal ysate mat che e patient, electrolytes osnoti c..transfer
from 5t he‘gjﬁg‘? y@ﬁfl?‘isﬂf‘t(‘?gfrhgléi a"f‘@seﬂpio%%%w%r%?rﬁ C?ﬁ‘ég%ﬁ %qc’)ﬁ‘ic ras t%e]%'t he
di al ysat goparsB90t BedRatth@sCRRAd bHg&D T%Eﬁxﬂﬂo%ﬁe)k@ﬂh@hﬁilﬁfy, exthange, the
cartridge renoves the ionic content. In view of this, the infusate is

cont i Buouswholiné useksuikidiasy ohEresinaisydedieal iGarg Notih AgnarisakWalthame

electrolytes i,n the.patient. |In one J t, ..t i be
proporti owgﬁfaws?tﬁselsgpgﬁ%e(ﬁ&l Fr‘é?tmfﬁ? gr gg@gg%%rgtre t&%&?}gg}%ﬁlgﬁng ol ler,
based on gem@teditalbyaamcaﬂIrawﬁ@(r)(aﬁqe/n@;ﬁ, t he procedure and based on the wei ght
of the infusate reservoir on the scale.

. The grafﬁg‘fs] Of%‘tFLGS' 9 and 10
are represent dbjadarsorart ofdhe ppIPRARY LEIREVEy the fliadysariehiatecdr it i dge. The
representativ t i i IS syst em of the type
[ ust r ot Se R R RS RS, s \Bheed SEREDGRRL] HE o RO A tch as 1 he
"Hi - 0r b Rs3DA"absod, biendialysatt flodgetermdeelninGbasgthT epantdwgate oObleahoma City,

k|l ahoma, . 15a whol |l y_owned subsi dj ar f . Freseni us. Medi cal.. Care North
Ameri ca, NAEPHINAR 3%@%@? %‘,’Ve‘iggt‘}plfltg%‘é‘a{ﬁsﬁelc?%t_é’f%gm&eﬁiﬁ Bi°00d fl ow
rate throughy§ing, iz &lred By 88t £E1£6hd e ?&uﬁintgmi%gsh%?@lt@aﬁfacﬁ&p m /mn.

In a first part of the representative treatnent, t al ysate flow rate of
t he regengomtanvetidi tahy gits adinet ameis sel ected to be a typical rate of 200

m/mn. As FIG. 9 is a graph illustrating the result of the tracking of the weight signal 44

25  output by the scale 34 from the initial time # to a final time frin the first part of the
representative treatment.
" At the initial time 7, an initial dialysate weight 0 is measured by the scale 34.
The initial weight W0 is representative of the initial volume of dialysate present in the
dialysate reservoir 32 at the initial time 7. Between the initial time #p and a final time
30 5 the dialysate flow rate was controlled to be the typical rate of 200 ml/min. In one
example, the input flow rate of the input pump was thus set to 200 ml/min and the
output flow rate of the output pump was thus set to 210 ml/min to ensure a positive

ultrafiltration rate of 10 ml/min. The positive slope of the measured weight signal
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20descri bed above, the dialysate flowrate is determ ned as the input flow
rate of the input punp 36. The actual scale weight of the dialysate

cont ai nedwonotdsomsial ysate reservoir 32 was neasur ed bypraTamsadie/o3v4and t he
resulting weight signal was tracked froman initial tinme to to a final tine
tf. FIG 9 is a graph illustrating the result of the tracking of

t he wei ghgragh GOaktwedn BEanitipltimby ant ¢hesfirat tem@4 ifidicates dreincishseiinlthe i me to to a

final tinme tf in the first rt .of . .the representative treatnent. A
Lho i ni 1 SP1opieipb techalts vip R a M SRR VY REBRTTYE by t he
scal e 34. yiTheitdEoh kAl (WSOt pMRelSre! TRISESABHE thMEhAd wabBeihgbtilad vol une of

di al ysate present in the dialysate reservoir 32 at the initial time to.
Bet ween t fremi the patégnt threnghttbe dialyzer 30 duaingtthemrogdluré.: the di al ysate flow rate

| | ed h ' f m./mn, ,
ot T ow rat & D TR sre g R U darsplbet PR PR B ot put

flow rat et)?fcalfh@em%l/rﬁihﬁb aNB@et pRalsete dfa0@ df)/nith/ Mhe idpat osuie a
positive ultrafiltration rate of 10 mM/mn. The positive sIoBe of the

measur ed wethgipus pemnaBo wes pk chengse tipaeR0q mEmim i 409 mymypanddhend the first
time ti indicate n jncr N L tored in the
di al ysat em(rljt gt:ftrk{/‘%lraﬁe %gtﬂggggﬁf%ds%ﬁ) %é]gvfa Xgéclgg@?g ?\?fé&%eglrﬁgw ?ﬁrglt/xl?%rg{or ate
during thelEmoeesuf ederlibinsaihtaiti thapestitehdirafiltraiich mesofbldl mbmpul Aedlisf r om t he
patient through the dialyzer 20 during the protgedure. 5A the,fi%t tinme

ti, tHe dfigtyaste thy %%ht)elﬁféh%‘ﬁialﬁyﬁ@e &y BeaT Y QR Ak ES 7 SRt EN i cal rate

f 200 M/ m (VAT o=t ap b I t f
Che. i nput. pump S8 Wik o e BhEPt (P ELRYs A% iR 200 BEGNERYMOC, ana the

out put f | ewniiatetheffirdt ieneoytipedn hewsepn B8t awisinaaiiade diopgh yhaoheasged from 210
m/mnto 41 I

m/mn . in.qrder. t ntain the positiv ltrafiltration rate
of 10 nl /WeH t?ignép Iﬁ’?g“efbﬁﬁaé? ’nttﬁﬁa;%lyis?telrﬁgrv\?/bri3 I‘ﬂc%‘?e‘f%%wa‘?n:%‘f/gmee as
measured By ddiesed e Yi@s%tiﬁlef%rgi% é!é/%bﬂhttimwz-frogﬁ?t}% fgswbibhtol1 thg change in

the dialysate flowrate from mnto 400 mM/mn at the first tine ti,

it cah’ besserhwetght Rrrespentidilnt Bhaweighi of thhdialysats i bd ddysghrresirgmial of the

di al i he di [ 2 b i od
betvaen « A8 R Sod PR bl S PREI AR, SRR ElE AT o W o

a 15seconghewkéaghed We(ijglﬁ&%ﬂ&ltié ¥&uyate; Hoevev&i ghid vafs robgartkipattydedck th thet he
di al ysate reservoir did drop during this tine period fromthe first weight
WL to a seetisng lnsfeghies vescribed ebpvendiad iy displogsd dram Gieghalysateresgveif dt e;

o LA R R TRSREL A8 e, L e, 2

descri bed above, t he ysate reservoir 32 to the
sorbepd caghibitads, tBO sctbentrgrtiifiges3( asverepdt ofate indrasd m thérdiabsatplfiosnt behavi or

20exhi bited by the sorbent car}rj_d%e 30 as a result of tﬂe ir‘icrease in the
di al ysat eTdt¢ Fgm 200 ml/min to 400 ml/min. Between the second time #, and the final time 7,

the dialysate flow rate was maintained at 400 ml/min, and the sorbent cartridge
continues to store the displaced additional fluid, due to its compliant behavior, as a
result of the increased dialysate flow rate. The positive slope of the graph between

25  the second time £, and the final time #rindicates an increase in the volume of the
dialysate stored in the dialysate reservoir 32 as a result of a positive ultrafiltration rate
during this period of the procedure. This indicates that fluid was being pulled from
the patient through the dialyzer 20 during this period of the procedure.

Between the first time #; and the second time #,, absent any corrective or

30  compensatory measures, the controller 42 could determine the reduced weight
measurement from the first weight W1 to a second weight W2 as an indication that the
ultrafiltration rate should be increased, since, relative to the first time ¢, it would

appear that the system is not keeping pace with the desired ultrafiltration rate.
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rate from200 m/mn to 400 M/ mn. Between the second tinme t2 and the
final tinme tf, the dialysate flow rate was nmaintained at 400 m/mn, and

t he sor bew0 20mrasnisdge continues to store the displaced aduituscanab27it ui d,
due to its conpliant behavior, as a result of the increased dialysate flow
rate. The positive slope of the graph between 25the second tine t2 and the
final tindntifarlynditeetngbe savondhtimeassd the fing tingd 4 mbsant anyheorrgiciVyerat e st or ed
in the dial sataz reser voi rh32 as a@esug %1;] a .Fﬂitl)'lsi tive ultrafiltration
rate duri g REATEOTY ERFASY NG FRRUBHEHAOHE meKS SSWET PRPER% hat f1uid was

bei ng pul d@drdikpont he patient through the dialyzer 20 during this period of
the procedure. Between the first time tl1 and the second tine t2, absent any
corrective or BG scomdaristatfohgrepreaeniztos, treateend.che fislyisate flay retsutfdhelet er ni ne

t he reduced weight.,. peasurenent fromthe firs i to a second wei ght
W2 as %an T RAICEATE SV SRS ST’IF%‘S% kfer%attyplc?ﬁlt rragéteoef(‘:!ﬁs(:5 ?Wr%l bé@i ncreased,
since, relating dbovd, e dihlksde flbWeatkiis ddtérmiaed 4 tappear fldvhadte bhesystem i s
not keeping pace with the desired ultrafiltration rate. Simlarly, between
t he secondPetinwmn 36. akhe acthal sqaleancightaf the diakypade pentaingd wdhe dighisyé or

conpensat gr &V&F?% W,e ﬁieayp%i %g?%éagéf izﬁlnd“tﬂe ge%Hlltﬂﬁ{%; t QigfihiNds@facktdTP L Ce) per

det er m nat’i on. a secon e represe tTve~treatnent, t

di al ysat efréthawitsitibleiné i e falegeaer ative dialysis systemis selected to be
a typical rate_of 400 As descri bed above, tE di al ysat e %{ ow rate
=6 !

00 mM/mnp. As
i s déel mi ned HE- e 2 ggph lfustiinedhe roplt ohdeitRsgn Ve pERatt ual scal e
wei ght of i t j ; Ln ot ; t.e.n i S
measur ed %W bgég% %&%ﬁ aﬁﬂﬂ?lﬂéelﬂﬁgé{dﬁeit&% a\jd\%?alglgﬁtﬁéslﬁ 8 ﬁﬁé&g@ ;f[)'arrt’:"%f kﬂé\% from an
initial tdepeesd¢mative teeafmendl tine tf. 10FIG 10 is a graph illustrating the

result of the tracki.ng of the weight. signal 4 ut put by, the scale 34 from
the initial CivefEgnfd g fop inge lalﬁa‘?ﬁ‘{ef%{’é%’é‘fe)lé drowad by .es_tcﬁllg 4,

repr esentptd Rial WeBhMBMtis representative dfBe Inftidl veluntd dTRIidl PoateAftedent tnl tBk _

di al ysat e wei ght is neasured by the scale 34. The initial weight WO is

r epr ddent ditlyvate esenvhis 32k theanitigotimensy. dietweenl the miteal pimedtemd ¢ Analitisne

15di al ysat e, reservoiyy 32 at the initial tine (0. Bet he.lnitial tinme
to and aa‘f’i%%%%alglf'% ﬂPW,raEeﬁ%aS(flO 8?’8)26 ttg%F It%ev&yplé{? 1era§/(\:’/é§f4§§§p/rt}3?l é%g’il% be the

typi cal radagmp®s, ttGQpwd flow fate cbﬁ”th@ﬂ?uﬁ?ﬁﬁﬂjpbv@s tHub €etith P00 il n@wandtie of the
i nput punp was_thus set to 400 m/mn and the output flow rate of the

out put  putHiPWER v rirsofdhe owtpulpLIIMIATIDES 86 temEUmE MmN KudisEieAePositeaf i | trati on
rat e of 1: VA . of J . shignal 20

ar aph 74 PR PG R CTRE RRRR IR PR MR TR o

i ncr edse graph Rebatolcemtheahitibhéme hahy sat farststimne gdndivatedwn ide@hsesatle reser voi r

32 as aresult of a. positive ultrafiltration . rate during.the.procedure.
Thi s i ndi o188 of SRy iEd ﬁ&%‘—iﬁﬁ%ﬁ?ﬂr%ﬁ phereput Peapoy Yough t he

o olvaer gl g dopiul TidmGEShniim b gl o, o
anot her tfypindhd patmnethofugh@ife dihlyren20 dihegitipprocéduow r at e
At the first time #;, the dialysate flow rate of the system was changed from the
25  typical rate of 400 ml/min to another typical rate of 200 ml/min. The input flow rate
of the input pump 36 was thus changed from 400 ml/min to 200 ml/min and the
output flow rate of the output pump 38 was accordingly changed from 410 ml/min to
210 ml/min. in order to maintain the positive ultrafiltration rate of 10 ml/min. . At
this first time ¢, the weight of the dialysate as measured by the scale was a first
30  weight W1.
As a result of the change in the dialysate flow rate from 400 ml/min to 200

ml/min at the first time #, it can be seen that an immediate rise in the measured

weight signal 74 of the dialysate in the dialysate reservoir 32 occurred between the
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of the input punp 36 was thus changed from400 m/mn to 200 mM/mn and the
output flow rate of the output punp 38 was accordingly changed from 410
m/mn towdk012ds618iin. in order to maintain the positivepPralrtusadiilosazat i on
rate of 10 M/mn. . At this first time t1, the weight of the dialysate as
measured by the scale was a first 30 weight W . As a result of the
change i ntimh@edodbstwaerethe [fiosy tinze fe afd o AecQ0O tile/mirpmttee DODWHRIShVA tag t he
first tine t1, it be seen that an, i dj,. i Sg i ed wei ght
si gnal 74774 nggﬂfg@fg%’teg“fewt RN eeéhr gaet%\l/nolﬁF dg@} Sg%crgr&r?\zogg bet ween
the timedjaendroskedatineais tile pbiidBtomithefitst waiptt #1368 agaehntiweight 27X,r om t he
first weight WL to a second wei ght W2 respectively. The wei ght of the

di al ysat esq the mpasurrdvpight 8 gnal derogBiate; 8P YWY Hcaeaseawd ameyt Hithid Mae peri od
fromthe fir [ . . i_ghit . i ght

Si gnal§qi sn%ttcd?:%v?/% rgglqh%\%%&eé??&é%eﬁﬁ%gg%%\gée@ar%o}{%%atég &%}Fﬁ%ﬁg&@ u\gl%t dr awn
fromthe pakipndispliavet fignt thatobentapddgoll tol thes inddatcassedescd2 hethgabove,
fluid is being displaced fromthe saorbent cig_rtrj%d%g 3% to thg d%/$| ysate
reser voi r th3otiaaPemgh dRe to the semplégnt BehavinexhigitehBY Bissproeartartgerasy or

exhi bi ted i Ae KSR d0 Almi® WOGIEARE In the

di al ysat eaéf) ]g\g/vmr?%{tstgg?ggﬁqasﬁ%{ﬂ%%ﬁﬁ@%&géoen1 /'mn. Brélt ween the second tine
t 2 and t hBetfWenakhetsenmditime t,hred thedine dtve #f Howlialptate o rdt®mas nt ai ned at 200
m/mn, and. the displaced fluid renmains.i.n the di ate reservoir 32, due
to tht coﬁlﬁ?r’itadﬁ?ddgﬁgﬁg\?ﬁ&“no?ntgttﬂ%d’§8 B‘@;ﬂ‘_‘laéi?rfl?lfl%lﬁlgthéél,aiyégteéiesre’é’é’ﬁﬂt of the
decr eased; gli@b Y e ofdp At RS ior ITehPRFhdr ¥a 15l 239, 8f a fh@r 6r@ph bet ween the
second tine t2 and the final tine tf indicates an increase in the volune of
t he di al ydareased dinbdate flowheted i Thlepositive slopepiibe graph bggvesn thesigbendof a

positive ultrafiliration rate. during this. eriod of, t rocedure. This

i ndi cat est"f“ﬁé%anfiltfﬁ ﬁn 1émblé’inﬁbca Vi refaP%lrﬁltgggoBgieiogﬁl%e (F??IP] %ﬁ%ﬁtg{eﬁe di al yzer
20 dur i ngidth diaPRhle@ekeBoit 1eas REBOHSH £positive ultrBREwE@ITatehRribp st time t1 and
the second tine t2, absent any corrective or conpensatory measures, the

cont r bi | eperipgl af g progestuss: ni hie indigates teat debyaskesighpullpdfeam Seantient om t he

first weigh . . i . i i.cation that the

20ul trafi ﬁ]{éuagcwiﬂ%%l&raﬁzg sﬁ%n%ﬁh%%égﬁgg@g%&dg&%é, relative to the first
time ti, it woBkheappedirsttat 1 tadne tisyste time X eleent ang cotrectiesirr ed
ultrafiltration rate. Siml arlyt, bet ween :the second tine_t2.and the final

time tf, SOIBRIIFAGRHMEIHFECNE senteller dhpand detsryingdirdnrsesed Wi ont rol | er

coul d makg .2 8ifid: #om HIREQRAS %lﬂ qff’le{on% Qabh PReigPUiTh Y oh BRI AROY Grad@Rcr | bed

representative treatnent, the1 ontrol l'er 42 was 25 progranmmed to conpensate
for tihe colghiteation bebaviudd besddrrdised didoy, rehéve tr the first ciaretsriidyeuldf t he

regenerative dial ysis system Referring .bac 0. Fl . econd graph
provi des éﬁ?eﬁl'e%?@ég ﬁYsé‘?‘T\(\llseeXSB% Stdf’%??d\k@irémraté?rbﬁ%ﬁ' %’fﬁﬁrﬁ%{fb e&%eseg

aut omat i calels¥cdalimid Absd tHMidah8me @NaHseht! a%z Hrebtpeen cOpéiigorpasur ed wei ght
signal 44. The resulting conpensat'ed wei ght signal 72 reflected the

di al ysat emchwires, heasatolldrsorldandedi sinijeratrepropgrelelasiinagonas neasured by the
scale 34, as V\ﬁlulm(ga theit Vﬁ?—ggslc%il)gd-' raelpregel:n%t}lvse%e%tment, the controller 42 was

25  programmed to compensate for the compliant behavior exhibited by the sorbent
cartridge of the regenerative dialysis system. Referring back to FIG. 9, a second
graph provides an representative compensation weight signal 72 that was
automatically calculated by the controller 42 based on the measured weight signal 44.
The resulting compensated weight signal 72 reflected the dialysate fluid present in the

30 dialysate reservoir 32 as measured by the scale 34, as well as any additional dialysate
fluid calculated to be present in the sorbent cartridge 30 during the experimental

procedure.
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fluid calculated to be present in the sorbent cartridge 30 during the
experinental procedure. WD 2012/ 050781PCT/ US2011/ 052742 It can be
seen in AvVG20R/ashmst between the initial time to and thepCirnstotionm4ti, the
conpensat ed wei ght signal 72 tracked the neasured wei ght signal 70.

Follow ng this, between the first tinme ti and the second tinme t.), the
actual wei ght Istgrisd seZ0in ElGOdabatdsbiagelle inddlited (aanddhe sutimedf, thehe

progressi on of displ.acenen f dialysate from.5 the dialysate reservoir 32
o The: sorpupis Priehgaog 2 ad i Repie gy =G IR G Yo
from 200 yd8annnt ArstBdhel] 44 e s@dndaae, BRGARPVRIghBEghANDRY at the first
time t1, the controller 42 changes the conpensation anount to reflect a

transiti amogressivey redweadi aslarsatleofithopyogessson pf displpcapienseledialysiie fremir i ng t he
oo badBRb TRy R bR gdaatg: 5, R BOREdTE didyeall®

corrper?sat ef goes an upwar excursion , then

settl es i A0 SHIRELEHmEEI00 nliths, hsddushadabave. | Baendfigeitithafiisn t he
nodel i ng of the conpliant behavior of the sorbent cartridge,. However, the

upwar d exioue si e costrolips kg shingea e compenseipn agawtdo refleeiEnsiipniticr ease on
the order_of about 1-2% of t I i ement 72.
For 1 ows g Ae? ePisert sk e R Ealhe tohf thef SRENARL A iR Bltea Tty BRI

second t it fide 7, 1dhiihke aooMENSAYLL theweinpbisasidgraght sRnaETAbnslyt o a | i near,
upward trend that is representative of a positi ve% I %r%j.l.trati on rate.

I't shidul dunslergest arjunward ckpEsign s theh sHdryiRto Ay PPedr IR PRI

non-11 neeﬁ?n;%ﬁfﬁ&i’dﬁﬁ tl?eeﬁlwﬁﬂlghog% #o'i‘rﬁ)tliaﬁti t{%a\;ibr GNfle tdiBeri @E@AMbeL | M8 L 2. Such

non-1inea avior 1s attributableto t fluirdic capacitive and fluidic
i nduct i veHeweaydrj thatipbhakaxcasionfis inkignddswr ehepesents & tgwoBQy therdasg t he

eriod of ti | 1.ow th h in dial te fl t the first
et 1. e GERBPEAE S22t ST Aenid Bkt eeE R Wt | i gnal

72 duri ngpdiwing {HEBra8&R0R BinfeetiD@betaRER BelBS thie ARRE YeNGcdhdnRie ] near
second-order or"third order nodel to correct for the non-linear conpliant

behavisor tht compersatet! meige sighelgBrudiumgs tora linker, bpweld teohd ghadis si on requi r ed,
however, it ngﬁ be 5deti(§.rmpe§l tt%at first-order nodel resulting in a

mi nor upwWEPEFSEYRIEAT SPOPEIVE BN A0P "% e 5| opes of the |inear portions of
t he conpensat e sM&Ril@bt nsiedaak the2chal weignt e sighilti0alxhibitsRod-tinessd t he first
time t1, and between the second tinme t2 and the final tinme tf are generally

equal , i|baksvionbetrrgen ﬁ@tﬁrﬁtﬁén@mamtheamd rtié}i’eef%oﬁu‘fhw‘&no]glﬂeﬁﬁl?ehﬁﬁiﬁf)l%S_ was
co oS B IR MRS, Lo bbpermint o e
t hus, 20 hesdgsdie cartridge 30 during the period of time following the change in dialysate flow
rate at the first time ¢;. The upward excursion in the compensated weight signal M(z)
signal 72 during this time can be further corrected by applying a non-linear second-
order or third order model to correct for the non-linear compliant behavior of the
cartridge. Depending on the level of precision required, however, it may be
25  determined that a first-order model resulting in a minor upward excursion is sufficient.
The slopes of the linear portions of the compensated weight signal 72 between
the initial time #y and the first time #;, and between the second time #, and the final
time #; are generally equal, illustrating that the output pump rate of the output pump
38 was correspondingly adjusted at the time #; of the transition to maintain the same
30  ultrafiltration rate prior to and subsequent to the transition; thus, the same
ultrafiltration rate was maintained at the respective different dialysate flow rates of

200 ml/min and 400 ml/min. In contrast, while the slopes of the linear portions of the

actual weight signal 70 between the initial time £, and the first time #; and between the
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ultrafiltration rate was mai ntained at the respective different dialysate
flowrates of 200 mM/mn and 400 mM/mn. In contrast, while the sl opes of

t he | i neawoporzdsorss of the actual weight signal 70 betweem/ush@tiosi7sz al tinme
to and the first tine ti, and between the second tine t2 and the final
time tf are generally equal, their weight values are offset in the y-axis
of the grepbnd ome or and S fietl tinteh ameemdrdﬂsde@ahmeamghtr\@mes e offsal ysat e

fluid th bent d f th d
i al ysat o T HOWRRCS TRE PPREBP SAU b OISt IR FRE S EUNoasur od

wei ght  70fgiadedehRiCONMBERS S Bcht Wartripe 3Z>?aslae&mwmehﬁc&@&@ra@hmamavz and the
final tinme tf is substantially constant and is representative of the

di ff er encethet ween t he conpensated wei ght Mt) and the actual neasured

v oo o)t i Rl St DR TRy B Al ¥aahEADabn R 3R] Bced Lo 1 T

sor be cartr sul € i ncrease sate flow 10 rate

from 200 gdnipensatt@wéigBt Td hdtivBen the secohll uﬁ&rrzmeimeﬁnalftmmfﬁme graph of FIG 9
that the conpensated weight signal 72 nmuch nore closely reflects the anount
of fluid tubatantidly esAntandwhreprshtethe Qag Erferepet hbwren e comPEsardtime to

and the f{)v %#1 n& {he akﬂaﬁﬁ%&shfeﬂlﬁﬁhttlﬁ@ gt qg'?n%t %g) %%Q]Elg%ltgnal .72

conpensat es ant avi or ent cartri and in
ot her 155matems'pmmmﬁhé sorbéittcanBygdftha\wareadng thaimtiegse 1hmhedysa&ﬂfﬂmdi ment of
the invention, the corrpensat[erg/ wei ght signal 72 is used by the controller

42 tol%erwa&ﬁ?mﬁppwéémlad%% @4dj ust ments to the input rate signal 46 and
to the output ft%ﬁﬁbéé&ﬁ%on%&e??aﬂh%?@?@%i‘fﬁ the e ?&Esafeﬁ@vélé}ﬁ'éfgnﬁumj 36 and

the output punp 38 so as to control the ultrafiltration rate of
di al ysi s mudcecur dosely wefloets feranidvat of Suid sliat hashren deaven fiord tROpdtfeatt i ve for

the patient. . .Referrin in to Fl second f this
figure singiaet ?eﬁlgg'tﬂﬁ%még‘? g%aflé‘?emlﬁt&r ?lép@%ﬁ]bl@f’l \%ﬁ%ﬁ?e@ gnal 76
that was guimaichmpbtes #rCdhliast RUadibeinGRO$d ok @értrﬁ?ge@@sﬂdi iantidae

col l ected wei ght signal 44. The resulting conpensated wei ght signal 76

ref | ek} edsystemn @hrapqn@aus ¢hat Irrmydnebat\@gemphrmt ¥-hla agicaibpdianaat pg erFlOIBZ as

cal cul at ol pataRSsTnt e B e SRR L MR ARE T '€

exper i ”EnéLﬂbm@tre@@&ﬂ'sth%nts to the inpit r@tal’shgﬁ@l e tb Iﬁld:dLﬁaut}:ﬁekigahl 43abween t he
initial time to and the first tine ti, the conpensated welgrgt signal 76
tracked tTsepeptixelyedipsiibe gt Rygp AP andthepyfnubRAB 38 8P & toroniiekiet he fi r st

Lime U1 20 hREBR EA00: bk fks prbOfiACinliAhaiifl B isShANAcurfe %F.%sm cement of

30progressively |ncrease as are of the progression o
di al yHat eeffecnne tdrehspatieent cat hi dge 30 to the dial ysate reservoir 32, due

IERESES WERE G SRR G LI N 1 S
the compepsaltam @RWHenidioh &g Sighal 76 that was automatically calculated by the
controller 42 based on the collected weight signal 44. The resulting compensated
weight signal 76 reflected the dialysate fluid present in the dialysate reservoir 32 as
25  measured by the scale 34, as well as any additional dialysate fluid calculated to be
present in the sorbent cartridge 30 during the experimental procedure.

It can be seen in FIG. 10 that between the initial time #; and the first time #;,
the compensated weight signal 76 tracked the measured weight signal 74. Following
this, between the first time ¢, and the second time #,, the actual weight signal 74 1s

30  progressively increased as a result of the progression of displacement of dialysate
from the sorbent cartridge 30 to the dialysate reservoir 32, due to the decrease in
dialysate flow rate from 400 ml/min to 200 ml/min, as described above. Beginning at

the first time #;, the controller 42 changes the compensation amount to reflect a
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WO 2012/ 050781PCT/ US2011/ 052742 transition to the new dialysate flow rate.
It can be seen that during the brief period between the first tinme ti and
t he secomlot2oresbB1 t he conpensat ed wei ght signal 76 brirefius2andsr7gpes a
downward excursion, then settles into an expected level. In a manner
simlar to the representative treatnent given above in connection with FIG
9, 5this frastica to thearew diplgsdtedbivantei it dahdeveaehityriof thd‘leietftpﬂmci ant

behavi or of the.s rbent ca i Howeve t he exc ion is

| nsi gni f i tetpeen tp rsrielﬁ"ree%%‘?fiéheégct%ﬂﬁ&eaﬁ! Jﬁ%i“eoé?%ez%ag\,\(lg‘f‘(e‘tgﬁteg%r} of about
- 2% of t e rRRIdLAR LOMRSIR AL RLcWBbEheTRASU  RIBRALx f&itcdeVd OMIaNg t he

tranS|t|on ti'me period between the first time t1 and the second tine t2,

t he conpemsateedimikir ghthesemgeshtarige treatmentsglt/@l @bolve ne%qnnetjmezrldt FiGfd 10t hat

isre es nt.at,i ve of. th or nal ired SItI rafll rate.

ne | T o o e R e DR e BRSOk bbb bS8 AL g
the act Ua&arM@gth{dMévkr SO nwrtd @%&t&bﬁﬁ,lﬂ@@nﬁtmamdb@ia@\eh@ra bet ween the
first time hand the second time t2. Such non-linear behavi or

at t ri but alshporasy fégsedse on dhecordenpdabeitvie2 4red tli ctﬁsmd:cqmm&t?welebhp| i ant
e o SRR RN hAGERoF AR LISeRREh B ASRlmd ] ! o oW no

ate FIrs hedwnward

exXcur si onthieRedone tﬁ%&ﬂé@drﬁ@bn‘é&b@%1@t gpadl 7 rétprsitgadiheafGupdverd mgnd hi s ti me
can be further corrected by applying a non-linear second-order or third

or derl%d@attsesenf@ﬁeﬁeeve p@beeﬁ@lqto@ﬁstr%e%m‘@d%tﬁ HAROSHavi or of the
cartri dge. g@ﬂtw;r@nuts @;Mtfﬁ&egthaw@ rﬁ&eﬁﬁﬁ%&aﬁgofﬁ@‘ﬁ%%e it may be

determ ned th nodel resu a m nor downward
excur si onadtsal sweh dhit (W(&n;ﬁgnall"ﬂ@eﬂilmpamndinebhbeﬂavmehetwpm thecfmst tofie 41 lrd

conpensat ed wei ght signal 76 bet n the initi and the first tinme
t1, and b@e gt“ﬁ‘?—? fae RN RS 2T behgigr isl‘?émfbiuﬁgie P |ﬂ?ﬁaﬂ‘fl icgpRacilfer al | y

equal , il %{Hisﬁ i chb@&orﬁ{y‘l@an@ YL tor BY IR shfeft QtridBe 30 bt thepeRoB8 was

correspondi ngly adjusted the tine t1l of the transition to maintain the
same DBul oftahe Ifdlko&hng)ﬂnelchargepn ditysats faovdraseusseglishtimeé. t Fre domargird i on;

thus, the same ultrafiltrat.i i. nt d.at e sectlve

di f f er ent SHUEHQER e?‘?“&?ﬁnﬁeg?‘g ]&% %él\é\ﬁmgffm gzéd]g‘fb‘b% ntsﬁlrﬁn%tg m contrast,
whi | e t heqsih@p@sirfeditipblyitad ndPlidapBécofd-obdie ontiindardepaniat tosdogieal 74
between the initial tine to and the first tine ti, and between the second

time t2 afid theyeorftlineat camphiant be}m@rQéﬁ?@rcaﬁﬂ%eeqDﬁPe,ndiftgé?Drthﬁé‘?Vﬁh‘P val ues are

ff he_d f d with
The 11 ui cPaPsn el it iuhAThy adtiio Rl upPaBIORY hRagit AAJSHE i d

r eserypi raﬁﬁn@’:‘do&znﬁz@ﬁdlé)tcuﬁsﬁoﬂ1|§euffmﬁheased di al ysate flow rate.
2012/ 050781PCT/ US2011/ 052742 The second offset Of 53 ﬁen the act ual
measur ed wei ghTheslopgset dasmhneas peraanye the compensaiedsteht Hend doh s ne t2 and

the final 4tim®affmb 5 HBSE ARL ALY YafoEl &t eRdohdimeR] &R8AE AhAlve of the

di fference between the conpensated
time #r are generally equal, illustrating that the output pump rate of the output pump

38 was correspondingly adjusted at the time #; of the transition to maintain the same
25  ultrafiltration rate prior to and subsequent to the transition; thus, the same
ultrafiltration rate was maintained at the respective different dialysate flow rates of
400 ml/min and 200 ml/min. In contrast, while the slopes of the linear portions of the
actual weight signal 74 between the initial time ¢, and the first time #, and between the
second time #, and the final time #; are generally equal, their weight values are offset
30  in the direction of the y-axis of the graph to correspond with the fluid displaced from
the sorbent cartridge 30 to the dialysate fluid reservoir 32 as a result of the increased

dialysate flow rate.
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wei ght Mt) and the actual nmeasured weight Wt), which is the anmount of

di al ysate 5that is displaced to the reservoir cartridge 32 as a result of
.t he decr eaeaoimnsdaisal ysate flow rate from400 nm/mn to POQ@/uskéimios2742 I t
can be seen fromthe graph of FIG 10 that the conpensated wei ght signal 76
much nore closely reflects the anount of fluid that has been drawn fromthe
patient bet weeFhetsheoridniffsead/fi batwedrnathandutihpedsimediweightg4efd | n particul ar,

t he conpensated 10 wej ght, signal 76 coppensates f.or,.conpliant behavior in
the sor béﬁfnpéﬁﬁaﬁ]ai‘?:’iﬁgh% _,beé‘ﬁ 0t e%ﬁcﬂ%‘?%é%%tg%hﬂ%ﬁ%‘?n}é)wt hat may behave
conmpl i antd Yeiadifh@RoRIRAALIRNpRbcntdi® e loh MR FfeiRncd hiew AR GAb8date@i ght
signal 76 Is used by the controller 42 to perform further autonmated

adj ust menwsghtd/fhad thpactualaneassied meight 8 (Andhich it e apevpiafl daywisi gnal 48 to

respectively adjust, the input. pu 36,,and th f put D 3 as to

cont r fgi’tﬂﬁgﬁi}]ﬁ%@fﬁolﬂ?eﬂéﬁs'rﬁ?llr E%R dg&g 28 r&%“iﬁ Oﬁ? égyeﬁf%g%ud?agy%% a nmanner
that s s@ferat@bsraoenianth ©ffoecilingg. for the patient. Referring again
to FIG 1, the sorbent cartridge 30 can conprise a housing containing a

sorbent cart rildgem keagsam fremothe geapb il HEC uiOehiicthe sxnpansated, weighbsigidodi ment s,

the cartrjdge.is di sposa . e C } F‘ﬁ‘ﬂ{% e 20

constr uct’eéda‘ggﬂ%lﬁl(){ehcg‘?sef}irl%glgﬁs -El)ilreé ag}og%%é%fgggflﬁg?asugsegﬁgn reér)rrg\%éé fromthe
housi ng. phfientRpl@&aale Gaidl tintge adik dinkhixae ke In patiaded thel companstadi | ar
cartridge for a subsequent use of the system28. The cartri dgg c,gn purify
wat erlOandveighkergnahi @ caipainsatas foryemplian bigeavaer ip ficoipgent Fatriiee S8rae seri es” of

pavers whi, o3l d%ﬁ%%%?slvté%rmme%g(zeeccgn%negngw in FPEAbIAmeATGTRR C.

cadmi um chromUm a oxl dant's orine an
25chl or anihn@yionuthe apmphreaiel atetghangnalt Toeis uskddryi the wargtodlen®? mwyehriorms (e. g. ,

creatinine and uric acid) fromthe solution, wthout renoying .or .adsorbing
excessi v efuﬁhﬁw%n%?fé‘id?gt@ﬁgm (t‘éb'@.‘r}plﬁ e Pighp Mgg %}Wrﬁut@g fﬂt% HE%ot assi um
or essentjgf, rbsﬁi@éﬁvely adjust thinp YRR IBE bdtput Hlens oeRPNadksn@d] t he
sorbent cartridge that "performthe aforenmentioned functions include a

pur i fliscatthenlttafijteationhate off el didgss proceduae ava mageer dlat irotafe, agrvidnard change
| ayer that..includes a pol ynmer phosphate binder or an ion exchange sorbent;
and a ureeifercgﬁef)g’é&q%ﬁpg?t‘that i ncl udes strong acid cation exchange resin

and basi c resiRéfehin®laghihQa FUG T, Ak b Z)HiRdzed0ttad RompPhseexighiginge sor bent
together with a conposition that rejects cations (e.g., flat

menbr ane/ ¢oldiung Rispident cateides rapebllefofi Ferp@ing Bica]f oXEN- 'oRMExchange menb rane,
o, TSR LB O, BB SAROBERIR). [ cortaln
mat erdoal Sons@eitedRizh e it dambe disposedtagtenuseaind eematddatim HetlmusiGg ol | V et al -

replaced cartridge could then be replaced with a similar cartridge for a subsequent use

of the system 28. The cartridge can purify water and regenerate spent dialysis solution

through the use of a series of layers which can remove heavy metals (e.g., lead,

mercury, arsenic, cadmium, chromium and thallium), oxidants (e.g., chlorine and

25  chloramine), urea, phosphate and other uremic waste metabolites (e.g., creatinine and
uric acid) from the solution, without removing or adsorbing excessive amounts of
cations (e.g., calcium, magnesium, sodium, potassium) or essential ions.
In some embodiments, the components of the sorbent cartridge that perform
the aforementioned functions include a purification layer that includes activated
-30  carbon; an ion exchange layer that includes a polymer phosphate binder or an ion
exchange sorbent; and a urea removal layer that includes strong acid cation exchange

resin and basic resin(s) or urea-degrading enzymes and an ion exchange sorbent

together with a composition that rejects cations (e.g., flat membrane/hollow fibers
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5car bonat e; zirconium phosphate or other ammoni a adsorbents; al um na or
other like material; alum na supported urease or other immobilized enzyne

| ayer or woher2/osetseri al to convert urea to anmoni a, SuclrCaASAIIAWSITAZ EOUS
earth or zirconium oxide; and granul ar activated carbon, such as charcoal,
or other adsorbent. The sodi um zirconi um carbonate conponent can act as a
phosphat ed@adsigadfenher hehegn, zinri eroak dham gedmexbdee, waan becapapatidnesuoouadhg ng as a
counter ion or ion exchanger to renove phosphate, and can be in the form of
hydr ous zﬁhrs@m%iralﬁmsﬁica@p%@&); hydr ous zirconi um oxi de cont ai ni ng acetate).

The zirconium %)geg%n%oﬁlrﬁ&tp %e@oﬁ%ﬂ?%rﬁﬁd&@ ifdiRies 8 UM Fing ¢BREUM car bonat e

when positioned in the cartridge. i ng exanpl es of "urea-degradi ng

enzymes tdmsitmatanalliesodinpd dyediunn cdbaiath@rotiearibdiimesial-Gfoup h¥ newalbent
cartridge include enzynmes that are naturally occurring (e, r.ease from
j ack Pean¥rPiferS@EHE PPs ﬁt_@toéloﬁ’% ?mB’PBE@%éﬁgﬂ‘;fs’raje‘nglﬁ%Pﬁgt}??rulfliaechnol ogy
(e. 9., inpbagheshdlinag fuppeatd ulehef biRF iROPBLEREhzGRk Syt Basthexpr ess and/ or
secrete urea-degradi ng enzynes) or produced synthetically (e.qg.,

synt hesi zmdferial th conyret Wb tdimmanis, suches dateyrasedus eartle QB EICORDBIMOXER ai n

enbodi nents, the sor.bent cartridge further include 0, | bers. The
hol | ow fi g@rgsralgg?{ afé]vagg(% caﬁﬁ%ﬁ’ts}lggqsycfhéﬁg? yed’ t}lq(?)rnaé ,gl"rg%“q% ﬁs\ggfsdnlpncr ease the
capaci ty gfcohlign 6abddatdl@mapohbst daglabow afjhbitsteCaifomdentcOhd getonivnh an

i on-v\lsed ecting material, which through a water-purification |ike nechanism
al | owd) t hexidie ean herapalt)p obaatingap @ coanipigen oF \wa|spchangefedenerisPhoseitas cal ci um

and nmagnesium ,The i ti. t he I i > any such
mat eri al nl’(lio%l bte o E)hrr%%%? Oghcﬁﬁ&i éﬁlr&tg Wqélgla?)ﬁéé(@ﬁégwd%dé{g fz glré%rg‘?]ﬁsoggdre pol ymer

chai ns | i kmtfigihy atdtiten @he hadnicanxefefoas hisy ek Ylendgdewith dal sodiwm and magnesi um
and therefore retain the ions in the dialysis solution. Generally, to have

this effedfcophiEn pEPertaVhen RETHONRA I hesRPES: ti vel y charged. In sone

erbodt ment s, ! Qb BRI S i ka5 REARE AR bWk bers i
cel | ul ose acetlgg)ré(i}i e. gé.%{aceqq%uﬁg% 3 tari acetzg?lg). T%e hoélﬁlﬁJow}%f ilbers t hat
are tis beeciteatetodinencaithe sebarlt|cyrtadg ihdbdeenzemgs thaFaresenirally Medi cal Care

North Anerica) and can be coated with any . desired jon-rejecting material
avai | abl e®tY TG RalicAty Rk G s o0 95573} BREYEHFRT/ UR2011/ 052742
Al ternat i M8bMbinkRGedtRbldRy é.’gﬁ%{ Backl, ifihedall GfscdibriRanHek 8Cdel1Y that

C

nanofiltration nmenbrane.” Such nmenbranes are commercially available froma
nunmber of expuess@ad/of secrpte ukawlepddingkkoeymesEer pradecsdsyntagidcaBywe-Sheni cal ) .

e e MR PGt Dl € subst ances T rom

20 In certain embodiments, the sorbent cartridge further includes hollow fibers.
The hollow fibers can reject positively charged ions, as well as increase the capacity
of the cartridge. The hollow fibers can be coated with an ion-rejecting material, which
through a water—puriﬁcétion like mechanism allows the urea through but rejects
positively charged ions such as calcium and magnesium. The material coating the

25  hollow fibers can be any such material known to one of skill in the art (e.g., fatty
acids or polymer chains like polysulfone) that can effectively reject calcium and
magnesium and therefore retain the ions in the dialysis solution. Generally, to have
this effect the material itself would be positively charged. In some embodiments, for
example, the material used to coat the hollow fibers is cellulose acetate (e.g., cellulose

30 triacetate). The hollow fibers that are to be coated are commercially available (e.g.,

Fresenius Medical Care North America) and can be coated with any desired ion-

rejecting material available to one having skill in the art.
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5 there are nanofiltrati on nenbranes that have an ability to reject ions
with nore than one negative charge (e.g., sulfate and phosphate) while

al | owi ng wongi2saetsar ged i ons to pass through, with the eocmwseee/0si7sp bei ng
the case. In either case, the hollow fiber devices are available in a

vari ety of dinensions and need only be small enough to fit in the

repl aceabl e caslérhagely, th ieilosafibebecaiizdddd ariouselettivearanpfikion® syst em
10l n certain_enbodi nents, the sorbent artrLag e.can further include a flat
membr ane MHEPIANG. %bé‘?e@ﬁ’r%eﬁﬁreaw&g@?rﬂa B YA AR TR 2 AR I SOFIKR ¢ hose

describe OA’ﬁem#]ag%(% £ teﬁm%nm@%&@w TRs@RchBRnEXERRME: (€. 9.,

ani on) menrane t iI’'m passage of poSitively charged ions (e.g.
Ast r om RTdikesNen pepient. iRTibIsubatcanirom diiciiegtheourshin mnmbraﬂeﬂl:@%ﬂnpi@ SA ani on

exchange menbr ane) .. 15Advant. ageous th| on exchange ne al so has
an abid i tYieerapR{INTaken SrlTEnes t at){lav 6llé PP Tage e 5‘%6‘7@? ?’ie a(‘?orrponents

or layers, r%%g?@ver &Q}g@z@g gﬁfeﬁe and'@{@ﬁ}?a@@w}ﬁfe%ﬂo%fg ﬁ%lé‘-@hzﬁ@@d’ 583

regener at e , resin, sorbent) and/or sterilized re-use whe
necessar yto(passgthm@hl \wt}athemonv@amaigebem@ﬁk@meo i eithen C@Gdﬁ@ heltow fiher e nt ire

cartridge, can be re ceab e. hus .r emoved [ [ yst em when
there is %Fvﬁaé?raé@@ bl i 3 yasiery e%fe‘%g‘lméstl?r%?rfm an?é:?lg?b I%P ff ﬁ&}%é?tf ?I dge
(e.g., thﬁqQHtgl%pla%'ﬁﬂe SAtridizatv/ a6 cé?{bésﬁ@dqafﬁsfehﬂ@ﬁubﬁ@rﬁmmmrn or damaged,
for instance. Further exanples of sorbent cartridges are described in

U.S. Mat. No. & @nainzadodimts, thesorhest carirpies capfurtheninglyge REBY cartri dge,
| abl e_f Tech | d
Subsi di aryeBprEr Qi 95058 M pe AR e R BB gt 1 ovne

Massachusgiol/s; Inaditiof, th§ﬁfebﬂjﬂz§ne|3aﬁ Iby an $orfh‘>dchﬁfg"e (€gBmiRenabmbane xhak nc.
Sept enber 4, 1993 Edi t | on, and "Rx de to Custom Di I Si COBE Renal

Care | nc. limiy theinspsage Oééﬁttéﬁbé?h%@@ma(ﬂgvﬁ?g@@p%r% tats%EM“ entirety by
ref er enceépf\(ra%li ugﬁ%%’ tr%%’l%éné BCAELDYSPE! @AoénlgrL&ch&n FeARehBRAYe

conpl i ant tubes connectin e various units, various
pressiy e Aﬂma@mﬂg this domé)d@hangeydffm]m‘an@alscﬁ)hmmabﬂﬂy tf adshib ﬁybsplan@

including tenperature sensors, pressure Sensors amoni,.a_sensor s,
ul trasoni c fl ohseAdies an(ip? “?)ffg’bl?oéleatétoéi%’Fs Cantbﬁégqi gr(?ﬁ B ERe t he

i nfusate puARe fin %éﬁﬂé SHBATBA (1Y Oreditl] {ctb@H PR BtckiliABRM EL 1S
exhi biting S0t 078}1%/ US20117 052742 conpl i ant ebelhaw or can be

enpl oyed wherancsmsat}y(e@,@halmtm dajnqgeed@h‘ttlo@)( desdditien,pheatise earspl®kes. When
o oL 0! RIS, B SR B ML 0oy SFLEE N R RISRETT € can be
20  decrease in the regeneration efficiency of the cartridge (e.g., through layer saturation)
or the cartridge becomes worn or damaged, for instance.
Further examples of sorbent cartridges are described in U.S. Pat. No.
6,878,283; U.S. Pat. No. 7,033,498; in the REDY cartridge, available from Sorb
Technology, Oklahoma City, Oklahoma, a wholly owned subsidiary of Fresenius
25  Medical Care North America, Waltham , Massachusetts; and in "Sorbent Dialysis
Primer" COBE Renal Care, Inc. September 4, 1993 Edition, and "Rx Guide to Custom
Dialysis" COBE Renal Care Inc. Revision E. September 1993, all incorporated in
their entirety by reference herein.
Other units in the system of FIG. 1 can behave compliantly, including the
30  tubes connecting the various units, various pressure transducers and other hydraulic
components of the system, including temperature sensors, pressure sensors, optical
ammonia sensors, ultrasonic flow sensors, air bubble detectors, the heparin pump and

the infusate pump. In current systems, hydraulic pressure transducers exhibiting
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However, relative to the anmobunt of conpliance exhibited by the sorbent
S5cartridge 30, and relative to the volune of fluid contained in the sorbent
cartri dgewBQoizdserseonpl i ant behavi or of ot her conponent Crustéig/0sygt em
anounts to only a small percentage of displaced dialysate fluid, for
exanple, on the order of fractions of mlliliters, generally amunting to
at | east @mpdiadeschadionegriet anddoyedvasia sah@mneﬁanrsunqglprmée&mm\m ted by the
sorbent cartridge. di ments.of the present,.inve tlon 1 e equally

ef f ect i vePTFHY E%%H@HPBF -0k BoHId? Bﬁg%lrf)%mtﬂ%lrls ﬁte’frﬂlgg‘g%%? her units. One

skilled i LG aLh b‘é‘ﬂaite@@ﬁﬂ@ﬁhﬁ%@aﬁ&!fﬁaﬂ%& hedkuEmm@and advantages of the
i nventi on based on the above-descri bed enbodi nents. Accordingly, the

i nvention i s nIdOwe\oer brelativeriot tbel amyumpomaharme@ﬁhlbmd bxieapibgnishown and
descri_bed, i cat.ed en ed cl ations and
refer énce“é'1 36 r?éaé?lﬁﬂ%ﬁt@ tbi%}éf%rrngg EW pCr?(n, negl}%\ béﬂe%aﬁ%gg ?g’f erence in
their entjg %&Iyl 2R bem&%aé&é@J&g&@{{s@m@ét@ﬁ&mn‘m@mm ghai med is: 1.

A regenerative d| al ysis system conprising: an_input FEurrp that punps fresh
di al ysat eper¢antageiofitophace dalhlgyz@?: flgid, &y ekaipple. prathe 0“1331'8 fra¢iioms et punp t hat

s S A R e

ultrafilt? e|n a he output rate

relative ¢nglia@cd Mpiliitedaly@he sorbent c@tﬁd)g’eb@mﬁb@l&ﬁéﬂtd; oyae pi“méntﬁm\fdneos t he used
dialysate fluid to generate the fresh dialysate fluid;, and 10a controller

t hat lé)ontarepguqlh@fffpftweamcpmpaﬁaaﬁg F%@@m@%la@%é’eb%?réﬁwtbﬁﬁw PoHEe to a flow
rate of the d'@h?%ﬁﬁ?d ol el Qm&tQ?urﬁ%f?&mreé?é}{dte{d'vgﬁgges%ft}@e syst em of

claim1 wherei stem npri ses
invention based on the above- descnbed embodlments Accordingly, the invention 1s
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

15  expressly incorporated herein by reference in their entirety.

20
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a reservoir that stores the fresh dialysate fluid; 15a scale that nonitors
a scale weight of the fresh dialysate fluid stored in the reservoir; and
wher ei n twe 2ol er further controls the ultrafiltrarcouseatosim
response to the scale weight of the fresh dialysate fluid in the reservoir.
203. The systemof claim 2 wherein the controller further: cal cul ates
a dynam ovweiigtihingdd igti al ysate fluid stored in the sorbent cartridge in
response to the flow rate of the dialysate fluid through the sorbent
cartridge; _ calculates a corrected dialysate fluid weight by sunm ng
the dynam c "‘@ﬁlﬂ%tené&%etd?% §ig§§,§en\{\egog{%'singnd 25controls the ultrafiltration
rate of the systemin respgnse to the corrected dialysate fluid weight.
4The syst em ofandhmit pudipwha peinps fiesh dielysatefluatinted dialyacrex ar frputisatani ¢ wei ght
of the dialysate fluid over a tine perioa? f..a treatment procedure. 30

i frop P

5. The syst em G OB{PA{ RYEP i PRIRS H3ed Bkt yzer dtanoulpdte ) ates an

absor pti QixeWei @ithiRkhih Ay SAHE sfdidth Beifh 061864 kdunkhaaorlentaticatd fiedge as a
result of time-based absorption; and cal culates the corrected

di al ysat enfdtuatd, rate by further sunm ng the absorption weight with the

dynam ¢ wei ght and the scale i A 6. Theysystem. o Lai.pm 1 wherein
the control e f’fﬂrgldtgﬁéhaﬁ\ﬁtF%%ff ?ﬁggtd?a%sa{%gi}uéxgq g%lteﬁf(tae tglf/gﬂtegﬂm in response
to the floymdad gui@faddne dialysate fluid through the sorbent cartridge based

on a predefined nodel of conpliant behavior by the sorbent cartridge.
10 a controller that controls the ultrafiltration rate 0f the system in response to a

flow rate of the dialysate fluid through the sorbent cartridge.

2. The system of claim 1 wherein the system further comprises:
a reservoir that stores the fresh dialysate fluid;
15 a scale that monitors a scale weight of the fresh dialysate fluid stored in the
reservoir; and
wherein the controller further controls the ultrafiltration rate in response to the

scale weight of the fresh dialysate fluid in the reservoir.

20 3. The system of claim 2 wherein the controller further:
calculates a dynamic weight of dialysate fluid stored in the sorbent cartridge in
response to thevﬂow rate of the dialysate fluid through the sorbent cartridge;
calculates a corrected dialysate fluid weight by summing the dynamic weight

and the scale weight; and

25 controls the ultrafiltration rate of the system in response to the corrected
dialysate fluid weight.
4 The system of claim 3 wherein the controller calculates the dynamic weight of

the dialysate fluid over a time period of a treatment procedure.
30
5. The system of claim 3 wherein the controller further:
calculates an absorption weight of dialysate fluid stored in the sorbent

cartridge as a result of time-based absorption; and
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7. The system of claim®6 wherein the predefined nodel of the sorbent
cartridge is based on a rel ationship between a volune of dialysate fluid
st ored bywohei2sotsent 10cartridge as a function of fl owpcatus2afi/osire2

di al ysate fluid through the sorbent cartridge. 8. The systemof claim?7
wherein the relationship between the volunme of dialysate fluid stored by
t he sorbent cacatlcrulaigsathagoaedtcméia])@ate(ﬁfﬁlidfﬂam/byrfattbercsﬁlrrmeg theadbyeratien f | ui d

through the. sor t cartridge . is |inea 9 The systemof claim?7
wher ei n tnggf‘&vgﬁ{t}ben(gyf?ia’ﬁllcbg?\%geewdtth%s‘@gq‘ﬁ of dialysate fluid stored by
the sorbent cartridge as a function of flow rate of the dialysate fluid

through the sorbent cartridge is non-linear. 2010. The systemof claim1l
wherein the ul Thesystenr of ¢lam t afther@rstha cpriralenpontielchetitafdiratipniraiewed from a

patie a di.al Jzer 1. f cl ei n.the

ul tr aﬁt I tﬁlﬁts?'%ﬂnr“é{ SPgfsede é’eg} ;)sta ¢ %f?té% g]&?'rs%teg? n\ég?%e SYRE Y egener at i ve
di al ysi s eygidesbhsedpnesgeddiadd mbael d%orrﬁ)haﬁtﬂéﬁﬂvl@xf b}Ct(hﬂtsérfbblhtl dagridge.
ultrafiltration rate of a regenerative al ysis system conprising: punping

fresh dial ysate fluid into a dialyzer at an input rate; punping used

di al ysat el ' ui g § eﬁx%ﬁ QFCI%E?&%S VA8l Ped%ﬁﬁ%o&é%?the%@rb%ﬁ%%ﬁ Ligration

rate of t regen SISSS erng related to the otitput rate
rel ative bzﬁ;edi be alrﬂmnsh@tbﬁween avohﬁmé bedialygate |ﬂmdﬁ@dd Byd{eyﬁ)abeatf luid to
generate the fresh dialysate fluid

at ent cartridg

cont rl | i frgtridge aﬁlPﬁF‘%ﬂlP‘P of Q?Wd?feroéf}b" d@,zﬁyq ity wd dupugiythey %Gpta‘f%fige ‘systemin
response to a flowrate of the dialysate fluid through the sorbent
cartridge. 13. The nethod of claim 12 further conprising: 5storing the
fresh di a8ysat ®hd sysieth af clainr seenedi the retetionsipi begveensbavdumeiofht of the
fresh d al y%etltg ﬂful(iJ sltgreg tbg)/rt}(laedsdr‘tl;]entt Qgrtrgc?g%%rs \ell%mctlon of flow rate of the

dialysate fluid through the sorbent cartridge is linear.

15
9. The system of claim 7 wherein the relationship between the volume of
dialysate fluid stored by the sorbent cartridge as a function of flow rate of the

dialysate fluid through the sorbent cartridge is non-linear.

20 10.  The system of claim 1 wherein the ultrafiltration rate is a rate at which fluid is

removed from a patient at the dialyzer.

11.  The system of claim 1 wherein the ultrafiltration rate of a dialysis procedure
performed by the regenerative dialysis system is prescribed.
25
12. A method of controlling ultrafiltration rate of a regenerative dialysis system,
comprising:
pumping fresh dialysate fluid into a dialyzer at an input rate;
pumping used dialysate fluid from the dialyzer at an output rate, an
30  ultrafiltration rate of the regenerative dialysis system being related to the output rate
relative to the input rate;
filtering the used dialysate fluid to generate the fresh dialysate fluid at a

sorbent cartridge; and
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and further controlling the ultrafiltration rate in response to the
scale weight of the fresh dialysate fluid in the reservoir. 10 14. The

met hod ofwol2aizmsaB1f urt her conprising: cal cul ating a dymramius2ewiositi2 of

dial ysate fluid stored in the sorbent cartridge in response to the flow
rate of the dialysate fluid through the sorbent cartridge; calculating a
corrected di al ysabHirfglthé ditraBitgihbn bate sfitimireggnehaevelginbrissystenght 15and t he
scal e wei ght; and further coptrolli the ultrafiltration rate in
response ?%P@ﬁ%“b%ﬂ?@é?@@fgpéﬂé¥§f% Wﬁﬁ#@u%gﬂﬁﬁPﬂmi%?ﬁgd%%thod of claim 14
wherein cal cul ating the dynam c wei ght of dialysate 20fluid stored in the
sorbent cartridge is perforned over a tinme period of a treatnent procedure.
16. The nEl.hodTld methad wf dl4inf U2 firérer comprnsisgng: cal cul ating an
absorg}i stored in the sorbent 25cartridge as a

on weight o ialysate flu
resul t° of tinegﬁﬁg%%wgﬁg%ﬁﬁgﬁgﬁﬁwgé}a“”mvmﬁalcuIating the corrected

di al ysate fl uighohRdredWschieridight oFuamag dﬁd_]rﬁsa@ﬁlﬂﬂléioir&ﬂn\mé @hdrvdict h the
dynam ¢ wei ght and the scale weight. 17 e nmethod of claim 12 further
conpri si ngndcontrolling the ultrafiltration rate 30of the systemin response

R N R e o e
2012/ 050 7844RCTAIYSEOALIdGR edeservoir.
10
14.  The method of claim 13 further comprising:
calculating a dynamic weight of dialysate fluid stored in the sorbent cartridge
in response to the flow rate of the dialysate fluid through the sorbent cartridge;
calculating a corrected dialysate fluid weight by summing the dynamic weight
15  and the scale weight; and
further controlling the ultrafiltration rate in response to the corrected dialysate

fluid weight.

15 The method of claim 14 wherein calculating the dynamic weight of dialysate
20  fluid stored in the sorbent cartridge is performed over a time period of a treatment

procedure.

16.  The method of claim 14 further comprising:
calculating an absorption weight of dialysate fluid stored in the sorbent
25  cartridge as a result of time-based absorption; and
calculating the corrected dialysate fluid rate by further summing the

absorption weight with the dynamic weight and the scale weight.
17.  The method of claim 12 further comprising controlling the ultrafiltration rate

30  of the system in response to the flow rate of the dialysate fluid through the sorbent

cartridge based on a predefined model of compliant behavior by the sorbent cartridge.
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18. The nethod of claim 17 wherein the predefined nodel of the sorbent
cartridge is based on a rel ationship between a volune of dialysate fluid

st ored bywoOhei12sot3ent cartridge as a function of flow race/uskomijos27d? al ysat e
fluid through the sorbent cartridge. 519. The nethod of claim 18 wherein the
rel ati onship between the vol une of dialysate fluid stored by the sorbent
cartridgel&s aThensthodmfefairfi|lGwheatie thefprededingd alogelatf éhdf Jopheadt cdririsiggh t he

sorbent cartridge is . linear. 20. The 19d of ;cl.aj m .18 erein the

rel ati onsHi bﬁs?ffej(%\'l\%éeiétioﬁé 19%?%“ SfVO%bﬁn‘gff@agés[a_ 3 fﬁ‘flgisiﬁ’r%(fb&t_g’g SPy© rlhe sor bent
cartri dgecaidbelay B Fd@Bn OF fiblvawteloBtiR @il 55?@ﬂﬁﬁﬂ&hﬁé§$ﬁ Siefsbibest dahriapgh the
sorbent cartridge is non-linear. 21. Tﬁe nmet hod of claim 12 wherein the

ultrafiltration rate is a rate at which fluid is renoved froma patient at

t he di Iy{gr. %ﬁ ZéidT? lneﬁgo of. l%jp¥1%hwh9Q§&%th Q]Hh}r§filtration
y € meinoda o aim whneremn (? B;}l?l’help € VO

rate of a dial ysis procedure pertormne regenerative gfalysis system
i's prescrifaBdate fRIA stbred BYtthOsdrbent camiXideSk AGwectiph Wf Abviryte@ff tHeunct i on nodul es
stored in a storage 20system and executable by a processor to control an

ul trafil t fiabisets fhugd Breehdhe easbend cartndes 18l188%)si s system the control | er
conpri si ng: an input punp function nodule that outputs an input punp
control signal effecting the punping of fresh dialysate fluid into a

di al yzer 20. anThapmethodaif elairan doutiepdit theutiatibnshgt bedwesmrtevelutmatt out puts an

out put punp. contyrol signal 25effecting the punping _of used dialysate fluid
from the esawseftfé@l%%w@% badb%%&rgqnéf@?ﬂ PR OF BOPGACOREE of ¢ he

regener at e leah @it SASHEMARE D Rleat feh ifedhe, output rate relative to

t he i nput e, ere e used al'ysate fluid is filtered at a sorbent
cartridge to generate the fresh dialysate fluid; and

an
ultrafiltration, rate funcfio dul.e .t hat ntrols the ulfrafjltration rate
of 30t he PLgenaPareRddt 4Bi2 e fryERuTeR b 5ot P ER s ' e
di al ysat ejsfrbpbded f6QuGtibive aRrhaptercartri dge.
15
22. The method of claim 12 wherein the ultrafiltration rate of a dialysis procedure

performed by the regenerative dialysis system is prescribed.

23. A controller comprising a plurality of function modules stored in a storage
20  system and executable by a processor to control an ultrafiltration rate of a
regenerative dialysis system, the controller comprising:
an input pump function module that outputs an input pump control signal
effecting the pumping of fresh dialysate fluid into a dialyzer at an input rate;
an output pump function module that outputs an output pump control signal
25  effecting the pumping of used dialysate fluid from the dialyzer at an output rate, an
ultrafiltration rate of the regenerative dialysis system being related to the output rate
relative to the input rate, whereby the used dialysate fluid is filtered at a sorbent
cartridge to generate the fresh dialysate fluid; and
an ultrafiltration rate function module that controls the ultrafiltration rate of
30 the regenerative dialysis system in response to a flow rate of the dialysate fluid

through the sorbent cartridge.
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WO 2012/ 050781PCT/ US2011/ 052742 24. The controller of claim23 wherein the
ultrafiltration rate function nodule further conprises a scale weight

sanpl er fwocbi2osorsmdul e that nonitors a scal e wei ght of pcmasboieshe7d? al ysat e
fluid stored in a reservoir, wherein the ultrafiltration rate function
nmodul e further controls the ultrafiltration rate in response to the scale
wei ght 5df4.t heTHer @atroldérall yian @ 3fwherdn ihe tltn&iltreSer natd functid®Snodihe control | er
of claim24 wherein the ultrafiltrati.on . rate f ti on.nmodul e further

conpr i sesUHETRPHIRISES magan\ve@% SEP ﬁﬂﬁt‘?%ﬂlefi?fégﬁwltgmt%%?ﬁlecal cul ates a

dynam ¢ 10uwehOitn Ofredi BA1YSAL Buililsirél Rt0eQvdin viHeeis IeR8MAfiIGAHdT daglge 1N

response tothe flow rate of the dialysate fluid through the sorbent
cart ri dgefunetioh module fiathmecqittolctbe nlafiltatioh uate i1 wapensd il Ge s¢rde weightul at es a

corre te?@ﬁ%ghﬁ%ﬁyggtghaﬂggwefﬂo'Sum ng the dynam c weight and the

scal e "Witrafiltration rate function nodul e
further controls the 15ultrafiltration rate in response to the corrected

di al ysate fluid weight. 26. The controller_ of claim25 wherein the

ul trafil t2%at i ohhe@ntolermdiciadm 2dodhearen theulhediltreberpraiesbacten mpdBe pt i on wei ght
cal cul at iﬁ%} function nodul e that cal cul ates an absorption wei ght of

di al ysate P?ﬁcdmging?sed in the sorbent cartridge as a result of tinme- 20

based absor pt i pgynawheweight tNeulwindihctivarmalilé vt faldutdtesondymadiid e cal cul at es
the corrected dialysate fluid rate by further summ ng the absor ptfi on wei ght
wi t h the wsishiafdislissagmtiuid sipredia the sarbenfsirgpdee in pesponsido BB PBIAe?t of clai m
23 wher ei t i ti Inet | nodul e 25further controls the
ultrafil t@g%jgg‘ﬁg{rea ugé l([)k{‘ra‘g%ethgg%rpéeﬁr%%ﬁ{tﬁr é%lg&nse to the flowrate of the

di al ysat e fl uigiwtighpeglectibie fisotifrembdaathat cdgeates s edrremedediplyeddefluied nodel

of conpliant behavior by the sorbent cartridge.. . 28. The controller of
cl ai m 27 WHERESUIHBINg aﬁ’éﬂwﬁ’ﬁgb@ e???ge ¥wgehlent 30 cartridge is based

on a el ati onsfha.ATEIERASASh WIB ARkt AloaRUBAd Wbfralf gleed Dy the sor bent

cartridge as a function o ow rate of the dialysate fluid through the

sor belrft catrbfiitdtjen rate in response to the corrected dialysate fluid weight.

26. The controller of claim 25 wherein the ultrafiltration rate function module
further comprises an absorption weight calculation function module that calculates an
absorption weight of dialysate fluid stored in the sorbent cartridge as a result of time-

20  based absorption, wherein the weight correction function module calculates the
corrected dialysate fluid rate by further summing the absorption weight with the
dynamic weight and the scale weight.

27.  The controller of claim 23 wherein the ultrafiltration rate function module

25  further controls the ultrafiltration rate of the system in response to the flow rate of the
dialysate fluid through the sorbent cartridge based on a predefined model of compliant
behavior by the sorbent cartridge.

28.  The controller of claim 27 wherein the predefined model of the sorbent
30  cartridge is based on a relationship between a volume of dialysate fluid stored by the
sorbent cartridge as a function of flow rate of the dialysate fluid through the sorbent

cartridge.
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WO 2012/ 050781PCT/ US2011/ 052742 29. The controller of claim 28 wherein the
rel ati onship between the volune of dialysate fluid stored by the sorbent
cartri dgeweor/fsorseti on of flow rate of the dial ysate flpgirdistéwinoszya2 t he
sorbent cartridge is linear. 530.The controller of claim28 wherein the
rel ati onship between the vol une of dialysate fluid stored by the sorbent
cartridge2®s alliaxvatrober aifcldiind® wiireinolic Itelaéods';ha}b bameel fhleotimewfough t he

sorbent cartridge. is n 31.. The r cl.aim 23 wherein
the ul traf! F‘yﬁart%l% irster &gyt at?e&f ‘éafaidgﬁm&ﬁmf £F 8 Jfﬁo‘f@at%’ﬁr%\?ed froma
patient akiafyife dhalt HARiEh th@s%rbeﬁh@ar&mg%mhﬂeﬁf of claim 23 wherein the
ultrafiltration rate of a dialysis procedure perfornmed by the regenerative

di al ysis systemis prescribed.

5 30. The controller of claim 28 wherein the relationship between the volume of
dialysate fluid stored by the sorbent cartridge as a function of flow rate of the

dialysate fluid through the sorbent cartridge is non-linear.

31. The controller of claim 23 wherein the ultrafiltration rate is a rate at which

10 fluid is removed from a patient at the dialyzer.

32.  The controller of claim 23 wherein the ultrafiltration rate of a dialysis

procedure performed by the regenerative dialysis system is prescribed.
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