AND* APPARATUS FOR PERFORM NG CONT LTRATI ON DURI NG HEMODI ALYSI S
Field of the Invention 5 The prese on pertains to hdifuanaary2083
(artificial k| dney) apparatus and rel are® et hods. More specificall y) the

i nvention to such apparatus and methods as used fgj ing
uitrafiltra ﬂ}“gﬁ-'fl uid froma patient. 10 Backl ~round of crrﬁl%%ventlfr on
Practi cal hem)dl alysis made its debut ipjthe early 1960s with the
essentially sinultaneous advent of henodi al ysis apparatus capabl e of
produci ng di al ysate-on line and of henodi al yzers exhibiting an acceptable
reliability. Since then, great devel opnent s have occurred i n henodi al yzers
and i n henodi al HOBS aN\E L I

appreci ated the need fM[ v% E ik‘oxr C rret abolic
solutes fromthe bl ood ﬁ{)ﬁ Al & M&D&L S Puid across the
sem per meabl e henodi al ysis nenbrane is ternmed "ultrafiltration”. 20 The -
ongoi ng devel oprent of i nproved h@%'ﬂhﬁ' s _nenbranes has been driven in
part by the clinical need to perf tioa (along with

herodi al ysiss) of a pathéepresdnfinfedinPertaind & hethd Ryt @tifichl I@MeyyOr bi dity as
much as possible. Wth respect to ongoi ng |chrovements in hem)dr alysis -

menbr anes, t haPRIEates and r@!ﬂ@ﬁdnmrsl%é@rew Hicte igveptian pertaias osych ncr eased
"flux" by whi achi eve a
nore rapid u|%&§ﬁ?{$‘§?ﬁ%&3}%&g{dg§‘e tomHgI ﬁl§gﬁat aﬂPower r ansnenbr ane
pressure ( TMPpatichhe overarching requirenents of safety and well-being for
the patient being treated with such nmenbranes have driven the devel opnment
of henodi al ysis apparatus that pnvide excellent control of ultrafiltration.
Such develiopment has been the fabkmrotmabf &i* Invemtion ve research by

S e b i Y M LR s £ o

of a henodi al Us%bx&naﬂ?@&ﬁrﬂiaﬁ@ou& B@«renmmreh@aﬁlﬁwpbﬁlau@fcaymé at pxloamﬁg on is
disclosed in U S. Patent 247,434 to Peterson et al which 1s

i ncor por at ed #iahysatg opying ér%ra%lrre@dmhﬁersmbr%rﬂ @FFH@%&?'&P‘}‘Q sSmeE been

various appr Oﬁrﬁﬁeéreit‘lie%léﬁhéﬁélhﬁg o%drﬁﬂbﬂoﬂh?% land ﬁxWhéxﬁodnal ysis
ultrafiltration) W thout adversely affecting pafient norbidi ty Accordi ng
to sone apgpr oma‘,us this is achieved by, inter olio, passing dialysate

t hrough the henodi al yyg ¥ f2cihdd the i In this
regard, the conVenti ong{mg}’%fﬂsate oé\/vB¥y 215 ‘50@&%%“‘% 1431%% noder n
di al ysi s appatoaemove agt cadahtowenqamhalsglgm érom they bleadebug falsp @xedss Aid1 000

m.Jmi n. Howevﬁémoéa? %?ﬂﬁidi a@l’o%L ﬁl@%crgﬁ){:ﬁl?éagﬁ tﬁn{bﬁ%sis%erqb%g ?&Ieﬁn&f ow

"ultrafiltration”.
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20 The ongoing development of improved hemodialysis membranes has
been driven in part by the clinical need to perform ultrafiltration (along with
hemodialysis) of a patient in a manner that alleviates patient morbidity as much as
possible. With respect to ongoing improvements in hemodialysis membranes, the
general trend has been to produce membranes having increased "flux" by which is

25 meant water permeability. Such membranes achieve a more rapid ultrafiltration of
water from the blood at a lower transmembrane pressure (TMP). The overarching
requirements of safety and well-being for the patient being treated with such
membranes have driven the development of hemodialysis apparatus that provide
excellent control of ultrafiltration. Such development has been the subject of

30 intensive research by individuals and corporate entities working in the
hemodialysis field.
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rates of 3000-4000 nL/m n. Such increased dialysate flow rates inpose a
need to ‘achieve greater ultrafiltration rates than conventionally. For
exanpl e) whereas conventional dialysis apparatus typically athianpuansg003
ultrafdtration rate up to about 4000 m Jhr, 15 sone clinicians perceive-a
need for ul woedordszmati on rates of up to 10 Lfhr. Despite gr ®au/usevesses in
the art of clinical ultrafiltration) especially ultrafiltration perforned
during a henpdial ysis treatment) conventi%nal apparatus are limted in
their ability to satisfy the needs sunmari zed above. 20 Summary of the

I nvention According to a first aspect of the invention, henodialysis

apparatus are provide BESHﬁ; -Chl i

dialysate froma m x gh‘%’%‘eﬁ 0°a ﬁg%lg]ﬁg?l%?%%){ n r%@%ﬁ‘%&‘éﬁ@'@?’gf’@sate
from t he henodlitrafilteation tindiacldsediin. UA. PaefiteNo o5 24T dtionRatersar etsalG lwhivh
apparatus conpr.ises, in.hydraulic order) a first 25 positive-displacenent
punp, a first Sf‘%’%ﬂkﬂ%‘?@ﬂ,“e}él%g%ﬁ@'%mter, and a second positive '

di spl acenment punp. Th&néthéSterd0ini Hemodiallysiithad Geefe Wirions BPproachestfo i nl et
hydraulical ly connected to the m x chanber. The first flowreter has an

i nl et hydr dul #4aVISS erFTaRidctalysis AWith ytraliitrasion) itheytadyerselygifestingan outl et -
hydraulical l'y b > AR drdipab ¥eme apprahtes, thisds AaHBL Y alighe first
fl ownet er pro%%g{sﬁ;aé%ﬁfegpecg%g out pu?b havi% esl char act ewwhat is a
function of apassingdisiysate thrawgh the hemediayzaraea highet flow mpte thame second

fl owmet er has i h i I 217
PCTN599117506°% ell(’:tomr?%g%t g'gpgy{éég‘gd’&?Ica?‘i/“slfg?téq’gﬁ‘?%f&%ﬁé?\r?geﬁgﬁ%i al yzer. The
second posi t i m/dins phd seme ntodprnngialysis apparatns ean dchitvaaldialpdate/flawraeof ed t o

an outlet .aof the ond flo ter and an.outl et hydrauli.cal L.y. conpected to
S araine e 266 RE i Pl R Qi el Die Bt sl FripAG
char act eri st i guds3006-4600 b Zimign of a 5 volunetric punping rate of the
second punp. The first and second_ punps deFne, t herebetween a OF | oop,

C p
wherein a dii~erence ushifureass gialyse %ﬁ‘ﬁ?%’&‘ﬂ"%%n?ﬁd P Rehiey gRdeH unp
relative to t{gaMRlaHBR HtShRl BRARAbAHIS. HForlehfmple! WherLa¥ Gondeonat €S a
volunetric condition in the O- loop that urges a net ultrafdtration of
fluid across dialysigiappsra@s Bipicaliy achighe ap ylttafiliratiopseie apyo about R midyl y, t he
first 10 gad AR D& B TRSfilddten THEPSEIH We1Piput s of the
first andqsec%ﬁgo(?ﬁléﬁmt ef‘% ‘%r%?%; ably conpri Isle T esgréicti ve g]Fect_ri cal
signal s. The el ectri cl¢spise great adyanedscindhe grt of plinieal ulirafidtsgsion; especially
characteristi AWl [ e CLd ' n be
et ermined,  vise RN ol i S lioddi BB Lo nGlrl BB
punpi ng 15 r atredindfedtih ehefin atdlityan datisfy drednepdsipenmarized abéveend, the first and
second punps as well as the first and second fl owreters can be electrically
connected to a suitable processor or conputer that performs such
det er m nagoons and provi des fee@umanacyoof thellneérgioal s to the first and
second punps so as to, achieve) for exa , .a desired rate . of ultrafiltrate
renoval froma bl ood %‘Eﬁ‘?ﬁ?ﬂ‘% ﬁf“it&ngché&’ﬁé'é e@"% @Wﬁﬂ@?ﬁwa‘a‘?’s fife
henodi al yzer)prgyidéd ﬁlagﬁfépﬁl%cﬁ'csﬁ d'iﬂI%a@e A’ deriver Mk didtysa@ Tebrh iaGilixchfiberi Ng | N
zero net flow of liquid fromthe blood conpartnent to the dialysate

conpart ment 0@ athemadiziyzer pad Tetamespeat-dialysate from the herpodialyzer te @Rt dent .
th respect rgt;e?:%g'rc]:ﬁﬁ'o?ﬁnee \k/ Bf &lch aﬁh}bbx‘iﬂm.cﬁ&%&?n@#ﬁ? elﬁ;HéQg%F] Erget to the

di al ysate co ol unetric punping'rate punp is
set 25 gr 84t epositivandidplecementipuaip, iacfiystifipwmgter ca secorid flowemeéter,sandasepond The

Conpar t nont JEPEE relaoReRPodr, Tht R B8iur Bt Rlipd BRI i s i 1
a net ;JI tr ?f i HyldeAdicgity ednnkéter tcdth imeiv chinabél, oDk firsnPewheNhad 4h inlee- di al ysat e
conpart nent .

hydraulically connected to an outlet of the first pump and an outlet hydraulically
connectable to a dialysate inlet of a hemodialyzer. The first flowmeter produces a
30 respective output having a characteristic that is a function of a volumetric pumping

rate of the first pump. The second flowmeter has an inlet hydraulically



A "reverse ultrafiluation” condition can be achi eved by operating the 30
rfirst puhp to have a volunetric punping rate that is greater than the
vol umetric punping rate of the second punp. The resul ting voll td@mnyary 2003
i mbal ance causes a 17 January 2003 WD 001 06217 PCT/ US99/ 17506 -4 net
ultrafilaation of liquid fromthe dialysate conmpartnent to C
conpart ment" O A3 i ng to anot her aspect of the invention) Pnetﬁﬁggéglggre
provided for performng ultrafiltrati on_gf_ a liquid passing through the
bl ood conpartment of a 5 henodial yzer. ACcording to a' preferred enbodi nent
of such a nethod) a dialysate solution is provided. Wile passing the

|l iquid through the bl ood conpartnent of the dialyzer) the dialysate

sol ution is aonfeceibidiotadialygite auflétrof theplesmddialyzedi The sevomk positBierp, t hen

through a first flowreter, then to a dialysate inlet of dj al ysat

conpar t nent dﬁsﬂl‘f?émﬁ’é‘rﬁﬁ'mpaﬁ‘?fé'rmfe‘rﬁ%drﬁ?lf@y Sempseigd ?‘f %?‘ét?ef ﬂte'?‘i ée‘i‘ﬂ‘gl ysat e
to the di alysfvindtéY Aid aloullef hydrhulially Bhinet@ed fo/adtag ThHE Secafd SR@eeed by
the lust flowreter. After_ passi ng the dial ysate through the dialysate

conpar t nent , RIAICE AresReative oymub FaNieg 8 gharmgATiHic Batis aunstion efa di al ysat e
conpar t mens  tyyi Ghiic Emﬁggxg Noefdr NRICEHA pﬁr?ﬁ.n The G ahd ?ec%ﬁ‘&gtﬂ'gps%ﬁgé' ve

di spl acenent punp. The ond punp punps e dialysate at a secon
vol unetric 13herebatwern & HFdoomswhazeiour diffetsnca indhe volumetricipumpisgante dfhat i s

greater than th Ng f Lt Eg,’ﬁg: ing volunetric

i mbal ance ur éﬁ%geﬁﬁwt]ﬁ ‘afei[lsti‘r%at?éh‘% P@ﬂﬁa&&c})p S ?a?;gﬁt{lﬁé%hi)o 0 conpart nent
to the di al ygeheragoawaluisarid conbitiqar imthel UR loep diathingesna act wtratilahtychodre
concentrate can,be added.to a 20 water siream at.. roporti oni ati o that
o e T unat | orf AT A SMIpRITERCIE SRS b bispodiflter, Ragtersbity e dirde acur od
by the fij@t ahh@gmagﬁmpﬁaﬁog&lfﬁﬁnbg anot her aspect of the invention,

net hods are provided for primng a bl ood conpartnent. of a henodi al yzer.

According to a pref eFPEGCSQﬁﬁB’&iWS%ﬁ‘EJEﬁ aadﬁ%cf’%&?‘vme&fs E’efeﬁ_ﬂ‘@f dis
provi ded. Theghpeis és#&ti?@@fé&ﬁfcﬂ%ié’ﬁ@. hrRaI&lBcrAicd] isighhls egb?er&my %xﬂbi]:t ml acement

punp, then through a fast flowreter, then to a dialysate inlet of a
di al ysat e corpweetivershargeteripic frempuhigh g Aifferenagdn therespeptivesignalsiogpbg t he

liquid to th | Lol i i ks £_as
measur ed by ?ﬁ%@%@'{a&%@\%ﬁ@% g?fer °%§?§B%§§dﬁg%ﬁ§ée’ﬁl I qui go‘?ﬂr 0 lg% t he

di al ysat el3 catpaf therfinstjand second puimpsi ool gnd, dbe firso andasecond puspsad t he

di alysate co e%ratsrlﬁé“{ﬁrs?’gn& Percgiﬁ& ﬁo@am%?eg?@aﬂn b am&ﬁg’cohﬁa%&d&m.ﬁ%nea second
positive di splacement punp. e second punp punps the ITtquid at a second
vol unet ri ¢ pynuessyr batanpuer thatlperfoams anch @G HiviElofORIGRdVide3Gecdiag®117506 - 5

measured by the second fl.o er., that is less than the punping rate of the
first punp s§°%&° ts@“ﬁngd%uﬁ\ggresh‘weg?mi PamPs sc?uﬂscfgfgg?#et ﬁ% BAHEPYsAt e

conpart ment desitddaate f altchfilnte atmoes tfront a blvadlvempalitidéntae s diafyseteer abl y, t he
liquid used for primng is a dj.alysate.solution, t eby elimnating a need
to use exgibnePReRTmE gh e heodilydes; ok GEdrsana TzetpVH" PRRRiTEFORTIRR t ho

di al ysat e copgalingBnelothet ABWBARMIC REMAhE BROBE c6mParithéi® tdhe RRIHaE t hr ough

bl ood lines connected to the bl ood conmpartnent of the henodialyzer so as to

pri me the bl Ge@partpens o fromydierdiaysate,campartmenp o the bloed compargpefitng to furt her
aspect- of the presenty; } i i ! i i
: T or Wit et ullranaih H6A b Bod EAREH-BhE I

nmet hod, a nethod for prim yzer, the

met hod conpr it diglysateagompastment e aolumgtricipuniping case alithe isenpnd pamp iset d

t hr ough irst sitive displacenen t r h a first flowreter,
then to 2252“ §FV§L§?I?ni ?é?luwg-gz @ﬁ%ﬁ"f}éﬁ@gggg‘ﬁﬁggt&%f rteﬁﬂ"%rmdi alyzer,
thfa first punpludetricviatbahged bﬁdihlysmg égﬁen’n%] h&fdiilpéaxesaﬁ@fl attilefif ve@d(u's;i f:crst
volunetric pyppi ng rate as npasure the first owneter:; (c) after
passing t he Hi‘!%ﬁ?‘g eﬁﬁ\“&ﬁ%dgﬁéa‘aicaw ENtIETHIS R ﬁ@?&l\ﬁﬁ%@ﬁaﬁmqfd@%e li quid
from an out | glonpihe biRdoipitdlefr GAAP dialythiicompireteali, 2 second flowneter,

then through a second positive displacenent punp, the second punp punping
the liquid at a secofdrexsrsentitrafikragignpeanditiogrcan bg achieved by eapensting the second

ur go met T ol puinuS Bive { A baRUIRRE 2R B a8 bl B PR 0

conpart ment p@mping rite b diesseyarey pump. The resulting volumetric imbalance causes a




According to agai n anot her aspect in a henodial ysis nethod, a nethod for
«primng a henodi al yzer conprising a dialysate conpartnent, a bl ood
compartnent, and a dialysis nenbrane separating the dial ysat ¢7 dasudey 2008
conpartnents, the nethod conprising the steps: (a) delivering a liquid to a
di al ysate i the dial ysate conpartnent at a first volpgigd livery
rate; {b) pgjsogfoﬁgq he |iquid through the dialysate conpartnent %drs,g%ﬁ%he
dialysate inlet to a dialysate outlet of 4he henodialyzer; and 17 January
2003 - Sa (c) delivering the liquid fromthe dialysate outlet at a second
volumetric delivery rate that is less than the first volunetric delivery
rate so as to cause a net flow of the liquid fromthe dial ysate conpartnent
to the bl ood -menyaafilwation bhliquid ironhthe diadtsgte icompantipentrte thedblood di ng t o yet
anot her aspect of the present invention, there is provided in a
herodi al ysi s f8TR | oyi ng a henodi al yzer conprising a dialysate
conpartment, a bl ood @esFdigtEahethéripett of db Nidichtion, mxthods £ peovidddfart he
di al ysate and bl ood conpartnents, a nethqod for ad %QI%P%' iqu d to the blood
)

conpart ment ,  PRECTRRE YYratimsionaf adiquideastiag, o _ PIREFURERG A d to a
dial ysat e 91 ghmdlibbe, halKSAl & SR TBbIRIneof hifla ok 11 © del [ very

rate; (b) passing t iquid rou the dial ysate conpartnent fromthe

di al ysat e i n| dialysatezotiitigh jsprogidedit Whilegnssingethe tigwidi thropgh the blaed ( c)

delivering th Laui.d f . i gl et . 0, tric
delivery rat e%f)hg%‘gmlogggg élﬂgﬁgt ﬁlgﬁﬁsg?gg% g%sﬁqnguﬁgfﬁgg?%ﬁ éa € so as to
cause a net f Ipositief displecententipuing,rthen thiemghl adirstsfiavemeteryphent wendialysatehe bl ood
conmpartment through f.he dialysis . rang.. Accotdi to still apother
aspect of the ’ﬁ?‘égéré‘g}ymmrxﬁﬁ@@h@{%g&mﬁﬁﬂw&gﬁ\erﬁ}gtWEW?) FlversHe et hod
utilizing g hamndhely dey digess inkitAga firstivalueficpueinpdid adiincasurdd PP
conpartnent, and_a dialysis nmenbrane separating the dialysate and bl ood
conpar t ment s, ¢ Gt AOUmEEF. Adier pessing ‘?lﬁafee‘rhg‘ﬂ‘gpi%flﬁl%ﬁﬁco t he bl ood

conpart ment, {B@nFRhdRJihe AW sa! if Gorldited irBMSAn dultke Sk \dRityatk @ 1iquid to a
di al ysate inlet of the dialysate conpartnent at a first volumetric delivery

rate; (b) pasSPmparipent thrqughia secend §awmpter.dhen theongk acsAond positie from t he

di al ysate inl i S 1 f 1 Y :
el i vori ng. nuplotereylpBinke e sclin Shurp pusf RCARpAAR. 4 bcconl Spthinkeric |
del i very rHx e pumpingirate| assweasheed bytthe sdcond flowmetantthatds gedateydhan that e so as to

cause a net f | Ol [ O j.al qu)g ough the
di al ysi s nenbbgwg,ﬁgvr\lgfgggg@eq@ﬁgp %W%ﬁ‘ﬁg% %‘gﬁ‘?ﬁgﬁb oo%&lg%mg%%mnt from
t he di al ysat eultrafifteat¢ Hguid to passiftanethedldod compavtmenttth tieudialysite di al ysi s

menbr ane. 17 Januarn¥ 2003 -Sb Finally according to yet still another
aspect of thecf)‘P%met invention, there is provided in a henodi al ysis net hod
utilizing a henodi al yTeprevadehi diahgats, slilialyyaatencenngacambeauddeditd aan i nl et
and an out]et, a blood conpartpent, an&l a di al‘x.si S nbrane separating the
di al ysat e 2hd "31e5 8Weam Ata Properioing fatig.thatiy adpctign of (e, YQIEMEIICBYRRIG i o t he

bl ood conpart pREbE the TRst PR} HQERed By Bk fibeiehmase. {a) providing a
ultrafiltration | oop conprising a first volunmetric delivery device and a

second vol umetric del Agearding ¢ prasher @gpectcf i inventipn: methads ayesproxided fplr t nent

to the ultrafil:teatl i i ; t i.aljysat e
conpart nent tghg‘lri]@édu?lgﬂ ngﬁp%}ﬁg&??f‘gtﬁ &@%tﬁﬂ%r%? ric ?gﬂfg\f/%)ra{;ﬁr gé\ff’ége and
connect i ng t hembediment affsucthe meitady Sest @ liquidpaprovided. (Ihediquidissondictedhe

second vol ric.deLivery.dexice: (c) operatin he first valunetric

del i very aié\rlTle ihémfﬁlf aa}.%gﬂ?%?vcb sRi?ﬁc@?imé’" Pyticd ﬂi"?“%%?ifg%tr od‘,'mﬁ&?ro gﬁ%{‘ E§our ce
out si de the ubWdiafshtetifilet oo dialyedte c@hpatunient of thy Gniodiblyzer. dThe fit pumpt e by
the first vol Hﬁetri c deljivery device to the inlet of the dialysate

conpart nent, SHBEEHhe liguid;te ghe dialysats inlet af 3 Hrst VolumeRicRIRPIRE BAG12%) ysat e
compar t ment. f pgubddy bk irst!fovldiferd UAhét paing! e righid AR teOmBEHEENt . and
(d) operating the second volunetric delivery device In a mannelf by which
the |iquid i scempartmengdhe ligeichis ¢nnducted foman outet afithe disltsatecompartmenint , by
t he secongavo ric deljver | C . i jvery rate
that is Ig"'s0 S P#é%htal‘nseec&fdr @?‘%\T/’gtfg%%nrtﬁﬁ(ﬁg%?f%gﬁéj Bgsa{%{gé }sf%&%één?%lg@g%‘g’é a net
flow of the | Theisedoiid pup pemps die\igaideat a senoad volnietricopurpiny iratedasc onpar t ment
t hrough t he dial ysis nenbrane. 17 January 2003 -Sc The foregoi nhg and
additional features and advantages of the invention wilt be nore readily
apparent fromthe follow ng detail ed description, which




proceeds with reference to the acconpanyi ng drawi ngs. Brief Description of
‘the 'Drawings FIG 1 is a schematic diagramof a portion of the hydraulic
circuit of a henodialysis apparatus according to the present17 Qyspy 2003
FIG 2 is a schematic diagramof the hydraulic circuit that was the subject
of the WWYRPHE2EBxanpl e. Detail ed Descripti4n The fol | owi RETAEI%UI 75
description is directed to the current_best node of the invention) but is
not to be regarded as limting in any‘%y. The hydraulic system of nost
henodi al ysi s apparatus conprises the follow ng principal components (in
hydraulic order): an incom ng water pressure regulator and a water heater
Wi th saf et ymeisateiosst the sbdvall fIo®éeer,!thatRs RYH ARNALNBEMPNBLSE oF sy at a
particular flow rate; a first concentrate punp that delivers a stream of
"A" concent PHRRSY At &9 Yrae nefeflosy ofthe kqird frogy thy digl ket companmatof toothe r at e
relative t : o] t of diluted."A"

concent f at g?lbg&g(ggéeﬁr?%égwghg%@géﬁ\ﬁ%hqjé?‘?fd}éfm%‘gﬁ%g rrursagdako(ﬁ PEHPRd air tr ap
for renovi nig adliglysites salutipas tHerabpnetimnatiog @ asedlo whelewpadiveAbooioediier at e; an

"A" conduct | y| obe for determni et her the "A" concentrate has been
properly di %OE*%%‘;' pgheglé%'c‘)ér)lﬁasé‘%grgﬁ'ttg%ﬁgly\é\%ﬁﬁomﬁma%‘ltf’\"é‘? blo ‘?st ream of "B
concent r at ecduactntenecapdlr be padséd daou hloRDARs\WOnAIR ke Bledl US99/ 17506
stream at adpredetern%@eg f(lg})%/y rate relative to the flowrates of water and
"A" concent FORRAMELOLIYE demodiafyzer 5o ag @ NG the hloodlinegin geditiomenther and
conduct i vi theniid@itgzet 0 achi eve thorough m xing of the concentrates with the
wat er and for determ ning whether the dialysate is at a proper ionic
strength; the henodi al yzer; 5 a bl ood-leak detector; and a draitr line: By
way of - exanpl e Accaflingdn derthes asprdeof the preserd vamestici,tthete i Bovidad éna  No.

S, 247,434, (the "' 434 ent" L ncarporated. herein by referenc

speci fi capérf}o‘ﬁiilé%‘.s “ieAI?O?][Baé?et%% r B&F@?ﬁ%ﬁ&%ﬂ@%‘&%‘ﬁﬁéﬁ%ﬂ‘&%@&&ﬁ ption,
for a depieth@Rofsmptdsigg:i ption of these conponents. To achieve
ultrafiltration in a controll ed manner, the hydraulic circuit 10 discl osed

in the ' 469 ppaiding adiguid; zes a "fl ow equal i zer" conprising "pre-dial yzer"

and "post »di r" i.pl.e.tnl | yes nd
pressure {bgé: u{%lf%glp g t l%‘rllgcgﬁfF@%‘%H;Aug#sré%srlt}l‘{ls(ﬁésqlz?cggieggﬁlll[ﬁé’ttﬁ% tl\fl'iodr ﬁg% iC
circuit bfitseflewnidieg, then tona diabizawlislet ahddiblysatbtanparteait ofigdicect or (see FI GS.

| A-1B of the '434 patent in which the f]ow equaljizer is dengted by the

r ef er encehsiaedialyzesathedisgt pump dglivering e digyid tojte dalystte inlghat aflst ef er ence
nunber 44 * : i .by the reference nunber
78). Expe‘r/?lg{ri:lgterrcﬂg"g%ﬁ%%é ﬁxﬁg&?&e@cﬁfﬁg&ﬁgﬁglﬁ%ﬁ%i n the '434 patent) and
sinmlar déyeftespassiugthe lmuidithyoughitbe diatystte rpmpartmehte podiualingsths ligpjslar at us, is

ive_t f .and is linited,i f hi.evabl f
i ol ysat oPRAR SRS st Pmaaf et itheh Fegord fIGHRAES acor di ng to one
aspect of tifiphH R86/Y pdsitntlisptbenit plhp, Ahd decbidd piip pMpIng/théR@aaat us is

provided that is intended to be inserted into the hydraulic circuit of a
henodi al yafiasseapnshydlumstrigarumping ke as geasyrsd bshthgiseqond flo vmatetpthabis- | eak
detector and.repl ace the " ' QL S ' in
ooty IR O o e TR o Rt T A BTl

di scl osur g didigsabyshnaparintent to” e ibloodfcotdpartimenttithd hensdialpear at us i ncl udi ng
the "B" m x chanber 11 (and conponents upstreamthereof) and the bl ood-| eak
detector 35 (and conponents downstreamthereof] is denoted by the block 10.

The hydraul | Achii boih Bndes 2ba k dRanHASkEGIRAS. RERARIER cont | nuous

stream of dial ysate propriately nuxing oncentrates
into a waprmirgta lemmodidlyzer gamprising ardialy sake/cmipartientyadiiegd doemgaetnsntr e

(nom nal | 7 , concentration (as,measured,. e, g. 17 January 2003 WO
001 06217 P Galibis mne S Parie iy raa i BloSd faenadd 3 o1 ” el 1 ver y
to a hendgleod 28mpliding ThSsteps:

(a) delivering a liquid to a dialysate inlet of the dialysate compartment at a first

volumetric delivery rate;
(b) passing the liquid through the dialysate compartment from the dialysate inlet to a
dialysate outlet of the hemodialyzer; and



hydraulic circuitry in the block 10 al so receives spent dialysate fromthe
~henodi al yzer 12, passes the spent dial ysate through the bl ood-|eak detector
35 (as a way of nonitoring the structural integrity of the difal)sAedry 2003
menbrane), and 5 delivers the spent dialysate to a drain for disposal. From
the "B" m x chanber 11) fresh dial ysab®-enters a first positive

di spl acenent punp (e.g., gear punp, also terned a "pre-dialyzer punp") 14.

Dlalysate a t hr ou filter 16 (to renove

sus pended &l ‘r}egl%gtt*b ‘idlg#&np %Paiy Sg% clylile?%t(?pm ‘gj] Gallh‘e‘e'ﬁg ‘{688?}'3’ If?}tecorrprr ses

2 10 11 sthafisdevs tieindhe AR voluaRtricddIReryarataotrsdb 8husé el HOW JFRILT ") ) 2

conducti vyt r ob bypass valve 24, a flow sensorl pressure transducer
h‘é‘H{g‘aB erha]}zﬁt

26) the amt CLOmpRTtROnt méhvblozs)compaﬂmmtmhammarysmond fl ow
nmeter 32 fahgRnber med a "posdt dialyzer flow neter").. The dial ysate passes
through the pre-dialyzer flow neter 20, the conductrvrty pr obe 22) the
bypass valve 24, and the fl ow sensorl gressure 15 tr ducer 26

b
entering the hehsardngwoyet saotharaspect of thenresept 'I?HS‘W?“’ B §iPEYY) g%f& passes
through a al@nﬁJﬂaﬁ%@m@ﬂﬁH%’iﬂﬂ]@ﬁﬁg a Abmbaialy2eM M sHsWRed diafysithe d' al ysate
flows fromone end of the henodialyzer to the other. After passing through
t he henpdicampagmen a bidod adimgaytsent anéardmlmnempmscmr@u ¢e. The spent

ot ai al yoayosoed G et Aoy KE ofing b 1Ruldse BRI T i 2 ot o

t hen pass%ﬂipﬁftﬂféﬂ@t&rﬁ@tﬁ@@dorﬁpﬁslh ue@bpspl acenent punp (e.g.) gear punp;
al so terned post -di al yzer nmp") 34 to the blood-I|eak det ector 35. As

general |y (R)rﬂﬁh\rennm@hﬁwﬁﬁqraahglzwe infet of the dinlysate comppsinead ApRfitshent " that is
separ at ed f h te conmpartnent by the 25 sem perneabl e dialysis
menbr ane. i‘?"rlnérﬁg‘;1 gg@%*@%e henodi al yzer 1Z, extracor por eal blood froma
patient passes through a bl ood punp 36 and through an "arterial" blood Iine

46a to the bl ood conpar nt .of the henodi aI acor por eal
bl ood pass(‘B)sPEtsh‘PSG‘bqql?TWir%P%chES feROmppIt Bﬁﬁanthe @Iyﬁ?@én {fé? aexrllgess

wat er are ) assrngfromthe bl ood to the 30
c{g@%‘(@&tfe‘i thtelh%n_* i%g;dze Yan@

d| ai ysate ow ng t hrough t/sat e conpartnent. Thus the blood is
"treated" (¢) deT'lrvelallgtiié 1191L16bﬁ|0m>¢h¢ éla yieate louttetdit alsgcond vpbumermedg}weay raj@nous”

ol 0od 1 e, 001,806 (kT JAOMALY 2R, U0, 00109247 PCTL ORRILiPAR o i 7

chanber 3 cor porea set) before

bei ng ret llfq'ilﬂﬂfrbxﬁ th@@la@@ﬁﬂe%ﬂhpafﬂih&ntdblt]ﬁb slbadrb@npatinérs tﬂirbﬁgli theuﬁalysﬁs

bl ood- pressure measur enents. The pre- and post-dial yzer punps 14, 34,
respecti vengm 148 only 5 deliver fresh dialysate to~and renpove spent

di al ysate fromthe henodi al yzer 12) resgectr vely, but also control the
anount of wat erA¢egrdipgtq still another agnestelthe peesentieveption.dhere istprovidgd én at  whi ch

the ultraf, t he di fference,
if any) in te%ﬂﬁdaq%éme ﬁ?@ﬁng%[ﬂehﬁ?hﬁﬁé hgﬁgh%rlg-gg?agﬁ?%er punp 14 versus
t he di al ysahmpaftinent, aaaﬂcmdtdmmagmmhan@asﬁalyﬁiﬁinymbranpmapmraﬁlg thbre 10

speci fical]. if t se di al ysate flow r es re_eul, en .no net
ultrafilt Hié%ﬁ' pad comparipents, W%‘?‘g ﬂ&%s@tea?(ifwgrntﬁﬂrrp 34 is
greater thdéb%lﬂaMn[%@m@ﬂmoHQﬁ h@m 'ﬂi’és}féﬁf punp 14) then

ultrafiltration of the bl ood passin rough the bl ood conpartnent occurs
at a rate(e)oficélr/emgahqwdrtoraelndmaem tf)ft}wdrldywozﬁlnpmwmﬂrspost di al yzer

punps 14, t|v If the flowrate of the pre-dialyzer 15 punp 14
is great er%ﬁﬂ‘%ﬁ?ﬁgl %t%{ate of the post-dialyzer punp 34, then a net

novement @b) pdsting ﬂi&l‘fqiﬁdi tHr6@gh the dialysateyaiparthent fiemthogidiyaste sist tohe

di al ysi s nenbrane pre- and post-dialyzer flow neters 20, 32 are used
to neasuréllaﬂmt%%waﬁﬂlﬁrhemﬁdlab@ﬁ,@ﬁ of the actual dial ysate flow rate

t hrough t

differenc in o ra?@g drzrﬂe%gt}?ée%attg#{em&r%-ése ?11’21 %/iglee?ly?all-ow meters

20, 32 pr dhatdeless them therfasevdlumétrichielivery rate so as to cause a net ﬂow of the
liquid from the dialysate compartment through the dialysis membrane, whereby the
liquid entering the blood compartment from the dialysate compartment is filtered by
flowing through the dialysis membrane.



/

ultrafiltration rate. As disclosed by way of exanple in the '434 patent)
di al ysate i$ produced by an on-line proportioning system conprising two

fi xed-vol une punps 25 (e.g.) piston punps) for punping dial ysﬁ?anua 20
concentrates at respective flaw rates at respective ratios rela AR & 0t3he
flow rate neasured by the pre-dialyzer flow neter 14. A conductivity probe
is located at each of three locations: the "A" m x chanber, the "B" mXx
chanber 11, and just downstream of thepre-dialyzer flow meter 20. 30 The
filters 16, 30 upstream of the respective flow neters serve to renove | arge
particulates fromthe dialysate and thus prevent such particul ates 17
January 2003 WFimellpeccordipgiy vetstill anotber asgectfof the prescat inventidne theessisect i ve

fl ow nmeter > articu S.coul d, ot herwi se affect t accuracy of
the 't 1 ow nePeREi Sp T HER ORI TR RO Rifahs EnghOfa i Biobiiy AdiEuREE car Ty
act uat abl ecdnpaptmesne ithGndakt Adda et alysbénpar@ien® and @ didlgsidi al ysat e
conmpartnment of the henodialyzer 5 12 during events such as calibration of

t he henodi@eypbrane sepasating tby dislysateand blapdmompagmentsomaethogrfer detivering ow
t 20, . ' le,
o nac 1 5y Mo B0 Som¥ Bt (IR CUERTE BENEITF' ol ¢ and

not intended to be limting in any way, representative types include: Mdel
10_ZDM pogayryiigshhiasaiiatbn S0 col MBI L efi o icliRRBhd: vari ous
fl ownet ers ‘manuf actured by Alicat Scienfific Inc., Tucson; Arizona

i ncl udi ng aveesIdsvohyneteindelivery davicesar f1 ow fl owreters, Mvdels PVL and LI 2
volunetric flowreters, Mdels PW and UL12 liquid flowreters, Mdel TFM
turbine flowreters, and Mbddel TVM turbine flowreters; and Mddels DFS-2 and
DFS 15 2Whb)dolhéedting|teodiatyeits comparimeitts e diafinatibh O¥p DY loanEting ke er abl v,
the flow deters 20, 32 provide a nmeasurement accuracy of at least +I- 0.5 %
and a pr ediley fihedialysate sgmpartmentdp pnomitpuhef the dirstyotimesee delivery devicpunps 14,

34 are pr . €4 imted.to del 3002Q1TT
mant act i aed el oY ASGyio® ShRRmen B R P §R00d T arent 1y
| ow back Wblometric dedivegndavilet ed "positive displacement”. However, any of

various nodels of) e.g.) vane punps and pi ston punps can be used. The punps
14, 34 are preferably capable of delivering a dialysate~ flow rate through

t he henodi al . i 1 N mﬁﬂlg m 25 The
henodi al ygcgr(%.%[%ﬁflg %%:e\éﬁl&ng{é{llé@e{r%?%ﬁ}lﬁg d‘%ﬁge ’Hc-)éop éfq’éf‘g‘?g% gith g drirsles 40) 42.
Whenever tblévdiedytiinah yarce ditsids theatltrifdiratorubep, dta. first volimeetrictdelivetyal ysi s
apparatus is_being rinsed), e dialysate lLine re. connected to "rinse
bk aaratphy et ylvpetsicdshtiery Hewbs By dntek Gltpe BRI SHPBYphss ( he
_henodi al yagretlZausflg BRIRMUE REAIW &irs%hath@l dalpsalecohipRatidrnfromtthe iflétal ysat e
lines 40, 42 are typically connected to the rinse block 44. The pre- and

post - di al yothe optletyef thedialysate compartment; and

(d) operating the second volumetric delivery device in a manner by which the liquid
is delivered, from the outlet of the dialysate compartment, by the second volumetric
delivery device at a second volumetric delivery rate that is less than the first
volumetric delivery rate so as to cause a net flow of the liquid from the dialysate

compartment to the blood compartment through the dialysis membrane.



17 January 2003 WD 00/ 06217 PCT/US99/17506 - 10 34 are run sinultaneously
at the sane speed (sane punp rate) at a desired dialysate flow rate for
rinsing, as indicated by the flow nmeters 20, 32. The fl ow nmetZdanuady 2813 ar e
preferably connected to a processor (see) e.g.) the '434 patent disclosure)
that calibrates, by execution of appropriate software, the two flow 5
nmeters 20, 32 relative to the respective speeds of the punps 14) 34: ~ Le.,
whenever the punps 14, 34 are running3&t exactly the same speed) the
processor calibrates_the, flow peters 20, 32t ave the_sane fl ow readi ng.
In preparation for ﬂgﬁfeﬁcﬁ?‘ﬁéa%ﬂ%ﬂtdﬁm,'gfwsﬁé‘ yagases of the inxentiohnected to
the di al ysatygiyl deltasre4€adilyhpparéheFioin ﬂx@%l‘lﬁﬁhﬁ%ﬁfai]@@d&s‘éﬁﬁﬁaﬁe\@*ﬁﬂ to the 10
patient via the "arteri aly" Bl'ood 11 ne 46a and the "venous™ blood |ine 46v.
To facil it atprogsednivith refereneectoshersgompanging4Bayingsy and of the bl ood
conpartment of the henodial yzer 12, the pre-dialyzer punp 14 cari be
operated at a speed greater than the speed of the post-dialyzer punp 34.
Thi s urges passage of di al y$ateE Descoiptiphef theDygwingsconpartnent to the bl ood

conpartment of the Lalyzer 12 .and thus 15 eljm nates the conventi onal
need to consunme a hﬁ&gg 5 %%@8%?%"5”'#?‘%’??&“%??ﬁéﬁlﬁ. yéﬁﬂ““fﬁg“i"ﬁﬁé?ﬁdi ng

d: al yfsi Is tl’Qx%hﬂ&ﬁlyls(s(li’ppdﬁmgﬂcgtot'dr’:@ﬁ)rfgﬂpl)esedthﬁvdnﬂen.at or elects a gesi redI
ultrafiltration vo 0 be_achjeved. The operator .enters suc ata, along
with data concerni n&ﬁhé‘ﬁ%ﬂ‘%ﬁlcémfﬂ'% étfee&‘{?‘ﬂlé"iﬁ@é‘&‘é‘ﬁﬂ%dk? he
treatnent, isgbjecilofendWorIBRS Bkaypi€e, €. 9.) the '434 patent which discloses
20 entering data using a touch screen). The processor determnes, in view
of the dialysate flowrate, the ultrafiltration rate required to achi eve
the desired ultrafiltration vol UyRaiddan&dripfionuch a determ nation, the

processor controls the relative speeds of (he pre- and post-dialyzer punps
(typically the post Td¢ fsliowing ¢gataited descriptien istdigecteddo dhe eyyeary bestampdene

pre-dial yzer r ] j ing the treatnent.
The actual o 591 gnlgwlnﬁ'lob‘?%@?{{mr é%%gj‘lﬁ]ggé ?eil%'?é’?éeirn%% flow rates

i ndi cated by the pr @he apdraylirsslystehin@f wiost henhalialyss eppmriils c@iprisssalie dat a can
be processe? gﬁ"'t hegﬁr,oqessor to %ﬁi de an.indication of the actual
ultrafiltrafQUvipgpancipgl compogen(s( Fage QFdar ks andpconuing water ISy an
actual treakéRitior Aodes wWitehQrer dlidizatety! hetmoveic eiat BERY itél plodact @adinAg Of
dialysate flowrate that is the reference for determning the rate at which

the "A" and Wafsr siease ahe paitienlar figye rate; pAitsLAnseyiraie pampthay olebies 2

PGTNS99/ 175Qfe40] &t 48" biRbnerat inf\lle Waker SROGR A b BtelleteHRTIRA How/ By, 1O the
water stream Le., the "A" and "B" concentrate punps deliver the respective
concent r at eselativerte shpewatey How irate ¢ praduces stieamhef ‘ghléedd'il’a'l gongentditeila/sat e f | ow

rate. At thg.( I . tﬁg; i ced in
"bypass" 5 ?%%h;éﬁ%@%%ﬁ%gff&%?@ at ?r}dz)gv&é%ﬁﬁﬁ Ecgr llﬁgnr?gh%al yzer 12).
The post - di disyatesd gasrfyond thesiroms ofidiluted YAt bencepaad; of *Aheomtuetidiyal yzer punp

14 and (he 4l QNS SeRliing WhSakind OR® el FRodth AbGARaRiRSP e ©

second concentrate pump that delivers a stteam of "B" concentrate into the water



- Apparatus according to the invention elimnate a need for a "UF renoval
- punp” as’'used in contenporary henodi al ysis apparatus for renoving 10
ultrafiltrate (U-. Specifically, cont enporary henodi al ysi S appdamiang 2008t
performultrafiltration control enploy a "flow equalizer"” or anal ogous
conponent ish a baseline condition in which vol une
di al ysate W?ﬁﬁﬁg henodi al yzer is exactly equal to the vol ﬁénié/f[ﬁﬁs’g?%’ﬂls
di al ysate out of the henodialyzer (ternega "zero-UF" condition). Any
ultrafiltration is achieved by 15 enploying a UF-renoval punp to renove
fluid) relative to the baseline condition, that nust be replaced by net
novenment of fluid fromthe blood conpartnent to the dialysate conpartnent
of the hem)dlmeymanapwdmdtﬂmﬂa@cccldumtqtbeﬂhwW@Qémternmkmron in

contrast, does ot SEkpN dition.

Rat her by m?%‘ﬁp tﬂd" ﬁg ﬁedlglg%e%lg@ tlo“lfi}e l? ‘?‘he&gﬁ%ﬁ% 9lcq'vétVaU ve to
the 20 ot her prabe:mruihievemotaugmu&ﬁg ebthesdoaceritmates hethdhameahﬁdmmpartnent
urgi ng net £l Wot i fro .the bl oad co artrrent to th sate
conpar t ment ﬂ’g‘ &‘F 1@8%%&%% 1pjC strengfly: 6&%%‘38‘?@%' Fhent. It

is al so nosed, slbed-le@%beeiaerafdya iaft MAé:S BRI Giewmple] MFétenden thade fd OW
equal i zer cannot produce a condition favoring net passage of liquid from

the 25 di al ysthe abaverpitad UhSnPaters NoweS 80434 £bep 3¢ paisnt") cinserperateded "rever se
ultrafiltrati tion,
" Cont st 1eiein B9 RetelenbE) epe AR AEIRS 26 TB U M e VnaRhE REBInpb ARE | O

g. , for pri ndeseriptiondfos ardepistion land desasiption of these eampongntshe

pre-dial yzer-punp 14 S Ha di a] yzer
punp 34. 17 Januar j%%@&%ﬁ%@%ﬁ,ﬁ&%ﬂ SB%P}%P%%&“EQ nple A
test setupo asdm:ﬂb:mnm theF433 pﬂemmlamsf'ﬂqwteqdalmiﬂa:omlsmgetpmsdmywl sed a
and second puAMe Pt yTalyasE ahamtecs. TP Bk &5 pulshetiss SadPresa® each of the
- . -5 purrp&eg‘ﬂho% mesﬂwéaﬁﬁ&ebis sithatéBGn theatfydrziuhe cHBEEHetRbeLde PBPUND Was
, controlled by a separate - ‘E) wer SUp% The sFeed of each punp 14)
34 was conti rm&fé‘ﬁ‘ ?fe%’értﬂééloo'?ﬂ%akf AR GFS 12018, ef thepdikpatent iy

separate 12 rpmeerows&pawads dbRSES BY Bk FfQUARIAMBYLSE (BOPBY RipPuS| Y
recorded. To begin ne 56 was clanped using a first henostat 58) and

a second ﬁ@nﬁ%‘@@bﬁfﬂgdmeqw therrs{esenceyunben 44/ anddhgbloogileak dstestes is1 4) 34
vere run at Qﬁﬂ?:gii’%me?@né %&ﬁy%?")h)n ntﬁﬁﬁenéﬁéﬁastéﬁowﬁ%m'tﬁéﬁ&) for a

period of tine to ascertai cémof the systemto provide
consi st ent zeaqualizer jethe Md3epatent, ashsimilan deviegs fownddngmanyratheser f or med.

Results are t antary 2003
Aot | 5200, 1 7RRtEBbeSy k{:[h‘%’r@%g’rsr%pﬁ?ff‘omﬂs i g@é%gésp%&%fmg 'E‘f“s' mied Y et or
2 'Trial Drl\irRunp of antclievibicotanpe ofl dialyssiedto® rdtdzmdrttfeﬂtrafdtrmargmmeed, Hz
cal i br at.g(g Vol t ages*; AVG" AVG 112. 0420, g%g g 03’ 60066(% 568. 10~

.612212. 0420. 0220. 02HeBEOSFHIiE gPne o5 the P5eeH 1BYFIHEN. #ho67. 3368. 017

. 611412. 0420 .uliad{irtibn-cntD6 epedivs %%jrovﬁ&dl thab isZinfedddd. (0 bé(indeeed into the

. 60066. 8867. 737 . 611612, 0420. 0320. 03' . 60166, 9568. 582 ,812712. 0420.0320. 02

. 60066. 7068. 45firaulia oiauit el hemadizlysis apDPHBWE HeBvEeR ber and

. 612912, 0420 tﬁblﬁeo&feak%%é%r 3R6fepirce thd H1d9 Lquite® R 4RRIHA HevROMiha3{ 68. 81~

. 610 17 January 20
contemporary hemodialysis apparatus.

E

-u.)

25 In FIG. 1 of the present disclosure, the hydraulic circuit of the
hemodialysis apparatus including the "B" mix chamber 11 (and components
upstream thereof) and the blood-leak detector 35 (and components downstream
thereof) is denoted by the block 10.  The hydraulic circuitry in the block 10
functions to prepare a continuous stream of dialysate by appropriately mixing "A"

30 and "B" concentrates into a water stream at a particular dialysate flowrate,
temperature (nominally 37 C), concentration (as measured, e.g.,



WO 00/ 0621 7 PCT/ US99/ 17506 -14 After obtaining data corresponding to a
+zero-OF condition for each trial, the line 62 was re-clanped using the
second henpbstat 60. The speed of the punp 34 was adj usted so{agafarpbbe8 n a
pressure reading of 0 PSIG by the pressure gauge 64. After recording
readings fromall punps and flowtneters, the first henostat 58 was ,5 "
renoved. AVOOPOGAIE ninute;- the gravinmetric scale 66 suppof¢VHY* % second
liquid vessel 52 was "fared" . The seco punp 34 was adjusted to obtain O
m/ma flow fromthe second liquid vessel 52 (as nonitored by the scale
66). The speed of the punp 34 was then increased to a desired value (5
trials performed with the second fl owreter 32 indicating about 70 Hz, and
five trials gagbabmedicwly)hahd pretsurs EaodulivelyaamicaiodialydecBt.i Tge about 72 Hz) ;
the scale 66 fared again), and the Be i nnNi n? of a 1agim' nute time duration
was not ed (ulydsgplic cliCyiiginths blogi 1 ri’gmt'l‘?@e’ ssiRe HalxsPGHTOR&6di ngs from t he
flowreters 2fomcialysr qupﬁsésrmeugém diaﬂfsq{edﬁ&ugﬁiﬁeaﬂoddhﬁmaeaeat&usﬂ eriod
for each trial, a reading fromthe scale 66 was recorded to provide a
neasure of "uway &f moniteringsihe supemiraliintegrity ofdhe diglyzer membraptleands 2. WD

001 06217 =15 1?7506
Fl owFl omFFovﬁT%Qvﬁﬁhn%F%gl %#ﬂg}gn%t% é? %%??}Pﬁg&%%érlet er 2Punp 1Punp
22speed) 2Vol . nunber sfreadths 3BE chixphenibep bk dyeSh dialyisate pateck a fins pasitize-z Hz Hz of (m

ean) Hz( mean) (.nean) vol t s an) gel65. 5266. 60Z0.0119. 940. 66965. £370. 08256
9265. 6466. 70@&5&%&?&8@&%‘5%&9‘7@!‘&%’3@ tefiteda *pre-dialyze? pamp ) 14:

g366. 5466. 79Pthi{AaExf{Hg the’ fifst pBmpIL4Fuiodd throu%h a filter 16 (to remove

g466. 3666. ?7020. 0120. 4?0. 62566. 3669. 9?7230 9566, 47~

66. 9920. 0 205usbended particwlates) andenters 8 EElogR” &8> dhe B¥¥josnd8 comprises 372, 10387

g 765. 7487 fraeAoRmleH a3 Gty rlaQﬁﬁ}zer flow meter"), a conductivity probe
g866. 4267. 9S20. 0220. 830. 63566. 5071. 95352

g965. 6767. 423 adwpasssaivecis @flop yensor/prsssure transducer 26, the hemodialyzer 12,

g1066. 1567. 5 6 I/ F ' ln}.Seed NAi Cat e
that the "ul ?fvg?-%frgggréﬁ&r%i&ggre%if%ng?nﬁt&%én%ﬂﬁ@gg nggg(g%r@géysbgstf unction
of the rel atdigkyzefvdmeter")t.Ehepdinlysate passgsithaengh ikl pratdiadyiey floweméttownet er s

20, 32. \Wer i t] LWped i ti th a

oref orred ertiieEROETS ArpYe 25 R aasy YA ot b e ARIERGL AR 1
limted t16 swaisdaver 2Gibefdreramering thetiemodinlyzeni., Asleganeradiytkinown) thei nt ended
to enconpass,.all 10 alternatiy, difications egui.val ents as may be
i ncl uded wi tﬂ?‘ﬁﬂ‘%@“&ﬁ BiqhEh 4 dlysae Sqmpagment of ﬁ'?“in'g‘%‘?’@ga‘&?éf AhEE by the
appended cl adialysate fldvs fofiicric/end TIhe\GeiOdilyZek fo it IMST/ AT /padshf}0 1. In a
nemodi al yzer RS GLAAE oG 5 egied Rrot RYEHE: ThPBbnduct i ng
the |iquid tdiagsed passds thidugR @ fwolkaf ivalvk 28 £1He FilteP30TANd hepost-BlaBuan a first
flowreter) then to a dialysate inlet of a dialysate coc6partnment of the

henodi al $9erflow mstarid2de exit the HE|lpom 18.n Jhe spene diglysste theninasseg thpyalsd e i nl et
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an "arterial” blood line 46a to the blood compartment of the hemodialyzer 12. As

the extracorporeal blood passes through the blood compartment, metabolic solutes

and excess water are removed from the blood by passing from the blood to the
30 dialysate flowing through the dialysate compartment. Thus the blood is "treated".
"Treated" blood exits the hemodialyzer 12 through a "venous" blood line 46v and



3. The method of claim1, including the step of circulating the liquid

- througf~"bloagd tines connected to the bl ood conpartnent of the
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The pre- and post-dialyzer flow meters 20, 32 are used to measure and

provide an indication of the actual dialysate flow rate through the pre- and post-
20 dialyzer pumps 14, 34, respectively. The difference in flow rates measured by the
pre- and post-dialyzer flow meters 20, 32 provide a measurement of the
ultrafiltration rate.
As disclosed by way of example in the '434 patent, dialysate is
produced by an on-line proportioning system comprising two fixed-volume pumps
25 (e.g., piston pumps) for pumping dialysate concentrates at respective flow rates at
respective ratios relative to the flow rate measured by the pre-dialyzer flow meter
14. A conductivity probe is located at each of three locations: the "A" mix
chamber, the "B" mix chamber 11, and just downstream of the pre-dialyzer flow
meter 20.
30 The filters 16, 30 upstream of the respective flow meters serve to
remove large particulates from the dialysate and thus prevent such particulates



(a) delivering a liquid to a dialysate inlet of the dialysate conpartnent
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lines 40, 42. Whenever the hemodialyzer 12 is not being used (e.g., when the

dialysis apparatus is being rinsed), the dialysate lines are connected to a "rinse
block™ 44 that is simply a conduit allowing dialysate flow to bypass the
hemodialyzer 12.

30 Before beginning a dialysis treatment, the dialysate lines 40, 42 are
typically connected to the rinse block 44. The pre- and post-dialyzer pumps 14,
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enters such data, along with data concerning the dialysate flow rate to be used

during the treatment, into the processor (see, e.g., the '434 patent which discloses
20 entering data using a touch screen). The processor determines, in view of the
dialysate flow rate, the ultrafiltration rate required to achieve the desired
ultrafiltration volume. Based on such a determination, the processor controls the
relative speeds of the pre- and post-dialyzer pump's (typically the post-dialyzer
pump 34 runs at a faster speed than the pre-dialyzer pump 14 to perform
25 ultrafiltration) during the treatment. The actual rate of ultrafiltration is the
difference in flow rates indicated by the pre- and post-dialyzer flow meters 20, 32.
Such data can be processed by the processor to provide an indication of the actual
ultrafiltration rate.
At any time during operation, such as during an actual treatment, the
30 pre-dialyzer flow meter provides a reading of dialysate flow rate that is the

reference for determining the rate at which the "A" and "B* concentrate pumps
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ultrafiltration control employ a "flow equalizer” or analogous component to
establish a baseline condition in which volumetric flow of dialysate into the
hemodialyzer is exactly equal to the volumetric flow of dialysate out of the
hemodialyzer (termed a "zero-UF" condition). Any ultrafiltration is achieved by
employing a UF-removal pump to remove fluid, relative to the baseline condition,
that must be replaced by net movement of fluid from the blood compartment to the
dialysate compartment of the hemodialyzer. An apparatus according to the present
invention, in contrast, does not rely upon a constant baseline (zero-UF) condition.
Rather, by simply changing the speed of one of the pumps 14, 34 relative to the
other, a condition can be established in the dialysate compartment urging net flow
of liquid from the blood compartment to the dialysate compartment or from the
dialysate compartment to the blood compartment.

It is also noted that contemporary dialysis apparatus relying upon a
flow equalizer cannot produce a condition favoring net passage of liquid from the
dialysate compartment to the blood compartment (a so-called "reverse-
ultrafiltration” condition). Apparatus according to the present invention, in
contrast, can achieve a reverse-ultrafiltration condition (as used, e.g., for priming
as described above) by simply causing the pre-dialyzer pump 14 to operate at a
faster speed than the post-dialyzer pump 34.
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Table 2
Flow Flow
Flow Flow Pump meter1 meter
Trial meter 1 meter2 Pumpl Pump2 2 speed, 2 Vol.
number spced speed, speed, speed, Contr Hz speed, removed
Hz Hz Hz ol {mean) Hz
(mean) {mean) volta {mean)
ge

1 65.52 66.60 20.01 19.94 0.669 65.63  70.08 256 g
2 65.64 66.70 20.01 20.13 0.614 65.67 70.10 259 ¢
3 66.54 66.79 20.01 20.30 0.620 67.85 69.96 260 g
4 66.36 66.70 20.01 2047 0.625 66.36 69.97 230 g
5 66.47  66.99 20.01 20.59 0.625 66.54  70.15 220¢g
6 65.57 66.90 20.03 20.68 0.631 65.73 72.10 387¢g
Y7 65.70 67.22 20.02 20.84 0.636 65.76 72.10 357 ¢g
8 66.42 67.95 20.02 20.83 0.635 66.50 71.95 352g
9 65.67 67.42 19.98 20.56 0.626 65.71 72.00 367¢g
10 66.15 67.53 20.02 20.72 0.631 66.62 71.96 337

The foregoing results indicate that the "ultrafiltrate” removed from the

second vessel 52 is a function of the relative speeds of the pumps 14, 34 as
indicated by the flowmeters 20, 32.
Whereas the invention has been described in connection with a

preferred embodiment, it will be understood that the invention is not limited to

such an embodiment. On the contrary, the invention is intended to encompass all

alternatives, modifications, and equivalents as may be included within the spirit

and scope of the invention as defined by the appended claims.
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L. In a hemodialysis method, a method for priming a blood

compartment of a hemodialyzer, the method comprising:

(a) providing a liquid;

() conducting the liquid through a first positive displacement pump,
then through a first flowmeter, then to a dialysate inlet of a dialysate co:ﬁparzment
of the hemodiaiyzcr, the first pump delivering the liquid to the dialysate inlet at a
first volumetric pumping rate as measured by the first flowmeter;

(c) after passing the liquid through the dialysate compartment,
conducting the liquid from an outlet of the dialysate compartment through a
second flowmeter, then through a second positive displacement pump, the scéond
pump pumping the liquid at a second volumetric pumping rate, as measured by the
second flowmeter, that is less than the pumping rate of the first pump so as to urge
net flow.of the liquid from the dialysz;tc compartment to the blood compartment of
the hemodialyzer.

. 2. The method of claim 1, wherein the liquid is a dialysate solution.
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3. The method of claim 1, including the step of circulating the liquid
through blood lines connected to the blood compartment of the hemodialyzer.

4. In a hemodialysis method, a method for priming a hemodialyzer comprising a

_ dialysate compartment, a blood compartment, and a dialysis membrane separating the

dialysate and blood compartments, the method comprising the steps:

(a) delivering a liquid to a dialysate inlet of the dialysate corapartment at a first volumetric

delivery rate;

(b) passing the liquid through the dialysate compartment from the dialysate inlet to a

dialysate outlet of the hemodialyzer; and

(c) delivering the liquid from the dialysate outlet at a second volumetric delivery rate that is
less than the first volumetric delivery rate so as to cause a net flow of the liquid from the

dialysate compartment to the blood compartment through the dialysis membrane.

5. The method of claim 4, further comprising the step of rinsing the blood
compartment with the liquid entering the blood compartment through the dialysis

membrane.

6. The method of claim 4, further comprising the step of causing the liquid entering
the blood compartment through the dialysis membrane to flow into blood lines connected

to the blood compartment.

7. The method of claim 6; further comprising the step of rinsing the blood
compirtment and blood lines with the liquid entering the blood compartment through the

dialysis membrane.
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the step of delivering the liquid to the dialysate inlet comprises conducting the liquid

through a first positive-displacement pump to the dialysate inlet; and

the step of delivering the liquid away from the dialysate outlet comprises conducting the

liquid from the dialysate outlet through a second positive-displacement pump.

9. The method of claim 8, wherein the first positive-displacement pump is caused to
run at a first volumetric pumping rate, and the second positive-displacement pump is

caused to run at a second volumetric pumping rate that is lower than the first volumetric

pumping rate.
10. The method of claim 4, wherein the liquid is a dialysate solution.

11. The method of claim 4, including the step of measuring the net flow of liquid

through the dialysis membrane.

+

12. In a hemodialysis method employing a hemodialyzer comprising a dialysate
comipartment, a blood compartment, and a dialysis membrane separating the dialysate and

blood compartments, a method for adding a liquid to the blood compartment, the method

comprising the steps:

(a) delivering a liquid to a dialysate inlet of the dialysate compartment at a first volumetric

delivery rate;

(b) passing the liquid through the dialysate compartment from the dialysate inlet to a
dialysate outlet of the hemodialyzer; and

(c) delivering the liquid from the dialysate outlet at a second volumetric delivery rate that is
less than the first volumetric delivery rate so as to cause a net flow of the liquid from the

dialysate compartment to the blood compartment through the dialysis membrane.
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(a) delivering a liquid fo a dialysate inlet of the dialysate compartment af a first volumetric

delivery rate;

(b) passing the liquid through the dialysate compartment from the dialysate inlet to a

dialysate outlet of the hemodialyzer; and
(c) delivering the liquid from the dialysate outlet at a second volumetric delivery rate that is

less than the first volumetric delivery rate so as to cause a net flow of the liquid from the
dialysate compartment through the dialysis membrane, whereby the liquid eatering the
blood compartment from the dialysate compartment is filtered by flowing through the

dialysis membrane.

14. In a hemodialysis method utilizing a hemodialyzer comprising a dialysate
compartment with an inlet and an outlet, a blood compartment, and a dialysis membrane
separating the dialysate and blood compartments, a method for delivering a liquid into the

blood compartment, the method comprising the steps:

(a) providing a ultrafiltration loop comprising a first volumetric delivery device and a

second volumetric delivery device;

(b) connecting the dialysate compartment to the ultrafiltration loop by connecting the inlet
of the dialysate compartment to an output of the first volumetric delivery device and
connecting the outlet of the dialysate compartment to an inlet of the second volumetric

delivery device;

(c) operating the first volumetric delivery device in a manner by which a liquid is delivered,
from a source outside the ultrafiltration loop, at a first volumetric delivery rate by the first
volumetric delivery device to the inlet of the dialysate compartment, thereby causing the
liquid to flow through the dialysate compartment from the inlet to the outlet of the dialysate

compartment; and
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from the dialysate compartment is filtered by flowing through the dialysis membrane.

16. The method of claim 14, further comprising the steps of:

controlling operation of the fitst volumetric delivery device so as to control the first

volumetric delivery rate; and

controlling operation of the second volumetric delivery device so as to control the second

volumetric delivery rate.
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