| p.10bb~~"t~~t~ LLLLLL TEEEE Freer et rreer -l
1111 1111 *159159* (12) | NTERNATI ONAL APPLI CATI ON
PUBLI SHED UNDER THE PATENT COOPERATI ON TREATY ( PCT)
CORRECTED VERSION (19) World Intellectual Property
Organi zation International Bureau (43) International
Pulo Jogsabtoosn Dat e (10) | nternational  Publi capposihbsnesss
-17 Novenber 2005 (17.11.2006) PCT WO 2005/107928 A9
(51) International Patent C assification: (81)

Desi gnated States (unl ess otherw se indicated, for

every MEIMBOLIC W&TI@MQY&EWMTEP& ection
avai l able): AE, AG AL, AM AT, AU, AZ, BA, BB, BG

BR, BW BY, BZ, CHREGHOFTE MVERTION i onal Application
Nunber : CNCOCRCUCZDEDKDMDZ,EC,EE,

/ USZ 05/ 0060 R,
1 | eppesey Rpespigs e petally to ol hcrdoncalibh, afddnold

pifﬁ,cullaﬁ@ to e xtidfRrpordR] bleod filtrgion i detoRificktn sysrem p:tngl method 23
[ 2.2005) MA, MD, M3 MK, MN, MW M,

e@%@ﬁga}{?\[ﬁgﬁ% aﬁh@ oM PG PH,£ PL, PT, RO, RU SC, -

SD, SE, SG SK, (25) Filing Lanquage: English SL, SM

sy, TJ, T™M TN, W )ﬁl &T Rl%é O uz, (26)

Publ i cati on Language: Engl i sh VC, WN, YU, ZA ZM ZW

[Om) Prlie(prdcbs;m@aﬁtmod(haﬂbeeerﬁfothtenbnﬁt'aa esiefynilbesd

SeRTL e SR el e LR R R
hemadihlpdid Rt alldRltPEmoB\hetilid]ic wailtd pridEcts Iﬁﬁm th@bl‘on Ofipatiddty
S

i Bt et S B Pl il
rBigve Hzl(e‘se Wagte phdyctiRahd Theh retufnf P)the matierdr Ihfenethcpimﬂ cation:
Bl R R e e apltg bbbyl yed ¥
vtidg vatibly omeaNLtates FVEmbraggpofEAizapean be WdGQTPE@ﬂG @904)
ug%?nt%glasggjcoréﬁuengt Blo%lé’can ®) also%&ss@@fmg&lno&%ew%uﬂ@mg

Icant (for ‘all desi'gnated States excep
bigshemisal Eagtiogp o ‘@ﬂogl@cor@yqleqﬁﬂ_that RAR Praggnt ipjoody DF or

s ﬁ)ace, bib bESts slobiGs blﬁdﬂ@{nlé%henaﬁ@&%e@m&ﬁ&dqfr sulfated by
Science, Published: Suite C, 6‘%?’ CA 92128 342

SRSy o P94 B S 7 Com B S DORORA £0 80539
slirfdds. | nventors; and (75) Inventors/Applicants (for US
only): HE, Dar [US/ US]; (88) Date of publication of

T i R R
bRt PN refoatiny thén tc{thJSﬁaltiS}t In 956 t@hmqimas térgrifudBis ubaltfor
separa%rlxjgbalmld(\:v%tsﬂlg) rlheorfed Ee M5 3o Bafhls 'fﬁlg g a¥eeI£t§rlelgr§Iow process, the

apparatus for performing which can be complex and expensive.

[0004]  Presently used technologles are generally deﬁment with respect to suppor’cmCr
patients with compromised liver function, for example. Conventional systems and methods
suffer from various problems associated with sustaining such patients until a suitable donor

organ can be found for transplantation or until the patient’s native liver can regenerate to a

- healthy state.



Drive, Cardiff by the Sea, CA 92007 (US). 25 February
2010 (74) Agents: HAILE, Lisa, A et al.; DLA Piper

Rudni ck (15) Information about Correction: Gray Cary

US LLP, 4365 Executive Drive, Suite 1100, see Notice

of 25 February 2010 San Diego, CA 92121-2133 (US).

(W rookhéhms: METABOLI C DETOXI FI CATI ON SYSTEMANRMEDHHGE
10 20 Z~----- -- - 50 ~ Btooa Control Unit -~

From Patient Bl ood LOF ! Recirculation (Arterial"

Li ne) Punp Punp Gircui tSUMMARY 42 To Patieret 30 Z
(Venous Line) Heparin 40 41 Punp FIG 1 Heparin
[0Res eI ERibbdimbntddf(le Hresd Hverdivh ovelibn@Xlid fBRQ61BO iidarious other

filtration and d icati on system and
SR ) OB R BiSk. BV Redh EF PO P boR f ption and
deedifidai@r syseimangstos emiblobing @ ebcirdulial tingitt he
ultrafiltrate i ndependent ly of the cellular conponents

[dOP?]r a?ﬁ%s&r&#éea\gfﬁlpd&t %%_fe fb PIe?&?ﬁIbcnﬁo? Ia@%s@egn Méi%ﬁo%

tra ar conponént
progitieliver frgreahior mulkiple B@rap@ltlt: hrplipatiopseleted o sontgilivendisseseon

alfolw d;‘mtﬂé’r%r Blehttal re%rfé&ﬂpf{ bEARSinfphred oF %H? l%éérttéi éﬂ&ﬂhy

|nc ng active ce S operatlv to e
stefe| op the SeppoTt eihamatient with aamiiveriaihael hn all o parthvé a a@tabk? @onor

%ﬁléaﬁb@fogn&falemg%n@ell Ilne I I I I I I I I I (I
(I

T 0 GRS TR IHZETABO“ :

I NVENTI ON [ 0001] The present invention rel ates
[0geHer &1G.\ it osimplifieh blorlcdiegsam diustrating dngrembadithentof an

e)%@{; '09 ﬁl'ir%ﬁ’on%ﬂd@c@ox%&ﬁ §9§t&9r eal blood filtration and

I catlon system and” met hod enploying a

reC|rcuIat|on Ci rcuj
[0008] FIG. 2 is a simplified block diagram illustrating one embodiment of a blood .

control unit operative in conJunctlon with a recirculation circuit.

[0009] FIG. 3 is a simplified block diagram illustrating one embodiment of a
recircngtion circuit. ' |
[0010] FIG. 4A is a simplified flow diagram illustrating the general operation of one

embodiment of a method of extracorporeal filtration and detoxification.

[0011] FIG. 4B is a simplified flow diagram illustrating the general operation of one
embodiment of a method of treating ultrafiltrate. '

[0012] FIG. 5 is a simplified block diagram illustrating another embodiment of a

recirculation circuit.

[0013]  FIG. 6 is a simplified flow diagram illustrating the general operation of another
embodiment of a method of éxtracdrporeal filtration and detoxification.



BACKGROUND | NFORIVATI ON [ 0002] The processing of bl ood
has been perforned to renpve a variety of bl ood
constituents for therapeutic purposes. Exanpl es of
bl ood processing nethods include henodialysis that
allows to renove netabolic waste products fromthe
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function. Blood flowwng frommthe patient is filtrated
to renove these waste products, and then returned to
the patient. The nethod of plasmapheresis also -
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. themto the patient. In such techniques a centrifuge
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aptfvg ﬁgrp;ldgmor an vltrafiltrate generator The ICS is the flow path for whole blood or
the ultrafiltrate fluid. '

[0021]  The term “recirculation circuit” refers to a circuit generally enabling filtration,
detoxification, and treatment of ultrafiltrate fluid; in some implementations, a recirculation

circuit generally encompasses a reservoit, an oxygenator, and one or more active cartridges.

[0022]  The term “transmembrane pressure” (TMP)” refers to pressure across the -

membrane. In particular, within the ultrafiltrate generator or other membranous cartridge,



BRI EF DESCRI PTION OF THE DRAWNGS [0007] FIG 1 is a
sinplified block diagramillustrating one enbodi nent
of an extracorporeal filtration and detoxification
system [0008] FIG 2 is a sinplified block diagram
illustrating one enbodi nent of a blood control unit
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[0026] Turning now to the drawings, FIG. 1 is a simplified block diagram illustrating
one embodiment of an extracorporeal filtration and detoxification system. As indicated in
FIG. 1, system 10 generally comprises a blood control unit 20, a heparin pump 30, an
ultrafiltrate generator UFG 40,2 récircuiatio;l circuit 50; and can optionally include other
detoxification devices. In the exempléry FIG. 1 implementation, system 10 embodies a
continuous therapy device generaliy operable to draw blood (facilitated by a blood pump
21, for example) from a patient into blood control unit 20 via an appropriate conduit or

- other device such as a double limen catheter, for instance, or the equivalent thereof,



Exanpl es woul d be a dialysis cartridge, an adsorption
cartridge, or afilter. [0019] The term

"extracapillary space" (ECS) refers to space outside
the hollow fibers of . active cartridges or an
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components to the patient, for example, through line 41. In operation, UF pump 22 may

draw UF from UFG 40 (e.g. through line 42 as noted above) and deliver the UF to

m

recirculation circuit 50; in addition to supplying recirculation circuit 50, UF pump 22 may



production, while the pore size of the hollow fiber
menbrane of the UFG may control the anount of
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ntlnuous Rena Rep acenent Therapy) Michine such as
blood withdrawal monitors fluid pressure and any pressure fluctuations of the outflow of

blood from a patient to blood pump 21. Blood pump discharge pressure may be measured
as indicated at point P3. The blood pump discharge pressure sensor monitors the inlet
pressure of the next distal compoﬁent to the blood pump, and any fluctuations or variations
thereof. Blood return pressure may be measured as indicated at point BR. As shown by

FIG. 2, the blood return sensor monitors both the outlet pressure of the component



manuf actured by B. Braun. Various alternatives exist,
however, and proprietary hardware may be constructed
in accordance with the present disclosure. Those of
skill in the art will appreciate that the
constitution of blood control unit 20 is susceptlble
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embodiment, mdependent maintenance, repair, or substitution of blood control unit 20, UFG

40, or constituent parts thereof, for example, may be facilitated by the fact that each is

implemented as a discrete component of system 10. In an alternative embodiment, UFG 40



alternatively, fluid flow nmeters may be incorporated

at simlar or equivalent points in the indicated flow
stream Each pressure transducer in the FIG 2

enbodi mrent nmay be covered or sheathed by a respective
transducer protector as is generally known in the art.
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responsive to control signals or sensor input (e.g. from pressure or flow sensors at selected
locations in recirculation circuit 50) such that glucose may be delivered at a predetermined
constant rate, for example, or at a dynamically adjustable rate as a function of overall flow

rate through recirculation circuit 50.



cartridges operative to separate OF fromcellul ar
conponents of the whole blood drawn from a patient.
Those of skill in the art will appreciate that sone
therapeutic inplenentations may realize increased
efficiency or efficacy where UFG 40 is prinmed before
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saline, for exanple) may be provided to UFG 40 either
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oxygen for utilization in the detoxification or therapeutic process executing in active

cartridges 55. Accordingly, the type, natu'ré, and operational characteristics of oxygenator
54 may be selected as a function of the type and quantity of active cells (such as C3A cells, .-

for example) maintained within active cartridges 55, UF flow rate through recirculation



recirculation circuit. In the FIG 3 enbodi nent,
recirculation circuit 50 is generally fed by glucose
infused UF; in that regard, output from OF punp 22

(i.e. untreated UF) nay be infused with glucose or a
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active cells occupying the BCS. Where active cartridges 55 comprise more than one of the



[0044] Recircul ation punp 53 may be enbodied in a
peristaltic punp such as manufactured by Watson
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permit passage (e.g. from the active cells to the UF) of selected macromolecules and other



Accordi ngly, each active cartridge 55 may conprise a
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recirculation pump 53. As set forth above, some embodiments may employ dynamically

activated valve assemblies, which may be selectively adjusted to control flow rates

precisely; appropriate sensors, such as temperature, pressure, or flow meters and associated .

electronics and control hardware are omitted from FIG, 3 for clarity. Those of skill in the



enbodi nents, three in-line (i.e. arranged in series)
cell filters may enploy a nenbrane pore size of
approximately 0.45 m for exanple. Additional filters
56 may provide a safety feature, preventing possible

- transm ssion of C3A or other active cells to the

p&ato Bedipr2ccor di ngly, the pore size of menmpeagsHosooso03
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factors. [0057] As set forth above, individual or
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system maintenance. In that regard, the tubing employed in the blood circuit and



70,000 Dalton. In sone enbodi nents, total fluid volune
in the | CS may approach approximately 95 nL, whereas
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some embodiments, cellular components and treated UF may be recombined at a selected
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primng fluid or conmbinations of fluids prior to
initiation of therapy or detoxification treatnents.
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enator 54 and active ¢ es b5
3o o 6 RSB et RGPS aipte Pt ie
héDewgbepdattiddedarapigscatty ailgblecitbnt Mirmtqyh Soipl anddipectom t 73,
Léﬁhi ?h. nﬁ% be enbodi ed as or conprise a nedical-grade
FEBIE ARG Pfevi ce operative to supply gas to
.oxygenator 54. The addition of nedical-grade gas
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accordance with known principles.

[0096] The FIG. 5 design may reduce the number of separate tubing segments required

for recirculation circuit 50, and simplify the construction.and set-up accordingly. All tubing



way of exanple, an approved nedi cal -grade gas bl ender
is currently available from Sechrist |ndustries.
[0091] Wth respect to data acquisition and anal ysis,
one or nore in-line blood gas analyzers 74 and 75 nay
be i npl ement ed upstream or downstream (or both) of
cablbdsdaezs cl uster 55. Where two gas analyzpéﬁuﬁﬂuﬁ&mn
are arranged as illustratedsin FIG 5, oxygen and pH
differentials fromboth the upstream and downstream
@pdieosnpenentsamay hesterilized foghifees, 28bthapigk of preonthmipatiomsioringset-up
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therapeutic or detoxification processes) taking place
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[0100]  Similarly, introduction of primer solution (not shown in FIG. 6) and the

N:')

collection of primer solution at block 617 may occur where indicated or elsewhere in FIG.
6, depending, for example, upon the particular ;system components requiring priming. If '

filters 79 require priming in the FIG. 5 embodiment, for instance, priming may occur



of the active cartridges 55. As indicated in FIG 5,
active cartridges 55 may conprise a cluster of
filters arranged either in parallel or in series.
[0094] The additional filters 56 described above with
reference to FIG 3 (i.e. in-line capsule-type
f wiot@ésaoPe/i Nng a pore size of approxi mat el ypOrA4&068006003
may be replaced by one hol2kow fiber cartridge having
a pore size of approximately 0.1- 0.2 m and ane .

ensprai thereofj adiionaliy, privgr calletity gtjock B} Tamay; beselegivRly lpcgiRd in
febiRGTatisH Hirbuit $4E R flclidh df @ REiEulRQEBEembR Yr RIS Eoridneatier of
back pressure due to significantly increased surface
WEER CPBPYSS 0 nR versus the capsule filter having a
surface area of about 0.055 n2). This configuration ’
[oag1] nOUF amny Ye O)@gﬁmedlht thark 6 &hand diteatedat progls 616 Vamious aspects of

eci rcu ation circuit 50
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both in system diagnostics applications as well as in ascertaining the efficacy or

thoroughness of treatment at block 616. Data can be also acquired and analyzed with

respect to flow rates, temperatures and pressures throughout the system. -



draw ng operation of block 611 may al so be associ at ed
Wi th the separating operation of block 412 in FIG

4A. The process at block 611 is included in FIG 6 for
the sake of clarity and thoroughness. The operations
depi cted at bl ocks 612 and 632, as well as at decision

blosdes/3ds may generally correspond to sim p@fisy005/006003 -
| abel ed bl ocks illustratedzeand descri bed above mﬁth

reference to FIG 4B. [0Q9 jth reference now
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anti coaqul ati on agents, pronoters, enhancers, or other
FRTHRSYTRE O r eci rcul ation substantially as set forth
above. It will be appreciated that the operation
(€051 ct Brepr dnredombisinesedtedrHy wilk eeliular bioedegmerenisiit blagk FIHG,
a@ﬁﬁ%@ﬁloégftﬁgﬁm y bERLARRA L Btk TS, en kGhk én%@ﬁﬂeﬁﬁ%esonbed above,
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i nstance, primng may occur WO 2005/107928
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primer collection at ock 617 may be selectjvely
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it i it EAATIRN & 9 Bntioh B6 esiSidéred & linfie€ 5811 b the Bevbé bthe appended
Fressures and conposition of any air/gas mxture,
8fusion rates, and the like) at block 615 may be
i nfl uenced by the guantity, density, nature, and
functionality of the active cells (such as C3A cells,
for exanple) maintained in the active cartridges and
executing the treatnent process at block 616. In the
FIG 5 arrangenent, for exanple, oxygenation at bl ock
615 may conprise receiving gaseous input in
accordance with selected conditions or paraneters from
gas blender 73, and may occur in conjunction with
heating OF using heat exchanger 71 and an ECMO heater
apparatus 72.



[0102] Treating or detoxifying OF may general ly occur
in active cartridges at block 616. As set forth in
detai|l above, the operational characteristics and
speci fic chem cal, biological, and other processes
associ ated with block 616 may be influenced by, anong
oWobosiiambOr S:  pronoters or enhancers i ndugefusiiésDosoos
recirculation circuit 50; the intended overal
operation of system 10 (i.e. the type of treatnent
requi red); operational paraneters of system conponents
VﬁﬂﬁﬁﬁthAH@Egéﬂlation punp 53; and so forth.
Ther apeutic processes at block 616 may be sel ectively
1 0] Ust &lacofpanklitdies andatetoifingionirsthodmnmprising: ed i n
accordance with the specific hardware conponents
i npl nt.ed.in.reci ation circuit 50. [0103] As set
for t(g)r%%w %%‘Htﬁﬁmra géﬂé’nce to the FIG 5 recirculation
circuit 50, one or nore data acquisitipn %Ed anal ysi s
conpbrseprratingalyafBimat Frig fowrcaiEa cPRPQIRRS oS8 P'Rer e i n-
l'ine blood gas analyzers 74 and 75 are inpl enented
upst(paatrnad dewishe aaspeofendpof siddgnlar chupanepts BB f or

exanpl e, an anal yzi ng oper.af i _ ]
B R e e e
suc hmangiemtactie ortidge auxpgeng ative gHs ofefatiae ereffearae 2 prlenrd
bot h t he upst. Erlplg,qg downst ream si des of treatnent

pr oc@?eﬁtgﬁﬁaé u%}‘ ovi.de inportant measurements of
therapeutic cell function over tinme during therapy.

Suc h(d) weadiningrseied wtrefdga mdsaig sellug aowgga&a t data
processi ng operations nay have utility both in system
di ag@Pshines PR RabinRsingSaitelthfilase kil srlcelilaicompgnents
the efficacy or thoroughness of treatnent at bl ock
616. to BgPalieBan ‘be al so acquired and anal yzed wth
respect to flow rates, tenperatures and pressures,
2t hr OTighettiod bivieis i sfugher comEing oy zingbpgmposition of said
PCT/ US2005/ 104]1. Treated OF may be

PR B PP

r et i"ters 79 as indicated at

bl ock 618 and described.in detail above.. Pravidin
(bl Bk A5 CBiRn VMR S CBYSE TR Wb e Y LS of e

79 adoube tuthe BfiSetcd bnBwliepid §a§&l’eﬁﬁﬁmoﬁ1bﬁ®uhﬁlﬁﬁ@ amagond
all ow or enable a systtehgn and nethod of treating OF to

operlumen efsaig depblelWp@ AELPPL W rate than that mai nt ai ned
in the blood circuit of a treatnent system 10. [0105]
4APr | OThetnfetHog 60dMiinr| whertin esad drdwidE coumrisescuiliping ablogt gup
conponents at bl oc. (L1 [ IGNELt erdfr,
condWEREY tgfu%’a%)ecsﬁllaé’ %6 ﬁfbﬁﬁ% r%géng’%%éihﬁ% Eﬁaﬁgg’sé(?i)ﬂb ed
abovsd badkitd the patient ahg sebdctsd Klo@1@e.nay i ncl ude passi ng OF
through one or nore in-line cell filters, hollow
fib t i dges, Ta] $ne cohigfigoatlizing ah @kt filtrate
Snecﬁgﬁ%%%PﬁPf teﬁé? anggﬁ%&?ggiﬁ. C)ﬁ—Elr mhichgis nei t her
pr ocgessretd: atnptiingahoboy fherflietaifd t o t he patient nay
be recirculated for additional treatnent as
6 EPIESeRE oP¥aitbe whaen sfid ailizbigoolkpitSirbeink saip utirefiltrate

bl 613. [0106]  Th f skill inthe art w
appr e s s Sy aD o P e 1 n

7. The method of claim 6, wherein said semi-permeable membrane has a pore size of

approximately 0.2 um.



FIGs. 4B and 6 is provided by way of exanple only, and
not to the exclusion of other possibilities. In
particul ar, the present disclosure is not intended to
be interpreted in any limted sense with respect to
the order or sequence of events depicted in FIGS. 4B
awo 260s/107p83107] The present inventi on has bepgr/us2005/006003
illustrated and described bt detail with reference to
particul ar enbodi ments by way of exanple only, and not
By waiheohethadief ¢laitn & rherdin saiésegfi-pergriblq membratediang poroipg of
appr eglakGndiad 1 ¥@ari ous nodifications to the described
exenplary enbodinments are within the scope and

conteppl ation_.qf. the present disclqsure.. Therefore

3 o Mt ce it VoRES AR SPOToIRE oHurrapeygtal

i m t edleiMr welplt dirherf sfabpe 100,000/RItegpended cl aims. WO
2005/ 107928 PCT/ US2005/ 006003 27 WHAT IS CLAIMED I S:
%. exgﬁearﬁ&ﬁola%f aﬁhx éc, Wh%rgi?'éé'&’@ra@ﬂlg cﬂfﬁrﬁ? iﬂl?ﬁﬁl%ﬁtﬁl@_ a ultrafiltrate
met hod, conpri sing: a) draw n ood froma patient;
(b) seperating ultrafiltrate fluid fromcellular
conmponents of said blood; (c) treating said

ult r afhd thétdas disgeR ﬁmﬂ@f‘blbinyr_iﬁfg isfabieh al Hldfﬁ&ﬁth_an »
conponents in a recirculation circuit, erein sa

t r eat FHYCEUAPFEE®E circul ating said ultrafiltrate
through an active cartridge conprising active cells
dper afthamethad oélfimct, Gather compudingoneing saidadirafirate with ghagode.
ultrafiltrate; (d) reconbining treated ultrafiltrate

and sehdn&Rldlopliaim € VRRSM8NE featidh Hirth® borMisdd MbusEls WHO! €
bl ood conprising said ultrafiltrate and .said.cellul ar
conpoR@RlEate With § prampist greraive 1o enbppce theachdry Oéfa@?cgme?l?-
further conprising analyzing the conposition of said
ukt r afhd tistiatdef daibsle gtianih sdidtreatingl fughyy aomprisagoxyenatitpsaid
netho%ngﬁuﬁéain1lh wherei n said drawi ng conpri ses:
utilizing afirst lumen of a double |unen catheter
and wherein said returning conprises utilizing a, )
décondhe methpd Qf Jtimsla whersis st EeatipgriHbe SprRsises maiptainipg said

et hogirfieft Ak BreleterMift @inpekdl drawi ng conpri ses
utilizing a blood punp operative to circulate said

| ood. fromth atient, .thtough an ultrafiltrate . - .
J6ner Totspetion JEeiBR et e it borfbrsen eieiaing g,
r at e. vifrafilifheat apdréraatelfy 3¢9Cai m 1, wherein said
separating conprises utilizing an ultrafiltrate

ner .Si-ng+a.hol: e.
e APy, AnBel O il R ekl P e
conpr hepetebleptomaicelblineai d ultrafiltrate

18. The method of claimn 17, wherein said active cells are the C3A. cell line.

19.  The method of claim 1, further comprising filtering said ultrafiltrate prior to said

recombining.

20.  The method of claim 19, wherein said filtering comprises utilizing a hollow fiber
filter.,

21.  The method of claim 19, wherein said filtering comprises utilizing one or more of a

detoxification device, an ammonia trap, and a mechanical filter,



through a sem - perneabl e nmenbrane of said hollow fiber
filter cartridge. 7. The nethod of claim®6, wherein
sai'd sem - perneabl e menbrane has a pore size of
approxi mately 0.2 m WD 2005/107928 PCT/ US2005/ 00600
28 8. The method of claim6, wherein said :

swohooeeéRabl e nenbrane has a pore size of pcr/us2005006003
approximately 0.1 pm 9. Tke nethod of claim®6,

wherein sajd e'-‘ermaalqm_ DAk
Ztrol Fnﬁﬁloé\%ch?ﬂml’c‘ﬁ{egeﬁ sfa%&F a%igg % %8?‘3%’8 t@ ons. 1o
The @gbiadnehinghsihgaibwhoibeloed. n said draw ng conpri ses
i mplenmenting a ultrafiltrate punp. 11. The nethod of
| ai f GO S d18ninfHoesinPiskes Rl atts Qb wiatelvf
25:jin @ﬁheglgggi&pg[lil’on .aéent. 12. gThei91$r1s1:?t hg% ofg claimi,
f ur tshidwhole bjpod witlegpatiemt.usi ng said ultrafiltrate with.
glucose. 13. The nethod of claim1l1l, wherein said
ok r eat mf ddph@kg: conpri ses infusing said
ultrafiltrate with a pronoter operative to enhance the
activity of said active ¢ HBLhQdak: cl ai m
1, vWealnéﬁmf‘?Elérﬁﬁe &eriefagoa{tof’ eﬁ%ﬁvg hgrst%%aé%églgfl;ﬁplrﬁlases oxygern ating
sai tcompbrientabitidodat e. 15. The nmethod of claim1l,
wherein said treating further conprises maintaining
- sai abidol et &nBbisife: Pr edet erm ned t enperature.
o, Tppiibdethbct il Eprphiif

of claim14, wherein said treating

further caqnprises maintainjng,sai.d_ultrafi at
appr oxi At gy ppsraive to ?Ff@ia%%%gg Of)nfap@flél?rhﬁj f?&%g'ei n
sal d act ymefleat heentos aad bash el thegetiodt; a0de human

hepat obl astoma cell |ine. 18. The nmethod of claim 17,
wherein said active |1 - logihy b oh
The. met hdBItPaR CRer Ve arpY, faid @gan%?iﬁ% ?ﬁ% S?‘ih PR ?hﬁ‘g“g
sai d ul t s wlirdfilizategepereior; and said reconbi ning. 20. The
nmet hod of claim 19, wherein said filtering conprises
Ut i | o7 BGrcRiaftl kOt dpel@Ve to trbdt b4 ultrafirate Tepeddntip df sid
claim19, wherein said filtering conprises utilizing
one WHUpEPBPGFIEH  det oxification device, an ammonia
trap, and a mechanical filter. W 2005/107928

2PCT/ 1S 2004 GFRBEAH34, whrein said blood control unit further comprises a leak

detector operative to analyze the composition of said ultrafiltrate 40wnsneam of said

(D

~ ultrafiltrate generator.

26.  The system of claim 24, wherein said blood pump is operative to circulate said blood

at a predetermined flow rate.

27.  The system of claim 24, wherein said ultrafiltrate generator comprises a hollow fiber

filter cartridge.

28. The system of claim 27, wherein said hollow fiber filter cartridge comprises a semi-

permeable membrane having 2 predetermined molecular weight cut-off.

29.  The system of claim 28, wherein said semi-permeable membrane hasa

predetermined molecular weight cut-off of about 100,000 Daltons.

30.  The system of claim 28, wherein said semi-permeable membrane has a pore size of

approximately 0.2 pm.



22, The nethod of claim 1, wherein said returning
conprises detecting and renoving gaseous contam nants
in said whol e blood. 23, The nethod of claiml,
wherein said returning conprises regulating a fl ow
rate of said whole blood to the patient. 24. A
SwéheBmo7oRNPrising:. (a) an ultrafiltrate gerRIQbB@I06003
operative to separate ultrafiltrate fromcellular
conponents of blood; (b) a blood control unit )
Fonprlihe sysigm ofclaipy28; whamgip saihirirprperblegnetrang bat P Bt $erPt
f r omagprpakht@fd.1 phfir ough said wultrafiltrate generator,
and ‘back to the patient; and a second punp operative

d i d.ultrafiltrate, f id bl ood t hr ough
i o oG 2wt il BT R e BB B, o

ci r cuyidthetipfbeat i ve to treat said ultrafiltrate
i ndependently of said cellular conmponents. 25. The

% St e, gfsteﬁ‘ll o‘?é:lgﬂnzﬁ; w#?&ﬁ ?Jicpsyﬁﬂ.btﬁ: fpkQar p%@fgﬁlfogé. uni t

rther ‘conprises a leak détector operative to

I th POS,i L i f id ultrafiltrat.
BDndEF st 8 2 e eapp piedr sl Sounery o
syst eperaive € iafuks sad, blosh itk b asidoaguidicaagdennunp i S
operative to circulate said blood at a predeterm ned
3 fyvg;hggﬁtem%h%lm LT Pl BUMA e IGEEER. SA

trate genefator conpri s r

filter cartridge. 28. The system of claim 27, wherein,
i d The IS of FIpEY 24 furthencomprising 2 gieoe SHPP PRAZALVE tsigyse said
per neghkiRrat¥RifgRR&ehavi ng a predeterm ned nol ecul ar
. weight cut-off. 29. The system of claim28, wherein

i d.sem - per.neahl e rane has..a -pr. r i
e e e S e S
The opgtiomtodxygdnae mid@irafiltge.ei n sai d sem - per neabl e
menbrane has a pore size of approximately 0.2 [tin.

3O 2%@%@%%@ 8a1RGH 8200 o PREAVB LG PredilcombhiBeseihsdteg Of

claim 28, wherein said sem -perneabl e nenprane has a
por e chymher Qperative e mttaipsseid Wiradltrpte pt a B‘-’Q‘?eteFHJéleg {PEPERIIET
claim 27, wherein said hollow fiber filter cartridge
390 P IThe §8temY t1hiked4] whereit edidrecirculation circuit comprises a heat

exchanger operative to maintain said ultrafiltrate at a predetermined temperature.

40.  The system of claim 24, wherein said recirculation circuit is configured and

operative to maintain said ultrafiltrate at approximately 37°C.

41.  The system of claim 24, wherein said recirculation circuit comprises an active
cartridge containing active cells operative to effectuate a treatment of said

ultrafiltrate.

42.  The system of claim 41, further comprising a promoter infusion pump operative to
infuse said ultrafiltrate with a promoter selected to enhance the activity of said active

cells.

43,  The system of claim 41, wherein said active cells are a subclone of the human

hepatoblastoma cell line.

44, The system of claim 43, wherein said active cells are the C3A. cell line.



33. The systemof claim 32, wherein said synthetic
fibers are pol ysul fone. 34. The system of claim 24,
further conprising an anti coagul ant i nfusion punp
operative to infuse said blood with an anti coagul ati on
agent. 35. The system of claim 34, wherein said
awbizeeagudsat i on agent is heparin. 36. The sySit/es108/06003
claim 24, further conprisisg a glucose punp operative
to infuse said wultrafiltrate with glucose, 37. The
48y st Brmspdencfaleim 21 whevninrsafl recisalation eigqut commspohregatire
conpg L%@%?er?t‘ibe BN IERREQE uitr-SRSLtSthkIiGh bk AXYORRAS Sai d
ultr rate. 38. The system of claim 24, wherein

sai dseleeled At i on circuit conprises a heating

chanber operative to maintain said ultrafiltrate at a
4! edeteRtRnneftiale AR @ha:temrsad sel@@d foiweats weineined by sdidi m
24, wherein said.recircu [

neat ORURETURD GPERAETU b b R A y (AR R paFadia
ul t rathad dofitedl enitat a predet ermi ned tenperature. 40. The
system of claim24, wherein said recirculation circuit

&S C fﬁqr agfglaﬂﬂ% B! &Hpﬁﬁné DooiBiif}tion SRiive to

ultra at _dpproxi matel'y 37C. 41, Th&ls

cl ai rep@ubinevspie plipfiltraty with paid pleRd ATIRE fodFuRine &gl POBEH“&F?F ses
an aﬁattlgﬂ/(e cartridge containing active cells operative
to effectuate a treat ment of said wultrafiltrate. 42.

The s stem fur.t.her .Sl . 0ot er
ot SRR o0 o dertper g oG TRt AR AT
VVIthul&aﬁlﬁﬂﬂﬁisﬁam&ﬁ’b:ﬁ@tcmduitjunoaeininanCe the activity of
sai d active cells. 43. The system of claim 41,

. . i . rh
. S; 1dlyagh ch@a%zt%“‘x‘vq | cld Sia@iE: RmpHRs h 9ARWAHbet HRerhuman

oma ce ne. 44. The system of cl aim 43,

V\hereln said active cells are the C3A cell [ I
50005 Tepygesofolamn s RomsoeiE (Y cOFprises oney 8“°§V§the"ﬁi“8?a

cl ai Ak lon aidheiiSirsp, & dindcbaidatfiltent i on circuit conprises
a recirculati on punp operative to circulate said

Itrflltrat active cartridge at a
iel e@tt S’ t'fnilo ?Q%F‘&#%e&%st em of claimd45, .
wherei n said sel ected flow rate maintained by, said
reci & éarctor PrSFLpRIRHCIET BREPS cppigRinapts ip sH F]ﬁi’% hi nt ai ned
by said first punp in said blood control unit. 47.
The sysdnemt0fitteticni deviesdlopefative th eamove sit gastomgcoutasupratl from
] unct%dghq %perative to reconbine said ultrafiltrate
wi t hS %%l ood prior to returning said blood to the

52.  The system of claim 41, wherein said recirculation circuit further comprises a blood

gas analyzer operative to monitor said treatment.
53.  An extracorporeal detoxification system, comprising:

(2) a blood circuit coupled to a patient and operative to communicate blood from the

* patient, through an ultrafiltrate generator, and back to the patient;

(b) a recirculation circuit coupled to said ultrafiltrate generator and operative to draw
ultrafiltrate from said ultrafiltrate generator and to treat said ultrafiltrate

independently of cellular components of said blood; and



patient. 48. The system of claim47, further
conprising a filter operative to filter said
ultrafiltrate upstream of said conduit junction. 49.
The system of claim 48, wherein said filter conprises
a hollow fiber filter. 50. The system of claim48,

Whebmbm7eei d filter conprises one or nore OFCTAUS2005/006003
charcoal filter, an amonsa trap, and a nechani cal

filter. 51. The systemof clajm24, further .. . :
conpid) & Ponguit Bngtion ERaEie B9 ‘é"l"ﬁ’?}“@ &g Blﬁaéf‘%tﬁ o sgiddeggdation
cont amiuiand &id clg@icempinensin ssit8load civat aridré@teintroduction to
filtration device operative to renove said gaseous

cont &iPAAts from said bl ood. 52. The systemof claim
41, wherein said recirculation circuit further

SO IThe 8stem obtlaiocs3, emseimseid ipoirsrlationeqinguit (AEIDFiEEs gdl dejpotor
sai d treatnent . r ofnl g adig on
Syt G g o e B
pat i edfitafifmad gopertat i ve to comuni cate bl ood fromthe
patient, through an ultrafiltrate generator, and back
£t Mg RAlin@ILlain 43) whertift 6did B16d ddirositicotrptisss ia bloodmphed t o
said ultrafiltrate gen(grator ang oper a iveteto dr aw

ul t r SPFRVe 3R LMITPEIGHE sAGPIpd 3t & pTe ﬁt?lg'f”g g‘ﬁéar ator and to
treat said ultrafiltrate independently of cellular

- SO NP ATk Bfsemaf claiai £, Whaeid saidwita il o@8yatpo Fagmgises a hollow fiber
PCT/ gﬁgoogﬂﬁggaoos 32 (c) a conduit junction operative
tor BT e said ultrafiltrate in said recircul ation
circuit and said cellular ,cor@on%ntfs in said bl ood .
&1.r c Uibe systemaf cleign 36 AETFIB §e BeLGH HoF7 1 &m&gﬁ QHprises 4 sem

The SUSieR Abmbradl Hiviads prhiraingd Salechlaraeightaitafli on
circuit conprises a IeaE detector operative to

anal yze the conposition of.  sai. [ { i
S anoliF et SOy YARrP AT P aplebin s By alpymin o
syst giimeehtecl ai m 53, wherein said blood circuit
conpri ses a blood punp operative to communicate said
?s}. °.°drhg§rs?ewz&%ﬂﬁ£ &7, WnBeH skili Qi fBlaRablS FemTiae: Eysice alleH a
cl'ai m b3, ereln sald ultrafiltrate generator
conprigeiy of fhonogspiofiemesete filter cartridge. 57. The
system of claim56, wherein said hollow fiber filter
BRI ' G terOdTRIairS §6 WhersR Fhid hlmnitabiileer nenidgaevephisesi ng
~a. predeterm ned nol ecul ar weight cut-off. 58. The
syst epiBFicdPeSm 57, wherein said seni-perneabl e
menbrane allows albumn to - o
61.  The system of claim 60, wherein said synthetic fibers are polysulfone.

62.  The system of claim 53, further comprising an anticoagulant infusion pump

operative to infuse said blood with an anticoagulation agent.
63.  The system of claim 62, wherein said anticoagulation agent is heparin.

64.  The system of claim 53, further comprising a glucose pump operative to infuse said
ultrafiltrate with glucose.

65.  The system of claim 53, wherein said recirculation circuit comprises an oXygenator

operative to oxygenate said ulirafiltrate.



perneate. 59. The system of claimb57, wherein said
sem - per neabl e nmenbrane does not allowa mjority of
fibrinogen to perneate. 60. The system of clai m 56,
wherein said hollow fiber filter cartridge conprises
synthetic fibers. 61. The system of claim 60, wherein

saighossyipfobet i ¢ fi bers are pol ysul fone. 62. PbeusSkeindts
of claim53, further conprissing an anticoagul ant

i nfusion punp, . operative tQ infuse said blood wth an
44 | ChRguReR ok agh Ao g g e e R is A hthnd
wher etHamBet iofkr@in& oGRAgAh adid WRafMgRNit aipsedbtaepanddiemdaturdhe
system of claim53, further conprising a glucose punp
er afyl V. i ' ; ' ; | 4 HGpse.
3@: ?Il"#ée Sgsygén?%flr%ﬁ%w% IWa?ll?llrenﬁ!lg‘?131,H EE%/\cggugéedi0%?1 E?él?g%%%ie?cul ation
Ci r cusxchangarppirsizs toameinsaiy spichaltraftlirate g @paadptoening temperature.
oxygenate said ultrafiltrate. W 2005/ 107928
RET! UB2Q0R4HOGRAS 53, 3heR. saill iRirsilftiod Dirdilt cOmprises odactive -
wherein Said recircul atii on %i r cui c?n%i %gstozfsh.gati ng
c hanbeFriggsepainaecye srls PREFENS CATE AT BFTT T 48%t a
pr edefigsii-ned tenperature. 67. The systemof claim
53, wherein said recirculation circuit conprises a

at exchanger.. o ' YR ] :a} :

Cr 2P S PR 5 Brkook BB, Lhifhbiebihon pumo gpersiye to
syst einfusé said wiefith e, withaarenoterselpaedrte eiherag e eBYtycat saif petive
conpr%eﬁgs an active «cartridge containing active cells
operative to effectuate a treatnent of said
ultrafiltrate, 69. The systemof claim 62, fgrtgler
F8npr Thsi siigerm ol Bs aYbereRisHd AEY® St ErecFBYoAtTe YLt Juman
i nf usgepmlggtdiﬂatcgmﬁﬂej,trate with a pronoter selected to
enhancé the activity of said active cells. 70. The

R L R e

The system of claim 70, wherein said active cells, are,
tThe CB sysdoh oficlaiye 68, prhereinsald S5pEEEHI0R FITRILEPTRPASS 2 fRETHAten
sai d 586 dhGiR Y QRukle kAl hitra@BRR HrSBE sad 080t ERuildad Atan
punp O@Sratlve to circulate said ultrafiltrate through -
sai d ®eeedBovriet ri dge at a selected flowrate. 73.

The system of clraim 72, wherein said selected flow

173t e Teishdta orethind §2, sdibwin skié sélectad| i ratn mpintgined ibf & s

from 2, QM 3k oM DR faRt Salkndl 1208 GibSEetchr.

74, The system of claim 53, further comprising a filter operative to filter said

ultrafiltrate upstream of said conduit junction.:
75.  The system of claim 74, wherein said filter comprises a hollow fiber filter.

76.  The system of ciaim 74, wherein said filter comprises one or more of a charcoal

filter, an arnmonia trap, and a mechanical filter.
77.  The system of claim 53, further comprising:
a detector operative to detect gaseous contaminants in said blood; and

a mechanical filtration device operative to remove said gaseous contaminants

from said blood circuit.



74. The systemof claim53, further conprising a
filter operative to filter said ultrafiltrate upstream
of said conduit junction. 75.. The system of claim 74,
wherein said filter conprises a hollow fiber filter.
76. The systemof claim 74, wherein said filter

Cooisaedone or nore of a charcoal filter pc@s2005006003
amoni a trap, and a nechanisgal filter. 77. The system

of claim 53, further conprisin er.at i '
7B Gutimrraneielis ob AR Heehlson Gy B Ry ood
mechagk edlyzér obdrhtdde tORodRYsakprapenat i ve to renove said
gaseous contam nants fromsaid blood circuit. WO

2005/ 107928 PCT/ US2005/ 006003 34 78. The system of
claim68, wherein said recirculation circuit further

conprises a blood gas analyzer operative to nonitor
sai d treatnent.



