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detoxi fication system and net hod enpl oyi ng a
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[0003]  Various techniques, such as centrifugation, have been available for washing
blood cells prior to returning them to the patient. In such techniques a centrifuge is used for
separating and washing the red cells in batches. This is a relatively slow process, the

apparatus for performing which can be complex and expensive.

[0004]  Presently used technologies are generally deficient with respect to supporting
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.



[ 0005] Enbodi nents of the present invention overcone
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illustrating the general operation of one enbodi nent

of a met hod BRIEFBESCRIPPIONIOF THE HRAOWINGS
detoxification. [0011] FIG 4B is a sinplified flow

diagramillustrati bﬂ t he general operation of one

(000 ol reie agimplifinditienk dirgremdHvstiaging pag embedimgnteol an
extrz{cﬁ{ﬂ;@al flt&Gtion ah&d o§1'fgglodnf dﬂ ed P! ock di agram

ustrati ng anot her nment of a recirculation
circuit. [0013] FIG 6 is a sinplified flow diagram
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recirgalatigrogiriitanpl e, the C3A cell line) having utility in
t herapeutic applications and detoxification processes.

[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 extracorporeal filtration and detoxification.



[0016] The term "blood circuit” refers to a circuit of
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[0020] The term “intracapillary space” (ICS) refers to space inside the hollow fibers of
active cartridges or an ultrafiltrate 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 reservoir, an oxygenator, and one or more active cartridges.

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



filtered across the sem -perneabl e nenbrane of an
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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, a recirculation circuit 50, and can optionally include other
detoxification devices. In the exemplary FIG. 1 implementation, system 10 embodies a
continuous therapy device generally 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 lumen catheter. for instance. or the equivalent thereof.



by conduit or fluid line 42, for exanple) by an
ultrafiltrate punp 22 for redirection through
WO e@snekati on circuit 50. Fol | owi ng treat nent PETIUS2005/006003

recirculation circuit 50, U nmay be reconbined with
cel lul ar conponents for reintroduction to the patient.
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appreciate that the constitution of blood control unit 20 is susceptible of alterations and

alternative embodiments. Additionally, a detoxification cartridge (or cartridges), may be

placed in various places within the blood and ultrafiltrate circuits.

[0031] Inan exemplary embodiment, blood control unit 20 may comprise two pumps
(blood pump 21 and UF pump 22) as noted above. Blood pump 21 may enable circulation
of a patient’s whole blood through UFG 40 and facilitate return of cellular blood
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



[0032] As set forth above, heparin infusion punp 30
may provide heparin or a simlar anticoagul ati on agent
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| only; ILEsRECHYE 81 e tyns A P4MPYIZAPBRrABIS &R anGPFESV\P‘I“EPSQW Hemay

dehv@phﬁidrh@g prdd@ler@iRARbAstardt Eé’cEn f@i*'é Dip18 9\5{ 4 a%cefliy%\%ustable
rate or pressure sensors di'stributed at vafious

rate. | lnsameemboidimentss fori ingtandespwogissiOeandi i thyy esmsreste shivatileisensors

b 0033 An enpl enbodi ment .shown, by Fl 2
or sepSorrihuet Piotord. Ang HL Slet i ENey CRSERIIE &7 SocBBYe M sersor
outp@@idabhitél sighatierb @afusEisP katéLdramitAI19 % s Welidcti®s of overall flow rate
variances or perturbatjons in fluid pressures

throughrtdeshenitrot wait 2Qiprdwgcisguation ccuis I5@dﬁsnﬁsﬁv¢lbl Insﬂmatxomsoof
[ 0 [ u A flow

over@él ﬁb\?\{ Crgt!rgqllul (g)tﬁbécf s txlcu){ls (‘)%/ frgélu V&F gnqw%e m%%( RE
pressun¢lsengde dlsiﬂllﬁmecSitrvaﬁﬁms lﬁadth)nﬂ irehe ldfreulfsfsaﬁﬁﬁhtﬁiﬁ'y ak Bet!fbigh
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or sheathed by a respective transducer protector as is generally known in the art. Additional

pressure sensors may be located throughout the circuit to measure and control the fluid flow

paths.

[0034]  Blood withdrawal pressure may be measured as indicated at point BW. The -
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 component to the blood pump, and any fluctuations or variations

thereof. Blood return pressure may be measured as indicated at point BR. As shown by



pressure of the next distal conponent to the bl ood
punp, and any fluctuations or variations thereof.
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poi nt BR As shown byi mediately proxinmal as well as

the fluid pressure of the i nfl ow of whol e bl ood back
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(e.g. downstream of UF punp 22 as depicted in FIG 2),
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flowto a patient; in this |rrpl ementati on, upstream
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centrifugation can be used.
implementations may realize increased efficiency or efficacy where UFG 40 is primed
before use; in that regard, a priming solution (such as saline, for example) may be provided
to UFG 40 either before, in conjunction with, or after installation into system 10.
Alternative methods can be used for plasma separation, if desired. For example,

centrifugation can be used.

[0038]  Asillustrated in FIG. 2, UFG 40 may be implemented as an independent system
component, i.e. distinct or physically separated from blood control unit 20; in the exemplary
embodiment, independent 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



[0038] As illustrated in FIG 2, UFG 40 may be

i npl emented as an i ndependent system conponent, i.e.
wale@sitomes or physical ly separated from bl ood ceet/Lst005/006003

unit 20; in the exenplary ehbodi nent, independent

mai nt enance, repair, or substituti on of bl ood control

ni.t 20, UEFG 40, . or- itu rts_thereof, for
may R o FRPratEh ot o RSl LI WEOH GO UEA20: hisentiodumpent may
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control uni I's enbodi ment nmay provi
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t hrough_ cartridges .e 0 t and
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impleMented ht SFSIR S bé Edniptded tb BllEWad reRbVPALIY Seplacement with
enbodi nent, holl'ow fiber filter cartridges inplenented

respegt ta Jaod gontea} ubi 28onfi gured to al | ow easy removal and
replacenent with respect to bI ood control unit 20.
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locaRénsSE bRfdRentrOGRTH ) 8nd Snd¥raRste a0MELR aHrHeEec%Q%nﬁ{] diso be
one or nore additional air detectors may al so
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remdRYunbRnediRassoas cérﬁaxﬁﬁﬁﬁéﬁe LoaReathbod AS@M) Sne or more of such
contam nation. In sone enbodi nents, one or nore of

filtratign ﬁYSft¢m§ Py ibg selgqtivebhepenatiy e iespersive toj aunuf figgeeng oryaore air
dete 81$sp ﬁl)‘? Vv\ﬂﬂ epr%regé'n?moﬁ%? She Hp{h% h"éq'd'wag?e flz%eshct;e% dmitted for

CCO e resenta 1 oNn
clarihg Ilthﬂi_rtE dppﬁécia%lrthalﬂfhé tnederft disclobwe icbytembplatesidetectién and removal

a eci ated t nt di scl osure contenpl at es
of ai Eﬁieﬁpwsmtﬂuéhlﬁ% pighe Bidicatent Rafticylagy Lier BrapKEnoys
accebd ®Thd Paticht.ui di ¢ system particularly at or near
' venous access to the patient. [0040] FIG 3 is a

inplified block diagramillustrating one enbodi nent
[0048} aFled sausimplifted Wpekedingraml iHustiaingE b® eBbedihedt ofent |,
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glucbse. lﬁfusemUFeﬁitﬁak relard napld erdnnﬁﬂq;edlpvmzt(h eQln#eaea UF) nday be
sim | ar substance from glucose punp 51 through a valve

infused Hhelyoase pr 8 singlas spbsanselioByglnease prmpditbrouph p ypive gssembly
61 of Bthblnﬂsf %‘H’ééfdn%v% ﬁ)hgrofo'," bf RYffuhObrd WER introduction into

recircu Ci rcul
recirculation circuit 50.

[0041]  As noted above with reference to valve assembly 24, valve assembly 61 may
permit only unidirectional fluid flow (i.e. from pump 51 to the UF line) such that pressure
fluctuations do not draw UF from the line and into pump 51. As set forth above with
reference to FIG. 2, valve assembly 61 may be selectively or dynamically activated
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



[0041] As noted above with reference to val ve assenbly
24, valve assenbly 6 1 may permt only unidirectional
wo baosdoforow (i.e. frompunp 5 1 to the UF | i nepCBUSI005/006003
that pressure fluctuations 9o not draw UF fromthe
line and into punp 51. As set forth above with
eference to FIG, 2, valve assenbly 6 1 may be . )
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switgdpdce. Additionally, recirculation circuit 50 may

i ncl ude one or nore additional filters 56 interposed
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may generally serve as a ding tank. or contai ner,

storing sufficient UF to account for any di fference in
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[ 0044] ReC| rcul ati on_punp 53 nay be enbodie

In opseatiogs epcirpdlatiomprar ehMmay deixe ettt A dmwine Wit e reservoir 52,
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UF pumping system COBE CV Stockert SIII can be used.

[0045] Oxygenator 54 may comprise, or be embodied in, any of various membrane
oxygenators generally known in the art or other types of oxygenators developed and
operative in accordance with known principles. In operation, oxygenator 54 may provide
oxygen for utilization in the detoxification or therapeutic process executing in active
cartridges 55. Accordingly, the type, nature, and operational characteristics of oxygenator

54 may be selected as a function of the type and quantity of active cells (such as C3A cells,



In operation, recirculation punp 53 may drive circuit
50, drawing UF fromreservoir 52, circulating the UF
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ers e
herein, an exemplary embodiment of system 10 and recirculation circuit 50 incorporates

=

C3A cells, though other alternatives exist, depending upon, inter alia, the desired utility of

system 10 and the nature of the contaminant sought to be removed or treated.

[0048] In some embodiments, hollow fiber active cartridges 55 may have a nominal
molecular weight cut-off of greater than 70,000 Daltons, for example, allowing middle
molecular weight molecules such as albumin to cross the membrane. Macromolecules
produced by the C3A or other active cells may be able to diffuse into the UF circulating
through the ICS; similarly, albumin-carrying toxins are able to diffuse from the ICS to the



sem - per neabl e nenbrane. Surrounding these fibers, in
the ECS, one or nore types of active cells may be
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UF circul ates through the INCS. The character,
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cells facilitating treatnment in active cartridges 55
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circuit 50 is enployed. As set forth herein, an
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[0052]  In operation of recirculation circuit 50 in conjunction with system 10, UF may be
circulated through a series of active cartridges 55 comprising, in some embodiments, C3A
cells or other active cells operative to effectuate one or more selected therapeutic
treatments. Within active cartridges 55, the UF passes through thg ICS of a bundle of
hollow fibers, each comprising a semi-permeable membrane. The C3A or other active cells

may be disposed in the ECS of active cartridges 55. The semi-permeable membrane fibers



nore additional filters 56 or filter series prior to
reintroduction to the blood circuit. In sone
wenwsdomvets, three in-line (i.e. arranged i n BET/USRYP5/006003
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[0055]  Recirculation circuit 50 may further comprise various other components as
indicated in FIG. 3. Valve assemblies 62 and 65, for example, may prevent back-flow and
provide regulated flow rates on the suction side and the pressure side, respectively, of
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



Culture Collection (ATCC). Hep&, the parent cel
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the S‘elbbteﬁ&hdiﬁ;ﬁﬁ aﬂ&@rdlﬂglgﬂ the Ginrftkibial cREvaEteARAR O efh component may be
repl acenent of various conponents such as
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cartridges 55, in particular, may be facilitated by

0SBy i, SHSURESL RUEL Dt R il
therapsutiepiocessesis |t1ntcBlraun| iDiafaot(TM) GRRTB machine noted above, which may
provide sufficient flexibility to satisfy various system requirements with respect to blood
control unit 20. In some embodiments, for example, blood pump 21 may be configured and
operative to circulate blood from the patient through UFG 40 and back to the patient at a
flow rate of approximately 200 mL/min during therapy, whereas UF pump 22 may deliver
UF from UFG 40 to recirculation circuit 50 at a flow rate of approximately 20 mL/min
during therapy. Treated UF may be recombined with whole blood for return to the patient

at a similar 20 mL/min rate.



enbodi nents, a qui ck-di sconnect coupling at both the
upstream and downstream si des of active cartridges 55
woraysfieaoes i t at e mai nt enance and significantly PCT/US2005/006003
contribute to systemflexib#lity. Wiere active
cartridges 55 may quickly and easily be i solated from
ddi.t i. gnal repl acement

ci rcul n circuit.50,
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t herapeutic processes is Dirapact (T
and eanttiel plectnertiesd fartsaamplewhi ch may provi de suffi ci ent
flexibility to satlsfy vari ous systemrequirenents
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patient through UFG 40 and back to the patient at a
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appfsﬂmaieﬁif Rl S e Polkis in g*teeéfﬁ%M] be agpiggjmately 130
mL.forth above, a continuous heparin infusion (provided
by heparin infusion punp 30) may be used to provide
parin or another suitable anticoagul ati on agent to
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oA, bR AR LD SN o

infusiay cdleulated tspdviale adequatesglacuse teves to teaellheithinotive cartridges
ci.rc di atel y downstream of the bl ood pu .
>3 dpﬂ%ﬂﬁapx?gge shcesame bs nbiset pirayonSRRYTAIEH {he Uiline upstream
of the Qghx%hﬁﬁj with rgdn(é‘élatﬂm %HgmeO gsolhdﬁﬁt%m fIG4.n zﬁlﬁrge for example.
enbodi nent's, the degree of anticoagul ation nmay be
OnCﬂﬂnrap(yrbegmw | SildnltﬁCpbtailgmtthm nMrdettadmne the glucose infusion rate
which, as set forth in detail above, may be modified dynamically, facilitated by appropriate

sensors, actuators, and control electronics, for example.

[0062]  The Watson Marlow peristaltic pump mentioned above may be implemented as
recirculation pump 53, providing constant UF flow from reservoir 52, through oxygenator
54 and the active cartridges 55, and back to reservoir 52. The pump may provide a flow
rate sufficient to supply adequate nutrients and oxygenation to sustain the cells in active

cartridges 55; in the case of the system parameters noted above, this flow rate may be



Thronbopl astin Tinmes (PTTs) drawn at regul ar
intervals. Once therapy begins, a sliding scale
w@bk@snoksn nay determ ne the heparin dosing anBCT/US2005/006003
i nfusion rate which, as setisforth in detail above, nay
be rmdi fied dynamcally, facilitated by appropriate
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Into the UF |line upstream of the connection wt

recirculation circuit 50 as indicated in FIGS.

[0064] 1 Bluriag anpRtion e srehadiyeniesing C34 aslly ﬁqrﬁ@agn;llt,éhe C3A
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wallslgfitheihoHoWw Yfibefsa aiehibkateg@drddyizemnpy b@ﬁdlﬁttﬁi sieh Shiut She possibility of

a ors, and control_electronics, for exanp
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provi di ng const ant romreservoi
examplygenpledin Setieanef Q. 4fepmdVhateman Rotycapl FE€sinShe calt dﬁltbmakay be

2. .The na rqvi de.a fl ow rat
plck it FE B2 e, o BRI R RS e B
recofie Kkathi tRE vérduS Wethml dirchR e TRELLA fiuid PSlliiné Pef Al Thaloss
55; in the case of the system paraneters noted abdve,

approximtgly dvmlat e may beapproxi mately 2 L/min of UF flow.
Accordingly, any punp capable of providing such a flow
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mor&duxibary hetteriesior lomeednmterﬂupnblb Ipeweenmphed iy bmpltbivfded lat various

oi nt _upstream ctlve artri es 55 to assure
locaﬁmam gmt?rpcl el eas@wgqqo asuitable %ack-up g:ﬂtery system comprlilses a Clary

& ONEAC 1300, which may provide an uninterruptible power supply for approximately 40
minutes to all system components (such as pumps 21, 22, 30, 51, and 53, for example)
during operation. Additionally or alternatively, each powered component of system 10 may

be provided with a respective uninterruptible power supply.

[0066]  System 10 generally comprises segments of tubing or conduits that make up the
blood circuit and recirculation circuit 50. In addition to tubing or other suitable conduits, as
noted above, collection bags or reservoirs 64,63 may be incorporated into the circuits to

collect priming and shipping solutions prior to patient use, for example, or to facilitate



provided to the active cells during therapy. In
accordance wth sonme enbodi nents, total fluid volune
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wi Il be appreciated that anégas flow neters (not
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sufficient oxygenation to sustaih the therapeutically
active cells maintained in active cartridges 55.
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that S&1RMr)tonpBRERS oS8 eIl SEpRERE kﬁfoi{i%gﬁFG&ﬁﬁmWQ@Feﬁrﬁed to the

~of tubing or conduits that make up bl ood circuit
patigghfor example (tropgintheiveaenstacems of thealguble ilemen eathatei degeried
ol her suitable conduits, as noted above, collection
bags or reservoirs 64,63 may be incorporated into the
circuits to collect primng and shippi ng sol utions
[0068t i oCircolaping betreatingdJF indepemdentiy of thocellutar components of whole

f.acili erecj rcul ati circuit 50 may generally be
bloog JFloek A EDEREN b SEREH e TeRITEHoRALR b Fedlstaied and
descHBE N SURBwIR rdtERHES® FEN UL Sarii1E2RERinoQIF as contemplated at

therapeutic or clinical use.
block 413 generally comprises circulating the UF through one or more active cartridges

abo

containing or comprising C3A or other active cells in the ECS of a hollow fiber filter.

[0070] Recombining treated UF and the cellular components of whole blood as indicated
at block 414 may utilize or involve a simple valve assembly or fluid conduit junction, for
example. The recombining operation at block 414 generally represents the reintroduction of
treated UF from recirculation circuit 50 to the blood circuit coursing through blood control

unit 20 substantially as illustrated and described above with reference to FIGS. 1-3. In



[0067] FIG 4A is a sinplified flow diagram
illustrating the general operation of one enbodi nent
w@booa/1owehod of extracorporeal filtration and PCT/US2005/006003
det oxi fication. The procesdes depicted in FIG 4A may
be facilitated by the various conponents, or
agrgropri ate caonbi pati.ons thereo[l, illustrated in FIGS.
rate gOrgped as ¢ fynctian pithe desieedpata abwhichpyholebloed isapturned to the
patidgt! tration and detoxification of blood may begin by
draw ng blood froma patient as indicated at bl ock 4
11. Bl ood may be drawn using various apparatus or :
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1 WMiud Ry t he sem - perneabl e menbrane of UFG 40
remby gﬁ%edi cat ed U?: punp 22. Though not specifically

illustrated in FIG 4A, it will be appreciated from
[0072he FHoebisrginpkited 80w nliagram diustrating the gensfralFipERtiot o§one

t | ul t t he, whol e bl god j
e 4 e 5 ERADE e e PRl BAARA TR 1 are
related e@peationluTeetgitulakion ¢ROGLSD, FGCRampRy afnd'accoriid1g nlaymen

cat heter descri bed above. [006'91; Crculating or

facilitpigd by e arionmaepansats PRApronrist combinatians thsmebrilingteted in

FIGY, mgdil‘l?ga@b%? gcc%p&aﬂggwﬁﬁq%e P& 4 emétﬁ&i %éntgf"&lﬁlg‘eﬁyes% the
recirculation circurt such as’illustrated a

operdesrcdéptiateld atrblakekt 4i3l of HIGh4Aef erence to FIG 3. In
particular, treating UF as contenpl ated at bl ock 413

| [ ' | ati he UF.t h
100735 & it i o, B EOE R ote 26 AT 1 kA may
repr&ehdn Rpédt b€ 8]€1ﬁlrdtﬁlgiUWF,ts_ti&1 SR UFe 40 lrbaWaf té@rclccordinglly, the

filter. [0070] Recombining treated UF and the cellul
dravdagrpparetitansofdrlockid? lenay asaibeigssogiated atithdhasepbratiog opdration of
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clarigpgidaho@nglatesf)l ock 414 generally represents the
rei ntroduction of treated UF fromrecircul ati on

[007%“1;: hygflovgi%gtu trg 1 terat?(lnoa%dde(s:clzrlrb%g Ia%)o&e?%rli‘sr{lgygbé phregllilegdhorbalnggged for
leaks. Specifically, a blood leak detector 23 (FIG. 2) may be located within the UF line
downstream of UFG 40. 'Checking for leaks as indicated at block 422 and decision block
431 generally comprises analyzing the composition of UF downstream of UFG 40 and
identifying whole or hemolyzed blood present in the UF fluid. As set forth above, the
presence of such whole blood or other cellular constituents in the UF may indicate a need to
replace, clean, or otherwise to maintain (block 432) the hollow fiber cartridge implemented
at UFG 40.

[00751 Untreated UF input to recirculation circuit 50 mav be provided to reservoir 52 as



unit 20 substantially as illustrated and descri bed

above with reference to FIGS. 1-3. Inrate conputed as
wa@2doaneeon of the desired rate at whi ch whol ep@/oezm0$/806003
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and opher s\steanparhmetess. enbodi nent of a met hod of treating
ultrafiltrate. The processes depicted in FIG 4B are
| ated.. t eration of reciyculation circuit 50
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operati on de bl.ock 13 of FIG A4A
reseh iy refies by e i FIG T L Sngider, A dugtnce, Rmige g block 441
mayafech oz 3 pbvatindUP Gk redéd offBY ai BRCRISANt VaRe %§§éﬁﬁ>‘lle§fqulck-
generating UF, such as with UFG 40, for exanple

discapniest eaualings, colipstion hagsner @herranparais éhattling grinzez EOH@ylon at block
427 gr} g%k lefgt?\?e?f P%é%&l Hﬁe&%&lﬁ?ornocg{g:gg %glt %lfm?ﬁi roﬁtfli Bl 2 S‘partlcular
arrangl;emdndeldrelamvE bffentdttorf eff slyltthﬂl cbaip@lnafts ?Aleédrﬂﬁ/lg@[]dle operations at
blockdde g BIPch RS ey O ijeatsd eiBlokuen Byiha iy empogiment,
depén%ﬁl@éupo§@ﬁ§ﬁ1ﬁh&? lahy rel?tlvk%llQ&@iotx@@iksygl‘é onérits gé: %S&cl‘%s pump

ocated within the UF ['1 ne"downstream o
53, db@ge@ﬁ@dé agd ddivelcadiidgeass) rediicimgeuingng.bl ock 422 and
deci sion bl ock 431 generally conpri ses anal yzi ng the

[Oﬂmglpgﬁ}olinl }2 Qngfxglzé %tgg Oac ?gsaglf ttreaﬁdﬂéggf%ﬁg 4?& e{}t no arggects of
the G@8/geidtiohprafesy@.g. pleesudé,gaaie pregfursdiid cobpositibh Qﬂﬁ’nyoaﬁr/ gas

other_cellular constituents In the UF may indicate a
mixWgs dnfpgjon rates, and the like) at block 425 may be influeniced by the quantity,

density, nature, and functionality of the active cells (such as C3A cells, for example)
maintained in the active cartridges and executing the treatment process at block 426. In that
regard, treating or detoxifying UF may generally occur in active cartridges at block 426. As
set forth in detail above, the operational characteristics and specific chemical, biological,
and other processes associated with block 426 may be influenced by the intended overall
operation of system 10 (i.e. the type of treatment required), and may be selectively adjusted,
controlled,' or otherwise manipulated in accordance with the specific hardware components

implemented in recirculation circuit 50.

[0078]  Treated UF may be returned to reservoir 52 as indicated at block 428 and



repl ace, clean, or otherwise to maintain (bl ock 432)
the hollow fiber cartridge inplenented at UFG 40.
wQ 0@Ead79emt reated UF i nout to recircul ati on ci PCTUB2088006003
mav be nrovided to reservoilp 2 aVor other nutrients,
heparin or other anticoagul ation agents or ot her
fluids
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l e
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all of fh%%ﬁ@?ﬁhalﬁ&%ﬁ& e s%lhcﬁhﬁ Q)k éréa'guodapcﬁatﬁfc&eﬂsﬁgégeq f(l)rth above. In

treating or detoxif y generally occur
partigelar, \mtluasnelct td@dé}saﬁ ahxﬂ é,did(eétﬁﬁrenés numerals generally represent like,
similar, or equivalent components embodying the foregoing attributes as well as additional

features or aspects set forth below.

[0081] For example, with respect to components illustrated in FIG. 5 as well as the
system 10 with which the FIG. S recirculation circuit 50 is employed, blood control unit 20,
pumps 30 and 51, additional filters 56, and UFG 40, as well as valve assemblies 61 and 24,
for example, may generally correspond to those previously described, and may operate

substantially as set forth in detail above. As before, if desired, the locations of oxygenator



set forth in detail above, the operational
characteristics and specific chem cal, biological, and

w@tdenopecesses associ ated with bl ock 426 mayP@BUS2005/006003
i nfluenced by the intended2overal |l operation of system
10 (i.e. the type of treatnment required), and may be
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[0084] At the input to the FIG. 5 recirculation circuit 50, a detoxification device 59 may
be implemented in the UF line upstream of glucose infusion pump 51. It will be appreciated
that detoxification device 59 may be located elsewhere in recirculation circuit 50,
depending, for example, upon the desired operational flow rate of UF through recirculation
pump 53, the type and quantity of active therapeutic cells utilized in active cartridges 535,
and other factors. In some embodiments, detoxification device 59 may be situated in the

return line, i.e. interposed between filters 79 and the junction with the blood circuit. For
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all of the functionality and the structural or

operational characteristics set forth above. In
w@arositeekar, with respect to FIGS. 3 and 5, | iR€T/US2005/006003

reference nuneral s general 2y represent |ike, simlar,

or equi val ent conponents enbodyi ng the foregoing
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enpl %yed, bl ood control unit 20, punps 30 and 51,
[0085di Riegarueir 62 dessribedapovanthueterenge taElGvs mapbe sugmented by or
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before, if desired, the |qcations of oxygenator[0082]
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abovarrangemant. In particular, UFG 40 may incorporate or
@On'pri se synthetic fibers (such as polysul fone, for
exanpl e, or an equival ent thereof) having increased

[0086F b AR tHREFITE 3 Rifboliment, RBSEId. i shetiscul@ionfceiilt 50 &taS include one
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or MQrHRIHNIE TRIETYHE o3P patsento Rf rearaulstinnaumm?3 teairgride sgitable

. . C t . .
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treatefehisc iSémilardy, mneonmioractdleetiorf bapsot Feserbios 64 hlag @e11éw ptiliing
flui UE. In sPrre odinents, this efficient _al bumn
uid, forfxpripleapr oy oy Srayore semppnants of rgeiecaiasion girgwit 59 o by flushed
for idiRdMidtecavai l abl e for transfer to the therapeutic
cells in active cartridges 55. Many toxins are known
to bind to albumn, and UFG 40 nodified to conprise
[0083b| y dxsInpoindeabpy ey gecircriagion pnmip 53 anayi bgteemon- @Eenarked peristaltic or

ot 0 Pl 555 SRR o) B B B R ov e

littlesorgiol dvies prebsuaizativti ar(d, esBequatly, 1BRrriskoRBRlsEubify) Witheht
]_BJ bri nogen (havi ng an approxi mate nol ecul ar wei ght of
SaCTHICMERSOUIRRY PITSy Of epeprtiony Am dabragard. aldeess hretheE-marked

: I Qe t E. .
con A, o RO R P8 Sl e ol BERIPLYTY
(Revohutton);dipeema M dicab (Sarhs Gentiifugalt SctenQoap] Meditokie (BoeRump).
0083]. In.addition to. conpatibilit ith i oved UFG
Eacth B tork Poifi P e RiP PR i 201t e k- st BB LGS p gt
magB®RGIY céuéPpdhpheadt Ne FIG 5 recirculation circuit 50
may provide or incorporate sonme or all of the

follow ng refinements: superior hollow fiber cartridge
[0088]  On the pressure side (i.e. downstream) of recirculation pump 53, the FIG. 5

arrangement incorporates a heat exchanger 71 operative in conjunction with oxygenator 54.
In some embodiments, a heater unit 72, such as a water bath and Extracorporeal Membrane
Oxygenation (ECMO) heater apparatus, for example, may be coupled to heat exchanger 71,
enabling or facilitaﬁng recirculation circuit 50 to maintain temperatures of the UF in active
cartridges 55 at or near 37°C. Accordingly, oxygenator 54, heat exchanger 71, and heater

unit 72 may generally replace heating chamber 59 implemented in the FIG. 3 configuration.



materials and nore appropriate fiber porosity;
utilization of Community of Europe (CE) marked
wa@oeowpsanmet s; data acqui sition, consolidation, BCDUSZHE;/006003
and reporting, as well as r2al tinme or near real-tine
di splay of active cartridge netabolic dat a; reduced
ris ontam’nat| dur,in initialization;
Vaﬂsb%ﬁcgfi(? 5?&5@&@%08? g%leglﬂa %&FE‘&%F@ pse. ar%\ﬁlarealﬂwglable from
Cm&ﬁrfa'ﬂ%u%@erg'ah& ey S’i@ﬁl‘ B#leRhhpR and design. [0084]
the input to the FIG 5reC|rculat|on circuit 50, a
det oxi fication device 59 may be inplenented in the UF
[0089] ne Aﬁﬁétqnelémbrrs ngted ¢l énsuletin imsy spstain BH in retirguilationtmrcuit 50
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tubing, i coRduits BetYeen OxyEeRAkern iﬁ@@ﬁéﬂ%@ymdseggﬁ g watluas elsewhere in
Iemkﬂbﬁgﬁbygnpgjtrldges 55, and other factors. In sone
nbodi ments, detoxification device 59 may be situated
|n the return line, i.e. interposed between filters 79
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54. TE 28K AGPbEhedBN-gadd §afs)ble$1)d§1t %ﬁ?ﬁ%&v[&%ﬂﬂﬁﬁaneﬁ&o&ﬂrol of both
Reservoir 52 descri bed above with reference to
the tﬁﬁ@/g%ﬁeﬂ% giwall agithgyperentagp pheswenor RiQuake. ithe Qmen concentratlon

mayﬁéfs?fé %bgc!ljl.q’ste(?toaﬂ' 5&&%& L&anlt\lflttﬁﬂ?l%eo{ap%ﬁ? %c?tj nglg(s)Wl dere’;3 By

way©fepamysle, areippraved snddivdl-perda gaolslender Zsecwlfenbﬁ‘hv&ﬁﬁblecfr&n Sechrist
and 0.2 mm (to capture nitrobacteria, for exanple),
Ind“émsrmy provide a fluid volume of UF sinilar to that
of reservoir 52 (e.g. approximately 200 ni),
[0093§ C oWl R hérd tPdatRhd Wit MHdfah& 881 drtlor bW BiEBlood gas
between the blood citcuit and récirculation circuit §o
analm%erissM arf(b’r’i may beweple(nenigd ppsircaimortdoavnsir@m @r both) of cartridge

teFIGS irculation.circuit. y
ctusf 3P WERRE o S sl TAv R gr b e B imag i  een and
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fluid or combinations of fluids prior to initiation of
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for maintenance. [0087] As noted abqve, reci rcul ation
Such e B DL OO R B B PR Fnt e FIG.

arrangement, i.e. multiple in-line analyzers 74, 75. Alternatively, a single in-line analyzer

with two sets of flow-through probe chambers may be used. By way of example, one
approved analyzer system which satisfies the requirements of recirculation circuit 50 is a

CDI 500 apparatus available from Terumo Medical.

[0092] In the FIG. 5 arrangement, an input or infusion port 76 may be provided
downstream of active cartridge cluster 55; alternatively, port may be located upstream of
active cartridges 55, or even upstream of oxygenator 54, for example, depending upon the

purpose and functional characteristics of the substance to be infused into the UF. In that



(roller) punp. Alternatively, a centrifugal punp may
provide a safer recirculation flow (i.e. little or no
W@@sApmessuri zati on and, consequently, |ess rPGRUSL005/006003
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Laboratories, for example.

[0095]  As noted above, a detoxification device 59 may be positioned or located in a
similar position as additional filters 56. Ia that regard, additional filters 56 may comprise or
incorporate one or more detoxification devices 59, ammonia traps, or similar mechanical or
chemical filtration devices generally known in the art or developed and operative in

accordance with known principles.

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



[0091] Wth respect to data acquisition and anal ysis,

one or nore in-line blood gas anal yzers 74 and 75 may
wheoosrwloesrent ed upstream or downstream (or bot PQT/082005/006003

cartridge cluster 55. Wiere4two gas anal yzers 74,75

are arranged as illustrated in FIG 5, oxygen and pH

and Epripef it e eerdiped et ied 208 TR PR RS set-up

mayHRasdlceEAL %ﬂ@lfthé bﬁﬂ @Féﬁi%ﬂﬁn&@'aktlfléj&ﬁ'fddggs YRy b i3§ndled or
during theraé&1 les drawn from systé&m 10 ng
cluS@mﬁﬁag@blervwrt s;ngle |qur¢& -digconrscbore hoth thmupstmmnd slohmsth:am

sidel B AT U Tack BRIRER W e R et BB i

conpari sons may be made in real-tine using the FIG 5

(00941 r aRi@N®ita simpkfied oW diplgeant iusiratthgthe pyreesl ﬁ)&qltloﬂ of another
Iterng\ﬁlvely, a single in-line analyzer with two sets

embgdintent,gh & MEbagIet prigsernoreakfraionapd é%towgwxorsymﬁayo@sses
I

AepiEARPERS, PR ARG YR AA o A LciRUBLEH HALE 2 Bhtuble B

accobdiogly e bet fasilitasad byathle ezatfwusmoilfmbnerm \de dprapriatk 6@ Binations

e T N NN 8 2
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eraf e treat ment
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and thﬁr@tl%hhéé@ ThE Bﬁérﬁ@&ﬁ é@cteﬁ%@b&?@él%ﬁl@'ﬁ a1 as at decision

chemcal conposition of such pronoters or I nducers nay
block &3 Lahascgangradly carrespood rtcosurmlfarly hebebedtbilacds @ldiskrated and described

ed i cartridges 55, for exanple. In
abovteha reeg?c8q°$g¢1%]§s pronoters are generally known in

the art and may be operative to enhance the activity

[0099] t MéittegRsence nod fobot PIUS3E aha 6f etrdatdd UB it to\/@cuculatlon
artrldge chkuster 55, fibers % be synthetic, such

circyihal) way he provisted te hellew figeriiiters améwetedm block613. Infusion of
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recirculation circuit 50 of FIG. 5; methods and locations of fluid infusion such as
represented at block 614 may depend upon the type and quantity of fluid to be infused, the
nature and requirements of the active cells maintained in active cartridges, overall flow rate

of UF through the circuit, and other system parameters.

[0100]  Similarly, introduction of primer solution (not shown in FIG. 6) and the
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 |

~. ~a . . . . - —_——— - - an -



of the active cartridges 55. As indicated in FIG 5,
active cartridges 55 may conprise a cluster of filters
wa@eooangoes ei ther in parallel or in series. [008di/UI1e5/006003
additional filters 56 descrfbed above with reference
to FIG 3 (i.e. in-line capsule type filters having a
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gasebﬁ@inpﬁﬁﬂ%ﬁ:@ordﬁii‘é'vl}ltlpié?écteﬁi' oh&ifidnde JFIM &GS TR on? Easod'lender 73,

i ncor porate one or nore detoxification devices
and geeRcw ik ceunction veithhdating biFclsing heat exshangee i amd an ECMO

deV| ces generally known in the art or
heat(%lj%}%?ope and operative in accordance with known

principles. [0096] The FIG 5 design nay reduce the
[0102}i b Areatihig Dedetorifing UF may ge@ratiyicisg dttivdangidges at block 616.

T e e
and Bﬁﬁ@r ﬁo&sgeseﬂlts&fi‘dtéﬂa% h bRk i6Y6 n?a‘?/rbte hﬂ%ﬁe@%@on@%ther factors:

bundl ed or clustered together,
promfuens lor dinlsmoers éptucedh uilmtehlrtlﬁ&tlmmtcuﬂ a0y the dntdnxvardsdveaﬂmperanon

tlve ar ri ster 55 may facilitate
of sttt 70 i B ol Bosb et emkredy b eraionsl piragiaiees &f siem
compbrivats sutcleds fdcﬂ%l%&gélﬁﬁﬁ 53 |aﬂ§%6 ?thlf‘ gfﬁelf‘zﬁ)eGﬁ@ﬁfo@Esses at block
operatl on of anot her odi ment of a meth

616 gay bg seleptbrebnadinsted, :catltmih:da@rcpﬂmwmmammlatcd m Faeerdance with
the %F&ﬁ@ﬁl‘?ﬁ/agee?dnt%o%gnfs nmE eﬁenéfiar( fechis gul londmigccﬁ)lgos%er ation

arecircu ion Cir
accordingly may be facilitated by the vari ous
[0106]) rrp@lssmt forthabowpwith prferehe: toalhF IGa i recisculdiidhertuit 50, one or

strat.ed FI . Treatin F.in accordance wth
more fsh B uigon, o A Bisisriommerohts By be incpmortiel BBs Jomorihere in-

line BRBU gheshalzeR P40 d4%%rO imPibifentédupstream and downstream of cartridge
cluster 55, for example, an analyzing operation may be executed both prior to and
subsequent to treatment at block 616. In such an embodiment, oxygen and pH differentials
from both the upstream and downstream sides of treatment processing may provide
important measurements of therapeutic cell function over time during therapy. Such
measurements, comparisons, and subsequent data processing operations may have utility
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.



[0098] In that regard, drawi ng UF through a nenbrane

as indicated at block 6 11 may represent an aspect of
w@ensnamesg UF, such as with UFG 40, for exanpP@r/us2005/006003

accordingly, the drawi ng operation of block 6 11 nay

al so be associated with the separating operation of
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FIGs yi§} @ (piauipaorved @l tsy. whpdD&GmBlenadiprany not totthe dudisiemodther

rij.per solution (not sh in FIG .6) d the .
possfifi. 1 i iaphrgies B AElogtie st nasigeaded o brayergesies in any
limi 8EBseiwith e Rbiothe BIREWNRGRerich oF biantSiepfleRENFIBS: 45 Ihd 6.

exanpl e, upon the particul ar systen1congonents
requiring primng. |fupstreamthereof; additionally,
[0103} i ndhe pesertdnyesfionhapbess iluatedapd desceibedin detail ith reference

[ 0y L eci t ' it 5 functi.on of
o iR HED LR BB SHL par G S el o o
skilldy stieeam wilhgppineidts thaf Odribll nMddifidayioRstoaky 8&dabalex@inplary

bl ock 615 and treated at bl ock 616, Various aspects of
embpgimegisate wathinghe srape@ad corsemplafipn efihe prespafrdisclsure. Therefore,
. . o I .
is PGS IR SARAR LRl AN 1908 DAL e apente
claimnf | uenced by the quantity, 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

wovda1eobsect ed conditi ons or paraneters from gesI/uS2005/006003

bl ender 73, and may occur R2h conjunction with heating
UF using heat exchanger 7 1 and an ECMO heat er
apparatus 72. [0102] Treating or detoxifying UF may

WHETT CLAEBS: of) “Zbove, “the operational

L.

»

W

characteristics and specific chem cal, biological, and
Ot e exifa06BRAB (IRAS6R bidd dloXifitdtidal stkod LEmpRYinbe

i nfluenced by, anong other factors: pronoters or
enpgﬂéers induced intg recirculation circuit 50; the
in aying\deqd frompaiatienton of system 10 (i.e. the type
of treatnent required); operational paraneters of

sy : ' ' . B3 and

o L A B Teort EQL A SR AP BB oo

sel ectively adjusted, controlled, or otherw se
maké)itrating seif mitreddioate indepengdently efraidsqpdlular comhenahtwina

{ oA LB E NI IR s iy BBl e sboigre

r echrioagh ai adiveChaftiddd cobthrisiigeictive £8lk dpeiatide R RIcRiatd Péklected
and anal ysi.s.conpqonents may be incorporated in the

f 1 Spatmeng pksaidultiafiliralg;ood gas anal yzers 74 and 75 are

i npl enent ed upstream and downstream of cartridge

¢l Y& REombinirfeQfeafoiaiiAAtrate W1 QRPoREAS hadBY be
exg%t e%l bg% I%qperai or to aﬁd%gggﬁleigélgﬂn?[ to to?daért"it ’%élﬁ at

bl ock 616. In such an enbodi nent, oxygen and pH

di f¢)aewmingwholertdoodesmiprising sajkultrefitratermidgeidrsilnlaacomponents
Si Qf ..t r.eat ment processing nmay provide inportant
negiﬂ]fié)ﬁg%qt‘s of therapeutic cell function over tine

during therapy. Such neasurements, conparisons, and

s ulThe quesindd dfailaa'rrpr,(f@ﬁ}i@!c&@pﬁﬂﬂ% aiidlpAisg TR oRPYSitibh bf édiy
botg %n systen1d|agnost|cs applications as well as in

as GHrafiliraie subseanent for saidgepaighing.hor oughness of treat ment

at block 616. Data can be al so acquired and anal yzed

Wi rihe MRSKIRRICSE AAm' 1, WheFh Sd df %ngéaﬁcpﬂs% fi \
t hr oughout the g&ste§1[0104]aTre ted UF ﬁg;ﬂggs?§§q&ﬁalofa
r etdauble dumen ¢athatengntlivtherein sdid estarnit@ mpirisel wtilizing @asecond

bl 6 cribed.in detail above. Providing
(b?‘g’ﬁi"é‘%ﬁ@%"ﬁ%@@?ﬁ?ﬁ?‘ﬁ&t"%bl ock 618) UF to filters 79
at both ends of a recirculation circuit 50 may all ow

or TheaidtieodofYainelnvanretinedid atwaiig EdrRaides gtikifing @ blood pump
operate at a different flow rate than that ndintai ned

i n OPFfaUYR @darce‘aiﬁec%m blgpd fomythe patisnt, thrpyglean wigrafiltrate generator,

and back to the patient at a selected flow rate.

The method of claim 1, wherein said separating comprises utilizing an ultrafiltrate

generator comprising a hollow fiber filter cartridge.

The method of claim 5, wherein said utilizing comprises drawing said ultrafiltrate

through a semi-permeable membrane of said hollow fiber filter cartridge.

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

approximately 0.2 pm.



[0105] Prior to reconbining treated UF with cellul ar
bl ood conponents at bl ock 414, additional filtering

worgsherseonduct ed at bl ock 619. In sone enbodi PETVIIS2005/006003

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

descri bed above, filtering2at block 619 may include
passi ng UF through one or nore in-line cell filters,

hol l,ow fi ber .cartridges. nia traps, charcoal )

fil Jfl?ser'&?tlhﬂg F A & WRTFRSPY Somirhersisabls membrege G wppre size of
neidppedximheBee$@eh.at bl ock 619 nor returned to the

patient may ‘be recircul ated for additional treatnent

as represented by the | oop from block 618 back up to

bl ot BetBod pHalaim 6,Twkeseinspidsrmi-peimeableanembrang has a nominal

ap | - | jons illustrated in

FI %égﬁél@h:\ﬁé@g{?ug%gfrog{/aggéd@@y‘a \qg{/aﬁé?s‘exanpl e only, and

not to the exclusion of other possibilities. In
parTheouéthod of ¢ieinp6 eskertindaigclrosing eomprisstimplinendag atultrafiltrate
be interpreted in any limted sense with respect to

t hB™er or sequence of events depicted in FIGS. 4B

and 6. [0107] The present invention has been

| | 1 Tt thethedl ofelgingl € Sfarthre@nipris g ifubinisdil biRfaarBNGSE to
particul ar enbodi ments by way of exanple only, and not

by an&igoagmlationiagenti on. Those of skill in the art will
appreciate that various nodifications to the described

con Rra Hof P AZTE s Sl e T i By i gpoose

is intended that the i nvention be considered as
| i ifhegdetbod of dgint hevlsreipaaidftrebting fuphenct@abriseainfisivd¥hid

IS DI1.S: 1. An extracorporeal filtration and.
ot SRFHIFER T e RiorUel oPEBRIF ICriHghce(ths achamiongrig s cells.
froma patient; (b) separating ultrafiltrate fluid

f r orheanéthed af clsidTDoMRRE S sO veaiish RirBBontfilsed bRAh Mg said
said ultrafiltrate i ndependently of said cellular

co6HEHRE in a recirculation circuit, wherein said
treating conprises circulating said ultrafiltrate

t NraGhetRdy BEUANE] i e | thifting sai
oper STeAB BEUFEL AT h S8 RATRLL PR Rk i ige said
ul tultadfilirateat @ preddiermmed tdmperatgret r eat ed ultrafiltrate

and said cellular conponents; and (e) returning whole

bl 0Qd ¢ i Si.n id ultrafiltrat nd said cel] ular )
oI EARE pES, PE athetkin 409 eiird bR sanrises mrmeining said
f undifeemltre@APAPpTbXithadl@By%i.Ng t he conposition of said

The method of claim 1, wherein said active cells are a subclone of the human

hepatoblastoma cell line.
The method of claim 17, wherein said active cells are the C3A cell liﬁe.

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

recombining.

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

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



ultrafiltrate subsequent to said separating. 3. The
nmet hod of claim 1, wherein said drawi ng conprises

waieoositaiongy a first |umen of a doubl e | unen catPet/@s20a51006003

22

23.

24.

25.

26.

27.

28.

29.

wherein said returning conpfises utilizing a second

| umen of said double lunen catheter. 4. The nethod of
clapm1 .wherein said draw ng canprises utilizing a )
bl obtf BEMRd ghelaum | v‘@g"tfsmér‘ﬂdcfg‘i“mlgg%%msp gefectingpndip@oving
patga8edus cohfafiigihiAR shidiwiid blobdt € generator, and back

to the patient at a selected flowrate. 5. The nethod

of claim1, wherein said separating conprises

ut | Thezngtod af elpim &f whereiatsaidgetveting compriseprégsilatipga flow rate of
hol ﬁy\(, ' filter tridge. 6. The nethod of claim

5, % erg‘%)l?%goé’ld&oh}ﬁqaﬁglﬁthg conprises draw ng said
ultrafiltrate through a sem - perneabl e nenbrane of

sai Al spssethpeunfipriserg: fi | ter cartridge. 7. The met hod of
claim®6, wherein said sem -perneabl e nenbrane has a

pore, si z roximately 0,2 mm 8. The nethod of

el S e s SRR S AR
pPorcngjoaent9bf BIBRA:0xi mately 0.1 mm 9. The net hod of
claim6, wherein said sem -perneabl e nenbrane has a
nom nal nol ecul ar wei ght cut-off of about 100, 000

Dal (Phabloodgontrplainikoptpasiag: cl ai m 6, wherein said
drawi ng conprises inplenenting a ultrafiltrate punp.

11. The a”ﬁxtshﬁﬂn bo&hy ; t AR adl L0f using
sai d bl ood thﬁalr)w ante{%%géﬂﬁgﬁi‘%ﬁ fggentp.aﬁéfggthﬁ‘gugﬂ tuid
met hod ofltrefilératn gbnerhtor tand baclotopthé patiegt;iandusi ng sai d

ultrafiltrate with glucose. 13. The nethod of claim1,

wherein said treating further co i ses inpfusing said

't r af |14 sond RO OBt B B LRl et Bomhmlikiacd fheough
acti vi tysamfulﬁaﬁlqa@cgehy@togg{nus. 14. The nethod of claim

1, wherein said treating further conprises oxygenating

said ultrafiltrate, 15. The nmethod of claim1, wherein
sai(@) 3 FesHEYIAYOT YFUHOPCRaEH I t5eas said nHradiltrate indspéndently of said

ul theftfilal L8Rbcheftls. @ Predeterm ned tenperature.

The system of claim 24, wherein said blood control unit further comprises a leak

detector operative to analyze the composition of said ultrafiltrate downstream of said

ultrafiltrate generator.

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

at a predetermined flow rate.

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

filter cartridge.

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

permeable membrane having a predetermined molecular weight cut-off.

The system of claim 28, wherein said semi-permeable membrane has a

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



16. The nethod of claim 14, wherein said treating
further conprises maintaining said ultrafiltrate at

wappsaxioest el y 370C. 17. The net hod of cl ai m 1PCS2085/006003

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

said active cells are a suBtl one of the human
hepat obl astoma cell |ine. 18. The nethod of claim 17,

wh i [ ctinxe cells are t.he C3A cell |ine. 19.
Thel TRORER Tl iR i FeraRaR membrane des hgore size of
S&k@pﬂhhhﬂ%bﬂl[@hﬁ prior to said reconbining. 20. The
met hod of claim 19, wherein said filtering conprises
utgﬁizing a hollow fiber filter. 21. The method of

cl 2 hfsygem gfclaim? 7s wherem saidshqlloy Bloangities eartridgielcomipriges
onQyRthefi®fifedf a22. The nethod of claim1, wherein
sai d returning conprises detecting and renoving
gaseous contam nants in said whole blood. 23. The
netHedysemaifaiaimB2, whenein saidsgnthetie fibemiargpal gsiidiohs.e s
regulating a flow rate of said whole blood to the

trp L 24, . t ising: (. . . .
Do 423 e SR THE wlbeglos gsio p
ul topadatilé todiin€ust EAEbERI! wikipdn &QﬁBQ%iﬂ%ifot% a%fent.b' ood; (b) a

S

bl ood control unit conprising: a unp operative

toTﬁngU|a%E PLood froma patient, through said
ul t'rSAY$iem ot &laga 3dr whesein saipnbigedeutasion agenias hepatin. and
a second punp operative to draw said ultrafiltrate

fr Qe 334t6m bir L4yl t i r at or ; .
and g o iam oL efitn a1 AL Sbedisle 4 Btk bBB ARG hnfuse saia
sajulfrafiltratawithiglagase.i ndependent |y of said cellul ar
conmponents. 25. The system of claim 24, wherein said

es a |.eak detector

bl qqd s?s%ph 5P L1aHA :2& &H{r%@esél(slc ocglE({uﬁqSﬁgH CYFuIf cergprises an oxygenator

operatfve to analyze

ul operhtiVd toadxggelsilid eidatinfatsai d ultrafiltrate
generator. 26. The system of claim 24, wherein said

bl god i.S, operatjve to circul ate said bl ood
908 s?s%m of clalng 34, wherein said recirculation circuit comprises a heating -

chamber operative to maintain said ultrafiltrate at a predetermined temperature.

The system of claim 24, wherein said recirculation circuit comprises a heat

exchanger operative to maintain said ultrafiltrate at a predetermined temperature,

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

operative to maintain said ultrafiltrate at approximately 37°C.

The system of claim 24, wherein said recirculation circuit comprises an active

cartridge containing active cells operative to effectuate a treatment of said

ultrafiltrate.

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.

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

hepatoblastoma cell line.



at a predetermned flow rate. 27. The systemof claim
24, wherein said ultrafiltrate generator conprises a

whoedosavrobs ber filter cartridge. 28. The syst enP©f/Ustoas/me003

45.P

46.

47.

48.

49.

50.

51.

52.

53.

27, wherein said hollow filBer filter cartridge

conprises a sem perneabl e nenbrane having a

redet erm ned nol ecul ar . wei ght cut-off. 29. The system

of CleVaenOf clim4ds Whgféifbsa&gwuﬁléatm@amcsit wemprisese taeisculation
a ' ; i -20f £, of. about

Tof SRR ARUAC B UARONL pithallale Bk aider ot
saisglesedifloperateabl e nenbrane has a pore size of
approximately 0.1 nm 32. The system of claim 27,

wh [ [ ollQw fiber fijlter cartridge. conprises
oy e @R dhsbin Agyhtiisaid slled o s Remmsnaor i

s airdcirgititidatpuspl ditfers Sroad £ 180 e Yhdifas: sail HestPURipS sai
of .¢clajm 24tp|uf.llj)rt her conprising an anf??ggglglrig%t Wsaid
i nf %‘?Jo‘i?nﬁehwﬂbper ative to infuse said blood with an
anti coagul ati on agent. 35. The system of claim 34,

wh [ [ At i@ 0 [0 .. .heparin. 36. The
Syor o R S e R B oralie AERTbh Sy
opearepmbire said itrfalitmtewithl saitl biealliprior &t @tuwhing sgldutesEo the
37. a;li'lewg system of claim 24, wherein said recirculation
ci Peu "conprises an oxygenator operative to oxygenate
said ultrafiltrate. 38. The system of cl ai m 24,
wheheispstemi of claiid7C b g st ﬁlté‘rQ{ﬁB{a’ti_%@&) fitd1Saldi N9
chanber operative to maintain said ultrafiltrate at a
pr ddEldiae yesireapnefepist qonduit Boctithe syst em of cl ai m 24,
wherein said recirculation circuit conprises a heat

ex [ L it A ' ltrafiltra at
R G R S e L
24, wherein said recirculation circuit is configured
and'hesestemiof elain 48pwhreinrsaiidfileer abmprifeslohe at Mmodd of a charcoal
ap ximatel y.370C. 1. The tem of cl ai m 24,
V\hglrltglr’r?ng ’P%E?H’@Héaf‘?e&hale?aﬁﬁﬁef conpri ses an active
cartridge containing active cells operative to

ef Tae syaém oficlafre a4 Nartherfondpisthgy! trafil trate.

a detector operative to detect gaseous contaminants in said blood; and

a mechanical filtration device operative to remove said gaseous contaminants from
said blood.

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

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

(a) 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

independentlv of cellular comnonents af caid hlaad: and



42. The system of claim4l, further conprising a
pronoter infusion punp operative to infuse said

wabdaosabiokg rate with a pronoter sel ected to enhpoT/@ES100®006003

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

activity of said active cel3ks. 43. The system of claim
41, wherein said active cells are a subclone of the
huqqp hepat bl astonma cel|l 1ine.45. The systemof claim

©) R tdurctiog opERAIY L9 TEEraRing i€ ultralilerip m seidsregirculation
r eQifcitland 528 cOINTR QRPOAIY f LRl GlbbE eﬁ'raﬁ%)rﬁﬁw reintroduction to
ultrafiltrate through said active cartridge at a
seltbepetient.l ow rate. 46. The system of cl ai m 45,
wherein said selected flow rate nai ntai ned by said

I ecy [ j .froma fl ow rate nmaintaine

by SRt QU ShEef] Sid S ang st sFmpridyateals getector
sy siperatiot tehrdilyPede cdmpdshidh of @418 fulltedM@atd d6@AstHal of said
junction operative to reconbine said ultrafiltrate

Wi t tr%fglﬁatetﬂe%rét%-ri or to returning said blood to the
patient. 48. The systemof claim47, further

CONMYel 5568 JF cldifn' B! whBRIAaldBlob@ cif it &rmptRECa blood pump
ultrafiltrate upstream of sal 8 condult junction. Ry
Theopsiadive to edmmbsicate 48d bldodrag b presiaiedminiel flew matenpr i ses

a hollow fiber filter. 50. The system of claim48,

wh [ [ i.lter conpri s 0 r more of a .,
et S e dcldim'S3 WREBY AR e Rhfrafy e el ShaRrissga holow fiber
fi Ifilex carfbridge. The system of claim 24, further

conprising: a detector operative to detect gaseous
conﬁ am nants, | id bl ood; and a_nechani cal
fil

HeSy R QllAB opbraln i hejloneibsrdilsn partries somrises a semi-
c orﬁemm&&émfofa%@mhg a Dk QREmBRd J&&u?%fﬁ%e?ﬁ]é%ﬁt-% ai m

41, wherein said recifculation circurt

conprises a bl ood gas anal yzer operative to nonitor
saildetsystamrpsglaims3, whereimdardaseoripporneedbladmtmkiahe aHowsoalbumin to
sy teprg%atgonpri sing: (a) a blood circuit coupled to a
patient and operative to comruni cate blood fromthe
patient, through an ultrafiltrate generator, and back

t o Theaystatni ofietaim 57, wherein said semi-permeable membrane does not allow a

majority of fibrinogen to permeate.

The system of claim 56, wherein said hollow fiber filter cartridge comprises

synthetic fibers. -
The system of claim 60, wherein said synthetic fibers are polysulfone.

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

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

The system of claim 53, further comprising a glucose pump operative to infuse said

ultrafiltrate with glucose.

The system of claim 53, wherein said recirculation circuit comprises an oxygenator

operative to oxveenate said ultrafiltrate.



(b) arecirculation circuit coupled to said
ultrafiltrate generator and operative to draw

waikdosabiokg rate fromsaid ultrafiltrate generat BCT/ERZIOS/@6003
treat said ultrafiltrate iB8e Dendentlv of cellular
commotiRnt ni HL(c) a conduit junction operative to

recanbine sajd ultrafiltrate in said recirculation
ci ?@lﬂﬁys'ﬁﬂboafjsfiw Ve MhEICY} SUGTHEEAHLREQ iFput sPmMPEFEsacheating

Ci I hdinbePbpePdti irf#4ih Q&1 Gtk £
The sys%3 errqeg%tlvgﬁ%ih% 53: ; vvhertei ntﬂste@lia&alg11 g@%@ﬁﬁ%‘% fegﬂjeramre'

66.

circuit conprises a | eak detector operative to analyze
67. t helhediyplesi aficbaimai3, whirgingaid retir¢ulatinnecicuitieo mpeises adfeat

=5, Aot hperd g GBS B b AT BUSE Gt Kspegpure

operative to communi cate said blood at a predeterm ned

68. f | clhersybtem elaihilts, sAeiteansadd recirailaidnircoh b@ipfisd&aintictive
ultraf.iltrate generator conprises hol | ow f1 ber
fi IPEFIBSFIHAIRE actve ceflp aperglivedinefiectuptgiatiagtmentjeé paid n
saiiri@khw fiber filter cartridge conprises a sem
per neabl e menbrane havi ng a predet erm ned nol ecul ar
wei ght cut-off. 58. The system of claimb57, wherein

69. 5 aj ThesytempdcirirKiSe frthehecmprising opromuitésinfusion ump operative to

. ' f clai 7, i ai d . .
T T e e ——

fi lellnogen to pernmeate. 60. The system of claim 56,
wherein said hollow fiber filter cartridge conprises
rs. 61, The tsﬁzﬂst,em of claim®60, wherein

synthetic fi fb S
70. 5 i hedystemaficlaim; 68 hergmsahaciive pelisase a ggbclonecof dheshusman

of HepabBlad8malckfi fii€r conprising an anticoagul ant
i nfusion punp operative to infuse said blood with an

anticoagul ation agent. 63. The system of claim 62,
71. whelhsisyistemi of claimi 7Oowhercint sashactiye nells ase thepZYA cell bde. The
system of claim53, further conprising a glucose punp

72 B PG AT A P Tl PRt R R ptaion

: he system of tlarm
Cl rpumpt opeeative its eiscuddte saiyl 9RAMltEAte through said active cartridge at a
selected flow rate.

73.  The system of claim 72, wherein said selected flow rate maintained by said

recirculation pump differs from a flow rate maintained in said blood circuit.

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 claim 74, wherein said filter comprises one or more of a charcoal

filter, an ammonia trap, and a mechanical filter.
77.  The system of claim 53, further comprising:

a detector operative to detect gaseous contaminants in said blood; and



operative to oxveenate said ultrafiltrate. 66. The
systemof claim53, wherein said recirculation circuit
w@eupno®es a heati ng chanber operative to nai NPEI/NSHA5/a)6003
ultrafiltrate at a predeteni#i ned tenperature. 67. The
system of claim53, wherein said recirculation circuit
7800nﬁ£ises a_@&at changer . eraﬁive to maintain said
ul t 4 REPLRielaim OF, BOgtr g aou eI UoReiFeat frrheregmprings a blood
Sy sgR Al z&! PetivSto MbEiERIsRidIRAndreCi rcul ation circuit
conpriseS an active cartridge containing active cells
operative to effectuate a treatnent of said
ultrafiltrate. 69. The system of claim 68, further
conprising a pronoter infusion punp operative to
infuse said ultrafiltrate with a pronoter selected to
enhance the activity of said active cells. 70. The
system of claim68, wherein said active cells are a

subcl one of the human hepatobl astona cell line. 71.
The system of claim 70, wherein said active cells are
the C3A cell line. 72. The system of claim 68, wherein

said recirculation circuit conprises a recirculation
punp operative to circulate said ultrafiltrate through
said active cartridge at a selected flowrate. 73. The
systemof claim72, wherein said selected flow rate
mai nt ai ned by said recirculation punp differs froma
flow rate maintained in said blood circuit. 74. The
system of 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
conprises one or nore of a charcoal filter, an amonia
trap, and a nmechanical filter. 77. The system of claim
53, further conprising: a detector operative to detect
gaseous contam nants in said blood; andThe system of
claim 68, wherein said recirculation circuit further
conprises a bl ood gas anal yzer operative to nonitor
sai d treatnent.



