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THE | VENTION [0001] The presemt "t nvent on el

general ly to netabolic detoxlfication, and nore
particularly to an extracorporeal blood filtration ang e
detoxification systemand nethod enploying 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.
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*@00002* 2 SUMVARY [ 0005] Enbodi nents of the present

i nvention overcone the foregoing and various ot her
shortcom ngs of conventional_ technol ogy, providing an
extracor poreal bl ood filtratd on and detoxification
system and net hod enploying a recirculation circuit.

[ 0006] In accordance mj%ﬁgﬁﬁ@aﬁ- ect of the present

i nvention, a system and igrovide i ver support
for multiple therapeutic applications related to acute
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crrecui 4A is a sinplified flow di agram
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det oxi fication. [0011] FIG 4B is a sinplified flow
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contHTHRGOPEI Yo EelHE 09T BT ERMIAFRH o [0014] The

follow ng term nol ogy, definitions and abbrevi ati ons
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[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.



cells (such as, for exanple, the C3A cell Iine) having
utility in therapeutic applications and
det oxi ficati on processes. [0016] The term "bl ood
circuit” refers to a circuit3 of tubing connected to a
doubl e umen catheter and operative to circul ate
bl ood froma patient to a blood control unit and back
to the patient. rm."C3A cell Iine"
refers to a sub- cllgq%‘z‘}ylf“gﬁh]eiﬁwﬁmgﬁatobl astoma cel |
line Hep&. In sonme enbodi nents, C3A cells may be
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The term "detoxification device" refers to a
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cartridge, an adsorption cartridge, or a filter.

the ppdt9] The term "extracapillary space” (ECS) refers to
space outside the hollow fibers of active cartridges
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term"recirculation circuit" refers to a circuit
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I'ons, a recrrcu atlon circuit generally
enconpasses a reservoir, an oxygenator, and one or
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howin£CBAmeni the operational characteristics of an
uItrafiItrate punp as well as various physical

rope
[0028 pT{le 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

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



(e.g. pore size and surface area) of the nenbrane
enployed in the ultrafiltrate generator. [0023] The
term"ultrafiltrate” (UF) refers to plasma fluid and
di ssol ved macronol ecul es fittered across the

sem - per neabl e nenbrane of an uItraflltrate gener at or.

th 40024%; The r ultrafiltrate generator" (UFG refers
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varidus kgtdnadlediges, Qﬁﬁéeﬁﬂ@&@}ﬂﬁ@heﬁfbrﬁfé ferek WARS (RO iRt irculation
filtration and det oxi fication system As indicated in

circupt, wherg it isgirplatefghipage pa¢ pymesgstive eartridgssood cont r ol
unit 20, a heparin punp 30, an uItraflltrate

[OOZggn.eiTﬁ‘é F-ri}uﬁﬁr atforf GEheFC g%ln@lta'll c?clékst cg.g'l\%g vaﬂgh ﬁﬁrgﬁltrate is

opt i ona ncl ude ot her tox |on ces.
pullddhfeore »dwid tdpyd Edrﬁ‘ss the sasrpi sraRrhikt |nmmbraxyes<biéthb I.HFG In some

odj e |nuou erap devi ce
ermbBiRasI e ef DRl RO Sl H it Pl RrEdy SR DhegBie o U Slirat
prodédtion| hileXBYredizt BPfHe%olﬂétv' R neRitRadt e @J@Sitrﬁﬁ’y control the
unit 20 via an appropriate conduit or other devitce
amogntcH ultzafidiraio pbinecatingthe meamhemer , for i nstance, or the

equi val ent thereof. 5 [0027] In operation, UFG 40 nay
recei ve whole blo fr m 1 and separate
OF fluid from cel eRLs quh [iVenti antially as set
forth below. While cellular conponents may be
[0026Ft uTneting nEMdIEE ddwings,tHIE. pat 4 sintplifiad bloekidéatan ilhystrating
co}r; it or.fluid
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. Inthe 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.



line 41, for exanple) via the venous access, "UF nmaybe
drawn from UFG 40 (as indicated by conduit or fluid

line 42, for exanple) by an ultrafiltrate punp 22 for
redirection through recirctlation circuit 50.

Fol lowi ng treatnment in recrrculatron circuit 50, OF

y be reconpined with ceII r. conponents_for
o0nEY BpefRERTHFEEA i et bnthot o oG RoREM: 3¢ o i and separt
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sinplified block diagramillustrating ohe enbodi ment

of a blood control unit operative in conjunction wth
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theref BRY REOVIgsanticopeyan £F1gCts i tBeTRtiSARguEt agaNts Ay haypmepnate
epefERRUPS anl P FHATRLE: tnd
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oﬂwmanwﬁamnunadmby B. Braun. Various alternatives exist,
however, and proprietary hardmare may be constructed
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cont®D it bpthti @ NinQonfiine@sh &Rk redirddMition28chis OVSERRHERLSN of
of alterations and alternative enbodi nments.
systempiff endbihgIvagouscrrreeRnte theaeefona e ganerallygerreenond to that set forth
pe placed in various places wthin
abm@ﬁ%&gk%%@ﬁ% traflltrate circuits. [0031] In an
exenpl ary enbodrnent, bl ood control unit 20 may
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for exanpl e, rough line 41. In operation, OF punp 22
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alterpg s sdipdimerts. LA dhitionatly: adgippfigatipp cartridge (or cartridges), may be

placed in various places within the blood and ultrafiltrate circuits.

[0031] In an 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

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



mai ntai ning a predeterm ned or dynam cally adj usted
hydrostatic head, for exanple. [0032] As set forth
above, heparin infusion punp 30 may provide heparin or
a simlar anticoagulation d@ent to the blood circuit
upstrean1of UFG 40; simlarly, a glucose infusion
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presgwdelserisorsalistyibeied atyarious fcatrensyn the gircyits behstansipHy gs st orth
be 1be incorporated at simlar or equivalent points in the
*“ndi cated flow stream Each pressure transducer in the
FIG 2 enbodi nent may be covered or sheathed by a
(0033 s peat dxegipldaraRSBudigmenp EIIvach PFIGS insludenivedlhid pressiie

in the art. Additional gressure sensors may. be
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altemhtmmily viiutidh Boevattersomdy b iscdriparatedot essilaror aqal valayt pomts in the
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The bl 6od punp di scharge pressure sensor nonitors the

presure éensoprrasy be wcated threughout thei circalt temepometnd eqntiohthe fluid flow
at bl ood punp, and any fluctuations or variations
}?hereof. Bl ood return pressure may be neasured as
“indicated at point BR As shown by

[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

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



FIG 2, the blood return sensor nonitors both the

outl et pressure of the conponent 7 immediately

proxi mal as well as the fluid pressure of the inflow

of whol e blood back to the ‘patient. [0035] In sone

enbodi nents, blood control unit 20 nmay al so conprise a

bl.ood | eak detector 23 and one or nore valve
immediaiehyrrprgnad as well gs tha 1k persswe 0étheanflpwypliveholeoblapé back to the
patigt.t hin the UF line (e.g. downstream of UF punp 22 as

depicted in FIG 2), and may be operative to identify

whol e or henol yzed bl ood present in the UF fluid. The
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centrifugation can be used.

[0038]  As illustrated 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

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

rate through recirculation circuit 50.



fluctuations do not draw OF fromthe line and into
punp 51. As set forth above with reference to FIG 2,
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activated responsive to comtrol signals or sensor
input (e.g. from pressure or flow sensors at sel ected
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[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,

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



reservoir 52. Ot her punping systens can be used if
desired. For exanple, the blood and UF punping system
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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

active cells occupying the ECS. Where active cartridges 55 comprise more than one of the



the ICS. The character, quantity, density, and genetic

conposition of active cells facilitating treatnent in

active cartridges 55 may be selected as a function of

the overall functionality df system 10 in which

recirculation circuit 50 is enployed. As set forth

herei n, an exenpl ary enbodi nent of system 10 and
mechanissdesdited iber s emiltipls saitgensperyaiccamplogal iatarallel, for example,
or inls@@&gh ot her alternatives exist, depending upon, inter

alia, the desired utility of systen110 and the nature

of the contam nant sought to be renbved or treated.
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series) cell filters may enploy a nenbrane por e

[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 the 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

permit passage (e.g. from the active cells to the UF) of selected macromolecules and other



size of approximately 0.45 m for exanple. Additiona
filters 56 may provide a safety feature, preventing
possi bl e transm ssion of C3A or other active cells to
the patient; accordingly, #he pore size of nmenbranes
enpl oyed at additional filters 56 may generally be
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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

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



flexibility. Wiere active cartridges 55 may quickly
and easily be isolated fromrecirculation <circuit 50,
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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



and control electronics, for exanple. [0060] As set
forth in nore detail above, UFG 40 nay irrpl enent a

bl lank hollow fiber filter cartridge (i.e. one which
contai ns neither C3A nor other active ceI | s) operative
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gas flow neters nay facilitate
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

system maintenance. In that regard, the tubing employed in the blood circuit and



regul ati on of the anmount of oxygen delivered to
oxygenat or 54, ensuring sufficient oxygenation to
sustain the therapeutically active cells maintained in
active cartridges 55. [00649% During operation of sone
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. cells may be contained wthin active cartridges 55 in
recirgationet ey 8ingRy gmeraHy beeamstasied inareaydaice mith knpiWrowaterials
i : i I - h t hat

nd TS R BRIy RS (B AR RN EME
cartridges 55 during treatnent is exceedingly | ow.

[006 Howelil&r. 4At io a sardpllifaed fhald diaigoama lilluseratng the@kneral @feyation of one

e ELAR L GRPOE B DR s SR0 T LB, LS

depictéd inFIG. BR 158 be facllfRESHFBE MRiouPL&EFShenty, 5pHpriate
return line, imediately upstream of the point where

comhipgipng thegyof, laseried We@@/& i lgndRe Initiablsr methad of extrasoiporeal

. | ui N : b .
vl ek hely BB b By TRYAS g
indictied at blockid 1 toBidodumaysbet dreah nBitle; vadioaoiphati@hsyor deRe®Benerally
LA auxi liar agtﬁeéies or. other uninterruptible
knowglindhe aipshrh 852 ARP e BN SHRALY: BY S¥4PPISus | ocat i ons
in system 10. An exanple of a suitable back-up battery
[0068]Y St SEPERMRITTS &S mPcefuRF YomBokdNEAT HRAO b108RI(EnARYted at block
provi de an uninterrupti bl e power supply for
412, gypresashmal e farilitgicd byas wloaliatesgeserator suetporighG 40 illustrated

. u iy - 51..and. 5 f.or exa e

i FIGS T 4 ® 2 BB S in G0 B Py B s poren R TROE A PG 40

may pewbabraredrizonblobd 6dnteyl sihi2 P01 6r M@y be keplementcd atieptidindy; in
.. respective uninterruptible power supply. [ 0066] System

cithey of the {Riegping crprpmeds Wielnilaed ney be dslivged fromghepptiant to

UFGL4RS é‘"ﬁl%gd Bﬁrlnhl'kg ; Eggsduﬁinﬁgyrgé dARA hRGHE G s%iti-gglinéeable

circuit 50. Ition to tubing or otfer su
memboand wif {5°G 43 by adedidatadh OFeqnuromP? eThough reagsecdically illustrated in

reservoirs 64,6 he iLncor.porated. into the. circu
FIG {3 T et P BT AT hEVRACE LT BITRg SSoP P RaR S Bhigron Bl F10S. 13
that 83ful 2 BbmP&Eentd O thE XABR BeoPpaskidgftRGlibh E 40 S$ HERturned to the
mai nt enance. In that regard, the tubing eanoK%d in
¢tes

patienh doiyx@ow e ithreugh thgyanaus aceessiof ehel demblsriumen et desambed
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for therapeutic or clinical use. [0067] FIG 4Ais a
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[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

some embodiments, cellular components and treated UF may be recombined at a selected



filtration and detoxification of blood nmay begin by

drawi ng bl ood froma patient as indicated at bl ock

411. Bl ood may be drawn using various apparatus or
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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.

[0075]  Untreated UF input to recirculation circuit 50 may be provided to reservoir 52 as

indicated at block 423. Infusion of fluid (block 424) may represent introduction of glucose



patient's physical condition and internal bl ood
pressure requirenents. As set forth above, the
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mairgppeceii tht edivetrattrides adexetution thiepéatment paocdss aicdkock 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
described in detail above. Providing (block 423) and returning (block 428) UF to such a
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solution at block 411 and the collection of priner
on at bl ock 427 occur where indicated or
l°07§i) kﬂ@w TESPIRPInE4pgated c}iwma q§gular blood gammppeentsgidiock 414,

additibl ﬂ‘i’t@ﬁh§ﬂia§rbe%§&lﬁ:@dcﬁ RRREDGS I{l E&Hi%@%@@%&nf” U (Weritled above,

reservoir 52°requires primng in
filtepghs dhlopkr29 thay inchsle arsstng PFititongh ahe &l mofke id4ihe (M&¥arranged in

r|or rovi di to reservoir, 52 at bl ock
seri R R, Soof Bl ¥ e toanicnen® € et meiip Diagen. o
gk adtitonalDagSaltediati@tReri @rm%ﬁ aflbk envalhy
- chI | ecti 1onag}ta bEIl ockal 42? 1rga et sel ecti vel %@Eﬁ%%T%UF

thropghhllow Fher sartadgesiay mscyeassraalf peretsizen (soth 2h@.1 - 0.2 um, for

cxn B M cBET SOBEIEDN Lo S 1 S AL 0 he i

hardb/lanaock fatetingmdp ks keld@éd fmyhénblodkl pR9 epdretoromay gbgatyeilk
a dhe FI G .4B enbodi pent dependi.ng upon the nunber
in “5?1%? Oéldé&t?‘%brfé*tf‘a‘typ%ﬂ collp ugilige thaeBHp §s P eogtheggee and

aver@&e ST otiR3 coRMHARNN Yuchho R iR | MRS il 4{%9%& occur
requiring primng. [0077] UF may be oxygehated a

immpdigigky WBseam®thajanedreaf rbchmkatmﬁ@urcmﬁo aud tha:stﬂmﬁ aronfit as

QXygepati on brocess U parti i al
indicg R B RIS S oD BB P ot U s i rocned at block 429
nor ﬂeﬂlﬁméill toMhd ﬁdt&%t mah Ge réercliiate’) forhd dHi Qe trd R ePYs tkéﬁresented by the

i nfluenced by the quanti tg density, nature, and
e c

IOOPfQﬂ%PloéhéPfﬂtb?Clb‘Fpt ogkc43 ells (such as C3A cells,

for exanple) maintained in the active cartridges and

10088k €EC FIG sty hflﬁ@& ﬂig@ﬁ-dﬁ ‘l:l?ﬁﬁls@ %&%Eéer aPt]lhﬂ]e'hpgi;a

regard, treatinhg or etox yl ng y occC
recircwlatien fivatiic artter K 1¢g égnaxodbmm knay 2. 1mf1§£mémaetd ih@ohjunttion with

s G B P A0 £ BB SH 2E Tag 2. 1o

regafi YOEh AR dité Fepbdsefikd ﬁ?ﬁl(}'f@yoel%ra'll?fcbﬁgﬁa%ﬁ@ tcbbhoﬁ@@escnbed in
i ntended overall operation of system 1

detal 9b@vedy1t}1 rederenenito flegdi a—nédl)lay @mn{pmmyembodye bempm\petaye some or
all o?melfﬁrtl ?%n%llt&npa'tﬂh t?%ét?u%turglr %t eia %racé Sﬁ‘léb %té%[ fgrtﬂ above. In

accor speci Tl

particilpt, evigiegstct 1o FIESS. BCalrlH 3t lxmreﬁférél@ddzl rIunféi)als %&Qe?ﬁ]y represent like,
Treated UF may be returned to reservoir 5

simifag,Ar eqpiyalent cCHPRRNENE ZRbRANNS dess foreaoars Jtityeas s welliaswdditional
featlﬁ?gso%ﬂgbé&s (Rlrosk,48w) and returning (block 428) UF to
such a

[0081]  For example, with respect to components illustrated in FIG. 5 as well as the
system 10 with which the FIG. 5 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

54 and active cartridge cluster 55 can be optionally switched.



19 reservoir or other fluid container at both ends of

a recirculation circuit 50 may allow or enable a

system and nmethod of treating OF to operate at a

different flowrate than tha0 naintained in the bl ood

circuit of a treatnment system 10. [0079] Prior to

reconbining treated UF with cellular bl ood conponents
10082}  bAgerdified UFGadftimay baarovided for usgwithpithe tooRfict @dhe FIG. 5

recn?ﬁl F noaﬁtﬂ%'% ouglﬁ%%&%ar gcgvaglg %ggggg } ﬂbﬁej:w{th ﬂrgalﬁﬁqentatlon

of suohe nm’dlmeEFGmd innge FiG.6. aradrrqaﬂ@ﬁﬁ ThPart&elat, 6[§})G01@|rhay
filters, each hayi a nenbraneﬁgpre si ze of

InCOREA A SIS OB FSPh & AR TorAdY examele gr requivalent
t e

S AT B Ml 8. T P e

improegdytransfedr lof pmt@ns(em@u(llwadhumm ﬂa\ZImg alﬁ)aﬁ.’prﬁ‘?urrfa@elr molecular weight

atra arco filters nechan ica
of 6 BT IO e i I memrne. Ahottiad: pimodined UFG 40
may hilbW @i dro e ffaRda hfudsn Hahaet REmftBE whbR v tH28F. In some
operation may generally be influenced or di ctate %
embedimentypisoifieient Abwmin transfer at UBEt40may eastlt iy g@a&ﬁ qo:mtlty of

L e,

are kacetto bindre dibabeh yand(ISEG ¢amadifith® Jo #p6lydilfone fibers may
recircul ati on C%gCUI&)5O and the blood circuit as
7

permiriihightraateiaf tapgier af these *\J\'ﬁ"}mmb‘é)%ﬂﬁ?’@e? r@ttb@ agthyatthappeutic cells.
Addmlahan iUFEeH L VAP RSiRA ag}f pé%%h r wama %) of

t He patient nay be r C|rcu |on
ﬁbnmmat(]nmmo asaprepriesenmeltcllgr Maght bfﬂ:@ﬁ) (T()Odhaltmlne):ﬂo bédBinsported

bagck to bl.oc 3...-[.00 I is a.si |Ifled
soro g Gt eRPEGieR AT 1HISE PIATG (WY ndR OB BTN ETgrcinent
poly§ifont CH@ b0 2Ghicedt dartrilp& dvalable ﬁ%ﬁbmﬁmtc&?yca%e used.
i npl enented in conjunction with system 10 su as
illustrated and descri bed above with reference to

[008%) Gsln additipp to compatipidity with aptpveq S CoHe mateaintsrang fiber
L e B TR —
or mangoragysctioqar dl &, the ﬁﬂh»dwmo mfinements pﬂfpatlﬁ Isdizes ftser catttidge

of the functionality and the s ructur o] eratlona
A R S U R S R A e sy R O
marke@<BRPbndris; 'ﬂa@cq%sﬁﬁq onsblidion 680 GRd PAHTRERY, 3s well as real-

general |y represent Iike, simlar, or equival it
time®p npamefrittgn@dbpkay iof gcttWe:aﬁudggmeta@th datp;oedesd askwél |

Cmﬂfﬂﬁﬁgd i t.ional

or ects set th be
1 i SR S SRR A i Bl B e Mbonents;and
a mdré bifigten@ti@fhtion cbhfmurbtid@tanteddsigas the system 10 with

mhich the FIG 5 recirculation circuit 50 is enpl oyed,

ood control unit 20, punmps 30 and 51, additiona
1008141 | t &t ghegpputdp dha G- éGeC%lwwwaglté% a/qetond Seatiom deyicg £9 may

be 1r§ﬂgmgx41ed 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 55,
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
example, one or more detoxification devices D can be optionally located as shown by FIG.

5. Additionally, a heat exchanger may be located in the blood return line to warm the



for exanple, may generally correspond to those

previously described, and may operate substantially

as set forth in detail above. As before, if desired,

the | ocations of oxygenator 2154 and active cartridge

cluster 55 can be optionally switched. 20 [0082] A

nodi fied UFG 40 may be provided for use with either
treatedh whplechlocgl priortip énfrgian irgo theemtuenmmmdmpmgmman edhanger from

dva be attendant wth

Coﬁéﬁgﬁg@"ﬁ?f {;Sg#l il Qxam %lye SGEGeABTF R the FI G

5 arrangenent. In partlcular UFG 40 may i ncorporate
{0085} c&epnwmeszgamcheed gbdviebattsreferbnde aF1QO3 iy bk aigmehied by or

or.an e t hereof ) havi ng 1 ncreased
rep‘%‘r‘ﬁ&rgp thias B“etPﬁﬁ’é ﬁll%gﬁégr@nswﬁ@}t oneey mersinollpyitfeer filters 79.

In sdn@érﬁ@&ﬁﬂe% ﬁl'téfP‘?@ﬁ?a cofrdRiRt flenfrart Hﬁ\ﬁhgﬁ ore size of between
(espeC|aIIy al bunin, having an appr oxi nat Mol el ar
apdiOghpm (g c@@rgg@c@haqtm foxa@mnwna‘m manpropmermahﬂ ®olume of
a nDdeI 0O may allow
oF S%H?‘rt%q?.%@g%?”% s ety 2B A oot B allowing
differentiah8owlrated het%éfﬁthe&im&&ﬂta%d rédicsla8bh cGE@NS0 as set forth
al bum n transfer at UFG 40 may result in a greater
aboVguantity of albumin available for transfer to the
therapeutic cells in active cartridges 55. Nhny t oxi ns
[0088] © KRGMheFAGDE REWbLAI AR URL BiG aﬁgcyg&a it Oergay nclude one
conpri se polysulfone fibers may ~permt |gh at &
or mgfe primmgfresersfirsttiapstrednd afifavitodatich puoxp |53 td provide suitable

act t her tic Addi.t.i onal | UFG 40 may
primBRe e PR i pikelncat oo dskermpasion
t tﬂda 9 sehilady, RhE BPERR ENRVIIDbAR RAPRERNE
]eamepght o%aézo 000 Daltons; toﬁ%e traﬁ?ﬁgﬁggﬁﬂngggg! ming

fluids frs ciramBleatical oy oin aioeTs chmpetentsof eeirtftatidnrizné 50 to be flushed

f ALy enbodiment, a polysul fone UFG and 0.2

mﬂﬁ%ﬁ@g% cartridges avai | abl e from M nnt ech Corp. can be
used. [0083] In addition to conpatibility with

[0087frpr dw exdtedraBove) revatceaiiah puipds 3figebe a pex-MEaatket ipSistaltic or

( “tz ﬁetqufor S q0|f|c g@g eins, the FIG 5

rollprd gimpy USSRV ER Y & g5t BIGV PERY 0% S3tficiseiseHiaticn flow (i.e.

littleSRHR o¥er éﬂeksu%fzaﬁ&?arfdobé)r%%ﬁtﬁ efeld E?éﬁedftb%rstw ?)'V{?ﬁhout
holl ow fiber cartridge naterials and nore appropri ate

sacrlﬂ%@racglerﬁ@ssort cyase of eperatiom dn thght regordnanieast tofee El-opeked

on 2, 8c ui siti
centx‘x%%él oqu astcugrﬁn ggvaﬂlggfe rh%yns tt qttewﬁqmafgn%? |CC‘)J\]§E Ccv
(Revio@Aion);I Teieme Mdtea (S£ad ChitAR dgdl SPta); @ﬁd Médltféﬁlc (Bio-Pump).
cartridge netabolic data; ced risk

Eachyofitha MIAsain® AUHDY isrgupped wpth@rbaittﬁmhaahupa«@ iweshl: asgpeerile,
nmgﬁ%cgﬂgggﬁﬁé §$nﬁxé£pn1conponents and a nore

ci ent ration configuration and design. [0084]
At the input to the FIG 5 recirculation circuit 50, a
[0088kt o%infthe piesome eiew (ice dB@nstesam) bé récirplletiempedpisa, thh &#1GFs

anar%g}eggﬁlg{)rég%rt%soa he%t exc%gr?gelr D/'tl %%Er%gvg 1nrg)onjunctiort1 w\{\{lhlolxygeenator 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 facilitating 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.



that detoxification device 59 may be | ocated el sewhere
inrecirculation circuit 50, depending, for exanple,
upon the desired operational flow rate of UF through
recirculation punp 53, the2lype and quantity of
active therapeutic cells utilized in active cartridges
55, and other factors. In sone enbodi nents,
Varigies BfxMQ bestdre appievédclor 5@dival obdimséal usdt me cunremtheavailable from
- rdy | €. interpaosed between filters 79 and
CmcirﬁédeS@Rb %%%H%Tgrﬁqohnl\éle%@ %o rcqxf‘%‘\éfet . For exanple, one
or nore detoxification devices D can be optionally
[008Pbc atdditianaliyh dvil nbyed FhdBinsulatioAdliyt dughdl UYin fedd@afation circuit 50
exchanger %py be | ocated in the blood return line to
at a"\ﬁé’PFﬂPFﬁ@ o5 flesifsddSpErafiliel B Withsp @ pRescrbed smpsratiere sange. For
exanhglt,Q | ! i o i Led EOM
kR 0 R Rl AR AR B RNk B AN L o e
tubingeapdicoadristbstw D8 EeReydrienidracE 2e desiddeb 86, aboalbasvdldcvhere in
t FIG 3 may be augnented by or replaced
nthe exenplary FIG 5 arrangenent) one or
nore hollow fiber filters 79. 1In some enbodi nents,

[0090] | t Oxgeehdtondy ntnIty dohpladesarean BRnb@vinig B wiEms) BE€embodied
of between 0.1 and 0.2 m (to capture m crobacterla,

as o GOMPERE Atedical-grige gas blispdive devige PPeRdve/©l uRBlyHas tapXygenator
of eXe _ v . | e el
R e T ——
the tptat grs flvat aveeell ehthelpemedtage of oxygeand Fi@g i.e.cthib ak y@h concentration
ircuit 50 as set forth —above,. [0086] As. in_the FIG
may e gt st q@reglavely gt kot af gasguenqsy 73. By

way bfe{a#éfle, QR AppRfved@idAl- b Gad BREAN G £t EBIyURSH IR AT Sechrist
recircul ation punp 53 to provide suitable “primng

Indutrigs.d or combi nations of fluids prior to initiation of
therapy or detoxification treatnments. Simlarly, one

[0098{ i m% r%%%elﬁffgfda?%%éﬁg)%gtho&raélﬁea%gfygﬁi I 06r4mcr)rr%¥n-ﬁr@% (lgﬁ)%td gas

recirglﬁf?tﬁg ecqpc%it
W th{as

, or-“al’'l ow one or
analyzenpohent s iy beahplenkated apstedabcor dovadtream lger bdthisdtedrtridge

I fo _ng%ptenance. OO8€%AA§ not ed above, recircul ation

chustsig, BRCHy oL ANTIEFET bR AREHTAIERT 8 diugiraiedn FIG. 5, oxygen and

pH diffeeh®d1d frbsddth MetusRain Y&l M@\vﬁstﬁgﬁtsﬁdé‘s%@:ti%@é’s 55 may
ow (i.e. lrttle orf no

provide a safer recirculation fl
provideampprtans sugasyrgtricols aditlterapsotis eejliémictign ovegsne dwkngtherapy.

[ t ubi n wi t.hout , sacrifici uracy.or ease of
Sam e oo o P o B0t W PR 8 i Bl Soments
bothGe Bitirhdtel gRtanpuEPSs [eUdlE 8t loftrak dixkadd sd Y dFRkréifalk over time.
system requirenents: CEBElgy Revol ution); Teruno
@ﬁ&fml

SuchyB g sHEIM OGS COBHEFIFPIFgRLY -regrigmamsing dre FIG. 5

}.Q- P - . Of [ egOi ms., i.S..equi pped
arrar%%tr%nglﬂ gghllglpgai%gg%_agéf}ggfs \7@1 .algﬁ%r'ﬂs ee?q,laes’mg YRGS 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; altematively, 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

regard, it is noted that more than one infusion port 76 may be appropriate or desired in



magneti cal |y coupl ed punp head. [0088] On the pressure
side (i.e. downstrean) of recirculation punp 53, the
FIG 5 arrangenent incorporates a heat exchanger 71
operative in conjunction w PB oxygenator 54. In sone
enbodi nents, a heater unit 72, such as a water bath
and Extracorporeal Menbrane Oxygenation (ECMO) heater
certagppamacnss , [nfsome @xemp]aey emindibentpinfhssch pat Meatay allow induction
exc r. .71 or facilitating recircul ation
of prEPATT O B s SR L PEHP AR BRBECE P et eatment (e
thera@@iitlov® defoi fidatid 8l ®SodeSsed)f talih gPRate 13’3&1\@%@@3%5@ yThe type,
oxygenat or 54, heat exchanger 71, and heater unit ﬁp
naturggdndghsare cympephior af mbpmgowﬁenmeduom mmpb@memt@has a
rd<0
funcg%hp(?%\ﬁee gét? 0 rc:éllg gﬁgcd a?tg% ?“ %: P’ﬁ |C§§Pd% S eésafoé egﬁtpp &n ?P >}1at Fegard,

variomy @'rdnaxhble ate generdliyriciommah itheSar ad®may &8 @pdRfi e enhance the
for éﬁanple. [0089] Additionally, it is noted

mmv#ﬁﬁf eﬁgﬁF%fF “may sustain UF in recircul ation
circuit 50 at an appropriate or desired tenperature,

[0098F Winitht PIG. PEARGIJaRABed GUREF 88 UltRrd ARI6e. sﬁﬁ’l{etlc such as the
exanpl e, a layer of renovable i'nsulation ray

polyaphione fersglesettied abees: withdgumyossy @fr@ptcoﬂmh@ly Q. Elhmngforatmdmple

Synt@%ﬂ%& Su e&s\zﬁ)%;e%u V\%glrggtprow 64 su (apré(rjlghﬁ l? glwc%rd:bééqogn@élblhty

relat{ve 00 6d1ulxsy dibieas. dilighdr p‘ﬁwm@ﬁn&Qbﬂheﬁmb? aRo @H&w@s%d@l’ly all
unit .73, which may be enbodjed as or _conprise

molegRis, d‘é‘Flu%‘Fléé"égﬁrd%inFr@nHﬁ nigs Bevicer thsdF avd ap@vesmsbw the ECS
of thé @&1\16Qa9¥1}1@&r‘535t OAs m%dt-ate-ggﬁ F@é% tdcfwe 9&&[@@& k8 aggggl%nse a

gas bl ender 73 may provide sinmultaneous c¢onirto
clustpotfHilterharangedleithersn phelielas insttiesas t he per cent age of
oxygen or Fi 02, i.e. t he oxygen concentration nay be

| ect | esired.lev
00538, SFH) Vet PSNEER RSt b Bt LA S i
caps@llany}&\/ﬁlfﬂerﬁﬁﬁi\l'lﬁgb-p@feaé_ifé pkd-endely 0.85 gﬂ'g metdelreplaced by one
aval | abl e from Sechri st ndustri es. 1] Wth

holl%ébj%r@tartﬂég@m\an&e gonesias daparesimaalysl .0 owe avd onpcapsule
ﬁltexji I{r%%}ﬂéz,rh it lglo]gorg@‘f}e %nl%%%veﬁﬁe 1tagxde(r%v?1tlgﬁ¥1ﬁ?1€%c%res may cause

stream or domnstream
lowet hactkrprdg;are mlaxstsgmﬁ@ntly\mmsemr@as agadk Yz 20N erdifs the

re.arranged a Iust ip FLG _5, oxygen and pH
caps{ieTHE BRETEF sORrsArBoetoORED DS Iy baFita Aoh HdoPTRaHRo! only
prevali¢88talfinAhip Y&Cﬁﬁhtréél%%oﬁ%lw 50 @lroﬁ'}/&xggsmmrtt@% patient’s

measur enent s of therapeutlc cel function OV@Y
blood dmﬁ gt else rlfa]@yhen t@ahme@stvchea\mter cloangsy durang tllérama,y Sbmable

ol PRt et et e Phsst S Rl E S N bl i Srgan

Lab@mn@g;lf@ dxbaipential s over tinme.

[0095]  As noted above, a detoxification device 59 may be positioned or located in a
similar position as additional filters 56. In 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 1n 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

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



Such measurenents and conpari sons may be nmade in
real-tinme using the FIG 5 arrangenent, i.e. nultiple
in-line analyzers 74, 75. Alternatively, a single
in-line analyzer with two 2dts of flowthrough probe
chanbers may be used. By way of exanple, one approved
anal yzer system which satisfies the requirenents of

and gaagnonents maydre serilizgt ttom}ner@ml thebkk 600caEtpamatios durlng set-up

may @% ?éciu%pc!i eAE KAt tﬁ? H‘@? e%eo%d ent gc 19%%%1?1%'5 E,g);nage e bundled or

genen oSt 8
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%f[ ernative port _may be | ocated upstream of active
sides.ofr ACHY HERH1S Clusier &y amiy f3sil el madierprge aihicpacsment or

exanpl e, dependi ng upon the purpose and functi onal

[009¢Ear ant ey is%@uﬁ?hﬁ’éd hbe d%épﬁheml‘fs@rahﬁo be #Héﬂa’lﬁ@&rﬁtﬁnoof another

e UF. In tha regard it is noted that nore
embedimenhglipsmetiop of taxtmonwyead; éilapponopndi detoxifpratides The grdcasses

o B3 0L 0 AR i SRR LR
accord”mlﬂ@eﬂia@/ l&eﬁael(htﬁdi BytheOREb@ totpdrRne NGBS pRFatd @mbinations
ccel erate treatnent | €. thera eutic or

‘hered’ét‘BWT%t@alﬂFéﬁ pr 36@%@%%51’ Waqacwgiamea%@ the Fiet weethod generally
relat€&folthd 9}9&§t10§5dep-{a§d LoHAGek 41@361*‘#1%' 4@nd chem cal

conposition of "such pronoters or |nducers may be

selected as a function of the active cells supported
[0098h abt thaeregandt dlia@g%UEBhrOﬂeh aelmnlp'laee adindichtad at lgak d] 1 may

eor 301 BB BTRH G583 CrATRRA bl RS b5 BB ey, e
drawtnlfkeb}@di)atﬁﬂ &f Hi6dK ($1 1 h@PA3) b AsdobR I vdth Me@ESdr¥iehg operation of
cartridge cluster 55, fibers may be synthetic, “such as

blOCk Aé2 inpblly it £ BeePtPPese @éble@sé& | picladestia FIGh 6 Horthe sake of clarity
and %?;lr:]c?%hﬁé/ss ;thggérgﬁ&ﬁacf ?lc}'ed] atS L 6&9511(? é?fBL gvgll as at decision

etic Suc one
block lﬁﬁb,rndabr gaharalyi dorteypcauddo bllnndmtypiabelhﬂ H)llotlys 1lln§tfmd MRl degcribed

cellulase fib gher porosity nenbranes may al so
abovg| Yighye g%fg%%?ttP?Iéﬁ}gh mol ecul es, including |arger

proteins, to pass between the UF and the active cells
[00909D t Wﬁtﬁ@@ereﬁﬁe ridvetosdth FEGS &Y hdd 619RGeRed URSnpitdb ealiRdiation

in FIG 5, active cartridges 55 may conprise a
circuil $smey bepravidaddediolpwihse ﬁltétSﬂ‘?eqs indicgsed afiHledk @l3. jInfusion of

ﬂulds@iocﬁ%lﬂf{ %8? ?‘%prgsnz 1 gr?g&clﬁlﬁ)g%fsgfl ee cr)rsotégr nql r‘?’é:nts %eparm or other

ence
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as sqt oy aRoyet f ‘a@leb%wr%at%d P%lemrénapr d%ﬁjﬁﬁ%% Hagkep 4 may occur
else@hdre in Bre 18 %Hﬁ)ogﬂﬁen‘% qg}?rlégeentmt'sklte&(ad RV Yk ¢ o%'om)ﬁtar

pore size. A hollow fiber unit, even wth tight
recifpolagsn cinayt TRAUSELG. ISowethddaekd prreseusrod fldukinticsion such as
i gnificantl ncr ur e .
repr%slgﬁtgbglt Ea lt\ 6¥4 Imagl deeggnedd upon tLg ’(t:y%e%n qua(n%t)g of &ulg tg%e 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

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



capsule filter having a surface area of about 0.055

m2). This configuration nmay not only prevent

contamnmi nation present in recirculation circuit 50 from

crossing over to the patientZss blood line, but also

| engthen the tinme between filter changes during

therapy. Suitable hollow fiber cartridges are
upstisemstaarep; addisiohalb), prifneonolMchinh acbloGo6 7 mande Spleatvelynocated in

.Laborat.ori.e for exa . [ 009 As noted above, a ]
recig AR PR boF 8 By hRgrBa semEe B o e A anesation of

systérl c8mp6mdikd. ar position as additional filters 56. In
that regard, additional filters 56 may conprise or

incorporate one or nore detoxification devices 59,
010 o hifamey Bpexyespated at blgek ke Arthireated @bloakidifi Aédrious aspects of

ho dykbiidbh By A ' ey i
the Qb Bfoc e e e proiie at pfESURs bt St Rlonifany aieas
mixtyrd, ifh§besates, @ODGE likapatfhl@k 6] d@sy beinfimgndeddiyoe fhsntity,

R R R SRR SO ' ampi

mairtiAGd nUGE boieaRArid Bls 4ha REAATH RO YatmBhi prbtihl ggblgék 616. In the
and conponents may be sterilized together, and the

FIG 3 ygangemgnte fritexpinples Poygedatiome betk-aiy mapagoniyeiscedetanlg

| t : [ t ...active cartridges 5
sasef Yhhetn i forfbede i BTRPIRRUIRED bY SarfRElel iR e Blehadt 7,
and may okeudiis conjmecionovittbedaiing NEF st hedBx @R dOMNHHRLRFTMO
sides of active cartridge cluster 55 may %acilitate
healgrAPRARHSHCe and repl acenent. [0097] FIG 6 is a
sinplified flow diagramillustrating the genera

[0102Per atda0iig of aabeiNas UreRBe gLy Meupin ®hDo ga.\‘?rgﬂges at block 616.
extracorporeal filtration and detoxification. e

As spirfortb i defail degiee thecbperatiphah chgragtedisties| aatl @pedifc olpemiali binlogical,
iLrC | cireuit.. for exanpl e, .and
e R SR B0 AL oy By 7 BB 0B inons ot ctrs

pronediene on eniaficerd induped MR FedireulafsbtiRakd SVIshe ihh@HEPSverall operation
illustrated in FIG 5. Treating UF in accordance with

of stk FY G e rerimpholdrpEnentapqyiredy cipsrasignalparamecters of aysiom

et : | 0 . t hat
com A e 0oL oF S a2 hod et esips g bock
616 blagdle s€ltdtivehy adjnepd, espmollan onsthewtisomagipn@tedtih Agcddfance with

h sucﬁfﬁscwﬁth UFG 40, .for exa .Ie;.accordinng t he
¢ SHPLF ARrISHEET RTRATCBIE BP N EEjeRfalign BECYE SYci at ed
with the separating operation of block 412 in FIG

[0103.  PReepfopsessveivithketenbd b ths FIG'S HERELIb#biRuitGof 8 or
the sake of clarity and thoroughness. The operations

morg|@¥p @eqUsiien Hdarlabyse1@mavHews mayds ingirporatsdan thgeftivei Binere in-
I e A T T e —
clusteeb g rfenemtple, khGnaldBing 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.



[0099] Wth reference nowto both FIGS. 5 and 6,

untreated OF input to recirculation circuit 50 nmay be

provided to hollow fiber filters 79 as indicated at

bl ock 613. Infusion of flui2d (block 614) nay

represent introduction of glucose or other nutrients,

heparin or other anticoagul ati on agents, pronoters,
lOlOéhhaﬁé@ngi U maot beeretuinagi td fol lnwditree Giltesu9atsiindicated at block 618

B Ny I T A S

79 an’agth eadLsf a Iebﬁﬁvuit&ﬁﬁcdcﬂltﬁbﬁnﬂ £lovb o8l MBRLem and method of
senting sel ected ] ocations throughout
treatll opl{)f g

SUPRATRIE At 8 dHEsient Ty Bte thawsthas mammteinediin thadlood circuit of a
Uemhgﬁg&ggﬁgl@f fluid infusion such as represented at
ck 614 may depend upon the type and quantity of
f|UId to be infused, the nature and requirenents of
[0105he Reiot tperecasnbigingdeatedi e withreeliutar tlood abtpbakgesat block 414,

fl h h.th
addlgi{lgarel?lltgrls gw rat eﬁ%‘fcéer at bﬁcb:%%g% ; e CI A gclhtmen?s ddescrlbed above,

filteting Etdﬂbl&ktdl@ﬁn@;f 1rﬁ[ddﬁ§>lés§x£§ UFlt@[rd)uFllﬂ @ﬁe &hﬁ% 1hf1m%|c€':}1 f@%rs
and_ the collection of primer solution at bl ock

holl%@s&%ﬁﬂd&ﬁ% PEIMGHR Hasehaspoa fidtewnmeghanicakfitters, aeld so forth. UF
v I syste
1R SO grockEleaR Bk 1o WA €30 bR YR pgrca o

addippnatitregtment asdnepfdsétedbyp teddopriom bibek 618Tsdcarn®ao block 613.
primng may occur 25 upstreamthereof, additionally,

i co at ock 617 be sel ctlvel
10108}, 2B o1 Kb P B att SPe PRt MR g ST o Sttt lugtrated in
FIGS. B Hard is pubrade @by FBEEIMBMNIE ohl§! Ald MR t&fHC%QEI%EIIOQ 3¢ Bfher
systen1conponents [0101] UF nmy be oxygenated at
possitibiags. dn Barigular.rtbepregerd disploseie i 16t intdadé¢blodednipgueted of any

llmlfeG%erg)s)éX\gg{]%%ﬁaﬁ%ptootﬁlg %?(fe% 01( seggeréc% yo%sgé%}rtg ggggﬁ,%l ﬂat{,%s’ 4B and 6.

|nfu3|on rat es, and the |like) at block 615 may be
[01G7hf | U"fhla peaSeIhyinvdmeioq lhambédnyl.lustriwabdnti)desdfrﬂied i€ detail 6vith reference

f nﬁtlo alitg of the ctlve ce ésuch as C3A cel |l s,
to PTGl e MR En Y ) A oy ROCPYWAY ] bgiiationn dThose of
sklllq?i ‘ﬁ%ﬁrt W1 dRedie %mﬁlﬁo@rrﬁ’&ﬁﬁe?atﬁﬁls B pekefted leﬁ‘%rfxﬁﬁw

5 arrangement, for exanmple, oxygenation at
Cmb@@bﬁlWT@ wnthr e wmnducngtengm@om theygegent disclosure. Therefore,

with selected cond| n aneters from

s PGB 1§ RG0SR ST s REF ool foe sppended
cmnheatlng OF using heat exchanger 71 and an ECMO heater

apparatus 72. [0102] Treating or detoxifying UF may

generally occur in active cartridges at block 616. As

set forth in detail above, the operationa

characteristics and specific chem cal, biological,

and ot her processes associated with block 616 may be

i nfl uenced by, anong other factors:



pronoters or enhancers induced into recirculation
circuit 50; the intended overall operation of system
10 (i.e. the type of treatnment required); operationa
paraneters of system conponeits such as recircul ation
punp 53; and so forth. Therapeutic processes at bl ock
616 may be selectively adjusted, controlled, or

ot herwi se mani pul ated in accordance with t he specific

WHAZ I$REAIYBEBdDent s i npl enented in recircul ation

1.

circuit 50. [0103] As set forth above with reference
to r ul ation .circuit one or nore
da ?g%gggéo%or%alofﬁ&gﬁg %nﬁita e(t)os)flglc%tbqpptaﬁtgﬂii §0HWISB1§:
|ncorporated in the flow. Were in- |ine blood gas
anéd) yizsvisg Bibodrfcbn? 5 patientj npl enent ed upstream and
domnstrean1of cartridge cluster 55 for exanple, an

P SBRRE S loaR R nat £BE Srmpdtents Bhostt mipoa”™

enbodlnent oxygen and pH differentials fromboth the

up&d) maumm@ki e & dt@maesond et Phf dai @ ad MR coRpBRERS Y
may provide . inportant neasurenents of therapeutic

ce¥e|01rf3‘&}ﬁ‘é‘?rl %}W“btvé/heltemﬁlfbmatﬁg qonmqr@pglcn@damg said ultrafiltrate

o CE AR P S RSBy PR S Y Pyt ppocted

di tieptosthi afsasgipdiratlatieons as wel | as in ascertaini ng
t he efficacy or thoroughness of treatnment at bl ock
g,.can nal yzed wth

reg% ?n’ nTﬁSﬁf?gfﬁgﬁ%?% &5@3 g35%ﬁ”$¥%§%§f%§
t hroughout the system 26 [0104] Treated OF nmay be

r efe) rerechiigowhole bty df dobgprisinigl da@Y SltrdBlrAge dditHafPd®tl]R components
bl ock 618 and described in detail above. Providing

( blog8& PRS- and returning (bl ock 618) OF to filters
79 at both ends of a recirculation circuit 50 may

al rpRihoanARlEma We?ﬁrg%qsﬂ?taﬁﬁgmﬂét etcroﬁ%tgwlgn f sg

operate at a di fférent rafe than°t ntai
i nuittaéltitosabsequeouiotsanf separatingat ment syst em 10. [0105]
Prior to reconbining treated OF with cellular bl ood

et ck.414. .additional filt be
connaRraR s lack 5 rif divnERBommsrs L edR e of s
abayisble himdnt Qftichg aall \\bie%kseﬁ&%tﬁﬂlyné] dphpiies Qﬁ%hgg s&€dond
t hrough one or nore in-line cell ters,

f i berencefiseididayble lumspshect r aps, char coal fllters,
mechani cal filters, and so forth UF which is neither

Pr 96ERRERIr cbinqu “@ll%uﬂgaﬁd Qg&n{)ﬁse%pﬁggﬁg L& od B¥np

be recircul ated f |t|ona frea
r epp@gte\mtectnbylatel"s@ld bioq»d frDlmrrchb pettdat 8 ughek uitpfilvate generator,

aphi GECA 8 i S0P BERY 6P gt at i ons 111 ustrat ed i n

FIGs. 4B and 6 is provided by way of exanple only, and
NOTh¢ thetidd o Timsl, Whein §fid€éparating 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.



10.

11.

13.

14.

16.

17.

18.

19.

20.

possibilities. In particular, the present disclosure
is not intended to be interpreted in any |imted
sense with respect to the order or sequence of events
depicted in FIGS. 4B and 6. 28[ 0107] The present
i nvention has been illustrated and described in detai
with reference to particul ar enbodi nents by way of
exahpmethediof clazm §, WditsrebysaAéyerof-pttnmablameaxubradewhmea mfre size of
sk rt_ will appreciate that various

§h¥?€a f%ﬁgq‘hnthe descri bed exenplary enbodi nents
are within the scope and contenpl ation of the present
di $b¢ osthod.of Thaémes eherein $did semi-pérardsie nidhetrahidlas a nominal

i nvention be onsi dered a imted only by the scope
of Tfs b”& gui-eff af dhout 396’0&@?9?@ CLAMED IS: 1. An
extracorporeal filtration and detoxification method,

COWRE ethdg of cladh 6 vetengsdid @eavihig @%ﬁ@@tilhﬁf&nenﬁgé a ultrafiltrate
separati ng ultrafiltrate fluid fromcellular

coRp8hent s of said blood; (c) treating said
ultrafiltrate independently of said cellular

COTRORRMGY dfidin 1 BGiHeE u+ phgﬂg %fﬁsgy%g?ggpgpsblg} i d

treating conprise$ circu I ng~sal
t hadicghgdatiacageue cartri dge conprising active cells
operative to effectuate a selected treatnent of said

andnE et Fiph. Lo RIDES e HiSes oy iy e it gucose

bIood conprising said ultrafiltrate and said cellul ar

Collfh@ﬂﬁﬂto‘él oftc@ihiNg wihatdie fdid tr%atni@'@rtﬂ@ﬁ dohriRbs ﬁﬂf@dnﬁ@ daid
further conprising analyzing the conE05|t|on of said
B

ul Biafijtrate Witk aqueraten eperative tognharasshe aqtiviy.of 3aidpadve cells.
met hod of claim1l1, wherein said drawi ng conprises

ut irhi glefdadicldimtl, Witk ofid ?reaMhﬁell sgé&]}?eﬁgtmo said

and wherein said returning conprises ut I ZI'n
secbmﬁknﬂ@nen of said double |unen catheter. 4 The
nmet hod of clain11 wherein said drawi ng conpri ses

ut |2| operative circulate s

o1 Gk FIRERLTR, RiRRin SRSt Grrooaifit Splfifing said
genrfa@ilteite at Bfrddhackintdtehlperaatel ent at a selected flow
rate. 5. The nethod of clain11 wherei n said

se aratln conprises utilizing an ultrafiltrate

8¢ B80S pmslidn Y har et & [Teatingdurthen qogpprisey maingyeing said
ultraﬁltrate at approximately 37°C.

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 line.

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

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



24.

25.

26.

27.

28.

. 29.

30.

6. The method of claimb5, wherein said utilizing
conprises drawing said ultrafiltrate through a
sem - per neabl e nenbrane of said hollow fiber filter
cartridge. 7. The nethod of 29 aim 6, wherein said
sem - per neabl e nenbrane has a pore size of
approximately 0.2 m 28 8. The nethod of claimbé,

- whéheinrethal of ckami L, pdrenenlbiid rommbingoempdses deRofi gy SldZ@moving

f imately.O. 1 ., .Jh t hod of cl aim 6,
3h§?§¥ﬁ§§§#%3E§ﬂ¥i%§?ﬂ§%8ﬁ§bh@ ?gneohag acnghghal

nmol ecul ar wei ght cut-off of about 100,000 Daltons. 10.

. Th@heeidiad affclaimal, WHereinkgt abfinSas éorﬂgﬁé/&s e TR géf‘ﬁf‘ rate of

implementing a ultrafiltrate punp. 11. The net

cl é?lﬁm%}ot‘ff‘?}f)?mofthé@ﬁwmsi ng infusing said bl ood with
an anticoagul ati on agent. 12. The nethod of claim1,
furdt Rfent @BRPHSIBY i Nfusing said ultrafiltrate with

gl ucose. 13. The nethod of claim1l1l, wherein said
treatin% further conprises infusing said

ul {Paniulraidirategenerater gperabyeto sperate iltrefiimtefitramcebulthe
act.] Vi | d:.active cells. 14. The nethod of claim
1, E&%}gzr)%elng;%f}%ﬁ’r eating further conprises oxygenating
said wultrafiltrate. 15. The nmethod of claim1,

whéb)ad osdeanttol eait cogpfisingher conpri ses mai nt ai ni ng
said ultrafiltrate at a predeterm ned tenperature.

16. The nethod of claim 14, wherein_said treating
Fur t her AQBThPEeRp TS A P Wl as romarabiey fapeehaeid

appr oxi mgta@ltyatd 6enerdtér, aﬁh%a@l@lonﬁgpé?tﬁen‘ﬁlaﬁﬁhm 1, wherein
said active celfs are a subclone of the human

hepat obl astonma cell |ine. 18. The nethod of claim 17,
wher ei n a$ggoid pemprepesaivedo draw s4ié ulbailicase Frohi sad bived through

The WEtQBQPﬂFdﬁE b Deterafolrdaer comprising filtering

said ultrafiltrate prior to said reconbining. 20. The

met hod of claim 19, wherein said filtering conprises
ut i(¢)iaziesigeudatival dirowit fopbrarive fo tréaesaid Altrafilingte Aetepodticafly of said
erein said filtering conprises utilizing

claim,19, wh

on 8 aT thppopFy
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 ultrafiitrate 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.

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

approximately 0.2 um.



31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44.

detoxi fication device, an amonia trap, and a

mechani cal filter. 29 22. The nethod of claim1,

wherein said returning conprises detecting and

renovi ng gaseous contam nanB8 in said whol e bl ood. 23.

The method of claim1, wherein said returning

conprises regulating a flowrate of said whole bl ood

t ol hhsysisat plegieim 28, whergy said rseme-pamndablengembmje has a pore size of
ul J: ] nerator operative to separate
Lﬂ%é@ﬁ$¥%&§%gjg§%n1celIular conmponents of bl ood; (Db)

a bl ood control unit conprising: a first punp

OpEhadyistetn b Dclaiint 2T valieeeihlsgiathollbanitr Piadei efirid gk b6APALes

said_ ultrafiltrate generator, and back to the

pathstc fIRGE- a second punp operative to draw said
ultrafiltrate fromsaid blood through said

. ul thadyisteht 8t Qa@eBeralQbin sAldyhGltid AbeSs af Al BRe.

circuit operative to treat said ultrafiltrate
i ndependent|y of said cellular conponents. 25. The
syShesyistsm ef dpim 24 futhescempris wigcnisingeepeeidnnt indhisiempump

;gé;fé?;ﬁ[vqu %Lé&ﬁ’d B o!og %th agxe%x?lggg u s ra%%,rlltve to

yze the conposition of s trariftrate
downstream of said wultrafiltrate generator. 26. The
sy$hespstein of dhm 24, wivineineiaid anécokdolaiod agentys heparin.
operative to circulate said blood at a predeterm ned
fl rate. 27.. T temof. claim 24, wherein said. .
o TS of it A - D et e B pefiu o ntuse said
fi Lt@filteed With @Rose28. The system of claim 27, wherein
said hollow fiber filter cartridge conprises a sem -
pereabl e nbr ane having a pr.edeterm ned nol ecul ar
well htysam ggﬁ‘lﬁl.m 25,gvhereia S3igldEFAUGFION CAICHIT PBMPTiARS 128 0K ygenator

saj o S8 io RE R &idBmERAe has a predetermn ned
nnF@%throme?gﬁt cut-off of about 100,000 Daltons. 30.

The system of claim 28, wherein said sen -perneable
meithe syséenhabclainpd4.evlsirgis saifl recippil aionmatceit goiipdsana Hbting

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.

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



45.

46. 37

47.

48.

49.

50.

51.

31. The systemof claim 28, wherein said

sem - per neabl e nmenbrane has a pore size of

approximately 0.1 um 32. The system of claim 27,

wherein said hollow fiber fi3llter cartridge conprises
synthetic fibers. 33. The system of claim 32, wherein

said synthetic fibers are polysul fone. 34. The system

of Th¢ aystanaf clpim ¢herharemsaidsiepigewdaticariicob agmbeisds a recirculation

[ ' ti I nf i d.plood wit
ant B 3BT 0 T Sl LT B GrkEE e

whedl&ited 8awdatant i coagul ati on agent is heparin. 36. The
system of claim 24, further conprising a glucose punp

0 ative tg infyse said wultrafiltrate with _glucose.
D Thehustaty of it A5 oy Birrin said sehidiedi fove siempindainecLipasaidn

Ci FeitlilaGONPlhS AFAD rBNYOROI e mARGIRY bY Saiti G in sai
oxggenate&ggidﬁultrafiItratef 55? The sygtgh1g?tgﬁwgﬁ%smd
24blogepetirgl wali d recircul ation circuit conprises a
heating chanber operative to maintain said

ul [ et 1 hed te rature. 39. The
oy SDERh B Gl 28, RURARRITs JEIRTATtbR sheive i

corpoinbak saicheahfikehaitigesid deydarior & feluriRigRhRl BloSdiothe
ultrafiltrate at a predeterm ned tenperature. 40. The
syB¥E®R-of claim 24, wherein said recirculation circuit

is configured and operative to maintain said

ul trﬁ@@%ét&ﬁ Ak Blafth 42PRAAX ¥R ¥ o3 BhierbberaliD€ (S HRLAN L

claim24, wherein said recirculation circuit conprises

anukxafiltvate upsiream efgeidoondai finstjomct i ve cel |'s operative
to effectuate a treatnent of said wultrafiltrate. 42

Th m of, cl abm A4l,. fur [ conprisi,ng a pro er
e A RS B R A L
Wth a pronoter selected to enhance the activity of

sailte agtt¢m ©f clagh U8, whdeinFhel Slyatcompebesadngiommble of a charcoal

wherein said active ﬁells are %,subclone of the human
heﬁ B TR L janf pmeechamicalffier.sy st em of ¢l ai m 43,

wherein said active cells are the C3A cell line. 31

45 Thd Bestéd SF e D4 Chdne bhpridigs:ei n sai d recircul ation
circuit conprises a recirculation punp operative to

circulate said ultrafiltrate through said active
caftdeieggs opgragve 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

independently of cellular components of said blood; and



selected flow rate. 46. The system of cl ai m 45,
wherein said selected flow rate naintai ned by said
recirculation punp differs froma flow rate nmintained
by said first punp in said 3% ood control unit. 47
The system of claim 24, further conprising a conduit
junction operative to reconbine said ultrafiltrate
wi (&) aseinduls fwetopppeativatoretaming gaid altchfitlraodn t0d tdterculation
pat i 8., The.system of claima47, further _ _
CospEM it ia (B RBb s L bEM pritier o reintroduction to
ul ttiepdtiehr. at e upstream of said conduit junction. 49.
The system of claim 48, wherein said filter conprises

54 a IIom;figer_fiIter. 50. The system of claim 48,
- whePEisHstemiod Rt tdr WhesY saik Eeciptlaiien itnuét compaises a leak detector
ch | ' chani cal. .
1 e v A R A IR B s
comprafdirgig gereratet.ect or operative to detect gaseous
contam nants in said blood; and a nechanica

filtrati ice,operative rrenmove sai d gaseous
5. conte e B 3 PBEL Al 451 BBl SR e el AR Grugnm
41 opahagveioconahchitfe k4 Bladdi 01 peédetdnineddUTdwedte.

conprises a blood gas analyzer operative to nonitor

56 sab% treat nf. 53. An extracor?oreal det oxi fication
sy SUENYSEB D FlAAN Rg: VREFIsal Big@iilTatG ganeraiey gomantisesa follow fiber
patf|@Ptarfiicoper ative to communi cate blood fromthe
patient, through an ultrafiltrate generator, and back
to the patient; (b) a recirculation circuit coupled to

57. saildegysterafof clarmt5e, whereinesaut haltrov Gperfdter verttidgedomyprises a semi-
ultrafiltrate fromsaid ultrafiltrate generator and to
¢ r Sl pRa? FPPaE o odelfmimsiatoiend or e gh e
conponents of said blood; and 32 (c) a conduit

58. | ufiteispsiernpéchim 6@, WhereRcanbidng-Faheablé feafviride Ao sialbumin to
said recirculation circuit and said cellular
coRfBiéts in said blood circuit prior to
reintroduction to the patient. 54. The system of

59. ¢l AihAsHem \Wr@Ta8H 375 Rhée[rBGid Sdthigldr@Battd feHibkareMRE hSEilow a
a | eak detector operative to analyze the conposition
of menprty @f fibanpganrtampermienmst r eam of sai d

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

synthetic fibers.
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 ultrafiltrate.



66.

67.

68.

69.

70.

71.

73.

74.

76.

77.

ultrafiltrate generator. 55. The system of claim53,
wherein said blood circuit conprises a blood punp
operative to comuni cate said blood at a predeterm ned
flow rate. 56. The system of33cl ai m 53, wherein said
ultrafiltrate generator conprises a hollow fiber

filter cartridge. 57. The system of claim56, wherein
sailie Rustdmoef ¢lptve 53 fWharein seial tecirdyaianoripnit sesipassenicating
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sai d sem - perneabl e nenbrane allows al bunin to

pelhesyseem bOclaibiné3 sykdreimsaid @etieduntih, cithlR cBhPrisd Lheat

seni - per neabl e nenbr ane does not allowa majority of

fi B’thﬁﬁgf‘é RPE3lpe hpaneain sud uitrdileite pbaprsdeterminad sanperature.

wherein said hollow fiber filter cartridge conprises
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said synthetic fibers are polysul fone e system

of C%,rrra%/gmcglstalmrw adive cebnpparativego zffectmatieadeptihantof said
P operative to infuse said blood with an

|coagu atlon agent. 63. The system of claim 62,
mhereln said anticoagul ati on agent is heparin. 64. The

syé"he sysafm of alaim 63, fufther doetprisrgy protidgeran Gkiva PaepipERutive to
perative togéffuse said wultrafiltrate with gl ucose.

mf‘ﬁ?éa@y&&r 3fe Vit A promotentslsciaciocahantedhs ST aef sHd active

C|Egglt conpri ses an oxygenator operative to
oxygenate said ultrafiltrate. 33 66. The system of
claimb53, wherein said recirculation circuit conprises
a Rbasysam ehelpive b8 opksrainiseis acoveraslin ae p selailohe of the human

ul predeterm ned tenperature. 67. The
syé%é%éQédo féﬁ%ﬁ%' wherein said recirculation circuit

conprises a heat exchanger operative to maintain said
ul Thabystant af elamt 76, whadatseiddcned célargpe tatC3 £ celb8ne. The
systen1of clai m 53, wherein said recirculation circuit

acti cartrJd ntaining active cells

rises a
Sty Pgdélfnﬁ Qgt yhgramsaid ¢ zﬁtonoqqrcg jcgmprises a recirculation

U| bludplobtraat o c@ﬁ:ulaT@@a@Mﬁxtaﬁﬂ}Qé tHb@iHaBBactfvehlge at a
conprising a promoter infusion punp operative to
selected flow rate.

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.

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

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

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

filter, an ammonia trap, and a mechanical filter.
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.



78.

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 hepat3bl astoma cell line. 71.
The system of claim 70, wherein said active cells are
the C3A cell line. 72. The systemof claim®68, wherein

sailBe pysesm of Flatm 68, whereigispidciseiseulatien eirquisdintiearicatripoises a blood
pu ] Lr ey [ trafiltrate through
sag% %@ﬁz\%{ablﬁéﬁgﬂ‘% tg gqe&lﬁO?ganE%ﬁg%ﬁ%gd flowrate. 73.

The system of claim 72, wherein said selected fl ow
rate mai ntained by said recirculation punp differs
froma flowrate maintained in 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
conprises one or nore of a charcoal filter, an
amoni a trap, and a nechanical filter. 77. The system
of claim53, further conprising: a detector operative
to detect gaseous contam nants in said blood; and a
mechanical filtration device operative to renove said
gaseous contam nants fromsaid blood circuit. 34 78.
The system of claim68, wherein said recircul ation
circuit further conprises a blood gas anal yzer
operative to nonitor said treatnent.



