-I- FLOW-THROUGH REMOVAL DEVICE AND SYSTEM USING SUCH
DEVICE [0001] The present invention is directed to a flow-through device

for removing selected compounds ard/er components from a fluid such

as, but not limited to, a biological fluid. The present invention is also

directed to fluid proccELHY SBRIRE FEMgeubhnwethrough devices.
BACKGROUND OF ##¥E iINGERTISNPGSTEIREYRRIgh devices for
removing compounds or other components -from a biological fluid are

Iéla%gg For example, flow-through removal devices have been used in
[9tical protesSingERs wHEFERRBoldgicat HifF iefitaked fo reRsvE hrough
AMndesired blood =components, such as leukqoytesr Flow-through devices
e ST e 0 W T B GOICAP R CPRES RE  —om =

st dewyi olvept.or chemjcal.agent as, for, exa Iegnqp ogen
i%%%%?v;is}[{i\‘(gﬁ Sragc’es%ozgg]?lr:lﬂrqr%]y% g;th%o%(en ?na’%ﬁ%?ﬁ%ﬁcgfbc%tgélegss, a 08
peleatieals agent isypically:added to.thebiological fluid 0. either || directly,
inactivate present pathogens or (2) inactivate present pathogens’i
- ueampisatenaysh-cfhecmeadsysueh as light. Regardless of the method

used, after treatment, it is desirable to remove unreacted chemical agents

or by-products of the IARBRMBIT poEcesE-frovmie faglogical fluid prior to

its transfusion to the patient. [0004] One example of such a pathogen

lifReEil ationfprocasting oby stemiisede sEe driemdvS nP atemtppplication.  othner
Serial No. 09/325,599, which is incorporated- herein by -reference in its
components Irom & biological Ifluid are known. For example,

flow-through removal devices have been wused in medical
processing sets where the biological Zluid is filtered to remove
 undesired blood womponents, such as lenkooytes¥ TFlow-through
devices have also been propesed for use whers ths biclogical
fluid has been treated with a. soclvent or chemical agent as, for
example in a pathogen inactivation process.

[6003] in many pathogen Iinactivation processess, a chemical
agent is typically added to the biclogicel fluid to either {1
directly inactivate present pathogens or (2) inactivate pressnt
pathogens in combination with other means, such as light.
Regardless of the method used, after treatment, 1%t is desirabls
to remove unreacted chemical agents or by-products of the
inactivation process ZIrom the bilological fluid prior to its
transfusion to the patient.

rego4] One examplé of such 2 pathogern inactivation Procesgsing
system 1is described din U.S. Patent AaApplication Serizl Ko,

08/325,588, which is dincorporated herein by refersncs in

its



-2= entirety. In the system described therein, fluid from a source

container that has been treated in a pathogen inactivation process (e.g.,
photoactivation with ultraviolet light angd-a psoralen compound) is passed
through a removal device and collected in a receiving container. The
ganiovaldevida indledey sassorbdentseleeteditbaemiove fesitiial chemicalource
agent and/or by- products of the inactivation process. 100057
Fohetdrenghtdevicdmmayesso beraséedh the filtratior-obbiood radbtstion
to remove, for example, leukocytes from a collected blood product. An
RERTApR of &-ffuid TBRESEfig-EFStetR th¥tiRBludes 5ABtREFEductiBRTiltand 2
in a flow-through arrangement is described--in U.S. Patent Ng. - |
RESSF30. FOIPITIgh dovicas fiay alvort Bled™ o TERfoVe ueatige =

agents used.in the treatment of blood or a blogd fraction, which agent is
Gestably rerioved ot {he fluid pror 6 Turther st o he T T0003 197

the gbgverdeserined examples the ramoval devise includes a housing . v,

and a removal media inside the housing. Regardless of the removal for

Mihieh the deviggds usad: (iR lenkgredugtion, or removal of inactivation
compounds or other agents), complete and uniform exposure of the fluid
t@the Jremovabmedivanish:implertdnt: 30 ahtain thel geeatest effigiency for  the
the removal medium, it is desirous for the fluid to come in contact with as
fiudir et tee removabatediunfasipossible sForvexampte staendare leukocytes
substantially complete removal of the inactivating agent in the pathogen

friestivationctamplé cdeSémBed abicvd i fths desirbble famhesfluieiicortact 1uid
the
processing system that includes a leukoreduction filter in =&

=
flow-through arrangement 1is descripg.d/» in U.5. Patent No.
6,358,420, Flow-through devices may alsc be used %o remove
treating agents used in the treatment of blood or a blood
fraction, which agent is desirably removed from the fluid prior
to further use of the fluid.
[00086] In the above-described examples, the removal device
includes a housing and & removal media inside the housing.
Regardless of the removal for which the device is used {i.e.,

leukoreduction, or removal of inactivation compounds or other

agents), complete and uniform exposure of the fluid to th

1]

removal medium is important. To obtain the greatest efficiency
for the removal medium, it is desirous fer the fluid to come in
contact with as much of the removal medium as peoszibkle. For
example, Lo ensure substantially complete removal of the
inactivating agent in the pathogen inactivation example

described above, it is desirable +that the fluld contact the



-3- removal media as completely as possible, without bypassing any part

of the removal media. Likewise in a leukoreduction device, complete

exposure is important to ensure substantially complete removal of

leukocytes, which if otherwise transfusett; may cause an adverse reaction

in the rici ient. [0007] To further ensure substantially complete and

GRS eX50sare?St theMRia 15 the Pedhe RsistAtpormit it thynemovgl any

edia aintained in a substantially fixed orientation. For example, in a
g]?o%esﬁg%%ﬁﬁg? inc uglé'sk.{ e han%?r?ge-f”ifb%%ilfe? Where five e s apevice,

Rattemy.+ yery, Qften.a patural twisting moment causes the filter to hang at
an angle. As The weeight below ﬂ%ﬁl‘%er%%aﬁzglggiﬁe.s,lé%sﬁf’élt&ﬁﬁééﬁoﬁmplete

centajaer exfilsl.dhe-masment incigases and the angle. changes, f\ device
that tilts away from the central vertical axis may result in uneven
distebntan«ofthedtuidracrossitber semeyalpedia, resulting in incomplete
exposure and removal of the undesired agents. (0008] In addition to

(ARG and Tompletdhexpasurersf theflid to the mediaritis @Stind uniforn
important, to have substantial processing time consistency (i.e.,
FEORHETDIIRY) fiBfn dridlidevice tdhthe mest £0009) Itis alspdlesirable-that the
a device that meets the above performance requirements is also easy
ARBSCononTigdi miRufalRIB AR adow rdfection rateb[0GOTOEThe  Fixed
above objectives are addressed by the present invention. 4

orlentation. For example, in a brocessing set that incliudes a

hanging-type filter where the Fflow is “top to bottom,” very

[ B

often, a natural twisting moment causes the Filter to hang at an

angle, As the weight below the Ffilter changss {i.e., as the
collection containex~fills), the moment increases anid the angle
changes. 2 device that tilts away from the central
axls may result in uneven distribution of the #Fluid across the

removal media, resulting in incomplete axposure and removal of

i -

the undesired agents.
{0008} In addition tc uniform and compiete exposure of the

flveid to the media, it is also important, to have substantial

processing Tame consistency (i.e., reproducibility) from one

device tec the next.

(00087 It 1s also desirable that a device that mee:s the

=

above performance requirements 1s also sasy and economical to

manufacture with a low rejection rate,

[106G10] The above objectives are addressed by the present

invention.



SUMMARY OF THE INVENTION [00010a] In a first aspect of the
invention, there is provided a flow-through device for removing selected
compounds from a liquid comprising: a housing including a pair of rigid
side walls welded together near their peripheries to provide a peripheral
end wall, said side walls and end wall defining a chamber, wherein one of
said side walls comprises an inlet port in flow communication with said
chamber and the other of said side walls comprises an outlet port in flow

communication with %ﬂdﬁ)ﬂ@ﬁ\b%F Wﬁiﬂﬂwf said side walls

includes a continuous tongue near the periphery of said wall and the

[008Heslof sdlidl sidisshampeshmbifzedyenitmubiagrsoverdsdndlowdhrough
de»ﬂ@é‘%@%ﬁi‘c}gﬁ% OolRRI e WRNBLNRCEIING SaIE URNSBAMERIE NSALsIng
Ine

~groove is de by radial inner and outer walls, at least one ot said walls
INCIHEiDgirRy B3hSIdEI3EIRNG ReHERH, [RPRASSy 18R dRBliIdsTiRheres o
proligRosgskrRiativg tengaidaiongue sirhiaat ditnenasaemikyiisaigl toBaY@ber,
initi.aII%co%Facts sai sholrﬁlder' said housing further igcludin at least one "
W R RO BN SRR RIS AR SRS BRATHEPACR fefgfion win
saiteciarabpreaidirticomibrasing axstBoedwaddiconomiepasangaastigatioct] dtefiow
of a sorbent co Sifi lymeric_binder, said . ound_r
oo L P e D a0 o e Sl RS =

comé'mwa_mwi@WW|ﬂmn@ederhém@ndaéuwa@éﬁt@_mm@aiwt@m yealis
cornfiifsRerPRERahERANGIL QTS A ROKSIPEHED @%QRT'BF%%Q&%P&%?QH for

said peripheral end sirface and said peripheral end wall, wherein sai
recRiniib GAL rEMBVal WBAIGIA SekbaErarend Refneshbyct 3R Anpgiignd outer

wallBpedinpakie badrier, sald ligdid impRameable BRNIRILHIEGE COMP N IHIBGABM,

in%ectable, material and wherein said material is injected through said

whiigRYoRPiHo RN QlidGhdfe ARG al 1A SiI iR g St (P YR Rash Laqg during
asperipherabandosigiacenitfspidoermpaundike mpvalldeedigaand saisy  further

R A e R P A A I S e
cotopgurdandrymeye randiantendimgpHsigfidergintered medium comprising a
particulate of a sorbent composition and a polymeric binder, said compound
removal medium located within said chamber between said walls, said
compound removal medium including a peripheral end surface terminating
interior {0 said peripheral end wall of said housing thereby defining a gap
between said peripheral end surface and said peripheral end wall, wherein said
compound removal medium peripheral end is in contact with a liquid
impermeable barrier, said liquid impermeable barrier further comprising an
injectable material and wherein said material is injected through said injection
port, said material substantially filling said gap between said peripheral end
surface of said compound removal medium and said peripheral end wall of said
housing; and a gripping member extending from at least one of said side walls
and located radially interior to said tongue and groove and extending a sufficient
distance from said side wall such that at least one gripping member contacts .said
removal medium, a sheet of filter material disposed between said compound

removal medium and said housing side wall including said outlet port, wherein



distance from said side wall such that at least one gripping member
contacts said removal medium, a sheet of filter material disposed
between said compound removal medium and said housing side wall
including said outlet port, wherein 4a said outlet housing side wall
comprises a nesting surface for supporting said filter and wherein the
peripheral portion of said filter mateftdl is held at said nesting surface,
wherein said filter material is permeable to said liquid but substantially
salTDSmeADIe 10 said pafticulale, 10001 Also disclasad is aflowreuahse
g selected ‘compounds rem a hquid. evic
anfhelidesira heusap hadhgerfiiest posion fiied mstewtridporidrathasidraesting
suflDE0RARINPL AR &Y Mhe:dreh 309, sRReRE LRItaNs Mk'e AL N@Raly

~and inner walls, with-a compound removing medium disposed between
impeeveARofasaigHasisi@ne of the first or second portions includes an

[odoiphport opihe gutapyal @é‘dathﬁ‘owfiﬁfo@i‘ﬁﬁhecf&%@f $eCqBthARFiORRlected

includes an outlet port on the outer wall. The inner wall of the first or _
CORRMIEHFaBhE ilietlited RepERYIRE I Was aiRg BINGuBANINRE BhirfimRertion
anwall eédbedothwtion thesfiratorseeandopettiens Mntndes mpefigheradysecond

tendi f iving th ..J00012] Also djsclosed i .
PO SPGB0 ROV L e EQ AU FO AT dgciom
disinc@m_ﬂbbamm@ TMadishofishry octicaes msemdti’@eﬁmmomwal_lsortions
inc%?é' “gr{"ﬁ‘ﬁ@&e 'SHCBF%"T%RS'V&%’}’%QIEL‘%}%’B#% ?t%%?“%?%ﬂ% dﬁ‘?@%’:’”@econd

iedium Is disposed within the interior chamber. In a preferre .
poEinbedirkde s houlkai PRIEIgdetrarpkirt pef ohhenwogthseduesrtelfgst or

se@RtePoRistiet iﬁefﬁé?é‘stﬁep%‘#&%é}faﬂﬁﬁe%tﬁ%wq"&aﬁ’&ﬂ%@ﬂi@%@‘%ﬁﬂ@ﬂ REi of

the outlet portis diametrically opposed to the location of the inlet port.
thggbeBPAISS istIBEE8G8 H IiNiPREUGR ¥SREmABHPERIGING SelRfH groove
fo;qgmw@m@m@n@pnents from a fluid. The system includes a source 5

[00012] Also disclosed is a flow-through device for removing selecied
compounds from a liquid that inciudes a housing. The housing includes first and
second outer walls defining an interior chamber between the walls. A compound
removing medium is disposed within the interior chamber. In a preferred
embodiment, the housing includes an inlet port on one of the outer walls and an
outlet port on the other of the outer walls, wherein the location of the outlet port is
diametrically opposed to the location of the inlet port.

100013} Also disciosed is a flow-through system for removing seiected

compounds or components from a fivid. The system inciudes a source



container, including a fluid outlet and a receiving container including a fluid
inlet. The system includes a compound removal device disposed between
the source and receiving containers. The device includes a housing
having first and second outer walls and a compound removing medium
between the walls. The housing further includes a fluid inlet on one of the
outer walls and located between the “center of the device and the
receiving container, and a fluid outlet on the other outer wall and located
colSIREe t&ﬁﬁ‘?ﬁ@ RIS HSY %ﬁa@%@%iﬂg C8 faMaIng Ei&ﬂﬁ@ aq‘m%ﬁmlet
outer wal em further includes a tirs e provi ng a
Thpetviaiem tm@igdaﬁc@ conpinacarrmhal@dvicmibisppsed é@tty@@mdtlsa@ source
anB"RAdI0g & dov-RatiPepegn the %Yﬂfb%@‘éﬂ%a@ﬂgjhﬁaﬁﬁﬁﬁ“ﬁﬁg and second

containerinlet. [00014] Also disclosed is a flow-through device for
outanKtsRSE e RUMBB HISL RS tragnTAaRiU. heleerniteiv@lmpr e dorsing

furbrssing idng aurained; sdenalls apd aneriphgaalanalligefirindhatveen the
chamber. A removal medium is located within the ch?mber the

me
ceRigrigh Hs SRy \wauphsh Ralffeg WIRGGP AR pRRD R A I AP BR RS ?he other
outwustigadliguiddthpetweabladauiesividbatedvicthendda abthee container

r%%n”(l}%?r subtstantl?lllyi%etwe gth§ mt\adlumﬁ(%%%)he%a surfr%%mggn% flow
ONHK peripheral’en ousin |sc ose

paflovbehseegh theo sessirg systema‘bwednm@ng!egetecte@tm@o@mond tube
pr&QHIR %%%f E’H%ékwgeh”%ﬁ flow %ﬂﬂi@%ﬁ?fﬂe'@é‘éﬂﬁﬁﬁb@%ﬁ%r

conta er |ncI Ing a d outlet and a recelving container | IIng a ﬂ'UI

06841 A conpruriiiseinsral iss-addlavetiy e dDetRelN theneyine selected
coRPBANET fPFHIERREIMIAE SONERINETIMBRAUISHI%INRIUERS ;408 @B0pair of

second outer wails and a com?ound removing medium between the
I

sidgali!ifnenthsing Ak /8 ABNRIBE oR (hEAMEEuter (FIICYRE MRgium is
loReiowiasatetkketivaes: thRecarigiued e/ Gthousing sk anthiiteg interior to
théeé:eerlsvplﬂgrg? a“neg t%n%aogalglirggowﬁég% tlrr]r?p%?r%%% i%ukgearmeruls located in the
area of the chamber substantially between the medium peripheral end surface
and the peripheral end wall of the housing.

100015] Also disclosed is a flow-through processing system for removing
selected compounds or components from a fluid. The flow-through system
includes a source container including a fluid outlet and a2 receiving container

including a fluid inlet. A compound removal



located between the second housing wall center and the source

container. The system also includes a tubing providing a flow path

between the source container outlet and housing inlet and tubing

providing a flow path between the recet#ing container inlet and housing

outlet. The length of the flow path between the source container and the
iHRTISYrédterihaketh o RHGATf the fowath betwesnthe afuliddeutieteiving
and the receiving container. BRIEF DESCRIPTION OF THE DRAWINGS
(668181 BGure ﬁ@a%‘éﬁ%ﬂ@mﬂﬁ’fcéﬁﬁﬁfpr%cé?ﬁﬁ@ syBferfieFRINGdiRY s walls
fIov&-thgogggmrgmgvglmdevige emb%d)ﬁixqg }gh% gresen£ ,inve~nt7ion. [00017] .
Figlre 2 is A partial pran view of e fiiid- processing $ystém-6f Fig -1 Rousing

showingbe reverse side of the, flgy-through deyice, [00018] Eigu f?.é%%% being

a plan view of an alternative fluid processing system With &' flow-throu

remoual deyiog,empodying.dhe present ipyentien, [000191 Figure 2A4s a4 +pe
partial plan view of the fluid processing system of Fig. IA showing the
reversevsite ebthe iflew-threugh device. Fn{0Q92Q)Figure 3d8and outer wall
perspective view of the removal device embodying the present invention.
[06021EEigwevkisanexplosedviewaithe dowshiough remoyakderiee source
embodying the present invention. [00022] Figure 5 is a cross-sectional

st VeVt the Tow- 2HEdEegh FerRevaldeviceof Bigtibing providing a flow

path between the source contziner outlet and housing inlet and
tubing providing z Iflow path between the receiving containsr
inlet and housing outlet. The length of the flow path between
the source container and the inlet is greater than the length of
the flow path between the device outlet and <he receiving
container.

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Figure 1 is a plan view of a fluid processing system
including a flow-through removal device embedying *the present
invention.
[00017] Figure 2 is =z partial plan view of the fluid
processing system of Fig. 1 showing the reverse side of the
flow-through device,
foooiel] Figure 12 is a plan view of an alternative fluig
processing systefu with & flow-through removal device embodying
the present invention.
[00019] Figurs 22 1s a partial plan view of the fluigd
processing system of Fig. 12 showing the reverse side of the

Flow-through device.



[00023] Figure 6 is an enlarged, partial cross-sectional view of the
flow-through removal device of Fig. 5. [00024] Figure 7 is a partial

perspective view of the retaining clip on the housing of the flow-through
removal device embodying the presentinvention. [00025] Figure 8 is a

partial perspective view of a retaining loop on the housing of the
A6REFIUghiiemnowal} dévice epsbogyingithe presenbiflveRtioRiR0026] device
Figure 9 is a perspective view of one portion of the flow-through removal
BEVIRBYEMBORn§IRE e sERTAERIbN including a version of the inlet
%orth00027%Figure 10 is a side vi_ew of one embodiment of a flow-
through-rembvaFdevice. [DD0ZE] Figtre-2458 a Paffial ian Vet of e through
embodiment of a fluid processing system including a flow-through
Feerlﬁlgfg? evice [0%0: VIEFQ%%I?L% érg PaFtral SdE VW of another
gemoshpentzelihe fyidprogessipg sysiem, (A0S0 Flgure, 13 5.8 plan
view of still another embodiment of a ow-tﬁroug Systém fﬁc‘f’uo‘?ﬁg a-
Howdhseugbrerovak fevice ~8{00031] Figure 14 is a side
cross-sectional view of the system shown in Fig. 13. [00032] Figure 15 is
aquotialplareyvigw of still angthesrnembeodiment.otaflowsthyough.system, ;..
including a flow-through removal device. [00033] Figure 16 is a plan view
ofttherreverse-sidecottheremoval device of Fig. 5.

flow-

[000243 Figure 7 is a partial perspsctive view of the
retaining clip on the housing of the flow—thxough removal device
embodying the present invention.

[00025] Figure 8 is a partial psrspective view of a retaining
loop on the housing.of the flow-through remova® device embodying
the present invention.

foo026] Figure 9 is a perspective wview of one portion of the

Hh

flow~through removal device embodying the present  Invention
including a version of the inlet port.

(000271 Figure 10 is a side view of one embodimen® of a flow-
through removal device,

roooze] Figure 11 is a partial plan view of one embodiment of
a £fluid processing system including a flow-through removal
devics,

[o0028] Figure 12 is & partial side view of another embodiment
of the fluid processing system.

[00030] Figure 13 is a plan view of still anéther embodiment

a flow~through system including a flow-through removal



flow-through removal system and device of Fig. 15. [00034] Figure 17 is a
perspective view of a holder for supporting a flow-through removal device
embodying the present invention. [00035] Figure 18 is an exploded view
of the holder of Fig. 17. [00036] Figur&&9,, is a perspective view of a
rer‘B8¥§5devige within the, holder of Fig. 1B. [0003_7] Figure 20 is a
reverds perspadive vittv of the Fidtier HRFIGRARHOBEH rdiiola Hevice systen

Fig. 19. [0Q038].Eigure 21 is a cross-sectional view of the tubing
%&grt%lle]ﬁ%éf%ﬁeg hoqrdae'r of Fig. 19. [00039] Figure 22 is a perspective view

rnat bodiment of t r fQr.supporting the flow:through ,

D ovicsy (300401 Figura 23 5 1 BerBaid Y Shoviii the Hrotes
wyessenside obthe holdesanchlewsthrough iemoval deyice biFige22, —vprougn
[00041] Figure 24 is an alternative arrangement of the holdér and ’
flewethaaugl vemeval device of Fig. 22, including a connector attached to
a vertical support pole. [00042] Figure 25 is an exploded perspective view
d0&edrher -F-igiternatie embodirhent of the flotv-tirough vemevak tieyvicer the
embodying the present invention. [00043] Figure 26 is a cross-sectional
didawiehrolme fiiotrdutifeiemoval dévickost Fi. 25 [00044] Figure 27

is a cross-sectional side view of a removal device with removal medium
&@nggbtheﬁﬁﬁpre 1T is a perspective wview of a holder for

supporting a ZIlow-through removal device embodying the present

invention,

[00035] Figure 18 Is an exploded view of the holder of TFig.
17.

ron036] Figure 1%:1s a perspective view of & removal davice
within the holder of Fig. 18.

[00037] Figure 20 is a reverse perspective view of the holder
and flow~thrgugh removal device of Fig. 18,

[o0038] FPigure 21 is a cross-sectional view of the tubing
channel of the holder of Fig. 19.

[060635] Figure 22 1is a perspective wisw of an alternative

embodiment of the holder for supporting the flow-through removal

device.

[00040] Filgurs 23 1s the perspective view showing the reverse
side of the holder and flow-through removal device 6f Tig. 22,
[000£1] Figure 24 is an alternative arrangement of the holder

and Ilow-through removal device of Fig. 22, including a

connector attached to a vertical support pole.

1000427 Figure 25 is an exploded perspective view of a further



[00045] Figure 28 is a cross-sectional side view of a compound removal

device with a sealant being injected into the housing interior. [00046]

Figure 29 is a cross-sectional side view of a removal device with a

sealant filled gar. [00047] Figure 30 is &perspective view of one portion of

the removal device,,-housing with sealant reservoir's and injection

Epehtresi 0048} Rigine 81 is4 perbpectievienratthshrevesseside ofievice

housing portion of Fig. 30. [00049] Figure 32 is a perspective view of one
imEntBf &iTa8sBmMPBRFRABVal device. [00050] Figure 33 is a

rti rosg-sectional view of the tongue and groove engagement prior
i, ToORAT P ai (630 BATTER oSS ecRoRal iy OP e T1ow-

%{EQ%H&%‘@ %’QQQQ_ tooig%ther. 052] Figure 35 is a perspective

view, shown in cross- section, of a part of the outlet housing portion.

(0093 Figure. 3G is a-perspective view, shown in cross- section, of a part
of the outlet ho%sing portion with an aIt%rnat{l)vnearElb Sajfrgéengves‘r%nf{lﬁ- removal

[06654] Figiwe-2hisra1peksnestive view of analternative embodiment of
the removal media with a ring of binder material around the perimeter of

theomiedia disks {805%] Eigure-384s asperspestive view ofithe disk of compoung
Figure 37 with a portion cut away to show a cross-sectional view of the
diskoand riggirice with a sealant being injected into the housing

interior.

t00046] Figurs 28 is 3 cross~sectioﬁal side view of a removal
device with a sealant filled gap.

[00047] Figure 30 is = perspective view of one portion of the
removal devicewhousing with sealant reservoi®:s and injection
apertures.

[00048] Figure 31 is a perspective view of the reverse side of
hounsing portion of rig. 30.

(000497 Figure 32 is z perspesctive view of one ambodiment of
an asssmbled removal device.

[060050] Figure 23 is a partisl, cross-sectionzl view of the
tongue and groove engagemeni prior to welding,

[00051] Figure 34 is a partial, cross-sectional view of the
tongue and groove welded together,

[00052) Figure 35 is =& perspective view, shown in cross-
section, of a part of the outlet housing portion,

[D0053] Figure 38 is a perspective view, shown in cross-
séction, of a part of the outlst housing rortion with an

zlternativ
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[00056] Fig. 39 is a cross-sectional side view of a removal device
including the removal disk of Fig. 37. [00057] Fig. 40 is a perspective view
of an alternative embodiment of the removal media with an annular
gasket around the perimeter of the nédia disk. [00058] Fig. 41 is a
perspective view of the disk of Fig. 40 with a portion,.of the removal
MEHE Tut aRATHBSsheW the gkt JOPBSELFRy. 42%a erbssisectidhabnative
side view of a removal device including the removal media of Fig. 40.
TEG: 4%is ' Perspadlivs VG SF thie Feméval madiatdiskmar apaterial

[ eable skin argund the quter perimeter of the media disk. [00061]
%%E{Fis%gépé’é%%ﬁ%érviggv SPharSia At fitia disk of Fig. 43 with a

e eut- show: @ CLossSs I iew: of the.media disk. _ _,
E)%%%%?Figézx %s% c?gségsec%tiﬁeﬁ?%e@ ?/%v% o%éélgr“érr?d“va?g evclfc’}eS k of Figure
inzludiog thexerooval mediaw{Figc43:DETAILED.DESCRIRTION.OE - .
THE PREFERRED EMBODIMENTS [00063] Turning 'now to the
dreakingrs] Rignd.shows a flow- through fluid processing system embodying
the present invention. The system may be used in any application where
flfCiBEPassdd 1~3Rorhsa fluidsoarcetahireselving dentainew, aftl a removal
contact between the fluid and a treating, removing or filtering medium is
J&3it6q. [OUBEALREFIG L Hhery I shbflh &Solikee cdntainer 12 for
t}gldin quid.wI,n one specific, yet non-limiting application, source container
128y holdd Biological fiid *subh 5FB0bd7s  view of an alternative

embodiment of the removal media with an annular gasket around
the perimeter of the media disk.

[00058] Fig. 41 is a perspective view of the disk of g, 40
with a portion,of the removal media cut away to show the gasket.
[DO0BL] Fig. 42 is a cross-sectional side view of 2 removal
device ilncluding the removal media of Fig. 40.

(0006607 Fig. 43 is a perspective view of the removal medis
disk with an impermesable skin around the outer perimeter of the
media disk,

[000e1] Fig. 44 is a perspective view o

7

ih

the removal media
disk of Fig. 43 with a portion cut-away %to show a cross-
sectional view of the mediaz disk.
[00062] Fig. 45 is a cross-sectional side view of a removal
device including the removal media of Fig. 43.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTE
[00083] Turning ‘mow to the drawings, ¥Fig. 1 shows a Fflow-

through fluld preocessing system embodying the

't

resent invention.

The system may be used in any application where fluid is passed



5]

or a component of blood. The system shown in Fig. 1 also includes a

receiving container 14. A removal device 20 embodying the present

invention is also shown and is typically located between and in flow
communication with the source container-12 and receiving container 14.

[00065] Optionally, the system 10 may include additional containers. For
éxarmple, iflthal ensbodinsenttshown LE4Egvingystemm 1 ireludes:an  contact
additional container 22 which may include an agent, useful in the

HEatHRERAt 6hehe bibigiearfluid. Ssadfisdly, insmnundimiting exaiipleing medivm
container 22 may include an agent useful in the pathogen inactivation of

the iSiogital fluid. [00066] One example of a pathogen inactivation

ndisa psoralen compound, such as, but not limited to, N
g%g?gﬁinoz? ogé?buf%/r- 4’,@, Ffrim&thy1 Pa8Paléh a5HE pathogeminer 12 for

ingctivation,compound, Examples of suitable psoralen compounds and ,
methodéI of inactivating pathoge%s in“byltc)l'og%é)l“”ﬂullqdQ tsing “psorafensfarg ca+Lon
pravided il S.Ratens Ngs 5,578,736 and, 5,593,823, both.of which are .
incorporated herein by reference. [00067] Oth%%rgexamplés% pbthsc%hgn &5 blood
mactivatiogeompeunss ipchite phthalcyaniae arvativesn in rig. 1 also
phenothiazine derivatives -12- (including methylene blue or
dimsétdmethylenedilue)igendogendtis and ekogenous phetasensitizetsice 20

such as alloxazines, isoalloxazines (including riboflavin), vitamin Ks,

GraeRy b hdpththogessoriesi naphtiaiends; napbtholshpathogern is typically
inactivating compounds disclosed in United States Patent Nos.
8UEEET7, P8BS 2028Rd 6:2775387, wRRETEFE Hrcotporatedhseinty  sourcs

container 12 and receiving container 14.

{00065] Optionally, the system 10 may include additional
containers. For example; in the embodiment shown i Tig. 1,
system 10 includes an additional container 22 which mzy includs
an. agent, useful in the treatment of the bioclogical fluid.
Specifically, in a non-limiting example, containsr 22 may
include an agent useful in the pathogen inactivation of the
biologicael fluid.

[00066] One example of a2 pathogen inactivation compound is a
psoralen compound, such as, but not limited to, 5 -(i-amino-2-
oxa) butvyi-4, 5’ ,B-trimethyl psoralen asg the pathogen
inactivation compound. Examples of suitable psoralen compounds
and mesthods of inactivating pathogens in biological fluid using
psoralens are provided in U.8. Patent Nos. 5,578,736 and
5,593,823, both of which are incorporated herein by referesnce.
{00087 Other e::émples of pathogen dinactivating compounds

include phthalocyanine derivatives, phenothiazine derivatives



reference, or "Pen 110," which is made by V.I. Technologies, Inc. (which

is also known as the Inactine, compound) [00068] Examples of pathogen
inactivation compounds that may be useful in red blood cell pathogen
inactivation methods include the pathogen inactivation agents disclosed

above and those disclosed in U.S. Patent No. 6,093,725 and U.S.. |A-
ApplieBtdRSerialeNbyd9rE, 228 Hed Mareh 3012800 wWhhiet-Isy Himscted blue) ;
to the use of compounds having nucleic acid affinity and containing a .
ARISERFGYSuFSr nedSErF Ut SuFBEtR 2R R or Fitistarghogs alloxazines,
intermediate. U.S. Patent NQ. 6,093,775.and U.S. Application Serial,No. .
b@f?z@%ﬁ%zérréei%co(ﬁp%%‘t%%lﬁgreitnlﬁﬁ grle?g rehice. X Fed-BompouRE™ L
or red.blood.cell pathg ' [yation is_p-alanine, N-(acridin-9-yl . .
P chlorel ok o] S Scich, DO0BS) Hethning (R, T1acci vatiog
contsiner22 ig cannected (and is, ik dlow sommunication with) source 555 577,
container 12 via tube 28. Details of this illustrative system and of the

rathogerp dnactivation process with whichhit is ysed: ake sgbiorthdn USrein by
Patent Application Serial No. 09/325,599, filed June 3, 1999 and
prefsaesiydncarporated by iefefencel §80070] Asdarther shown indagsclocies,
and 2, source container is -13- connected to removal device 20 by a first
ttive. 16 WElbe 16 providésavitow path $ron sourve tormaremt? to

removal device 20. One end of tube 16 is joined to outlet port 24 of

dAXaffer 15 mPafRSothér idI09RE inldt5sor BE-épaeieBZOU[AR0 it may
As shown in Figs. | and 2, system 10 includes tube 18 which connects
&5vmgﬁﬁfﬂ}reégvhﬁféon :ﬁgg14§ell pathogen inactivaticon methods

inciude the pathogen inactivation agents disclosed above and

those disclesed in U,

i

Patent No. 4,083,725 and U.S.
Application Serial Neo. 05/52%,226 filed March 30, 2000, which is
directed to the use of compounds having nucleic acid affinity
and contgining a mustard group, or mustard group equivalent or
mustard group intermediate. U.S. Patent No. 6,092,775 and U.S.
Epplication Serial No. 09/539,226 are incorporated herein by
refersnce. % preferred compound for red blood cell pathogen
inactivation is ‘p-alanine, N-{acridin-8-yl}, 2~This{2-
chloroethyl)amincl ethyl ester.

{00068} Returning te Fig., 1, contziner 22 is connected {and is
in flow communication with) source container 12 wvia tubs 28.
Details of this illustrative =system and of “the pathogen
inactivation process with which it is used are set Fforth in U.8.
Patent Application Serial Neo. 08/325,599, filed.ﬁune 3, 1898 and

previously incorporated by refsrence.

{00070} As further shown in Figs. 1 and 2, source container is



Specifically, one end of tube 18 is joined to inlet port 26 of container 14,

and the other and is joined to outlet port 32 of device 20. [00072] An

alternative flow-through system 10 is shown in Figs. IA and 2A. The same

reference numerals are used to identify the same features as those

shown in Figs. 1 and 2. In the embodiment shown in Figs. IA’and 2A, it

withbe appreclated’=ithat thedepening 210 intet part 80:facesamaayfram theahe 15

center 36 (i.e., toward the periphery of the housing) of device 20.

SFATAHRE Thé opéringPrt-buliseB? Jasasanaytitairtie déntes 3Gfandl device

toward the housing periphery) of device 20. While the orientation of inlet

(ot 30741 StiffetPorts? as’sHEwAIR RiYste &g 22 preférddecthesontainer
bodiment shown in Figs. IA and 2A_is equally suitable. [00073]

gg@ aftiass %? thDetg?ixe nta |otnoof'aé?oe 1S 30" AN 3" &> Rofn i asgeclof

heihpehthe embodiments, shewn in Figs. Lapd iA is the location.of inlet |
and outlet parts of device 20 re ative tgrtljﬁe %évi%%sé:égﬁrierqc’ﬁ“gﬁ tdes tube 18
containersdz-andd4. Ingaghof the emhodiments, inlet port 3Q is located
between the center 36 of device 20 and receiving co*ntagllrger 14° ?H%:%luetfet -
32dx-ddcatetibetween theicentet 36.anchsqurce contaings 12, This ol ¢ 2
results in a flow through device 20 that is directionally reversed relative to
thenfiavimtierough therénaindetivé thes iy stem 16; Thus: Huishenters et 32 o
port 30 and is forced to flow "up” to outlet 32. It has been discovered that

thEy regersed flow, at least in part, reduces the time required for a fluid to

pass through device 20, provides more reproducible flow
[000672] An alternative flow-through system 210 is shown in

Figs. 1& =and 234. The same reference numerals are used %o

identify the same features as those shown in Figs. I and 2. In

the embodiment shown in Figs. 12%and 2&, it will be appreciated”

that the opening in inlet port 30 faces away from the center 36
{i.e., toward the periphery of the housing) of device 20.
Similerly, the opening in outlet 32 faces away Ifrom the center
36 (and toward the housing periphery) of device 20. While the
orientation of inlet port 30 and outlet port 32 as shown in
Figs. 1 and 2 ls preferable, the embodiment shown in Figs. 1A

and ZA is egually suitable.

[00073] Regardless of the orientation of ports 30 and 32, a

th

common aspect of both of the embodiments shown in Figs. 1 and 12

is the location of inlet and outlet ports of device 20 relativ

1§37

to the device center 36 and containers 12 and 14. In =ach o

Fh

the embodiments, inlset port 30 is located between the center 36

=

of device 20 and receiving container 14. The outlet 32 Lis

located between the center 36 and source container 17. This

i



from device to device, and provides more complete exposure of the fluid

to the removal media inside device 20. [00074] Turning now to Figs. 3, 4,

and 5, there is shown a removal device 20 embodying the present

invention. in a preferred embodiment;-dévice 20 is comprised of a

housing 42 made of two separate portions 44 and 46 that are joined
téﬁéi’r}gﬁ E&Sh Fortiot#4 did 4BIRcIUFSE &R odBr stifiice, LRlertiegy-onally
50 and 52 (see Fig, 5) and/or,i ner“gurfaces, identified by 54 and 56, <
rEEPEERGEly SRS BhoUn i Eig-A%6 and Figs 38248, potfion 48 prdviges £ ¢

base. for receiving removal. medja 60 and. optional filters,62 and 64, - x
(égggﬁgeg 'eloﬁz}u?ﬁusﬂhugﬁir%glg%?%oglﬁ ﬁléspsodrtﬁe%dgep%n% it with - oed =2
nitiplesgonceniric flats 82, 84 and 89 (ajso-descrpedsbelov)-al Jifferent ¢nss

depth levels on which removal media 60 and optional filters nest. As

shevwarinkig18xpodiom46 és compised ot-adgensralbeplanas sideywalled for a
and peripheral end wall 57. Housing portion 42 may be more in the form
anthshiape of & fataevenimembieravittt nosignificant depth.vhg shawmiinle flow
Fig. 4, portion 44 includes inlet port 30 and portion 46 includes outlet port
32w showndn Fig. 807 portiorsnd4 ahdvéiamymoptionatiprirchgdeszposure  of
alignment tabs 48 to ensure proper mating of portions 44 -15- and 46
dtffigfassenitly Hon o746 sy 42 is prefdraliyhatie’df-a hard plastic

that can be injection molded. The material used for housing 42 should be

4 o P - : ¥ ; T
stitaBiE for stetffizatiBn BY'knofn Zt&ns oF steriliZRtbnsuchiE amma Show» 2
or electron beam radiation. The .material should also be amenable to .

rﬁmovaq R Jadiatc emgoaylng LPa preseg% {gveg%gon, In a
preferred sealing operations
preferrad embodiment, device 20 is comprised of a housing 42
made of two separate portions 44 and 46 that =are Jjoined
together. Gach portion 44 and 46 includes an outer surface,
identified by 50 and 52 (see Fig. 5) and/or inner surfaces,
identified by 54 and 56, respectively. As shown in Fig. 4-6 and
Figs. 35-36, portion 46 provides a base Ior receiving removal
media 60 and opticnal Ifilters 62 and 64 (described below).
Thug, housing portion 46 has some dspth to it, with multiplse
concentric flats 8Z, 84 and 88 (also describsd below) at

(=R

different depth levels on which removal media 60 and optional

™
o

ilters nest., As shown in Fig. 6, portion 46 is comprised of a
generally planar side wall and peripheral end wall 57. Housing
portion 42 may be mere in the Iform and shaps of a flat cover
membar with no significant depth. 2s shown in Fig. 4, portion
44 includes inlet port 30 and portion 46 includes outlet port
32. 4s -shown in Tig. 30, portions 44 and 46 may optlonally

include alignment tabs 48 to smsure proper mating of portions 44



such as, but not limited to, ultrasonic welding. Examples of suitable
materials include polymethylmethacrylate (PMMA) and acrylonitrile
butadiene styrene (ABS) As shown in Figs. 3-5, one of the housing
portions 44 or 46 may include a retainig- member 58 for receiving tubing
16%arl%/or 18 (discussed.in more detail below). [00076] As shown in Fig.
r ewc@%ﬁ%f@?&@%ﬁ%tudes one or more treating or removal media

%%Q qg?k Gg)oglgced %tvxéeen inner surface 54 and 56 of device 20. As
do ers

evice 20 through mieEpET 20, Fadmeinto doMactvRRAtic that

media,00.:The fluid permeates the media and travels acrgss the surface
60a theretyioe?ore exiélng through g%ﬂet B3 T oR% nBRIMItY exsmpi@s 42

sammewal meadia 60:may; be selected far remoyipg ynwanted  components

from a fluid. In a pathogen inactivation fluid processingysystem of thé:?%‘é

desciibeckinidsS. RatentApplisationSerial Na.,09(325.599.the:mediym .,
may be a sorbent media for removing unreacted pathogen inactivation "

BehRzeand sbyuproducts dfdhenpatitapentsagiivation-teataent and Q1L+ s o
compounds and substances, including other pathogenic compounds.

[OU07 A%As BEscritéd inpiSsPatent Applicatiom Seriak i ng9/32%:698: 105 of
the removal media may be in the form of a disk made -16- of, preferably,
RARGibEh - SRS eijrehe pARREGaE tRslisTfiidly Grethdcmd sbmbiredMaith and
gctgngé%%@:al;ﬂi |, such as polyethylene or a blend thereof. This
combination s sintarad™ Fesufing /' Gisk 8B Showrtif Fige"@-6avitigs. 35,
' f Oa _and 60b and perigheral end surface 60c. Disks of this

%%2 glr{:- ag\l/e?asila ﬁ%esfjr’g% Porex g%hr?‘c%og%s OFF iU RE LR Gia vithe taining

member 58 for receiving tubing 16 and/or 18 {discussed in mors
detail below),

[00078] As shown in Fig. 4, device 20 preferably incliudes one
or more treating or removal media (e.g., disk 60} placed between
inmner surface 54 and 56 of device 20. &s fluid enters device 20
“through inlet port 30, 1% comes into contact with mediz 50. The
fluid permeates the media and travels across the surfacs 60a
thersof befors exiting through outlst 32. In one non-limiting
example, removal media 60 may be selected for removing unwanted
components from a fluid. In z pathogen' inactivation fluid
processing system of the type described in U.S. Patent
Application Serial No. 09/325,599, the medium may be a sorbent
media for removing unreacted pathogen inactivation ‘compound, by-
products of the pathogen inactivation treatment and other
compounds and substances, including other pathogenic compounds,
[00077] As described in U.S. Patent Application Serial No.

iy

05/325,59%, the removal media may be in the form of a disk made



particulate provided by the Purolite Company of London, United Kingdom.
[00078] Of course, the removal media 60 described is not limited to the
materials identified above. The medium can be made of any material,
sorbent or otherwise, that can remove ~2élgcted compounds or agents

f{}ofm the fluid. gx?mpleg.g}‘i {PT‘SQSLS Il%seful in.,"the removal of '
compolinds and...: ‘agents are. provided in U S Phtent N 68542507 St 1o

%-ﬁiﬁ%fggréﬂwcaﬁ%% Ruhlication Nos. US 2001/0018179 Aland US .~

2001/0 56 Al, all of which are herein mcorporatedlf%/ rérerence.’ The

raedipgnicareaisode g filtration medivpusedsio: captyre (atherthan by: p. ooy

sorption) unwanted compounds or components. For example, the

nredinie Htymay e sisesbtasbapturenlepkgeytes-and.sempyvethemfioMaces s0a
the biological fluid. [00079] As shown in Fig. 4, device 20 may include

additicridl  mserisdoi fileation end readatof 60mpourndaor sOMpPAnenisSpe are
For example, in an embodiment where device 20 is used in a pathogen

iRdER RO trebeRientiorfsmobe Yesithal bgents nd sbyiproduct$ebtes  with
inactivation process, it may be preferable to include one or more

RO T atGT TiedRI6 2 And 87, BHES6Z aRerei=6y nedy betdcidednited
t% caé) ure any loose -17- particulate from removal media 60. Filters 62

ard’ may be of conventional type as, for example, nylon mesh or, more

p ahly, polyester mesh with a pore size of betyveen 0.2 and 0, , .
rrifggr?gng%thoéﬁzht%%r iﬁéreélrﬁen%%%vfild ﬁegv@ash%%vnf?“o%cerﬁ%ﬁ 1s not

E%%%ﬁ%éﬁgaﬁ?becﬁwfm@r&%ol&&ﬂ%@@ngﬂ%@ious%ge%&%% can be
made of any material, sorbent or otherwise, that can ramove
selected compounds or agents from the fluid. Examples of
materials useful iny-the removal of compouﬁcis ands agents are
provided in U.5. Patent TWo. €,544,727 and U.S. ratent
Application Publication Nos. US 2001/001817% 21 and US
2001/0008756 AL, all of which are herein incorporated by
reference. The medium can also b=z a filtratién medium used to
capture {(other <than by sorption) unwanted compounds or
components. For example, the medium 60 may be used to capture
leukocytes and remove them from the biloleogical fluid.

(000781 As shown in Fig. 4, device 20 may include additional
inserts for filtration and removal of compounds or components.
For example, in an embodiment whers device 20 Is used in &
pathogen inactivation treatment to remove residuzl agents and
by-products of the inactivation process, it may be preferabls to
include one or more additional filtration media €2 and 64,

Filters 62 and/or 64 may be included to capture any loose



device 20 is preferably made of two portions 44 and 46 joined together
with removal medium 60 (and one or more filter media 62 and 64)
enclosed within housing 42. In a preferred embodiment, portions 44 and
46 are joined to each other at or nearthéir outer peripheries. Proper

alig@%% t of hqusing lportioni 44 and 46 may be ensured by aligning
afignment tab 57 Wth rataing“fiermb&P 58. (RikFaasvetandnoptidnaley be of

alignment tabs 48 are~alsq shown in Fig. 32). Portions 44 and 46 may be
joined tog%ther b?/ﬁ%é%linastbgeﬁwoerr inﬁé‘grlagl? ces S anl 567t poriéns more

d4and -46), (00081 LEreferghly, pprtions 44 and 46 may be gltached
togethear1 b}( a n%atir%’g tongue and groovesa alfrt%\(rjlixjémseln%.e Fiag AngEAH-532 and

shewther-preferredmadngrarraagement - Innet surface 56 of ROH f&o%%% shown,

provides a groove 68 near the periphery of inner surface 56. Groove 68 is
contintbbsmalehgrthetentine periphefy coEheusing portion 46. With

reference to Fig. 6, groove 68 is sized to receive outwardly extending
IGG# 770 ohdnnehsurfacen®4 of fousing portinsé4 ke Jrogye88¢ 12 of
tongue 70 is continuous along the entire outer periphery of portion 44.

t50682) Blring adsEmtiy ot delrie20 fomtre TOIS insested 4Nt groave; oinad
§§. él’&e areg of the tongue and groove Fitment is -18- then preferably

eXposed to'a sealing theares it WpitedBdembodiment the Sekting mediz 62
pracedyre include, an ultrasonic deyice for sonic welding and fusing

of tongﬁe g%g %rfpog\}e% %8“ ThEr rmof wetblingy GrSSameE knewrpegment,,

these gf skillmay alse bg used, The.energy from the sonic weld melts the
plastic parts of groove an Tor%&leb%% and 70 ard REEEthén tBgefhetragheis

outer peripheries. Proper alignment of housing portions 44 and
46 may be ensured by aligning alignment +tab 57 with retaining
member 58, (Alternative andwoptional alignment tabs 48 aresTalso
shown in Fig. 32). Portions 44 and 45 may be joined together by
sealing together inner surfaces 54 and 56 ('oj:‘ portions 44 ang
46} .

fop081L] Preferably, ©portions 44 and 46 may be attached
together by a mating tongue and groove arrangemsnt. Figs. 6 and
30-33 show the preferred mating arrangement. innzsr surface 56
of portion 46 provides a groove 68 near the periphery of inner
surface 56. Groove 68 is continuous along the entire periphery
of housing portion 46. With reference to Fig.- 6, groove 68 is
sized to receive .outwarcily extending tongue 70 on innsr surface
54 of housing portion 44. Like groove 68, tongua 70 is
continuous aleng the éntire outer periphery of po.rtion 44,

[100082) During assembly of device 20, tongue 70 is inserted

into groove 68. The arsa of the tongue and groove fitment is



shown in Fig. 32, thereby forming a permanent seal of portions 44 and

46. [000837 As shown in Figs. 10 and 31, inner groove wall 72 includes

an outwardly extending shoulder 74. During assembly of device 20,
tongue 70 first comes into contact withishoulder 74 of groove 68. During
V\ﬁeldinrget:h se areas of tongue and groove 68- are first to physically fuse_
gethie o provide thiEReaS ASSurther SROMFInRI§S56 and™84, Thepreerred
| e 70,.once inserted .into groove 63 leaves outer and lower gaps 78 ,
g?rr]%%éﬁm‘rﬁé’se Lg%%s gr%a&rlon\ﬁde%rt%cr%dfglr\fe rﬁﬁeal}’fr(j]rﬁcﬂ%géseoni%r{/\/e\giﬁﬁasOmc

S u t ' 2 which otherwise_caul "

ke the hoeing. TS0UBAI Re best Seorin FO U530, ey -8 ct.
suHface R6-RE portiqn46 may durtherinchyde nesting shoulders or Hats 821 1y
and 84 on which filter media 62 and 64 are placed. Peripheral portions of
filters 62 anck64 restron #aisrg? ahebB4 vihichsray: ke tantiBueds aleng lastic
the entire periphery of housing portion 46. Filters 62 and 64 may be
adhesedfodmnersurdace 46:1ypknovpnddfidsiendethnigueshddtoweyerher, as
preferably, filters 62 and 64 are sonic welded to flats 82 and 84 along the
pEfipheiies thareoB2Flath8pednd 8aayFuth@siroiude:bnerpi disdctors-tions
%:Z" Energ}}/ -19- directors 83 may be raised,. triangular surfaces, as shown
in® ﬁ@?i ; and as will be recognized by those of skill in the art. Energy

[ 83 assist in providing a firm weld between filter 62 and/or 64 and
o 16 T008EP A% el Sen i Figk B (arkt 35 S-36) S bBRLL 72

E%H%HELQOQ%“Eh%%£QQ£§3Q%@éﬂ&?%96§%8%ﬂ%ggoqﬁ9”p8£¥1ng assembly of
device 20, tongue 70 first comes into contact with shoulder 74

of groove ©68. During welding these areas of tongue and groove

68~are first to physically fuse #fogether to provide the seal, ¥

As further shown in Figs. 6 and 34, the tongue 70, once inserted
into groove 68 leaves outer and lower gaps 78 and 80. These
gaps are provided to receive melt from the sonic wélding Process
and reduce stress on the housing 42 which otherwise couid lezad
to cracks in the housing.
;

[00084] As best seen in Figs. 35-38, inner surface 56 of
portion 46 may Ffurther include nesting shoulders or flats €2 and
84 on which filter media 62 and €4 are placed. Peripheral
poertions of filters 62 and 64 rest on flats 82 and 84 which may
be continuous alcong the entire periphery of housing portion 46.
Filters 62 and 64 may be adhered to inner surface 46 by known
adhesion technigues. However, preferably, Filters €2 and 64 are
sonic welded to flats B8Z and B4 =zlong the peripheries thersof.

Fiats 82 and 84 mzy further include energy directors 82. Energy



member(s), or seal ring(s) 86 (and 88). As shown in the Figures, rings B6
and BB may be raised surfaces that extend from inner surfaces 54 and
56 near the peripheries of portions 44 and 46. In a preferred embodiment,
seal rings 86 and 88 are located between center 36 of device 20 and the

tongue @l greovig, assemily .70 and 68.described above. As shown in _
Fig. 6, seal rings 86 and 88 pértiall'y' co%ﬁspe%%i%rmo‘?/%]fﬁgﬁﬁfm 86 afigorm in

Stbstatttiallyrereyentiquidfsom sin sin edium 60 .
Preferably, rings 86 and 88 may%eglyrﬁﬁlséfg iarﬁ[;%'gI %%%r%t%edoegng o %tt‘ér? gtrkllﬁe art.
Famoyal médarn &t [00986kEaE additionat assutance that liguid jsnot, (...
@yzassing medium 60, the gap 90 remaining between medium 60 and
hotsiig 22 ma)/ be sibstadtialbpfiled with a liquid impermeable barrier.
Shown in Figs. 27 and 28 is one method of sealing or substantially filling
6285 hind preverfingeanyPBRintentiBAel liGuidbypass afdrriag briefly or both
Egcg_.tg Fi% 6,hg8ap 90 surrounds removal media (disk) 60 in the area

efween rings -86-dhd 88 4 tHé infeY sifedass4 andS6-ohtmisideripping
f housing 42. As shown in Figs. 27 and

ywalls.and peripheral end wall 5 ‘

28 a sla)rélnt 82 may be irﬁ%%?e(f?ntoggap 'F59njéEtion pods 9FRfER hén  the
provided inhousing portions 44 andior 46. Sealant 92 may be -20- A
injected by syrl%%ge 95 or any othet means. seegsh%\}\mﬁ’?ﬁ?gst.% &iFzad from

bewsing pertica 46 mayalse include ane or mare, reservoir(s) 91 for
receiving a quantity of sealant. Reservoir({sD) Q?LL%}BY/fdees(sfé Pl i 44 and

safficient quantity-ofrsealafiide effoctively. seal-.gapHQ, {00067} sutable | . .
sealants may include epoxies, RTVs, hot T

betwesz te £ i £ :
0 center 36 of deviece 20 and +he tongue and groove

assembly 70 and 68 described above. As shown in Fig. 6, seal

. - .
rings 86 and 88 partially compress removal medium 60 and
I E r ] e ’
substantially prevent liguid from traversing and bypassing
medium 60, Preferably, rings 8¢ and 88 may terminates in a

pointed end to better grip removal medium 60,

[0008BE] For additional assurance that ligquid is not bypassing
medium 60, the gap 90 remaining bstween medium 60 and housing 42
may be substantially filled with a liquid impermeable barrier.
Shown in Figs. 27 and 28 is one methed of sealing or
substantially £illing gap 90 and preventing any unintentional
liquid bypass. Turning briefly back tc Fig. &, gap 20 surrounds
removal media (disk} 60 in the area between rings 86 and BB and
the inner surfaces 54 and 56 of the side walls and peripheral
end wall 57 of housing 42. As shown in Figé. 27 and 28, =a

sealant 92 may be injected into gap 90. Injection ports 54 may

rovi i - i i t )
be provided in housing portions 42 and/or 46. Sealant 92 may be



melts, polyurethane, EVA-based hot melts, silicones or other plastics,
such as acrylic polymers. A preferred sealant is an EVA/wax hot melt
available from Bostik Findley of Wauwatosa, Wisconsin under the name
Bostik H1714. The sealant may also bé& “a gel that remains semi-solid

afferheing _megy%#gg% eventy i t&@l&i%nqn%%?gsam into 9ap 90, 88 oy o 30

shown in Fig: 29, ively prevents liquid from bypassing remova

nediun;60. ;{0Q088) Preventing liqud bypass.ofyemoyahmedia go.can, . -
also be accomplished by providing the disk of removal media 60 with a
prefermed:sealing ging 98-er gasketataungd the perimetarief, medigm 60551 ant
as shown in Figs. 37 and 38. in one such alternative embodiment, ring 93
rhaydermade of alsyitabledbindingmagerial thet canhesappliedto thesntity of
outer perimeter of removal medium disk 60. Ring 93 can be molded onto

disle 6Brdufingeoriaftet wmanufaetureaaf thé disk. For example, in one

embodiment, rir]% 93 may bq molded during the sintering of removal
nhEARM disk 8- 150689 RING U shdtAd halB A Hhieknesssupstant®iys, hot

eq%lal to the@%p 90 formed %b_ousin portions 4{1 and 46 when the _

BoHiGRS ars bsaGht BGethér to FitRTHoudfy 435 HPshofn if g S300%  other
y. binder that i substantiajfl] liquid impermeable and biocompatible and,

%agéﬂ rﬁcs)fdesdlg%rlltoagr With ¢ yecdigl?qlsyr-réej’z:-ss'uita 1Py %%xeréaé:rﬁm%%l”ﬁ}ne“ 5 an

ring934nay, be made of.a binding. magerial made of %«E%if@%”%@%é{%msa,

such as, but not limited to, polyethylene. A preferred polyethylene is ultra

high cneleeular yueight polyethylene (UHMWPRE). The UHMWEE maype. ¢ 1e
blended with other compounds, however, a 100% UHMWPE is preferred.

a gel that remains semi-solid after being injected. In any

=R S

.

event, introducing sealant into gap 90, as shown in Fig. 28,
effectively prevents liguid from bypasgsing removal medium 60,

[0008BE] Preventing liquid bypass of removal media 60 can zlsc
be accomplished by providing the disk of removal media 60 with a
preformed seallng _J:ing 83 or gasket around the perimeter of
medium 60, as shown in ¥igs. 37 and 38. In one such alternative
embodiment, ring 93 may be made of a sultable binding material
that can be applisd to the outer perimeter of removal medium
disk $0. Ring 83 can be meolded onto disk 60 during or after
manuiacture of the disk. For example, in one embodiment, ring
83 may be molded during the sintering of removal medium disk 60.
[ooo8se] Ring 923 should have a thickness substantially ecual to
the gap 90 formed by housing portions 44 and 46 when the
poertions are broug‘ht# together to form housing .42, 2z shown in
Fig. 38. Any binder that is substantially liquid impsrmeable

and bilocompatible and can bs molded ontc or with the disk is



[00090] In a variant of' the above-described embodiment, ring 93, or a
suitable sealant or binding material may be formed first and placed in a
sintering mold cavity. The removal medig.. can then be sinter-formed
inside the molded disk, resulting in a structure substantially similar to that
showaPierigs187and 33nfhe, outrering 93 can he mejded.senically, of . ..
otherwise, to housing 42. Where housing 42 is made of an acrylic-based g
Ridtefiat la Barableimaterabiorring 98 fsadmlic, whish can then beor 1imiteg
welded to housing 42. [000911 In another alternative shown in Figs.
%6142 PRI YaSkr 198 ade e igaid impetmeablesand biocompatible nign
material can bgﬁﬂl ced inside a rpold cavity. The removal medium disk 60
can be sinter 167A8H oR OB o e §askeC B  dsket ray heTSeEIBE tonay  be
ing, 42 hy.solvent bonding, ultrasonic welding or other known sealing
?e%?r%es%ﬁ%ke? I %Imati/c‘%lg Ogt?é%”ied BB rfaceof didR%B0 VHMWPE  is
adiagantte the outlet port 32 of housing 42, as shown in Fig, 42.
Preferably gasket 196 extends substantially to the outer end wall of the
aooogan gap 190 in Reusing 42.thereby ] liquid that may not
have contacted remogilg(l:ﬁ’_ék%é%t, f%rgc%g ﬁﬁr%?rﬁ%%%yﬁg%ﬁ e Oﬁ&ﬁ%ﬁ? /N
Sitable gasket Material sanlke any, polyngHeg2-ymaterfal-or plendof .
polymeric material that is also biocompatible. An example of one such =~
fictetatslan Bthglenin vinyl acetatescompasitioavf00092] Sl othebvat meqis
alternatives include depositing or printing a hot-melt adhesive onto the
PRRiNTeRt dtthé meernfo sk 60nshrink fitingra Tirdariuie, thesperimeter 5y -
of medium

I med : . .
Structure substantially similar to that shown in Figs. 37 and

38. The outer ring 93 can be molded sonically, or ctherwise, to
r ot ise,

housing 42. Where housing 42 is made of an acrylic-based

material, a sultable material for ring 93 is acrylic, which can

then be welded to housing 42.

[00081) In another =zlternative shown in Figs. 40-42, =& thin

gasket 198 made of a liguid impermeable and biocompatible
material can be placed inside a mold cavity. The removal medium

disk 60 can be sinter formed on top of the gasket. The gasket

may be sealed to housing 42 by solvent bonding, ultrasonic
welding or other known ssaling techniques. Gasket 198 may be
attached to the surface of disk 60 adjacent to the outlet port

32 of housing 42, as shown in Fi 42, Preferably gasket 198

Vel

extends substantially to the oute

4

of the annular gap

b

aend wal
90 in housing 42, thereby preventing any liguid that may not
have contacted removal disk 60, from exiting through the outlet

e o . ‘ :
port 32, A sultable gasket material can be any polymeric



disk 60 or dipping the perimeter of the medium disk in a PVC plastisol.

[00093] In yet another alternative that does not require applying a sealant
around to the disk 60 perimeter, the end-surface 60c of the removal

medium disk 60 may be treated to provide a liquid impermeable

petiphezal edge. indrexdemhatiment, digk 60 permeter may be exposed .5 5,
to a -nigh temperature, such as, approximately 120C to create an
irpenmiezbld ERin ardong tepkrinetent skincande formed by otatingy sne
the disk and exposing the peripheral edge of disk 60 to a hot air source or
BidGirg TRE ISR i &StSol@®Press to further form it after sintering. As

_ in Fig. 43, skin 200 is formed around the outer perimeter and
Eg%ﬁ%}al egg&]o} méGilRT diske665Hit SRR of skiifPateoverieppiriging  or

erip
Qthent. material on gah%'out r surface of disk 60. Preferably, skin 200 ‘
%xteﬁg‘s 8ver outer surface of disk 60 SUct thitSedl TGS 88 aRd 68he medium

pravioysly described -cantact the skin-covered portion of disk 60, as__ .
shown inyFig. 45, [00094] t—%‘iﬁ%ﬂ?% b%%ﬁy égag odoFia%?A,Pdeﬁel%\r"b%fe?abl?ed*um

bethofshousingspextions 44,and-46:may nclude g plurality of ribs 96, 98.
Ribs 96, 98 may be raised surfaces that extend -23- from Tﬁlﬁergs“us_r aces = ©'C

bd=and 561 respectively. In a preferred arrangement, portion 46, which

includes outlet port 32, includes two or more ribs 96 placed at or near port
800 8howrlin Figet312Rii506 preveatfiter 64 fram:hjocking outlet POk quirs
32. [00095] Housing portion 44 may also include a plurality of ribs 98.
B D May be pdisetsufacasthat extend fronsinnéf perimster, the end

surface 6&0c of the removal medium disk 60 may be treated to
provide a liquid impermesble peripheral edge. In one
embodiment, disk 60 perimeter may be exposed to a <figh
temperature, sucﬁ as, approximately 120°C\ Lo Vc:mate an
impermeable skin around the perimeter. & skin can be formed by
rotating the disk and exposing the peripheral edge of disk 60 to
a hot air source or placing the disk in & hot-mold press to
further form it after sintering. As shown in Fig. 43, skin 200
is formed around the outer perimeter and peripheral edge of
medium‘ disk 60 with some of skin 200 overlepping the sorbent
material on the outer surface of disk 60, Preferagbly, skin 200
extends over outer surface of disk 60 such that seal rings 86
and 88, previously described, contact the skin-coverad portion
of disk 60, as shown in Fig. 45,

[00094] Turning briefly back to Fig. 1A, one or preferably

h

both ¢ housing portions 44 and 46 may include a plurality of

ribs 86, 98. Ribs 96, 98 may be raised surfaces +hat gxtend



surface 54 and provide strength and additional support for housing 44
during assembly. This may be particularly desirable when device 20 is
joined by ultrasonic welding. Additionally, ribs 96 may prevent removal
device 60 from adhering to the inner walk54 of portion 44 (and possibly
blocking inlet port 30). The plurality of ribs 98 may be spaced and
arf&figed it any ddsirasie ebniiiaticn. Foreranmpleslips 98 maysbesreferred
?algaerg :fIrrlon]Ceach oéher in parallel across the surface of inner wall 54.

&r drrangements ard aléb pddsisia. ims brérared tértbatiment 2ribs 98l ude s

areJagially spa xignding from a point near the center 36 of device 20
(ike spokes on%%%r%eg}{ fg g%%%%vnaﬁ}: Fig. ER*fodtes] A< shéwRiiAvEgin Fig.

3b, 2 piunadity of pibsmay alse.he. provided in housing portion 46. As
shown in the Fig%res, ribs 10%“6&:&5&?& 8%%?2‘6‘38? of'PortionA% at ke

inbeosprfaceabsadincent-to;groove 68 More-specifically ribs 100 support
the peripheral upstanding wall segment#a thatodeil‘lzrlfe:é?%%e p%rt,pd’&t\"%‘o%iel sy ok

88.1Rib3e100 providestrength4o the housing-and.prevent aroove 68:from.
deflecting during, for example, ultrasonic welding. Alternatively, as shown™

IAFI§a38, & ‘seres of pibeviOE mayaisarbe pravidedlongdhepedpheral  £o-
-24- wall 57, and more specifically wall segment 57b. Ribs 101, which
MayHemdre Witely SpaseaTaht; thePbfose dfewerdn caumber) $han rilss i rable
1g%£rovide a reference point for locating disk 60 on flat 89. It will be

(R sH50d thattlousTng Fomtih 26 miay frcieee eithet dhrsset ofdibs-168a1ly,

.101,.0r may include  both sets,
%‘r:s.]i:s 9% ma_gy prevent removal device 60 from adhering to ths inner

wall 54 of portion 44 (and possibly blocking inlet port  30).

The plurality of ribs 98 may be spaced and arranged in any
destrable configuration. For exampls, ribs 08 may bes spaced
from each other in paralilel across the surface of inner wall &4

e - = ¥
ther arrangements are also possible, In a preferred

embodiment, ribs 98 are radlally spaced extending from a point
near the center 36 of device 20 (like spokes on a wheel), as
—= I3

shown in Fig. 1A.

[000gs] As shown in Fig., 35, & plurality of ribs may also be

'promded in housing portion 46. Zs shown in the Figures, ribs

LN S

100 line the outer perimeter of portion 46 at The inner surface
56 adjacent to groove 68. More specifically ribs 100 support

the peripheral upstanding wall segment 57z that defines, in

part, groove £8. Ribs 100 provide strength to the housing and

prevent groove 68 from deflecting during, for example

-] - - it

ultrascnic welding. Alternztively, as shown in Fig. 36, =
Fig. r

o 5 oipe ad . :
series ol ribs 10l may alsc be provided along the peripheral



[000977 With reference to Figs. 3 and 7, device 20 may include, one or
more retaining members 58 on housing 42. As shown in the Figures,
retaining members 58 may be integral with the housing portion 46.
Retaining member 58 may be in the fo¥rfrof a two- pronged clip, as
shown, for example, in Fig. 7. During assembly of the processing system
¥6Hubing 16:8F 1878 predftintG theVgafbetwee®ia prongs of thetbs 101,
clip,--'as shown in Fig. 10. Réetginin meLnber 58 is substanc'gi_all aligr%ed .
AP ort™50 arfdfior™32° AltETREIVely #3THing \Fatiber B89Hay e a ~SWer in
closeg lpop . through ¥vhqbthe tube 15 or 18 is threaded. Retaini .
umno th LD =) T Eg 1 T
rxﬁembgﬁs Rold tuéng 16 and'18 gjd?aceﬁt o ﬁ%ﬁanlbciz Bnd assistin —oo- R
maintaining housing 42 in & supstantially yerical oientation. ASicing portion
mentioned above, maintaining the vertical orientation of housing 42 is
impertant te-eaguringtuaiforsa £xposupe of the: fluid te the sgemayval medianc1uds
of device 20. [00098] Figs. 11-16 and 26 show different fluid circuits and
tubing eenfigurations for directing flow through the f low- through fluid
processing set 10 of the present invention. Typically the processing set is
sifpthided fidmphforedxaniphe, & Ripole to aloiv for grewityindlcedfloivclude,
of fluid through the system. In Fig. 11, there is shown a portion of the flow
9B tRFO T AUEpRGEEsSinGasyRtem $6. A8 shewnitieréfh, théfloveovn in the
tg(ough fluid processing system 10 includes a housing 42. it will be .
UndetstSod fitatHe Eenpotrti e mavaravics 2676Fhe™ entbodimerits orsing
shown ir;fl1 Fi&s. llél isillcigategat%%tgveeggsource container 12.and o
rBREIVING containéi 14 (as shown m Figs. 1'8nd EA).LPhu“s,e(:oh?a{'irﬁePiz & twe
\%lg_lo%e a%b%\i%pghea-go%%r}d E%I}]Qe\./:@‘cl;xmpl@, in Pig. 7. During assembly
of the processing system 10, tubing 16 or 18 is press fit into
the gap bstween the prongs of the clip,»as shown in Fig. 10.
Retaining member 58 is substantially aligned with port 30 and/or
32. Alternatively, retaining member 58 may be a closed loop
through which the tube 16 or 18 is threaded. Retaining members
hold tubing 16 and 18 adjacent <+to housing 42 and assist in
maintaining housing 42 in a substantially vertical orientation.
As mentioned above, mzaintaining the vertical orientation of
housing 42 1is important to ensuring uniform exposure of ths
fluid to the rsmoval media of device 20,
[00088] Figs. 11-16 and 2& show different fluid circuits and
tubing configurations for directing £flow through <the flow-

through fluid processing set 10 o

a1l

the present invention.
Typically the processing set is suspended from, for example, an
IV pele to allow for gravity Iinduced flow of fluid through fthe

sSysTem. In Fig. 11, +there 1is shown a portion of the flow-



device 20 and receiving container 14 will be "below" the compound
removal device. [00099] As shown in Fig. 11, device 20 includes an inlet
port 30 on one side of housing 42 and outlet port 32 on the opposite side
of housing 42 (e.g., outer surfaces 50-&%dt 52) As shown in the Figures, in
tg[wd%ﬁreferreg arrangement, ports 30 and 32 are diametrically opposed

PHEY iRt PP ZSE 7S it Be SIoWETerPof oA poitor, Whereas outlet £low-
p%@guz is Ig(iggecgi in_the upper end of the other portion. As discussed _
above.’ placementorinfetpoR S0 & ocafforWheretRiEmusEHas by It
"upy'to the et is preferred a rovides improved and cqnsistent _
e T O S ot e Afure® e
ragdia ywhen compated to.othey Jalet/oytlef ;arrapgements. [000100] In one

embodiment, such as the one shown in Fig. 1, where the opening of inlef 7"c ¢

par 80 fecesithesgentes 38 of sevies 20,.tube 16 coamunicates, disgclly 1 5.4
with inlet port 30 in a straight path. As shown in Fig. 1A, where the

dgening @nirdet pont-3fhfaces awaylfrorbsompesemaings 12Landfemremnovas
the center 36 of the device 20) flow path must be re-oriented to allow

SYary-6F fludd intondevicec20v Thws, eorsticwe in Fige 11iWherse26xt4hed6 the
is not attached to inlet port 30 through a straight path (as in Fig. 1), the
FIrBEROT Of FRBP Hiustd5d +88ersed. [0001013 For example, a flow through

fhag ?%r écessing system 10 n\;_\(here f1low enters device 20 through an outlet
that facds awdy FrtiisodrcE-Container 42V Afzy MeIUREAURRA conduriet port
aalg)vymflmd entry, In thlshembodmh%nté'glg conduit diverts the flow

One” side of housing cutlet port 32 on the opposite
side of housing 42 (e.g., outer surfaces 50 and 52). As shown
in the Figures, in the préferred arrangement, perts 30 and 32
are diametricallysopposed such that inlet port¥30 is in the
lower end of one portion, whereas outlet port 32 is located in
the wupper end of <the other wportion. As discussed above,
placement of inlet port 30 in a location whers fluid must +han
flow “up” to the outlet is preferrad and provides Improved and
consistent processing times, and ensures more complex exposurs
of the fluid to the media when compared to other inlet/outlat
arrangements.

[080100] In one embodiment, such as the onme shown in Fig.
where the opening of inlet port 30 Ffaces the center 36 of davice
20, tube 16 communicates directly with inle- port 30 in a
 straight path. As shown in Fig. 1A, where the opening te inlet
port 30 faces away from scurce container 12 (and from the center
36 of the device 20) flow path must be re-orisnted +to =llow

entry of fluid into device 20. Thus, as shown in Fig. 11, where



in a direction that is approximately 180 turned from the direction of flow

from container 12. [0001021 Thus, in the embodiment shown in Fig. 11,

device 20 includes a fluid conduit 102 with a port 104 that receives fluid

and a port 106 that introduces fluid infrifet port 30. As will be

re oﬁgrﬂiéegsby those of shill C’{n Jge gr& cgnduits 102 may be a standard "Y"
ﬁ}gye*connect&‘c’\iveﬁ*f(h%%vneln fiie ARt One”BrancH of BSRBER PoFif@ueRs rath

Qgg 11%4?\9/%erf?s tggeotg Ld : &1 igglugfé%‘p%&ég%é.rﬁérther ort 108

: < . Versad, .
is connected to ‘tubé or "dummy line" 110, discussed in greater Stail

heloyi o031 A simitar artangemenhisygyided atoutlet 0oLt 32. ASten 10

shown in Fig. 11, a fluid conduit 112, such as, but not limited to a

hianeheeh o isirevidlede Gng bramch 12 4.@fn coRduihL 12 CORMBUNIERIRS zway
with outlet port 32. Branch 116 of conduit 112 communicates with tube
Et8nwhishrulfimatetys commihicatesywithn ttibeid8 and the receiving to allow
container 14. A port 120 of conduit 112 is connected to tube or "dummy

lfarid 22090001042 |FaEeoridrcbinithithe preserninerition, ientay bee flow
desired or even necessary to occasionally vent air from receiving
ééhtaﬁneiiﬁ?ﬁc@mﬁallfﬁ%é i 8 chRREPBY-TZei5urpiig airfigwed  from  the
re,ceivinr% container 14 through a line in system 10. In many of the

EmbRdmEhta T tHis How path ?§ﬁ%ﬁb%ﬂ ¢ bypass tube 38. In Figs. 1A,
ki, sliess e 0 delnes o el bt proudes e
ngludesa aneway;checkvalve, 49. e, 38 with valvg A0IOWS . o vee £1uig
and a port 106 that introduces fluid into inlet port 30. Z2s
will be recognized by those of skill in the art, conduits 102
may be 2 standard “Y” type connector well known in the sart. One
branch of conduit 102 includes port 104, whereas the other
branch includes port 106. A further port 108 is connected to
tube or “dummy line” 110, discussed in gresater detail bhelow.
[000103] A similar arrangement 1s provided at outlet port 32.
As shown in Fig. 11, a Zfluid conduit 112, such as, but not
limited to & branched “W” is provided. One branch 114 of
conduit 112 communicétes with outlet port 32. Branch 116 of
conduit 112 communicates with tube 118, which ultimately
communicates with tube 18 and the receiving container 14. &
port 120 of conduit 112 1s connected to tube of “dummy line”
122.

10001047 In accordance with the presesnt invaﬁtion, it mey be
desired or even necessary to occasionall vent air from

receiving container 14. Typically, this is achieved by



air to be vented from receiving container 14. [0001051 Where bypass tube
38 is included, an additional branched flow conduit may also be provided
as shown in Fig. 11. In one preferred embodiment, additional conduits
may also be branched connectors 128did 128. In a preferred

=] iment,_these branched conduits 126 and 128 are trifurcated

cond‘uitgb?sugﬁras, 5Gthot Timited T8 tripte “PLBshnettors B tHERy /e thiste in

wilklbgknewn to thgs killjn the art. [000106] Thus, flow through the
y v 2 em(g"r%?wnloiﬁ E%?ll%g%%%ﬁg%%ﬂu%ﬂ%wyf% path is

processing system 10 s

reeieantainelka throygh ling 16. ken ranched,conduit 126. In
?ﬁg preferred emy%%diment, branched %lgn(ti%i%artkn Ur%agte %%n%%ft, Hs7yPass
shown 3One=tithe=329 extendsfam peait126A-gpddsreceived. by port.104
of conduit 102. At this point, it should be noted that tube 110, may be a
HrARAY [ whith isssealbtiosflow thenethiongh otherwisegestricted. e 38
Accordingly, flow through bifurcated conduit 102 is necessarily directed
tHBlghesof 106 ~tpughewhicral entdrs .device203 Thid branehed 40 allows
conduit effectively reverses the direction of flow by 180. [000107] Once
eI REsTREsEt tHogetidémse cRBRd te Eohtacts removing
ngggo, Efht‘_x%r%teers outlgt 32. FI w exits -28- the device 20 through port

and enters condu 2 throu ®port 1141 As WitR fRE8bondit 16241 tional

fuhe 1224s & (dummy line” lhat is.sealed or rovy,therethrou_ his .
otherwise res{}ricteg}g@r‘%g prgg erﬁssf%w% from-entering fie 2309 -

directs dheflove thequoh fube 118, Tube 118 communicates. with conduit
128 and in particular port 128a. Port 128a camr%aﬁninic% ggel\?\ﬁfhstuggy 3-50 be

branched connectors 126 and 128. In a2 preferred embodiment,

from

these branched conduits 126 and 128 are trifurcated conduits,
wesuch as, but not limited to, *fiple “Y” comnectors of the type

that will be known to those of skill 1in the art.

£000106] Thus, flow through the processing system 10 shown in

Fig. 11 1s as follows. Fluid flows from source container 12

through line 16. It enters branched conduit 126. In thes

preferred embodiment, branched conduit is a trifurcated conduit,

as shown. One tube 129 extends from port 1Z6A and is received
by port 104 of conduit 102. 2t this point, it should bs notad
that tube 110, may be a “dummy line” which is sealed or flow

therethrough otherwise restricted. Accordingly, flow through

bifurcated conduit 102 is necessarily directed through port 106
= by - F

through which it enters device 20. This branched conduit

effectively reversss the direction of flow by 180°.

FO00L07] Once the £luid has passed threugh the device, where it

contacts removing medium 60, it enters outletr 37 Flow exits



18 through which fluid is passed and collected in receiving container 14.
[000108] As shown in Fig. 11, a bypass tube 38 may also be provided.
One end of bypass tube 38 communicatgs with port 128c of the
trifurcated conduit 128, while the other end of line 38 communicates with
126e oidheddfuroated:earduibd26. [900109] Alternative. fiuig circuits argn oy
shown in Figs. 12-16. In Fig. 12, inlet port 30 and outlet port 32 are
‘Ppshapet portsswhichh imclutle eperings facing bothaviay friom anchiowad : ne
‘center 36 of device 20. With this arrangement, the trifurcated conduit of
- Figatl éan bealpdinatedi Xocordingly:hsshown is Figrid2ywilow enterisricted.
fluid conduit 112 and is directed to inlet port 30. The embodiment of Fig.
PEOEIURe e 13640ith BroRe Sidrehack vhreteofithe tppd directs the
previously described. Check valve 40a, shown in Fig. 12, prevents flow
ot Entéiig e 136 antf outléPBGrt 132, (FePBBy eritfngithak fiGiRpduit 128
t%avgls.'[g]rou hituuq[%rl29 towar. 8inlet port 30.§%Lgd enters devicte 20 a;ndh -
exits throdgh outiet port 32-wWhere it is dirdcted fo Tube T34 Oite nd'of ™ *abe
tube 134 is aita 0 @ne.hra outlet 32, while _the other end of .
t%%e 1%%%2{&3@%%0 Brﬂagﬁc eqd%zo%%ﬁiﬁ 2.a Vgooff icfb{?%eﬁ o receiving
alterpative emhodiment is shown in Fig. 13. -29- This embodiment is
similar in many respects to the embodiment of Fig. 12, in that it includes
Trshaned ports 3@ aneh32.4T et embodiment g{Fig.s13Jikawise inghides 1 so be
bifurcated conduits 112 and 102. Tubes 130 and 132 are equipped with
cheokiddves 40a= anti40b. How=enterddedee 2fratinletped 30 andport 128¢
exits device 20 at outlet port 32.
of the trifurcated conduit 128, while the other esnd of lins 238

-1

communicates with 126c of the trifurcated conduit 126.

b

[oQo108] Alternative fluid circuits ars shown in Figs. 12-16.
In Fig. 12, inlet port 30 and outlet port 32 are T-shaped ports
which include openings facing both away from and toward center
36 of device 20, With this arrangement, the trifurcatsd conduit

S S

of Fig. 1l can be eliminated. Accordingly, as shown in Fig. 12,

-

flow @nters.fluid conduit 112 and is dirscted to inlet port 30.
The embodiment of Fig. 12 includes line 130 with a one-way check
valve 40a of the type previously described, Check wvalve 40z,
shown in ¥Fig. 12, prevents flow from entering line 130 and
outlet port 132, therseby ensuring that fluid travels through
tube 122 toward inlet port 30. Fluid enters device 20 and exits
through outlet port 32 where it is directed to tube 134. One
and of tube 134 is éttached to one branch of outlet 32, while
the other end of tube 134 1s attached to branched conduit 102.

[OO0LIC} A further zlternative embodiment is shown in Fig. 13.



[000111] A further alternative embodiment is shown in Figs. 15- 16. The

embodiment of Figs. 15 and 16 is similar in many respects to that shown

in Fig. 11. In lieu of Y-type connectors, however, U-shaped conduits 136

and 138 may be provided for commumniéating with the inlet and outlet

ports 30 and 32 of housing 42. The embodiment shown in Figs. 15 and

fg’%ﬁa’f‘zﬁfﬁi’Mﬁﬁauaé Bitirtatdd SonBaRs 178 pants1 42, Whichemondiuient of
e in floyw cammunication with line 16 providing a flow path from source

ggr%éinggvﬂ %lndéli}?e“ 18 eald?ﬁé%@rﬁcg\ﬂﬁﬁa%ﬁtamtﬂ. AL sHewnih-  The

Ei : ujt.142 co unicates fluid fr ube 16 through tube 144. )
B T corneail 5 TS e o CartaTe 136 S P L e 112
REE 30mf dew 0. ki it vice. 2 ough outlet.port 32, as_
previously d\(;?(%?b%ed%gab;g ilgédi%gr%eg%g? %—?ﬁé%%‘ddgo‘%ﬂ:ulﬁ f%g %{ tl}ba‘éL ves 402
b46 Tube 146rinduisn coremusicates with Ytype.caduit 140 apd .4 oyie g
ultimately with receiving container 14. A bypass line 38 may also be

wrevided Horaeasoris:previotisBzdescribed) |, including one-way check

valve 40. [000112] Turning now to Fias. 25 and 26, there is shown another

Al PEtVE edbbaitiem ofld rernovar deviteceinbodying thawpresent Figs. 15-
invention. in this embodiment, inlet port 30 is located between -30- center

36 and soticEEBAMREM 1 2 CandFd et 323s latdted thetweeri nehter 36n many
and r%cg_ivin%containgr 14. Inlet port 30 and outlet 32 are in flow

&Simmunication withinterfaPERantBls 86 -and 192, redpectiidly. ©f  ¥-type

[900113] The tubing configurations described above assistin maintaining
hous%ng fzrlsriaEﬁ‘k%%raeﬁ”ﬂalIy%é%ﬁc%?%rieﬁ?ﬁ% ts 136 and 138 may be

proviaea ror communicating with the inlet and outlet ports 30

e

and 32 of housing 42. The embodiment shown in Figs. 15 and 16
may further zinclude bifurcated conduits 40 and 142, which
condults are in flow communication with line 16 providing a flow
path from source container 12 and line 18 leading to receiving
container 14, As shown in Fig. 15, conduit 142 communicates
fluid from tube 16 through tube 144. Tube 144 is connected o
U-shaped flow conduit 136 attached to inlet port 30 of device
20. Fluid exits device 20 through outlet port 32, as previously
described, and is diverted by U~shaped conduit 138 to tube 146,
Tube 146, in turn, communicates with Y-type conduit 140 and
uvltimately with receiving container 14. 2 bypass line 38 may

also be provided (for re i 1 i be : '

P { reasons previously described), including
one~way check wvalve 4C.
[O00112] Turning now te Figs. 25 and 26, there is shown another
altsrnative embediment of z removal device embodying the present

invention. In this embodiment, inlet port 30 is located between



As described above, this allows for substantially uniform and complete
exposure of the biological fluid to the removal media 60. [000114] Finally,
shown in Figs. 17-24 are additional ways of organizing the fluid circuit of

a fluid processing set 10 of the preser (?r"fvention, and substantially

maf'!@_@_ini@ thae vertical_orientation, of %ev' 20. Shown in Figs, 17-2=1is

an externa? holder t9ed Tor ﬁgﬁ?ﬁé‘%vicg 20. AShoH 1T EIg 17, Foldgeated

150,may bemade %tvggé%r@aépé%@ogrté&?@aai@ %%gbat %gbe]%"p 8405, Lng

otherwise joined together. Holder 150 may be made of a suitable plastic

maiedal and injection moldecsdriglderkb0: may-iachide stiffening phs 13k . 190
to provide additional stiffness. As shown in Figs. 17 and 18, holder 150

may ihEtudedube gridiagy clips 158, 160, 162 into which tubes from

processing set 10 may be press-fit. As shown in Fig. 21, clips 160 (and

162V dedihe &hehahnelindichrrebaives tibing. Indadditibnedlipshb6@ andsist in
162 also assist in guiding tubes 16 and 18 through a 180 turn without

BRkiHG RS sEABEd bove, Hirning theStubing apbroxistatelzlsoallonwstion.
entry of fluid at the "bottom" of device 20 and exit of fluid through the "top"
SPAREEZ0° F600 B s Stidin T ERY S18L66th pRkfGRS A 5aLaid 1BpisEm and

-31- halder 150 may be identical, This allows one molding tool to be used |
for Both parts of ﬁ%legﬁolaer ?%% foiot fdfdsﬁitijé%éfﬁ]e% STOF retaing: media

dgvice 20 are shown in Figs. 22-24. In these embodiments, device 20 is
nested in a saddle-type holder 170. Saddle 170 may also include tube

q@@ﬁg@jipsﬁ%ﬁqﬁir%mwmsﬂﬁe_ Progessing Set i qi v 4 onat ways of
organizing the fluid circuit of a f£luid processing set 10 of the
present invention, and substantially maintaining the vertical
orientation of device 20. Shown in Figs. 17-21- is an external
holder used fox holding device 20. As shown in Fig. 17,
150 may be made of two separable parts 152 and 154 that are
clipped or otherwise joined together. Holder 130 may be made of
a suitable plastic material and injection molded. Holder 150
may include stiffening ribs 151 to provide additional stiffness.
As shown in Figs. 17 and 18, heolder 150 may include tube guiding
clips 158, 160, 162 intc which tubes from processing set 10 ‘may
be press-fit. As shown in Fig. 21, clips 160 (and 162) define =
channel which receives tubing. In addition, clips 160 and 162
also assist in gulding tubes 16 and 18 through a 1B0° +turn
without kinking. As described above, turning the tubing
approximately 180° allows entry of fluid at .*x:.ha “bottom” of
device 20 and exit of fluid through the “top” of device 20.

f000115] As shown in Fig. 18, both portions 154 and

}.J
r
[
0

-6y



the desired configuration and direction. Also, as shown in Figs. 22-24, to
further ensure the desired vertical disposition of the device 20, hooks 180

may be provided to hold two portions of the fluid circuit in close proximity

to each other. Finally, as shown in Fi'(j.3§2[, the entire saddle, or holder,
1794pay-bg qitached to.a vertically standing IV pole 182. [000117] _
Another iimportaqf{t%gjec%\“?g a{'&%zwd yﬁﬁe%‘b}gggnPﬂﬁ/é?ﬂ?&#@tﬁ@01 to be

abity to eNsWEe p%gg%%sigg time %%Q%igtgrfgofrom one disposable set to
the next. The challenge, of course, resides in the fact that there are

inberene differencesdndheneasistance tedow from remoyal medium disk to
removal medium disk. Applicants have discover%% that flow t%éjoﬁéﬁ tRe° ™+
shstem Tartbe subistarttalyecontroliedand.dhusethednfluenceofthe. .o 4, ,
resistance from disk 60, substantially diminished. In particular, and as

RS EEPEM re rail BelBw, by saffcsting 1he lemgth of the flow®athe  +une
and the internal diameters of inlet tgbe 16 and outlet tube 18, it is

BYSEHIE t& prvidé TSubstantiRr e hB B e preCasSiNngimesdtens one el in
gc%tehedgext. [§00118 For example, by lengthening the flow path of the

SyStem: riamely iR HistHREE T8 SBtrcE chREdiher 12 toAB8e collectiohown
¢qptainer 14 (i.e, the."head height"), the force driving flow through the
sygtem may é'e i%grgeg%‘é%%?ﬁ addition, oAt J6¥iirAet frbkARheition
- $@UEGR coptainer 32 raqgocﬁj:gsg%) ceiying container 14 -(as generally »
depicted in Fig. 1) increases the fcl};}%g c}éﬁ”th%xf?&?id%oﬁglviﬁ@ tﬂ?&&gh"iﬁléior “LOns

tube:nb6 andientering.devieg 20 atinigtpoet 30 duting priming. -

54..

n

Finally,

as shown in Fig. 24, the entire saddle, or holder, 170 may be

attached to a vertically standing IV pole 182.

[000117] Another important objective achieved by the ®resent

. . DL e . .
invention 1is the ability to ensure bProcessing time consistency

from one disposable sst to the next. The challenge, of course
- R

resides in the fact that thers ars inherent differences in the

2 e - = o~ - 2 L]
resistance to Ilow from removal medium disk to removal medium

disk. Applicants have discovered that £low through the system

dn du L o
can be substantially controlled and, thus, the influence of the

resistance from disk 60, substantially diminished. In
particular, and as discussed in more detail below, by adjusting

the length of the flow path and the internsl diameters of inlet

tube 16 and outle:r tub

4]
[ty

18, it is opossible to provid

substantially consistent processing times from one set to th

0]

next.

[00G11B] For example, by lengthening the flow path of

the

system, namely +the distance Ffrom source container 12 to



[000118] Thus, for example, the length of tube 16 may be approximately

1.5 to 8 times as long as tube 18. In one specific, non-limiting example,

the length of tube 16 may be approximmately 26 inches and the length of

tube 18, approximately 3'-~ inches. [0001201 It has also been discovered

thatiadditional eentrginever ke flawerate canebe pehieved hyradjustingtheforce

diameter of the flow path(s). For example, by narrowing the internal

digmeétey of Intet tihedGn(ashcomparet tertiie dameterfegnd in standdrd tion,

sized tubings used in blood processing and the medical field, generally) ,

fotathepwitfiae fenglieniity R fife GVl “headshekts, " asdisciged 12 and

above, the resulting flow rate is sufficient to substantially reduce the effect |

6 #itPhefertt® fEsiStaic eGPt Pémoval MBdiIF B disk ' TRES fiow tarr -9
hetter controlled and remain relatively insensitive. to the,_ resistang e

BTGt B3 TH A (000 211 Por xambles et (g, 4k Svafoddaet ube

EH@!Q%%&@@%%{%%H&UEM camhe dsgf@léb% 35, (85IStANCER

series or Ing, R2 for disk and R3 for outlet tubing'and Rr

deseriding additiqnal resistances.from conneciQrs;{suchas ¥ssiles 16 may be
diameter chances and other connections). Thus, -33- total resistance in

the-fluid scicuitis the, sum of theseiradividwal resistanees:Tibe drier for in  one
the flow is head-height as described above. [0001221 It is known that

disk manufactusingluall géneratecargiabilitzie R2aegistance. HpR2 isithemay be

dominant resistor in

approximately 26 inches and the length of tube 18, approximately
3% inches.

[0001207 It has alsc been discovered that additional contzol
- over the flow rate can be ackimved by adjusting the diametexf_eggfof
the flow path(s). For example, by narrowing the internal
diameter of inlet tube 16 (as compared to the diameter found in
standard sized tubings used in blood processing and the medical
field, generally), togsther with the lengthening of the overall
“nead height,” as discussed above, the resulting fiow rate is
sufficient to substantially reduce the efisct of the inherent
resistance of the removal medium or disk. Thus, flow can be
better controlled and remain zrelatively iInsensitive to the
resistance provided by the disk.

[O0DL21] For example, inlet tubing, disk and outlét tubing form
a hnydraulic circult that can be described as resistances in

series (Rl for inlet tubing, R2 for disk and 2R3 for ou

ot

1

[}
t

tubing and Rr describing additional resistances from connsctors

(such as Y~gites, diameter changes and other connections). Thus,



the circuit, the variations in its magnitude will cause significant variations

in flow rate and ultimately processing time. Thus, the impact of disk
manufacturing variability can be mini%d by making another component

in the circuit, specifically inlet tubing al, the dominant resistor, Since

tuiing ID-antklength manufagturing talgrances ate controllable to a higher
degree compared to disk manufacturing, inherent vaﬁgtio%ein Ri"aré™ these
exxyd_e@teﬁmi beésﬁgsm&méy Smgaeﬁlgigggnggge gggppﬂgg OR2 ., d-height
variances. Inlet tube resistance is primarily defined by the internal
grarféfstbee aiserand secondarily by the length for the laminar flow

re%ihne of interest (Reynolds number 100-1000), Thus, the internal
dRiiéter)(of ttbe' £6) IS8 priphary pdiarhetensowia changed. 10001234nerate
Selec .Q']JQE the inlet tubing compared to outlet tubing as the primary

redttietor is lsotriverr By Tl tubeS leriyth ensiterdtionsafheresistor in
t;%[gonaég of having longer tube length on, the inlet side of tqe proce§§ing

set as coﬁ%ﬁ%éd tot%oeutleY%faleaEé% eemtdiscussed dF6Ve Bysselétting Riause
as the-dominant resistor, added benefit from tube length is gained as .
well. [0001241 Thus, Whélreaiﬁ;ta'r%g% tﬁﬁri% UBBY it biodt protesshfgessing
typieally basan iternaldiameter of approximately 0.118 -34- inches, to
provide the benefits described above, th%%%%gi\fu IAmeter bt e 1e’ can be
miustitie dess than thessangdardasdnmore prgferably, substantiglly less, ..
than the above-identified diameter. In one preferred, non-limiting ™ -
eraniplecdia intemb tdiampterof Hie, inlehtwube; 16:may:be anywhere Since
between 0.025 and B
tubing ID and length manufacturing tolerances are controllable

to & higher degree compared to disk manufacturing, inherent
variations in Rl are expected to P& significantly smaller in
magnitude compared to RZ variances. Inlet tube resistance is
primarily defined by the internal diameter of the tube ang

secondarily by the length for +the laminar flow regime of

interest (Reynolds number 100~1000}, Thus, +the internal

P

diameter (of tube 16) is the primary parameter to be changed

[0002123] Selection of the dinlet tubing compared o outlet

tubing as the primary restrictor is also driven by relative tube

length considerations. The rationzle of having longer tube
length on the inlet side of the processing set as compared to
outlet side has been discussed above. By selecting R1 as the
dominant resistor, added benefit from tube length is gained as

well,

A 3 . . DR, ST T e
[000124] Thus, whereas standard tubing uwsed in blood processing

typically has an internal diameter of approximately 0,118



0.09 inches. Even more preferably, the internal diameter of the tubing

may be approximately 0.057 0.03 inches, [000125] Further improvement

in-the processing time and flow consistgacy can also be achieved by

altering the internal diameter of outlet tubes that are in flow

conmhesication wittowdiditettBO. [neore ensbodinent,ybe interral diametelnternal
of the outlet tube 18 (and/or tube 118 in Fig. 11, and/or tube segment
Hisieigrl16) Indybe Bétvwwer approkimatelyi3.04 tchestamda@dl Z®d, more
inches. More preferably, the internal diameter of tube in flow

GoRTEReRteh it BRtefridy bE appFidmatelae 080-10.033ReHesidentified
Narrowing the internal diameter of these outlet tubes (as compared to the
iﬁf]e?ﬁ%%%a%eteﬁfbu?faeiﬁ%ﬁaﬁaa?aifsiEQ?uﬂiﬁa%aggfgtsemﬁ%mg Gteaipnternal
bybbles.that may ,otherwise accumulate and, restrict flow. [000126] Th _
pﬁ%é%%%r%fénﬁo'*n ?é@s t%ir\e{\gentdég%ﬁbg intHe Lontad's Eif:sepr%?éﬁee%n 025 anc
embpdliments. U wilhe ynderstoed: qweyer, fal e prgsent pugnion s, ..
not limited to the embodiments described, and that further imbrovements

andsmedificatons may.be:made withouk depagting fromythe scope of the
present invention which is set forth in the appended claims. 35 CLAIMS:

1f doftove Brough tienvdee fapremadng selected compernds figmmadguidng 10w
comprising: a housing including a pair of rigid side walls welded together
neanteitperpherdes tozprovidesa petigkeratenthwalk1saidiside wals ant:ernal
end wall defining a chamber, wherein one of said side walls comprises an
inléeFRtmTlows commiahicatirPwithsaidechamber dadtheotemetseaiton with

side walls comprises an .
outlet 3¢, In one embodiment, <the internal diameter of the

outlet tube 18 (and/or tube 118 in Fig. 11, and/or tube segment
146:1in Fig. 16) wmay be between approximstely 0.04 inches and
0.120 dinches. More preferably, the internal diameter of +tube
in flow communication with outlet may be approzimately 0.080 %
0.03 inches. Narrowing the internal diameter of thess outlet
tubes {as compared to the internal diameter Ffound in standard
size tubing) assists in driving out air bubbles that may
otherwlse accumulate and restriect flow.

[000126]1 The opressnt invention has been described in the

context of its preferred embodiments. It will be understood,

however, <that the present Iinvention is not limited +o +h

i

£2.

embodiments described, and that further dimprovements an

s

modifications may be made without departing from the scope o

the present invention which is set forth in the appended claims.



outlet port in flow communication with said chamber, and wherein one of
said side walls includes a continuous tongue near the periphery of said
wall and the other of said side wallggomprises a continuous groove at or
near the periphery of said other side wall for receiving said tongue,
CLANYein said groove is defined by radial inner and outer walls, at least
one of said walls including a shoulder extending therefrom, whereby said

1 Sho%d?(olﬁmﬂime%%@vﬁo %%%W%g ‘é%téﬂﬂt%%!{m ASREMOL jiquia

said tongue initially contacts said shoulder; said housing further including
CoaIEE88one injection port in flow communication with said chamber, a
COMBOHBE EENPMAI AU I MBLONPFGIH Osti siNtenRd weeit MogRBFSIBEr atheir
ticulate of a.sorbent comppsition and a polymeric binder, said -
oo R T PR T tchM Tl S CHelm LS ahiah dine
charahiel.satieremponad penseidl sisedivmlinchedngsepeaphérat epdsuifadiow
colRRMNSANG INieriQale saidprinirIahensnualot saidiRausng thereées an

defining a gap between said peripheral end surface and said peripheral
OURRAEI S AT ERT SO ROV R PR BB B il Side

watieritmtideitheccbintifl ovp emngeabte draiiie pesiideliy it sewpevatieaitetmuatieer of
sal IR ERTBLREIEAD nisalaRis M gieHal %@%P’Y{é%r%sﬁé%ﬂéﬁﬁl%?ls@d other

_Injected through'said injection port; said material substantially filling said
sicea ANl ERIEYHIE FRIFSPRILP B CRIR SBE 61218 oMifBEh@YéRdRIANner and
oureediun agd Isaid pespbesalenchiihofisiaig bosisingisansagtipgingerefrom,

member. ing from at le e qf said side wall located
S LR e L MBI LT oo
saifidrigee frdinllsariteice sral Sircpmsaid Sessticlgiping kitnguddeast one

injEeMAGISBRIG SRNEeRhIRRALIA AtRNeRt ehdi@ematerial disposed between
said com oundc{Ae[movaI medium and said housing side wall includin

said BUTRT BB WIS s HIa b Mt HORER P s WAR T RS }%Bs"afﬁéiéﬁ*ﬂa @
pastictéate Wrasepperting sais filer mdaviudreerth oipdeipheidcpopdondfesalal
mdiRRMBLSHY Rild Al S ALARKINGAWEAC R MNGERID Said TLRr mATighSyar
permeable to said liquid but substantially impermeable to said particulate.
m%céum inciuding a peripheral end surface tgrminating interior to said peripheral end
wall of said housing thereby defining a gap between said peripheral end surface and
said peripheral end wall, wherein said compound removal medium peripheral end is
in contact with a liquid impermeable barrier, said liguid impermeable barrier further
comprising an injectablie material and wherein said material is injected through said
injection port, said material substaniially filling said gap between said peripheral end
surface of said compound removal medium and said peripheral end wall of said
housing; and
a gripping member extending from at least one of said side walls and located
radially interior to said tongue and groove and extending a sufficient distance from
said side wall such that at least one gripping member contacts said removal medium,
a sheet of filter material disposed between said compound removal medium
and said housing side wall including said outlet port, wherein said outlet housing side
wall comprises a nesting surface for supporting said filter and wherein the peripheral
portion of said fiiter material is held at said nesting surface, wherein said filter

material is permeabile to said liquid but substantially impermeable to said pariiculate.



2. The flow through device of claim 1 wherein at least one of said inner
housing surfaces includes a gripping member extending from said
surface into said chamber and gripggg said removal medium, said

member being integrally spaced.from said . peripheral end, wall, of sai (
2. houd 8 B AP A 3 i S BT e T T BB e
sutarapriesseithy windiggippnpenenxivoring Th_mmm@id@vmﬂqthamber
an§'BIBAYhergiRaRidkhAlsing-camarises B RningiNas MIRPS s¥E8AdRG: said

from the'inner surface of one of said pair of walls and a gripping member

PedRbEHliRgHERAT BhaaishUSiftace of the other pair of walls. 5. The
flow-through device of claim 2 wherein said member terminates in a
subsjantiall inted tip. 6. r f clai . ' ' HSING IS 4 |y

e e L MRS R

saig girre vaiaisdusing is made of polymethyl methacrylate. 8. Apparatus
of claim | wherein said filter material is adhered to said surface by sonic

4 weld] %i A ara%llJ of clagn 1.wrb<[er%in at Ieasé ch)les%f sggdmsirge é/vagllsri i

- comprEdOA HIRHAR SV AR D BRI ey B e g oToeing

mahdreoé xEddigdaeat ikeoihokairaudf awsmyirisiaph st terin whaklie saddari@srping

méxindradialhy fomgenaiak adiacantiosaldheentar aaiaiiko a point
adjacent to the peripheral edge of said housing. 11. Apparatus of claim 1
comprising a pair of raised ribs on said side walls and said outlet or inlet

5, port ishetispasdtheiveenicaidiritaini 22 Appaeaiusaofl cleimbnieerematle in a

sug%%:ﬂfa ﬁigeggh%ﬁ is rounded. 37 13. The flow-through device of claim 1,
wherein sai ousPrig further comprises an upper end, a lower end, and a

6. Apparatus of claim 1 wherein said housing is made of a material that is
suitable for sonic weiding.

7. Apparatus of claim 6 wherein said housing is made of polymethyl
methacrylate.
8. Apparatus of claim 1 wherein said filter material is adhered to said surface by

sohic welding.

8. Apparatus of claim 1 wherein ai least one of said side walls comprises a
plurality of inwardly extending ribs on the inner surface thereof.

10. Apparatus of claim 9 comprising a center, wherein said ribs extend radially
from a point adjacent to said center point to a point adjacent to the peripheral edge of
said housing.

11. Apparatus of claim 1 comprising a pair of raised ribs on said side walls and
said outlet or inlet port is disposed between said ribs.

12 Apparatus of claim 1 wherein the end of said tongue is rounded.



center between said upper and lower ends; and wherein the inlet port on
one of said side walls is located between said center and said lower end

of said housing, and the outlet port gy the other of said side walls is
located Eetw ens i% center, apd S?i‘d upper end of said housing and
diamelri IQW&SBB%% 8‘{’8%8%:. 118t port. 14. Device of claim 13 comprising
a fluihserirceaithdhaumdng fluithee ceivipgsen dg rvidra®iresdideoigtier pertisand a
ce:%?é%%%%%ﬁr%ié%i&a@@nﬁqm ghekthan said inlet. 15. Device of claim 13

wherein said housing inlet and said outlet are spaced 900 from the

centP4ISTEHICAR AXRE BPEAR ABTISIRA'Y 6/ 9PnualuRtacigh REVRE kR er
and sehereiesaid injestiahieusiatenabishectedtedbdroon the giieerptesisisitgvadils
. i RTV lants,.h tS..p < Silicones. W, . .
s B N A B T e e Arcaly
oppefieVil $ABURIR PedMmprises a disk of a sintered polymer. 38

FLOW-THROUGH REMOVAL DEVICE AND SYSTEM USING SUCH
1L{}DEV CE A%{Ir?t Fl w-through S s}le. s for proce sin% bitﬂlogical f!\l}sjd are |

discloS&GeTHe” F\VV% rSSG}H’“ ynﬁemsullncﬁ E5 FRSUS evice Ththe Tow
wheatihn fericeonteimgtirsiocitad ceapoaaid T syeersTtheaasavatigbvice

includes a removal media contained within a housing made of two

separate portions sealed together, The housing is maintained in a .
155ubstEHiIg Ve RIEa] JiepESbARIh RSN AalFiAg S GBS aMIEH P iRt ©O
froanthe aapleteseakpo sureditie flouditg the media. Figure 1

13.

16. The flow-through device of claim 1 wherein said injectable material is selected
from the group consisting of epoxies, RTV sealants, hot melis, polyurethane,
silicones, waxes and plastics.

17. The flow through device of claim 1 wherein the compound removal medium

comprises a disk of a sintered polymer.
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FLOW-THROUGH REMOVAL DEVICE AND SYSTEM USING SUCH DEVICE

Abstract

Fiow-through systems for processing biological fiuid are disclosed. The flow-through
systems include a removal device in the flow path for removing unwanted compound
and agents. The removal device includes a removal media contained within a housing
made of two separate portions sealed together. The housing is maintained in a

substantially vertical disposition, thereby ensuring substantially uniform and complete
exposure of the fiuid to the media.

Figure 1



