- 1- FLOW THROUGH REMOVAL DEVI CE AND SYSTEM USI NG SUCH
DEVI CE [0001] The present invention is directed to a

wo b@dosfarough devi ce for renoving sel ected conpOOAE04/029637
and/ or conponents froma fluid such as, but not
limted to, a biological frérd. The present invention
is also directed to fluid processing systens using

such flowthro WelHROVSH REMEYAIRANNSICEF THE
| NVENTI ON [ooogiﬁ&azI!\S:.vajjii:§a<2|'ida§_ﬂéﬁD HCREV r emovi ng

conmpounds or other conponents froma biological fluid
are known. For exanple, flowthrough renoval devices
[008Ll e bédy® uRERPaNt nERTRHILgEr obesdiAgcsed stahar eft¢re-through
biological fluid is filtered to renpve undesired bl ood
devERrpotie nt 1oEiaeh sed ScdgRocpmesunds osnd Mouetmrisentss from a
have al so been proposed for use where the biol ogica
fluiqdypdchasshedntt reat edipited atsel wventiorodivadi chluid.  The
agent as, for exanple in a pathogen inactivation
prepeiic ebvetgeed]id e hamydperdtegertd nbltid/apioressing systems
processes, a chem cal agent is typically added to the
usipg oiwgi dadlovwfkhiduglo ddviwes.(1) directly inactivate
present pathogens or (2) inactivate present pathogens
i n conbi nati on EBRAGHERSIUNSr ORediils , INVENT I | i ght .
Regardl ess of the nethod used, after treatnent, it is
[00QRK| r afllevwtbhrenpvedenieast §dr clvembrahg agenpsunds or other
by- products of the inactivation process fromthe
compprArgg chrom| @i dojpriayided iflauitd aasé uknomnt o t fer example,
patient. [0004] One exanple of such a pathogen
flownidetdugdt | orenprvedes sdengi cypst dmvies deser i bededn WnS. medical
Pat ent Application Serial No.
processing sets where the biological fluid is filtered to remove

undesired blood components, such as leukocytes. Flow-through
devices have also been proposed for use where the biological
fluid has been treated with a solvent or chemical agent as, for
example in a pathogen inactivation process.

[0003] In many pathogen inactivation processes, a chemical
agent is typically added to the biological fluid to either (1)
directly inactivate present pathogens or (2) inactivate present
pathogens in combination with other means, such as 1light.
Regardless of the method used, after treatment, it is desirable
to remove unreacted chemical agents or by-products of the
inactivation process from the biological fluid prior to its
transfusion to the patient.

[0004] One example of such a pathogen inactivation processing
system is described in U.S. Patent Application Serial No.

09/325,599, which 1is incorporated herein by reference in its



09/ 325,599, which is incorporated herein by reference
inits- 2 - entirety. In the system described therein,
wo baosa4f4oHmM a source contai ner that has been tPEHUSZNOH/029637

a pat hogen inactivation process (e.g., photoactivation
with ultraviolet |ight and-&d psoral en compound) is
passed t hrough a renoval device and collected in a

ent}iRtel vi N demt diviseen Treciréhedatheiesdime findldudesemga source
sorbent selected to renove residual chem cal agent

congidiegr bhapr dthict beeon thredtwsct iivatd oPaphogess. 1jayggstion
Fl owt hrough devices may al so be used in the

pProgg4s r dei- on/ ofPlisitoagtpratier s widly enbveavidetexdaphle, and a
| eukocytes froma collected bl ood product. An exanple

psogflen f logingoprétesisi npaspstentihihentol n@ udemowal device and
| eukoreduction filter in a flowthrough arrangenent is

col bestad ed & wedeSvimat epntaNmers, 358e426mor bwiehiresugincludes
devices may al so be used to renove treating agents

a sogleehti nselretededomenmovk beeddual ehdshiowd fageetti emd/or by-
whi ch agent is desirably renoved fromthe fluid prior

produrfurtthéheuseacfivata onl prdcef9006] I n the above
-descri bed exanpl es, the renoval device includes a

[000mlsSi ndlandthroegiovaflewecksa | msyde atlthe hdugsi ngsed in  the
Regardl ess of the renoval for which the device is used

fil{gatlon ldukdreduptriodncter tpememale of fonaetam@ltd ,onleukocytes
conmpounds or other agents), conplete and uniform

frorexposuwrad lectee Plowdl tmrddwetr.enovah nmeglampie s of a fluid
inportant. To obtain the greatest efficiency for the

procesmival sediam thati sndésdesus fruldedulctiidnt fidore in a
in contact with as nuch of the renoval nedi um as

Sflowpodwidigh. Rarasyanghite, i® edssweilsdbstiant italsl.y Patent No.
conpl ete renoval of the inactivating agent in the

6, 3phtdmgen iMactihatugn exatpke may also be used to 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.

[0006] In the above-described examples, the removal device
includes a housing and a 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 the
removal medium is important. To obtain the greatest efficiency
for the removal medium, it is desirous for the fluid to come in
contact with as much of the removal medium as possible. For
example, to ensure substantially complete removal of the
inactivating agent in the pathogen inactivation example

described above, it 1is desirable that the fluid contact the



descri bed above, it is desirable that the fluid
contact the- 3 - renoval nedia as conpletely as
w@omsiobl4es W t hout bypassing any part of the reemDUS1004/029637
medi a. Li kewise in a |eukoreduction device, conplete
exposure is inportant to ensure substantially conplete
removal of |eukocytes, which if otherw se transfused,
remeidl caedd aps adoePbetaleactd apessiltlite rveidinpugntoyHaBARY any
To further ensure substantially conplete and uniform
parexpbsiure nsmovad fbdia. t olikeimediia, ai flebkoraportion device,
that the renoval nedia be maintained in a
compliyst sgnpedune flisxddworitentatpoensfoe exbsiphimtidliva complete
processing set that includes a hanging -type filter
remgihel eof hkedtawties, " wbpchoilfobtbeywise et yaroffiiered, amay cause
natural tw sting nonent causes the filter to hang at
an advearny ecassivtheimeitghtrelogboanthe filter changes
(i.e., as the collection container fills) , the nonent
[000Tkr easkes f@ndhelre ergire changesitiaAldeviopplehat andl tgiiform
away fromthe central vertical axis may result in
expoeenodli shei Fluidn tof thHee Middiiad att o$s tiheoreamvakhat the
media, resulting in inconplete exposure and renoval of
rem¢veel undesiped mgentginfANOR] | dnaddat | cubkbanniddbryn fixed
and conpl ete exposure of the fluid to the nedia, it is
oriabiskiiampor t Bot |, estandiaye isubst@rddealsipgocessithg tt iimeludes a
consi stency (i.e., reproducibility) fromone device to
hangheyrexte. fODON Wheis ahso flesi r abl e'tbbatta devtee,” very
that neets the above performance requirenents is al so
oft@asya atdbw@eananwisaind onomnt actigee whéhfalt€ow to hang at an
rejection rate. [00010] The above objectives are
angbaldr essedtHyy wdieyhy as€ldw | theenfiDter - changes (i.e., as the

collection container fills), the moment increases and the angle
changes. A device that tilts away from the central vertical
axis may result in uneven distribution of the fluid across the
removal media, resulting in incomplete exposure and removal of
the undesired agents.

[0008] In addition to uniform and complete exposure of the
fluid to the media, it is aiso important, to have substantial
processing time consistency (i.e., reproducibility) from one
device to the next.

[0009] It is also desirable that a device that meets the
above performance requirements is also easy and economical to
manufacture with a low rejection rate.

[00010] The above objectives are addressed by the present

invention.



SUMVARY OF THE | NVENTI ON [ 00011] In one aspect, the
present invention is directed to a flowthrough device
wo e0050erw8/i Nng sel ected conpounds from a | i qui dPCTVE82004/029637
devi ce includes a housing having a first portion and a
second portion that are jorﬁéd toget her. Each of the
first and second %ortions i ncl ude outer walls and
i nner wal l's, witRR¥MEBAPHUNTE dAYENREONedi um di sposed
between the walls of the portions . One of the first
[00Qt1 K ec dRd 56t t5SEESEr nEPBdBES2RNT nivsterydran dgif tdeegtiedr to a
wal | and the other of the first or second portions
Loy RS adeBitret f¢or SBAVERG otrkactifsl | compeupgmerfrom  a
. wall of the first or _second portions includes a
ligyeti phéhal (dpvégeerddichdedngudonsine bRingner figlstt gfortion
the other of the first or second portions includes a
and par | JONSl |§eeb&endi i) gredvactpedr éegrthay- t heEadnge® the
. .. [00012] In another aspect, the present invention is
firgfi rerd edetond PPBW-AHY oyH udevicsderomaldmowindg inner walls,
~ selected conpounds froma liquid that includes a
WithoBsiCREPOTRE KWelsVhed i heflilgesdispetedindeseeondtivat Bplls of
wal I s defining an interior chanber between the walls .
the ppepipitind remvehgtiedfimet soxli spowel pdnthionst Heacludes an
~ _interior chanber. In a preferred enbodi nent, the
inlefpuBPhl iofc| tiResorher nietl pend otheonetiért ké duterfirst or
wal I s and an outlet port on the other of the outer
secepd |Rorhilaseiincilhdes ogat ponlelf Hdre out [téte porteri sall. The
~ dianetrically opposed to the |ocation of the inlet
inngypr twallpooal] the anbitely ampeciecdrie moesdpnsi nieniicdas a
is directed to a flowthrough systemfor renoving
perigdlegetldd estpodhds bengwnpdridet Shfer gmnaxf waild. oFhéhe other
systemincludes a source- 5 -
of the first or second portions includes a peripherally

extending groove for receiving the tongue.

[00012] In another aspect, the present invention is directed
to a flow-through device for removing selected compounds from a
liquid that includes 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.

[00013] In anothex aspect, the present invention is directed
to a flow-through system for removing selected compounds or

components from a fluid. The system includes a source



container, including a fluid outlet and a receiving
container including a fluid inlet. The system i ncl udes

w@2osopaund renoval device di sposed bet ween t hECHUS200€029637
and receiving containers. The device includes a
housi ng having first and sedond outer walls and a
conpound renovi ng nmedi um between the walls. The

ConkpiRthy Luetwding nel dd8sdda okl iemdeta oneemievigio t pentainer

~outer walls and | ocated between the center of the

incdedine anduise indeéi-vi Aje cord sihamclangsaaf comdoend | ggmoval
on the other outer wall and | ocated between the center

deviget Kdsgeveee hatderhe Sur eeutent ainderrereiiegot pertainers.
outer wall. The systemfurther includes a first tube

Thepdsyiigengiec ¥udsw pat hoyetneehavhagsolirsd cend aiseerndnduter
the device inlet and a second tube providing a flow

walpat Rngetaweermrdierdd ekl iggt Iredigmd hetevaegceivg ngalls.  The
container inlet . [00014] In another aspect, the

houpirg efurtiherednicdndes di feetddnletaohl onet hfotlgh oetwmrevalls
for renoving sel ected conpounds froma liquid. The

anddépfeked sbeowmprn selte ofentdiousi nMthdhadenigcea ad rtld seakeiving
wal I s and a peripheral wall defining a chanber. A

contahbyal Aedi um ifduidcated el t hin tHee ohheberquttdre wall and
medi um having an end wall termnating interior to the

locpeed pHeataleemal thef thetéousing.tha | idguiidei nped ekl e source
barrier is located in the area of the chanber

conbabstran attle ddteweemttelre wakdi uniTper spheeml fencdher includes
surface and the peripheral end wall of the housing.

a fL09915}bé npwmoidiery aspEcty, phite preseat thwembiode i Sontainer
directed to a fl owthrough processing systemfor

andr ghevideyisel dctled conpoaindscard conponpndgidtiogn a flow path
fluid. The flowthrough systemincludes a source

betgesn dilredeivickudiihgeta dridiittheouttet vand crtedeieyri hglet .
container including a fluid inlet. A conpound renoval -

[00B14] In another aspect, the present invention is directed

to a flow-through device for removing selected compounds from a
liquid. The device is comprised of a housing having a pair of
side walls and a peripheral wall defining a chamber. A removal
medium is located within the chamber, the medium having an end
wall terminating interior to the peripheral wall of the housing.
A liquid impermeable barrier is located in the area of the
chamber substantially between the medium peripheral end surface
and the peripheral end wall of the housing.

[00015] In another aspect, the present invention is directed
to 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 a

receiving container including a fluid inlet. A compound removal



device is | ocated between the source container and the
recei ving container. The housing includes a first and
wGaemsndumit er wal | s and a conpound renovi ng NeERECTIING2004/029637
between the walls . The housing includes a fluid inlet
on the first outer wall, thé-inlet being |ocated
bet ween the center of the first housing wall and the
devieeelvi heramat dieteeeantdha $owick mantetinem &hé teeoneceiving
outer wall | ocated between the second housi ng wal
contehher. anthe¢ heosourcercdntasner fiThe sydt savahdoouter walls
i ncludes a tubing providing a flow path between the
andseurcogprcond araeevind | eé¢damd beuwsiang tihel etaldisd t UBienghousing
providing a flow path between the receiving container
incinfles anflurousimgtown déthe Hieskengthrofalhe fheowipkdth being
bet ween the source container and the inlet is greater
locthadt bheweéemgtheofcenfierf locdw tgat hfbettwekous heg dewilte and the
outl et and the receiving container . BRI EF DESCRI PTI ON
rec@EvitE ORAWINGS [p0HO0E6]f1kidupetlet Som phansecewvd ofutzer wall
fluid processing systemincluding a flowthrough
loceendvaktdesh cehenBedyhdaghbheipg esehl iceveati and. the source
[00017] Figure 2 is a partial plan view of the fluid
conpabgessi NTheysyetrnf abg. idchivas ng tlieineversa dinde a flow
of the flowthrough device. [00018] Figure Ais a plan
patliii ewteéem@mntiadt svnate veohtatmbproadssi ngdsistemny timlat and
fl owthrough renoval device enbodying the present
tublinyemtrioodifi§0@LF Ldv gpath 2Acitsean pahki ateqdianng evordfainer
the fluid processing systemof Fig. A show ng the
inleevengdehsusden®f otitieetf | oWFlidr Dalgft e Cithe -flow path between

the source container and the inlet is greater than the length of
the flow path between the device outlet and the receiving
container.

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Figure 1 1s a plan view of a fluid processing system
including a flow-through removal device embodying the present
invention.
[00017] Figure 2 1s a partial plan view of the fluid
processing system of Fig. 1 showing the reverse side of the
flow-through device.
[00018] Figure 1A is a plan view of an alternative fluid
processing system with a flow-through removal device embodying
_the present invention.
[00019] Figure 2A is a partial plan view of the fluid
processing system of Fig. 1A showing the reverse side of the

flow-through device.



[00020] Figure 3 is a perspective view of the renoval
devi ce enbodyi ng the present invention. [00021] Figure
wa2008/0an1expl oded view of the fl owthrough ren@EIDS2004/029637
devi ce enbodyi ng the present invention. [00022] Figure
5is a cross-sectional side’view of the flow hrough
renoval_device of Fig. 1. [00023] Figure 6 is an
[00R20 br gk ousar t3 alS o oRRT SREEHVEnaliew ef dfhq heemoval device
fl owthrough renoval device of Fig. 5 . [00024] Figure
enbqdying Y pirgsepbr kperittiig@ .vi ew of the retaining clip
on the housing of the flowthrough renoval device
[00@#bbdyiHgurke frelsentni neemtddns FOO025]E Fitgar ef Boysthrough
partial perspective view of a retaining |oop on the
remgigis i Ry isfe enboey SR tHreolgle seaovaremevdrce enbodyi ng
the present invention. [00026] Figure 9 is a
[0092 Epedtiigraeyifevisofa opeoporascsronlt Beédel hervhedudghe flow-
renoval device enbodying the present invention
thropeh utinnyad devstoncbfFiche li.nl et port. [00027] Figure
10 is a side view of one enbodi nent of a fl ow hrough
[0002%bvalFideniec . is0GO28nlRirgede barisah parss-ateqlimmal view
vi ew of one enbodi nent of a fluid processing system
of the|Lidiwighaobibbw et righievégeval Beyi ce . [ 00029]
Figure 12 is a partial side view of another enbodi nent
[000241 he Hilgwir¢ procéssi pg spstéal [POOSctEivgur erik® | ®fa the
plan view of still another enbodi nent of a
retdimird rlguglensyseehriunthadhgle fllow-through remoxd device
devi ce .- 8-
embodying the present invention.

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

[00026] Figure 9 is a perspective view of one portion of the
flow-through removal device embodying the present invention
including a version of the inlet port.

[00027] Figure 10 is a side view of one embodiment of a flow-
through removal device.

[00028] Figure 11 is a partial plan view of one embodiment of
a fluid processing system including a flow-through removal
device.

[00029] Figure 12 is a partial side view of another embodiment
of the fluid processing system.

[00030] Figure 13 is a plan view of still another embodiment
of a flow-through system including a flow-through removal

device.



[00031] Figure 14 is a side cross -sectional view of

the systemshown in Fig. 13. [00032] Figure 15 is a
w@arsiad41pl an vi ew of still another enbodi nentP@f/US2004/029637

fl owt hrough systemincluding a fl owthrough renoval

devi ce. [00033] Figure 16 8~ a plan view of the

reverse side of the flowthrough renoval system and
00QR4d ce Fopurieg 14155 f0BEBA|CHasFurectional aviry spleciliaesystem

vi ew of a holder for supporting a flow -through
shoyR gy i devidce enmbodyi ng the present invention

&?OOSS]_Figure 18 is an expl oded view of the hol der of
[0003%) 1F1i9u@e03b] [EPgudr ePATtial apperspderi vef vistwlbf amother

renoval device within the holder of Fig. 18. [00037]
embed gand 20T @ aftevellseyusdr spetidw eivrbvdig t ke Fotwtdhrough

and f]low -through renoval device of Fig. 19. [00038]
remgy 3y Vite.s a cross -sectional view of the tubing

channel of the holder of Fig. 19. [00039] Figure 22 is
[00Q3}er spdetiree 1fi éf 6f RFRmal Tiegvhaef vehenbedenent sbfiet hé the

hol der for supporting the flow -through renoval device
flow-Yromoed] rEngure oBten ehd pevspeced Eiovwi éWw.show ng

t he reverse side of the hol der and fl owthrough
[00Q34pvalFigayecel bf iFi g2 2XRrrBO04YE Frigw e oF4 s kolder for

al ternative arrangenent of the hol der and fl ow
suppqiiriggg e r Ehewathapegihc eegbvElg de?2cei mobuedyhggathe present
~connector attached to a vertical support pole. [00042]
inveEitgigme 25 is an expl oded perspective view of a

further- 9-
[00035] Figure 18 is an exploded view of the holder of Fig.

17.

[00036] Figure 19 is a perspective view of a removal device
within the holder of Fig. 18.

[00037] Figure 20 is a reverse perspective view of the holder
and flow-through removal device of Fig. 109.

[00038] Figure 21 is a cross-sectional view of the tubing
channel of the holder of Fig. 109.

[00039] Figure 22 1s a perspective view of an alternative
embodiment of the holder for supporting the flow-through removal
device.

[00040] Figure 23 is the perspective view showing the reverse
side of the holder and flow-through reﬁoval device of Fig. 22.
[00041] Figure 24 is an alternative arrangement of the holder
and flow-through removal device of Fig. 22, including a
connector attached to a vertical support pole.

[00042] Figure 25 is an exploded perspective view of a further



alternative enbodi nent of the flow -through renoval
devi ce enbodyi ng the present invention. [00043] Figure
WQ 005844181 0SS-secti onal side view of the fl ow€ET/US2004/029637
t hrough renoval device of Fig. 25. [00044] Figure 27
is a cross-sectional side vPew of a renoval device
wi th renoval nedi um di sposed therein. [00045] Figure
altggnasive crogsediasnitonalf sithe viféawothaceompowempval device
renoval device with a sealant being injected into the
embp@using-intoereisent, 1p0O046In-Fi gure 29 is a
cross-sectional side view of a renoval device with a
[008€3] antFifdudeed gas. g COV4P|sFELemB0side aviger splecthieyeflow-
vi ew of one portion of the renoval device housing with
thrgegh ammawdedegiics ahdfinj &€6t-i on apertures . [00048]
Figure 31 is a perspective view of the reverse side of
[00P&4Bi NnFignitel Y afs R rro836-s£0BDAD] 1 M il evi3d isf @ removal
per spective view of one enbodi nent of an assenbl ed
deviegowith dewicoel ME0O50]diErpsed 8Bersim. partial, cross
-sectional view of the tongue and groove engagenent
[00pa5Dr tignededi28g.is[ @0054sFauirieondd issda paeviaf,a compound
cross -sectional view of the tongue and groove wel ded
rembogkt Hevic¢ 00O5R] aFispalenB85 bedng perispeetli amtwi ée housing
shown in cross - section, of a part of the outlet
inthoising portion. [00053] Figure 36 is a perspective
view, shown in cross - section, of a part of the
[00046] et Hhigusien® Pard iaorcisshsant bdhalr natdevevidw of a removal
arrangenent .- 10-
device with a sealant filled gap.

[00047] Figure 30 is a perspective view of one portion of the
removal device housing with sealant reservoirs and injection
apertures.

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

[00049] Figure 32 is a perspective view of one embodiment of
an assembled removal device.

[00050] Figure 33 1s a partial, cross-sectional view of the
tongue and groove engagement prior to welding.

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

[00052] Figure 35 1is a perspective view, shown in cross-
section, of a part of the outlet housing portion.

[00053] Figure 36 1s a perspective view, shown in cross-
séction, of a part of the outlet housing portion with an

alternative rib arrangement.



[00054] Figure 37 is a perspective view of an
alternative enbodi nent of the renoval nedia wwth a
w0 covgoofs1di nder material around the perineter BPET/URI04/029637
medi a di sk. [00055] Figure 38 is a perspective view of
the disk of Figure 37 with ¥ portion cut away to show
{oss -sectional, view of the disk and ring. [00056]
[oo ‘8 3FiTs c3bsds sReMiegABRPCELR Vilew off a anenelegrnative
device including the renoval disk of Fig. 37. [00057]
embpiiyenty ok BheeF Y@y viediicewidh an minerofithimder material
enbodi ment of the renoval nmedia with an annul ar gasket
AroURGUME HeE ipeirrePErtt madanddrk- di sk. [ 00058] Fi g.
41 is a perspective view of the disk of Fig. 40 with a
[00D97} i orfiGMrehS8r dfoRaPeRERrAtETR By @D Sowlidie of Figure
gasket. [00059] Fig. 42 is a cross -sectional side
37 ey dfPF tiempFHE dBIY cBO | FRIWUG mosieseenbemdl meidiva of the
. of Fig. 40. [00060] Fig. 43 is a perspective view of
disknd digwal media di sk with an inpernmeabl e skin around
the outer perineter of the nedia disk. [00061] Fig. 44
[000%6h pdiigpecdd vks vReWropsthrectiommial sinsdi wiel skfok removal
Fig. 43 with a portion cut-away to show a cross -
devieg tingHadivoethof renratediiakdpEKFLI§ O®IB2] Fig. 45 is a
cross -sectional side view of a renoval device
[O0QHEN udifig -t héOr ehpval medbneotiw g.vidy, DETARLER:lternative
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 00063]
embaifintg chothe orehevalk anediys, witly. ah showdaa gasket around
fl owt hrough fluid processing system enbodying the
the ppesgigstteirneénthemedise dypst em may be used in any
application where fluid is passed- 1 1
[00058] Fig. 41 is a perspective view of the disk of Fig. 40

with a portion of the removal media cut away to show the gasket.
[00059] Fig. 42 is a cross-sectional side view of a removal
device including the removal media of Fig. 40.
[00060] Fig. 43 1is a perspective view of the removal media
disk with an impermeable skin around the outer perimeter of the
media disk.
[00061] Fig. 44 is a perspective view of the removal media
disk of Fig. 43 with a portion cut-away to show a cross-
sectional view of the media 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 EMBODIMENTS
[00063] Turning ‘now to the drawings, Fig. 1 shows a flow-
through fluid processing system embodying the present invention.

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



froma fluid source to a receiving container, and
contact between the fluid and a treating, renoving or
WO dosesd4mgy medi umi s desired. [00064] In Fig. BCT/UR®N€029637
is shown a source container 12 for holding fluid. In
one specific, yet non -liniting application, source
contai ner 12 may hold a biological fluid, such as
frop| god fé¥id certsifentoofa blss¢1viRE ssettamrsfownan@ contact
Fig. 1 also includes a receiving container 14. A
betyeemvhle délitd 200 etrbb8FRBHI her Presiarst dhvehtienngs medium
~also shown and is typically located between and in
is geiwrebnmuni cation with the source container 12 and
receiving container 14. [00065] Optionally, the system
[00984hay ImcTime bddikeemals ceheanner Souree evampieeri a2 for
t he enbodi nent shown in Fig. 1, system 10 includes an
holdiey t fbwed - coAnaioner sPecwiieh way rachidelibinagerplication,
useful in the treatnent of the biological fluid.
sougpecteiieaingy, fizh mahdreld jan lpievpasicaniplid,uidentsaicheras2 2lood
may i nclude an agent useful in the pathogen
or imaceiwendrgn of tiHeodi-ol ofhealsydtend. siOQ0661 Qigg. 1 also
exanpl e of a pathogen inactivation conpound is a
incpgdeal en cwmwpovndy soehmtaierutlinot | Ani redoval Hlsvice 20
(4-am no- 2- oxa) butyl-4, ', 8-trinethyl psoralen as
emb ¢¢hel prat Hog epré seadt | vatardr cvompounido Btawpl enidofis typically
sui t abl e psoral en conpounds and net hods of
locahadt ibedtvierg pattiogens flowbi obogiriadatfian dwdshngthe source
psoralens are provided in U S. Patent Nos . 5,578,736
conpathdy, 593 a823rebeininf asnitelinarel#ncor porated herein
by reference. [00067] O her exanples of pathogen
[00063Lt | Vatiimgatdppounis |stcdtede [iot hakgcyanchede additional
derivatives, phenothiazine derivatives-12 -
containers. For example, in the embodiment shown in Fig. 1,

system 10 includes an additional container 22 which may include
an agent, wuseful in the treatment of the bioclogical fluid.
Specifically, in a non-limiting example, container 22 may
include an agent useful in the pathogen inactivation of the
biological fluid.

[00066] One example of a pathogen inactivation compound is a
psoralen compound, such as, but not limited to, 5’-(4-amino-2-
oxa) butyl-4,5’,8-trimethyl psoralen as the pathogen
inactivation compound. Examples of suitable psoralen compounds
and methods of inactivating pathogens in biological fluid using
psoralens are provided in U.S. Patent Nos. 5,578,736 and
5,593,823, both of which are incorporated herein by reference.
[000671 Other examples of pathogen inactivating compounds

include phthalocyanine derivatives, phenothiazine derivatives



(i ncl udi ng net hyl ene bl ue or dinethyl -nethylene blue)
; endogenous and exogenous photosensitizers such as
w@bkdosnaises, isoall oxazi nes (including ribof|ewi/n$2004/029637
vitam n Ks, vitam n L, napththoqui nones, naphthal enes,
napht hol s, pat hogen i nacti~a&+ ng conpounds di scl osed
in United States Patent Nos . 6,258,577, 6,268,120,
(inghelig177 @37y lenhi cholre i moor poliaectyhenetiylgne  blue);
reference, or "Pen 110," which is made by V.I.
enddegimal ogh@sexdpenoyamipledt dseralisd zkmewsuab tave alloxazines,
I nacti ne(tm conpound) . [00068] Exanples of pathogen
isodhletdaiatsison (oonpodnds tiatf lewyinbe usiéfemini Ks.edvbtaoth L,
cel |l pathogen inactivation nethods include the
nappatihogemoneact nephtionl agent s1agihstbds edpabbygeranthddioseting
di sclosed in U S. Patent No. 6,093,725 and U. S.
compppldatiienl Seed alinNoUn D95 3Bt226sf | Packrivar §hs30,6,258,577,
2000, which is directed to the use of compounds having
6,26cli,c acdd af27hi33d7,andghdoht adre ngraonpstratedgrioaygin by
or nmustard group equivalent or nustard group
reféerdreravedoat @Peb). 3.10P4t erticNo. 16, 893e 7By and .U Technologies,
Application Serial No. 09/539, 226 are incorporated
Inchetwiirlby sr ef.eo ehit@in A sprtékelfnedt tostporoagcuan) red
bl ood cel |l pathogen inactivation is p-alanine, N
[00¢&RY | difxam®lesYlof ,paZhdgens indctikhbotort hyhpathdo] that may
ethyl ester. [00069] Returning to Fig. 1, container 22
be issentinedhedréanthlcod Nnckllow soriBygdrcatingBtrdt)on methods
source container 12 via tube 28. Details of this
incildaisthat ipsrhsyehemmant iehttiba pajdmgendisacidasmt biodve and
process with which it is used are set forth in U S
thofRat eats&ppdddatiwn Sesi al phleen®9/ 835, 599098i, Fed Jupe vU.s.
3, 1999 and previously incorporated by reference.
Appl DA0TAn Asrfidnt ket shoyep,ispdrirg3edlManéh 230 SRMIEE which is
container is- 1 3 - '
directed to the use of compounds having nucleic acid affinity

and containing a mustard group, or mustard group equivalent or
mustard group intermediate. U.S. Patent No. 6,093,775 and U.S.
Application Serial No. 09/539,226 are incorporated herein by
reference. A preferred compound for red blood cell pathogen
inactivation is ‘p-alanine, N- (acridin-9-yl), 2-[bis(2-
chloroethyl)amino] ethyl ester.

[00069] Returning to Fig. 1, container 22 is connected (and is
in flow communication with) source container 12 wvia tube 28.
Details of this i1llustrative system and of the pathogen
inactivation process with which it is used are set forxrth in U.S.
Patent Application Serial No. 09/325,599, filed June 3, 1999 and
previously incorporated by reference.

[00070] As further shown in Figs. 1 and 2, source container is



connected to renoval device 20 by a first tube 16.
Tube 16 provides a flow path from source container 12
wo eoosesaval devi ce 20. One end of tube 16 is jBRCTES20040029637
outl et port 24 of container 12, and the other end to
the inlet port 30 of devicel®0. [00071] As shown in
Figs. 1 and 2, system 10 includes tube 18 which
congenmett Sodeeimogal0 devirec@Oviig goMtiashercub4, 16.  Tube 16
Specifically, one end of tube 18 is joined to inlet
propbd¢s 26 diowopdtdh narorl4ouarnd thetaiher Bhdte sr¢mdvedd device
to outlet port 32 of device 2 . [00072] An alternative
20.f | ome tduwdugh tsyst % 16 jsisdbvire iqutRiegs poAtandl @A cAbminer
sanme reference nunerals are used to identify the sane
12, f ead urles aEhetrhesd shovhre iimlleitgport 13@nalf .ddwiceh&0.
enbodi nrent shown in Figs. A and 2A it wll be
[00@PPI eciZat exhdvmatint i gepei agdi A, | Ayetepot® BOcfwdes tube 18
away fromthe center 36 (i.e., toward the periphery of
whithe hmtgiawd)s of ddeveéee 20. Skni | ardgeiving opennhgimer  14.
outlet 32 faces away fromthe center 36 (and toward
Spethei LSt ngorperémhessy )tudfe deviice Rinadhidee i@t port 26 of
orientation of inlet port 30 and outlet port 32 as
conShoner i N4 Fi gsd dhandtiZen serpt eferphired tthe @tiledi peat: 32 of
shown in Figs. A and 2A is equally suitable. [00073]
deviRegazd] ess of the orientation of ports 30 and 32, a
common aspect of both of the enbodi ments shown in
[0067Q@F. larandlAecirfathec | Guati-enrofigh nlsgistand but liét shown in
ports of device 20 relative to the device center 36
Figand wonkabners. 12 mird 34me | ne€aebnoé theceabedidamnt 8sed to
inlet port 30 is | ocated between the center 36 of
idedevEgetRE adith reefiticB] a60Rhak8eshdwn TMerH .| e 23 i3 In
| ocat ed between the center 36 and source container 12.
theTBhSodimdnt shown in Figs. 1A and 2A, 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.
Similarly, the opening in outlet 32 faces away from 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 is preferable, the embodiment shown in Figs. 1A
and 2A is equally suitable.

[00073] Regardless of the orientation of ports 30 and 32, a
common aspect of both of the embodiments shown in Figs. 1 and 1A
is the location of inlet and outlet ports of device 20 relative
to the device center 36 and containers 12 and 14. In each of
the embodiments, inlet port 30 is located between the center 36
of device 20 and receiving container 14. The outlet 32 1is

located between the center 36 and source container 12. This



results in a flow through device 20 that is
directionally reversed relative to the fl ow through
wo b@soeres nder of the system 10. Thus, fluid emtBDS2004/029637
inlet port 30 and is forced to flow "up" to outlet 32.
It has been discovered thatl4his reversed flow at
| east in part, reduces the tine required for a fluid
resgbtpasia t Br ofigpw déhirevgR0, derime dé§ nirat r épr odiceédtonally
flow fromdevice to device, and provides nore conpl ete
revexrpesureletivhe ¥d utlet flitche terowgt Mmbdi arémmsinger of the
devi ce 20. [00074] Turning now to Figs. 3, 4, and 5,
systémr é0i s Shown £luedoeatedeviicéeR0penbodyi mgdt He forced to
present invention. In a preferred enbodi nent, device
flow0 iwp“conpr icsededf I housitnghd? rede oflisewveegghr ahat this
portions 44 and 46 that are joined together. Each
revposed ofl g @rid 146 sitndhudest arcegitoers $bhef aéwe required for a
identified by 50 and 52 (see Fig. 5) and/or inner
flusdr facssss itdentighi edviye 520 arplr &6, desespeet repkydudiole flow
shown in Fig. 4- 6 and Figs. 35-36, portion 4 provides
from blasécéortor eesiivieng anehpualvidedi amoG@ andhpdptteoradposure of
filters 62 and 64 (described below . Thus, housing
thepbitidrtdGheasenonel depiia tiesitle dethcendd. pl e
concentric flats 82, 84 and 89 (al so descri bed bel ow)
[00av4Hi f frrredthgdeptvh tevEigs on3whidgh areimoval theck aibf0 shown a
and optional filters nest. A s shown in Fig. 6,
rempoal i aev@el S200npnhesddirafl ahgeneraddnt pliawantsbde In a
wal | and peripheral end wall 5 . Housing portion 42
prefiayrd ambedinerthe devieandoshape-afprd skkbatoffos¥emousing 42
menber with no significant depth. As shown in Fig. 4,
madpordéf ortvdd kBphudes ipdmeiiopert 480 andl p@ t t@At46are joined
i ncludes outlet port 32. As shown in Fig. 30, portions
togdbhand 4Gachy aptdional 44 amel wde iakilgasentant abg A48 dWxrace,
ensure proper mating of portions 44- 1 5 -
identified by 50 and 52 (see Fig. b5) 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 for receiving removal
media 60 and optional filters 62 and 64 (described below).
Thus, housing portion 46 has some depth to it, with multiple
concentric flats 82, 84 and 89 (also described below) at
different depth levels on which removal media 60 and optional
filters 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 more in the form and shape of a flat cover
member with no significant depth. As shown in Fig. 4, portion
44 includes inlet port 30 and portion 46 includes outlet port
32. As shown in Fig. 30, portions 44 and 46 may optionally

include alignment tabs 48 to ensure proper mating of portions 44



and 46 during assenbly. [00075] Housing 42 is
preferably made of a hard plastic that can be
w0 pjososd44o81 nol ded. The material used for housi POI/AR2004/029637
shoul d be suitable for sterilization by known forns of
sterilization such as gamal®t el ectron beam
r?giatLon. The material should al so be amenable to
and 2 8t iy S88FMRGY oper ati ons such as, but not |imited
to, ultrasonic wel ding. Exanples of suitable materials
[00PYR] yddipstipaetdty | ifetPraiapriie rpNRAPTasd hard plastic that
acrylonitrile butadiene styrene (ABS). A s shown in
canpibes imiectinie BPLERR- houBingmpsrEiahs Wadorfos haysing 42
i nclude a retaining menber 58 for receiving tubing 16
shoahd/ obe 18sp#FakiRsefiot n ForEl daadilonpelbon) knowpoo7@jrms  of
As_shown in Fig. 4, device 20 preferably includes one
stepi ligitd ar etitGthgadr JREHBY AT Fyaa goeamj skdb@yion.  The
pl aced between inner surface 54 and 56 of device 20. A
materiql)j thasridead sgebpcamgnakle ouytpieflesregoreadingj eperations
conmes into contact with nedia 60. The fluid perneates
suckh@snedivh and tlisiées dorogs tresosief #eédé0a- t hébkeoples of
_before exiting through outlet 3 . In one non -limting
sulgilabpl @atesipval reliules0 praymeehsoleddieed vilater ef@iAlg and
unwant ed conponents froma fluid. In a pathogen
acryherittinidel ontridiedepstyesse ngABy st emef shwnt yipe Figs. 3-5,
described in U S. Patent Application Serial No.
one 09f32esdpusiihg maditienyay! dbecm 46r pemt imedizdef @r retaining
renovi ng unreact ed pat hogen inactivation conpound, by
mempeHdugt Sonf re el patchoydninondd i anat/ican 18 e@timentssadd in more
ot her conpounds and substances, including other
detpht Hesgenmilc conpounds. [00077] A s described in U S.
Pat ent Application Serial No. 09/325,599, the renoval
[000ei a wwy shewnninh&ifor k, oflemide skO npdefedalf-y includes one

or more treating or removal media (e.g., disk 60) placed between
inner surface 54 and 56 of device 20. As fluid enters device 20
through inlet port 30, it comes into contact with media 60. The
fluid permeates the media and travels across the surface 60a
thereof before exiting through outlet 32. In one non-limiting
example, removal media 60 may be selected for removing unwanted
components from a fluid. In a 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.

09/325,599, the removal media may be in the form of a disk made



of , preferably, divinylbenzene styrene particul ate
that is finely ground and conbined with a bi ndi ng
woraiosnials such as pol yethyl ene or a bl end t heP@D1S2004/029637
This conmbination is sintered, resulting in disk 60
shown in Figs. 4- 6 having %ide surfaces 60a and 60b
and peripheral end surface 60c. Disks of this type are
of, avAF¢ Edrab i omdpaiexl Teetrivt ogitewreok FaprrbuewlatGorgiss is
with particulate provided by the Purolite Conpany of
fingdyid@roubii tadl Keemgeigrad [ 90078 Chimbursenatdeialonovath as
medi a 60 described is not limted to the materials
polyeehiidiedabovelerthaheggodm cdhibecppdenafi@nyls sintered,
material, sorbent or otherw se, that can renove
resgbtied e cmpowldshovn affenfsys + dmé heviihgi didExsmpfass 60a
of materials useful in the renoval of conpounds and
and ggeht andreeprmhdmiéd end YusfapPat ef¢. NoDifkHiel, 72 sandpe are
U. S. Patent Application Publication Nos . US
avaRDPIO0 18279 Pdreand TEShRODAYBO09P56 i rkalin,of Gebigha with
are herein incorporated by reference. The nedi um can
parblsolde apfottitdest ion thedi Rumaisies t@rrpaptyurce (Iodrem, United
than by sorption) unwanted conpounds or conponents.
Kingdemexanpl e, the medi um 60 may be used to capture
| eukocytes and renove them fromthe biol ogical fluid.
[000DBD79]CfAs cohowm, i rthei gredovalevireei20 6@y derclrided is not
additional inserts for filtration and renoval of
limtiompotndsher meoppbaknt $defot fimdangb@ie.i n ane enbadimertn be
where device 20 is used in a pathogen inactivation
madé r edt nemy meteehdle sesbdwal cagentiseranidehy-fHaduess afemove
the inactivation process, it may be preferable to
seléncddidecopeunds nore addhtsonadonf | kheatflon dedi aEo2usres  of
64. Filters 62 and/or 64 nmay be included to capture
matanyalooseefdl 7in the removal of compounds and agents are

provided in U.S. Patent No. 6,544,727 and U.S. Patent
Application Publication Nos. US 2001/0018179 Al and US’

2001/0009756 Al, all of which are herein incorporated by

reference. The medium can also be a filtration 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 biological fluid.

[00079] As shown in Fig. 4, device 20 may include additional
inserts for filtration and removal of compounds or components.
For example, in an embodiment where device 20 is used in a
pathogen inactivation treatment to remove residual agents and
by-products of the inactivation process, it may be preferable to
include one or more additional filtration media 62 and 64.

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



particulate fromrenoval nedia 60. Filters 62 and 64

may be of conventional type as, for exanple, nylon
wore®lh/oors18 nore preferably, polyester nmesh w t hPEI/ps2084/029637

size of between 0.2 and 0.8 jnicrons. Although two

filter elenments 62 and 64'§¥é'shomn, one filter

| e t be sufficient. 0080] . As shown and
ooz} G | S b IBBY . PROLS! B 42 b Qe & 261 (& may be of
referahly made of two_portions 44 and 4 joi ned
COnY et wi PG erfval %Fg?di W Cand "gA€ or MPSFe ©r, more
%ilt r media 62 and 64) enclosed wthin housing 42. In
pre e?ﬁé&%ﬂr&ﬁ%%ﬁﬁ&ﬁaiW@ﬁP,WbEPtFoﬁ§rﬁ4séﬁ8 26 HedWeeRrnéd2 and

to, each other at or near  their outer peripheries.

0-8 Brbpet Sl | HEtRI9Gt tHBUSH hbShoPt PRARE A 4% Rl 6 4meF speshown,

epsured hy aligning alignnment tab 57 with retaining

onengﬁﬁﬁ?:§g?m€ﬂFt@?%gﬁ?f%%gﬁ&lﬁﬁFional al i gnnment tabs 48

e al so shown in Fig. 32). Portions 44 and 46 nay be

(0008 hed A50gERABR RP% e BFFRECESHE HESGriRer, subParity 542 of
and 56 (of portions 44 and 46% . [00081] Preferably,

devigs 1$Onds 4R T8hE B vrejPde of t BEPeRCEbYRIhefdbynd 46 joined
mati ng tongue and groove arrangenent. Figs. 6 and

togeigies TERaVRE F Rt Y %t(iaﬁg areafyehere . fikrer media 62
surface 56 of portion 46 provides a groove 68 near the

and pot) TP e s hPRated 562 - G Bove BBeferrsshtamngoligent,
al ong the entire periphery of housing portion 46. Wth

POryigney ehite@®® RPg2are, J§ivede to8 dashsident v ecei wear their
out war dl y extendi ng tongue 70 on inner surface 54 of

OUt o RETHFPISSEESeon £40Pet kel igwerne 68 homwgue TOrtsons 44 and
continuous along the entire outer periphery of portion

46 may FGOGS‘EPrB@:r%Mg addgehbyyadioapenicet@d, ST omges Fetiesning
inserted into groove 68. The area of the tongue and

memkgroPe filPABARENAELVE ahd optional alignment tabs 48 are also

shown in Fig. 32). Portions 44 and 46 may be joined together by
sealing together inner surfaces 54 and 56 (of portions 44 and
46) .

[o0081] Preferably, portions 44 and 46 may be attached
together by a mating tongue and groove arrangement. Figs. 6 and
30-33 show the preferred mating arrangement. Inner 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 outwardly extending tongue 70 on inner surface
54 of housing portion 44. Like groove 68, tongue 70 1is
continuous along the entire outer periphery of portion 44.
[00082] During assembly of device 20, tongue 70 is inserted

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



then preferably exposed to a sealing neans. In a
preferred enbodi nent, the sealing procedure may
WO pwsdg1@n ul trasoni c device for sonic wel di NECEHEIS2004/029637
fusing of tongue 70 and groove 68. Other forns of
wel di ng or sealing, known tB+those of skill may al so
be used. The energy fromthe sonic weld nelts the
thep| goeiferphiys eofrogedovie® amdseehijue 68aand 70Ianch fpseSrred
them toget her, as shown in Fig. 32, thereby formng a
embpgimerient tbeal sedlipur t bonseddreaandag6. ifODOB3] aAs showvasonic
in Figs. 10 and 31, inner groove wall 72 includes an
devpoae waed| yomit ewli digros lkod! desifg. obutbnguassendty ofoove 68.
device 20, tongue 70 first conmes into contact with
OthshodGbdes 34 weldimpver 6seallurd,nginweinditny tHiese & edsill may
of tongue and groove 68 are first to physically fuse
alstoget heedt 0 PhovemerdihefropaltheAsohiict held shelms i the plastic
Figs. 6 and 34, the tongue 70, once inserted into
pargs oof eg E®iecaves tonyee GhdaddWEr agapsué8sandeBOtoddiase:, as
gaps are provided to receive nelt fromthe sonic
showe| dhngipt 06ess tandebpdicenisty esSp@mitmnthausiiNng @ 2ortions
whi ch otherwi se could |l ead to cracks in the housing.
44 pOPOBA| As best seen in Figs. 35-36, inner surface 56
of portion 46 may further include nesting shoul ders or
[00082]) s 9B asido@d an \thigsh fid t endmsdi,a Hithaandgbdods ewall 72
pl aced. Peripheral portions of filters 62 and 64 rest
incbnddd atrs AR warrd1§4 ewhesdinpysherlcent 7TaUOUSUAl BNGadd@nbly of
entire periphery of housing portion 46. Filters 62 and
devbde nBY, becagiher 20 EoOrstne€smelrfrace AhtyetkRBWh shoulder 74
adhesi on techni ques. However, preferably, filters 62
of gndotd age sonrtnyeldedidip thadess H2aanbBidRHARY 4 groove
peripheries thereof. Flats 82 and 84 may further
68 bmel Hdesenangypidisieeloks fGde EBGEOMer1t8 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 could lead
to cracks in the housing.

[00084] As Dbest se;n in Figs. 35-36, inner surface 56 of
portion 46 may further include nesting shoulders or flats 82 and
84 on which filter media 62 and 64 are placed. Peripheral
portions of filters 62 and 64 rest on flats 82 and 84 which may
be continuous along the entire periphery of housing portion 46.
Filters 62 and 64 may be adhered to inner surface 46 by known
adhesion techniques. However, preferably, filters 62 and 64 are

sonic welded to flats 82 and 84 along the peripheries thereof.

Flats 82 and 84 may further include energy directors 83. Energy



directors 83 may be raised, triangular surfaces, as

shown in Fig. 33, and as will be recogni zed by those
w@booski44h8 in the art. Energy directors 83 assiBCT/US2004/029637

providing a firmweld between filter 62 and/or 64 and

housi ng 46. [00085] As furth&r seen in Fig. 6 (and 35

. ang 36) ,.one or._ both.housin ,gortions 44 and 46 may _
ALIrEEEP e ] St i RRIoG_IET ‘ppF%b NEHGS: (§YTTFeYeaps shown in

. ring(s 6 (and_.88). A s shown in the Figures, rings
Flgsegghd‘g'glg Fray e %ﬁi sggoeRt 1ot &Y (thasceRtefliitt oi the art.
I nner_.surfaces 54 and, 56 near the peripheries of
EnepdY 1 iFghEcAqrand 462535 a pRePEONAEIBADGY] FEFR, Wedq| between
..rings. 86 and 88 are | ocated between center 36 of
fll%%@i 6/ 8%d °tnane oRgiet ihd gr oove assenbly 70 and 68
§§§ ri bed above. As shown in Fig. 6, seal rings 86 and
[00 ﬁarﬁsaﬁlv%ﬁpﬁs% +enbill edPdm380aBAd36), one or both
substantially prevent |liquid fromtraversing and o
hougiBaSBPRE PRI dfh 609 PHef BRADAPCIRAAgS SBPH R Segripping
termnate in a pointed end to better grip renoval
memBed(Sim 66F | 6FFipaisaddfia i 6Bl H9ur anckst iwown  in  the
. liquid is not bypassing medium 60, the gap 90
FLopetry niiyshSonesd RBdarm B0 ¢ afossiragcas hagt bextend from
. substantially filled wwth a |iquid inperneable
1nngyrfieiaceshovin aRfl FPgacap7thtdbezdrherdne aéthottbins 44 and
sealing or substantially filling gap 90 and preventing
46. anin uhiriteRnTefarTPPginentby pesd. rToeni A§ driedd yatmdlocated
to Fig. 6, gap 90 surrounds renoval nedia (disk) 60 in
betyern aceatpat V\gén 9fi ngsvgee ardd 88ndndthshe tiomgse and groove
surfaces 54 and 56 of the side walls and periphera

assepRilnal ¢ &7d 08 heasFaghed. allaveshowhs | AhFys in2Fignd 6, seal
. 28, a sealant 92 may be injected into gap 90.
ring$j & i @AdpoPBs DAl lye propieed inemovadi ngepobut i ifs and
44 and/or 46. Sealant 92 may be- 2 O-

substantially prevent liquid from traversing and bypassing
medium 60. Preferably, rings 86 and 88 may terminate in a
pointed end to better grip removal medium 60.

[00086] For additional assurance that liquid is not bypassing
medium 60, the gap 90 remaining between medium 60 and housing 42
may be substantially filled with a liquid impermeable barrier.
Shown in Figs. 27 and 28 is one method of sealing or
substantially filling gap 90 and preventing any unintentional
liquid bypass. Turning briefly back to Fig. 6, gap 90 surrounds
removal media (disk) 60 in the area between rings 86 and 88 and
the inner surfaces 54 and 56 of the side walls and peripheral
end wall 57 of housing 42. As shown in Figs. 27 and 28, a

sealant 92 may be injected into gap 90. 1Injection ports 94 may

be provided in housing portions 44 and/or 46. Sealant 92 may be



injected by syringe 95 or any other neans. As shown in
Figs. 30 and 31, housing portion 46 may al so include

WO@r@s0444m0r e reservoir(s) 91 for receiving a RERUS1094/029637
of sealant. Reservoir(s) 91 provide(s) a space for a
sufficient quantity of seataiht to effectively seal gap
90. £00087] Suitabl e seal ants may i ncl ude epoxi es,

inj IR Potsymings, 9poPyureY helter E¢ANsasedshahove| ir, Figs. 30
silicones or other plastics, such as acrylic polynmers.

andA ptef drqusd ngeabartlon #Hf EVAVwaxliot imslludgvapPhabler more
from Bosti k Findley of Wauwat osa, Wsconsin under the

respanel Bost | k 9H171#Rr Theeseavamd may alisantbietya gelf t hsgalant.
remai ns sem-solid after being injected. In any event,

Resenyebd (i MYl sealvdde (sht 6 gapcd0foasashodhicierr guathity of
effectively prevents liquid from bypassi ng renoval

seapredf uhe GELB0088Y Fravearad 19§-1i qui d bypass of renoval
medi a 60 can al so be acconplished by providing the

[00883k ofSuidmial sedian®d wiayh anwlefler megdoséasi ngRTVsng hot
93 or gasket around the perineter of nedium 60, as

melshpwpaliyuEegsand,/ aN#-B8sed nhome reidts ,al seihatnese or other
enbodi nent, ring 93 may be nade of a suitabl e binding

plambiesi abuthats caorpel @ppdliveckriso t e e Eyreer iswtlentofis an
renmoval medi um di sk 60. Ring 93 can be nol ded onto

EVAdiwsk GOtdurdlng evaifdbdre nAner aBbatik offinbéedi sk Wouwatosa,
exanpl e, in one enbodinment, ring 93 may be nol ded

Wisdonsig tidersititeemamg Gostérodalléredi Tie dssklfHl may also be
[00089] Ring 93 should have a thickness substantially

a gfuathdio theafjap 96miesokid byfheusibegnporirnjensedd andn any
46 when the portions are brought together to form

evehopsiingrd@uchasy Sheabantn Engo g8p Ay kisndshowrhatni Fig. 29,
substantially liquid inperneable and bi oconpati bl e and

effeabibel yolrdednant Diguidv fdont bepdssknd Srembvhl- medium 60.

[00088] Preventing liquid bypass of removal media 60 can also
be accomplished by providing the disk of removal media 60 with a
preformed sealing ring 93 or gasket around the perimeter of
medium 60, as shown in Figs. 37 and 38. 1In one such alternative
embodiment, ring 93 may be made of a suitable binding material
that can be applied to the outer perimeter of removal medium
disk 60. Ring 93 can be molded onto disk 60 during or after
manufacture of the disk. For example, in one embodiment, ring
93 may be molded during the sintering of removal medium disk 60.

[00089] Ring 93 should have a thickness substantially equal to
the gap 90 formed by housing portions 44 and 46 when the
portions are brought together to form housing 42, as shown in
Fig. 39. Any binder that is substantially liquid impermeable

and biocompatible and can be molded onto or with the disk is



suitable. In one exanple, the ring 93 may be nmade of a
bi nding material nmade of a polyneric material, such
w@ggoshut4iiot |imted to, polyethylene. A prefeP€BUS2004/029637
pol yet hyl ene is ultra high nol ecul ar wei ght _
pol yet hyl ene (UHMAPE) . The*tUHMAPE may be bl ended with
.ot her conpounds, however, a 100% UHMAPE is preferred.
SulF%%g%O] th Pt ey Thengingode MawskeiBege of a binding
enbodi ment, ring 93, or a suitable sealant or binding
matﬁﬁ%%f i BF9egt b POVRSF i Feteshal pl aedd #dv L% ek i Hgited
mol d cavity. The renmoval_ nedia can then be sinter .
Lor _tRYREF IS Ge t he® ndl*fd@rdrek, Prbeeithyfgsi niga ultra high
structure,substantiall{ simlar to that shown in Figs.
molaGulay IeioRhe RRAVHTHYILRGSO3(WEHIERS -nol dBRP sGHMEEE| ymay be
or otherw se, to housing 4 . \Were housing 42 is nade .
blepfedn Wkl | ethajas &P waEBAP al , haweigEable meltQds | HHMGE is
ring 93 is acrylic, which can then be welded to
prefeticithy 42. [00091] In another alternative shown in
Figs. 40-42, a thin gasket 198 made of a liquid .
[0093Qkr nefdbl @ HABLHitocohphbe brEOHatee s ihash ddqslizead, ring
inside a nold cavitX. The renoval medi um di sk 60 can
23/ b@Tsiht epifBPhed S6AlERE 6F tHedjaskaratepialganket bamyformed
be sealed to housing 42 by sol vent bonding, ultrasonic
firgle| hgPbrcest HaY kriowieséadi ngle ecainitues. TiGaskatovedg media
may be attached to the surface of disk 60 adjacent to
cant ey ke etigerr £3zmed Hotislnghg2 moddedhdiwmki nrddwltia®, in a
Preferably gasket 198 extends substantially to the
strggiteie epdesantisllyhes iaddaratogddad0 shrowrousi n§id?, 37 and
t hereby preventing any liquid that may not have
38. cothtacEery eipvgaP3diak 189, ndlded eenticayly hroughtliidievise, to
outlet port 32. A suitable gasket material can be any
hougigly néei.c- Hhere housing 42 is made of an acrylic-based

material, a suitable material fof ring 93 is acrylic, which can
then be welded to housing 42.

[00091] In another alternative shown in Figs. 40-42, a thin
gasket 198 made of a liquid 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 sealing techniques. Gasket 198 may be
attached to the surface of disk 60 adjacent to the outlet port
32 of housing 42, as shown in Fig. 42. Preferably gasket 198
extends substantially to the outer end wall of the annular gap
90 in housing 42, thereby preventing any liquid that may not
have contacted removal disk 60, from exiting through the outlet

port 32. A suitable gasket material can be any polymeric



material or blend of polyneric material that is also
bi oconpati ble . An exanple of one such material is an
werdvglenss vi nyl acetate conposition. [00092] SeC1/1S2004/029637
ot her alternatives include depositing or printing a
hot -melt adhesive onto the?4eri meter of the medium
di sk 60, shrink -fitting a filmaround the perineter
matQFidddi B diklienso it di pplyipaife pertemiadr othate is  also
. mediumdisk in a PVC plastisol . [00093] In yet
LIoGHRRAEP 18 t erdiat PXAMRISatold S rvichr aepliqud adpplsyiarg ethylene
. _Seal ant around to the disk 60 perinmeter, the end
vingl getetsoconpPosheitenoval nedi um di sk 60 may be
treated to _provide a liquid inperneabl e peripheral
[00Q%ffe. 1STidde epbrRl nepttemnail ®G peihektds mdppbeiting  or
. exposed to a high tenperature, such as, approximtely
Prinbings g oheferedl apdhepiraeebie ke nrarduetet hef the medium
. perineter. A skin can be forned by rotating the disk
dislgn§0exgbsinl—fHet ey i phéitn adgenadf theskpe@meben hét medium
. air source or placing the disk in a hot -nold press to
disk yppher fGrming dheeresiineterngf Adeshmshivm dEisk 48,a PVC
skin 200 is fornmed around the outer perinmeter and
plagidrigheral edge of nedium disk 60 with sone of skin
200 overl apping the sorbent material on the outer
[00QQ3Tf acdnof Yot skemTther epétabhativwki rhaB0 dmxéendsotoverquire
outer surface of disk 60 such that seal rings 86 and
appiggngpraviseaspyt desornbed;o com adt skhes Oskper ingohear,edthe  end
ortion of disk 60, as shown in Fig. 45. [00094]
sur i PQc bpifefihe beeniovad FiggliumA dionle 60 pigf éseabtyeated to
bot h of housing portions 44 and 46 may include a
proylagr ald t ylofiuid bs i@per@iblRi bspdfph@&ainy dugjer.ai sedIin  one
surfaces that extend- 23-
embodiment, disk 60 perimeter may be exposed to a high

temperature, such as, approximately 120°C\ to ‘create an
impermeable skin around the perimeter. A skin can be formed by
rotating the disk and exposing the peripheral édge of disk 60 to
a hot air source or placing the disk in a 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 overlapping the sorbent
material on the outer surface of disk 60. Preferably, skin 200
extends over outer surface of disk 60 such that seal rings 86
and 88, previously described, contact the skin-covered portion
of disk 60, as shown in Fig. 45.

[00094] Turning briefly back to Fig. 1A, one or preferably
both of housing portions 44 and 46 may include a plurality of

ribs 96, 098. Ribs 96, 98 may be raised surfaces that extend



frominner surfaces 54 and 56, respectively. In a
preferred arrangenent, portion 46, which includes

wooeaset44port 32, includes two or nore ribs 96 PCHUSHOH029637
or near port 32 as shown in Fig. 31. Ribs 96 prevent
filter 64 from blocking out¥&t port 32. [00095]
Housi ng portion 44 may also include a plurality of

frop BHngg. NSCo8 ey drd r afsedespetbieslt-hat Iaxtaengreferred
frominner surface 54 and provide strength and

arraaaenehal Posiipesr ¢ 6 ovhhoysimel Wik sdritigtagserbBy, includes
This may be particularly desirable when device 20 is

twoj girnegrpy riiPs r A8oniece| e nor ekl tporal 33/, ag | Povgs in Fig.
may prevent renoval device 60 from adhering to the

31.i nRélps Wi Iprsxept polteore UL qoantt lpoksndl guthledcibiond 32.
inlet port 30) . The plurality of ribs 98 nay be

[008BALted Havhimor apgyedidm Aty mdesialawl eiwohfdgueatilowality of
For exanple, ribs 98 may be spaced from each other in

ribpaP8l} | eRiber 8 smahebsurdapel gfurifanes whkt S4te® hfrom inner
arrangenents are al so possible. In a preferred

surépbedi Mentndr i fysoWi8lear etradyiat | wnspagedi extrenldi sgpbpom for
a point near the center 36 of device 20 (like spokes

houghng wheélhding assstmbpdry .i n THig. mak be0@RIBlicAsashpwiesirable
Fig. 35, a plurality of ribs may al so be provided in

whehoudsivihge p80t ien j48neds bghainirerothe Feddims, rRABdidlthally,
line the outer perinmeter of portion 46 at the inner

ribsuPf aney S6readirdc ermotval gleoie: 68) Mormre aslpecihgcabl yhe inner
ri bs 100 support the peripheral upstanding wall

waldedtendft Sgartimt déf i(aed, possphiy, bdperyrg68nlBtbeak@0 30) .
provi de strength to the housing and prevent groove 68

Thef rmmrdéfilt@ctamgrtivg i 19§, fay bxampleesduldndsapr&nged in any
wel ding. Alternatively, as shown in Fig. 36, a series

desatabids cdfi gayatalan be rpi-odxdashlal ong ishedpembphereal spaced
2 4 -

from each other in parallel across the surface of inner wall 54.
Other arrangements are also ©possible. In a preferred
embodiment, ribs 98 are radially spaced extending from a point
near the center 36 of device 20 (like spokes on a wheel), as
shown in Fig. 1A.

[00096] As shown in Fig. 35, a plurality of ribs may also be
provided in housing portion 46. As shown in the Figures, ribs
100 line the outer perimeter of portion 46 at the inner surface
56 adjacent to groove 68. More specifically zribs 100 support
the peripheral upstanding wall segment 57a that defines, in
part, groove 68. Ribs 100 provide strength to the housing and
prevent groove 68 from deflecting during, for example,
ultrasonic welding. Alternatively, as shown in Fig. 36, a

series of ribs 101 may also be provided along the peripheral



wal | 57, and nore specifically wall segnent 57b. R bs
101, which may be nore wi dely spaced (and, therefore,
WO ews0444m8 nunber) than ribs 100 provi de a ref ePENUS2004/029637
point for locating disk 60 on flat 89. It will be
under st ood that housi ng pori4on 46 nmay include either
one set of ribs 100 or 101, or may include both sets .
wall 0G097]aW t Horef épeatéical B gwalld sedmntddévicce 2B8ihay 101,
i ncl ude one or nore retaining nmenbers 58 on housi ng
whigl mmy Showrelia whdeEygusmssed etlahdi ng-hemetiforrs, 58femsgr  in
be integral with the housing portion 46. Retaining
nunpenbeth88 mapsbe G0 pihevidsr na ofrederance prongedosd i pcating
as shown, for exanple, in Fig. 7 . During assenbly of
diskhe0ppocésat ntP systtemill], HdeubimigriBood iBat shpuebsy fodrtion
into the gap between the prongs of the clip, as shown
46 payFigelud® eRéheirnpng senbef S5®s 309ubst 40l abtymay include
aligned with port 30 and/or 32. Alternatively,
bothesaisi ng menber 58 may be a cl osed | oop through which
the tube 16 or 18 is threaded. Retaining nenbers hold
[0009D] ng WiBhame f&¢8ead¢ atcenfid=n Bousidng, 4deande a3&imdy iimclude,
mai ntai ni ng housing 42 in a substantially vertical
one oot entad i wrt.aiAisgmeatbene d Blovéousdngt 42 ni NBs tdkeown in the
vertical orientation of housing 42 is inportant to
Figenssy i agtaivifrgr meabeasurse ofayt e fintedrad thiehr etevaousing
medi a of device 20. [00098] Figs. 11- 16 and 26 show
portidid etent Retathing cudrniseansB tmdy nige conf tyar @bikans £f @r two-
directing flow through the flow - through fluid
propyet eskimg asetshb@npf foheepurgslent innwenti on. Dyplieqldsysembly
the processing set is suspended from for exanple, an
of k¥Nepokectosiald awstain grigvitupingduGedf [18wief dddsisd fit into
t hrough the system In Fig. 11, there is shown a
thepatbi wetakehheht!| @Wongs2%f 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 housiné 42 in a substantially vertical orientation.
As mentioned above, maintaining the vertical orientation of
housing 42 is important to ensuring uniform exposure of the
fluid to the removal media of device 20.

[00098] Figs. 11-16 and 26 show different fluid circuits and
tubing configurations for directing flow through the flow-
through fluid processing set 10 of the present invention.
Typically the processing set 1is suspended from, for example, an
IV pole to allow for gravity induced flow of fluid through the

system. In Fig. 11, there is shown a portion of the £flow-



through fluid processing system 10. As shown therein,
the flow - through fluid processing system 10 i ncl udes
w@2ve0si4mg) 42. It will be understood that the PONPS20€029637
renoval device 20 of the enbodi ments shown in Figs.
11-16 is |l ocated between sotfte contai ner 12 and
receiving container 14 (as shown in Figs. 1 and | A) .
thropgly, fEoH sursess2ngi sYsErn "dbovedts tshevwoolpebadn, the flow-
renoval device 20 and receiving container 14 wll be
thropgh ofl Vifereorpdutty revmiall Hevieeludd0009bpumbnghédn It
in Fig. 11, device 20 includes an inlet port 30 on one
wilsj §e omdeagspag 4Rrahndheuclapopbdt r8Rovalt HevoppodPt @f the
side of housing 42 (e.g., outer surfaces 50 and 52) .
embpdimevih istrowhe Fi gdres; ihltlfe preef beeatkdr bghyearntsource
ports 30 and 32 are dianetrically opposed such that
confairer pbt tar@) deseiifmingecomimimeand 4of(agnehpent iomnfigs. 1 and
whereas outlet port 32 is located in the upper end of
12) t he Totiser qortEiionr A2 diiddudmed adbored, Pleacerrmmungf removal
inlet port 30 in a location where fluid nust then fl ow
devigp" 10 tavel ogeketving proshdpiadranté provildebei nppeolad’ the
and consi stent processing tinmes, and ensures nore
compowpd esereypdsdegiod. the fluid to the nedi a when
conpared to other inlet/outlet arrangenents . [000100]
[00099Dne Aenbddivimentn, FSgchlas tlheiocme2@hbmmludefian ilylet port
where the opening of inlet port 30 faces the center 36
30 ofi dewi ebd20¢f thibes iy d@mamdi catéstdpoect3y o ttthe ndmdosite
port 30 in a straight path. As shown in Fig. |A where
sidéhefopensimgot 62i ¢ ed. porited30 fateseanwdy famdm520ur c&s shown
container 12 (and fromthe center 36 of the device 20)
in fthewpatresustinbecheeorifentred tarahbemeett r poots f Bai dnd 32
into device 20. Thus, as shown in Fig. 11, where- 2 6-
are diametrically opposed such that inlet port 30 is in the

lower end of one portion, whereas outlet port 32 is located in
the upper end of the other portion. As discussed above,
placement of inlet port 30 in a location where fluid must then
flow “up” to the outlet is preferred and provides improved and
consistent processing times, and ensures more complex exposure
of the fluid to the media when compared to other inlet/outlet
arrangements.

[000100] In one embodiment, such as the one shown in Fig. 1,
where the opening of inlet port 30 faces the center 36 of device
20, tube 16 communicates directly with inlet port 30 in a
: straight path. As shown in Fig. 1A, where the opening to inlet
port 30 faces away from source container 12 (and from the center
36 of the device 20) flow path must be re-oriented to allow

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



tube 16 is not attached to inlet port 30 through a
straight path (as in Fig. 1), the direction of flow
wones/0ba1s ever sed. [ 000101] For exanple, a fl oRCT/HSOYHRI637
fluid processing system 10 where fl ow enters device 20
t hrough an outlet that face3®away from source
container 12, may include a flow conduit to all ow
tubg| 4p diemely . atrpdahisids tenbodéreprst t3te thowaght adpyeright path
the flowin a direction that is approxinmately 180
(ast bnnBEY f riom the diirectieon off fllopwnhsbnbeortedased.1 .
[ 000102] Thus, in the enbodi nent shown in Fig. 11,
[008201te BXOx iandmpdes & flovdtleml t£11G2 wireckeaspog t syuggem 10
that receives fluid and a port 106 that introduces
whefpuifdownteotembetdeyoce 20. thArsugh| lanbeoutdedgrihedd nces away
those of skill in the art, conduits 102 may be a
fromt andard 't¥htaypercdAneseyr inelhdknewtliow tdwndarits. tGnheallow
branch of conduit 102 includes port 104, whereas the
fludtihentbyanchni ridligdesbpdinedis. tide f cprdert pditerd(38 tilee flow
connected to tube or "dummy |ine" 110, discussed in
in gaeatiereatébai | thet oviis [ 60P1G8]maAediyni AP ° artramgenefitom the
is provided at outlet port 32. As shown in Fig. 11, a
dirkbtuiodh cofidilidw ¥12m soctefssr Bat. not [imted to a
branched "Y" is provided. One branch 114 of conduit
[0001Q2FonThurd ,catestiet kmbotlimdntposho@?. iBr angh 116 afevice 20
conduit 112 communi cates with tube 118, which
incubtésrats ef Wuicbmmmivdat 82wt th taibeo k8 1ddd thiaeé receivemngfluid
container 14. A port 120 of conduit 112 is connected
andt @ tpdyer 0r06 dunay Lhheddd®s f0001044td niateor dance30.  As
with the present invention, it may be desired or even
wilhedessacpoghdzedcay ahakky ofentkidilr ifnr drhe e Vi dgnduits 102
container 14. Typically, this is achieved by- 2 7 -
may be a standard “Y” type connector well known in the art. 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 greater detail below.
[000103] A similar arrangement is provided at outlet port 32.
As shown in Fig. 11, a fluid conduit 112, such as, but not
limited to a branched “Y” 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. A
port 120 of conduit 112 is connected to tube or “dummy line”
122.

[000104] In accordance with the present invention, it may be
desired or even necessary to occasionally vent air from

receiving container 14. Typically, this 1is achieved by



"burping" air fromreceiving container 14 through a
line in system 10. In many of the enbodi nents, this
wo b@d/opath i s provided as bypass tube 38. | n FPQBUS1084/029637
2A and 11, a bypass tube 38 defines a flow path that
provides a vent for air fro#isystem 10, and
specifically container 14. Bypass tube 38 includes a
“bughengwapichetdonvargee40ing | pen38ingnt hl¢altheogghald ohgne in
air to be vented fromreceiving contai ner 14. [000105]
sys\er e Obypasis: t ey 381 stheickenbdedimamtsddichiienaflow path is
branched fl ow conduit may al so be provided as shown in
profFiged 14s bypane pulkd eBPed &nb&dosentA, addi tindndll, a bypass
conduits may al so be branched connectors 126 and 128.
tubgn3fd geéfiresed drbodipmsht thehepeobidashed veandfiotrs ai26 from
and 128 are trifurcated conduits, such as, but not
systémi tldd t endt rsg@ fivaldgnneotiorinieaf filie tymypklsat tube 38
will be known to those of skill in the art. [000106]
incThdss 4 low-ayoepghckheabveockssi ngneySBemitd shbwn 40 allows
Fig. 11 is as follows. Fluid flows from source
aircontiz nemte2 ffhoougbceinmgleonkbieat er4. br anched
conduit 126. 1n the preferred enbodi nent, branched
[000BMTllI tWhegrea biyphEecatelde codfduiits, dsncdhdend, Cae tad@itional
129 extends fromport 1 A and is received by port 104
brapthedndinw dBRiuiAt nialyi :1poi he, prdvisdedl as behavot eich tihat. 11.
tube 110, may be a ™dumry |ine" which is sealed or
In fdrew piefetrdedo ughb ot inemu, s eaddstitnel e Cordidardimgl yalso be
flow through bifurcated conduit: 102 is necessarily
bradthett ednhdciongh pR6t ah@6,128hr ough whishe fdrmet edbodiment,
device 20. This branched conduit effectively reverses
thesbebdenetéd ononfiuf towiby 280. 12800K] tEnperdded | abriuits,
has passed through the device, where it contacts
sucheaByi Bgt medt uMiBdied t tent erHolauthet Thnddt@wsexitt The? type
8 -
that will be known to those of skill in the art.

[000106] Thus, flow through the processing system 10 shown in
Fig. 11 is as follows. Fluid flows from source container 12
through line 16. It enters branched conduit 126. In the
preferred embodiment, branched conduit is a trifurcated conduit,
as shown. One tube 129 extends from port 126A and is received
by port 104 of conduit 102. At this point, it should be noted
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,
through which i1t enters device 20. This branched conduit
effectively reverses the direction of flow by 180°.

[000107] Once the fluid has passed through the device, where it

contacts removing medium 60, it enters outlet 32. Flow exits



the device 20 through port 32 and enters conduit 112
through port 114. As with fluid conduit 102, tube 122
WO 2008/04dwmy [ ine" that is sealed or flow therethDs20041029637
is otherwi se restricted. This prevents flow from
entering the tube 122 and H%ects the flow through
tube 118. Tube 118 communi cates with conduit 128 and
thej deydeei @Y drhgeoa 2Bd  Bor endogatesamasncaiss Wi nthrough
tube 18 through which fluid is passed and collected in
Porfetétvi Mf c'blrth“aifﬁélldenF‘@U'@lU@r Asibshd@A ih & gdlummy line”
a bypass tube 38 may al so be provided. One end of _
thapygdssseakisd 38T cdiriini e hyorhpdrst aPtgerisfse heestricted.
trifurcated conduit 128, while the other end of |ine
ThiggresHADhs cAles wWEeR eR6erdhyt hbet tihbar d3Lednortyiscts the
126 . [000109] Alternative fluid circuits are shown in
flogj §groygh 18ubg nlH g. Tpbej AlBt cporenBortET Wit erorsiyitt 128
32 are T-shaped ports which include openings facing
andpénh Pawajchtarm aewt t bBARa d cBarer 13% ofommyi e tz®. Wiltthh tube
this arrangenent, the trifurcated conduit of Fig. 11
18 cErrdvahel winighat éduidcder dbarfled amd slkhowhetrhedi gn 12sceiving
flow enters fluid conduit 112 and is directed to inlet
conpaireBOL4.The enbodi nent of Fig. 12 includes line 130
Wi th a one-way check val ve 40a of the type previously
[00d2881 i bed. st kivalfig.40d,, showwpias FitgbelZB8 prayenflso be
flow fromentering line 130 and outlet port 132,
provhéedby @rsemidngtt bapasbutdbe r38 etgmuniocaghst wbeh 129t 128c
toward inlet port 30. Fluid enters device 20 and exits
of ttheodghfoutdetd portdiB vk, e whilies tihier etthed temdt wife 1ine 38
134. One end of tube 134 is attached to one branch of
compuhieitd? wiwhi L26¢hef othrert @fdroftédbeorkB4it 424&t.t ached
to branched conduit 102. [000110] A further
[ooaloer natlibeenenbodi féntdi sishomsi aréi ghodB. 4n2 Wigs. 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 trifurcated conduit
of Fig. 11 can be eliminated. Accordingly, as shown in Fig. 12,
flow enters‘fluid conduit 112 and is directed 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 valve 40a,
shown in Fig. 12, prevents flow from entering line 130 and
outlet port 132, thereby ensuring that fluid travels through
tube 129 toward inlet port 30. TFluid enters device 20 and exits
through outlet port 32 where: it is directed to tube 134. One
end of tube 134 is attached to one branch of outlet 32, while
the other end of tube 134 is attached to branched conduit 102.

[000110] A further alternative embodiment is shown in Fig. 13.



This enbodinment is simlar in many respects to the
enbodi nent of Fig. 12, in that it includes T-shaped
wW@ese44EM and 32. The enbodi ment of Fig. 13 | i RENISW04/029637
i ncludes bifurcated conduits 112 and 102. Tubes 130
and 132 are equi pped with thtck val ves 40a and 40b.
Fl ow enters device 20 at inlet port 30 and exits
Thigegeed@®erdt isutshiaflporin 3gany OCCPEELsAtPuEhfegmbodiment of
alternative enbodinent is shown in Figs. 15- 16. The
FigenBadi nent tiodt Figs incbuded T6shspednpbatsi 30 and 32.  The
manyrespects to that shown in Fig. 11. In |lieu of
embydimgret cohnBtg ork3 hidwauisre, inchaged bohAducatsed 3gomhyts 112
138 may be provided for communicating with the inlet
andahf2eut Tebepoif8 30dahd232ref choispery wiXh Tdeeck valves 40a
enbodi nent shown in Figs. 15 and 16 may furt her
andj ridbude Bilbur cattedscoleddices 2U0atndnl42, pottch30 and exits
conduits are in flow conmuni cation with line 16
devpeovi Wialg artflletwopat 33 r om source container 12 and
line 18 leading to receiving container 14. As shown in
[00F1T1] 15, foridheirt al4@2roaminmicatcesmehti dsf soowt ube HGys. 15-
t hrough tube 144. Tube 144 is connected to U shaped
16.f| oRheormticdih86t atdtfackhegs t 01bnlagtd pdht i30 simidewvd cén many
20. Fluid exits device 20 through outlet port 32, as
respeelvs ousd y Wegcr ishedn aiml i Bigli verit.ed bynU $hapedof Y-type
conduit 138 to tube 146. Tube 146, in turn,
congeohuls Cathesieweth Ydtshppecondontiuldd &b ulahdnmaidBy may be
Wi th receiving container 14. A bypass line 38 may al so
probeded o¥bdedoffioniceasonswptteviineisiyl desendbedrlet ports 30
i ncl udi ng one-way check val ve 40. [000112] Turni ng now
andt 62Fb@shod5iagd426, Ther embsdiiown seinchem alitgar.ndts \wed 16
enbodi nent of a renoval device enbodying the present
mayl NferdHean. iholtdé s erbedetedt ,cdmiludtc spor40 3@nds 142, which
| ocated between- 3 0 -
conduits 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 to
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 1s diverted by U~shaped conduit 138 to tube 146.
Tube 146, in turn, communicates with Y-type conduit 140 and
ultimately with receiving container 14. A bypass line 38 may
also be provided (for reasons previously described), including
one-way check wvalve 40.

[000112] Turning now to Figs. 25 and 26, there is shown another
alternative embodiment of a removal device embodying the present

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



ce ter 36 and source container 12, and outlet 32 is
| ocat ed between center 36 and receiving container 14.
WO pios4qaest 30 and outlet 32 are in flow comuPCTESE10041029637
with internal channels 190 and 192, respectively.
[ 000113] The tubing configuf@tions described above
assi st in maintaining housing 42 in a substantially
cenfgft i%Cal 2% i ERPAET 0IFONAS RS cRPbedRiebovet Lathi 32alisowkocated
for substantially uniformand conplete exposure of the
betHEHT ogPRER T f3UIATY FeCREVERIOVRIItatediva 160, [0D6L1aprt 30 and
Finally, shown in Figs. 17- 24 are additional ways of
out{ehantzrkg tife FUW FEFHREFRLEIN avithi Eneoeds s¢hapnsdts 190
10 of the present invention, and substantially
andpdPfit SFTRRFEIVELYerti cal orientation of device 20.
Shown in Figs. 17- 21 is an external holder used for
[00R313] ng'hreviebing. cangigheninidns Filgscuibedobleye 186sist in
.may be nmade of two separable parts 152 and 154 that
maljkel it pprenvindtdterii s $@iTtedtiedévherrtHohlepridtation.
may be made of a suitable plastic material and
As agseEfbef mdloded. thélsderllpss rfmyr | shidetseiliieninigform and
ribs 151 to provide additional stiffness. As shown in
compi gfse  §7P@rel 8oL hohelebiaBmimgy ifolidded utie guemtivag media
clips 158, 160, 162 into which tubes from processing
60.set 10 nay be press -fit. As shown in Fig. 21, clips
160 (and 162) define a channel which receives tubing.

[000 LBl difingd lyel ishown6@ naft-gb62 141-84 assi stddinigukdi mgys of
tubes 16 and 18 through a 180 turn w thout ki nking. As
orgaestiidddealfdved ciraniy dhe tiibiikg pappeoximatsdty UBGE the
allows entry of fluid at the "bottont of device 20 and
pregsit dhvehbiednt heodghsubséahtdpllyf mdéuieen2fy [AE0TAR]tical

A s shown in Fig. 18, both portions 154 and 152 of- 3
origntation of device 20. Shown in Figs. 17-21 is an external

holder used for holding device 20. As shown in Fig. 17, holder
150 may be made of two separable parts 152 and 154 that are
clipped or otherwise joined together. Holder 150 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, holder 150 may include tube guiding
clips 158, 160, 162 into which tubes from processing set 10 'may
be press-fit. As shown in Fig. 21, clips 160 (and 162) define a
channel which receives tubing. In addition, clips 160 and 162
also assist in guiding tubes 16 and 18 through a 180° turn
without kinking. As described above, turning the tubing
approximately 180° allows entry of fluid at the “bottom” of
device 20 and exit of fluid through the “top” of device 20.

[000115] As shown in Fig. 18, both portions 154 and 152 of



hol der 150 may be identical. This allows one nol ding
tool to be used for both parts of the hol der 150.
w( 28044818 Addi ti onal neans for retaining devi CBCROSHN€029637
shown in Figs. 22- 24 . In these enbodi nents, device
20 is nested in a saddl e-type hol der 170. Saddle 170
may al so include tube guiding clips 172 for directing
holggbesdbfmarheogrigaddicad - sethin alHeowsesneedolding tool to be
configuration and direction. Al so, as shown in Figs.
usedfon beth faarttserfenbareotdre déSi-red verti cal
di sposition of the device 20, hooks 180 nay be
[00BE 391 detfidig ilpgled m@enpoEpronstainite ddwiak AT cad shown in
close proximty to each other. Finally, as shown in
FigFi 922244 .t heIrenthese saudbdimegrtsholdbericel 720 may bested in a
attached to a vertically standing IV pole 182.
sadppetivy Aeddeer 1hport afeddbs edt’iOvemaghiahed Byclhée tube
present invention is the ability to ensure processing
guitiing cbhss sieéhcyofrdnrereird spisablaf sBie tprédmsxiext .set in
The chal | enge, of course, resides in the fact that
thet rsd rade ¢orhErgematdiohf erencésreatitdre r efilsioances t Ghown in
flow fromrenoval mediumdisk to renoval medi um di sk.
FigAppkReaht sthaverdiscozerens tthat dedsowetihveughcthedisposition
system can be substantially controlled and, thus, the
of khél denitee df0,t hwakesil§Danee e qradiisled6@p hold two portions
substantially dimnished. In particular, and as
of dhectibshdl ¢irdwire idetdbke bet@wmibhy adj eathngthbe. Finally,
l ength of the flow path and the internal dianeters of
as ishbeh tinb&idt @rd diid eintiwke sk8dlel % MeSsiekl e 170 may be
provi de substantially consistent processing tinmes from
attenkedeto t0 viche inaxly. s{HO0WL8TvFpelexagpl e, by
| engthening the flow path of the system nanely the
[000137 AnCendthem shuseecaant b yestiv2 taecidizved by the present

invention is the ability to ensure processing time consistency
from one disposable set to the next. The challenge, of course,
resides in the fact that there are inherent differences in the
resistance to flow from removal medium disk to removal medium
disk. Applicants have discovered that flow through the system
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 internal diameters of inlet
tube 16 and outlet +tube 18, it 1is ©possible to provide
substantially consistent processing times from one set to the
next.

[000118] For example, by lengthening the flow path of the

system, namely the distance from source container 12 to



collection container 14 (i.e., the "head height"), the
force driving flow through the system nay be
wo p@seesesl. I n addition, |ocating device 20 furP€T1®82004/029637
fromthe source container 12 and cl oser to receiving
container 14 (as general |y #picted in Fig. 1)
i ncreases the force on the fluid f|OMAn% through inl et
colippeian gadtehreri A devicce Zheat “heddt ségbtébr dirRengforce
primng. [000119] Thus, for exanple, the |ength of
drivipe i@m@hwgépﬁr%us{mftémymi% eoigcreaesd as T®ngddition,
tube 18. In one specific, non -limting exanple, the
locpehgy hdsvicabe0l6twalhee ApproXiheat Pura®6 taehetneghdlZ and
the length of tube 18, approximtely inches. [000120]
cloperhhe abewibivwn eisceveredst Has adderabhal depigtesl in Fig.
over the flow rate can be achi eved by adjusting the
) dingmeeees othe héoftowopathe sfluidoflexkmp| ehrdygh inlet tube
narrow ng the internal diameter of inlet tube 16 (as
16 sodpertaring devideadtal irdetdprentsBandarihsipzdging.
t ubi ngs used in bl ood processing and the nedica
[00PL2e9H, Terer alfby) examyet hethei tlenoité | eAgthsr ng 6ofmay be
the overall "head height,"” as discussed above, the
appresimatialy f Lot rtat e8i stiguefsf | @b entongo ssbstudst i &Bly In one
reduce the effect of the inherent resistance of the
speréfibval npedlimioingli skamdlrus, the¢ ohesabh befbetwer 16 may be
controlled and remain relatively insensitive to the
appresimdtzaice A% dvicled bydt hee disrigtd @E0T2bk E6r ermpnpkbpately
inlet tubing, disk and outlet tubing forma hydraulic
3% ¢ncloest that can be described as resistances in series
(R for inlet tubing, R2 for disk and R3 for outlet
[000LR0O hg Bndh&s désor iddang diddidvieardl thegi siéddceiorfalonzontrol
connectors (such as Y-sites, dianeter changes and
oveot hke Cbomecdtonsin .belharievdd- by adjusting the diameter of

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), together with the lengthening of the overall
“head height,” as discussed above, the resulting flow rate is
sufficient to substantially reduce the effect of the inherent
resistance of the removal medium or disk. Thus, flow can be
better controlled and remain relatively insensitive to the
resistance provided by the disk.

[000121] For example, inlet tubing, disk and outlet tubing form
a hydraulic circuit that can be described as resistances in
series (Rl for inlet tubing, R2 for disk and R3 for outlet
tubing and Rr describing additional resistances from connectors

(such as Y-sites, diameter changes and other connections). Thus,



total resistance in the fluid circuit is the sum of
these individual resistances. The driver for the flow
w0 g00hmaditei ght as descri bed above. [000122] |PCT/5S2004/029637
known that di sk manufacturing will generate
variability in R2 resistaneg-I1f, R2 is the dom nant
resistor in the circuit, the variations in its
totphgriauideance| vauséesi fhifd cantcvati disi ohsei sl owf these
rate and ultimately processing tine. Thus, the inpact
inddVidinak nesidEotagsi.nFheardmaiyielr tiorcarhedef mwi hs zbdadyheight
meki ng anot her conponent in the circuit, specifically
as flabetibbasbiabypvRl., the dom nant resistor. Since tubing
I D and | ength manufacturing tol erances are
[006B22) ol Tlablie tknawrhi ghet deyleemaaonpacedriny diwdk1l generate
manuf acturing, inherent variations in R are expected
varfabbkitsy gim fR2cartliptanad | erf,i MmdEgnithedeonoapat ededDstor in
R2 variances. Inlet tube resistance is primarily
thedetiineditby tties i nteariraliodisanmgher i66 t heghiubed@ndvill cause
secondarily by the Iength for the am nar flow regine
sigof f1eder eshr{fReyoiad dsn ndaber h@Q- 1000) ult iSs 1yt herocessing
internal dianmeter (of tube 16) is the primary
timpar ameh€r il Hepelangeddi §R0RR3actelreatl 0Broibihety can be
inlet tubing conpared to outlet tubing as the primry
mint@ested Ct BF | ding dranv@thdyy rebdmbdnemt ubenl engleh circuit,
consi derations. The rational e of having | onger tube
spetendtdi pn theet nltebisgderDf the piRGeSHENOrSeistas . Since
conpared to outlet side has been di scussed above. By
tubseyecbi RGIR1LcagthhaatofbBantifestsiOfanadded-besgfttol1able
fromtube length is gained as well . [000124] Thus,
to Wheheghest aRdaed tedigig-adsedo i MiBkoORR I RLASSIIRG, inherent
typically has an internal dianeter of approximtely
varQafldérs 3id R1 are expected to be significantly smaller in

magnitude compared to R2 variances. Inlet tube resistance is
primarily defined by the internal diameter of the tube and
secondarily by the length for the laminar flow regime of
interest (Reynolds number 100-1000). Thus, the internal
diameter (of tube 16) is the primary parameter to be changed.
[000123] Selection of the inlet tubing compared to outlet
tubing as the primary restrictor is also driven by relative tube
length considerations. The rationale 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.

[000124] Thus, whereas standard tubing used in blood processing

typically has an internal diameter of approximately 0.118



inches, to provide the benefits described above, the
internal dianmeter of tube 16 nust be |l ess than the
wGer@stands and, nore preferably, substantially PEFES1008629637
t he above-identified dianeter. In one preferred, non
-limting exanple, the inte¥iral dianeter of the inlet
tube 16 may be anywhere between 0.025 and 0.09 i nches.
incEgen ivor @qmvéfler dbley beanediitht alassir ifednebereof thge internal
tubi ng may be approxi mately 0.057 0.03 inches.
diap@oeu 25F Fumbehdrt impstoviesrehess nthhpe phecedsindgrdi mgd, more
and flow consi stency can al so be achieved by altering
pref@eabhy er nabbdianetarlof d8%$ et thabes thmt abPevenidemyified
conmuni cation with outlet 30. In one enbodi nent, the
diainater nal Idi anet prefdrudte owwr-dtimiabag 168x¢mmbl orthebnternal
118 in Fig. 11, and/or tube segnent 146 in Fig. 16)
diamayebeobet e ein gdpriovwienditemgy0 b@4 aingwhese apeit e - 025 and
inches. More preferably, the internal dianmeter of tube
0.0Pniftioew conmari cwireoprafehaloly | ethendytieenappdoxierge|gf the
0.080 0.03 inches. Narrowing the internal dianeter of
tubiheseaputd etprireobésataby cofPdr éd 0t 63t beched er nal
di anmeter found in standard size tubing) assists in
[00612%] ngFuithea rinpishlegenthdin nelye obhecsssnqactimal and flow
and restrict flow [000126] The present invention has
conbigbenlgscradmedailnot Hee canthéxtvedf by s glrtefremgedthe  internal
enmbodi nents . It will be understood, however, that the
diapeesenofi muaritetoncukesnothdt nated ino filler ecdyodimerattson with
descri bed, and that further inprovenents and
outiredi f30cat i ans oy d&eborhicenm, t hidud departaingdiamatéheof the
scope of the present invention which is set forth in
outlée appended(ehddars.tubdb 1-18WHAT FiLg. CLLA| Ve /dr . tébe segment
fl owt hrough device for renoving sel ected conpounds
l146frigimrFig. 16) may be between approximately 0.04 inches and

0.120 inches. More preferably, the internal diameter of tube
in flow communication with outlet may be approximately 0.080 =
0.03 inches. Narrowing the internal diameter of these outlet
tubes (as compared to the internal diameter found in standard
size tubing) assists in driving out air bubbles that may
otherwise accumulate and restrict flow.

[000126] The present invention has been described in the
context of its preferred embodiments. It will be understood,
however, that the present invention is not limited to the
embodiments described, and that further improvements and
modifications may be made without departing from the scope of

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



a liquid, said device conprising: a housing having a
first portion and a second portion joined together;
weamh/oofs1sai d first and second portions conpriBCTYSHNG/029637
outer surface and an inner surface; a conmpound
renovi ng medi um di sposed betlteen said inner surfaces
of said portions; one of said first and second
WHABOF® | MEdhprising an inlet port and the other of
said first and second portions conprising an outl et
1. pobt flewiehyonsdy dyifcacdost rerevongsaetetiedt campunds from
second portions including a continuous tongue at or
a ljgakdt e igkGeyRepy CoOFPRiEIdIporti on; said i nner surface
of said other of said first and second portions
coORpricdisAgda RMiINhudustigisdovecttiar madr a2 heecond portion
. periphery of said other portion for receiving said
Joinefiguegethempgpar atus of Caim1 wherein said inner
surface of at |east one of said first and second
potddlonet | grildideisr st raaids é@ cgnippPnygioesbeempli sposedn outer
peripherally inwardly of said tongue or groove. 3 .
surfaprratdusnofingeai anriagser ei n each of said first and
second portions includes a raised gripping surface
di s pesawpopadi premreiing | ne@diult y dokpsaed toigiwenandaid inner
groove. 4 . Apparatus of Claim2 wherein said conpound
surfaeryviafg seedi partsopartial |y conpressed by said
gri pping nmenber. . Apparatus of Claim4 wherein said
gromppi oy sehdefiisic| ankss8Gnd poitnted tégupriGing an inlet
Apparatus of Claim1 further conprising a filter
porpegiidinghe other of said first and second portions comprising

an outlet port;

said inner surface of one of said first and second portions
including a continuous tongue at or near the periphery of said
portion;.

said inner surface of said other of said first and second
portions comprising a continuous groove at or near the periphery
of said other portion for receiving said tongue.
2. Apparatus of Claim 1 wherein said inner surface of at least
one of said first and second portions includes a raised gripping
member disposed peripherally inwardly of said tongue or groove.
3. Apparatus of Claim 2 wherein each of said first and second
portions includes a raised gripping surface disposed
peripherally inwardly of said tongue and groove.
4. Apparatus of Claim 2 wherein said compound removing medium
is partially compressed by said gripping member.

5. Apparatus of Claim 4 wherein said gripping member includes



di sposed between said first and second portions . 7 .
Apparatus of Claim6 wherein said filter mediumis
waelr@posad bet ween sai d conpound renovi ng nmedi UPCED2004/029637
sai d housing portion including said outlet port.
Apparatus of O aim7 whererdbsaid i nner surface of
said outlet housing portion conprises a substantially
a pPedREPhUDLUS. nesting surface for supporting said filter.
9. Apparatus of Claim1 wherein said housing is nade
6. of ApPypaterd abft Kdeims bufvabier f gpmpohs tnavekdi figi.ter0, medium
- Apparatus of Claim9 wherein said housing is nade of
dispppyAereiearetsiiacr filase andl secapgarartsonms. O ai m 8
wherein the peripheral portion of said filter medi um
7. i shppvertarh taf $diadms @r fherein 2saish Fhrldters mefli@hai sn dilsposed
wherein said filter nediumis adhered to said surface
betggeroaptdwebdbagnd 18emapirer arediuf @idi sedd whensing gportion
| east one of said housing portions conprises a
incphding i sad dfoutdwdr dbytext endi ng ri bs on the inner
surface thereof. 14. Apparatus of C aim 13 conprising
8. a Beprextuschef eiChasai d ritbsredxt evmlid adnaéty sturéara of said
poi nt adjacent to said center point to a point
outddf acentsiny t perpérn pherairicdge af s stdrdisildg. &Sntinuous
Apparatus of Caim1l wherein at | east one of said
neshougi swr froret ifows suppbudasy sadidb fohtéhe i nner surface
t hereof. 16. Apparatus of C aim 15 conprising a pair
9. of Appasethy | b§ Gasai d | inereisur faté abusand fisr shadd of a
second portions and said- 37- outlet or inlet port is
matdispbsethtbatswesentahild fobsonlic wAppanat us of Claiml
wherein the end of said tongue is
10. Apparatus of Claim 9 wherein said housing is made of

polymethyl methacrylate.

11. Apparatus of Claim 8 wherein the peripheral portion of said
filter medium is adhered to said surface.

12. Apparatus of Claim 11 wherein said filter medium is adhered
to said surface by sonic welding.

13. Apparatus of Claim 1 wherein at least one of said housing
portions comgrises a plurality of inwardly extending ribs on the
inner surface thereof.

14. Apparatus of Claim 13 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.

15. Apparatus of Claim 1 wherein at least one of said housing
portions includes a rib on the inner surface thereof.

16. Apparatus of Claim 15 comprising a pair of raised ribs on

said inner surface of said first or second portions and said



rounded. 18. Apparatus of Claim1 wherein said tongue
i ncl udes an outwardly extending portion and said
w@e@sweeonpri ses an i nwardly extendi ng shoul deeT/US®04/029637
FIl ow-t hrough device for renoving sel ected conpounds
froma liquid conprising ahbusing; said housing
conprising first and second side walls and an interior
outdphnderietweentsaf ddiwpesed RetwrpousRid ends-ng medi um
di sposed within said interior chanber; an inlet port
17 onRiRpfragfiss ap 8 Sitaémwal | sherrinantbat ket poft sahdt engue is
other of said walls |located dianetrically opposite to
rouBgded- i nl et port. 20. Device of Claim 19 conprising a
fluid source end and a fluid receiving end, wherein
18. salePaiaiust pértCiaimodat edenedrersaiad d tongiud sduckedes an
end than said inlet. 21. Device of Caim19 further
outvRRPIY si HEF@ Nt ePoditdppsedndi t Aahd sagtodve er¢omprises  an
chanber. 22. Device of Caim19 wherein said conpound
inwaeddy i g cdeneeskonpieses particul ate of a sorbent
conposition and a plastic binder. 23. Device of O aim
19. 2oF iprertéineughi devdrbeftrpaenpeinat e bomprd sesnheads dfrom a
di vi nyl benzene pol ystyrene and sai d binder conprises
ligpsd yeappienag 24hows¥nawt hrough fluid processing
system for renoving- 3 8 - sel ected conpounds from a
f | 2P domeringi wgmpaisdng céicontandesedared wdidey we lfllsuiatid an
out | et;

interior chamber between said walls;

a compound removing medium disposed within said interior
chamber;

an inlet port on one of said side walls and an outlet port
on the other of said walls located diametrically opposite to
said inlet port.
20. Device of Claim 19 comprising a fluid source end and a
fluid receiving end, wherein said outlet port is located nearer
said fluid source end than said inlet.
21. Device of Claim 19 further comprising a filter disposed
within said interior chamber.
22. Device of Claim 19 wherein said compound removing device
comprises particulate of a sorbent composition and a plastic
binder.
23. Device of Claim 22 wherein said sorbent particulate
comprises beads of divinyl benzene polystyrene and said binder
comprises polyethylene.

24. A flow-through fluid processing system for removing



a receiving container including a fluid inlet; a
conpound renoval device di sposed between said source
w@nwsoeaes vi ng contai ners, said device conpri sSP@yUS2004/029637
housi ng having an interior chanber and a conpound
removi ng medi um wi t hi n sai d3&hanber, said housing
including a fluid inlet on one side of said housing
selgfbeRestrarourdssdrgoracelWichFoeentaingt than to said
source container and a fluid outlet on said housing
anfl PRAFE OFt3ararrieeetdiny codtaiderutIrin to said
source container; a first tube providing a flow path
bef WERFF SHINY SOnFeenebmutivsiinguel Elubddiskatd devi ce
inlet; a second tube providing a flow path between
saf dcaBR?'ERd otRNSR lame vdaied dieper il ngetorrmi Frekd | yewtce and
25. Systemof Claim24 wherein said inlet includes an
recepBhiNCUHRIFECes Sahdyde Y oer seimbrdsingeacbaraip@rhaving an
26. System of C aim 24 wherein said device outl et
intppéPudehagRespaiichgat Haamroards Bamayingomediyn within said
receiving container. 27. Systemof O aim24 further
chagbapr i seag aonetnd niihgludiber aaddpticed ird etecet vensaisgde of
first tube. 28. Systemof Caim25 further conprising
said hewaimd mpcsheebageratiapseddt veeaictinge coatdisecobgen to said
tube. 29. Systemof C aim25 wherein said retaining
soumesbepntaiprd sasl a2 | Hopid noegret on t $ridi hobwins npdnmearer
substantially vertically aligned with said device
to palétre@Oividgstentaingd dimm4onseiei sothee fdawwagher;
liquid through said device is in a direction 180
i neerftigdtr el verooidirg f hovERY -pattr obghwsan d skiidstsource
tube. 31. System of Claim25 wherein said flow path
confrabnesa@utlsdurod said device inlet;

a second tube providing a flow path between said device
outlet and said receiving container inlet.
25. System of Claim 24 wherein said inlet includes an opening
that faces away from said source container.
26. System of Claim 24 wherein said device outlet includes an
opening that faces away from said receiving container.
27. System of Claim 24 further comprising a retaining member
adapted to receive said first tube.
28. System of Claim 25 further comprising a retaining member
adapted to receive said second tube.
29. System of Claim 25 wherein said reéaining member comprises
a loop integral with said housing and substantially wvertically
aligned with said device inlet.
30. System of Claim 24 wherein the flow of liquid through said

device is in a direction 180° inverted relative to the flow-



container to said device inlet port, conprises an
approximately 180 turn. 32. System of C aim 30 wherein
W@ 200d/0¢8v8 ce conpri ses a connector having at |REEUS1000029637
openi ngs wherein one of said openings is in flow
comuni cation with said i nf#¥~ port of said device and
the other of said openings is in flow communication
thrapgh st Finsdt tthBe. 33. System of O aim 32 wherein
sai d device conprises a connector having two openings'
31.wheyerem one ©FeishidP JpereAgs srédi ALeYoma e nfEem ceaidnsource
with said outlet port of said device and the other of
conkaigehpbpi pagsd | VI | g etomanti c sompniags hasapEproximately
second tube . 34. System of C aim 32 wherein said
180T dmrect or conprises one end that includes a bifurcated
conduit wherein one branch of said conduit includes
32.ongyofersai df opEkings 3@and wdeirdiat hesilir agehidcdicl tfi@Srises a
the other of said openings . 35. Systemof C aim 34
conmbet@t n heaiidgcamettast Cawa | spSningecondrend Wridh af said
port and a tube between said port and said receiving '
openbngai her in361owheosyst sratdfonChaitm 3aiwhargier fdoaw of said
t hrough sai d tube between said connector second end
devane saddthecetNéNgoEOBh Bl NEpehSndLSi4 i Ch 610w 7comWSt £ FAtion
of Claim32 wherein said connector conprises a Ushaped
withl s 1 fdiowtcendeit. 38. System of C ai m 24 conprising
an upstream connector having- 4 0 - an inlet in direct
33.f | oysteaiMyE cadlizdfm W3kh Shkte$AUr §8i80NESI NS , &b ses a
plurality of outlets;
connector having two openings wherein one of said openings is in

flow communication with said outlet port of said device and the
other of said openings is in flow communication with said second
tube.

34. System of Claim 32 wherein said connector comprises one end
that includes a bifurcated conduit wherein one branch of said
conduit includes one of said openings and said other branch
includes the other of said openings.

35. System of Claim 34 wherein said connector comprises a
second end with a port and a tube between said port and said
receiving container.

36. The system of Claim 35 wherein flow through said tube
between said connector second end and sald receiving container
is restricted.

37. System of Claim 32 wherein said connector comprises a U-
shaped fluid flow conduit.

38. System of Claim 24 comprising an upstream connector having



a downstream connector including an outlet and a
plurality of inlets, wherein said first tube provides
w@2dosow4pat h bet ween one of said upstream connBCT/UL2004/029637
outlets and said device inlet; and said second tube
provi des a flow path betweetOsai d device outlet and
one of said downstream connector inlets. 39. System of
an CHELRE38 ifur thaecondi-Pyi ngoamunbea el niwigtta f$old  source
ath, one end of which is connected to one of said
Congﬁéﬁ?%arﬁ%rﬂw@éﬁéﬁlé’al’l@ﬁ§lﬁd@t§he ot her end connected
to a downstream connector inlet, said tube including a
vaf vEOVRS Ergai f¢WsarH fiorludiegt avebytiestandts nglurality
flow therethrough. 40. System of C aim 38 wherein said
of ¢geY®e® inlet conprises a port facing away from said
recei ving container, said systemfurther conprising a
t ubeer e i SR raki Ehb¢ spratiglsived tfd ogapdthobetwesn nype of
said receiving contai ner and other end of which is
saigowptietean tayrorctof Qulilbtimlear peitdsdefisaiithlet; and
downstream connector. 41. Systemof C aim 39 wherein
sa$aid upecemtpt e spreypsiemarentlor seatiledoddwmerpatdid device
42. System of C aim 38 conprising: a tube defining a
outi¢pvrphtdnepetfiveehd otiewroft reaind cops e ceam dretect or
outlets and said device inlet; a tube defining a flow
39. patys it weén Cdneémof38s af wrihest r eamp cicrimgctdr tobt | eefining a
and one of said downstream connector inlets; a tube
floverawen @re cafd odi dghiuplst i 2aremoenect ao outl ef ssahdl-widstream
- said device outlet connector. 43. Systemof C aim42
conphetei nogaletsipshd edhe conhect end connected to a downstream

connector inlet, said tube including a valve in said flow path
for selectively restricting flow therethrough.
40. System of Claim 38 wherein said device inlet comprises a
port facing away from said receiving container, said system
further comprising a tube, one end of which is attached to said
port facing said receiving container and other end of which is
connected to one of said inlet ports of ’said downstream
connector.
41. System of Claim 39 wherein said tube comprises a
permanently sealed flow path.
42. System of Claim 38 comprising:

a tube defining a flow path between one of said upstream
connector outlets and said device inlet;

a tube defining a flow path between one of said upstream

connector outlets and one of said downstream connector inlets;

a tube between one of said upstream connector outlets and



conprises a fluid conduit conprising an inlet and a
trifurcated outlet . 44. Systemof Caim 24 conprising
wa@2twslodis f or supporting said renoval devi ce .P@BUS2004/029637
System of C aim 38 wherein said hol der conprises a
sl eeve for receiving the holisi ng of said device. 46.
.System of Cl aim44 wherein said hol der conprises two
saldepayite PHried PERRRHEM0get her to provide said sl eeve.
47. Systemof C aim 44 wherein said holder is attached
43.toSwsit e elippbteim 4842 syvherebt Chaldn 19PSHEIB} n Gerpctor
housing inlet and said outlet are spaced 90 fromthe
compght?al @ vEHEiEafondiis srmpalgingusnngnlegoend a trifurcated
fl owthrough device for renoving sel ected conpounds
out{e®m a |iqui d conprising: a housing conprising a pair
of side walls and a peripheral end wall defining a
44. chardetn @f r@rival2 hedmpnieondt adhal dar nfehi gurpriipaly said
bet ween said walls, said nediumincluding a peripheral
reme¥ifl sdgv¥ise terminating interior to said peripheral
end wall of said housing; a |iquid inperneable barrier
45.j nSY#iecrar b ©fakmi ¥ chzedrain taid i koklfsstembmalsiey a sleeve
bet ween sai d nmedi um peri pheral end surface and said
forpeespheirndl tdedhaupindfosagiaddndasing: 50. The flow
t hrough device of Claim49 wherein at | east one of-
46.425ystm iafheflpdnsidfy sipetades $sakd udes dergr Eppbngses two
menber extending fromsaid surface into said chanber
sepamdtyrvppinngodard rerrivywr to provide said sleeve.

47. System of Claim 44 wherein said holder is attached to a
pole support.

48. System of Claim 19 wherein said housing inlet and said
outlet are spaced 90° from the central vertical axis of said
housing.

49. A flow-through device for removing selected compounds from
a liquid comprising:

a housing comprising a pair of side walls and a peripheral
end wall defining a chamber,

a removal medium located within said chamber between said
walls, said medium including a peripheral end surface
terminating interior to said peripheral end wall of said
housing;

a liquid impermeable barrier in the area of said chamber
that is substantially between said medium peripheral end surface
and said peripheral end wall of said housing.

50. The flow through device of Claim 49 wherein at least one of



medi um said nmenber being integrally spaced from said
peri pheral end wall of said housing. 51. The
wo b@dosfarough devi ce of C aim 50 wherein sai d POUBR1994/029637
conprises a gripping nenber extending fromthe inner
surface of one of said pair4af walls and a gripping
menber extending fromthe i nner surface of the other
saipaiinnef hahdisng SHurfikesf Lot tdeoumhydedicg okmbeai ex&dhding
wherein said nmenber termnates in a substantially
fropoisatidd unface3.infee SdigwdHamipegh adeVi ¢elmgfing adandd9removal
wherein said housing conprises an injection port for
mediipinf ogatd Nngerebeseddednt iintegsal iy chanteer frobdsaTleperipheral
fl owt hrough device of Caim53 wherein said housing
endcwapt i séssaid ésesiopr for receiving said seal ant. 55.
The fl owthrough device of Caimb53 wherein said
51.sed@hantflog-sktecjleddévine t b& @ileim GOnsitstraig ofaid housing
epoxi es, RTV sealants, hot nelts, pol yurethane,
comprlisevnesgrvaxasy amhplrasikitesdib§. fThe thewihhsoughrface of
device of Claim49 wherein said barrier conprises a
onefr iolfg safi dbigadirn@ fmata@d sakbndobhdedibpisai tehbadvaktamtliray from
. 57. The flow through device of Caim49 wherein said
thebanneéerseofgad S taegasket ariaund twhelend wal | of said
renmoval nedia. 58. The flow through device of Caimb57
52 .whehei flsatdhgasyiet desibonded ¢clmiat beashe@BenOfsadal dnember
side walls . 59. The flow through device of Caim49
ternhrseds Said hdstbatigdprosesed skpn fornmed on the
end of said renoval nedia.- 4 3 - 60. A flowthrough
53.f | nhd @EnLoGesBia@yIsysteind Obf I €NaYinNg oselesitedd said housing
conpounds or conponents froma fluid conprising:
comprises an injection port for introcducing a sealant into said

chamber.

54. The flow-through device of Claim 53 wherein said housing
comprises a reservoir for receiving said sealant.

55. The flow-through device of Claim 53 wherein said sealant is
selected from the group consisting of epoxies, RTV sealants, hot
melts, polyurethane, silicones, waxes and plastics.

56. The flow through device of Claim 49 wherein said barrier
comprises a ring of binding material molded to said removal
media.

57. The flow through device of Claim 49 wherein said barrier
comprises a gasket around the end wall of said removal media.

58. The flow through device of Claim 57 wherein said gasket is
bonded to at least one of said side walls.

59. The flow through device of Claim 49 wherein said barrier

comprises a skin formed on the end of said removal media.



a source container including a fluid outlet; a
recei ving container including a fluid inlet; a
w@oopounds r enoval devi ce between said source CPOIL/HBIV04/029637
and receiving contai ner, said device conprising a
housi ng having first and setbnd outer walls and a
conpound renovi ng nedi um between said walls, said ,
60.hobysi Agownthuelialy affiifl d PHEESYisdat etV BerweehP heremoving
center of said device and said receiving contai ner and
selgctedi ehrnaunsts logc apwpotrstige &iF omardf Eerd eporenyd s§apd
source container; tubing providing a fl ow path between
sai dseorT exdatacneinottdisy andlvaddonwbiating inl et;
tubing providing a flow path between sai d housing
out | e¢caindirgpicdnteseeyi inplodking reflivhd einlaitierein t he
l ength of said flow path between said source contai ner
and sempbund eterioyagdr davéee t bripradre Jagdngleugfesapatdingy and
pat h between said device outlet and said receiving
recedminag neontdineThe sklidwddwimgghchps s pcesdianging having
systemof Cl aim®60 wherein at |east a portion of said
firstibiang be¢wesh sakdrsowlde cort adnerompotndai thrperinge medium
inlet has an internal dianeter that is smaller than
betiheni st &d ned 116 ,anetier hofis $ag dinalbidigobet idandsandet located
device outlet and said receiving container. 62. The
betfibem+ theowghtbkuiod prddessivhge systiesrdfl Ceaehvbilg container
wherein said tubing providing said flow path between
andsal dlgevi catdet] dlocahddshetive@tesyingecenrtai amed sl agpurce
internal dianeter of 0.08 0.003 inches.- 4 4 - 63.
conthénétpwt hrough fluid processing systemof Caim60
conprising a first connector in said flow path between
satdbing providing a flow path between said source container

outlet and said housing inlet;

tubing providing a flow path between said housing outlet
and said receiving éontainer inlet;

wherein the length of said flow path between said source
container and said inlet is greater than the length of said flow
path between said device outlet and said receiving container.
61. The flow-through fluid processing system of Claim 60
wherein at least a portion of said tubing between said source
container and said device inlet has an internal diameter that is
smaller than the internal diameter of said tubing between said
device outlet and said receiving container.
62. The flow-through fluid processing system of Claim 61
wherein said tubing providing said flow path between said device
outlet and said receiving container has an internal diameter of

0.08 * 0.003 inches.



source contai ner and said device inlet and said tubing
defining said fl ow path between said source contai ner
wW@nwseai4t8 devi ce inlet conprises : a first tubP@mUS2004/029637
segnent with a first end joined to said source
cont ai ner and said second ehjoined to said
connector; a second tubing segnent with a first end
63.j ofimed flowdittcoghnetlord arpraa@sgisgconsstan jof ne@laim 60
said device inlet; said systemfurther conprising a
competoimy canngitdr conmetihbdf | bw patih bEtarveepashi dedeerve said
outl et and said receiving container and a bypass tube
souha®i ngnoamenendajdiseed tdevdaied ihilest apdneetd otulabay adefining
second end joined to said second connector. 64. The
salfll dirothrgaugh béuvebprogstdsengrsystentain€t aend63aid device
wherein the internal dianeter of said second tubing
inlsegrempris=ssnal | er than the internal dianeter of said
bypass tube and said internal dianeter of said first
t ubi Mg rsegneidines seguidngr wihen ahefiimstereral doaned etto said
of said second tubing segnent.
source container and said second end joined to said connector;

a second tubing segment with a first end joined to said
connector and said second end joined to saild device inlet;

said system further comprising a second connector in said
flow path Dbetween said device outlet and said receiving
container and a bypass tube having one end joined to said first
connector and a second end joined to said second connector.
64. The flow-through fluid processing system of Claim 63
wherein the internal diameter of said second tubing segment is
smaller than the internal diameter of said bypass tube and said
internal diameter of said first tubing segment is smaller than

the internal diameter of said second tubing segment.



