-1- FLOW-THROUGH REMOVAL DEVICE AND SYSTEM USING SUCH
DEVICE [0001] The present invention is directed to a flow-through device
for removing selected compounds and/or components from a fluid such
as, but not limited to, a biological fluid: ¥he present invention is also

directed to fluid processm stems usm such flow-through devices.
BACKGROUND OF Tﬂ% @‘]}ﬁ P NE R Fgh devices for
removing compounds6 EFCOmpoRes Biotggical fluid are

known. For example, flow- through removal devices have been used in

mrdieg! pr%%ss&glg&%tﬁ Qq{getggl}?ﬁg)loglcal led |,2f tered to r%ﬂgv\c{gthrough

undesired blood :c-,omponents, such as eukocytes Iow thfou

devices Ifave alsebeen popasediforissiungre theshiglogical fluidhas. -

been treated with a solvent or chemical agent as, for example in a

pathicgesuirtactivatiasuprogess. {0RO8EIN rany pathegendnagtivation: 4. e
processes, a chemical agent is typically added to the biological fluid to

either(t) dimsciy mactivatelpresent-pathatens of (2) iNastyate Preseiystems
pathogens in combination with other means, such as light. Regardless of
e Me it uSker T rsdtret. ¢eis.desirable to remove unreacted
chemical agents or by-products of the inactivation process from the
biological fluid prior to HECHERSHIEIoRRoHE pEIEATTfIB041 One example
656”2 a paEth nactlvatlon 9Qrocessmg system is described in U.S.
aten Application rla?li\lo SeRF Whid T it ofisBrtsa derdi byther

E%L%SH&&‘-:'Q 'tfrom a bilological fiuid are known. For example,
flow-through removal devices Thave been used in medical
processing sets where the biological fluid is filtered to remove
undesired blood womponents, such as leukocytes ¥ Flow-through
devices have alsc been proposed for use where the biclogical
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 light,
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.

000413 OUne example of such a pathogen inactivation processing
system is described in U.S. Patent Application Serizl ¥Wo.

08/325,5%9, which is incorporated herein by reference in its



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

that has been treated in a pathogen inactivation process (e.g.,

photoactivation with ultraviolet light and a psoralen compound) is passed

through a removal device and collectédin a receiving container. The

removgl device in%)ludessg sorhent se ec{gedt%o remove residual chemical
on

ARt d/or BY- Prodidt SMtheShantiv Fo&ay. [60B5T FIARRhPoRfT T

de\@ggs may,alsp b use%g3 the 'Iér ilon of.blood products to remove, for_.
c&)?amp?g,rleu@)%%tega rom z} IclolI(ia:gtea(i?léglgodl f)lrodaucll.3 #r?l %%%Ir%pféngf giﬁ{ﬁ‘ on

J¥ocessing system thatipgludes.aisukoreduction filtetin a. flow-thraugh 5 5
arrangement is described-- in U.S. Patent No. 6,358,420. Flow-through

gipveesimayalpebrivseds'-re semave tieadinghagentsrusgddn th@evice and
treatment of blood or a blood fraction, which agent is desirably removed
dedrhethestiuithprordodirtey usenoktiresfiuid. [006Gldndhel device includes
above-described examples, the removal device includes a housing and a
FemoREhedl poidd e hotritg Regafdiess ofthe seimeusidor wiidler by-
the device is used (i.e., leukoreduction, or removal of inactivation
RighApebhd_forbthermagents) «ImpBIEte &ht- uniform exposure of the fluid

to the, remaval medium is important. To obtain the greatest efficiency for

BB moval rEHiRT T de SR Tot thé'fidid t§EBthe iR° co_H%%‘il withts b8
L B A e e
%%g&tivgtior&sﬁ@@&@d deseribed abeugdtis desigable hatthe fluld coptact, ;4
processing system that includes a leukoreduction filter in &
£low-through arrangement Is desc:ri_b@d/- in U.S. Patent No.
€,358,420. ~ Flow-throuyn devices may alsoc be used %o remove
treating agents used in t.he 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 ramoval device
includes a housing and a removal media inside the housing.
Regardliess 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 iwportant. To obtain the greatest efficiency
for the removal medium, it 1s desirous for the fluid to come in
contact with as much of the removal medium as possible. For
example, to ensure substantially complete iemoval of the

inactivating agent in the pathogen inactivation example

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



-3- removal media as completely as possible, without bypassing any part
of the removal media. Likewise in a leukoreduction device, complete
exposure is important to ensure substantially complete removal of
leukocytes, which if otherwise transfusgd, may cause an adverse reaction
in the recipient. [0007] To further ensure substantially complete and

viniforal expesare:sf thenfuigkio thespediadt is inportant that tB?pé?@‘fﬁ’&" any

media be maintained in a substantially fixed orientation. For example, ina

protessinghsetittatirdluded & hanging-tipe: fiter whesethe-tow:is SIoRLQ ;i ce,
bottom,"” very often, a natural twisting moment causes the filter to hang at

APNRAE. ASRAEUNEIght bl thedittettchanges.espas thet collestiotmplete
containers;-fills), the moment increases and the angle changes. A device
IRECHRS aftay kP HE BEntrihdehical arttherwiesultianwfeved, may cause
distribution of the flyid across the removal media, resulting in incomplete

Bxposute and Femoval ofthe'GndeSiRd Siyents. [0008] In addition to
| and.complete expasure pf the fluid to the media, it is also .
l'f'%f(pfg n%%gé er " &en urg s"‘%ﬁﬁ‘g‘%ﬁé%ﬁéis@ﬁ@ﬁﬁ@., and uniform

Important, to have substantial proces

depradueibility) from eng; devige 19 the next, [0008] It is also desirgb'ggggt the
a

a device that meets the above performance fequwemenjfrsn%D Hs8

Abesonomisal fo manufagiure-with.a low ygjection rate, 1000101 :The ¢,
above objectives are addressed by the present invention. -4-

orientation. For example, in a processing set that includes a
hanging~type filter where the flow. is “top to bottom,” vary
often, a natural twisting moment causes the filter +o hang at an
angle. As the weight below the filter changes (i.e., as the
collection containew~£ills), the moment increases did the angle
changes. & device that tilts away from the central vertical
axis may result in uneven distribution of the fluid acress the
removral 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 substantizl
processing time consistency (i.e., reproducibility) from one
device to the next.

[0008] It is alsc 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 addressedrby the present.

invention.



SUMMARY OF THE INVENTION [00011] In one aspect, the present
invention is directed to a flow-through device for removing selected
compounds from a liquid. The device includes a housing having a first
portion and a second portion that are jodred together. Each of the first
and second portions include outer walls and inner walls, with a compound
removing medium disposE1HEMREepFtHEN  ally NI OB ortions. One of the
first or-second portions includes an inlet port on the outer wall and the
SRRE T Ihe fifst dineeeBREGortibhe iREIBHRR antBuBBLHBR crethélsamied to a

inner wal of the figst or second portions includes a peripheral}y

d rom a

I, T i
SRy Bhhe AT ffor ETHIAE oELGLHE nrHr Setn
rti inclugles ~; ripherally ,extending groove. for receiving the i
%%%lgg& [00012 elndz%vgt er %%g%%%%ﬁeaprg;%}%ﬁﬁgerwgﬁ it diF‘ec%éﬁ o &7

flow-through-dewice, for remoying:selected gompoungs from.a "qtﬂgﬁﬂatof the

includes a housing. The housing includesfirst and second outer walls

defining andntedesshapaben babvaen theiewalls: A CQMPOINGIeMoVBY wa11s,
medium is disposed within the interior chamber. In a preferred

emnbiodimenttheihtusingoinoliydes=diminletpeparoneof theputeravalis 1s of
and an outlet port on the other of the outer walls, wherein the location of
tHeso it pberis diabrgricdlydspdsets to the leeatiod ab s liotet portludes an
[00013] In another aspect, the present invention is directed to a

fAOEhroBgh Sy<tBmHoR rémbiingEeiéctéd Tormbouriser cofnpbhentsirst or

from a fluid. The system includes a source -5-
second portioms includes an outlet port on the outer wall. The

inner wall of the first or second portions includes a
peripherally extending tongue while the inner wall of the other
of the first ,or second portions includes ..a peripherally
extending groove for receiving the tongue.

(0600127 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 waslls defining an interiocr chamber between the
walls. A compound removing medium iz disposed within the
interior chamber. In a preferred embodiment, the housing
includes an inlet port on one of the ocuter walls and an outlet
port on the other of the ocuter walls, wherein the location of
the outlet port is diametrically oppssed to the location of the
inlet port.

{00013} In another aspect, the present invenrti.on is directed
to a Zflow-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 includes a compound removal device disposed
between the source and receiving containers. The device includes a
housing having first and second outer walls and a compound removing
medium between the walls. The housimy further includes a fluid inlet on

ne of the outer wallg, and Iocg ed between the center of the device and
?ﬁe r%%%?\%ﬁg %gﬁfalfééﬁgana'a Uit ot R th@¥thet ofifsiSwiiighdcontainer

I%gi%pl%wgegl@gdcqg%@j the.device gnd thec ource container on the
I .

other outef wall. The system further inclides. a firattibe SrovidiRg & flonrmoval

Rath betweenthe:source fontainel. and the devige ingﬂ%ﬂ’l@ecgggtainers .

tube providing a flow path between the device outlet and the réceiving

Chrtaidetriniet. ([RO01444n andtkesaspeci-thepresentinvelion dS cond  outer
directed to a flow-through device for removing selected compounds from

#afidwid 2THe devicepswoinprisecvafia housingshadngecpairtpe sigan@lls The
and a peripheral wall defining a chamber. A removal medium is located
WRRR- B EnaRisar, tRedarim haling aindrd walltermmatitigsinteriertoralls
the peripheral wall of the housing. A liquid impermeable barrier is located
e SR 6R R BRefRbdrSubRaRR Al BetWeentisl prodiI periphergkiving

surface and the peripheral end wall of the housing. [00015] In
gﬁgﬁ]aeﬁnaeszﬁecﬁr%ée Sresgegrﬁliﬁve%‘ﬁ%lne% ditBctéd o 8H5-th wall and

RLRCessing QJ%%forESQ‘OVé%%éeeiemgg compounds or CC’,%’O”%”‘E source

from a fluid. The flow-through system includes a SGUrce co erthe

nshudingea fluid eytletand a seeelving containgrincliding afluidinlet A, .o
compound removal -6-

& first tube providing a flow path between the source container
and the device inlet and a second tube providing a flow path
between the device owtlet and the receiving containerrinlst,
[00014] In another aspect, the present invention is directed
to a flow-through device for removing selected compounds from a
liguid. The device is comprised of a housing having & pair of
side walls and a peripheral wall defining a chamber. A removal
rmedium 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
te 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

raceiving container including a fluid inlet. 2 compound removal



device is located between the source container and the receiving
container. The housing includes a first and second outer walls and a
compound removing medium between the walls. The housing includes a
fluid inlet on the first outer wall, the inlet being located between the center
of the first housing wall and the receiving container and a fluid outlet on

the-second auierswall Joeated behweean the seeand Rousing \alke@MEL oo ¢ing

and the source container. The system also includes a tubing providing a

fHlew: paibhetwaen the:seutce: contairer qutlet apd housing lgtandrer walls
tubing providing a flow path between the receiving container inlet and
BpdsingougetnTherlengibf thedbwpaththetarenhthensdlrce coft@indpusing
and the inlet is greater than the length of the flow path between the
deolbedgatlet AhdiHeieteving CottaftEsSBRIERE BESERIPTION OFLFHEbeing

DRAWINGS [00016] Figure 1 is a plan view of a fluid processing system
HRIGAHRY PADKREROGER r&fBvEFdeficet@Mmbddyiing tHeBrddsnt Wavénttie the

00017].Figure 2 is a partial plan vjew of the fluijd processing system of

R L i Er S ot e MO EFbugh e oo e 212
IS ap view of an alterpative fluid. processing system with a

R e A e S e A

Eigiue;2Ads a padial plan.yieys abthefluid sprocessing system Qffe,dA,  £10y

showing the reverse side of the flow-through device. -7-
path between the source container outlet and housing inlet and
tubing providing a flow path between the receiving container
inlet and housing outlet. The length of the flow path between
the source container and the inlet is greater than the length of
the flow path between the device outlet and <he receiving
container.

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Figure 1 is a plan view of a fluid processing system
including a flow-through removal device embodyving the present
invention. |
[00017] Figure 2 is a partial oplan view of the fluid
processing system of Fig. 1 showing the reverse side of the
flow-through device,
[00018] Figure 1A 1is a plan view of an alternative fluid
processing system with a flow-through removal device embodying
‘the present invention.
[006019] Figure 2R 1is a partial plan view of the flnid
processing system of Fig. 1A showing the reverse side of the

flow-through device.



[00020] Figure 3 is a perspective view of the removal device embodying
the present invention. [00021] Figure 4 is an exploded view of the
flow-through removal device embodying the present invention. [00022]
Figure 5 is a cross-sectional side view of the flow- through removal device
of Fig. 1. [00023] Figure 6 is an enlarg'e7d, partial cross-sectional view of

-thrauigh remgval device of Fig. 5, E00024] Figure 7 is a partial _
eledy Oéj%ﬁr o i %G%HHS th%f%’mg‘%f th8S ot RPGghdevice

perspective vi of the retglni%arcﬁ

& Iq;v@l% %g&cg})gng&pgrpgfégpt invention. [00025] Figure 8 is a

partial perspective view of a retaining loop on the housing of the

floveirpughriemoyadevice embadying,dbe presgpt igyention. [QO0Z61, .
Figure 9 is a perspective view of one portion of the flow-through removalﬁ
tevice: 2mibedyiagtie prasentinveptier neludinga version of the inlet

port. [00027] Figure 10 is a side view of one embodiment of a flow-

IR rembvaik devitel §060 28} Figurestt isaqiariakplanidewsf ofiee  £1ow-
embodiment of a fluid processing system including a flow-through

eV dETREJ006PLFFiGErerid is h-partial side view of another
embaodiment of the fluid processing system. [00030] Figure 13 is a plan
RSPt Still diGtHe: dmbdditferfRoPATRW-tHRBHERSY stawsirchadingamal view

é@mgggqgggﬁﬁgE%%%hq%E%E%é device of Fig. 5.

[00024] Figure 7 1s a partial perspective view of the
retaining clip on the housing of the flow-through removal device
empbodying the present invention.

{00025]' Figure 8 i1s a partial perspective view of a retaining
loop on the housing'of the flow-through remova¥ device embodying
the present invention.

[000261 Figure 9 is a perspective view of one porticn of the
flow-through removal device embodying the present invention
including a version of the inlet port.

[00G27] Figure 10 is a side view of one embodiment of a flow-
through removal device.

[00028] Figure 11 is a partial plan view of ocne embodiment of
a fluid processing system including a flow~through removal
device,

[G0022] Figure 12 is a partial side view of another embodiment
cf the fluid processing system.

(000303 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 system shown in
Fig. 13. [00032] Figure 15 is a partial plan view of still another
embodiment of a flow-through system including a flow-through removal
device. [00033] Figure 16 is a plan viewgof the reverse side of the
flow-through removal system and device of Fig. 15. [00034] Figure 17 is a

peesisadtive Wewnaka holder fors supperiing adtew threuok remayal gevics stem
embodying the present invention. [00035] Figure 18 is an exploded view
ehewd hbtddiiaf Fig3 .17, [00036] Figure 191,:is a perspective view of a

removal device within the holder of Fig. 18. [00037] Figure 20 is a reverse
bRPG5&dtive fiddrsethd hokfer Banaifdw-ahrotgReroeal deficeilFig. another
0Q038] Figure 21 is ional view of the tubing channel’ of

19. S a Cross-sect _ .
TP RIS St FiRE 16 [OéﬁﬁngWZﬁg%ﬁ@rsﬁQEﬁWWN &f ahtow-through

alterq]%tjrve eevrrnbodiment of the holder for supporting the flow-through

%eer%%va ewé’ec.e[00040] Figure 23 is the perspective view showing the

RRISS) sidesqtilgpeh%e&@n%flgwéw%%f%‘@ogu%%deyé%% £§i%i2a% of the

[00041] Figure 24 is an alternative arrangement of the holder an

Howsthipughgemaval flavige afdiga 22, aghuding,a sognegtor attached to

a vertical support pole. [00042] Figure 25 is an exploded perspective view
obadether -Figure 17 is a perspective wview of a holder for
supporting a flow-through removal device embodying the present
invention.

fOD035] Figure 18 is an exploded view of the holder of Fig,
17.

[00036] Figure 1%;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~thr9ugh removal device of Fig. 19.

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

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

[00040] Figure 23 1s the perspective view showing the reverse
side of the holder and flow-through raﬁoval 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.

[000421 Figure 25 is an exploded perspective view of a further



alternative embodiment of the flow-through removal device embodying
the present invention. [00043] Figure 26 is a cross-sectional side view of
the flow- through removal device of Fig. 25. [0D044] Figure 27 is a
cross-sectional side view of a removal, device with removal medium
disposed therein. [00045] Figure 28 is a cross-sectional side view of a

compaupd,cemoyaldeyice wiya sealant peing njecled into the qusing, .
interior. [00046] Figure 29 is a cross-sectional side View of & removal
eevies Wigh ehsealpat filled: gapn {9804 7] Figure 30 is a perspective view of
one portion of the removal device housing with sealant reservoirs and
iHjeetidsh aperiures. JB00A48kFigures3h isca perspective: vieve of tie renerse oy -
side of housing portion of Fig. 30. [00049] Figure 32 is a perspective view
sheriweBBaRAenterian adsdibled Pomoval device. [00050] Figure 33 is
a partial, cross-sectional view of the tongue and groove engagement prior
Wérting. [OC0FH FGuie 34 R PETESICEIcRRSestidralview ofithe removal
(tjorgrgue anghgroove w%lded together. [00052] Figure 35 is a perspective
Ve S hGwW it G sBERGHT of HBa Tt the Bt housing portion.

(99078] Fioute, 36,5 4 perspective iew, shown n cfgss. section, of 3 part

of the utlet AdLsing portion with an  aiernatve rif Atrafgétett. 2 (Fompound
removal device with a sealant being injected into the housing
interior.

[00046] Figure 29 is a cross-sectional side view of a removal
device with a sealant filled gap.

[00047] Figure 30 is a perspective view of one portion of the
removal devicesv-housing with sealant reservei®s and injection
apertures.

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

[00049] Figure 32 1is a perspective view of one embodiment of
an assembled removal device,

0005017 Figure 33 1s a partial, cross-sectionzl view of the
tongue and groove engagement prior to weslding.

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

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

[00083] Figure 3¢ is 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 embodiment of
the removal media with a ring of binder material around the perimeter of
the media disk. [00055] Figure 38 is a perspective view of the disk of
Figure 37 with a portion cut away to_shpw a cross-sectional view of the
disk and ring. [00056] Fig. 39 is a cross-sectional side view of a removal

deossca Including the remoyal @Skﬁgﬁ.@egizikoeoo@zleﬁig'o@ isa alter{hative

perspective view of an alternative embodiment of the removal media wi
ambarnutartgasket eounthatihel perimetenafithe mediaglisks [QOQRGLFigadd a1
is a perspective view of the disk of Fig. 40 with a portion.,of the removal
mredirtcuhavirioishew the ghsketdf@0059]IEIg. 42 is a cross-sectional

side view of a removal device including the removal media of Fig. 40.

[58688] FigTAgusa Férspechve SRt thesemoval redid adigh withodn Figure

%z: permeable skin around the outer perimeter of the media disk. [00061]
97285 % BRFSpERVEViet B the rétRVaf nfdthE SIRRGTG2 A3 With 0 the

(%)rgon %Jt-g%way to show a cross- sectional view of the media disk.

§063] Fig

) ﬂg is a cross-sectional side view of a removal device

inGleing the remoyal media of Fig, 43. .. DETAILED DESCRIPTION OF
1@33 P EFEJF“Q 'E%@El\%eoggﬁ%%s%ﬁ%égﬁum?ﬁéﬂ%oﬁ%”{hé’ara?/vir‘fégﬁoval

&dg: dshews flaw-theough Suid processiagsystenyembodying the
present invention. The system may be used in any application where fluid
[opesspd -Fig. 40 is a perspective view of an alternative
embodiment of the removal media witﬁ an annular gasket around
the perimeter of the media disk.
[00058] Fig. 41 is a perspective wview of the disk of Fig. 40
with a portionsof the removal media cut away o show the gasket,
{00058} Fig. 42 is a cross-sectional side view of a removal
device including the removal media of Fig. 40.
[000607] Fig. 43 is a perspective view of the removal media
disk with an impermeable skin around the outer perimeter of the
media disk.
[D00EL] 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 ‘mow to the drawings, Fig. 1 shows a flow-
through fluid proceésing system embodying the present invention.

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



from a fluid source to a receiving container, and contact between the fluid
and a treating, removing or filtering medium is desired. [00064] In Fig. 1,
there is shown a source container 12 for holding fluid. In one specific, yet
non-limiting application, source containgr 12 may hold a biological fluid,
such as blood or a component of blood. The system shown in Fig. 1 also

#gdes aggegiving container,14, A E%’EQX@Jiq%’icec%O embodyingthe .. ..
present invention is also shown and is typically located betweeh and in “°-2¢
Hloweemransicatiopawish dhexsaureg: cqgtainet12.Andrecaiving containet . g; o
14. [00065] Optionally, the system 10 may include additional containers.
Fordeemgle, in the embodiment shown itrFig. 1, system 10 includes an
additional container 22 which may include an agent, useful in the

iRARdENt of thefBimloglcal HloRkeSpecifidalynina neodimiingeexampler 12 for
container 22 may include an agent useful in the pathogen inactivation of
Rrédbifiogitat fluid. foD0oBBE OfRSSHdhple Gietpatvayehimattivatiorpplication,
comgound i%aa psoralen compound, such as, but not limited to,

FRAEMTE- 288 by 2RE BifhethyP pediidras the Patfogernch as blood

dnactivation compound. Examples of suitable psoralen compoynds_and
Gt %ﬁtﬁggéns i#%?olosg%%ﬁﬂ]id G hsoralefitlare!l also

methods of Inactivating pa

arevided I b.S. Batent Nos, 55187a6,20d 5593822, bethfwhichare o,

incorporated herein by reference. [00067] Other exampleg%??%%% ogen

dfBeHyalng ernpokds, include phibalogyaninederivalives. onq s typically
phenothiazine derivatives -12-

located between and in flow communication with the source
container 12 and receiving container 14.

[000€5] Optionally, the system 10 may include additional
contaliners. For example; in the embodiment shown I'Fig. 1,
system 10 includes an additional container 22 which may include
an agent, useful in the treatment of the biological fluid.
Specifically, in a non-limiting example, container 22 may
include an agent wuseful in the pathogen inactivation of the
biological fluid.

[D0056] 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 rathogan
inactivation compound. Examples of suitable psoralen compounds
and methods of inactivating pathogens in biclogisal fluid using
psoralens are provided in U.S. Patent Nos. 5,578,736 and
5,593,823, both of which are incorporated hersin by reference.

{00067] Other exémples of pathogen inactivating compounds

inciude phthalocyanine derivatives, phenothiazine derivatives



(including methylene blue or dimethyl-methylene blue); endogenous and
exogenous photosensitizers such as alloxazines, isoalloxazines
(including riboflavin), vitamin Ks, vitamin L, napththoquinones,
naphthalenes, naphthols, pathogen inactivating compounds disclosed in
United States Patent Nos. 6,258,577, 6,268,120, and 6,277,337, which

aredngatpgrated gren .y refgrence, op-PengdiQryhichiispadeby Wh e ;

Technologies, Inc. (which is also known as the inactine" compound).

dRQ0s8h Bxamples akpatiogen ipactivation cempeunds that MmayaDeoxazines,
useful in red blood cell pathogen inactivation methods include the :
ipathbyerainactivaticinagendtsdisclosed above}andvihesedistosedinahs: I,
Patent No. 6,093,725 and U.S. $,= Application Serial No. 09/5.39,226 filed
Mardh Boapbomnsvhick i hikéctenetd thaamebbéompmiidy pavikgpctivating
nucleic acid affinity and containing a mustard group, or mustard grou
38d57

FAROERIE ord hiGLaFE Grotp intdrnetiatet &tes paktNo. BU03, 7%

U.S, Application Serial No. 09/539,226 are incorporated herein py _
?e?e%m{ig. A pP&Yerret égrzfp%%érfd fc‘)"’i.‘r"e Io%‘aeceljr’ib%?ﬁ%@ﬁt?n‘gctlk\l/%lf%}ﬁn by

ispanine, NS ylh 202 ghigroellamigol eyl Setnc agiee,

ning to Fig. I, dontainer 22 is connected (and'is in flow

£emmypication with)source, confaingl 12 viatuhe 28 Details;of this

illustrative system and of the pathogen inactivation process with which it

jpyseghare sehfgrthin U.S. [RateApplication RN RAY/E324Ri39%hat may
filed June 3, 1999 and previously incorporated by reference. [00070] As
farthesshawn imFiged abntcddsowsklcontainergenrl3nactivation methods
include the pathogen inactivation agents disclosed above and
those disclosed in U.S. Patent No. €,083,725 and TU.S.
Application Serial No. 09/539,226 filed March 30, 2000, whixh is
directed to the use of compounds having nucleic acid affinity
and contgining a mustard group, or mustard group eguivalent or
mustard group intermediate. U.S. Patent No. 6,093,775 and U.S.
Application Serial No. 08/538,226 are incorporated herein by
reference, & preferred compcund for red blood cell pathogen
inactivation is ‘p~alanine, N~ (acridin~8-yl), 2~[bis (2~
chlorosthyliaminol ethyl ester,

(00069} Returning to Fig. 1, container 22 is connected (and is
in flow communication with) source container 12 via tube 28.
Details of this illustrative system and of the pathogen
inactivation process with which it is used are set forth in U.S.
patent Application Serial No. 09/325,599, filed Jume 3, 1999 and
previously incorporated by reference.

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



connected to removal device 20 by a first tube 16. Tube 16 provides a

flow path from source container 12 to removal device 20. One end of tube

16 is joined to outlet port 24 of container 12, and the other end to the inlet

port 30 of device 20. [00071] As shown in Figs. 1 and 2, system 10

includes tube 18 which connects device’20 to receiving container 14.
Specifically, ane end of tube, 18.is joined to inlet port 26 of container 14,
8‘5:%‘%%%%& e?ceondxlgnjlc%f%aéﬂd %egﬁﬁét pgogrt of* devita 2056072 an Tube 16
Bllsaibe fove ol By S 1000 o NI HI0S, 14 A AT P s e
reference numerals are used to identify the same featlifes as 1ose
showroReFigaql @ndk2pin 1@%%"%199&@@“@“8%EEF&%QAH?'}QEZéo&amer
will he appreciated" that the opening in inlet port 30 faCces away from the
tentemdb whe. dewardshe periphery of dhe housing) of-dgeice202y .

Similarly, the opening in outlet 32 faces away from the center 36 (and
fWaid-the hdasingperiphe B of devieem202Whilesthen orientationefdnletbe 10
port 30 and outlet port 32 as shown in Figs. 1 and 2 is preferable, the
EhESdimERTSkRART in FIgEi2A amP2A iscequalhcstivable. [00078kiner 14,
Regardless_of the orientation of ports 30 and 32, a common aspect of

Bt of 158 thboditent Shdfvntiteigh 8 1 bhdIpAnRdhedoéaidern obiriiet 26 of
QQQ %tﬂeet lpoz{t; of devi%% 20 @_Ilative tgnthe device center 36 and ~
contamers 12 ahdTE I Badh 8F th&EmBSdirerite dintét gott 381s Focited?
betweendhe center 36 of device 20 and receiving container 14. The outlet
32 is located between the center 36 and source container 12. This -14-

000721 An alternative flow-through system 10 is shown in

i

o)

Figs. 1A and ZA. The same reference numerals are used to
identify the same features as those shown in Figs. 1 and 2. 1In
the embodiment shown in Figs. 12A%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 2¢.
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 outlst 32 is

located between the center 36 and source container 12, This



results in a flow through device 20 that is directionally reversed relative to
the flow through the remainder of the system 10. Thus, fluid enters inlet
port 30 and is forced to flow "up" to outlet 32. It has been discovered that
this reversed flow, at least in part, redyges the time required for a fluid to
pass through device 20, provides more reproducible flow from device to

derige, and proyides, more gamplpie gxpasire o thefluid tosthesremevalbnaily
media inside device 20. [00074] Turning now to Figs. 3, 4, and 5, there is

shawprerovat deyvice 20 embodying the present iventigidDmler of the
preferred embodiment, device 20 is comprised of a housing 42 made of

teys Separdte portions 44 andi46éthatrareijoined togethdf. Each portidedded to
and 46 includes an outer surface, identified by 50 and 52 (see Fig. 5)

dAdveor iheet stdacestlidentfied by 54 ahd $6 respe NP UAS SRowikat this
Fig. 4-6 and Figs. 35-36, portion 46 provides a base for receiving removal

RBBRE Band Vptichal Hiers 62 ami B (deRLhBedl féow) Fhids Rouhty o @

portipn 46 has some depth to it,, with multiple concentric flats 826§4 a’ﬂﬂ Lo
50 bifo e 5o BERORF ol SHAErori deip B0 SR o P SERENAT e 7

media 60 and O%t&oné‘éﬁéy!%rgnnga& Agsréngwg inrﬁé%%&@@{egn%gt%ﬁ Sy bosure of

d ot
comprised of a genera ar side wall and periphera wall 57.

Heusiag, PPrion:42 may, besmargda thedform.angd shape-gf a flat cover
member with no significant depth. As shown in Fig. 4, portion 44 includes

inlgs dori 30 and:poriomds ingudag outlet, pogt, 32nAs showRdpdig.30shown a
portions 44 and 46 may optionally include alignment tabs 48 to ensure

preperanatingvafagortiohs 44bd8ying the present invention. In a
preferred embodiment, device 20 is comprised of a housing 42
made of two separate portions 44 and 46 <that are Jjoined
together. Each portion 44 and 46 includes an outer surface,
identified by 5C and 52 (see Fig. 5) and/cr inner surfaces,
identified by 54 and 56, respectively. BAs shown in Fig. 4-6 and
Figs. 35-36, portion 46 provides a base for receiving removal
media 60 and optional £ilters 62 and 64 (described below}.
Thus, housing portion 46 has some depth to it, with multiple
concentric flats 82, B84 and 89 (also described below) at
different depth levels on which removal media 60 and optionzl
filters nest. &As shown in Fig. &, portion 46 1s comprised of a
generally planar side wall and peripﬁeral 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 pbrt 30 and portion 46 inclﬁdes outlet port
3Z. 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 assembly. [00075] Housing 42 is preferably made of a hard
plastic that can be injection molded. The material used for housing 42
should be suitable for sterilization by known forms of sterilization such as
gamma or electron beam radiation. The. material should also be
amenable to preferred sealing operations such as, but not limited to,

siragenicwelding, Examples of suitable materials include
polymethylmethacrylate (PMMA) and acrylonitrile butadiene styrene

(ABB) As shews: yFigs. 8:5,-enefdhe hoysing B%rtign%ééaogpﬁﬁagayc that

include a retaining member 58 for receiving tubing 16 and/or 1

tdiscussediiy entterdetail retow). [80Q76)AssHAWN inElY. £device20n, 22
preferably includes one or more treating or removal media (e.g., disk 60)
phaced bebbeerstibbriylsurfaker54 ahd:56.0tdevine 20yAs finickentetorms  of
device 20 through inlet port 30, it comes into contact with media 60. The

FILFF DErAfedER ¥ Hedid aRdTaveRF acPoss irosulface 60@dthetdof.  The

Hkgaeg‘ogﬁ egitir}g E&rgugh outlet 32. In one non-limiting example, removal

media 60 may be sale@etdTor PERTITY WS TE6R pFRRiS FoRparations
id. inap gen.inactivation fluid processing, system of the type

%%iri%?d i%%ﬁs?&%tgrﬁnﬁﬁaicgﬁén LT ER R o658 $968 tho (heamRASS OF

dnayhe a sqrbent; media forremovi hogen inactivatjon

compound, by- préducts of t%g%athgg%%q%gg%?% rce%ﬁ%ae%l? an@gg’f?ﬁ}gr and

campetngsiand substances, ieiuging athes P?th%”%%%@p%”%gg. 3-5,

[00077] As described in U.S. Patent Application Serial No. 09/325,599,

he refmovabmadizsimay be:in ibaforms ofoa disk mage fsiude a retaining
member 58 for receiving tubing 16 and/or 18 {discussed in more
detall below).

[00078] As shown in Fig. 4, device 20 preferably 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 mediz 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 pa.thogen' inactivation fluid
processing system of the type described in U.S. Patent
Application Serial No. 09/325,598, 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 pathogénic 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 particulate that is finely ground and
combined with a binding material, such as polyethylene or a blend

thereof. This combination is sintered, resulting in disk 60 shown in Figs.

4-6 having side surfaces 60a and 60h.agd peripheral end surface 60c.

Disks of this type are available from Porex Technologies of Fairburn,
Geprginwifh rphiticulats piavidedrinethe Purofite company efiLesdonthat  is
United Kingdom.. [00078] Of course, the removal media 60 described is
Hondimitedzothe nmterialsnibéngifedvabvve T heimbdigmmearebtaimadewnth  as
any material, sorbent or otherwise, that can remove selected compounds
SoYEHEYBRE tHe flaidb Bt B8 Tt ofateriElid Bisefabiinatieoreibvalisrce red,

compounds and-'agents are provided in U.S. Patent No. 6,544,727 and
GEPhtEH ApplitalionPSBiHicHNBEISS 20611508876 KarirEigces 602

200100997560 Al ll ot uhich.are hereln Incorporatel by, reference The | .

ium'can also bé ation medium used ocbapPlfl' fotﬁ rtha'f‘nsby

sQipliom. unwanted comuounds o, 69 @gnténgfa%%@ﬁ%e’ N8 oroia with

medium 60 may be used to capture leukocytes and remove them fro

tbe-biolaniealiLigo[00QT1As showrbinebi o devige 20 ey DEAR,  onited
additional inserts for filtration and removal of compounds or components.
Fongxarple, in an embodiment where device 20 is used in a pathogen
inactivation treatment to remove residual agents and by-products of the
ih@etvaton pedcesspitanay lidpreforablesto ineliite ofle odemsarcibed is not
additional filtration media 62 and 64. Filters 62 and/or 64 may be included
tigiftfe Ay Bosenatrrials identified above. The medium can be

made of any material, sorbent oxr otherwise, that can remove
selected compounds or agents E£rom the fluid, Examples of
materials useful in.the removal of compouﬁc:is andiyagents are
provided in U.S. Patent No, 6,544,727 and U.S. Patent
Zpplication Publication Nes. US 2001/0018179 Al and US

2001/0008756 Al, &ll of which are hersin 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.

[ooo7¢] As shown in Fig. 4, device 20 may include additional
inserts for filtration anpd removal of compounds or components.
For example, in an embodiment where device 20 Is used in =&
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 €2 and 64.

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



particulate from removal media 60. Filters 62 and 64 may be of
conventional type as, for example, nylon mesh or, more preferably,
polyester mesh with a pore size of between 0.2 and 0.8 microns.
Although two filter elements 62 and 64-are shown, one filter element may
be sufficient. [00080] As shown and previously described, housing 42 of

rlevice Zlis=preferablymoade aidwie:pedions W and 4649inggd; tegether . -
with removal medium 60 (and one or more filter media 62 and 64)
“reiessdaniiin hogsing 42, In &qureferxechemhodimentn POrONS 44and 1ore
46 are joined to each other at or near their outer peripheries. Proper
BAfgriment bf hBaSFRPBERICMES I BHE! 48 rhaybe ssarettbyatigning 0.2 and
I'bgnment tab 57 with retaining member 58. (Alternative and-,-optional

Ogl!gnmrﬁgﬁ??gbs 4§Ja1?§%1f§8 §Fi’8wﬂ%tlﬁiﬁ. S2PEaEeONsS A4zand 46 ey o,
R ooy e

e prEreron g e ae Mot SRAtES of borttitas s of
inious Al ihe e P oos Sars o At B Jotnad

trefetdice td £ig.rengredyendisnsized recshe quiwardly extending ... -,
tongue 70 on -inner surface 54 of housing portion 44. Like groove 68,

afh o 76%¢ losmtihuciishaloriptisd entie outer pedpReryRkRRHI AR A i ment
[00082] During assembly of device 20, tongue 70 is inserted into groove

PEEETPRSarb4 otie tongaERanih gredve fitmemtlis iBher at or near their

outer peripheries. Proper alignment of housing portions 44 and
£6 may be ensured by aligning alignment tab 57 with retaining
member 5§. {Alternative and=.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
AN

[00081] Preferably, portions 44 and 46 may Dbe 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 providesla groove 68 near the periphery of inner
surface 56, Groove 68 is continuous. along the entire periphery
of housing portion 46. With reference to E’ig.‘ 6, groove 68 is
sized to receive .outwardly extending tongue 70 on inner surface
54 of housing portion 44. Like groove €8, tongue 70 is
continuous along the entire outer periphery of po.rtion 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 means. In a preferred embodiment,
the sealing procedure may include an ultrasonic device for sonic welding
and fusing of tongue 70 and groove 68. Other forms of welding or sealing,
known to those of skill may also be usgd. The energy from the sonic weld
melts the plastic parts of groove and tongue 68 and 70 and fuses them

teaathgreas shown infHgsa2, thereby Jerming.a permanent gal.of o o correq
portions 44 and 46. [00083] As shown in Figs. 10 and 31, inner groove

albT Znénelyidestan opbwatdly exendiagshoulder 74, Dwiag assembht-eEonic
device 20, tongue 70 first comes into contact with shoulder 74 of groove
&8vDarifig weldingthesé dieasasftongatrand §roavents, 7arefiidt tooove 68.
physically fuse "-'together to provide the seal. As further shown in Figs. 6
QAFE34 Ltiafonglie WOl HHee inseredl it gréoverestieatbs suterfandill may
lower gaps 78 and 60. These gaps are provided to receive melt from the

Loic Heldffforocdds SMFFaduce reblorotie Aoty e iitfickre plastic

otherwise could lead to cracks in the housjng. [00084] As best seen in

S A A o i el v R S LRI
d flats §2 ang, 84 ich.filter media 62 and 64 are placed. . .

%?arip ggl%&b fiongsgéf ffft%%egg a\ll\f%%i I}gst%npf?algaé)ze%%dsgf \%vh%cﬁﬁ %%/tlons

be gagntingous along the entire periphery of housing portion 46. Filters 62

and 64 may be adhered to inner surface 46 by known adhesion

techerpes. rowaverrpreterabilysfilters 63:amd 69, arensenic yvelded tqa11 72

flats 82 and 84 along the peripheries thereof. Flats 82 and 84 may further

incliigideenergycditectorsl83sEmmergynd 9shoulder 74. During assembly of

device 20, tongue 70 first comes into contact with shoulder 74

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

68~are first to physically fuse *together to provide the seal.

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

[00084] Bbs best seen in Figs. 35-36, dinner surface 56 of
portion 46 may further include nesting shoulders or flats 82 and
§4 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 tec:hniques.. RBowever, preferably, filters 62 and 64 are
sonic welded to flats 82 and B4 along the peripheries thereof.

Flats 82 and 84 may further inciude energy dirsctors 83. Energy



directors 83 may be raised,. triangular surfaces, as shown in Fig. 33, and

as will be recognized by those of skill in the art. Energy directors 83 assist

in providing a firm weld between filter 62 and/or 64 and housing 46.

[00085] As further seen in Fig. 6 (and-3%-and 36), one or both housing
portions 44 and 46 may include a continuous gripping member(s), or seal
FhERS)869arkd BesRpAshormivethe Eiglresuliags 86:@d88, May behown in
raised_surfaces that extend from inner surfaces 54 and 56 near the
Pe¥iphittesBFpGrtiolis U4 BT 260w Fesebfomrethembontiment 1dedbrings art.
§r§eand 8% are I%cated hetween center 36 of device 20 anq the tongue

and groove assethbly 70 ahir 6§ HedBribREPARENE IAS ShEWRIn Fgd6, between

seplfings 866.and. 8% 4paa(r§§_i$lll§(0%osr£|gre%% removal medium 60 and
r

substantially prevent liquid from travegrsing and bypassing medium 60.

Fretersbly, HROS§6-a0d.88Jnay fgrminate n (%ndeiQBe%ﬁ?Qdﬁtg}beuer 9 | en

removal medium 60. [00086] For additional assurance that liquitl iSHot

hypaissingomedisas60; she.gap 90 regaini een megl nd .
housing 42 may be substantially fiIIeciuav?/itr%Bag %?g%l ir%peg:%n%g eggga}ri%?l Phing
Birdwn (RIRigse27 ana 28 isagednetbed qbsealing pr substantiglly filling .y,
gap 90 and preventing any unintentional liquid bypass. Turning briefly
BeBICREFigE 8 Tapss0 sorothdsa yehrovad tnedias(disi)-60 iRKBE a5e8and from
between rings -86 and 88 and the inner surfaces 54 and 56 of the side
WA afitF@Tsieralt eitfwall 5= of housimg A2pkesrshowningeigsiafsand and
, a sealant 92 may be injected into gap 90. Injection ports 94 may be

%gbvidfzndﬁm REGSIRY PoTtiBRR U4 BRror 2625ehid@ns08 mayBeiBlare located

between center 36 of device 20 and +the tongue and groove
assembly 70 and 68 described above. As shown in Fig. 6, seal
rings 86 .and 88 partially compress removal medium 60 and
substantially prevent liquid from traversing and bypassing
medium 60, Preferably, rings 8¢ 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 ligquid impermeable barrier.
Shown in PFigs. 27 and 28 is one method of sealing or
substantially f£illing gap 90 and preventing any unintentional
liquid bypass. Turning briefly back to Fig. 6, gap 80 surrounds
removal media {disk) 60 in the area betwesn 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 20. Injection ports 94 may

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



injected by syringe 95 or any other means. As shown in Figs. 30 and 31,
housing portion 46 may also include one or more reservoir(s) 91 for

receiving a quantity of sealant. Reservoir(s) 91 provide(s) a space for a
sufficient quantity of sealant to effectively seal gap 90. [00087] Suitable
sealants may include epoxies, RTVs, hot melts, polyurethane,

BEvitiastdhos meltgesikéones anpthehgtasticey suchaas sicoplic in Figs. 30
polymers. A preferred sealant is an EVA/wax hot melt available from

Bostik Findl &y wf WauvreseenwWidéonsinvundesthe hamlaBostikii41784, more
The sealant may also be a gel that remains semi-solid after bein

FREEEE IR iy edént, FTOduGRGSERAAL it gaF SRR Hsghowhin Figealant.

%fgg%ctirv(eg prevents Ii%u:gi from bypassing removall m,edjumt60. e 3
BraVantig RAGEBypaLs Bf FMGTal B 63 o AfRR" pgPantity of

ggggg}péi.sg@de@ é?{%/‘i,%iﬂg tggaqis a%f rgan_oval media 60 with a preformed

sealing ring 93 or gasket around the perimeter of medium 60, as shown in

ristspg3/4 ands38: L, o0 slgh altenative, embodinent, £ing 934nay Revs,  hot

made of a suitable binding material that can be applied to the outer

perimsternef emeyabmediuma disksed. Ring 92&arhe mpldednto disk other
60 during or after manufacture of the disk. For example, in one

pixddinsentsuicly 93 may e modégmlering the sitetingrfdesewvabnt is an

medium disk 60. [00089] Ring 93 should have a thickness substantially

BYharex thegapIo-fornedlaphousingmorionsid4 anddewherf thBauwatosa,
ortions are brought together to form housing 42, as shown in Fig. 39.

hYIIREET tHaERFs(bStaRtBRy faSitinbermdableT ARd5i8e6mpatiBle aigo be

can b_eLm%Ided onto or with the disk jis -21- . o
a gel that remains semi-solid after being injected. In any

event, introducing sealant into gap 80, as shown in Fig. 29,
effectively prevents liquid from bypassing remowal medium 60.

[oo08B8B] Preventing liquid bypass of removal media 60 can also
be accomplished by providing the disk of removal media 60 with a
preformed sealing xing 93 or gasket around the perimeter of
medium 60, as shown in Figs. 37 and 38. In one such alternative
embodiment, ring 23 may be made of a suitable binding material
that can be applied to the outer perimeter cof 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.
f000B2] Ring 83 should have a thickness substantially egual 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 example, the ring 93 may be made of a binding material

made of a polymeric material, such as, but not limited to, polyethylene. A
preferred polyethylene is ultra high molecular weight polyethylene
(UHMWPE). The UHMWPE may be -Blénded with other compounds,

Qo__w’e' gr a 100% UHMWPE is preferred. [00090] In a variant of' the
Above-descritdd FRbGHRTRAE rifd 0 tra Sitdine sealaman bifdiagbinding

JMmaterialm e formed _first and placed in a sintering mold cavity. The _
remova m% %’" C?i%’l tﬁe%?ﬁg%elﬁtle(’ffgﬁﬁgﬁﬁde?H@%Gﬁed%&,mt limited

sepuba et supsamgl slerio el houn 0 s a0

38. The outer ring 93 can be molded sonic

R biere howsipg-42]s 1pade,atan acryishsged malerial, gayitable,

material for ring 93 is acrylic, which can then be welded to housing 42.
§060844 In snotheraaltemativanshawasn Fige w42, a thin gasket 398 ..
made of a liquid impermeable and biocompatible material can be placed
RAgkRCs9%0ld 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
ORaH, ultFdschicramériifig of otder knbereserling techhiquesGaskel, ring
98 may be attached to the surface of disk 60 adjacent to the outlet port
7 of Fodbing 42 284 §hSRAiFEIg O%2. Prefkiably Briskei 108 mteriss formed
(t:ré% oyter end wall of the annular gap 90 in housing 42,

tantially tQ
t %%b?%gre%éﬁtmg any [fqdidthat sy Wﬂaﬁé‘@o?ﬁacte@%m‘tﬁ@‘(ﬁ’ék media
&, o exling; fyouob hie.quigt Q! 32 A suieble gasket materialcan

be any polymeric -
structure substantially similar to that shown in Figs. 37 and

38. The outer ring 93 can be molded sonically, or otherwise, to
housing 42. Where housing 42 is made of an acryiic-based
material, a suitable material :Ecn;" 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 liguid impermeable and biccompatible
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 &0 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 l‘iquild that may not
have contacted removel disk 60, from exiting through the outlet

port 32. 2 suitable gasket materiazl can be any polymeric



material or blend of polymeric material that is also biocompatible. An

example of one such material is an ethylene vinyl acetate composition.
[00092] still other alternatives include depositing or printing a hot-melt
adhesive onto the perimeter of the m&diim disk 60, shrink-fitting a film
around Te perimeter of medium disk 60 or dipping the perimeter of the

TReditim diskih a PV blastisol. BRIV et Biiterf@fe thhe  also

ool n tﬁ%liire: applying a sealant.around to the disk 60 perimeter, the
S'%sﬁ?ace 60¢ of the re'aegcr%%l %Fmgﬁiu%l%isiuﬁrﬁ%;%lﬁéat%ﬁ B ethylene

Rreyide adiquid impermeable peripheral edge. In one embodiment, disk
60 perimeter may be exposed to a thigh temperature, such as,

Appreximately 1I20C tesreate an dmpareeaile skig aroynd the perimeter. .
A skin can be formed by rotating the disk and exposing the peripheral
redge oi glisk 60cto-aciat aitisewrcasorgqiacingihe giskimeaot-roldess 41 um
to further form it after sintering. As shown in Fig. 43, skin 200 is formed
Hrpundthe sbtsmperfiieténandperipiveralredge ot imedivrmrmtisie 60 wthnedium
some of skin 200 overlapping the sorbent material on the outer surface of
ik 660 praterdbRP N 2bO SaEHESIGRr ofitet barfacdiohdisk 8B sicha PVC
tyat seal rings 86 and 88, previously described, contact the skin-covered
ppgr?i%hs%gf tisk 60, as shown in Fig. 45. [00094] Turning briefly back to

[l{:)ig éé:i_one nr_pref%rablx Q teh of %?ngiprgagortiqns 44 and 46 may include )
a plurality of Tibs 56, 98, Ribs 06, Y8 may bé Taised Surfatdthat Bxktefgauire
a'lgﬁ’lying a sealant around to the disk 60 perimeter, the end
surface 60c of the removal medium disk 60 may be treated to
provide a liguid impermeable peripheral edge. In one
embodiment, disk 60 perimeter may be exposed to a <high
temperature, such as, approximately 12D°Cz to ‘create an
impermeable skin around the perimeter. A skin can be formed by
rotating the disk and exposing the peripheral ;dge 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 B8, previously described, contact the skin-covered portion
cf disk 60, as shown in Fig. 45.

[00084]  Turning briefly back to Fig. 13, one or preferably
both of housing portions 44 and 46 may include a plurality of

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



from inner surfaces 54 and 56, respectively. In a preferred arrangement,
portion 46, which includes outlet port 32, includes two or more ribs 96
placed at or near port 32 as shown in Fig. 31. Ribs 96 prevent filter 64
from blocking outlet port 32. [00095] Housing portion 44 may also include
a plurality of ribs 98. Ribs 98 may be T4ited surfaces that extend from
[ Vi ength.and additional support for housin
f%r%g%gge%ﬁ%%%g rfgysé%&pa%éuIaﬁﬁ/sgggf?éﬁﬁel&henld]evﬁ:e%%rred
jemes dymdltrasanie weldings Adgitional i 6 event.removal
device(%f)n fr;éra}n cg%hering tggtsﬁed;ﬁir?(grﬂwigéﬁcg? %?g%o%%y%%% Fgﬁc} pgééibjryr/1 cludes
biesking intet:partka0) s & helpleeality ©f Hbs Qfmayhe spaced althm in rig.
arranged in any desirable configuration. For example, ribs 98 may be
Spacedibon? bavteater if Phraltelsacrossmhe sufaee ofinner Walh54 .32
Other arrangements are also possible. In a preferred embodiment, ribs 98
ARPPRGihIly SpasddextendinefrorAd pult réanthércentee 36 ofdeniae 2y of
gike spokes on a wheel), as shown in Fig. 1A. [00096] As shown in Fig.

5°8 pliiralitf b? Fibs a5 a1 bE 2 pReAd e HeRSirg Do #6: ASrom inner
ggg\%lglcier‘l tig% Fi%%es, ribs 100 line the outer perimeter of portion 46 at the

Inher Surfadé 56 adjdlent 16 Yrodve B Moré ¥peGfigdi AB31l106 Sppydit for

iphgral di l.segment.57a that defines, [n part, groove,
glé%QR%g 1%% g%%%?g sgr%w%%%t’he ﬁ%&ginzgn%c}a SrBIEHE GG Badrorable

geflacting dutingy for examples tﬂ}&agﬁrgq:g\éeggp . Alternatively shown
in Fig. 36, a series of riﬁ?lOl may also be prov??jgﬁgf(&ﬁlgthe %é%r%lﬁr?éroﬁally’
s 96 may prevent removal device 60 from adhering to the inner

wall 54 of portion 44 {(and possibly blocking inlet port 390).

The plurality of ribs 98 may be spaced and arranged in any

deszrable configuration. For example, ribs 98 may bs spaced

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 whesl), as
shown in Fig. 1A4.

[00086] As shown in Fig. 35, a plurality of ribs may also be
provided in housing portion 46. 2s shown in the Figures, ribs
100 line the outer perimeter of portion 46 at the inner surface
26 adjacent to groove 68. More specifically ribs 100 support
the peripheral upstanding wall segment 57a that defines, in
part, groove &8. 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 10l may also be provided along the peripheral

T



wall 57, and more specifically wall segment 57b. Ribs 101, which may be
more widely spaced (and, therefore, fewer in number) than ribs 100
provide a reference point for locating disk 60 on flat 89. It will be -

understood that housing portion 46 ?%include'eithe’r one set of ribs 100.
0

or 101, or may include both sets. [0 -] With reference to Figs. 3 and 7,

gevicez0 maynglude, opearmareetajning members 5&6p housing 42.; o7,

As shown in the Figures, retaining mémbers 58 may be integral with the
fousingpQrtien 46,JRetaiping Memherhiimayhe in thesfosmoeba tWerwer  in
pronged clip, as shown, for example, in Fig. 7. During assembly of the
pretessingsystepi 1€, tUing16-airdkS ia pressditdnte the jap bfetwebocating
the prongs of the clip,ras shown in Fig. 10. Retaining member 58 is
subktafitiatly aligriecith gort 80landfer BrRIAlshPedivels felanimne portion
member 58 may be a closed loop through which the tube 16 or 18 is
frirenrie oL Ity EHbBRS G tBBing- b6 ahtl18adidcent® AEYsingcLude
42 and assist in maintaining housing 42 in a substantially vertical

BAERt&RFST. As mentioned above, maintaining the vertical orientation of

ing 42 is.important to ensuring uniform ex re of the flyid to the
TR0 mellactr Ao 20 0Ub9H Hge 1 18 i 35 Suw iibkinc P e
ELH@ girepiss. angs tubing, gonfigurationsyfor directing flow shrough theflows ; +he
- through fluid processing set 10 of the present invention. Typically the
Processing setis suspendrddiamstorexample, it Jy:poledodlovhiOr nousing

gravity induced flow of fluid through the system. In Fig. 11, there is shown
aqartion ofdhe flawt=dving member 58 may be in the form of a two-
pronged ciip, as shown, for example, in Pig. 7. During assembly
cf the proceassiﬁg system 10, tubing 16 or 18 is press £it into
the gap bstwsen the prongs of the clip,was 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
held tubing 16 and 18 adjacent to housing 42 and assist in
maintaining housiné 42 in a substantially vertical orientation.
As mentioned above, maintaining the wvertical orientation of
housing 42 4is 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 £low through the flow-
* through fluid processing set 10 of the present invention.
Typically the proceséing set is suspended from, for example, an
IV pole to alliow féx gravity induced flow of fluid through the

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



through fluid processing system 10. As shown therein, the flow- through

~ fluid processing system 10 includes a housing 42. It will be understood

- that the compound removal device 20 of the embodiments shown in Figs.
11-16 is located between source container 12 and receiving container 14
(as shown in Figs. 1 and 1A). Thus, container 12 will be "above" the

campendremoval deviceng0 and teceiying cpntainer 14 will be "below” -,

the compound removal device. [00099] As shown In Fig. 11, device

inclodes anlialet ppro:ommene sicle=af housing42 and qutieport 32,00 14
the opposite side of housing 42 (e.g., outer surfaces 50 and 52) As

shdwnbin thedEigeiresdindhe:preferredarange mentopelts $O-and 320 Ak +he
diametrically"opposed such that inlet port 30 is in the lower end of one
PBRRSHFReFeasuntet port 32ds locatedlif the upiersend ofthewsther source
portion. As discussed above, placement of inlet port 30 in a location

FAER MG Mt SR H t6REC Rt is prefeprethand provitess - 1 and

' roveghand consistent prqcessing times, and ensures more complex

gg(ﬁ)sure 6 the frlia s e di‘él\]lawe??%oﬁﬁ‘fé?galio offerGATEtRI et removal

arangemenpts. 1000100] In one embogiment, such as the one shgwnin
Fig. 1, where t negopjéer)l%r%%#rfﬁletcﬁcﬁ 30Haces fl%e cErtér 38°%f dBGRRY”  the

20 i4he d 6-cpmmunicates directly with inlet port 30 in a straight path. As
shown in Fig. 1A, where the opening to inlet port 30 faces away from

sooees contaies A 4andhfremy the center,36.0f e devicg,20) flgw.path, .«
must be re-oriented to allow entry of fluid into device 20. Thus, as shown
#OFg Ihavberke-26£ housing 42 and outlet port 32 on the opposite
side of housing 42 {e.g., outer surfaces 50 and 52y . As shown
in the Figures, in the preferred arrangement, perts 30 and 32
are diametricallysopposed such that inlet port®30 is in the
lower end of one portion, whereas outlet port 32 is located in
the upper end of the other portion. As discussed above,
placement of inlet port 30 in a location where fluid must then
flow “up” tc 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 iniet/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 3
: 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) fliow path must be re-oriented to allow

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



5o

tube 16 is not attached to inlet port 30 through a straight path (as in Fig.

1), the direction of flow must be reversed. [000101] For example, a flow
through fluid processing system 10 where flow enters device 20 through

an outlet that faces away from source-gantainer 12, may include a flow
conduit to allow fluid entry. In this embodiment, the conduit diverts the

flgve in@ diregtiondbat imappraximately 180-wrpeddiomdhe dirctionef parn
flow from container 12. [000102] Thus, in the embodiment shown in Fig.

145 deviea 20 inclutes a fluid-tonduit A 02 withrauportk04 ¢hatreeeives

fluid and a port 106 that introduces fluid into inlet port 30. As will be
[€68d8irkd Bytheserkill in thtoart téuridis £0R1mayeesstarargster 10
type connector well known in the frt. One branch of conduit 102 includes
PoREE04 \Ale AEHSHR SHRER Sraflh HERRYSS paRt 108t Aefurtheatporates away

is connected to tube or "dummy line" 110, discussed in greater detail

HBfv.° {86620 SR SHHNEF arrangBMent iR Prthied at vifleCHBRESS. 2y atiow

own in Fig. 11, a fluid conduit 112, such as, but not, limited to
%?élﬁ“c ed 1:’%{is pr%r\llid%%djf Soﬁé‘“lﬁ?é%%c eﬁﬁ ogltlc?oncapurlltd 15 c@ﬁ%%crﬁcgt%% £low

X\ﬂth 9 Utl&‘{p@g@&; Br@ﬂ&b 11_'@ _OfaﬁBQQQiL&ér@e‘i ”i‘é'a'cat%ﬁf’é{% tuPJ?om the

118, which ultimately communicates with tube 18 and the receiving
§optainesd 4 A ek 1200 eenduitdy? iscconnected to tube or "dummy
line" 122.[000104] In accordance with the present invention, it may be

destreo2qr eyeageceasatydo ecbadinnady venbatt from regeiving device 20
container 14. Typically, this is achieved by -27-

‘includes & fluid conduit 102 with a port 104 that receives fluid

and a port 106 that introduces fluid into inlet port 30. As
will be recognized by those of skill in the art, conduits 102 “
may be a standard “Y" type connector well known in the -sart., One
branch of conduit 102 includes vport 104, whereas the other
branch includes port 106. A further port 108 is connected to
tube or “dummy 1ine” 110, discussed in greater detail below.
[000103] & similar arrangement I1s provided at outlet port 32.
Bbs shown in Fig. 11, & fluid conduit 112, such as, but not
limited to a branched ™" 1is provided. One branch 114 of
condult 112 commzmicétes with outlet port 32. Branch 116 of
conduit 112 communicates with tube 118, which ultimately
communicates with tube 18 and the receiving container 14, R
port 120 of conduit 112 is connected to tube or “dummy line”
122.

[000104] 1In accordance with the present invention, it may be
desired or even necessary to occasionally wvent air Ffrom

receiving container 14. Typically, this is achieved by



"burping"” air from receiving container 14 through a line in system 10. In
many of the embodiments, this flow path is provided as bypass tube 38.
In Figs. IA, 2A and 11, a bypass tube 38 defines a flow path that provides
a vent for air from system 10, and spegiically container 14. Bypass tube
38 includes a one-way check valve 40. Line 38 with valve 40 allows air to

beusiteg-from receiving eeptainerd4. J000105L Whege by %%S%I%‘;bg 3848 :n
oviaed as

included, an additional branched flow conduit may also be pr

styowerin Fig. 11.7in epmprefetrediembaginenh-additionalicondyits may,y 44

also be branched connectors 126 and 128. In a preferred embodiment,

BRSE Brancifedoyoadaits- 026 abll. 128 are Riifyrcater], conduits: -1sychasypass

but not limited to, tiple "Y" connectors of the type that will be known to
SPsiGft fri Bse art. [DOULOBT Thushidw Bouttethesprosessigrsystem rom

10 gchown i Figﬁlll is as follows. Fluid flows from source container 12

through liRd 16 R EntBPE Branched BorfatM F2819A thel prefefigerss tube 38

g%q%@@egt, branchedcc}?an%it is.a trif%cated conduit, as shown. One

tube 129 extends from Bort T26A and & TeceMete byfpdit o4 8t Eandpitallows

02, & this pointclt shoyld e eled Jhatube 110, pay be a ‘dummy

line" which is sealed or flow there gh offerwise restricted.

Agsordinply slewthreygh skifurcated cepduit 102:is necessarily directed, .
through port 106, through which it enters devicelzo. This 'rangc%edaé&'”t:Lcmal

boaduiteeffeLtivelyoreuer sesdhe direstion obfiewibyd80:1Q901071:0nge, 11,
the fluid has passed through the device, where it contacts removing
fredinn GOrdtfemters oatibb82nElow exittdBional conduits may also be
branched connectors 126 and 128. IIn a preferred embodiment,
these branched conduits 126 and 128 are trifurcated conduits,
+~such as, but not limited to, <riple “Y” comnectors of the type
that will be known to those of skill in the art.
[060106] 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
thereth?:ough otherwise restricted. Accordingly, flow through
bifurcated conduit 102 is necessarily directed through port 106,
through which it enters device 20. This branched conduit
effectively reverses ‘the direction of flow by 18G°.
fO00L07] Once the fluid has passed through the device, where it

contacts removing medium 60, 3t 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 is a "dummy line" that is sealed or flow

therethrough is otherwise restricted. This prevents flow from entering the

tube 122 and directs the flow through2Zébe 118. Tube 118 communicates

with conduit 128 and in particular port 128a. Port 128a communicates

with tels&iT8 thibughvekiEh MAdls gassedhndrduitectesbipficideividg through

container 14. [000106) As shown in Fig. 11, a bypass tube 38 may also be

BRURad fOneand o7 bypass (35838 ormRAMIGAHER iR fdtt 1 5B thd ine”
ifurcated condfitd128, while the_other end of. line 38 (i%mmunicates with

t
jJ'fr & oﬁ%e_%ﬁﬁjr%atearconq‘fﬁt 1 _?f@ﬁﬁfﬁ@]%lté?naﬁt HUTa TS redits “Arested:
??xsqhvém }!)r}:g\lr%%t]sz_éﬁ wl_niF Ia%x 1gn!:ne!%§.8grt I%Qean létlefé%) rta%% a%rects the

aped ports which include openings-facing both away from and toward

canter 36 of gevicg.204 With thig arrangement.ihe bifurcated condyity@f+ 128

Fig. 11 can be eliminated. Accordingly, as shown in Fig. 12, flow enters

thid condpii-klZzangrisgdirectegds inlebpert 302 shheambodivaeskoffiigh tube
12 includes line 130 with a one-way check valve 40a of the type
arevienstyudascrhech Chiackdvalve 4fas sslowamih FHgll2cpeevents floveeiving
from entering line 130 and outlet port 132, thereby ensuring that fluid
ravsisithesugh - tube 129 toward inlet port 30. Fluid enters device 20 and

exits through outlet port 32 where it is directed to tube 134. One end of
thPROE88 s backhéd® offe brafich bf outfet B2PRfifle thRotér dfiofa1so be

tube 134 is attached to branched conduit 102. [0001103 A furtherh 158
RESRLERE emBBRIFRA: 7S SRBvAT T B eL3 Bogommunicates with port 1280

of the trifurcated conduit 128, while the other end of line 38
communicates with 126c of the trifurcated conduit 126.

[0N0109] Alternative fluid circuits are éhown in Pigs. 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 éliminated. Accordingly, as shown in Fig. 12,
Elow enters‘fluid conduit 112 and is directed to inlet port 30C.
The embodiment of Fig. 12 includes.line 130 with a one-way check
valve 40a of the type previously described. Check wvalve 4QCa,
shown in Fig. 12, prevents flow from entering line 130 and
outlet port 132, thereby ensuring that fluld travels through
tube 129 toward inlet port 30. Fluild enters devicé 20 and exits
through outlet port 32 where it is directed to tube 134. OCne
end of tube 134 is attached to one branch of 6utlet 32, whilie
the other end of tube 134 is attached to branched conduit 10Z.

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



This embodiment is similar in many respects to the embodiment of Fig.
12, in that it includes T-shaped ports 30 and 32. The embodiment of Fig.
13 likewise includes bifurcated conduits 112 and 102. Tubes 130 and 132
are equipped with check valves 40a a g“40b. Flow enters device 20 at
inlet port 30 and exits device 20 at outlét port 32. [000111) A further

DN LTDANMENI NN [ %L E b e SOOI A0S, o
15 and 16 is similar in many respects to that shown in TI‘fl)g. T fAtedo

Yitype 1connegtorsshowever Urshapedcopduits 136.and 138 may bey . oy

provided for communicating with the inlet and outlet ports 30 and 32 of
Robsingmé2.tThe embodiBentishamnadn Higs.uke and k6 B@¥ed conduits 112
furtherrinclude bifurcated conduits 1 0 and 142, which conduits are in flow
eamimuicaticinipgth I3é 189roViting vefl ovapathefon SOUrcRcONtaeFes 40a
12 and line 18 leading to receiving container 14. As shown in Fig. 15,
ESfdU®R42 coRtRitinRAEESTILAG Trowh tbe 18tthiotigh tubert443 Tubed 44xits
i§ canne%gd to U-shaped flow conduit 136 attached to inlet port 30 of

&vice” 20, Filid Bxit§ u&icE 2 through outlet port 32, as previously
rihed, and is diverted.hy U-shaped canduijt 138 tq tube 146. Tube
TEE%#%% %o@rﬁ%\éﬁgataé%%ﬁﬂa\a%e %%8 T¥AT ahd GRANAt witF's - 15—
receivingicontainer 14. A bypass.lipe 38 pay 0.pe provided (for_ .
reasons previously de%cribed), inc%dingi%ne%vgvégy gﬁecjksva?\%éﬂ ﬁ%)?r thomany
FOKELAL: TurRing-RAW tashigs: 25_Lﬁnd12§g thers is showp angther - Y-type

alternative embodiment of a removal device embodying the present
mventionots thishembediment: inlesport 20-siioealedibewesn -39 may  be
provided for communicating with the inlet and outler ports 30
and 32 of housing 42. The embodiment shown in Figs. 15 and 16
may further rinclude bifurcated conduits 1%0 and 142, which
conduits are in flow communication with line 16 proeviding 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 is 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 valve 40.

[000112] Turning now Lo Figs. 25 and 26, there lis shown another

alternative embodiment of a removal device embodying <the present

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



center 36 and source container 12, and outlet 32 is located between

center 36 and receiving container 14. Inlet port 30 and outlet 32 are in

flow communication with internal channels 190 and 192, respectively.

[000113] The tubing configurations desgyibed above assist in maintaining
housing 42 in a substantially vertical orientation. As described above, this
abows:fossubsiantiaby trdfoperand neamplete expesuseofdhe bwlogical oecateg
fluid to the removal media 60. [000114] Finally, shown in Figs. 17-24 are
hdtitiomal weays of Jdrgamizingabevilmig cheuit af adftuidqrocessitg sert030 ang
of the present invention, and substantially maintaining the vertical

BFiehtatiort offdéviéad 261 ShoRMIFigE a7om ? L 5h eXderiaholdbprrels 190
for haolding device 20. As shown in Fig. 17, holder 150 may be made of

{6 separabfkPPaRsS3 Bind 154 that are clipped or otherwise joined

Halder 150 may be made of .a suitable plastic material and | ,
e motieh, FOE S0 hag e R A AT e ProvREs ot 0
additional .sti shown.in Figs, 17 and 18, holder ],CSO ay include.
tugbe guidi%mggf(r:?‘i?c;gsﬁ %%% 1%0, 1%2 ell;to v%]ﬁi% U léasl erVBFoéé:s%né) el tion.

mAYabeduassit-AseHOWNLINFig: 24, 6lips 160 (and.162):d8f0e & rorn ana
channel which receives tubing. In addition, clips 160 and 162 dlso assist

togpiding tebes deranc 8 theougivadBO-turn without KINking. ASmoval media
described above, turning the tubing approximately 180 allows entry of

fidid 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

HP0114] Finally, shown in Figs. 17-24 are additional ways of
organizing the fluid circuit of a fluid processing set 10 of the
present invention, and substantially maintaining the verticaB:
orientation of device 20. Shown in Figs. 17-21° is an external
holder used for holding device 20. As shown in Pig. 17, holder
150 may be made of two separable parts 152 and 154 that are
clipped or otherwise joined togesther. 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, <c¢lips 1.60 {and 162) define a
channel which receives tubing. In addition, clips 160 and 162
alsc assist in guiding tubes 16 and 18 through a 180° +turn
without kinking. As described above, turning the tubing
approzimately 180° allows entry of £fluid at the “bhottom” 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



holder 150 may be identical. This allows one molding tool to be used for
both parts of the holder 150. [000116] Additional means for retaining
device 20 are shown in Figs. 22-24. In these embodiments, device 20 is
nested in a saddle-type holder 170. Saddle 170 may also include tube
guiding clips 172 for directing tubes of the processing set in the desired
bohfiguration mag diecctipmiAlen; as siown N 1Fgs. 2224100 01 1o be
ensure the desired vertical disposition of the device 20, hooks 180 may
Bessroededadhqid tive pottions lafthefluid circuit in close proximity to
each other. Finally, as shown in Fig. 24, the entire saddle, or holder, 170

b hitddritirazkrmaanpstenikeha boled 820001 19 Anethefown in
'km orta %ob%c;ctive achieved by the present invention is the ability to
en %'reg Gessing fieé-B6Rsis i 'ohe diSPésEbI8 Set.to theshedt. in a
g’%dggggen e, ggfggrrse,lg%sides in the fact that there are inherent
differences in the Tesistance to flow fiomFremaYal iddiu sk 16 ¥erdevalube

di disk .Apphcants haye discovered that flow through the system .
gﬁ] l%gssubstapntially controlle§ %ﬁécﬁltﬁ%s,ttﬁ%eiﬁflﬁgngé%f e TBSfstBAcast in
i disk 6Qqsubstantiallydiminished. In; padicular, and,as discussed in
more detail below, by adjusting the length of the ﬁLO.W pa;ﬁawlsé?fd thd interid "
Bigmet@s-akinlefotuberthandeautiet tubgel §idtisRessiRieto provide o5+ 5 o
substantially consistent processing times from one set to the next.
WO@@§6®W@F@X%D|@WE"@DW e fleepadotibensysteRt portions
namely the distance from source container 12 to -32-
of the fluid circuit in close proximity to each other, Finally,

as shown in Fig. 24, the entire saddle, or holder, 170 may be
attached to a vertically standing IV pole 182.

[000117] Another importunt objective achieved by the =;Wi@"reseni':
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 remeval 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 is possible to provide
substantially consistent processing times from one set to +he
next.

[000118] Por exam;ﬁle, by lengthening the flow path of the

system, mnamely the distance from source container 12 to



collection container 14 (i.e., the "head height"), the force driving flow

through the system may be increased. In addition, locating device 20

further from the source container 12 and closer to receiving container 14

-(as generally depicted in Fig. 1) increages the force on the fluid flowing

through inlet tube 16 and entering device 20 at inlet port 30 during

IR B0 LRSS T for Exathpte, thé hgtheRtLbB S Tay be tie  force

qafg}groximatel 1.5t08 tim%%as Iong as tube %8. Inone s %cific, n
VhRting-SYampre AR 15RGtS 5F 1iBe 16'maY be” Appisximately 2

Inehes and the ength,of tyedf.anpraymately 3oinclesJ99PIA0GIHES ang

also been discovered that additional control over the flow rate can be

athieved by adiusting the diameter,?3of thesflow.pathis), Fersxaraple; Byrig.
narrowing the internal diameter of inlet tube 16 (as compared to the

djameter dauad inrstandatt sized dubingsuisedrinohioeg precessingiandt tube
the medical field, generally), together with the lengthening of the overall

TBead deighidrasglisenssed abowe, thesesplting ffowdats.igy qufficien to
substantially reduce the effect of the inherent resistance of the removal
ERSGiLED Or dBkeSThus ciowesambie bettdrecofeolidd armfrefmiang refdivalpy be
insensitive to the resistance provided by the disk. [000121] For example,
FANECRIDIRG TGSk and Duffét ttﬁ)inﬁlﬂﬁ“f'n gShyditfic &fcultthat cahrbe I ©e

described as resistances in_series g?l for inlet tubing, R2 fogcdgsk aféi R3 be
RSt ubF ahd R F 4BEcrBirtPadditions reSiftes from eonnedtdiaY

gsﬁ)lfacrhogizgé glste.eL?f qlg r?.%tc recsh aé‘r% stgg dloéplgycﬁoggegﬂggs)l g—,h u§p§>§§kimately

3% inches.

gddition,

[000120] It has alsc been discovered that additional control
-« over the flow rate can be achisved by adjusting the dj;amete:a:;gof
the £low path(s). For exampie, 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.

r000121] For example, inlet tubing, disk and outlét tubing form
a hydraulic circuit that can be described as resistances in
series (Rl for inlet tubing, RZ2 for disk and R3 for outlst
tubing and Rr describing additional resistances from connectors

{such as Y-sites, diameter changes and other connecticns). Thus,



total resistance in the fluid circuit is the sum of these individual
resistances. The driver for the flow is head-height as described above.
[000122] It is known that disk manufacturing will generate variability in R2
resistance. If, R2 is the dominant resisgm-in the circuit, the variations in its
magnitude will cause significant variations in flow rate and ultimately
BPSEdssiRf kihanFhusi thetinspadiof. diskerhanufacturing vesiakitity cap behess
minimized by making another component in the circuit, specifically inlet
G RIE the BdhTinaREFesisER e SHEEVRIDINPID ahd |eiigth is head-height
énaglétjagtugg tg}g%@ermces are controllable to a higher degree compared to

ac

disk mar uring, mherent variations in R1 are expected to be"

giticantly ler in_magnitude compared to R2 variances. Inlet tube .
?@gggge igszingari%/n fﬁ%et&qb%/%thedﬁl%mﬁ HiBrter bt e tibelangenerate

secondarily py;thexlength fan the lamipar flgw regime of . interest (Reynolds
number 1003?1800). Thus, the internal?%iar%‘éeltérg(&&fﬁbgof%ﬁ% erﬁ%r%satry?z 1
frerametesto be Chﬂi@ged;aQQQJi%%]SSelgﬁtioq@gth%%%titﬂmgg compared ..

to outlet tubing as the primary restrictor is also driven by relative tube
seggthfconsiderations: e rationalecel having langer tuberlangth opthes s ing
inlet side of the processing set as compared to outlet side has been
©igeussdapoveh Byigslacting R ¥ askheadofinant-tesistos - agdedibenefit, be
from tube length is gained as well. [000124] Thus, whereas standard

R By a&ed iPBlood\Prdedssingayprally ssaptaternalidiameter of circuit,

ag)énroximatel 0.118 -34-
specifically inlet tubing R1, the dominant resistor. Since

tubing ID and length manufacturing tolerances are contrcilable
to a higher degree compared to disgk manufacturing, inherent
variations in Rl are expected to b& significantly smaller in
magnitude compared tc 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 (Reynclds number 100-10060). Thus, the intermal
diamster (of tube 16} is the Primary parameter to be changed.
[000123} Selection of the inlet tubing compared %fo 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 Rl as the
dominant resistor, added benefit frem tube length is gained as
well. |

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

typically has an internal diameter of approximately 0.118

W



inches, to provide the benefits described above, the internal diameter of

tube 16 must be less than the standard and, more preferably,

substantially less than the above-identified diameter. In one preferred,
non-limiting example, the internal diameter of the inlet tube 16 may be
anywhere between 0.025 and 0.09 inches. Even more preferably, the

inferRa HamcterTaneiqubify RRERFBA EHpASGFEIER0.057v6.03thehed ternal

[000125] Further improvement in the processing time and flow

RIAEEIRY c8f aldtPhe HciBbEd BY altBhifig e Thtdiial Hrafdiefofnd, more
oqutlet.tubes that are in flow. communication with outlet 30. Ingne . ‘s
RBRan e i UHHal SAElarof 6 outislbe 18 Gndlr e £Fg 4 £152
iafé%é_éeér.‘d/ 0&%%@%&'@%‘}:%61-1&%@1&%@?@/ %%B‘E&WS?%M internal
approximately 0.04 inches and 0.120 inches. More preferably, the internal

diameter oftube infoyy commumricatonavjth-putigtJpay.ke sppredmalely:s and
0.080 0.03 inches. Narrowing the internal diameter of these outlet tubes

(as cemparatkto. thepinie rmatdigmefer foiing incstantard raize tabirg)er of the
assists in driving out air bubbles that may otherwise accumulate and
restrtritbwd000&26h Tesipesseitt ifvehfionr hasteénaeseribed in the

context of its preferred embodiments. It will be understood, however, that
th@PPesRRT invEREBREE AEPHATIRIERD theeriBBdiRETRS Hegibédmandgnd flow
that further improvements and_ modifications may be made without

GRPRRG THT the Sop8 'SP tHRpretettairehtion wiiths $2¢ fofthin thetesnal
SEEREL S S AN . o o 9088 LB B o v
outlet 30. In one embodiment, the internal diameter of the
outlet tube 18 (and/or tube 118 in Fig. 11, and/or tube segment
1-46'=‘.:.c_.in Fig. 16) may be between approximstely (.04 inches and
0.120 4inches. More preferably, the internal diameter of tube
in flow communication with outlet may be approximately 0.080
0.03 inches. HNarrowing the internal diameter of +hese outlet
tubes (as compared to the internal diameter found in standard
size tubing) assists in driving out ailr bubbles that may
otherwise accumulate and restrict flow.

[000126] The present invention has Dbeen 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 Iimprovements and

modifications may be made without departing from the scope of

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



a housing including a pair of side walls welded together near their
peripheries to provide a peripheral end wall, said side walls and end wall
defining a chamber, wherein one of said side walls comprises an inlet
port in flow communication with said chamber and the other of said side
walls comprises an outlet port in flow3gmmunication with said chamber,
said housing further including at least one injection port in flow
Clédiimunication with said chamber, a compound removal medium located

1. Within #aidtaRABREREEYSER SRIHNY e ERILERITRMRNRML YL e R sing:
including a peripheral end surface terminating interior to said peripheral
end GGG HETI Aty BEMAIG SR IARRST S5 JeripRErneries to

preige sufacehaen sa’cdvpmhimaeiaimwwalIM@M@E@M}@Oﬂmﬂamwhemén

onB'SALYR Qﬁféol\ﬂﬁﬁ%l LI Cé?l‘mﬁfétt WER A AMRRIERBIE AT &g chamber

wherein said liquid impermeable barrier comprises an injectable material _
angd AR, iesenl Said FfarPISISIRIEERSS Broliv!seed ifjderorrpRuriaRiion with said
chanatier]alasuibsianiailyifillrsaid. giap krtwesrosaithpetiphekmt entlsudaeenhication
Wi aggig%wal?}gg d removal medium and said peripheral end wail of said
ousing.. 2. he flow-through device of claim 1 wherein: one of said side
wallfisemaesns cemavabirevguiesriad thihesgib gpenbaidbetmesmgaid walls,

samwﬂgb@ﬁ ﬁe&f $é‘fi§’g%1W@%ﬁrﬁ@ﬁh@;ﬂiﬁ@sﬁ%_@ﬁﬁﬁ@a@gﬁ&59%@@4&51{:‘%6%1%%0r to
erl 'y Or sald otheyf Si wall 1or receivin ald tongue, wnerein sal .
o BTNl [ et SR A e B ST ST ioheral
enthelutiiog anghseidderiokteading whérefrom, whereby said shoulder is
9'i,SPQﬁ?éﬁefiﬁ'@QM%WQA@%H@@#%‘eﬁ]&ﬁ%@%e@éﬁ&m%’ré@éﬁ@?% a fiquid

_initially contacts said shoulder. 3. The flow-through device of Claim2
M RGTRER RIS 3R WhRRRIP nSalH RS BRI SRitlT R i PeMnRrRsts 21, injectable
matbeaf anwdtivosigin dasicenafcGiaiin Bietteteinrsaghiidtad nmpsbition isalispaskethaterial

B o o AL BT IR VR Sh Sl removal

MR SREC\PEITRRSTR 95Ewail of said housing..

2. The flow-through device of claim 1 wherein:

one of said side walls includes a continuous tongue near the periphery of said wall

and:
the other of said side walls comprises a continuous groove at or near the
periphery of said other side wall for receiving said tongue, wherein said groove is defined
by radial inner and outer walis, at least one of said walls including a shouider extending
therefrom, whereby said shoulder is disposed relative to said tongue such that during

assembly, said tongue initially contacts said shoulder.

3. The flow-through device of Claim 2 further comprising a filter medium disposed
between said sidewalls.

4, The flow-through device of Claim 3 wherein said filter medium is disposed between
said removal medium and said housing side wail including said outlet port.

5. The flow-through device of Claim 4 wherein said outlet housing side wall comprises
a substantially continuous nesting surface for supporting said filter.



a substantially continuous nesting surface for supporting said filter. 36 6.
The flow-through device of Claim 2 wherein said housing is made of a
material that is suitable for sonic welding. 7. The flow-through device of
Claim 6 wherein said housing is made of polymethyl methacrylate. 8. The
flow-through device of Claim 5 whereié the peripheral portion of said filter
medium is adhered to said surface. 9. The flow-through device of Claim 8
wherein said filter medium is adhered to said surface by sonic welding.

6. 10. The:flew-threugh eexiceHfCHam2uwraaseinaiderskprReiohamid 9idg material

tha gllssui%(gimgrisgg ?CP,&”L&H‘ of inwardly extending ribs on the inner surface
hersBr 11, The RoWThro gh device of Claim 10 comprising a center,

wherein said ribs extend radially from a point adjacent to said center point

7. 10 af%iﬁmﬁ%ht%ébﬁé?%ﬂ@?é@' BQQB&QF@%U%@W% E&%EB@ of polymethyl
flow-through device of Claim 2 comprising a pair of raised ribs on said
MetfiF&Ifs and said outlet or inlet port is disposed between said ribs. 13.

The flow-through device of Claim 2 wherein the end, of said tongue is

g. rouRdleds 4 IR Ao AGYIGe RRANCHR BSHBRERE 18r6dh of said filter

wherein said housing further comprises an upper end, a lower end, and a
megiteis BRARESSH S aRIFLPPECaNd lower ends; and wherein the inlet port on

one of said side wails is located between said center and said lower end

9. Of Spud '}%%«%g%%u%%dd%‘ﬁ guiletpor any! egf?cg%h%iaffﬁ%xdr%iedﬁ Walisd gfaetﬁ% said
between said center and said upper end of said housing and diametrically
sudppRoBiteeBicMRidint port. 15. The flow-through device of Claim 14

comprising a fluid source end and a fluid receiving end, wherein said
10 UFHBORLS IRAAISY SR Sl SOWicE SNSRI of said side walls

comprises a plurality of inwardly extending ribs on the inner surface thereof.

11.  The flow-through device of Claim 10 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.

12.  The flow-through device of Claim 2 comprising a pair of raised ribs on said side

walls and said outlet or inlet port is disposed between said ribs.
13.  The fiow-through device of Claim 2 whergin the end, of said tongue is rounded.

14.  The flow-through device of any one of claims 1 to 13,

wherein said housing further comprises an upper end, a lower end, and a center
between said upper and lower ends; and

wherein the inlet port on one of said side wails is located between said center and
said lower end of said housing, and the outlet port on the other of said side wall is iocated
between said center and said upper end of said housing and diametrically opposite fo
said inlet port.

15. The flow-through device of Claim 14 comprising a fluid source end and a fluid

receiving end, wherein said outlet port is located nearer said fiuid source end than said



inlet. 16. The flow-through device of Claim 14 further comprising a filter
disposed within said interior chamber. 17. The flow-through device of
Claim 14 wherein said compound removing device comprises particulate
of a sorbent composition and a plastic binder. 18. The flow-through device
of Claim 14 wherein said housing inlg7and said outlet are spaced 900
from the central vertical axis of said housing. 19. The flow through device
inlegf any one of Claims 1 to 18 wherein at least one of said inner housing
16 surfapesfioelusiesdhadppdadomenmberextentngckemisrig sufeceliniR saidwithin
Saigri]r%r&perrcﬁg%géi[pping said removal medium, said member being integrally
space8 from said peripheral end wall of said housing. 20. The
flow-through device of Claim 19 wherein said housing comprises a
1T.QViPNEQfEWQ%ﬁ%OQE‘%Fr@E%H‘%mWe?HfﬁaQSi&’féHﬁ%Qﬁﬁé‘i%ﬂ?éb% device
walls and a gri p|n1g member extending from the inner surface of the
COIRNISER R UFWAIRC™A ST REMGRIRASHIRY 80iEPERETAINYEd wherein said

member terminates in a substantially pointed tip. 22. The flow-through

18.9evi62 AbEIAM LA ‘é(%ﬁ&%i'af%?%?ﬁ‘l%le@ﬁpé‘éﬁﬂ i%oHé‘iﬂ?WePQH&péS@SS&let are

by saldogrlpplng member. 23. The flow-through device of"‘any one of
SPRSRAME TP G FRIVERY \LliF fh e tat 82it AR FHI9s selected from the group

consisting of epoxies, RTV sealants, hot melts, polyurethane, silicones,

19 WaxeR g %%éﬂgﬁ-@e‘\‘nJeth flow (%EEOHP&Q&@C‘F of ?é%ﬁ’é‘r%iﬁfaﬂa%m ohiCf said
23 wherein said Barrier comprises a ring of binding material moldedto | .
inngxigorsNERTRBERANISdThe gopPiRgdugmirvieécotngyione i Crinese ingo said

chZ AP AFRINABIHRREHRY rERBWRIISESHR.BRIR FrabbinRiBgdnaaltalsaidced from
removal mF%@é% %{6 Th§ flow through device of Claim 25 wherein said
salf RERR Blriteth A SRR AR Dt said side walls

20.  The flow-through device of Claim 19 wherein said housing comprises a gripping
member extending from the inner surface of one of said pair of walls and a gripping
member exiending from the inner surface of the other pair of walls.

21,  The flow-through device of Claim 19 wherein said member terminates in a
substaniially pointed tip.

22.  The flow-through device of Claim 19 wherein said removal medium is partially
compressed by said gripping member.

23.  The flow-through device of any one of Claims 1 {0 22 wherein said injectabie
material is selected from the group consisting of epoxies, RTV sealants, hot melis,

polyurethane, silicones, waxes and plastics.

24. The flow through device of any one of Claims 1 {0 23 wherein said barrier
comprises a ring of binding material molded fo said removal media.

25.  The flow through device of any one of Claims 1 to 24 wherein said barrier
comprises a gasket around the end wall of said removal media.



27. The flow through device of any one of Claims 1 to 26 wherein said

barrier comprises a skin formed on the end of said removal media. 28.

The flow through device of any one of Claims to 1 to 27 wherein the

removal medium comprises a disk of a sintered polymer. 29. A

flow-through fluid processing systemd4gr removing selected compounds

from a fluid comprising: a source container including a fluid outlet; a
26recdilmbovotiterHar drviging Galnid hivteseboaaid gaskatnsoveidtelicet least one
of sispasrdetween said source and receiving containers, said device

comprising a housing defining an interior chamber and a compound

removing medium within said chamber, said housing including a fluid inlet
270on bhe dide dhsaighhdasicr) cated hetwdetitmcenter @bsaitkhausiud barrier

coRRASAIY BheINGORIAIDERABAR Aid Al ananother side of said

housing diametrically opposite to said Inlet port and located between the
center of said housing and said source container; a first tube providing a
28flowrpattidetinesiysadesesirse fontaisesfoliinhang said devigeialetii®e removal

SEGR [HY)¢ v!]cgﬂ A flo tween said device outlet and said
m recm%%onteﬁ%‘ner iSﬁe? i’lé\(#%&gpsg? 18 of Claim 29 wherein said device
inlet includes an opening that faces away from said source container. 31.

29 Thessyistemelighaig 2Poekhyheteinsaid dawom o WialdreludssAlnds from a

ﬂai%pc%%n% Stlhat faces away from said receiving container. 32. The system of
any Ohe Of Claims 29 to 31 further comprising a retaining member
adaptedutrecsyitarsaindivstng e 83 olitket system of Claim 30 further

comprisighELaHLIEMEMREIPIARIgHIQ receive said second tube. 39
34. The system of Claim 33 wherein said rétaining member comprises a
Ioopqnt@ﬁ}é‘ﬁc“nd removal device disposed betwéen said source and receiving

containers, said device comprising a housing defining an interior chamber and a
compound removing medium within said chamber, said housing including a fluid inlet on
one side of said housing located between the center of said housing and said receiving
container and a fluid outlet on another side of said housing diametrically opposite to said
intet port and located between the center of said housing and said source container;

a first tube providing a flow path between said source container outlet and said
device inlet;

a second tube providing a flow path between said device outlet and said receiving
container inlet.

30. The system of Ciaim 29 wherein said device inlet includes an opening that faces

away from said source container.

31.  The system of Claims 29 or 30 wherein said device outlet inciudes an opening that
faces away from said receiving container.

32.  The system of any one of Claims 29 to 31 further comprising a retaining member
adapted to receive said first tube.

33.  The system of Claim 30 further comprising a retaining member adapted fo receive
said second tube.



with said housing and substantially vertically aligned with said device inlet.

35. The system of any one of Claims 29 to 34 wherein the flow of fluid

through said device is in a direction 1800 inverted relative to the

flow-through of said first tube. 36. The system of any one of Claims 29 to

35 wherein said flow path from said Sgurce container to said device inlet

port, comprises an approximately 180 turn. 37. The system of any one of
34.Claifhe sestemeivhiersir daiiieiel e Eoipigites Barnbricedditiaghg op integral
witleaSHMEU SIRG NG SIMBRIRIAI9 R B ESR L RAGHNAEISAR HRVMce inlet.

communication with said inlet port of said device and the other of said

openings is in flow communication with said first tube. 38. The system of
35any ldwesysEhinisan9 g vivblensin 23ith devigbaroimphisdow ddhuicéorugh said

deVBYIBGHWRIRRSBINGSVRRISR PREAT S AP ANINGS 3.4 9¥4id first tube.

communication with said outlet port of said device and the other of said
openings is in flow communication with said second tube. 39. The system
36.0f ClasrsBstanhefeinysaid obGracto 8 omplisdt ahe sud ibat patiuees said source

coHEW&at‘é?Qa?c‘}’ﬂgxt)iicﬁé"{ﬂ%'ie&%rﬂ'&%ﬁﬁ?@g@ o %ﬁgg}ﬂ%&‘é}%“éﬁdﬁﬁn@e of said

openings and said other branch'includes t er of 'said openings. 40.
The system of Claim 39 wherein said connector comprises a second end

37 withraepgyéant of tuhg babverTEaith PRIt RNASaithénna\dal CRIVIBEIRbridrises a

oo:;rn%%ts sﬁ%r\ﬁnof Ca:lailre?ago Kthe%einnﬁlg o tmr?éjr%Pns%ir%jetuch sba? Weenn§aig is_in fl
connector sgcond ené an Sa? regeivmg container Is res ric?gg. Eg Tﬁe n How

CORNRIIBIPAL T wilin STcvimet diersefi¢aio miss e poortriste acl) ssithppeningd is in flow

cotl@wincaRdHilvidds Fihesyaigm of any one of Claims 29 to 42 comprising an
upstream connector having an inlet in direct flow communication with said

source container, and a plurality of outlets; 40 a downstream connector
38inclidmg psicputiet ang ansluralifyeohiinlédsioviéreincsaid Bestl tdbeiqar axddesises a

cofnElaw AR WEEIbaRAGY SRICHURSIRA SARNESLN LIRS ANt SRIhmunication
with said outlet port of said device and the other of said openings is in flow
communication with said second tube.

39.  The system of Claim 37 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.

40.  The system of Claim 39 wherein said connector comprises a second end with a

port and a tube between said port and said receiving container.

41.  The system of Claim 40 wherein fiow through said tube between said connector
second end and said receiving container is restricted.

42.  The system of Claim 37 wherein said connector comprises a U-shaped fluid flow
conduit.

43.  The system of any one of Claims 29 to 42 comprising an upstream connector

having an iniet in direct flow communication with said source container, and a plurality of
outieis:



device inlet, and said second tube provides a flow path between said

device outlet and one of said downstream connector inlets. 44. The

system of Claim 43 further comprising a tube defining a'flow path, one end

of which is connected to one of said upstream connector outlets and the

other end connected to a downstreaggconnector inlet, said tube including

a valve in said flow path for selectively restricting flow therethrough. 45.

The 3 ensseaTRAMRdHdrsiHdagatevitetinied eophprbiesh ipistsfadmeein said

firdAWE FioMdeRic MaRiMEIE 6EMalEbnsal SytemsiiReLERRRRIERIRLtRs and said
tube Qne eﬁd of which is attached to said port facing said receiving

de‘éig%t'g‘l R5P88d other end of which is connected to one of said inlet ports of

said silvestrsantubermrertdes 46fiavh eahstetwardrClaichdédivenendit saitone of said

dole - samBRHSEsS-fPRimanently sealed flow path. 47. The system of Claim
43 comprising: a tube defining a flow path between one of said upstream

connector outlets and said device inlet; a tube defining a flow path
44betiNee nyerernbsaidinps i éathaorviestenguiletbaadfiong affemichath, one end of

whW&Stﬁgﬁﬂéﬁggn%c(?ﬁén SSQ&U%SU ?re %ee&gpec%frsgﬁiéjtgstreﬁl nke other end

connector outlets and sal dewce t connector. 48

Cogngfited ovdowiInsE SR FtrReFOCHf et wﬁpﬁ@é@@gﬂmat&@n@@wd flow path

forayRpNgréstintpigamsharigfeneaiaghoutliet. 49. The system of any one of
Claims 29 to 48 comprising a holder for supporting said removal device.

50. The system of Claim 49 wherein said holder comprises a sleeve for
45recéivingyatemholSiladrofSaidhaeiiceaitl dSicT fredystomriseElaippdFacing away

frowheiRiReeaId R e AR PLSAS IR SeRAFRie Akt I9E 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.

46. The system of Claim 44 wherein said tube comprises a permanently sealed flow
path.

47.  The system of Claim 43 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 connactor inlets;

a tube between one of said upsiream connector outlets and said device outlet
connector.

48.  The system of Claim 47 wherein said upstream connector comprises a fluid
conduit comprising an inlet and a trifurcated outlet.

49, The system of any one of Claims 29 to 48 comprising a holder for supporting said
removal device.

50. The system of Claim 49 wherein said holder comprises a sleeve for receiving the
housing of said device.



together to provide said sleeve. 52. The system of Claim 49 wherein said
holder is attached to a pole support. 53. A flow-through fluid processing
system for removing selected compounds or components from a fluid
comprising: a source container including a fluid outlet; a receiving
container including a fluid inlet; a cogpound removal device between said
source container and receiving container, said device comprising a

51houshfy Hyateny dirSiainodseebatebuseidlidaeinebarptsaspbymesmaraieingrts joined

togBediue heltweaisaidaalls, said housing including a fluid inlet located
between the center of said device and said receiving container and a fluid

outlet located between said center and said source container; tubing
S2providmgyatfoveipathirh etvebarsaidad inddesontatinenailte t otk Saigbort.

housing inlet; tubing providing a flow path between said housing outlet

and said receiving container inlet; wherein at least a portion of said tubing

S3petvledReditiossid CoRrarRISaIs SEIErUSAEE $AIEY IEs BHEFRtnepmPpounds or
codiponetes thah is fambdeniiramihe internal diameter of said tubing between

saida%%%eag&%%%m% é\ﬁf%% cc%pttgigg{}.e §4. The flow-through fluid

processing system of Claim _fw erein said tubing providing said flow
patl® FReRies santrinsyiteigding afdidiigteceiving container has an

integnalofissnptereidid Bkd insditeenS shite Jowdbreuahiiald and receiving

racessing, system of Claims 53 or 54 comprising a first connector in said
co Sl L RELER SRR P BRI AN PR SRR Rt and 2
conuiphhg i edmingrsaidhwp dtwetweaidsaial'sosaie bontaigemahdisgich fluid inlet
locdRUCEHNEE CORRERRS: & HER WRIRG sRarasat Wit AHirsbARFHIGINRE Wruid outlet

said source container and said second end joined to Said connector; a
localed REWASAFUL GRIEAE ARthSIFrEPYRE FOMEH S said connector and said

secomding providing a fiow path between said source container outlet and said
housing inlat;
tubing providing a flow path between said housing outlet and said receiving
container inlet;
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 outlet and said receiving container.

54.  The flow-through fluid processing system of Claim 53 wherein said tubing providing
said flow path between said device outlet and said receiving container has an internal
diameter of C.08 £ 0.003 inches.

55.  The fiow-through fluid processing system of Claims 53 or 54 comprising a first
connector in said flow path between said source container and said device inlet and said
tubing defining said flow path between said source container and said device inlet
comprises:

a first tubing segment with a first end joined to said 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 said device inlet;

said system further comprising a second connector in said fiow path between said



end joined to said device inlet; said system further comprising a second

connector in said flow path between said 42 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. 56. The

flow-through fluid processing system4gf Claim 55 wherein the internal

diameter of said second tubing segment is smaller than the internal
deyniatigt Arshrplby fresiviip coatrinsaiandtarhapasariidie v dfssend joined to

saihisocsnamantdasaiesihandheistern ahidissneter Qhsaidsecond
tubing segment.

56.  The flow-through fluid processing system of Claim 55 wherein the infernal diameter
of said second tubing segment is smaller than the internal diameter of said bypass fube

and said internal diameter of said first tubing segment is smaller than the internal

diameter of said second tubing segment.



