| MPROVED APPARATUS FOR THE CONTI NUOUS SEPARATI ON OF BIOLOd CAL FLUI DS | NTO
COVPONENTS AND METHOD OF USI NG SAME Cross-Reference to Rel ated Applications
[ 0001] This application is a continuation-in-part application of United
States Patent Application 10/375,628, filed February 27, 2003, which clains
the benefit of United States Provisional Application, Serial Nunber

60/ 361, 287, ile& I\/arcri) 4, éOOZ, both of which are hereby incorporated by
ref erence wﬁ% VED ARRARATUSHOR FHE | CENIJIYUQUS fE ROY¥OF0002] The
present BMAQGHALIIIHS INTO GOMPONENESHAND METHOIOR USING SAMFEar at i ng

a fluid into its conmponents, for exanple, a biological or sensitive fluid
such as blood, and specifically to nethods and apparatus that use

centrifugal force to separ dlressaRéfevérteitoReldted Appli nts by density so as
to i nprove Lhe, conmponent vyi el d. Background Art [0003i Wth the advance of
medi cal [(MM1eAbisgprliqatipn & drandnpatipysaipertappkcaticasf UaipdblasPaienbl ood in
¢l osed- L aRRcAoRI6RTS Bas AL LG HICHRAL LM Fuldhd §SREES DhRA%RRCk Lo him
in one Ical freatnment. An exanpl e of 'such processes | nctude external

t r eat neRtovigbértad dpplicakion KespbNambeN6OMG IGIB T ligideMugha, padd)ebogifealici sier ease of
| ynphocyt es, . such as cutaneous T-cell |ynphoma or other diseases affecting
white bi;@réaywépquratqdrbsswéqﬁewétlhmsr,enﬂff'éle@ati ent's blood is irradiated with
ultraviolet light in the presence of a chem cal or an antibody. U traviol et

i ght affects the bondi ng bet .Imq d the chem cal or
antibody that inhibits the Efinfedfrield BIRE 1hFigyid he | ynphocytes. [0004]
Buring ¢o0020Thé t ifddhGed gdnefllyrelates to met0as and DQWor sepdkind s flukdr
exanple, a Lathambow, as shown in U S. Patent . 4,303,193, expressly

i ncor poki¥e dg componentsy fof esampie, 3 bislagival eresepsines Brid sucepablaedandl ood into red

bl ood cell s (1 " ff t.. The. lLat ow 1s a bl pod conponent
separ at roopiialls FEmeka ity af Bl wad PR Bies itnekdls & BT ke
as wel | c&ﬁlpbﬂénﬁsl%giéﬂﬁty@) dwediGplovt t}@ro@\ﬁ/ﬂ\ge)ﬁmﬁ das extracor por eal

phot opheresis (ECP). PCT Applications 97/ 36581 and WD 97/ 36634, and U. S.
Patent Nos. 4,321, 919; 4, 398,906; 4,428, 744; and 4, 464, 166 provide
descriptions of extracorporeal phoBagkgrpprdArtand are hereby expressly

( ; rea | ; Q05 H
e 11 61 o100 YR BERBLEE Br Bk AelenCit B! Brcont RRPLAS R ARG igod i o
i s typi gatloyedabopprooéikes, Yiteithg Be patdnire dwasrdattd HEILRRL aBRIn®T Gl | S

collected 1 versus the nunber processed. Wen conpared to other types of
whol e blmssiérakisgnsmento A exagipde of such processes include external treatment methods for

diseases in which there is a pathological increase of lymphocytes, such as cutaneous T-cell
lymphoma or other diseases affecting white blood cells. In such methods, the patient's blood
is irradiated with ultraviolet light in the presence of a chemical or an antibody. Ultraviolet
light affects the bonding between the lymphocytes and the chemical or antibody that inhibits
the metabolic processes of the lymphocytes.

[0004] During one of these medical treatments, a centrifuge bowl, such as, for example, a
Latham bowl, as shown in U.S. Patent No. 4,303,193, expressly incorporated by reference in
its entirety herein, separates blood into red blood cells (“RBCs”) and buffy coat. The Latham
bowl is a blood component separator that has been used for some time in the medical
apheresis market as well as in innovative medical therapies such as extracorporeal
photopheresis (ECP). PCT Applications WO 97/36581 and WO 97/36634, and U.S. Patent
Nos. 4,321,919; 4,398,906; 4,428,744, and 4,464,166 provide descriptions of extracorporeal
photopheresis, and are hereby expressly incorporated by reference in their entirety.

[0005] The Latham bowl] efficiency is often measured by the white blood cell (“WBC”)
“yield,” which is typically about 50%. Yield is defined as the percentage of cells collected
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hi gh yield enabl es the Latham bow separator to collect nuch | arger vol unes
of WBCs while processing nuch | ess whole blood fromthe donor patient.
However, a nmjor drawback to the Latham bow separator is that the
separation process nust be repeatedly stopped to renove the packed RBCs and
pl asma once they fill the inside of the bow, creating a "batch-type"
process. Al though the Latham bowl separator has a high volune yield, the

const antvefsu$ themgmbanproesspéd/ | WoeoEorhprad foosherwasiss @8 whioteshloddseparatdis, thisocess
is considered less efficient with respect to time. Additional lfi/ t he Lat ham
bow r eddeh eldgnablesthe hgthamehowl appassior & collpemuchdarganyplumes ploWHC s while

appar ot SRR RO (R ATl Rl B THREE R Bl RN ORlyoROPRRRSL Bt ances,

rot at i ng_aea Sowlaspareiot BBtk soparaiias broceRdnidt BE eseasdly stipped aswhevel the
| nventi on [0007LBT e present invention provided an apparatus for separating
conponeitipgpaskeiRBCsiagd plesmpenes they filtheouside ohthadond asating andatshdypdiousi ng

S 20 Al QUL R0 Sl PSS B b SR | e

housi ng 288 @mipaNhAEr BishRUS magket tife! thaf dhSrioesh disnBideiANEs eedeiianitng a
housi ng outl et, said outer housing adapted for rotation about a center axis;

sai d outrespepicn simeg Adsiranallyithg Lathawrhewl requéesia roveting ssal, whitahnie expeneiveor e
havi ng an er |l . .an upper core end, and a |lower core end; said core
connect @&‘d%‘%ﬁ“%g‘?ﬂ%ﬁ Whousi ng for rotation therewth; and providing a

separ at i[Qpo¢] A ARl R NBaRbad 6 eflidu g'%lmﬁro‘ééésmg%?ﬂratdﬂ QS b&rdh theidhfhhceke end
having a | unen connector and a | unen connector top surface; a first |[unen

for prowfdiangfachuirailes ookl tilerangesrofatiogsedis ahd exiengivomphdactutingpyietsbe | unen
connector and then radially outward through the core to the fluid

separation volune; a second lu r ovi di | ui comuni cations fromthe
housi ng outl et extendi ng axi al W%@Mto housi ng floor; a
connect i[QD0H | BR\Reseht ifilentioh PhovMiddint ApPatatiTEsr LpaeEd mporehapraridnd provi de
fluid comrunications between the housing outlet and the separation vol une.

[ 0008] Icomphisingein exerdWiupa tvidfantuppephensmgtend aueé alovesr hioysipg end.ddierein net hod
for separati ng congonents .of,. a ftl id into_a_higher dcfnsit 1652 onent and a
| over deRS P MOHBBR BISTES SRS HJTOB rE0 MBPH OB e At oraiE RS O RFe a
first b, sieRARI howikesatdview houfiag Mebs andarl RukRWups&asHaa avinfl0W ng sai d
fluid froma source into said centrifuge bow through said first bow
channel ;hausingobiey, sad ohtedmusing adaptedidr retbdern abont ageder axgnrsaiil wytes Apesing gher

density 2 conponent. fromsaid bow .via said second b channel ; and

amovi nBATRE SRe ey e it O B RO Eur i BRI 6 Chanber
and a lower core end; said core connected with said outer housing for rotation therewith; and
providing a separatton volume between said core and said outer housing; said core end
having a lumen connector and a lumen connector top surface; a first lumen for providing
fluid communication from the housing outlet through the lumen connector and then radially
outward through the core to the fluid separation volume; a second lumen providing fluid
communications from the housing outlet extending axially along center axis to housing floor;
a connection sleeve which forms with the lumen connector a chamber and provide fluid
communications between the housing outlet and the separation volume.
{0008] In another embodiment of the present invention is provided a method for separating
components of a fluid into a higher density component and a lower density component
comprising: providing a centrifuge bowl have a first bowl channel, a second bowl channel,
and a bowl chamber; flowing said fluid from a source into said centrifuge bow] through said

first bowl channel; rotating said centrifuge bowl about an axis; removing said higher density



Brief Description of the Drawi ngs [0009] The invention is described in
detail with respect to the acconpanying drawi ngs, which illustrate an
enbodi ment of the inventive apparatus, assenblies, systens, and mnet hods.
FIG 1 is a schematic representation of an enbodi nent of a di sposable kit
for use in photopheresis therapy enbodying features of the present
invention. FIG 2 is an elevated perspective view of an enbodi nent of a
casset t exohmponan fitorrodalid gyl Vid seidi sdcondvbowl tHaend| apbeatoivengplait lopbedasitg kit of

FIG 1. FIG 3.is an, | oded .yj ew of the cassette of FIG 2. FIG 4 is a
top vi e\ﬁoﬁpof‘%fr@glsgag%‘g"lo‘flaﬁlého‘ﬁl WeeE-he cover renpved and showi ng
internal tubular circuitry. FIG 5 is a bottomview of a cover of cassette

of FIG 2. FIG 6 is an el gy3i§ef ' ' f an enbodi ment of a
filter assenbly. FIG 7 i esRADHO BF tHecDid il 0 of the filter assenbly
of FI G [@00HITRe ifventomis dexqribed éddathiéwithfredpaer thithd srcompaeyiiy yraofinds| G 6. FI G
9 is a rear perspective view of the filter assenbly of FIG 6. FIG 10 is

schemat i WhiFk Blugsdn eaemBadigrent ¢iehs invertiveApparitisy assemilias, systegsuprdcthgds.
P rad ati of oo g sufie 18y RLAER 3P Al erpbodinelinf LAl b 20 1 o1

chanber mpiotdphéiesid theraplyle@boliging $eaturss dftht panRsmenstishew of the irradiation
chamber of FIG 11 FIG 14 is a cut-away view of a section of the first
plate and THe Ligapglsvyrdperspictise viey oftaiempodnent of e sawseteior contredling t he

i rradiatgd I3 - ! cut - away di nensi onal end view
of the ifrllggg?g/?ﬁ@ﬁe %ﬁ%ﬁ@é&%@tamegs ﬂrﬁL&lj’r_@G‘fi‘. 16 is a perspective view of the
i rradi ati oFIGIRiRheexplbddd ew bl tRaskdetto BEHIGMZ hin a UVA |ight assenbly. FIG
17 is an el evated perspective view of an enbodi nrent of a pernmanent tower
system f oFlGskisiador vigpiddha eassaiierol FIG i wigh skmtavekremaved apdghawingt i ng a

phot opher esi her .session. FIG 18 is a cross-sectional view of an
enbodi nﬁﬁfe%a?ttbﬁﬁargﬁ%{lo (ctivation chanmber, without a UVA |ight assenbly,

used in t heltBRE basinaRwWbf Ftéver b casdetlel SBFIEGI21 s a cross-sectional view of
an enbodi ment of the centrifuge chanber used in the tower systemof FIG

17. FIG 281G aaneledated perapectivh dieat ofgangmmbodemens ok adidterasseohlyei r cui t
provided i @‘I(tihfis bottomn perspective view of the filter assembly of FIG. 6.

FIG. 8 is an exploded view of the filter assembly of FIG. 6.

FIG. 9 is a rear perspective view of the filter assembly of FIG. 6.

FIG. 10 is schematic representation of the filter assembly of FIG. 6 coupled to pressure
sensors and a data processor.

FIG. 11 is a front view of an irradiation chamber.

FIG. 12 is a side longitudinal view of the irradiation chamber of FIG. 11.

FIG. 13 is a side transverse view of the irradiation chamber of FIG. 11

FIG. 14 is a cut-away view of a section of the first plate and the second plate prior to
being joined together to form the irradiation chamber of FIG. 11.

FIG. 15 is a cut-away dimensional end view of the irradiation chamber of FIG. 11.

FIG. 16 is a perspective view of the irradiation chamber of FIG. 11 positioned within a
UVA light assembly.

FIG. 17 is an elevated perspective view of an embodiment of a permanent tower system
for use in conjunction with a disposable kit for facilitating a photopheresis therapy session.

FIG. 18 is a cross-sectional view of an embodiment of the photoactivation chamber,

without a UVA light assembly, used in the tower system of FIG. 17.



phot oactivation chanber of FIG 18. FIG 21 is an electrical schematic of
the |l eak detection circuit provided in the centrifuge chanber of FIG 19.
FIG 22 is an elevated perspective view of an enbodi ment of the fluid flow
control deck of the tower systemof FIG 17. FIG 23 is a perspective
bottom view of the control deck of FIG 22. FIG 24 is an expl oded view of
the control deck of FIG 22. FIG 25 is a top perspective view of the
control deEk.dP iFd Gos2@ctibtidh vidveoftmssatiddémedt of IM8 cenRifli goctrehbehededdmtheFl G 26
is a flowhart of _.ap_epbodi nent of a photopheresis treatnment process. FIG
27 is a'QUHewiEROf 5{0aly enbodi ment of the fluid flow circuit used in

perform ”ﬁg@% i &Pé%&g&’% sQURAREE Bf He plgénk&et&%o&%lr%t ﬁ%vi&dﬁr‘?ﬂleper spective

vi ew an enbodi nent o eristaltic a Cross sectional side
vi ew of phheagbmiist eltaniber pRfG;.dR. FIG 28. FIG 30 is a top perspective view

the rotor of the peristaltic punp of FIG 29. FIG 31 is . a bottom
per spect i vEIG/iZdvs @¥ eleqticy sehpmatic of thg leajpdetgntion cypuif proyided pn theggnigifugene

peri st al . fid1G 28. FIG 33 is atop view of the peristaltic punp
of FIG Cilg&bér% a i%’al I'ng position and near the cassette of FIG 2. FIG 34

i s an el ecFIG.calis acélevamdd gerfectiVeviewflof an eshbodifeanbCht flaM New comidiedtlt . FI G
35 illustrates an enbodi nent of a centrifuge bowl and a rotating frane.
FI G 36 afshegowpiaysemodiIGyildw of the bow of FIG 35. FIG 37 is an expl oded

boul of FI 98 inf BrrgPeeies Pouth o B SRuBEIGATIRERE 2701 oes “Sect 1 ona

view of a BERNNEGE inekBbRaweew bf Bkacarolidebk 8f Flamen, connector of the bow of
FIG 38 along the line XX. FIG 39B shows another cross sectional view of a

connect i onF¥}.@8vea [ap perepeetivei iew af therrentroldsak e FKr. Bfwithdeisassetto pf FIKG 38.
FIG 40 %ﬁg@:@t@ﬁ%%s sectional view of the top core of the bow of FIG 37.

FIG 41 Trensi onal view of the top core and upper plate of FIG 37.

4 FIG 42 Blpws ifa et of frtodimentloPR pheloPh&EsiEtréatniat pibbdss. 43A shows a
di mensi onal expl oded view of the bottomcore and a | ower plate of the
FIG. 27 is a schematic of an embodiment of the fluid flow circuit used in performing the

treatment process of FIG. 26.

FIG. 28 is top perspective view an embodiment of a peristaltic pump.

FIG. 29 is a cross sectional side view of the peristaltic pump of FIG. 28.

FIG. 30 is a top perspective view the rotor of the peristaltic pump of FIG. 29.

FIG. 31 is a bottom perspective view of the rotor of FIG. 30.

FIG. 32 is a top view of the peristaltic pump of FIG. 28.

FIG. 33 is a top view of the penstaltic pump of FIG. 28 in a loading position and near the
cassette of FIG. 2.

FIG. 34 is an electrical schematic of the infrared communication port circuit.

FIG. 35 illustrates an embodiment of a centrifuge bowl and a rotating frame.

FIG. 36 is a dimensional view of the bowl of FIG. 35.

FIG. 37 is an exploded view of the bowl of FIG. 36.

FIG. 38 shows a cross sectional view of the bowl of FIG. 36 along the line XIX-XIX.

FIG. 39A shows a cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38 along the line XX.

FIG. 39B shows another cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38.

FIG. 40 shows a cross sectional view of the top core of the bowl of FIG. 37.

FIG. 41 shows a dimensional view of the top core and upper plate of FIG. 37.
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bowl of FIG 37. FIG 43B shows an di nensi onal cross section view of the
bottomcore and a lower plate of the bowl of FIG 43A attached together.

FI G 44 shows an expl oded side view of the bottomcore and a | ower plate of
FIG 43A. FIG 45 shows a dinensional view of another enbodi ment of a
conduit assenbly. FIG 46 shows a di nensional view of the connection sleeve
of FIG 45. FIG 47 shows a di nensional view of one end of conduit assenbly

of FIG 45FIG. B chowpa boftag vigwaritehiopsae ofilBnwdbf an anchor end of the
present in I . - ti i f- .an
anchor endgﬁgﬁég%ggwghgi&églﬁg% %)021? g?&g{%&ggég@ |§§%Iah§9€e}évw%4ﬁé\{ﬁ%£ﬁc or end
taken abowgof FIGR3XXI. FIG 51 illustrates a dinensional view of the
rotating frame of FIG 35. FIG 52 is an enlarged view of a holder for an

ext ernal cB¥udPB shewenn diseapiongl caass seatienvigw okthe bodemesers anga lower platl  wi t h
the cr OE?E@%%UI%%?@%Q %t&k@d[%é& elrto that shown in FIG 38. FIG 54 shows
o ;

an al ternative enbodi men Op core. FIG 55 shows an alternative

enbodi nent FI@. 44RRowomn@gleded skleagsieof thhbdesmicote 4adrd Ivivegplatetof HI6. 43went i on
[ 0010] Features of the present invention are enbodied in the pernmanent bl ood

driving eHl¢ gashews a denansiopalsasi of pradhes shbedighent pf & condwit agsamtdys devi ces

whi ch nake h di sposabl e kit nd _t he .corres lng-treatment process.
The fol Tou 15 “GrTevEnRRTERn L it of B egtiRifEHe R RIeoRE. "1™ B spobabi o
Phot opher epics 4ffishows a Gsiohs Jiew ofomd &l dficofdifit asémbly@NFIG: 4571 | ter Assenbly
B. Irradiation Chanber C. Centrifuge Bow 1. Drive Tube H. Pernmanent Tower

Syst em A PHEL-d8showat diorenSioaalpaew oBan awhor ¢dd.efdhThrmadid inventign.ui d Fl ow

Cont 1ol DRy o (95146t BRI OAP AN andior B - 02U NG Peristal tic

FIG. 50 shows a horizontal cross-sectional view of an anchor end taken along line XXI.

FIG. 51 illustrates a dimensional view of the rotating frame of FIG. 35.

FIG. 52 is an enlarged view of a holder for an external conduit.

FIG. 53 shows an alternative embodiment of the bowl with the cross-section taken
similarly to that shown in FIG. 38.

FIG. 54 shows an alternative embodiment of the top core.

FIG. 55 shows an alternative embodiment of the connection sleeve.

Modes for Carrying Qut The Invention

[0010] Features of the present invention are embodied in the permanent blood driving
equipment, the disposable photopheresis kit, the various devices which make up the
disposable kit, and the corresponding treatment process. The following written description is
outlined as follows:

I. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Drive Tube
II. Permanent Tower System
A Photoactivation Chamber
B. Centrifuge Chamber
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Peristaltic Pumps
D. Infra-Red Communication
1. Photopheresis Treatment Process
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D. Infra-Red Communi cation I11. Photopheresis Treatnent Process 5 [0011]
The above-outline is included to facilitate understanding of the features of
the present invention. The outline is not limting of the present invention
and is not intended to categorize or limt any aspect of the invention. The
inventions are described and illustrated in sufficient detail that those
skilled in this art can readily nmake and use them However, various
alternatives, nodifications, and i nprovenents shoul d becone readily apparent

Wi t hout [depEITenBote-oMmihdIR ibRiddd todndliGean@eRlantie df MeeRhiudR-of Raskdeheal Iy,
while the invention is described in the context of a disposable kit and

per nanerfivéitiond The pyidine 5o fniting efdhe presens hieopereanssis ot inggndpd to cert ai n
aspects of the invention are.not. so limted and are |l.icable,.to kjts and
yotens ieebffeor YRR, Fesh ¢ R iniehuionpinat i Effieiate ABREbEEL b Ruag t; ner
ext r acorpefQalt delafeht tHRALINRA inl tARM20V4n réﬂdil?rﬁ’aﬂk@?aﬂﬁ luSe FRBRL RhiesREI S Ki't
[0012] FIG 1 illustrates disposable photopheresis kit 1000 enbodyi ng

f eat ur esvapious hiterpatives modificatiens, iant improvémenie slasidhbgconteatadilyreppatns posabl e
sterile kit used for each.thera ession..In_order to faciljtate the
ci rcul at PSP TGO o BSC I BSIekia Soeecah Wt e g
fluids cisigedthiBld HGhé B@fﬁ@gg}g ga% ?%Btﬁgg édhfent blood MPQe sPsid M FbAlsb & 1 1

per manent tower system . The installation of photopheresis
kit 1000photaphetesiatiierapys tatair@pects of theduydanben aiemoti et Hiriteth ahdare applxible to

Phot opher.esi § kit 100Q .co i ses cassette 1100, centr.ifuge bow 10,

i rradiat lbgr?“aéﬁ%t{%%}lsfgé?r nE‘ﬁﬁiP‘@@ﬂ?etr @eé?fé}?ﬁ’ S‘ic%z@,ap %rﬁﬁ\gl%%é’ ?}g Ta card 1195,
treat mendyhagpsieal K1IOGH wrliAeABLGRbJ.ecti on bag 51. Photopheresis kit 1000
further conprises saline connector spike 1190 and anti coagul ant connector

spi ke 1191 for respectively connecting saline and anticoagulant fluid bags
(not sholanPDisgekatloPhaopwiresisdkit 1000 has all the necessary tubing and
connectors to fluidly connect all devices and to route the circul ation of

fluids deoIZIOFIG. | kR AIPeiadld i ﬁﬁ%&%is%ﬁslmcambéhﬂlin%‘ﬂé&nﬂﬁs biSthé HRkédte
medi cal grade flexible tubing. Triport connectors 1192 are provided at
vari ous ipyeitionodisis negestanpthiaht pow disppasbleotterfle Kitde used or et thetepygession. In

necessary.. [.0 ! dl. ters. nd, 1194 are . i ded for

espect | gary Ol e bRe L Fe RRRLS i REB Prh e B AR S5 g Rkt Blaotlg whol o
bl ood f rpadgcipalidtRigtiha@rdugh UshokdithelRk 3 Qat 1000 64 @stalled inhRriaidne Biwer system

Al ternati vel % phot opheresis kit 1000 can be adapted to use a si ngfe needl e

to bot h HMFhol7s Bhobatatlptéen eftfphopwheiesis kiid§09 srtatewesispaemf2000ds to t he
patient. oy .
described in detail below.

[0013] Photopheresis kit 1000 comprises cassette 1100, centrifuge bow] 10, irradiation
chamber700, hematocrit sensor 1125, removable data card 1195, treatment bag 50, and
plasma collection bag 51. Photopheresis kit 1000 further comprises saline connector spike
1190 and anticoagulant connector spike 1191 for respectively connecting saline and
anticoagulant fluid bags (not shown). Photopheresis kit 1000 has all the necessary tubing and
connectors to fluidly connect all devices and to route the circulation of fluids during a
photopheresis treatment session. All tubing is sterile medical grade flexible tubing. Triport
connectors 1192 are provided at various positions for the introduction of fluids into the tubing
if necessary.

[0014] Needle adapters 1193 and 1194 are provided for respectively connecting
photopheresis kit 1000 to needles for drawing whole blood from a patient and returning blood
fluids to the patient. Alternatively, photopheresis kit 1000 can be adapted to use a single
needle to both draw whole blood from the patient and return blood fluids to the patient.

However, a two needle kit is preferred because of the ability to simultaneously draw whole
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However, a two needle kit is preferred because of the ability to

si mul t aneously draw whole 6 blood and return blood fluids to the patient.
When a patient is hooked up to photopheresis kit 1000, a closed | oop system
is formed. [0015] Cassette 1100 acts both as a tube organizer and a fluid
flowrouter. Irradiation chanber 700 is used to expose blood fluids to W
light. Centrifuge bow 10 separates whole blood into its different
conponeri:ﬂ@odamldmetdmigjomd)ﬂnﬁémsj thy patientaiVienta atignti®hosked upa0 Phbtophdrestekipor t
bag. St ﬁi’bg Hg ort 52 |s ed to inject a photoactivatable or

phot ose 13\/%1056 oS 1 {m eat ment bag 50. Pl asma col l ection bag 51 is
1000mL 11599k 2 q 100 horh € 8iTRVre RAfr 300 30RiPHAS TRuEC! aahlion. bag 1
have a h| nged cap spl ke tu%e 53 |c can use for a| nage 1 f
necessarchamb¥rdildphesed so sxpase bibda (ﬂuidsrtb RBY liglatmitenaefa gdpokw bith@piatek ol S
1555 an%1556 Whl(g% are adapted to nnect to gr essur transducers 1550 and
1551 t o HPqdigfo ttsiiperen| compagents agre 1&% Ay 1 BERRGH %ﬁﬁ’t&ﬂl%n‘&nd

control ly hx%glp%#ﬂ%a ) §95 t%npngbnlsa i H&%ﬁ%%lﬁ Egj%wa&l&ml@eﬁ seﬁﬁl\% 10) .

Moni t ori ng e pressure he ensure t Ki't |ngw| in safe
pr essur ecohipoutdintoltneatineetibag dﬂa[PlaﬂeMicoHectmh b[ag &1 op hedoasl Ewckpcbrt B40Botand
their functioning, are discussed belowin detail. A Cassette for

CCiIont r ol Itre3gneat GP%IS‘kPWlFW@]lleF‘P@ bag 3 adingsd 3B sRike &b whighrerbe
of *bl cod o R SRAMIEE ierkRlsshll piBlothlsis k108D Alkc? CLmBARS Obip At B0 B0

housi ng ISSSShnd 0556 \fvmblirﬁreaiﬂlaptﬁﬂa’fftﬁine&na@ﬁestmalraﬂﬁiuﬁeraism emB158) thdilter i t S
various internal conponents and tubul ar_ circui tgél Housi ng 1101 is

pr ef er abh3P0 videenbiubenkasd 45 4§63 for mppitogiag aa@cwa g ﬂlﬁrwesem:@ wHhip tabesi d
t | d Sid N
rlr?melr :)? ‘1%’85%“%5%1‘%‘%9‘%‘43%@% %S@bhnégh%llbé ext |e’.r§1i(%|H r]E:t aZrt%egig glﬁﬁ ::)U(I?I \rllvg a

phot ophespesitiag twithirt seEnpresaskgits. eTHA Ddivided geticeshd phewphadsit Rit 460k ad200  of
tower system 2000, as 1s best illustrated in FIG 25. Tabs 1102 and 1103
hel p postheir Biictionae. sEcdisussesibelaw & detdh t o deck 1200. [0017] Cassette 1100
has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for

receiving flujd ; uid outlet tubes 1114, 1115, 1116,
1117, 1118, aéldéi%%@foﬁe%ﬁjﬁ@%@ PIi ng Fll(ﬂlu ds fromcassette 1100, and fluid

L O S g Ll Can e e, Lon R LIL gL 1g, a0 erpell no
fluidy ﬁiﬂﬁﬁ?ﬁ@ aﬁ@%&ﬁf&ll%g%%@%&v@nﬁnﬂﬁ*ﬂl@dlfﬂlﬂﬁi Bkidd @@;&Sbhe?eilsvt?éa{mé}ﬁ the
various - devi ces of photopheresis kit 1000, such as centrifuge bow 10,
i rradi atsessiore Haaskete7A000 has haningeh01 bizeg f&@s ol iawmeal sprck dett ndn aha gasiig foand
bags Cont[sa\lra?lloggm%e%alll r(]:gmpgrrllénltsc a(.)[l%qu’)l?lglll‘ cgpcumy Iglousmg 1101 is preferably made of
hard plastic, but can be made of any suitably rigid material. Housing 1101 has side wall 1104
and top surface 1105. Side wall 1104 of housing 1101 has tabs 1102 and 1103 extending
therefrom. During a photopheresis treatment, cassette 1100 needs to be secured to deck 1200
of tower system 2000, as is best illustrated in FIG. 25. Tabs 1102 and 1103 help position
and secure cassette 1100 to deck 1200.
[0017] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for
receiving tluids into cassette 1100, fluid outlet tubes 1114, 1115, 1116, 1117, 1118, and 1119
for expelling fluids from cassette 1100, and fluid inlet/outlet tube 1113 that can be used for
both introducing and expelling fluids into and out of cassette 1100. These fluid input and
output tubes fluidly couple cassette 1108 to a patient being treated, as well as the various
devices of photopheresis kit 1000, such as centrifuge bowl 10, irradiation chamber700,
treatment bag 50, plasma collection bag 51, and bags containing saline, anticoagulation fluid

to form a closed-loop extracorporeal fluid circuit (FIG. 27).
7



to forma closed-1oop extracorporeal fluid circuit (FIG 27). 7 [0018] Punp
tube | oops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of
housi ng 1101. Punp tube | oops 1120, 1121, 1122, 1123, and 1124 are provided
for facilitating the circulation of fluids throughout photopheresis kit
1000 during therapy. More specifically, when cassette 1100 is secured to
deck 1200 for operation, each one of said punp tube |oops 1120, 1121, 1122,

1123, af@ebiBl Pdmapriabd lapeli20nl 2121128, nez:p@.ndiimm p@triuaé fbin side WAD10BEL, 1302,
1303, 1304, and 1305 (FIG 4). Peristaltic 8 01, 1302, 1303, 1304,
and 130508sing &I0%; MR‘WP%MWS%W A&ZLdd22.Md émﬁ& hlaﬂérq wepsed o, 1121,

f
22, L eupaftie Hedh o BB BLALTAT ol EEL R0l B AR by SRl Ui
aut omat Ispcdlﬂi)@ﬂy,l’l@ht&ﬂfhsmﬂeQdﬂﬂ i'sgseﬁfre@&f dezk dR00O CoropeRsion,l36H onel@fOs%ld RS,

1304, and 1305 is discussed in detail below wth respect to FIGS. 28-33.
[0019] Teherpos Halh H21F1132, 312% gad 1124earg ipded nte poomicspPRdIng peritalye 1101 in an

expl ode t r n escr | t

Cubul ar AREOF AR R TE el LSRG BC FRBR PR bR 18h 1! BT

inter nalanaubos adivectliia thrbiiyh ihe rwfbaﬁzterpahgd ubdlobb$1120, anzh, wiki, 1108, ﬁuscussed
in relation thereto. Cassette 00 has | ter assenbl y 1500 'posi ti oned

t her ei n 113hén 2 prefletairained disecsion ghergby Ariving duid ihb@ghmetor)b@mme ttlu% (Al$14, and

compr 1 549 %5 BRENeR: B Bertif g 8088a0c RAaMEnh Yabogieic) BoudB0e Riwbr o
funct i oni30g,1302, IH03c130Eeshd 13039% istusb@] PMevill Be16ve SRBGEs et (GIFESS. 2@3:10
[ 0020] Housi %g 1101 CO;EH ses cover 1130 and base 1131. Cover 1130 has top

sur f ace [0QM0 5 ureinp oow denbEar 3, sawctic B si@wibyith Anusing H0Inalan exploded Cover

1130 has 2 nd 3. f ow n t cha ers, 1540 and 1542 of
fiicer SuSET U8 ob itk B aeSirirtbarte SRR Al AR SHIREBE ) e al ity
of tube 1909tsnct iRktrhRddh FRO 2 Nehel itdefral tublRS cuauﬁ&e;lllu&m&ﬁm Fatd 4 RHAWil 00p
tubes to pass into the internal space of housing 1101 for connection wth

t he i nt derhdcussadin wlatiphitharetor wassstiail 00 bhasdiltsr assembly 1300 positionedthstetn s 1134

posi 1 o g RaPe YR Byt 486, shf b TR B R N i 11547
Cover 1%gg: daps P20 4811921 bEfIEr d:56R3bI3N308 6@ riscR Ve thanBefs 134D ARd 1540 sur f ace
1160 (FIG 5). Ccclusion bars 1162 and 1162A are preferably nolded into

bot t om Stiltéresembipd5H), andite functigOngis Hisepssedsinfdstaighelaw withoespett 18BdIE6S1131 has
a pl uralésﬁg of U shaped tube-hol ders 1135 extending upward fromtop surface
1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, punp

| oop t ulyee20) Hddsi1103 e6MBliYes 3G 1130 @hdBhset1uBY! B6v& 1180hkE noplsﬂrfﬁéeace Only

a few U-shaped holders 1135 are
1105, a bottom surface 1160 (FIG. 5), and side wall 1104. Cover 1130 has openings 1132
and 1133 for allowing vent chambers 1540 and 1542 of filter assembly 1500 to extend
therethrough. Side wall 1104 has a plurality of tube slots 1134 to allow the inlet tubes, outlet
tubes, and pump loop tubes to pass into the internal space of housing 1101 for connection
with the internal tubular circuitry located therein. Only a few tube slots 1134 are labeled in
FIG. 3 to avoid numerical crowding. Tabs 1102 and 1103 are positioned on side wall 1104
so as not to interfere with tube slots 1134. Cover 1130 has occlusion bars 1162 and 1162A
extending from bottom surface 1160 (FIG. 5). Occlusion bars 1162 and 1162A are preferably
molded into bottom surface 1160 of cover 1130 during its formation.
[0021] Base 1131 has a plurality of U-shaped tube-holders 1135 extending upward from top
surface 1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, pump loop tubes,
filter assembly, and internal tubular circuitry in place. Only a few U-shaped holders 1135 are
labeled in FIG. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is

provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop

8



| abeled in FIG 3 to avoid nunerical crowding. Preferably, a U shaped hol der
1135 is provided on base 1131 at each | ocation where an inlet tube, an
outlet tube, or a punp loop 8 tube passes through a tube slot 1134 on side
wal | 1104. Mal e extrusions 1136 protrude from top surface 1136 of base 1131
for mating with corresponding femal e holes 1161 | ocated on bottom surface
1160 of cover 1130 (FIG 5). Preferably, a male protrusion 1136 is |ocated
at or mamrpagss throdgh Himbt clot 1Eroeside whll bt NARExansioneht36 prbtrede fiGA0. Ml e
protrusions 113 te with the female holes 1161 to forma spap-fit and
secur e b%&%lrfjfi%fl%‘ﬁ%&m%f%!lfgbmaﬂfs)m]wﬁa@@mi@siem@f:ﬁlﬁkﬁ 14ehfcrtedona hub
1140. H i i¥es C f:d es of
the i nt GPLaT RS B0l Bl HAOC PLIRELRIby 3ifale bR} Eal

| ocat ed oneedr eacidofsthie fomupomeisrof dasf 1130end ubailice 28000 gMalet ootdusions1466 Hub 1140
acts as a centralized junction_ which can be used, in conjunction with

conpr es $hahWE8 theeBiale ool 165 dorforpnm saap43) andysecudr Passt 1181 o gever l¥ugh
phot ophgémpaa 113%90hang Qits@srmﬁ Piot FELPA0 0L ﬁvé.favayﬁgs édnﬂgct@%smfb
pro c 0] 1 an -

1140, a riate tube conn ors, such’ as T-connectors

connect af cdrinde:, fivartebesot dhd iatepidl aibaldrk@caasi PedefabBx ilBéecageubiedd 1pabRWAYS .
[ 0023] Five apertures 1137 are located on the floor of base 1130. Each
aper t ur docpicsimepsandsyrroBaghthess o yhaaibeplepding intohplp 1140 sHex14bpcsy astas 1139 for

assin ey : | [.Cl i t her I

o1 ongar carinizP firglioh Bfichghg pEBles, itehbas! bbbt g S8t ithar

Aper t ur ¢BIG.L3Y, tadiedtdlvadsabrouph PAsOpHetedls kio1000 Gid twiahdd fronr the pReiEi Do
conpressi on actuators 1243-1247 of deck 1200 (FI G 22). erture 1157 is

| ocat ed agditiga dehuby KB, apprapriaig tuRe connestops, sudi asnl-gerngsiosy Hl4l2md Y1242 of deck
1200 (FI . r . | [ t hat si ngl e conpression
act ua’g orcgﬁﬁei@rﬂﬁcag%ﬁ&g& g%tgmtt&%raé 1%§S%Séﬁ>fedtu§%§rp{%1r\%a%i.l579i S Si ggd so t hat
three cqOPIRIEVOspertied AT srelddbedliikBe €aor sHUaen €130, NRicRtaper@LaN13RNpr essi on
actuators 1240-1247 are used to cl ose/ occlude and open certain fluid

passagevirsuasied by anjaperayrp ayallil B8 haying shotsud 139 Jor prseipg pertioss padeintemek or
prohibit fludflo a desired o A AL 1s desiired to hayve a
Pert ai n Pl el Bl tnt ACADE AR PR ure ISP 4 dsd BrolEBl B tnd fodt

conpr es Yag1 Bt Ugicoiires 1487 24dcdtel orf bt 103E®gRNaYItH Sortelpéhdimyver ed  posi tion
However, when it is desired to have a certain tluid passageway cl osed so

that f | (fogpresaian agaProld4diadé ohdenkgR00(HIS . 28pr dperiwe d 180 dpeaied embaset uat or
1240- 124434 zo]&gn%ﬁ% 90@@1%?&51{ DA 158REPSS Rk 800'ANEY 22 Thch éﬁ%r&kle"r ough

aperture conpressing a portion o exi ul ar

ci r cui t rip3agadingltsohpittacingiicdragiessickodd tabdrG248)1 24D tarcoriiid théRthroddrer eby
cl osing that passageway. Preferably, occlusion bars 1163 and 1173 (FIG 5)
are posiApesweil b ipsizedin Hat thiecompession agupigrs 19400 24Rsag exteressi on

act uat Ortﬁer%&]f’(?ﬂgh, Compression actuators 1240-1247 are used to close/occlude and open certain
fluid passageways of the internal tubular circuitry in order to facilitate or prohibit fluid flow
along a desired path. When it is desired to have a certain passageway open so that fluid can
flow therethrough, the compression actuator 1240-1247 for that passageway is in a lowered
position However, when it is desired to have a certain fluid passageway closed so that fluid
can not flow therethrough, the appropriate compression actuator 1240-1247 is raised,
extending the compression actuator 1240-1247 through aperture 1137 or 1157 and
compressing a portion of the flexible tubular circuitry against bottom surface 1160 (FIG. 5)
of cover 1130, thereby closing that passageway. Preferably, occlusion bars 1163 and 1173
(FIG. 5) are positioned on bottom surface 1160 to align with the compression actuators 1240-
1247 so that the portion of flexible tubing being occluded is compressed against occlusion bar
1163 or 1173. Alternatively, the occlusion bar can be omitted or located on the compression

actuators themselves.



1247 so that the portion of flexible tubing being occluded is conpressed
agai nst occlusion bar 1163 or 1173. Alternatively, the occlusion bar can be
omtted or |ocated on the conpression actuators thenselves. 9 [0024] It is
preferable for cassette 1100 to have a unique identifier that can
communicate wth and relay information to pernmanent tower system 2000. The
unique identifier is provided to ensure that the disposabl e photopheresis
kit is ¢@0Rdait ibpefemhlhlb foituasdetto d 00w haee aeqiqiupmhnhfi'emhat oslicomnininid¢ase bei ng

| oaded, andtha errﬁrgﬁom heresis kit |s§)r£ I runnln t he desired
treat met dypin UQRiLe RETREEHLP V¢TI SiE Bé‘“’dﬂé‘é figr iweans to

ensure maecﬁ p%n&fréfh% Q'd?s);()B&%f g;ﬂ;%ﬁ:@%@fe&siféttls hgmgéu ﬁzﬁﬁtﬂ?é | ng& gﬁ% hame or

make. the ilTlustrate e uni que | is e ed as data

card llﬁﬁul()lﬁleﬁi infd) whibluit is Bemglliﬁdécﬁdndl ﬂiaoﬂle%bﬁ)pﬁarﬁeﬁis kﬁQﬁtapaBE afeurining001 of
permanent tower system 2000 (FIG 17). Data card 1195 has both read and
wite capatssired ir%%mawcpre%ﬁqs sy unignst identidicacamalse be pied a8 AdBeaARS R eRSHEY apy

per f or O fi a I on a
Var i ot y tof tioshitt Enoicias T0F e Ll Brdpdble U Rl Meifu B8 O 1

t he bl oedartlpleVviie @figue ideatifieriembbdied id ddt$ caroddesl (K16, 2htat gqﬂ@m@im@ seri al
nunber. [0025] Caover 1130 has data card holder 1134 for hol ding data card
1195 ( Fdata caxd receiviag par @00k ef PRIMANINS 40 RYBERE2D0P SHIC. e1|7év39@c9ard HPshapn a

segnent r rd 2 to
cagaert 2o ARAHReapTRys B SRR AR S B n R R SRR G

snap- f i tox futre agalysid. Oﬁ%almcﬁ%fl&érftiﬁéﬂcd]%d @kEbFSD vadeddd fékms! i?l@lddﬂ{gefdia|
tubular circuitry of cassette 1100 will now be discussed. At |east a

portion eesamplﬁea mesre¢hip that ingerpets with thaubloed, diive grudpraendbyhen iieedleit isfloadedexi bl e
pl asti C %’dé th%t. LP tl))? pi nched shut by the exertion of pressure w thout
corrprom SPET N nt egrity of the tube. Base 1131 of cassette 1100

is il ugoezs]etbven1136/Has ddtasardiHodder 1 D84 fortheldhad ddthl BAtHAN 98 (FICHi1.r Ba@Brdoe
viewed. Inlet tubes 1107 and 1108 and outlet tube 1115 are provided for

coupl i n@owséb?zﬂt mprpes fayr elewated fidgps lbemgm@tqcheeanaylar shype Eorgeeeeyipg cal |y,

o cont A GRb S B8 TLOEHS e ThI D48 R, TP hott B SERTRORF, 1"

provi de p‘l@évﬁﬁgﬂaplfnqpm Hhower density bl ood conponent s and hi gher denS| ty
bl ood coggonents to cassette 1100 for further routing through photopheresis

kit 100([ Zﬁiéiqf@mg n@wng H@S bl ayldt, ghsniptsnrah tububasircuitiy| of gassettot1 ﬁrlpl e,
2 aoe RO S Pl Ehtuolol 588 Bl DT AR HOR 8" o T
Eﬁgﬁb é%]fgeg(l)‘tﬂ@ a!?tei'd @bingWRE cdd BZpibthedbh)t PR leRer€idn SEpieGsutd Athbg 11 r adl ation
compromising the hermetic integrity of the tube. Base 1131 of cassette 1100 is illustrated in
FIG. 4 so that the internal tubular circuitry can be viewed. Inlet tubes 1107 and 1108 and
outlet tube 1115 are provided for coupling cassette 1100 to centrifuge bowl 10 (FIG. 1).
More specifically, outlet tube 1115 is provide for delivering whole blood from cassette 1100
to centrifuge bowl 10, and inlet tubes 1107 and 1108 are respectively provide for returning a
lower density blood components and higher density blood components to cassette 1100 for
further routing through photopheresis kit 1000. The lower density blood components can
include, for example, plasma, leukocytes, platelets, buffy coat, or any combination thereof.
The higher density components can include, for example, red blood cells. Outlet tube 1117
and inlet tube 1112 fluidly couple cassette 1100 to irradiation chamber 700. More
specifically, outlet tube 1117 is provided for delivering an untreated lower density blood
component, for example buffy coat, to irradiation chamber700 for exposure to photo energy,
while inlet tube 1112 is provided for returning the treated lower density blood component to
cassette 1100 for further routing.
10



specifically, outlet tube 1117 is provided for delivering an untreated | ower
density bl ood conponent, for exanple buffy coat, to irradiation chanber700
for exposure to photo energy, while inlet tube 1112 is provided for
returning the treated | ower density bl ood conponent to cassette 1100 for
further routing. 10 [0027] Inlet tube 1111 and outlet tube 1116 couple
treatnent bag 50 to cassette 1100. Qutlet tube 1116 is provided to deliver

an unt r pEO2eY Idlewuistensiltand bugadusO TG wRaple te@fimedX BAPS®io daddchy 1200t Outle
t reat ment bag@SO. Qutl et tube 1116 has hematocrit ("HCT") sensor 1125

oper abl {1bedARe s ravidedbiogdel vernangiiecest 9w densify blopdreompenemnfosexamplegh densi ty

assonb §ORADEbrusaich e SETQRIAh Il bits SRR RCTCERan 235 conds &

det ect i operablgRahndceediihg@eqdmicdfitbefor tiaRodeHohbpedighelehsity@bigodiet ected in
outlet tube 1116 and the controller will take the appropriate action. Inlet

t ube 11¢ampencst cystoasded bloodiceln HEE semmor Ebd%id alpbatogiensairtagsepibdpand isonponent

f b 0 1100 f i | bes 1109
Lnd™ 11 SR o RBRL B b RS T et 41 B el A Skl b SO o g
bags (n@hef RABIdodEAls afPddi@ScdihUPtinedbd 1Pk Madhaéshieviviledke fe del ivering

saline and an anticoagulant fluid to cassette 1100 for further routing to
t he pat approprifto@ct8in. Inlettubolileis profideditorgiuamidic ontreéased towbdensitd Bloodupl e

| | Lection bag. 50 . i ficall | b
115" defroRrinh iimdBduRcias s S 000 Ty oiBhe SBE mElikst fiation bag
51. I nl qui@ue!rgdpedtidRsy dokhdctedid Deulie 8Ad hiticBhhlalt stRdde ks (Rl shdihPagh cel I's to

pl asma col l ecti on bag 51 fromcassette 1100 or return the bl ood conponent(s)
t hat buispideupl 90rang 1d8 hand ok Ipeetidasifobdeliveiing salnesind rnt entid@gulaot fldidte her

routing. Inle e. 1106 nd outl et tubes 1119 and 1114 are coupled to a
pati ent .Ca§f3té%i]quc% f‘&g&l%’iﬁ’flﬁ% tot'ﬁﬁgatﬁ’iﬁ is provided to return treated
bl ood, %@dzsm%lewgﬁﬂewb%cmbgﬁai oﬁ@éml%éemlscoﬁﬁl@?%lgﬂa%ﬁ&gion%‘ﬂgﬁﬁ'ﬂ@nt s, and

other fluidS back to the patient. Inlet tube 1 I's provided for delivering
unt r eat easseitrol Kb IMosd spemticalypoesthe tuberiil i@ delaveoumnbloodl campament,soctyad ant f | ui d)

phot opndsBRstogsmielEc 16T, dplsvOya i aZaN ve bR GEhentli e,
del i ver ipihdaRIIaHY preQRoidiRB o ﬂ»alg:fﬁ frSnicBsite 1100Cr FiBfh thk bidod cobipBh&fi@p! € t hat

all tubing is disposable nedical grade sterile tubing. Flexible plastic
t ubi ng itlsat buidduprosplapnetdleceoh big¥iPw|cagays 100fot figthen amtingy dnlpunpe 1106 | oops

1120, 1121, 22, 1124 f dri vi. bl d . fl ui t.h hout
20 e T D e g, SPRSBE L SR AT e | o
1121 | ogglsvibdit 8 riiR] GedRldBlod YRBhel 3htbeARCHIGEPRRSSINAL YirdhiddiQSoahol @ bl ood in

and
components, and other fluids back to the patient. Inlet tube 1106 is provided for delivering

untreated whole blood (and a predetermined amount of an anticoagulant fluid) from the
patient to cassette 1100 for routing and treatment within photopheresis kit 1000. Outlet tube
1119 is specifically provided for delivering an anticoagulant fluid to inlet tube 1106. It is
preferable that all tubing is disposable medical grade sterile tubing. Flexible plastic tubing is
the most preferred.
[0029] Cassette 1100 has five pump tube loops 1120, 1121, 1122, 1123, and 1124 for driving
blood fluids throughout cassette 1100 and photopherests kit 1000. More specifically, pump
tube loop 1121 loads into whole blood pump 1301 and respectively drives whole blood in and
out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing through filter 1500
along the way. Pump loop tube 1120 loads into return pump 1302 and drives blood fluids
through filter 1500 and back to the patient via outlet tube 1114. Pump loop tube 1122 loads
into red blood cell pump 1305 and draws red blood cells from centrifuge bow] 10 and drives
them into cassette 1100 via inlet line 1108. Pump loop tube 1123 loads into anticoagulant

11



out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing
through filter 1500 along the way. Punp | oop tube 1120 |oads into return
punp 1302 and drives blood fluids through filter 1500 and back to the
patient via outlet tube 1114. Punp | oop tube 1122 loads into red bl ood cel
punp 1305 and draws red blood cells fromcentrifuge bow 10 and drives them
into cassette 1100 via inlet line 1108. Punp | oop tube 1123 | oads into

ant i coaguinprif804 indodrinees ha @dticmaguldnt fhed ima caneticbigulianitetfrhhe D 24nind copsfSet t e
1100 via inle 0&Iube_1124 and t of cassette 1100 to_ via outlet tube 1119,
whi ch ¢t HORte i st fupey I, v PBREE BEP ilghube 1506 Rusapiloop fibs

recircu j ! ; | j : rough
{r eat nonre R recicbia@ithth KIS Bl obie, ibod Buidd 8 B o BT b8 0) Rach
of peri seahtenchapfomdlidadiatd@dchaarberOtfromtadethEl®0necessary to performthe

phot opheresi s treatnent . ther ap]g) acggr ding to an enbodi nent of the method of
the pres¥h0] Eachefmersialtighienps I30kd$03 asagtivuedwhemnecspsty Wperformitas, 26- 27.

Peri st ak}lbt%pl?#%ggsstr%a?rl%éﬁtjltg%%ylé%gr% ﬁ)pc}%rne?ﬁl%(airﬁaﬁ 0 Ehee}néth{;r%ofgtg)ei Pes8NY

conbi nat'1 on. p conjunction w ressi on

act uat ofisveh@diOwhich Ts dcebgdasllow irietiioh i BIGR 20eF]. rdispaidmays 1301-1305

phot opheresis kit 1000. Apertures 1137 and 1157 are strategically | ocated on
base 11%an bappsrgied pee atriy tepaar ingagl gpapinatipe uThe purpps 31308 avask pe oper

routing... T : | ti 40-1247. 1 fluids can
be. i r oe NP al AL S R s SO EERL PR R B a R e ipl

Assenbl ywf phétdierdsid kie10000 Whertohis AN 37 and PIST £6 sttbgitallyclasaed bebdstAq3ns

descri bed above, is illustrated in _ detail in FIGS. 6-10. Referring first to
FI GS. 6 aimg the infgrpal sebuigeirepigryitp fagdlitptgmaeper gouting. dbsesbiteeiusef| t er 1500
conpris f.l: I>Rf. j OLIS] 01 is ferably

constr u%? Iélgregélbltég{t‘f‘%ﬁé;lgg gnl?ge 2:“% ﬁ{élr(]ié ?%nclgen{ﬁér?gegll %(g gl agnryé)élg[{ ngfyairt i c. However,
t he i nvepinbimatibsther@f. so limted and filter housing 1501 can be constructed
of any material that will not contam nate blood or other fluids that are
flowi ng therethrough. [0032] Filter housing 1501 has four fluid connection
ports extrudi ng tHerBigBiler AsgEly whol e blood inlet port 1502, whol e bl ood
outl et port 1503, treated fluid inlet port 1504, and treated fluid outlet
port 15(8031Pdiiltes 1360271805 lacatedswainid @nsbetie il Meads desdyited aboven excitlugratqgbint s

(ot G TRIER HPRTR L B L PEEL S SISL i RR 1502, 150
1507, 15Q8nach I/ ﬁhb%ﬂﬁxpri&éara%&? hBerixg%lg(ﬁQ%ilt %sin%t_lgg'l Fggtgeflﬁa% form ng

fluid passageways Iinto filter housing 1501 at the deslre ati1ons.
constructed of a transparent or translucent medical grade plastic. However, the invention is

not so limited and filter housing 1501 can be constructed of any material that will not
contaminate blood or other fluids that are flowing therethrough.

[0032] Filter housing 1501 has four fluid connection ports extruding therefrom, namely
whole blood inlet port 1502, whole blood outlet port 1503, treated fluid inlet port 1504, and
treated fluid outlet port 1505. Ports 1502-1505 are standard medical tubing connection ports
that allow medical tubing to be fluidly connected thereto. Ports 1502-1505 respectively
contain openings 1506, 1507, 1508 and 1509. Openings 1506, 1507, 1508 and 1509 extend
through ports 1502, 1503, 1504 and 1505, forming fluid passageways into filter housing 1501
at the desired locations.

[0033] Ports 1502, 1503, 1504 and 1505 are also used to secure filter 1500 within cassette
1100. In doing so, ports 1502, 1503, 1504 and 1505 can engage U-shaped fasteners 1135 of
cassette 1100 (FIG. 3). Filter housing 1501 also has a protrusion 1510 extending the bottom
surface of housing floor 1518. Protrusion 1510 fits into a guide hole of base 1131 of cassette
1100 (FIG. 3).
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[0033] Ports 1502, 1503, 1504 and 1505 are al so used to secure filter 1500
within cassette 1100. In doing so, ports 1502, 1503, 1504 and 1505 can engage
U shaped fasteners 1135 of cassette 1100 (FIG 3). Filter housing 1501 al so
has a protrusion 1510 extending the bottom surface of housing floor 1518.
Protrusion 1510 fits into a guide hole of base 1131 of cassette 1100 (FIG
3). 12 [0034] Referring nowto FIG 8, filter 1500 is illustrated in an

expl odetD0hRefenfriig nay thBlis iSnfjlter B0 i§ Blusiratedinpinsxglaied etatd. Fikeripusisgng r oof

1511 an 1512, Roof ,1511 is. 1 Kk

o the SS0PRG R Heee ety b duterong 15 Fhand Hisf B5f ROy M bniteiness ve,
or by dﬁbﬁeuam stﬂy rhednk kRBHnRRRR ok LiechSR vlthAbnR WdIGRE, Heaf wERRIY TS bet ween
the two. Wil ter housing 1501 is illustrated as a two-pi ece assenbl y,

filter apﬁwmgmg aﬂlﬁ@lvecamb}b@esarmﬁﬁoomﬂlr@ldéam B2 sstthatcttighe fibresaltsrul ti - pi ece
assenbl 512 s .ch er .separation wall 1513 extendi ng upward
from a ¥8‘a[ eEY é&f@ ??hl}%@aeﬂﬂasw ilg&l 5@1@%@5@3@5 aFyO-PifrE RS ST F8ED and T oof
1511 ar §oRSsE 41890 bE@Rhe‘rlhrsﬁ%i@Pééelémcgjrc 6P2 RS- 8&%9%3@&@“%%' | 1513

contacts the bottom surface oof 1511, formn ers within the
filter QOAS]Byse 1Fi2ihas bhaoolbkr cepundmn wWB1EB13ruttehidingarpwabdfrbara ﬂaﬁ]sﬂrfacel%lfui d can

[G0s6] e asiﬁﬁkﬁﬁi@a%ﬁb?slﬂ%‘ig @&oﬁ@ﬁiﬁ%%ﬁ‘%"égé GEASKy ng

floor 1%%6hmnﬁé“@éﬁr£ﬂoﬁ%ﬁmm3ﬁta u‘migé MO?QEIII bl & 1519 and
ust rat g?% W

a whol e bl ood outlet hole (not oor 1514. e bl ood
i nl et hehanbdd Yithimdthe hﬁemﬁmﬂsmngbdd bmmﬁlodaambai El6amé fﬂmnd’(aad)eaﬁsm near the

ends of _the subst 1y L-sh | e bl 1516. bl ood
T Tl T N e i e e o L A
t hat whol

bl a0d out38) HERE blcolthirihdt 18164 SR ANATped shmberiluing rlotr 1306 D007

out | et Pwhsle bda chambdrdiS16 has awhale bidcahvinleohdlec dS10al £whblddo®hautzehold516.

[0037] Filt rrber | qor 20. Fla 1520 s el evated ridge

1521 bx(BRidl gD iEReoT ALY ool Olppd ik Bale 3G and SErvhae ploS SRUTHS and

fornms a pey r

i1 lustrat egbﬁgﬂ%&d{) rr?e\é\%ftthgg@es\eﬁgﬁ%&rb Ftﬁhmﬁfé%gﬂ%&@%?%waﬁw Iisi‘?ong as it

f or ns anVhole bmddnlpelrdlerdf ¥ formhe phsaaylﬂayohtked:m&tgetﬁ%uﬂgﬂeﬂ;ﬁﬂﬂl&(ﬁ sbalsa t han
en, r oof 1 and

base 15 gan H6C GHp e pALBIFE L Sl6 Ay R Wl WroPBFabas (heidge
L1 ST b S S AL 0
out of whole blood chamber 1516.
[0037] Filter chamber 1517 has floor 1520. Floor 1520 has elevated ridge 1521 extending
upward therefrom. Elevated ridge 1521 is rectangular and forms a perimeter. While elevated
ridge 1521 is rectangular in the illustrated embodiment, elevated ridge 1521 can be any shape
so long as it forms an enclosed perimeter. The height of elevated ridge 1521 is less than the
height of chamber separation wall 1513. As such, when roof 1511 and base 1512 are
assembled, space exists between the top of elevated ridge 1521 and the bottom surface of roof
1511. Elevated ridge 1521 and chamber separation wall 1513 form a trench 1524 there
between.
{0038] In order to facilitate fluid flow through filter chamber 1517, floor 1520 of filter
chamber 1517 has treated fluid inlet hole 1522 and treated fluid outlet hole 1523. Treated
fluid inlet hole 1522 is located exterior of the perimeter formed by elevated ridge 1521 and
forms a passageway with opening 1508 of inlet port 1504 so that a fluid can flow into filter

chamber 1517 from outside filter housing 1501. Treated fluid outlet hole 1523 is located
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[0038] In order to facilitate fluid flow through filter chanmber 1517, fl oor
1520 of filter chanber 1517 has treated fluid inlet hole 1522 and treated
fluid outlet hole 1523. Treated fluid inlet hole 1522 is |ocated exterior
of the perineter forned by el evated ridge 1521 and forns a passageway with
openi ng 1508 of inlet port 1504 so that a fluid can flowinto filter
chanber 1517 fromoutside filter housing 1501. Treated fluid outlet hole
1523 i s ihtpciat efcthd perimeter fommed)byblwatpériﬂgeli%l drdrfirads byasshgevatyedtlr opgimgl 521

and for 0 509 of _outl et por 505 so that a

flui dcarsOPiebanisidoss %Pyﬁ? BW il qut of fifepghamber é$1 1500 furt her
conpris I il 3% (Walqaals 1531
havi ng f e@l(}%ge]rmﬁ%rdlggg ?%%er%él%???é;r{eﬁe% gire gl n. Fﬂﬁ% e1531 gigﬁ%o nﬁelgsE?1534 t hat

fornms a frarhe £53%i bdvetg ﬁicdrmeﬁﬁaBESZIflolsntlenecbﬂhemimtFrmﬁlaGSBls hposindckdd8d than filter
chanmber 1517 so that fr 31 fits Q trench 1524 and nec 534
sur r ound 9P} %gﬁérdmﬁg 133? %1 tﬁb?lémf‘?stzié% I?P?St“éqneflhfl'étel}f@la@b% J7|5§t]8ﬁt| gned
wth tregis ely flow
t hrough hol éejgsllg%tg llgﬁgﬁé%ﬂggzlangig%ﬁ?gse%k%&rw e?&ga 7.&%%#%%?%&%&% filter

el enent Hif80infev hole 153% fsraighﬂ:d:wfth trewtied fluel mleaheld 1522 ge tibbRitomMd flfiehel t hat

enters fllter anber [through holes 1522 and 1533 must pass through
filter niggfl &ﬂ%égmiuah B?la% $32nd 838 itp (llgr e 4517 Shramg 1331 pRRKed 11 ui d

outlet h h f

oppr oxi nar e I530 ik alordiE & dioelchied BRADI DTN RudhREEnBefnd
such as mmr psiMasigh hok@ﬂ)smadallﬁérmumhpmemroﬁgiﬂlténmédietlssmmp:rrdaas fi | ter
vent chanber 1540 V\nthl{’;lvroof 1511. Filter vgnt chamber 1540 has gas vent

1541 in PHelileschrmgberdSh @t(qaﬁeéﬂlgﬁl outtgt haleskd2dq Kiligs medin sz Pé?fé‘f@é’ %

filter v Qp‘gfﬁf %1 d f 7 gases
t hat buifﬁga%\?’m @%ter C léng%rﬁ@eﬁﬂ%g%l%%%gget I(r?%eljlgcg gas ven 1541.
Si m | ar | suchwhologen pdlgasttrchanber 1516 conprises bl ood vent chanber 1542
wWithinr f 1511 Bl god, vent  chanber 1541 has gas vent 1543 in the form of

a hol e. iepghampen] S ughessomprises fdlteryrepiodiambat 1340iup rasfdB1khi ch i n
bl ood_onish i RN 1SAPRE, LO3ERsat ol dhe O 680 hOBIEID 9, Hetist Pus i

vi ew of 1$4lt(§1én§|.ﬁlﬂﬂfllﬂﬁ'\l\deﬂ'gcl'phﬁﬁﬁ 1540 wleinls o1 s 55s atd filisbdhamitben QEI'E@asetSO gas

vents 1541 and 1543, . Pressure sensors 1550 and 1551 aregﬂeferably ressure
t r ansductirsbuild-uwithis flier shambes 3517 canesppscthryeh sagyent $34k Similarlyi whejent

tubing 1 | a ma tight
it and ooeg cigiler 15HPLARrbob Blchly i Qmegefedy it R 13BL B R ™ S0
whi ch i nchiawtber dpHnisasigas verdtil542in hb forireof dllvdle., Bedwase gaseasulBi3iopeneinto t ubi ng

1552 is the sane_as_in filter chanmber 1517. By neasuring the
blood vent chamber 1542 which in turn opens into whole blood chambér 1517 gases that

build-up in whole blood chamber 1516 can escape via gas vent 1543.
[0041] FIG. 10 is a top view of filter 1500 having pressure sensors 1550 and 1551 connected
to gas vents 1541 and 1543. Pressure sensors 1550 and 1551 are preferably pressure
transducers. Pressure sensor 1550 is connected to gas vent 1541 via vent tubing 1552. Vent
tubing 1552 fits into gas vent 1541 so as to form a tight fit and seal. Because gas vent 1541
opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the
pressure in vent tubing 1552 is the same as in filter chamber 1517. By measuring the
pressure in vent tubing 1552, pressure sensor 1550 also measures the pressure within filter
chamber 1517. Similarly, pressure sensor 1551 is connected to gas vent 1543 via vent tubing
1553. Vent tubing 1553 fits into gas vent 1543 so as to form a tight fit and seal and pressure
sensor 1551 measures the pressure within whole blood chamber 1516. Filter vent chamber
1540 and blood vent chamber 1542 extend through openings 1132 and 1133 of cassette 1100
when filter 1500 is positioned therein (FIG. 2). This allows the pressure within chambers
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pressure in vent tubing 1552, pressure sensor 1550 al so neasures the
pressure within filter chanber 1517. Simlarly, pressure sensor 1551 is
connected to gas vent 1543 via vent tubing 1553. Vent tubing 1553 fits into
gas vent 1543 so as to forma tight fit and seal and pressure sensor 1551
measures the pressure within whole blood chanber 1516. Filter vent chanber
1540 and bl ood vent chanmber 1542 extend through openings 1132 and 1133 of
casset t 4514 6 15#7a0 bé imdnéoretiSafle ssilipostettirgrfdeer chanedri 506 bl thi2)luidhi s al | ows
t he pressure,vvistetpi n chanmbers 14 1516 and 1517 to be nonitored while still

pr ot ect CAYCHPRSERCIERanber 1500 and the fluid connections thereto. [0042]
Pressur el 1854 L is a
proper | $0&%?§S§S§u%%§§g8fsgf§ggggél gscg%r??g 1§€t&1(§)§§% Q%I;ﬁgg ghqur:gﬁsna Bl\rléﬁgglg sor used
t o dri verdgranmmed preeesssy sCemraller £854 dm te asapapadeesyor oseiswaltive thydngick t 0 a mai n
processor. Pressure sensors 1550 and 1551 produce electrical output signals
r epr eseAYHEMPE CHT DG HELPIFASRIGEESSPTSAEPISH 40 fima Processali e pssUISEnsolh 11%1‘516

respecti - j fr il s basis
Gat a1 oprSLbst PRI Hiod Bobul SRR DRt e lle SOARLTRRHR, 1T er
1554 i s chpmibgs a81shdil 316 ryspeaiesly. eDomftiet (584 dedidsan Direprur erscontifiliug
chanbers 1516 and 1517. Controller 1554 conti nuously anal yzes_the pressure

dﬁt a it beue gt aepresepinpihe Pacsrwe s ambess S 18mnd 1547 {Ca?ta@ieé.lﬁ%s whet her
pressur & ermRE PRI Tt il L AR U QfFpeBRfen IPIMORITS (o'

whol e bl@atkoRerE53304tidundsly @hally fesphigipredsaB2dath 0l re@s@e fifen prsdudesgps@ssur e data

received frompressure sensors 1551 and 1550, controller 1554 is programed
to cont ri§f0 @%lgﬁé@&e@rmw&@% theqessurpreadings ap vithit ypredpiarpingdomee t her eby

P ow r aneh 1 4o EHER, R PRBMRR 17 RUTRRe e R BN 1P

filter oltBlood plrpr8ePaed fevigh yumpt1303. rebpunsSe withe phaturt dgtapeRssdr €
within the |ines draw ng and returni(n;glgbl ood to and fromthe Fati ent is
mai nt ai rfedn aressuie sansersdPal ped, 1330, comyrsiisy 153us pragsamaad fycesirof fhetspeedisfoo

s, 1 WRICLREREHSD R0} 45 RRKpaERR Bl hticel Rlivifhe G BEWIARF st hEL PE
i n det aigumistiBOT espE3L. tAdjadtmyithge ool ateh i ash hdjosothe patdventvitAindyiicté ur ni ng a

conponent of said whole blood back into the patient after it is treated, the
i nvent i dhoqdschagbersd 516 japd filler, chambeelS17goteetivelpelt isiadhisivaydhadbe pssus t h

ol aarm, D e s BRHEM AP R AR SR A MR pATA KRB S Ve

bl ood f repematpaievelst who is connected to
[0043] The functioning of filter 1500 during a photopheresis therapy session will now be
discussed in relation to FIGS. 1, 6, and 10. While the functioning of filter 1500 wiil be
described in detail with respect to drawing whole blood from a patient and returning a
component of said whole blood back into the patient after it is treated, the invention is not so
limited. Filter 1500 can be used in connection with almost any fluid, including red blood
cells, white blood cells, buffy coat, plasma, or a combination thereof.
[0044] Whole blood pump 1601 draws whole blood from a patient who is connected to
photopheresis kit 1000 via a needle connected to port 1193. The rotational speed of whole
blood pump is set so that the pressure of the line drawing the whole blood from the patient is
at an acceptable level. Upon being drawn from the patient, the whole blood passes into
cassette 1100 via inlet tube 1106. Inlet tube 1106 is fluidly connected to inlet port 1502 of
filter 1500. The whole blood passes through opening 1506 of inlet port 1502 and into L-
shaped whole blood chamber 1516. The whole blood enters chamber 1516 throngh inlet hole
1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
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phot opheresis kit 1000 via a needle connected to port 1193. The rotati onal
speed of whole blood punp is set so that the pressure of the |ine draw ng

t he whole blood fromthe patient is at an acceptable |evel. Upon being
drawn fromthe patient, the whole blood passes into cassette 1100 via inlet
tube 1106. Inlet tube 1106 is fluidly connected to inlet port 1502 of

filter 1500. The whol e blood passes through o%gnioaﬁ 1506 of inlet port 1502
and i nt ®lead spHispdengfinor 451 wsd icieashise thedde biprd oulel helainebiilusisated)sit chanber

1516 thr i nl hal i,ch.i I taed pn. flQor 1514. re whol e
bl ood er%?%?g[geljc g%ﬂ%‘ﬁ’fﬁi%‘ﬁ@%gw\%gpgﬁlngggﬁog& dgsﬁluﬁeg aé?‘é?né]ef‘f@? g%@& unt i |
it reachrfetWigolvhahe alPadedewrst Wik OQQ'E@ (30Tt ofidutlbsporel 5U3) Tle wdkeblebder end
of L-sh\e;ggd whol e bl ood chanber 1516. As di scussed above, the whol e bl ood

out | et liewitbinphamberakbd  dlowsyrcinss Aoarpéddniraugh thewhelgthlend qyslet halg03. The
whol e bl.ood .t hat. 45+WM.1hi 516 flows ss floor 1514, through
t he \/\holngt%ﬁug%topaogui[ﬁ%gtarﬁio ug?gﬁﬁ%rt gu rf)%gh %ﬂn% , and out of filter 1500

t hr ough [0945)i Axghd HBéle HIQH RdsseAthioligh Whele®Idddaddmpas B31%, biveotaharhfipged! ood
chanber 1516,@3ases that are trapped in the whole blood escape. These gases

col | ect inthepvigae blped escapanblegse g8sEs calrst irhdnod senipbamberd S§2 and then esGg.
Pressure.sensor 1. continuous noni.tors. the pressure wthin oad
chanber VIEE8 A B Fidnvertie: B DRl AR B BE e lismeiiin Bt ssur e
data to geRbéolF8throdg@bdent EbRIGSS hed traxﬁﬁﬂts%eﬁkmain?fp@es@ﬁ%ama cBRIBSIRYT ©
data and if necessary adjusts the speed of whole bllood punp 1301, thereby

adj ust i N$SthEohiralipr 1554 anahyrep thegeenieedviredsing darmanddf nddss@ry adjusts Hiespeadube

1106. Controller 1554 hust the pu d to ensure that, th essure is
wi b n el el Piie 3 Herd s Be Mot e AT BB bt & pocaBbrs GBS ¢ o1
1500 t hrRdGMeOnibd 1060 A dntrbiBS1 553G dRASEHE PulPlsp&id toCASHE A (HelfssMicds out | et
tube 1115. The whole blood is then separated into conponents and/or treated

as descrwitda therdedisedipressved onge. Bef ore being returned to the patient, this
treated [ i.e. treated bl ond I t be filtered.
unt ot A0t idie ond Tty B AR0n a0 SEITE0E 158 ord ool w 1
subj ect g@sdefte 1160 Biglbametithbd BIISNThR WMoRSHlood R&héd RphREEd iﬁiotu'oehpioﬁ?;{t@d into

filter chanber 1517 through opening 1508 of inlet port 1504. 'Inlet port 1504
i s fl ui dingd/azomated edescubgslinpletapldislawbBefoted@indieturnedettthel patient,dhieteated filter

chanmber 1517 hr.o I, nl ole 1522 and, passes. thr h.filter inlet hole
1535 ot it e WefEiElhen s Slood Sh@ponihfiy Ml FRRRGR; PrBER D et Bt 1557
until itpls@ ¢dIIS aRY @hust béeTRerd®3dd @11 &idhdcRid 8 lueBNbw F0dAng Ip%iafsh THe tRaedr ed to
el evated ridge 1521. The treated fluid passes through filter nedia 1532.

Fi | ter niduldas feg 3Ro fidtanshasmnben b Enthreaugh opemug $30feof inletipeit 480K nfaict ppaAlt§04 r om
the L eat i thileothLd 5 W58o(Tog A5 bl it 15 HikeARS2] 141PPed
through inlet hole 1522 and passes through filter inlet hole 1533 of filter element 1530. The
treated fluid fills filter chamber 1517 until it spills over frame 1531 of filter element 1530,
which is secured to elevated ridge 1521. The treated fluid passes through filter media 1532.
Filter media 1532 removes contaminants and other undesired materials from the treated fluid
while at the same facilitating the release of trapped gases from the treated fluid. The treated
fluid that passes through filter media 1532 gathers on floor 1520 of filter chamber 1517
within the perimeter formed by elevated ridge 1521. This treated fluid then passes into
treated fluid outlet hole 1523 and out of filter 1500 through opening 1506 of outlet port 1502.
The treated fluid is then returned to the patient via outlet tube 1114, which is fluidly
connected to outlet port 1502. The treated fluid is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302.
[0047] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
16



fluid that passes through filter nedia 1532 gathers on floor 1520 of filter
chanber 1517 wthin the perineter forned by el evated ridge 1521. This
treated fluid then passes into treated fluid outlet hole 1523 and out of
filter 1500 through opening 1506 of outlet port 1502. The treated fluid is
then returned to the patient via outlet tube 1114, which is fluidly
connected to outlet port 1502. The treated fluid is driven through filter
chanber 1584 iasgad ventltSHet Prewhee dchtdr IH50rcehtinuvuplymoni®oRihe [pe3dut wixhdes t hat
are trapped in the_treated fluid escape and collect in filter vent chanber

1540 as [Hige changher d§17T thapuphrveatiiube Ay tansmes coetRpeding BIEFSWITHRE & gases
t hen es Il i P r.e ;S

conti nuo%gjgﬁglﬁéﬁol%lg‘g'orcéﬁfﬁgg)g?éeﬁs@&ggg%\n&[%E\I}Cr? ?iqur Sgél%?:%gﬁn%gr&@%{fsglﬁ?g%egh vent
t ube 155Rsisachredsaresvalicsandeinges Bonsdegrip comedllce 1584 aljiisds the @pded@fir@trn1 554.
Controll er 1554 analyzes the received pressure data and conpares it to the
desi r ed pski02ethgeebl adinpiing thaflew rpfe and Peessie yithew ehataher éﬁﬁi%i@l@@} Wwhes t he
speed of 148t urn punp 1302, t hereby adjusting the flow rate and pressure
wi t hin chanber 1517 and outlet tube 1114. B. Irradi ati on Chanber [0048]
FIGS. 11-16 illustrate irradiati on chanmber700 of photopheresis kit 1000 in
detail. Ref &.rirgidtiohThatiberi g. 11, irradiation chanber700 is formed by
joining two plates, a front and a back plate having a thickness of

prefera QB : I { . 5 qconpri sed
o o rac LIS, B 10 ihBural BrARRGn ChafipkiT00 o BhGipRicEys B 00 AUMIEOTT

radi at i dieferringtfivet t6 Fge 10f irmadiatioy ¢teindier 700ria irated &y joipdigiearplaequdrdaasndeen
found nost preferred although other materials such as acrylic¢c nay be

enpl gyedl. bagk piatehaving dHvskngyskRrsfeiRhlycrdoul? 0 gh s shpuhty iIBe "diM &Y ed and need
o] . i i 712
Trd o s ERRBEfebiled b o bl iabaf (rddphoeht 81 (B0l Bt A Rm@lE Ao, T2

a first mpdiation/ O theicae bf oBitavielst Aacdiatidd, palyraibonb@d has besnfousdinosngefstred t he
second surface 714. The second surface 714 of the first plate 702 has a

rai sed AU Stherpaetds suahmy aghylig maydsrmeplonade HilAdRyany XeawHBsthedsh| v
t end ; i.all i f d f 714 (i.e. about
50- 100 g bEe HdyHl ey AT aEl & iR AR BERNT TUT DTS Sranly © T

subst ant[0649]yThrcfinoepidic FOL and yJirsasefacai7d2dnd pasdont isofisce 7TAAAIn Ihe:fereadndar y
726A surrounds the partitions 720A. One end of each ?art,i tion 720A extends
and contdpodimen thiptirstiplate 792das a figs port 7R enaduswrigcua{ e, ofluidas a fir st

surf ace it Ryue AT SULIPSErEI 14 | TrARER] SEE8071 £0PATIR Yyl Hy second

plate 701 prefera as a second port on a fTirst surface
has a raised boundary 726A defining an enclosure. The boundary 726A preferably extends

substantially perpendicular from the second surface 714 (i.e. about 80-100 degrees).
Extending from the second surface 714 (preferably substantially perpendicularly) are raised
partitions 720A. The boundary 726A surrounds the partitions 720A. One end of each
partition 720A extends and contacts the boundary 726A.

[0050] The second plate 701 has a first surface 711 and a second surface 713. In a preferred
embodiment the second plate 701 preferably has a second port 730 on a first surface 711, in
fluid communications with the second surface 713. The second surface 713 of the back plate
701 has a raised boundary 726B defining an enclosure. The boundary 726B preferably
extends substantially perpendicular from the second surface 713 (i.e. about 80-100 degrees).
Extending from the second surface 713 (preferably substantially perpendicular) are raised
partitions (720B). The boundary 726B surrounds the partitions 720B. One end of each
partition 720A extends and contacts one side of boundary (726B).

[0051] The joining of the second surfaces of the first and second plates results in a fluid tight
junction between boundaries 726A and 726B thereby forming boundary 726. Partitions 720A
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fluid conmmuni cations with the second surface 713. The second surface 713 of
the back plate 701 has a raised boundary 726B defining an encl osure. The
boundary 726B preferably extends substantially perpendicular fromthe
second surface 713 (i.e. about 80-100 degrees). Extending fromthe second
surface 713 (preferably substantially perpendicular) are raised partitions
(720B). The boundary 726B surrounds the partitions 720B. One end of each

partiti eand Wzmammmd&eammﬁ@ammigm?nﬁ:tid@tmfebtycfuﬁﬁ!i@gspaﬁﬂizﬁﬁ)zo. [ee51] The
joining of the_second surfaces of the tirst and second plates results in a

fluid tibgaedary §3& farms ap dradidipngbamber’ 0 and rgathsn with sismarhisensif20mse videsg

boundary .7 .14 0 e s0.].0l ned r.m a fluid
Cront ] ey PR E Pl st ARRGER A e BRRLEL ARON Sl o
i rradi atziig)@agqbﬁmrtzm.a(nﬂTdrmggiréfeﬁed/\dstafseiﬁaﬁtiw dthihpns 720 provides a
pat hway 710 havi ng channels 715 for conducting fluid. The pat hway maybe

ser pent i[A@52] Withrefergneede Koy &1 aag 13 drradiatiancthempeyi0@icempaisesi assegpeptingent i ne
th . [L005 / t to.FlG, 1 d1 i I iati hanber 700
P R Oy B T, TR

buf fy cqmrit 705 biilé potta3d, e/ the serpérfiiie ipdih@lay 70044 indARd bOmAhlcatioPRith 730,

i.e., the serpentine pathway 710 is in fluid communication with inlet port
705 of finlshporpT@f ef fron platwl7@andequtlsbpart 73ofdfack abie PHlatRatizoufluidat i ent f 1 ui d

i lied f 11Q0 to inl et 7 i tlet tube 1117.
AT ter  pROPEEATGRERSRIHS 108 iept 18 Fh R byngda, Aehbhiibgrtyaton e
treated ;ﬁ@gﬂég:gl;rodg}ruﬁgﬁghﬁné PAMUACTHY, theQASRAHaBer ¥R bRl Bl adstRe1 o1 2

(FIGS. 1 an atient fluid is driven by recirculation punp 1303.
Sel f - shiveh dletgulef FId2(EIGH. 1tand 40ellhe patient Buiddedrivin bieretinenlatédn mingy B303.

phot oacty ed.by irradipation . inpingi on.both._sides of irradiation
Chanber A0 gk etErEa Be iy inanieny Hida B RaHs Reablloas St iPgh ™ ne
two pl atigifind higdRtot 488 ofGRAMRESn Rlahfber700. bei ng j oi ned together in a

seal ing arrangenent by RF wel ding, heat inpulse welding, solvent welding or
adhesi vd0a3diigere 1) chewnpindi0tane revicsst BS wlyickn divgsthe éw b phatiisg imadiatid®- wel di ng

is nmore preferred. I%oi nlng f the front,. and back ]{)!bah@s b%l_RF vvel.diﬂg IS
most - pripBPPRraLLo PrBs ilsioetiieting SR e Pet v T YN B BURPHRE o1 725
m ni M zegeifiindsdiingt @emixb%&ﬂaaﬁ@sié@ﬁoﬁ_ N JBfRlg athé BARHyREhERR! Bhdidgmat | ons

of pin 740 and recess 7 may be inside serpentine pathway 710 or “outside
of ser peRiF mekliggis meay pridred-ilguning ¢f the Sronsdndimcla plateswbydtF walding is awlisat i on

hamb i fh i . .Rotati hanb 700 180 d .about i.s L gi
Cheor | GRHSc SneGHER Poie SRS EhR R 20 ARG AR E LS mByes St ph
chanber giowsits: &Gfgﬁ %?gﬁcaaigﬂ YERF 'eﬁl%kg??io«%io%y hM0388 'r'et,cegsx‘{)lﬁorg%y bORzdd

Referring to Fl and t he I eukocyte enriche pl asma, and

pri m ng serpentine pathway 710 or outside of serpentine pathway 710. Figure 2 also shows a view of
an irradiation chamber with axis L. Rotation of chamber 700 180 degree about axis L gives
the original configuration of the irradiation chamber. The trradiation chamber of the present
invention has C; symmetry about axis L.
[0054] Referring to FIGS. 11, 13, and 16, the leukocyte enriched blood, plasma, and priming
solution are delivered through inlet port 705 of front plate 702 of irradiation chamber700 into
channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, thomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.

The shape of the cross section is designed for optimal irradiation of cells passing through
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solution are delivered through inlet port 705 of front plate 702 of
irradi ati on chanber700 into channel 715. The channel 715 in the irradiation
chanber700 is relatively "thin" (e.g. on the order of approximtely 0.04"
as di stance between two plates) in order to present |arge surface area of

| eukocyte rich blood to irradiation and reduce the self-shielding effects
encountered wth |ower surface area/volune ratios. The cross section shape
of chansbanupl B13. sWhilp 4 sempentiiel ppthwayt A Rduprgiened iy ordes & avsidiprminimiggnboi dal  or
trapezoifa L“%ﬁ%ggfﬁ8§ &ﬁxﬂﬁﬁmlgﬁgnsi%QS &Q@E“; tance between partition 720

etween the pga rs h

and t he “dstance es as i oft side. The shape of the

Cross sq0035) Mhesrradisti@nedmber 700pilionsleflidiemadt@tdtion odbhehdtanpdisigetsbyr ough
18 channel 715. Wiile a serpentine pathway 710 is prgferred in order’to

avoi d orirradigfion frem adigh aait asseralls, wich £4 tw PROTEPERTEasgewdanks eff BVA

cont enpl.at ed 0055] .. The ir.radi.ation chamher 700 al .efficient tivation
of phot dHBPS Vé%};{ éltévd‘é‘ﬂ? QE 1gyre ll%ﬁr'gli'ﬁ %33{5’%0? PhH %P%I ﬂ’g@h?ﬁ?ﬁ&v“ﬁ&gﬁgl y, such
as the RAQILREREIR bd udif® shankindle 06 AW pled WBhnkAFd Akt ddgapen (Figure
16). The irradiati onupl étesandé(UVA ﬁHgﬁ? a@serr{l)ﬁ%y ?7%&@ %ﬁfeédgetgibgned to be
used i n ppisetpwagd. \bintiseorgtpeion Ofuids ewerirninpot phovFdSarad eaitdrond getlel @drt 7306i nt s
upwar d. orientation, fluids enptering input por 05 can exit from

l. hi s t
out | et wﬂt tth?@cﬂ Otj\;ﬁr?‘f‘ltyt Ha thg ‘80%1?“‘3?% gmybodimenty gragiztion of gP@r%“E‘d ok MSodi ment
i rradi at;j i i itk ]
bomagr ¢ dixfftatiin OftbePlfESpIate dofurdify AR R ARTELNARTRRI 808 |\ |
| i ght ashembéry 1794 light hnembly@5%ii¢ hicatedWithatfVeshamber T80 gferermment tdvaner

system 2000 (El 7 .andl18).. [0056] The irradiation chanber's fluid pathway
| oops t oY qﬂﬁpﬁs-r}gﬁé‘}]&%}annel s in which the |eukocyte-enriched blood is

circul at | At [ H”PQ( j ' Lation
chanber @g%ﬂﬁgﬂseq g@\?\g%rg 4 tb\éﬁ%'&]‘ﬂc anlhe s.O b ?g"%‘%‘?‘férs‘;@l%%/“htaﬁ%&% ?l(rj\gglltcgti on
chanber thakuBodyoe-8nridhad birod is dvixsitatqal dfrmpaihbioactivation bydiV Atlighn Rdefordidy, has 8
channels. [Q057] Fi gg@qe 14 shows cut-away, views of the irradiation chanber.

The charifféfligtion ghagber {8} Brsrerwren SO iepaniels- dYlererrse it linyhe Wadjahphi ng of
rai sed nabhidbbl O 6768 AR NIBR ELrerB, 1Rl i Eifber hAODBlanibE

i rradi ation chanber of the present invention can be made from a

bi oconpd#T]Figmetidrshas autchwegnvidves «ftthy irtadzeidn biarkikowTheehivadss HSai as
heating, radiation exposure or , treatment with ethyl ene oxide (ETQ. [0059]
The met hSEPeaHng P%%m?f%w Sarped bydheipinipg gifared B0 18R A0 DeyiricReT
extracorpqfeali. treatment of cells with el ectronmagnetic radiation (UVA) to
be used inthe treatnent of a patient (such as to induce apoptosis in the
cel I s an@0588)Tiw istadiatibinehanetel of thatpeestiitanpatioe bir bavnlale from a biocompatible

material and can be sterilized by known methods such as heating, radiation exposure or

treatment with ethylene oxide (ETO).
[0059] The method of irradiating cells using irradiation chamber 700 during extracorporeal
treatment of cells with electromagnetic radiation (UVA) to be used in the treatment of a
patient (such as to induce apoptosis in the cells and administer the cells into the patient) will
now be discussed. Preferably the cells treated will be white cells.
[0060] In one embodiment of this method, a photoactivatable or photosensitive compound is
first administered to at least a portion of the blood of a recipient prior to the extracorporeal
treatment of the cells. The photoactivatable or photosensitive compound may be
administered in vivo (e.g., orally or intravenously). The photosensitive compound, when
administered in vive may be administered orally, but also may be administered intravenously
and/or by other conventional administration routes. The oral dosage of the photosensitive
compound may be in the range of about 0.3 to about 0.7 mg/kg., more specifically, about 0.6
mg/kg.
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now be di scussed. Preferably the cells treated will be white cells. [0060]
I n one enbodi nent of this nethod, a photoactivatable or photosensitive
conmpound is first adm nistered to at |east a portion of the blood of a
recipient prior to the extracorporeal treatnment of the cells. The

phot oacti vat abl e or photosensitive conpound nmay be admnistered in vivo
(e.qg., orally or intravenously). The photosensitive conpound, when

adm ni stl8P@d When adpainistsrederall rihnphqtesessitive sompoundunaybeseimmistased at least
dmi ni st ' Lar. £ i Strati
adm ni s @hﬁpodegﬁ%ﬁgﬁlgéggg%ljb%lptiogtg)%sﬁélts *?Péat?ﬁe'ﬁﬁamﬁ%‘}{] re Eh%‘gh%]gy Tedhoud B! ge

routes. e or osensitive conpoun

of aboutto@hedpHotophbRyis tRathdill/ KadminTaERd SReskehdia), e timBPWbuld 1 shorrkg. 19
[ 0061] When administered orally, the photosensitive conpound may be

admi ni st/liesaativelyl, dghotaspenifivegioapesnd mey ibe administhred phiot tpdrer esi s tr eat nent
and no nore than about .three hour Li,0r. .t ot he photopheresis treatment. |f
ani ni storEaneeRRRh ik SRR eRioRiah S rAPRES R SRRSO FOLRS ¢ he
phot os engintihi¥Rr<daoRHSRILIBBY oPLfraciBnh& b ReviREd Mat he tibet KIGHE QNBOF BlRgQUS! y
W th exposure to ultraviolet |light. The photosensitive conpound may be

admi ni steompgnents yigeive the phedosensitayvef qompovnd. Alsrieer ofpheblagdgorlddirsttiee t ar get

bl ood cells or, bload co nents receiye the otosensitiv 0 und. A
por t1 on TP Biroe et e e BRI RE R AR T HBTE e

subst ant igdoyind X ieent feeadadidisfAGY iIRSre@lng ORiMDBOIRAREE Y BracttIRYAEL Moy then
be adm nistered to the resulting enriched Teukocyte fraction. In one

enbodi megmhodithentbihe btbodekllscamprpeivdatebiloadecells cpacifiedllys T-epleci fi cal |y,

T-cel | s. h ot gacti vat abl e.or phot osensitiye conpound may, in the
case of IBRD FleshafosRrarlE bt ARAGRRTAE pfReHRE TR i AEF e apmE PR
activati BHEaBXbl@%SPB‘i%an%_tB QuakieGkide P& &divatiod @Féﬁédsﬁ&% tQEle@tr&hﬁg’iféﬁb bed
spectrum e.g., ultraviolet light. [0063] Photoactive conpounds may i ncl ude,

but are mdtatiba of 2 petsaribed spegpuonds. Rtoawmoletslighdsor al ens (or furocoumari ns) as
wel | as en derivatives such as . those described in, for, —exanple, U S.
Pat. o, (OB i Hhpahan S gl ues B3G8e B0 fdhenBs VSR Re or

phot osengdotdMR (EORIRUSIABrihEak WERYas BEorHRA detilat A S BAR tRoswidetribB@ iR f&S ent
invention include, but are not limted to, psoralen and psoral en

der i vat i exagiple3 Lt Ruv XXy Soi2d| VAR, and (6S Patt No.feiWy119s dihaelphntoadt vagabiosry psor al en;

e kB e LN RO R P R RSP g nctoce

tri met hyhRser fdi &iited to SrsBBICIMRDI AR R ivATE s:38-thetHoRYBERa1 AN 488 2- 0Xa)

al kyl-4,5",8- trinmethyl'psoralen, 1ncluding but not Iimted to

4' - (4- anfrmeetiRylpscadlén tSyinethoSypsralan; #madthylbpsaesl b4 dimethplpeorelehptibrent , t he

phot Osengiin%citﬁ/y ps((:ng nQ'ir—lgmjtnr(])%}eth%%,ﬁg—tgrsngt%ylpsoralen; 4'-hydroxymethyl-4,5'8-
trimethylpsoralen; 4',8-methoxypsoralen; and a 4'-(omega-amino-2-oxa) alkyl-4,5',.8-
trimethylpsoralen, including but not limited to 4'-(4-amino-2-oxa)butyl-4,5',8-
trimethylpsoralen. In one embodiment, the photosensitive compound that may be used
comprises the psoralen derivative, amotosalen (S-59) (Cerus, Corp., Concord, CA). See, e.g.,
U.S. Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In another embodiment, the
photosensitive compound that may be used in accordance with the invention comprises 8-
methoxypsoralen.
[0064] Methoxsalen is a naturally occurring photoactive substance found in the seed of the
Ammi majus (umbelliferae plant). It belongs to a class of compounds known as psoralens or
furocoumarins. The chemical name is 9-methoxy-7H-furof3,2-g][1]-benzopyran-7-one. The
formulation of the drug is a sterile liguid at a concentration of 20 meg/mlL. in a 10 mL vial.

See http://www.therakos.com/TherakosUS/pdf/uvadexpi.pdf. Toxicology studies of
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conprises the psoral en derivative, anotosalen (5-59) (Cerus, Corp., Concord,
CA). See, e.g., US Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In
anot her enbodi nent, the photosensitive conmpound that nay be used in
accordance with the invention conprises 8- nethoxypsoral en. [0064]

Met hoxsal en is a naturally occurring photoactive substance found in the seed

of the Amm nmajus, (unpelliferae plant). It belongs to a class of conpounds
known a$XPasrepieHPhgiophergtisaed diaierens dospaes RHLVABEKE and ultviolet ight in

9- net ho}ﬁéﬁglgdf’?%ﬁi[@’a%a% me]ihp&ﬂéggyg %‘cﬁ?ﬁ%”e- The fornulation of the drug

is a sterl at a concentration of 20 ncg/nmL in a 10 nL vial. See
ht t p: / / 065] MNexakhs paraot bhdieakbistiS il dbd, wsapiexysi blpel, or Thexdoaot oblpodtaudi es of
20 extracaorpaoreal photopheresis and different dosages of UVADEX(r)  and

ul t r avi o¥lEeR thephptopstiverogyoand Bapcbers afpnstergd isreatel by ybiachpahsrpostion ochur e.
[ 0065] ' £ L Fect: s b o] ' I or the
donor' s'}%ﬁ%eolgjlb{}%t o?dg&@xie o u%)ﬁgtugac cﬁgteh (t)' rrt@eaﬁ’d) té@;&eglesgﬁgagﬁenrﬁ rlf? aglt ered is

treat ed dayricilut egh hggtwreRapthi udaviokt lighe (UVeOdt b evaptleh @R RaS ihe ratfiend
ultraviolet |light. The photopheresis treatment may be carried out using

| ong wavBRdndb i tSusl papnge i$ ngHimitingtowsters by elesely Providadrisinesemplgnge of
320 to 0 . I it however. but |s r el rovi ded
as.an extish Bosur £l i BROR A unR) il BolsolPher PTRRNE ! Y Mo TRATIREr oo <

t r eat merdufficynt iength @ ddlvat f@rxehplesatolit C2aMmIeRgBloéd deliver, for exanple,
about 1-2 J/cnP to the bl ood. [0066] The photopheresis step is carried out
i n vi t r d0896] Therphiotaphgresis sigdilsedraed eWdrpiar tpopstallng drrphisgianadrmpat T6h chanber
750 of pe t..tower FLGS. 17 and X e odi nent ,
when thelnfo%%gogﬁte“rragl\é%s? hi‘@épre}lgg%gggrﬁga 8‘%8%"3*.7 Sr?'s{\;:’l %@0 (gtk@%e@g%nd:&?‘r i;’cti on of

the tregieashdolingsht, whenahe pR@Opicdesitersid RheiRt out BGIPH Bt leasOf fral@d@of thehe
treated blood or the treated enriched |eukocyte fraction (as the case nmay

be) may tréwtad eodidmethingd éo By sbbiewt, tesipiand orslgbpre ckhe traataddileast or the trepderbr .

[0067] The. phpt ophe i S. process consi,sts of. three phases. |including: 1) the
ol | ent 1 B TRESITAcDoRATRE Eosf FHS{ R0 e Mo beCRinRERRERR BaBf W'Dt at ] on o
t he col I@@}e@gré&gigm,@lqﬁnof_racti on, and 3) reinfusion of the treated white
bl ood cells. Thi's process will be discussed below in (I'Jreater detail.

Gener al | 06T} Breephiotapbaresis peesssy donsige@f diiee Blsey iscladingn Iobacelidctige obawl  10. A
e R L
buf fy cosd Br@nfiisad,\Wd tehaPkitdhla6dcdR! Mhls Frabdst iR distDSEEDHI 6w in (nat er
sol ubl e 8-net hox_%/psor alin). This mxture flows in a 1.4 mmthick |ayer

greater detail. Generally, whole blood is centrifuged and separated in centrifuge bow] 10. A

total of approximately 240 ml of buffy coat and 300 ml of plasma are separated and saved for

UVA irradiation.

[0068] The collected plasma and buffy coat are mixed with heparinized normal saline and

UVADEX®, (water soluble 8-methoxypsoralin). This mixture flows in a 1.4 mm thick layer

through the irradiation chamber of the present invention. The irradiation chamber 700, is

inserted in photoactivation chamber 750 of tower system 2000 between two banks of UVA

lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides

of this UVA-transparent irradiation chamber 700, permitting exposure to ultraviolet A light,

yielding an average exposure per lymphocyte of 1-2 J/em?. Following the photoactivation

period, the cells are removed from the irradiation chamber 700.

[0069] In a preferred embodiment of the present invention the cells are removed by the action

of gravity and any cells remaining in the chamber are displaced from the chamber with

additional fluid selected from the group consisting of saline, plasma, and combinations

thereof. For patients who are small such as children (e.g. under 30kg) or patients whose
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through the irradiation chanber of the present invention. The irradiation
chanber 700, is inserted in photoactivation chanber 750 of tower system
2000 between two banks of UVA | anps of the PHOTOSETTE(r) (FIG 15).
PHOTOSETTE(r) UVA lanps irradiate both sides of this UVA-transparent
irradi ati on chanber 700, permtting exposure to ultraviolet A |light,

yi el di ng an _average exposure per I_}; hocyte of 1-2 J/cnR. Foll ow ng the
phot oactVidtadar sisteidds ¢asHy oveftoaded vt gf]édsrt srppeentiof gaditineal ifludiasedtt @S chanber

00. [0QK9] - i ' ' |1
{emoved y T RRugn he i oRTORRly T N Blord i PASRE Db kTt ARl oer ar e

di spl acegeferably ddienctb arhdX te vbluniddithd eaadbet, Invird pagbrablyatdt toedntiah®. ¢ oup
consi sting of saline, plasma, and conbinations thereof. For patients who
are smalthe ¥elume 9§ therihpmben(). 23X ghe \pherae oBbR gharaberp Thp disaied wpllseolwme as cul ar
systemi s i | oaded with fluids the anbunt of additional fluid used
to was r?’ﬁgl%?#lf%tc}ﬁg§ﬂi%ﬁ chanber will preferably be not nore than 2X the

vol une qbor0)eroz Aalekeiption B ﬁﬁﬁlﬁlﬁbﬂld{qﬂ@&smgeﬁlb aRd métHoae, el USEPa@dnt t he
chanber, nore preferably not nore than 0.5X the volune of the chanber 0.25X
t he vol u‘hﬁ’lﬁﬁthmﬂo&%ﬂ%ﬁ%, Vhishtis expresglycacergoratsdieeein by refeieneaisddsot o t he

patient. 0l. F i.pti sim | ar esi ens and

nmet hods ,usé@gﬁiﬂ:g. agé%lht%exﬁ?%ﬁ&kpa%? isgg%rﬁ%%es@éc@é\/[gg gﬁﬁgxg%%?,gﬁf%ﬁ@é ‘'expressly

i ncor porsggsh e 5 @80, 3BY, 4, 8416806 @28 Alsl, 39855 6u 4 3need PET Publ@itiBRNpeds and
systens described in U 'S Patent Nos. 5,951,509; 5,985,914, 5,984, 887,

4, 464, 1680 A/ A7 ant WA $086506all af whirh gueentirdy epprsfsly mcpmperatshereindy

97/ 36634',f and WO 97/36581, all of which are entirely expressly incorporated
herei n BY'¥%&Ference. [0071] The effective anount of |ight energy that is

del i ver gdo1H THeRcalOaheat of light@se3R¥h & ddRERHUND RRMbiMSERE! flki8s ARy Beds and
systens described in U S. Patent No. 6,219,584, which is entirely expressly

i ncor pordetesahinedrising thy methods antbsystemsdigsatibed e Udp FateatNooh 2 b3, 58mvieh ishe

various di.seases described rei.n, may. requi n,adj ust nent he anmount of
(ot - oSV ESPrei Ar p RO L ol Rate R e o oo R of RSP TR The
phot osengiibl:17 #i8€hsBO@REribitardin nialeedild aﬂraﬂ{l@&ﬁeﬂm.i? R RRPYEIEht Bhérdy td O
returning the treated biological fluid to the patient. For exanple,

Met hox s aipsimizg o ARENGanS processuti | i zed in the ECP process. Methoxsal en bel ong
to a gr f.C ound nown . psoral ens. Th osure tqQ nethoxsal en or
ot hor pa A EORRG Eae o Ot PP B 8 TS in 0O B P RESSE BB FonaRS ent . “or
donor  sugbras ritaliRt R irédtéd bidlogilah Ahidtte MeCpaBithe Hof exAnSIOCMIheMsaMd h psoral en
and their deconposition products. Therefore, the psoral en, psoralen

(UVADEX®) is utilized in the ECP process. Methoxsalen belong to a group of compounds

known as psoralens. The exposure to methoxsalen or other psoralens may cause undesirable

effects on the subject, recipient, or donor such as phototoxicity or other toxic effects

associated with psoralen and their decomposition products. Therefore, the psoralen, psoralen

derivatives, or psoralen decomposition products that may remain in the biological fluid may

be removed after UV exposure. A process for the removal of psoralen biological fluids is

described in U.S. Patent No. 6,228,995, which is entirely expressly incorporated herein by

reference.

C. Centrifuge Bowi

[0073] In a specific embodiment, the present invention relates to methods and apparatus that
separate fluid components, such as, for example, the components of a biological fluid by
density or weight. Biological fluids encompass fluids that comprise, exist in, or are used in,
or delivered to living organisms. Indeed, biological fluids may comprise bodily fluids and
their components, such as blood cells, plasma, and other fluids that comprise biological
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derivatives, or psoralen deconposition products that may remain in the
biological fluid may be renoved after UV exposure. A process for the
renoval of psoralen biological fluids is described in U S. Patent No.

6, 228,995, which is entirely expressly incorporated herein by reference. C
Centrifuge Bow [0073] In a specific enbodinent, the present invention
relates to nmethods and apparatus that separate fluid conponents, such as,
for exarfoNwonerts iecdidinhbning oegangnsisytloas kegierp) eelly, gyothefeadulpycanpanentight .

Bi ol ogi gal ,.f | ui fl.ul t .C ri.se st in, or are used in,
or deli \C/I%P lé)glcg %ﬁi'ﬁﬁgﬁl%gg%?%é%p ggrjres‘gﬁ?légg’é’g ,O?EE %:ffgcgwgilié b??oﬁil Cc?gﬂI’r’f)ﬂia/r(’j}&’orrpri se

bodi | y fih¢ludisig adiichlodd&dlls, SlaRes) &hits bldbd @bllaandpretrs6Ltdls, [PhaGitMar, and ot her
fluids that conprise biological 22 conponents, includin? living organi sms
such as mBaicheddasgable & regnove blagdierm a ghtiant e teetmenbenek as fmiespmplecal f1 ui ds

may al so I | e bl ood ,or eci f.i ¢ _whal l,00d conponents., including
red bl odd rggt})rp%r?ﬁﬁégf%qn& g,ls %n?etu %EES&?&, léoequgf’ ?léaggxepgrg%q}%lem&% ¥s. In
parti cul [aptablk to HRYw e vaRsis adtifidhPproediRime appadds fandh@sRaftic@RbmbRr
i
treatment, such as for exanple, ‘extracorporeal treatnment. It is to be

under st a@ekn hessievemerehynfar iltuswatpregieprses. V@t wssh forghe sepapttiabltechnouasandai t h
various centrifugal .processin pparat us, ,and.the specific ex e given
nor ei n_ 1 PeMs e ST PaEE e BRGEt Se B FBEBo P e AR Blepar at | on

t echni qu@parafish arRRBRALMIUsnd Rpparaii6 MidreRNEIof TR SRlcifR QIRS 3Rt IAGIY, e

di al ysis, chenot herapy, platelet separation and renoval, and separation and

renmoval preseot ingentippanayf becusee kd sepamttdithérdppdsiof fluidsahatpndedma widevanieiyoef may be
used to separate ot her types of fluids that include a w.de riety of

o e SRR 15, e IO YAl 0 TH OB R Bo AL RO TBHRTES | on.
Al compRgiH the prs&t ihventibE siulS BottadvENaR falffeaszdr]egihﬁ_ MRds GépdS e af f ect

bi ol ogi cal fluids or render them unsuitable heir i ntended uses, such
as t hoseurdeahié foe thefirenteindednsds,sagh dcthasediesatbed hypreis and miy de metde of ay

conpatible with uses described herein.including, ,but. not linmted to,
ol ast i couiad et et FnpR L BRAaS drettihyt DAEUHACHYIRg B Rot lintea 8 phslcs
styrene-geh ¥ piliddrbdifite, Bfefi hfethaSF )4, AsdryibRMile! AdrfliQ%st , ot her
pl asti c. V\herg&%arts oef tﬁé’l presen}%r imﬁ?i orrlylareli ndirgléltes to be attached
t oget heracayldnifrdle or any dthemplastigh tWlsasa partsngf theopreeqat investicoareendicaedito heeans  of

i |imted to, adhesives,

L7t as onfteeliel G Beramd g IR T S aTPPIIRIAR SRR, ERER S Esover al
Ponl 1 m R B D oy ol & b1 oo
ystem has one inlet por at all ows ol e bl oo

to cone weldmgt he bowl and one outlet port that allows plasnma and buffy coat
to [0074] The present invention has several advantages over centrifuges what use conventional

Latham bowl. The Latham bowl in the UVAR® XTS™ system has one inlet port that allows

whole blood to come into the bowl and one outlet port that allows plasma and buffy coat to

come out. Having only two ports limits the volume of buffy coat that can be collected per

cycle. Each cycle involves filling the bowl with whole blood; 2) spinning the bowl to

separate whole blood into plasma, bufty coat, and red blood cells; 3) collecting buffy coat for

treatment, 4) bringing the bowl to rest; and 5) returning collected plasma and red blood cells.

This buffy coat collection method may be characterized as being “batch-like” as the volume

of buffy coat required for irradiation treatment can only be collected after several cycles of

buffy coat collection. The limited volume of collected buffy coat per cycle results from the

accumulated red blood cells remained inside the bowl. Thus the accumulated red blood cells

that can only be emptied at the end of a buffy coat collection cycle is an inherent limitation of

the Latham Bowl.
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conme out. Having only two ports limts the volune of buffy coat that can be
col l ected per cycle. Each cycle involves filling the bowl w th whol e bl ood;
2) spinning the bowl to separate whole blood into plasma, buffy coat, and
red blood cells; 3) collecting buffy coat for treatnent, 4) bringing the
bow to rest; and 5) returning collected plasm and red blood cells. This
buffy coat collection nethod may be characterized as being "batch-1ike" as
t he vol UAE75]ofhethoi pf theanstard quvention hasrthieeseptirate iflond ¢candaitsrhiat cande wed g5 be

|1 d.af | | f f f L iopn. .The limted |
of ol | et wut f SsuLports e apdiiond T borRs et i) iuge PD 000
cel l's rammiRef iy f tv¥r{kﬁcoﬁﬁﬁ@lous-Eﬁfﬂﬁintghﬁfu‘ﬁ?}g %&H@Haﬂf ﬁgf)'f' &sht QJ)l%Eﬂgﬁ ?Hcéss that

can only be enptie e end of a buffy coat co ction cyc S an
i nher entwithout hatingw wép spitmeng thefveml Bowkmo28 of Qemjul dtibd rdddiboddells 12 traast ant

i nventi on t hree separ at | uid conduj t hat can be used as an inlet
por t anéqmimf{]‘fcg‘t‘mﬁ@%&?ts"%Hi’a'é‘ﬂﬂf:?"Tr?FEQIIeaIbEHO CE@W&?H}T@UEIHE‘H%STM 1)
reduce %&mmusg]g_ fead ;iﬁﬁgi@ht_strﬂxz{yeoet}ﬁoﬂ%%e%_gblﬁQ@}ﬂeﬁlé%eaﬁﬁédwltr Qirﬂ%{th@ﬂsé&e

entire buffy coat collection"process wthout having to stop spinning the
bow f orthe bufby edat of fractoumsuheatcdducteat dxtracatporehl shotdhetesieal) bestordelpatationd

vol une patjents; by having collected red.blogd cells returned to patients
cont i nu&&sdll@?rc‘ftﬁé’gé’ob%ﬁt? %fgfi‘%c“ﬁﬁ?Oé)@?lﬁﬁ‘flg’l%%??égﬂféoﬁt&“ﬁéﬂ HF&PCTF?S@Qt ment s
requiring; .k - il : f i

et acor para S aln thE2nl ) U SRRy oo AChBR eSO T Hopd LON BRtions, et s
of fractfranswhole dedd. SThis thitrifugh@otvilibiky pavides dueogportuhiey fonesdi@sddeatsphini ng

or rotation_tine and 4) the abiljty to separate hi g:rh densit¥ red bl ood cells
fracti ordme fQrgpy Medical Bogstire reapging dutyicopifeadiont todesollpsied Irgmspatigats

opport unk.t.y, | r ' ure requiring
huf fy C(r}g%t af“tf g{:btsfagﬁglﬁfge%%ﬁg%%gtcgl ’ r%hfmé%p?é? ?é?\%‘g%#ﬁ#g}tt aﬁr%gé%gl]bst antially
free of [08T6ILT@ardhicelthsobjsticn @sorandeavitothepuegise phitk epdierntcaiention04376] To
achieve the objects in cqordance with the @ur pose of the present invention,

C X .

as enbodngiedapdirenddy 3@5&%@%@ a8, e PR anpodergisspagitic seibadisicats afgli fi ¢
enbodi ' i: - T | 17 ' ' G 35
conpri seesnbinvilfon, HERAHodl R LR i PR SSMMETR s ARRELE Gl L2

st at i onatonduiesdsemblyt SEAS framelSd 0Aemt statiogary Resttaint OA8A | Thee geiittifigd bowl 10A
comruni cations with external conduit 20A of conduit assenbly 860A. Lower

sl eeve elfdn Badgommpugicageps with exismat eprslyiid08ed/econdipassemblycifiidd Leweowl 10A.
Upper sl gge‘(@ end 592 8940, th%gp&%ﬁg&foﬂ@fe%bggﬂdlﬁé fsos%n/ge&? éé%cmr t@g@%‘éﬁ@}l@!

condui t A, connecti ng external con A provi di ng
fluid comuBilaadficonsectivoslcewd $00Aals seanetliotexte2 A condioRA, dAnectihg tHd ui d
comuni cations enables fluid 800 to be supplied through  external conduit

20A to tHecBahgondyh20Aiopew 10A and proyidinedivd semmuaicaienisirom sytemivh spndyit
20A to bowl 10A. The fluid communications enables fluid 800 to be supplied through

external conduit 20A to the bow!l 10A. Similarly this fluid communications also enables
separated fluid components 810 and 820 to be removed from bowl 10A through external
conduit 20A. Bowl 10A and frame 910A are adapted to be rotated around center axis 11A.
[0077] Referring to FIG. 36, bow] 10A comprises outer housing 100A, connection sleeve
500A, top core 2004, bottom core 201A, and housing floor 180A. Outer housing 100A may
be constructed of any suitable biocompatible material as previously described for the purpose
of the illustration in FIG. 36 the outer housing 100A is constructed of clear plastic so that
cores 200A and 201 A are visible there through. Outer housing 100A is attached to a housing
floor 180A, which in turn comprises protrusions 150A for locking bowl 10A into a rotational
device such as rotational device 900A. Bowl 10A is preferably simplified in construction and
is easy to manufacture by molding or other known manufacturing processes, such that it may
be disposable or used for a limited number of treatments, and is most preferably capable of
24



separated fluid conponents 810 and 820 to be renpved from bow 10A through
external conduit 20A. Bow 10A and frane 910A are adapted to be rotated
around center axis 11A. [0077] Referring to FIG 36, bowl 10A conprises
out er housi ng 100A, connection sleeve 500A, top core 200A, bottom core
201A, and housing floor 180A. Quter housing 100A may be constructed of any
sui tabl e bioconpatible material as previously described for the purpose of
t he il | wonvaaingabdup 123 @l o8Buidnsnchdtued possibby bring pessurged ohsalicustive of cl ear

| astic t hat ores. 200A and 1A are visible there thro .
IElou:i Ing e‘?&?ﬂ@%‘m&ﬁ Q (ﬂﬁr&efﬁoaﬁﬂ?ﬁﬁgﬁ?ﬁ“ﬁ fﬂ%lﬂ’%&%@ﬁ?‘i%f‘e‘w fhﬁ%ga%‘%b?‘ew{)ri ses
pr ot r usingntbaBAisf @het AT M HAMcobBRal WIBmA. TaE 2biupRalapad8\Ires: KMAh as
rotational device 900A. Bow 10A is preferably sinplified i'n construction

and i s reasalsq varpeapgnditanneniie wislaf ithegbaoy! oo theepartigvdamireatmertt ot wihicn the
rocesses, ,such.t hat, j.t. be disposabl e or.used.f limted nunber of

P eat nortw alflided” Agbioply. of iy SBRR AR oDt Si5eicab s G BSHR o 2s i of

fluid, spednt iﬂbﬁeﬂ%lﬁieﬁiﬁ%cegﬁi\}\%‘%&&ﬁﬁﬁﬁ thZ@dds, the RhilsfirpkiaYiBns #EPOI ments,

t he vol une capacity o may vary dependi ng upon'the health of the

pati ent mefdrablscanedeut vatlinaatilal Bow sptenpmssbly predsurieed, prederdllly domnealagfaci t y
of the bow. .al so vary dependin on the use of the bow or the
particul _ll?l? g%%?ﬁmmgpr %WPE ‘{’]IHEah g‘lfgl\% ‘HFR‘?SQH Pﬁf?éﬁ‘f‘cmﬂf&i tionally, to avoid
cont an NabygNa Ofs iR RaRIiE FIGE! 34 42370 VIR R En 2100 LR 2B End MY bYRG | n the

I
processing operation to the fluids, fhe transfer” operations arg preferably
carri ed lowingwintupipar lousinglead 110 8yasys¢dmpsipg seilld2PApandssslowiez balisingreafier abl y

formed of . .flexible pl iic or. sim/l mat eri al i ch can be di spos of
Lot or el MAusater ol TRUASY b b G rtite uehies Host Pl o e irengtn

housi ng i Akl 1 i lﬁ?&éﬁi 110A, an
out er hoﬁﬁ&%?@%&%ﬁaﬂgﬁg' ?ﬁ@gg\g@ﬁﬁlﬂ ués?lia\r/]lémgnhgg a%%(%%.hmt erﬂﬂ%’ﬁgﬁﬁg 100A

may be nmdfacoll(C ast haus{irpumbed@Mhpeeidplgaspassage lbesteed spidesvifacts! Preferably any
ot her suitabl e materi i end 110A ha

i nner  sYif PERSE hpYHEs % | ﬁlﬁg 55\?%9%&81:153 forpand 3houthy %ﬁgﬁaé) Efafé 3@@%3@&305 ai d

surf aces f j i : r med
Sbout ¢ o REECFIAN004 diaSlBRFEA AREIAG0 Mt LB BN R A S e
si zed t cSMIA wpaboitiyoudBGilefretaimeng deave dtangn 7H A evtdch EQ8Wdstfoorp dseshadlgr8304h

whil e retai ning sl eeve_flange 790A, which_extends fromthe body 830A of
connect i Yrfo8sR ES?}SWA?‘IQ%n]g‘r%‘eéHB’BS}“PFé’ﬁPf PFSTENTIRYISIRR 2 futthi THA BAY o- ri ng

791A . i - i 110C
MaYpe Bgertea%%ﬁx@&ﬁl (ﬁ@él% rﬂa‘hgfﬁﬂﬁ eXEinhbARGEc g@f}? aPfhe 'heﬂﬁﬁ%gfgf_ ifpe

of the housing en to enstre a flurd tight IS provi I'n an
al t er nat fowaswaladhiidreght sedl it pevpleds &ngn alteveattve embodinhans bf tht etesent ikVdBtidR, a

5008 i NGRS HGCCT b e AIFGE: FOUR PRBREHLE0R e BGoC IO SRecrsDE

being  leeve 500B distal to the sleeve flange 790A. Both sleeve flange 790A and 790B being
adapted to fit within neck 115A and retain o-ring 791A therebetween. A fluid tight seal is
provided in this embodiment by the o-ring contacting body 830A and inner surface 110C of
the housing end 110A adjacent to the neck 115A. However, connection sleeve S00A can be
secured to bowl 10A by any suitable means, including for example, a lip, groove, or tight fit
and adhesive with a component of bowl 10A. The outer housing wall joins the upper housing
end 110A and lower housing end 190A. Lower housing end 190A is attached to a housing
floor 180A of greater diameter than upper end 110A. Housing floor 180A is adapted to mate
with the lower housing end 190A and provide a fluid tight seal therewith. Any conventional
means may be used to secure the lower housing end 190A to the housing floor 180A,
incleding but not limited to, adhesives, ultrasonic welding or RF welding. Housing floor
180A may have an indentation 185A that is used to collect denser fluid 810. The diameter of
outer housing 100A increases from upper housing end 110A to lower housing end 190A.
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adapted to fit within neck 115A and retain o-ring 791A therebetween. A fluid
tight seal is provided in this enbodinent by the o-ring contacting body
830A and i nner surface 110C of the housing end 110A adjacent to the neck
115A. However, connection sleeve 500A can be secured to bow 10A by any

sui tabl e means, including for exanple, a lip, groove, or tight fit and
adhesive with a conponent of bowl 10A. The outer housing wall joins the
upper hd@87HOutenkbutib@A0AAds hdapead thootsiahly cendect 8DArotitdwal ddoces900FGd 190A

is attached to a_housi floor. 180A of greater dia r_than upper end
170A  Hoti MG £ (98 PRABER 4 ' STASE QYLD ORAreiatig bHCKeR IS RS NYABFnG end 190A
and provd o L4 i 1 ti may be
dsed o SaBectio it fdr A p oA o DA E Wy o FE e TR 0% p0A> T

i ncl udi nigoubing 160A préferabbchas @ lockilipemeshanismu| Thedscking meethati shg oy bBfenwet di ng.

Housi ng fl oor 180A gﬁé have an indentation 185A that is used to coll ect
denser fipgiePransions]alaidsmgned todpteragywith coigespppding ouiantaHeRsRAEnTHBER upper

ot o Stk falbLoh iR HREAGRAortB0An . FRADRALY b (M RN WG 4RO | 2

adapted to rotatably connect to a rotati onat device such as

f or exanpt.eThedotlong mediidnien mag tamcompeise okeayt dlogl 60r(Eke31)910. The rot at abl e

connecti on 6113 ,. for exanple, be a bearing that allows free rotation of bow
8 lh%@fgﬁrwgt

10A. Qut 0P a it I enter B‘PHSPMA@@&‘RP%S l_ﬁﬂéﬁl&ﬁpé AR 1FRIEOT| ocki ng
mechani S%Aﬁ‘iﬁé’ 7?@%9{1 hh cofR 280804 nyzlk ]9«8% g&ﬁ%’é‘n 1681 P0E S ﬁsg%d;ﬂ%?%g&fl‘}egw th

correspondl ng i ndentations in a cen cont'al ner or uitable

i nt er confugl§ tassembled; Kbrog2002C a2 ot felljitvithing AferisNeiOme IT10ASS odfck. The
| ocki ng mechani sm may al so conprise a key slot 160 (FIG 51). {0080]
Ref er ri ngPustgAPBA, acxupying 8cofsusyolyna ohintesied velumeyd84 abgoardellde an

interi | : i ' 0 i) | £ bow 10A i
nsserbl dOSEhRHErP PGS 8. 30 PR ISR AA A ol ek ABES e T r 1
i nt eri orsubslabticly cbadabindavipretiveiphisiengpd Oéble eBQAOBKL DO6A b dord willd ume of

interior_volunme 710A about axis 11A, 0081] Referring to FIGS. 38, 40 and
44, the THA.2314; a0avsherrd 6RdsAS A0 22020 The epres 200 20AArqcsppyceasial cal and

andt | owel e B fsHBEGNACTI0T 5k R 468 BRI raBRA Sollfe Ba b

of i nterigyer ¥id 208 i@ whDIIOALOF0pBEref 200K dhd cveR aaftA1dA el luwer cb2OA
bet ween upper end 205A and outer wall 210A of top core 200A and outer wall
211A andcmgf%f\ eidostomegede 2@leanst owigithawsing dPBA 2 Geparation vlvee 288483 Hgt 100A.

Sepe 1 o8 e A 80RO S AN 0, |
Fi gures M@82NAs Adpited irtPigared d0And QIpip GRS 20000 €5 mPHdes uppst cdRbdh a3 Asandl over
G S o b 255 LS o e o, T e e 10 !
210A ] y

having an outer surface 210B and inner wall surface 210C and a lower edge 210D. The

diameter of top core 200A preferably increases from upper core end 205A to lower core end

295A. Upper core end 205A also comprises an outer surface 205B and an inner surface

205C. Centrally located about center axis and extending perpendicularly from the upper

surface 205B is lumen connector 481A. Lumen connector 481A has a top surface 482A and

a wall surface 482B. Top surface 482A has two passages 303B and 325D that provide fluid

communications through the upper core end 205A with second bowl channel 410A and first

bowl channel 420A respectively. Second bowl channel 410A is a conduit that has a conduit

wall 325A that extends perpendicularly from the inner surface 481C of lumen connector

481A.

[0083] As shown on FIGS. 39B, 39A and 40, second bowl channel 410 has fluid

communication with conduit channel 760A through conduit 321A having a first end 321B

and a second end 321C that is adapted to fit into passage 325D of lumen connector 4§1A. In
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havi ng an outer surface 210B and inner wall surface 210C and a | ower edge
210D. The dianeter of top core 200A preferably increases from upper core
end 205A to | ower core end 295A. Upper core end 205A al so conprises an
outer surface 205B and an inner surface 205C. Centrally |ocated about
center axis and extending perpendicularly fromthe upper surface 205B is
| umen connector 481A. Lumen connector 481A has a top surface 482A and a
wal | surdparagon gomluitrhpnnel 760k ef agemaheondvind0pdes Hyisiscoposmicaitpn3gBbawat

Dot cnanile? 4168 B wH3) phel SRR ke BN 8 v <haigel vl dsllaomi
channel H&QAen8s @hb@@ﬂdﬂi)ﬁpe&;mmchmfyqnﬁ@ RMHeE SurfaeR4B16@ 2% fhet l0Aten @SAREES

perpendi cularly fromthe inner surface 481C of |unen connector 481A. [0083]

As showf83A. AsahowsIBFIGS A% 3R and 48 cfindbdwidhanted 43@A hag Quidas 1 ui d
communi cati on.with conduit. chan 6 hr h, co it 321A. havi a first
S35y worihichiof oS SHRRA a0 A Exlenaa e A o BB B eSO
| unen Cmﬂq{aQ{ng?alSﬂr{ﬁtdeﬂdrB22§64nﬁFﬁ%&@édd%d%Q%@LHdﬁpIG@?J‘ﬁ@(l)pcﬁ 03B 6 terqal

conduit 20A has. luid communi cation wt ow ~ channel” 410A. First bow
channel 4828A As isillggrtedineoadmbodineat ofths peesettanyeakiomadetonti0tiot] charate]l ext ends

subst antj.al.l. er pendi,cul.ar romi.nner surface 481C of the | n connect or
481A. As‘*@ﬁo%ﬁpspﬂs%ﬁrﬁ@n_ &AFX%*L@Z*&%I 42@{‘- @g@ﬁmwvec%ﬁtmﬁie AenshRehas {1 ui d
communi catieaNinYedtddnGRRdMidd if FRONS, c4R1A Wi 8282139 be CORPHI A£G érg;a&uqh

hol  ow cyli nder 322A having a first end 322B and”a second end 32ZC adapt ed

to fit opakiangd l60aBattd@SGantldedusedsgith chaanélsvallsl4d Aratidd2An one enbodi nent
of the i nvention, second bowl c nel. . 410A, i s. djsposed within first
Dot | onRA otsmrare 1k i BN aon AR Vhuick PERas o S BEBRbIcHIRR i on

|| T ustraf, gl chdmtfet 023 wieaRShibl e bhardser A40R Ys Qéfilfléﬁ\’glqiéﬁgn RlouHPREfecRAT T

325F and lower part 325G and be fused wi th channe s 401A and 402A

[ 0084] TR Aslass the goldBRAoedupEdigshollodernyiiadére 3218 3nd A224 n the cvhutesiof | ui d
comruni cations . wi t h . chanber OA.. \W\hen assenbl anper OA i s.defined
by 1 e r O RTRGT SE<S O e RA OB RRC BB 48 B o CBRBR AP0 S Ey | | nder s
321A andgdddhhitAichRatEQINAES EhBRel 7%%11%0%1?(%@%%'88%1&% ﬂ(ﬁex‘{&r ﬁ@&A and

| umen connector 481A. Chanber 740A has conmuni cation wth conduit
channel VIAAAthanghwdentasiopdB3Ai dhuymdemteti @P488 A fams ngaksagdipfor theaaghval

i ndentation 483A. Th i hdent ati 483A for a pas e for_ the renoval

of - Secorf! e abuteH i dFERRBEHA0 8202k AT LG RTBEN AEima M Appeser

Opt i ona! Y thB 08 RE MirfaceR05P &r lﬁfaliﬁuéff %ﬁé‘er?@@ﬁ& Wh‘f‘chaexli’énﬂrf?ddl the RiterSRAEE S
207A which extend fromthe outer surface and contact the inner surface 110C

of the upplemntaoudhe npeendfatt QAE of dreaipper dusing end 110A to ensure fluid

communications between the separation volume 220A and the passageway formed by the

indentations 483A.

[0085] In an alternative embodiment illustrated in FIGS. 53, 54 and 55, conduits 321A and
322A may be affixed to openings 325D and 303B in the top surface 482A of the lumen
connector 481A. Additionally, indentations 483A may form a plurality channels in the lumen
connector 481A and be adapted to form chamber 740B when connected to connection sleeve
500A or 500B. Chamber 740B is adapted to have one or more surfaces 742A that can mate
with the male end 853A of the connection sleeve S00A (male end 853A surrounds end 861 of
external conduit 20A). To facilitate the correct orientation of the connection sleeve S00A to
the lumen connector 481A the shape of the male end 853A and chamber 740B may be
nonsymmetrical or as is illustrated in FIGS 53, 54 and 55 a guide 855A may be provided
which extends from the top surface of the lumen connector 481A and is adapted to fit within

opening 857A of the sleeve flange 790A.
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comuni cati ons between the separation volunme 220A and the passageway forned
by the indentations 483A. [0085] In an alternative enbodinent illustrated
in FIGS. 53, 54 and 55, conduits 321A and 322A may be affixed to openi ngs
325D and 303B in the top surface 482A of the |unen connector 481A
Additionally, indentations 483A may forma plurality channels in the |unen
connector 481A and be adapted to form chanber 740B when connected to

connect i[B086d|Redereing batkAodnigwyent), tiehlamsesors 40B293A gamprisas anaiphenmatoB8948r nore

surfaces, _742A.that .ca te ith the e _end 853 t he conneciion sleeve
500 ( naPe g AR AR AR et okl 287A "R haF R0 e B SR N s

faci | it afiRctddataeOwitB tdwede 2 Bl 8Nthe fouted Bore GHIEZIDAC i KB¥299BBAH0 the

| umen connector 481A the shape of the mal e end 853A and chanber 740B may be

nonsy mretppeicpiate 3P9Ads adapiad to be jeinestiwith lvyassd 5321 HY obmde 5®Tawgl248A 868 A nay
be provided hjch extends fromthe top surfac f the |lunmen c ector 481A
and’1 o 48T QR Geh SRR Benng PBSHG Ty fom B e PR oMSta 27

[ 0086] R@?&rﬁm@mbaq#a E@an’ﬁbmﬂﬁmﬂﬂ,haﬂfﬁg anQBEr 4028 d 2960 CQARI2EES an
upper plate 299A havi ng a top surface 298A, a bottom surface 297A, and an

edge 299Bdshaeurnsls peting 303 wiedhas sulgtangielly inathe aentteniftupperplete 2984e A210D of

t he outer gore I 10A. .Th dge, 299B of t uppe l.at e 299A | s adapted
L0 oot S 6 MR dohn s BT e (3Fan MRS AR G50 Rt 92
tight semigat S%W_k WitnenEXAIe068 O OTREEDAR Wl AX2AYisfagmed REmbRRviBINRAGE 298A of

upper plate 299A is a channel wall 402A, having an upper end 402B and a
| ower erwlalldP@ fcamehgsafividuigtisseapani prgvid0@Aumbn 400A s Fastidsivd charale] 420Anist he

center of er plate.299A. A  nunber fi 403A, att ed to the outside
cur f ace BAERGHRBRTREIR 204oat Fapnel s AE exierbobn Y brodhtnsingitt

402A. Thezrahai@insi3la (8718t AuiddBRInSHhidaBoRRrEmMIE Het SP0N &) sepif@tibn 401A
formng a fluid tight seal and providing |unmen 400A. First bow channel 420A
is in fyoune 2ZMvranwdhbé buhendisdusseoin diist bawlarhaehel AS0A abo sexpendsakcapdndui t

20A thraou ondyi 322A. Openi ng 303A provides fluid comruni cations from
| unen 48‘39%]?5%1;%#%1 on volunme 220A as will be further discussed. First

bow Cha[msg Ié&%nglté Fggwsrcgmdss%ﬁ&qn,obonfamoreb@m%bmﬂﬁ%mwﬁéﬂor&ef erring
to Figures 43A, 43B and 44, bottom core 201A conprises an upper core end
206A, a adtZ@6Acapeteneire wallRA1Areda lbwerecore ond2¥d PlsauterTdvee wall @l1sor e wal |

2o Sl B S P30 CBRO 1 o Gt 2110
206A t O B RNRI cdrOD01.L PRIZEPA incrBREL RIMAPHEr &R bnPRGEA RABwRT LRR esdbSCe 309A
and a bottom surface 309B. "Top surface

Bottom core 201A also has a top surface 309A and a bottom surface 309B. Top surface

309A has an indentation 186A (preferably generally circular) substantial in the center of the

surface 309A of the upper core end 206A. The indentation 186A has an upper surface 1868

and an inner surface 186C. The upper surface 186B of the indentation 186A has therein an

opening 324D which extends through to the inner surface 186C. In an alternative

embodiment of the present inventton illustrated in FIG 53, the upper surface 186B, may also

have a recess al86D adapted to receive an o-ring and form a fluid type seal around the lower

end of 325B of conduit wall 325A. Extending perpendicularly from inner surface 186C

around said opening 324D is conduit wall 324A having a distal end 324B. On the top surface

309A extending from the indentation 186A to the outer surface 211B of the outer core wall

211A are one or more channels 305A. The top surface 309A may be horizontal or slope

upward or downward from indentation 186A. If top surface 309A slopes upward or

downward from indentation 186A to core end 206A, one skilled in the art would be able to

adjust the shapes of upper plate 299A and upper core end 295A accordingly. Channels 305A

may have an even depth through out the length of the channel 305A. However, channel
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309A has an indentation 186A (preferably generally circular) substantial in
the center of the surface 309A of the upper core end 206A. The indentation
186A has an upper surface 186B and an inner surface 186C. The upper surface
186B of the indentation 186A has therein an opening 324D whi ch extends
through to the inner surface 186C. In an alternative enbodi ment of the
present invention illustrated in FIG 53, the upper surface 186B, may al so

have a r-’é’éésrga)aslem)i(aﬂa'paré@r upwardaadislly fiamghe teterafierskilledan thedrdwoyide seal

around the,l 25B of condui.t wal | 5

per pendi gﬁfhﬁgvfso? P &96; E’B?Sf%%%8%@%‘%‘8&8@@%%%@% h"bsgaﬁjwaf‘% condui t
wal | 324% bﬁﬂicﬂ@hﬁir@l 30531 slepet upAR oﬁbuﬁdﬁrﬁﬁ&o‘@&{h%l ce 309A extending from
t he |ndenFat| on 186A to the outer surface 211B of e outer core wall 211A

are one [BﬂsﬁiﬁﬁﬁelélﬁartmElg§f€§@§ﬁh€bh60m@pff§w29§ée0f3@9ﬁr Pratg 298Aris i élmﬂ al or

| d d f f ] f i i A sl
pver d S RROUAARTSR PR ol G o R Aors PBRRy SrEnERe) ) eaTh
the art mRyksheRe felse iQd tighl ééﬁltbehb&n&h@%s&facyﬂ&% fd@lr@ﬁgea@&p% whspoper

core end 295A accordingly. Channels 305A nmay have an even depth t hrough out
t he | endirém die mdentattnmntB6A 8@5AnncHMAE. ek secoh@npeilngmmﬁmnwusdl dpsAdownwar d

f th M d th | d t hat
't top darpate nduet e TRRL St walal L anhe epetipepdsIhBkvinss i |
const antcongRitibatich§ BBnGRAHIR onIRBA tﬁfdﬁ?ﬁ%héiﬁ\é@ﬂgz@ﬁncﬂgi@ﬂ]’}%rﬁS@th d' ngly.
[0088] Referring to Figures 38, the tom surface 297A upper plate 299A

isin di Seem'ﬁtlommitlmctﬂ%t(ﬁl(iﬁl é58tao1rb 481 rThasdluad 800 Bo@Attodugdhotondwmix cltanee201A

when co ssenb ed. This c ct f t bet

thet o THOP s BRGE hGRessas ane BB it i6h8 ph Frdin Brsldond SBinwel 86 ¢ o
channel 2aAn ﬁlﬁ(ﬁﬁtﬁ&dg&&@@ﬂﬂgué%%ﬁdlgﬁs&rﬂ@ﬂﬁ%pé% tSumE220Rd in the
outer surface 211B of Outer core wal 11A. The opening 305B provides fluid

communi clAPBHNReferrmgto E@lnns&taAoandl%thetlhwmrgine cinh2ied haoblawandlaepii®idng 305C

| GS. 38 Th | uj fl h h
Londun ¢ RRich R ¥ CpguRac 0K, BoGTom o et g chied 30018 Aot el
420A. Fr@jg‘bf)ftélﬁtsugw 309@96'1*@5% low‘éggﬁt e 300Urd o RO ﬁ)&%n ﬁ%%ﬁ@sﬁﬂ( o iiannel

305A to the separation vol une 220 0089] Referri ng to Figures 43A and 44,
t he | oweedge 308Deanatl ap@elAo e sttached wethe M\mr@dgﬁﬁuD ofithie olten asreavalbdl Isuaridace

300B, a bott 00C and gut d 00D. Ext enging, f bot t
SurTaco BOBESGTN LS Srlihsrate Bovaed B romerivon A denbrsDBA” The
outer efggcda0Rd c%r@éa%@mﬂi 1a0ial¢ fdk} RCOAS (Rlubbfed VG, adpeARdARI Ry, t he

outer core wall 211A and provide a fluid tight seal therew th. Posi t| oned
above holesienplafd HA @8R, flat.ohe shqpymind 16083 whies positionddeabosnbowsimg/érupwar d

radiall ylgd’AO T\;o ume fﬂf(le cx1gts letl\JNSeEerI; (;[vgecrl p- ate 560% 41)10usﬁ‘\|1 (I)’o?fihbx.e LF¥1is
volume 220C is in fluid communication with separation volume 220A. Lower plate 300A
may be made of plastic or any other suitable material. Additionally, extending substantially
perpendicularly from the lower surface 300C of lower plate 300A is a conduit 320A.
Conduit 320A has a first end 320B that extends into the space 220C between lower plate
300A and housing floor 180A and a second end 320C that extends above the top surface
300B of lower plate 300A. The diameter of conduit 320A is adapted to have a tight fit with
conduit wall end 324B. The volume inside conduit walls 324A and 325A comprises a lumen
400B. The volume defined by lower plate 300A, inner surface 211C, and ceiling 253A of
bottom core 201A, excluding second bowl channel 410A, may comprise of air or a solid
material (See FIGS. 43B and 44).
[0090] In an alternative embodiment of the present invention as illustrated in FIG. 53,
support walls 405A and 407A may be optionally present. Support wall 405A extends
perpendicularly from bottom surface 309B. Support wall 407A extends perpendicularly from
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| ower plate 300A can be flat. As shown in FIG 38 when positioned above
housing fl oor 180A, a volune 220C exi sts between | ower plate 300A and
housi ng fl oor 180A. This volume 220Cis in fluid comunication with
separation volunme 220A. Lower plate 300A may be nmade of plastic or any
ot her suitable material. Additionally, extending substantially
perpendi cularly fromthe | ower surface 300C of |lower plate 300A is a conduit
320A. cahqmptsusfz@aoswé%sofdowwm@teéﬂ%molomteats veih sppertiwalloddSdewbpathe 220C

bet | 300A 180A and 320C th
oxt ends SuTbedn i Sl U gl B migPaeaTisebats Sk IRaTE o
condui t 3204 fiutd a%m&ﬁc&na ComANS 32441 WA i} b¥irdsa ré‘s@@awety Wik Elggﬂﬁs 324B. The

volume inside conduit walls 324A and 325A conprises a | uren
vol ume cealisvd Aband| 467 Ay A:;ldatn@aﬁﬂom,sentmmmdmgrﬁmEheZ)blI@;n sanfce 300G of 253A of

bott om ore 01 xcl udi ng second how cha 410A, ma rise of air or
S0l 14 ofgr BArC J00RSER O ST GRe o o p 000 o ks VG

enbodi mepgsA0f the present invention as illustrated in FIG 53, support
wal I s 405A and 407A may be optionally present. Support wall 405A extends
per pendi [B09Hr Ay wilt beweldilt appasut feaoe @@&Bna@u@ﬁntthm Ithemﬂ\ﬁl 4 emltiseed

Connact soue TR e PR Gl 30K oL IR .60 ERATIESS BUSees Rr 4Bl e

Condui t r fdokiad 1 ght
seal and(\ﬂ%%énd%?f?pgg}fﬁ%gqg&ﬁ%&;tﬁgb&l%gg %&gé%? ﬁ’/%(g];J/Ch\f/vﬁgtVUél t}pdgg‘#t s walls

405A andillaftvated ibddGt33onal |y present extending fromthe bottom surface 300C
of | owe e. 300A eorl ntation spacers 09Athat mat e

wi t hi n .lr.ﬁ'&@#f% ipaHe QFih 3 5@@&}5&5 asapied g thab ger hous A P15 GHA of

ordi nary,siddila 1 ddrBen@idoA L 1 oWl : e {)@J.n?p bout
center ag](Ilﬁs A @gdrtd?nl} mv@g%taé%r;ay’kgéu%g%gﬁogsm%art &ﬁﬂ devi ce as
i s appr oA amdacdrmed':tm slleetvaS&OA haadbehensclifg. oid 4008 Dol cdhiéctBincind astawei ght

408A il lustrat din 0092 Referrlngto FIG 38, bow 10A is
adapt ed 98°fat %tﬂ@r ag‘iﬁngE loushiedl00 éd@ﬂlpﬂéﬁﬂfeé%ﬁﬁ?ﬁ 18w 1H108t e 300A

and Uppe£uri%lc?51?d %g%céég’éésa&é‘fhuh]s@fy ﬁtérﬁ%m (5% 10%RPFUl! F00A2 4 @idtn,

connecti on sl eeve 500A, and ns 400 are | connecti on and
rotate losgeph&rSOOHdwswmgldfprommsndernAoﬁn ﬁmbeﬂtom ougaceF00QGA restriiqp m@ment

o1 ot 7 v BHOSBTARS0P A fPekek CATOANE AOL hg, WD ek SaToMElhas T ound
HIE e NS A D

on housing floor 180A. Thus, when outer housing 100A is rotated, external conduit 20A and

connection sleeve 500A, top core 200A, upper plate 299A, bottom core 201A, lower plate

300A, housing floor 180A, and lumens 400A and 400B will rotate therewith.

[0093] As illustrated in FIG. 38 lumen 400A allows whole blood 800 to come into bowl 10A

via a first bowl channel 420A. First bowl channel 420A provides a passageway for inflow of

fluid 800 through lumen 400A to indention 186A and then to the separation volume 220A

through channel 305A. Lumen 400A is located inside top core 200A. Lumen 400A has a

height from upper lumen end 480A and lower lumen end 402C. Lumen 400A is formed by

the connection of channel wall 401A extending from the inner surface 481C of lumen

connector 481A and channel wall 402A extending from the top surface 298A of upper plate

299A. Channel wall 401A is supported by a plurality of fins 251A which are attached to the

inner wall surface 210C of the outer core wall 210A and inner surface 205C of the upper core

end 205A, and channel wall 402A is supported by a plurality of fins 403A (FIG. 40). It can

readily be seen that height of lumen 400A can be adjusted by changing the sizes and shapes
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protrusion 301A on the bottom surface of |lower plate 300A fornms a tight fit
with recess 181A on housing floor 180A. Thus, when outer housing 100A is
rotated, external conduit 20A and connection sleeve 500A, top core 200A,
upper plate 299A, bottom core 201A, |ower plate 300A, housing floor 180A,
and | unens 400A and 400B will rotate therewith. [0093] As illustrated in
FIG 38 Iumen%éOOA al | ows ol e blood 800_.to cone into bow 10A via a first
bow chafrrere #9dachannelwalh 40 A.channed wall A02A pengiy @eall3254s and) bgdigighbet i nf | ow
of fl “i‘%ng&P?v‘aﬁrﬁggh | umen 400A to indention 186A and then to the
separation vol une 0A through channel 305A. Lunen 400A is | ocated inside

t op cor 0094As iilusenedHadAGH a8, hanerhd0id) tfroint @pped pedn dndd8oAcndowdQdmand | ower
| umen end 402C. Lunen 400A is forned by the connection of channel wall 401A
ext endi rfgdid08n encdoseharinneiupse 40981 d-Qrerlunemend- ¢ ebasan opgning M3 channel

wal |40 igﬁ(ﬁs'%Hﬁu?@(f‘(Lr@ﬂgﬁi{:ﬂﬁm]t@i}?h ?éf){a{/a?igﬁ V%ll%g@ %if;"tﬂsﬁgh%l fhfber ?E%IA‘ ne annel

wal | 401A 1's suppor y a plurali ch are a ched to the

i nner wed05As Unfilacitluiiféd ehbédimentitimen 40L& comblised ¥4 twwd chamiel 4204.f ace 205C
of the upper core end 205A, and channel wall 402A is supported b

pl ur al i tSecend powischanmd 4494 @5 loggpd insidedypt bovd ghanngl wf%e&thcttwforhé&bgt of

| umen 40QA . j { i zes h s 30 of,.,cone
200, cHASHEPRoASEd BN et ALaPR b3 % R REHORE” FP8aes Vadte R

hei ght odhanf)AdOA tfor d pa3Lsbbwal &Q@é‘%ﬁ Wneh 400B tFoat BElotvlowkiplatd BOOATENthE 00A,
fromupper lunmen end 480A to | ower Tunen end 402C, encl oses an inner |unen

400B. Lowerovilphadireigraetzd viscampasetlfghgmahersinitadentasion A8PA 9f Housing

conmuni cat | i separ at | t hr ough n r of channel 305A
I the ogidBod: SHEERRTchahe AU BEER BA L Aot BB ARG 420n
Second bpyA Gbazhetméd 0B Snd RGhes: tiaheler60Ar Ftexkond] coidiA 420A of the
top core 200A and is enclosed therein fromlunmen end 480A and to | unen

402C. FulOORE) Refemingddgrnds bshawn witaaw epnduit3R 10 ipserdumar 489 akgws 1efough

| umen 400B fr | ow . r.dal ate 300A.for, the al of . i rst separated
i conpenesl 8BS Pt BUGARL s SRR TRD b HBERAB! eRyir RY'T ) Sor 180m
Second bgythmGidaRAl froht A kAR MRof AT itdentation 18880 &?é}m.gmmtmheﬂmusi ng

100A through | unmen 400B and to conduit channel 760A of external conduit 20A.

[0095] Refmend08B bas guuppesgofdicngd 2P Crivd lewerdenduig endcy24B pregontprisen 400B

allows red bl.ood e 1 exi ow 10A.vi asa. second bow .channel 410A
That o oUcueeB R o€ 328 Ak Flehro et S S Binia o 508 ent at 1 on
185A t 0 qPpefi hewihdimel UDOR that haBEMARE BidhaSeraRar gHIEk s€ndelhiid @Bthc82bfm and a
| ower conduit end 324E and conprises two conduit walls 324A and 325A whi ch

are connBest bew| dhapndl B0 Cogduit wah 3ePA ansppeited by a fin 251A that extends through
channel wall 401A and attaches to conduit wall 325A. Unlike lumen 400A which has one

end near indentation 186A, lumen 400B extends beyond indentation 186A and through
bottom plate 300A. The first conduit wall 325A has an upper end 325C which has an
opening 325D on the top surface 482A of lumen connector 481A and a lower end 325B
having an opening 325E adapted to fit tightly with upper end 324C of conduit wall 324A.
Upper end 324C of conduit wall 324A is higher than indentation 186A and has an opening
324D. Conduit wall 324A also has end lower end 324B and is supported by a plurality of
fins 252A. Lower end 324B having opening 325E is adapted to connect to conduit 320A
having opening 302A located near the center of lower plate 300A. The connection of
openings 325E and 302A provide fluid communication between lumen 400B and the space
220C between lower plate 300A and housing floor 180A. The space 220C between lower
plate 300A and housing floor 180A in turn has fluid communication with separation volume

220A.
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second bow channel 410A that has a smaller dianeter than and is separate
and distinct from first bow channel 420A. Conduit wall 325A is supported
by a fin 251A that extends through channel wall 401A and attaches to
conduit wall 325A. Unlike |lumen 400A which has one end near indentation
186A, |l umen 400B extends beyond i ndentation 186A and through bottom plate
300A. The first conduit wall 325A has an upper end 325C which has an

openi ng [00%D mduii 3284 previddsadighu Spwitb lowerend 324Brpovidings8ppord fint secdndwer end

325B havi i 5E t to fit tight i,th 324C of
condui t e ras BN ek iy B3R E ok HaY b w0 ERE S e ReriE~ °
i ndent atgr icﬂﬁﬁiﬁggﬁﬂzh%%e@lﬁbap%mg)‘ 8r otBéddch _@@ﬂ@é’?fovﬁl&iﬂlé a A Pssehiay, end
| ower end 324B and is supported by a plurality o fins 252A." Lower end 324B

havi ng @eenblydospesurigedhorampeatsurged dnmbidew tand odnchuprefeg@dncambe disposapleni ng
302A | ocated .negr, the center of lower plate 300A. The connection of

openi ngsanéﬁgéﬂé%&e’éﬁz,&% ??féjfeffbﬁ‘reﬂt @&M?réati on between | umen 400B and
the space 220C between | ower plate 300A and housing floor 180A. The space

220C between | owery. phiatguB®O0A and housing floor 180A in turn has fluid
comuni cation with separation volune 220A. 31 [0096] Conduit 320A provides

a tight " . 3 , i di r.s 0 annel
d10n" e TN Man BB OISR ERan B0k o BBREL s R o POV 1451 e
or rigi dvié udrinagtidrsslédve 880 ABAiEtads attbdded Ghtothe Bitdtenid SETA ofl @ tedl RhRIICI Ng a
seal ed passageway possi bly fgr Br essurized or unpressurized fluid flow,

and whi c¥Aohasing afirsy conshitishangie 19 secongrrgnduis ehaninglaffi0A, apd a thirdgongbiip| e

and effigi u . Dx ube 09.71. illustrated, in FIGS. 39A
and 306, B T7OR, ERGH KB byt L AU o MR b A B E e on

sl eeve MDA, wRidhdbswathaablef 0anhad 4 Bewl ¢Hagtbe£ 4086 e Ghire@ ¥bRTuNadhamndui t
20A having a first conduit channel 780A, a second conduit channel 760A, and

a t hi rd aoseghally spaded 1261 apaTomd eaad in diamdtertin extarmakbéoniday 20AUSde EXimddhi cat i on
with a first_b channel 420A, a. ond,bo hannel 410 d. g, how
chanber  WHRANAcRPAdS Exiheral tondikaRerad band 108 i chamel7abi ety ang
equal i negdh&di®E ®fth iinst DY W FRheIR0AULE int@id B &id 80P fron®externdehdli vba!l ¥

connect to external condu_lt 20A and bowl 10A, conduit channel 780A is
f1 ui dl y intdrovdd0ddonsapardtions Sirhidaxly, edvand ednddGhafinel 7604 ifloidin gorfrenisdo 800 fr om

R T 7 L L T R e
renmovi Nginfd &xedmARAdGE 204 f Fiilidy, aRiRdenRil Bdthel 770 BOMeck @ bowNéintoek er nal
conduit 20A. Finally, third conduit channel 770A connects to bow chanber
740A for removing second separated fluid component 820 from bowl] 10A.
[0098] As is illustrated in FIG. 45, external conduit 20A has a connection sleeve S00A on the
first end 861A and an anchor sleeve 870A on the second end 862A of external conduit 20A.
Optionally present between the connection sleeve S00A and the anchor sleeve 870A on
external conduit 20A are a first shoulder 882 and a second shoulder 884 which extend
perpendicularly from the external conduit 20A and are of a larger diameter. Between the
connection sleeve S00A and anchor sleeve 870A (or if present the first and second shoulder
882, 884) are a first and second bearing rings 871A and 872A. External conduit 20A, anchor
sleeve 870A, and connection sleeve may be prepared from the same or different
biocompatible materials of suitable strength and flexibility for use in this type of tubing in a
centrifuge {one such preferred material is HYTREL®). The connection sleeve S00A and the
anchor sleeve 870A may be attached through any suitable means such as adhesives, welding

etc., however, for ease of manufacture it is preferred that the connection sleeve S00A and the

anchor sleeve 870A be overmolded to the external conduit 20A.
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740A for renoving second separated fluid conponent 820 from bow 10A. [00981
As is illustrated in FIG 45, external conduit 20A has a connection sl eeve
500A on the first end 861A and an anchor sl eeve 870A on the second end 862A
of external conduit 20A. Optionally present between the connection sl eeve
500A and the anchor sleeve 870A on external conduit 20A are a first

shoul der 882 and a second shoul der 884 which extend perpendicularly from

t he ext €0028] Refadinigtto POZS.atd4&ned 49 amhbaslger 8TDArengirise Bebudes7 TBieaving
connecti of @rg,%ve SOQ)A and anchor sl eevg 870A (or if present the first and
second or ey sgrendnphorsnd AdA s desher sheeae SiBArs aipshedion and
872A. may
be pre;l?a(srre g(g rO(r)I?T%(j}l'ltEI Eﬁﬂ %%%@for ?%rg;lgﬁt ?Fgg%pﬁhf ﬁgﬂ é '&;ﬁ gzgs\%?t abl e
st rengt hnalmineftéze?mrblﬁlrsttcyHMSAste t]llfﬂ:dlual‘ 874A/ p@parzéd timl’ulllyg'rdrﬂ s:fcond eﬁtl 874A10e
(one such preferred material is I)tr The connection_ sl eeve 500A and

the andh8rcodirtSba. arhsh deaeraﬁﬁda%@ pndegh 820k aad pf alreerdiamdesuch as
adhesi veg,, Hﬁ'b‘éh?@ﬂﬁb?the angfgg;%@ve $RIA. \ PR3 Cg@ﬁ%& %995;@%11 a sl er 1 ed

that the connection sl eeve and t sl eeve e overnolded to

t he ext 8778 betwadithe cADA S8R ah0aDhd Redher end18730 afid £55ecodd rib48d 8AWC49 anchor
sl eeve 870A conprises a body 877B having a first anchor end 873A and second

anchor efdergingbeyapd e firsy B@elw egd A3 A srexatiaghasg thebodye¥ Ry Therfgeend rédhd 862A

i anot or 1R STTC AL birgd todeBieE b R ohsRA. RERERTP ALY Bt LASHAR s 20 o,
second engt SH¥9Y7A Sindatlel @rth8&Gémaldvinabit 20A and SrepefRemlly platay dver fieom body

877B and of a |arger dianmeter. than the body 877B of the anchor sl eeve 870A.
A pl ur al iegipngrherg gpndgit vhannglsi 768Aa 7704 .nd 78BA edre clasest o Hstsueaee efiibe col | ar

886A and,.g gggg %93 g % t [ beyond
the fi rs %ﬁ%@? &gﬁg&% 2 &?%%h&a%%%{}ﬂe C%Ipdd&tn qC]r‘?](ﬁﬁ(s@@‘gn 8“ b
ends 877130 grejchistado thegrtsidr diliear of armarﬁﬁ&éndmm vhBsPdeffortd fab eslfddlo
external conduit 20A. The ribs 877A run parallel to the external conduit

20A and @irengdiigh sicaretatinn ddaying vps pasalel we@.t?%cmrt@h@awm@yo%&m@c@rmw
770A, 20A
(108 2leABa s78R pEARR gk Bl O GeR imd PR RSB GRI b 20%,

cl osest §med l‘tﬁatﬁ:lnt gh @ﬁe dspaﬁtetlﬁrrlt@fpr@ehﬁhﬂ alclgimgdificie A@Anatdoassit 2GA i Qi ed
tend to fail during eed rotation. Having ribs parallel wth_the

condui t %M@ﬂgcwm@mmé eawekdp transferdhe tassiana pEASSIP v ansBorsiene 87@Anent
acpoct . (RAO0T 2" CBORARS ReSRMN conbit S st R p ChBs% A (1, 0"

e buc ing o externa I'n this

regi on agsiAeaid Rﬁvcﬁﬁl&&l@tdﬂlﬂ&ZAl(EI@SIt% dn@ 47y absw@fsldele ehd 832D Rad si&dveess to
t he anchor sl eeve 870A 00100] Connection sl eeve 500A conprises body 830A
havi ng afangsy@0Asndepuahey of protrusmns 843A, which are sized to engage indentations

484A on the wall surface 482A0f lumen connector 481A. When the bowl 10A is assembled,
a fluid tight seal may be provided by placing o-ring 791A around body 830A and
compressing the o-ring 791A between flange 790A and housing 100A. Upper sleeve end
831A is adapted to be secured to external conduit 20A. Referring to FIG. 46, 39A and 39B,
connection sleeve 500A is secured to bowl 10A by means of sleeve flange 790A and is
adapted to fluidly connect conduit channels 780A, 760A, 770A of external conduit 20A to
bowl channels 420A and 410A, and chamber 740A of bowl 10A. When assembled,
connection sleeve 500A is mounted to lumen connector 481A (FIGS. 39A and 39B).
[00101)] Connection sleeve S00A preferably increases in diameter from upper sleeve
end 831A to lower sleeve end 832A and is overmolded to first conduit end 861A of external
conduit 20A. Connection sleeve 500A connects bowl 10A to external conduit 20A without
use of a rotatable seal, which would otherwise normally be located between bowl 10A and
connection sleeve S00A. The seal-less connection between bowl 10A and connection sleeve
33



831A and | ower sleeve end 832A (FIGS. 46 and 47). Lower sleeve end 832A has
sl eeve flange 790A and a plurality of protrusions 843A which are sized to
engage i ndentations 484A on the wall surface 482Aof |umen connector 481A

When the bow 10A is assenbled, a fluid tight seal nay be provided by

pl acing o-ring 791A around body 830A and conpressing the o-ring 791A

bet ween fl ange 790A and housi ng 100A. Upper sleeve end 831A is adapted to
be securd@Atwapstar antxptanglabove OralteRedioelyi thpugh vk @, faGxaB9k, am(-B39Ba

connection sl eeve 500A |s secured to w  10A .means of sl eeye .fl ange 790A
cod s S SO omtielipS CoiEien. Sutiite ot e ol S b s RIS ECRIC R of

ext er nal ;@@ el 110406 doRnedt@WsiesadmN s 420A and 410A, and chanber 740A of
bow 10A. When assenbl ed, connection sleeve 500A is nmounted to | unen

connect d0OBBIA ( FlAasiluseachindig@Byo andGIB1ileSerihagt THA hheabettdi Oxface
di aneter, fro per sl eev d 831A to | ower sleeve

P soomIARORNER ity ion S aae 42N I HRBT Fomaios 51E SPrmuRg 158 Seoondul |
20A.  ConpggtiePNuiteR BYcheedP A8 £L 'HF'SE‘& m&gﬁy% il:l}lggh%t@%rp&.ﬂ fat %1%9121@%15&6@

wi thout use of a rotatable seal, erw se nor nal ocat ed
bet ween dumwhuriGelioarbdtweasosagaritionrchambern/2208080 bowWlehsmber-T48ds whiahn actuimon

bet ween bow| . 10A and connection sl eeve 500A may oc as pl.ai ned above
or al ter%ﬁ“@?wwlﬁﬁ&? ‘ﬁ’éléc‘?i%}“tf:gf‘m@kaﬁﬁf'e, O‘é(hé%m‘i%g%%ls wsdBY or 1ip,

gr onmret - ngdm .00, |4 j i j i Al : ive in
ei t her bltcl)l ﬁ1 A gg?&%%e’?t@ oa?\lhg esélggacggg%?f&?61]‘6{1%12%’&%2{:@{?8[’}'&, :é gatjﬁé%ﬁg nlfi%f:i gure
46 and 39Bce sdcapied biylhallge cyROdrh3R] Anamb322Am A pldrality of pdotrusidnaB43Anhaled s Wit h
top surface 482A o umen connectgr, 481A formng, a . tight seal. However,

f
| unen copffes wrfaﬁgﬁﬁmagslaevm 8¢ 7PA sn23ese ARt Hides Hita guianialans 40 9HBE f or
fluid communtLalson F’ %nﬁ@o‘?(ﬁrﬁtlhofhugﬁ?{l@(ﬁﬁ g%%ﬁt d bow chanmber 740A,
i f0 ul ) i cCoRdurtt ¢

which, in turn has communi cati on wt lannel 770A. Bow
chanber [0008]i s deCommedtidrysledvaBH0AMBIRLtO BureraRaldhhduiaBOA toposLtfrace 482A

of lunmen connector 481A, excluding the space . occupied by hollow cylinders
321A andthg%ﬂmdfyAcwa?taxgi {erpAl Cgalfbtﬂri% s ve A9A ot Hid aopecsien sttidice 847A

of sl eevg,:fl : gﬁ}g‘%@ | i } 1 at ¢; 3 the wall
surface ﬁ%@g@g?@ F%%@ﬁhgﬁnne oﬂﬁ%ﬁ,&bgﬁb@%%&%ﬁ% as’?? g l?%ﬁtfﬁﬂT 00103]
Connect i comnsdteaatscxmablel sdpamtddofliid comporert<l, 182D te ba chumdved Grdnt bovwlolA 10A,

thus fluidly connecting. external conduit 20A to bowl 10A. This fluid
connect i BEOUEhAER} CORGH 0 to be supplied through external conduit 20A to

o cace OO L2 Pl Sy Beap S Pl oSS B LANL
reduce the rigidity. An excessively rigid external conduit 20A will heat up and fail more
quickly. Additionally, a constant diameter conduit is cheap/easy to manufacture, allows easy
experimentation with connection sleeve S00A and anchor sleeve 870A sizes, and allows
bearing rings 871A, 872A to be easily slid thereon. Preferably the movement of bearings
871A and 872A will be constrained by first and second shoulders 882A and 884A. External
conduit 20A may be made of any type of flexible tubing (such as medical tubing) or other

such device providing a sealed passageway for the flow of fluids, which may be pressurized,

into or out of a reservoir of any sort, and which preferably can be disposable and sterilizable.

II. Permanent Tower System

[00105] FIG. 17 illustrates tower system 2000. Tower system 2000 is the permanent
(i.e., non-disposable) piece of hardware that receives the various devices of photopheresis kit
1000, such as, cassette 1100, irradiation chamber 700, and centrifuge bowl 10 (FIG. 1).
Tower system 2000 performs the valving, pumping, and overall control and drive of fluid
flow through disposable photopheresis kit 1000. Tower system 2000 performs all of the
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[ 00104] External conduit 20A has an approxi mately constant di aneter which
hel ps to reduce the rigidity. An excessively rigid external conduit 20A
will heat up and fail nore quickly. Additionally, a constant diameter
conduit is cheap/easy to nmanufacture, allows easy experinentation with
connection sl eeve 500A and anchor sl eeve 870A sizes, and allows bearing

rings 87 i I 0, e nt of
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pi ece of hardware that receives the various devices of photopheresis kit
1000, suPiegEEimiagdhegangrolieny byjchanging sempoliesapaonss, and centrifuge bow
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Tower sypbreich 2000) Baeporidh 2800 had a tdpe2284 ane @ ®5EaNH2202.N Wik1sf2208 titon

aut omat i cal I‘% t hrough the use of a properly programmed controller, for
exanpl e Broyidsd aseigieapthe baitemnr 202 of bassportid 22§08 thag towdrsysiemH98 iymobile
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phot ophefresi‘s therapy session, s use nd over

agai n. Tanedls 3303 £8pREDICatdube vernidalfaxBdo talowehdedn @h:@rin% i San@fvering
extracorporeal blood circuit treatnents, for exanple apheresis, by properly

pr ogr ammiayer s¥sécra 3A99. oT e 22Mrofpsacpration AY00ave top surfage 23 Baeng sont{0d0106]

Tower sy i I n td 0.an se
porti on Svci20has! el ioTER 2 R Rl LIPTIG AT et S B0 HAEET
2203 ar eloapéduntd eentddi deck DEHY. Be pblioh Q20@ 202 hef hddks ende@lldskiarkdR 200thep t hat
tower system 2000 is nobile and can easily be noved fromroomto roomin a

hospi t al cemeeiorgto ipnamdssals opllegtioa tag &l tand whatgiest bae0¥ heeliony otusbibeckbout a

vertical axis, t a i er i veri.ng . st em 2000.
Top. 2201 D1 Sk TisTESEh 3L TEh 208 &L ACPE B Renirk oA B A ek
1200, besfithithd fimthatieglof the kseem 28rin®thckdpy! Barepditios 2200 h4s phdjoactivatichG. 17,
cassette 1100 is |oaded onto control deck 1200. Base portion 2200 al so has

hooksd( nebamber 780 (RGed§) logpicd befind deqsTiddc sldiongldigeks (nay ilksirated bitEect i on bag
51 t A f ) . t
o0 DRETER R SRS EIR B Po i PR RS BBIGEE, T e

t owner syg em ng as their SItioning
funct i onhbgksQire Idagred Wa upperdiartich2 100er apy. Base portion 2200 has

phot oact i[(\)/{laltﬂi’l]on Photoactivation chamber 750 (FIG. 18) is provided in base portion 2200 of
tower system 2000 between top 2201 and bottom 2202 behind door 751. Door 751 is
hingedly connected to base portion 2200 and is provided for access to photoactivation
chamber 750 and to allow the operator to close photoactivation chamber 750 so that UV light
does not escape into the surrounding during treatment. Recess 752 is provided to allow tubes
1112, 1117 (FIG. 1) to pass into photoactivation chamber 750 when irradiation chamber 700
is loaded and when door 751 is closed. The photoactivation chamber is discussed in detail
below with respect to FIGS. 16 and 18.
[00108] Upper portion 2100 is located atop base portion 2200. Centrifuge chamber
2101 (FIG. 19) is located in upper portion 2100 behind centrifuge chamber door 2102.
Centrifuge chamber door 2102 has a window 2103 so an operator can see in centrifuge
chamber 2101 and monitor for any problems. Window 2103 is constructed with glass thick

enough to withstand any forces that may be exerted on it from an accident during
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chanber 750 (FIG 18) |ocated behind door 751. Additional hooks (not
illustrated) are provided on tower system 2000 for hanging saline and
anti coagul ant bags. Preferably, these hooks are |ocated on upper portion
2100. [00107] Photoactivation chanber 750 (FIG 18) is provided in base
portion 2200 of tower system 2000 between top 2201 and bottom 2202 behi nd
door 751. Door 751 is hingedly connected to base portion 2200 and is
provi dedcdiifu %Mh&ﬁcﬂhﬂkﬁé‘ﬁ{e'c\éﬁﬁrﬁ@g& bo@ F—:ds7 a@%aﬁasm Rewt he
operator to close photoactivation chanber 75 hat UV |ight does not
escape i Rreferabiy, wundnw@iﬂﬁmgcm&mqﬁgi ofrsbatterepioof gw‘sei)@ont%shmgad]yded to

al | ow t ubes &12 1117 gb 1%(1t0 ass int ot oa i vati on. chanbec{ 750
mhen' i 1+ SiTer S tanskBoion gibo i §48 2B SR mmc JprB Rt (gl s PECBRED b,
phot oact th\é%?rét% oo duting %M%@&%M @é?lttl"i‘f‘u%e chshiy 2001 1 di&R&A bl F' GS.

16 and 18 00108] Upper portion 2100 1s located atop base portion 2200
Centri fuglemotmaltlm]rwnl?ﬂe@ﬂec(rEiHG 19) is located in upper portion 2100 behi nd

centrifu nber _dagor, 2102 ntrifuge chanher r 2102 has i ndow
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4800 RPMs. Prefe I W, ndow 21 S con tructed of shatter-proof glass.
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upper 336‘6 R0 2PEsht conbigyratien gchipved: A u6h Beisw tosk EQQSH’&Q 20e19584r the rear

of t ower deck
7200 whi [ DEIRHFIIAITUP 1 dsRUPabiif BPEHEIL G GG Picc et B
chanber sgxién toviay 2066 ragnmngbeﬂmrxtys inshasrso 204 @ne eickhaisaot bisstwetimbienge chanber

2101 in the upper, portion 21 havi ng the photoactjvation cha 750
and deck rROOTNE the SackiBF ATOYR ﬂf?jmpﬂaé OIEhthE GeRr- é\siﬁfqoga%tha&swg@daﬁﬂﬁeved

As such, X?;hﬁ?g% a@g%}go osp taﬁfé;{f}eegqerétf}%ﬁﬁ'a c%'t&?et%@@uc!f-%‘fes up a

reduced armunt space e her ght o system t ower
2000 r err@hms)pba%m\k;s 160y diringhbsloading tmabtlmneemeey\facmmmg eak;sloadnngeﬂ“owalen
transporting t machi ne around  t he h spital formthe rear. Additionally,

havi ng dé&%e@éﬁ 15 (pbyst £agyehyo ﬁti{% esaa@.\fthr@}wrwbmugﬁﬁawﬂ % he operat or
wi th a plaganldsehrod&y! ces of

[00110] A monitor 2104 is provided on centrifuge chamber door 2102 above window
2103. Monitor 2104 has a display area 2105 for visually displaying data to an operator, such
as, for example, user interfaces for data entry, loading instructions, graphics, warnings, alerts,
therapy data, or therapy progress. Monitor 2104 is coupled to and controlled by the system
controller. A data card receiving port 2001 is provided on a side of monitor 2104. Data card
receiving port 2001 is provided to slidably receive data card 1195 which is supplied with
each disposable photopheresis kit 1000 (FIG. 1). As mentioned above, data card 1195 can be
pre-programmed to store serve a variety of data to supply to the system controller of tower
system 2000. For example, data card 1195 can be programmed to relay information so that
the system controller can ensure: (1) that the disposable photopheresis kit is compatible with
the blood drive equipment into which it is being loaded; (2) that the photopheresis kit is
capable of running the desired treatment process; (3) that the disposable photopheresis kit is
of a certain brand name or make. Data card receiving port 2001 has the necessary hardware
and circuitry to both read data from, and write data to, data card 1195. Preferably, data card
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phot opheresis kit 1000 during the | oading of other devices, facilitating
easy | oading. Tower system 2000 is robust enough to withstand forces and

vi brations brought on by the <centrifugation process. [00110] A nonitor 2104
is provided on centrifuge chanber door 2102 above w ndow 2103. Monitor 2104
has a di splay area 2105 for visually displaying data to an operator, such
as, for exanple, user interfaces for data entry, |oading instructions,

gr aphi cs recomiig 6220 Wil ecord tlRemhapy théedp? . daff toldagrARY 1 IS0 WuRE Snfofidtiohor 2104
is coupled to and controlled by the system controller. A data card
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(2) that the photopheresis kit is capable of running the desired treatnent
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now t o FIRbStoagevasiqa chanbessP dndasianad ioreceinabideh lighiospambly 768 (K5t 46). in cross
section. ctivakian (50 i i ng,. 7 usi ng 756
Fits i o BREaEh 8 sOBE3RaSy Blsioel JRT R b RO e B (7

17) . Photleaedd oradon@it wah ggper URVS0lifiass@nibiy 789 fdrih Hf el@uged comattigowigct i on
ports 753 provi ded on back wall 754. Electrical connection ports 753 are

el ect ri callojricabegrineetianopastsgdr daisgiectncat eprneglionet kywpelectimab eRpagy 0%t i on
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el ectrical connection with ] o
assembly 759 has two sets of UVA lamps 758 forming a space which irradiation chamber

700 can be inserted. The supply of elecirical energy to UVA lamps 758 is controlled by the
properly programmed system controller using a switch. UVA lamps 758 are activated and
deactivated as necessary by the controller during the photopheresis therapy session.

[00112] Vent hole 757 is provided in the top of housing 756 near back wall 754 of
photoactivation chamber 750. Vent hole 757 connects to vent duct 760 which leads out of
the back of tower system 2000. When heat generated by UVA lamps 758 builds up in
photoactivation chamber 750 during a treatment therapy, this heat escapes photoactivation
chamber 750 via vent hole 757 and vent duct 760. The heat exits tower system 2000 through
tower housing hole 761 located in the rear of tower system 2000, away {rom the patient and
the operator.

[00113] Photoactivation chamber 750 further comprises tract 762 for receiving
irradiation chamber 700 and holding irradiation in an upright position between UVA lamps

758. Tract 762 is at or near the bottom of photoactivation chamber 750. Preferably, a leak
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el ectrical connection ports 753. This electrical connection allows

el ectrical energy to be supplied to UVA | anps 758 so that they can be
activated. Preferably, three electrical connection ports are provided for
each set of UVA | anps 758. More preferably, UVA light assenbly 759 has two
sets of UVA |anps 758 form ng a space which irradiation chanber 700 can be
inserted. The supply of electrical energy to UVA | anps 758 is controlled by

the propgetyr AFQARITRFrovMRE BElGORIE 962 R dedsth By AuRMEAS Brradi¥ibd @ARBer 58 are
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phot ophe8&lsringn befapy os efieri aparatip0Lesk degennr dinghié 763 Has twvoprlentiodesipatieritede t op
of housin near back wall 754 aqf hot oactivat.i on chanber. 750, nt hol e
757 connérg?tl E@@%ﬁ?‘cﬁﬁ%ﬁn SWﬁibEﬁ(efjgg’éé:”Sﬁ'f'_ JEPG e]Fﬂé‘?dgﬁfﬁ? lgfl?)‘gl_@raY Vst em
2000. Whed JeRLaids BEL ARG cidhilAed ARScARG Y EnelRidioR eadt AL QRAE i¥at hon

i
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t he el ect rode?3 a{:‘e dé\]gagﬁld in any way, the continuity check will fail. This
is a positiveDBinthHEHEFEMaMPSE (he el ectrodes are not dammged. This test can
be perforned each tinme at systemstart-up or periodically during nornal

oper at i 008 d4dnsur FlhR illmetaa@esj@mtfvfgwhamhecaltfl In7EPsssectipnrwkitindie foogieg | v.

Leak detection circuit,762 helps. ensure that.|leaks do not. unnot.i ced
durf ng. ant S setehabbp feiaedl; KRl Byt o (SR seelBrustB copBlier S
damaged. yfifizingl1esthégdaCRbmesPiRickhnMbey i8 PKsitlBARICHin Cehtfiflige chBRbeS21M0Vi ded
in FIG 20. B. Centrifuge Chanber
Rotational device 900 includes a rotating bracket 910 and a bowl holding plate 919 for
rotatably securing centrifuge bowl 10 (FIG. 1). Housing 2107 of centrifuge chamber 2101 is
preferably made of aluminum or some other lightweight, sturdy metal. Alternatively, other
rotational systems may be used within tower system 2000 such as that described in U.S.
Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00115] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector

circuit 762 described above. An electrical schematic of leak detection circuit 2106 is

provided in FIG. 21.

C. Fluid Flow Control Deck

[00116] FIG. 22 illustrates control deck 1200 of tower system 2000 (FIG. 17) without
a cassette 1100 loaded thereon. Control deck 1200 performs the valving and pumping so as
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[00114] FIG 19 illustrates centrifuge chanber 2101 in cross section with
the housing of tower system 2000 renoved. Rotational device 900 (also in
cross-section) capable of wutilizing 1-omega 2-onmega spin technology is
positioned within centrifuge chanber 2101. Rotational device 900 includes a
rotating bracket 910 and a bow holding plate 919 for rotatably securing
centrifuge bowl 10 (FIG 1). Housing 2107 of centrifuge chanber 2101 is
prefer ab[d’dﬁ%%d%%nﬁ!)llﬂﬂl@ H%Qﬁroﬁgl%t ?B&%ﬁhéréM1WtPrei%}dM§| ¥elBI120 is a
Alternatively, other rotational systens nay be used wthin tower system
2000 suckepartt plate 1202 that restcumd t IBise pPaitoar2200lof tc8yed 8fitetd 200 vhiachreiws or

expressly_ incorporated herei reference in its ent [ 00115] L
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electric che i.c of detection circuyjt 6 i vi ded FIG 21.
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1304, and_red _hl ood Cﬁgl ur’rg)t 13,03 ext endi ng throu h plate 1202. Punps
1301- 1303144,d 196,34 Jd Qﬂ&p it babble sensprassiplly 1204 yscslteasonigsnsrgy|ioaded

onto dec ver and

o ound poickEODube! 10RZ TR B LA, HERRLIDER BN GANEKIOR ull BT 208,
and HCT gpessne dageniteliqghaDiuids &omzﬂ)l\ylpdmlg tharefratigh. IRMRs 1M 4, 1b0&kINe sensor
assenbl y 1204 has three trenches 1206 for receiving tubes 1114 1106, and

1119 (FI é %1)6 mogitores| psspuse dhass hpesszostorths 9“@2041’“@@@%“&Is?frsafs%?ﬁ?l@b]é’rﬂéogys to

moni t or tokiﬁ%ﬁl Hed %ﬂ'@&ansﬁﬂg.d]agatltﬁ tﬁﬁQ{ysféHé G hifhy nﬂsﬁ‘sfftax ahrbabbieqy! d

I ndi cat e egres nce of alr in el Uld nor assi ng

t her et hr @B@btcd-ﬁhbeﬁtelﬂﬂ:dntmlﬂ:ﬂ@lll ﬂmﬂdodzﬁ.bﬁeran@ mrprbmroadldixenawaﬁtotth@se li nes
go to the E@{Ient Al | e sensor assenbly 1204 is operably coupl ed and
transmit P2 té?ytoeclpﬁ'@g élglscﬁ éH‘b dAPo.gnd 109 by H@ngf@n@r%ﬁm&ﬁtuaws le is

1242 to a raised position, thereby compressing tubes 1114, 1106, and 1119 against cassette
1100 as discussed above and/or shutting down the appropriate pump. HCT sensor assembly
1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a
photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits
data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red
blood cells in tube 1116, the system controller will take the appropriate action, such as
stopping the appropriate pump or activating one of compression actuators 1243-1247, to stop
fluid flow through tube 1116.

[00119] Deck 1200 also has five compression actuators 1243-1247 and three
compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette
1100 is Ioaded onto deck 1200 for operation, each of compression actuators 1240-1247 are
aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can
be moved between a lowered position and a raised position. As ilustrated in FIG. 22,
compression actuators 1243-1247 are in the lowered position and compression actuators
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detected, the systemcontroller will shut down operation and prohibit fluid
flowinto the patient by occluding tubes 1114, 1106, and 1109 by novi ng
conpression actuators 1240- 1242 to a raised position, thereby conpressing
tubes 1114, 1106, and 1119 agai nst cassette 1100 as di scussed above and/ or
shutting down the appropriate punp. HCT sensor assenbly 1205 has trench
1207 for receiving HCT conponent 1125 of tube 1116. HCT sensor assenbly
1205 nonifh6-324258 id htGakal pdsitfond PRl Ifafsea ggmﬁ&ﬂ) Qfd GBkh %asfgf! it F1009;s 2
phot oel ectric sensor. HCT sensor assenb is al so operably coupfed to
and t r ansorded ontgaleek 1200 asellegt@teeirm E@fﬁt%owreprs:sstﬂpmtums 4424 hwdberdénd 1205

detectin th resence red. bl C in tube 1 t he
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i ndepende?Vdede el apamatsally reyedp dicsiatsad Resition &Pgluélzlzau@zzlél%rlwﬁeanét her
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programmed integrated circuit that is operably coupled to the necessary components of the

system to perform all of the functions, interactions, decisions, and reaction discussed above
and necessary to perform a photopheresis therapy according to the present invention.
Cylinder assembly 1211 couples each of compression actuators 1240-1247 to a pnevmatic
cylinder. Air ports 1212 are provided on the various elements of deck 1200 as necessary to
connect air lines to the devices and the appropriate one of manifolds 1213. As such, air can
be provided to the devices as necessary to actuate the necessary component, such as
compression valves 1240-1247. All of these functions and timing are controlled by system
controller 1210. Timing belt assembly 1217 is used to coordinate the rotation of rotating
clamps 1203. Finally, plate' 1202 includes a piurality of holes 1215, 1219, 1220, 1221, and
1218 so that the various components of deck 1200 can be properly loaded into and so that
deck 1200 can be secured to tower system 2000. Specifically, pumps 1301-1305 fit into
holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly
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1119 and preventing fluids fromentering or |eaving the patient. [00121]
Referring now to FIGS. 23 and 24, deck 1200 further includes system
controller 1210, cylinder assenbly 1211, manifold assenblies 1213, punp
cable 1215, punp notor cable 1216, and timng belt assenbly 1217. System
controller 1210 is a properly programred integrated circuit that is
operably coupled to the necessary conponents of the systemto perform al

of the fuyned fiQNso hion:tﬁr1906dn9§}§ssicqle&tusd&&§liz@f@ﬂﬁ@&fait%ugh aols 81k, ahgve and
necessary to performa photopheresis therapy according t6 the present

i nvent i oholts Gy¢rdibimnghselenib2d] Zedure degl B)0aa tdwafassarpy 2880.on act uat or s
1240- 1247 to a pneumatic cylinder. Air ports 1212 are provided on the

various elenments o ck 1200 as cessary to connect air lines to the
devi ces and the apér %F%@@%@l%ﬁmlﬁﬁds 1213. As such, air can be
provided to the devices as necessary to actuate the necessary conponent,
such as (@Bl essi Bafeyang/eew 1RGS2 2nd 2P| the methnddyy Whink casseite B isi mi ng are
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vari ous conponents of deck 1200 can be properly loaded into and so that
deck 120theccomisessivacaiugdr valvingaystenyisearpeRGdon tspeesent wakhtion, pusips 1301- 1305

fit into. hol 314 H nbl y. 1205 fits into hole 1220, ai
bubbl 6 qdEBgebre Gacass ABFRSBRpRTY SeBisd Al 105 Reb i SE bR it or
1240- 1247, DA hbRESHPRs N Q&u&lgrg./ﬁ:mmgtﬂ balli® HiGROL IHY QUGhe Aigshyl 221 to

secure deck 1200 to tower assenb 2000. 1. Cassette Canping Mechanism
[00122] Refpressing thediexibde MbER agaihstend el bl 3k dfeasrettt dH0{FIGH3 x Horssetthis 1100

i | oaded d ta.d 1200 w || di d
Gy st e 2060 BB GRBTEIRS U AE Copirarotls o ehgna o e aseRe 4104 oS ket 14
properly ah@?éjﬁgin? RberafdR elrors? A1 oBRERUSRISAre adHiS A DIREERIH W Me@eibb@tQketéal Vi NY

systemincorporated in the present invention, it i§ inperative that cassette
1100 be ptaspreng megwoired to deck 1200 and not shift or beconme di sl odged

wh i t uat 1240- 1247. | ud j fl i bl e tubi
by " o830, n RSl T P sercanb L0 © TeeP 1208 Sece 20 T oo™ "
(FIG 3) prégeigin vk Schet 2908 TR rob BB LA 1708 0 02210 C 18Kk 4008 Radf case

in |oading cassette 1100 onto deck 1200 "and reduci ng operator errors.
of t hese agdail1228 near slchingldbdofihe tdpeplivel Gatcies208becisccasddt phite 120mpi ng

S RN RN SR RN TG R R

1203 and g}42is béedb&@ns 1423ina983 on cassette 1100 (FIG. 2). Rotating clamps 1203 and
1223 are illustrated in a closed position. However, rotating clamps 1203 and 1223 can be
rotated to an open position (not illustrated) manually or through the automatic actuation of a
pneumatic cylinder. Rotating clamps 1203 and 1223 are spring loaded by torque springs so
as to automatically return to the closed position when additional torque is not being applied.
Rotating clamps 1203 and 1223 are linked together by timing belt assembly 1217 (FIG. 24).
[00124] Referring now to FIG. 23, timing belt assembly 1217 comprises timing belt
1226, torque spring housings 1224, and tension assembly 1225. Timing belt assembly 1217
coordinates the rotation of rotational clamps 1203 and 1223 so that if one is rotated, the other
also rotates in the same direction and the same amount. In other words, rotational clamps
1203 and 1223 are coupled. Tension assembly 1217 ensures that timing belt 1226 is under
sufficient tension to engage and rotate the rotational clamp 1203 or 1223 that is being
coordinated. Torque spring housings 1224 provide casings for the torque springs that torque

rotational clamps 1203 and 1223 to the closed position.
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a slot 1228 near the mddle of the top plate. Catches 1208 are secured to
plate 1202 at predeterm ned positions so that the spacing between themis
substantially the same as the spacing between tabs 1102 and 1103 on
cassette 1100 (FIG 2). Rotating clanps 1203 and 1223 are illustrated in a
cl osed position. However, rotating clanps 1203 and 1223 can be rotated to
an open position (not illustrated) manually or through the automatic

act uati ofogaRSp  pPnRemSAtihEbLKth FUSS . 22ReHaAS WHertlcatng cdkeie ]G0 dv@dedk © Spring
| oaded by torque Sfrlngs so as to automatically return to the closed
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this tinmg, , The rear of the sette 1100 (i . t si de opposite the tabs

1102 and teoSfEaRice: ol TT Sietier thet wblecifldodsns ab tabs 1102 and
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e

cassette 1100, rotational clanps 1103 and 1123 w rotated to the open

posi t i onclaspsd0Bgnd A22Y warotated s operepdsidm ¢ithenmasnalywrwarodnatioalyy. positi on
bel ow | edges 1231 of r.otatiaon clanps. 1203 and 122 Once,.cassette 1100 is
'h hi s ARRPTIORRORdS RIS B BHeh 9T RATES LA I NGRERIRENT om ¢ he
force apI%h@&he@izimeOnéeOJo?dﬂi%nﬁFbMVr\hﬁlﬁSIZ;%B%ﬂ Qhﬁfl, SrelRee dpen Hb&ti6H, @aQEuPOSi ti on,

| ocking cassette 1100 in place. en in the |ocked position, cassette 1100
can resi 3100 pvamdverhbly biatpdy lfiting end sliding Gdd 2602 sl Yiddwueobeatches 12081110 after
the therapy session is conplete, rotational clanps 1203 and 1223 are

rotated to the open pgsition epther,..manually or automatically. Automatic
rotation is faci |i?at§<‘§hg;9a°§ﬂg§?f#§%'§}?u A& that is coupled to an air line

and system controller 1210. Once rotational clanps_1203 and 1223 are in the

open posil®BT] casdaferang to FIG. 24, peristaltic pumps 1301-1305 are provided on deck 1200
and are used to drive fluids through photopheresis kit 1000 (FIG. 1) along desired pathways.
The activation, deactivation, timing, speed, coordination, and all other functions of peristaltic
pumps 1301-1305 are controlled by system controller 1210. Peristaltic pumps 1301-1305 are
identical in structure. However, the placement of each peristaltic pump 1301-1305 on deck
1200 dictates the function of each peristaltic pump 1301-1305 with respect to which fluid is
being driven and along which pathway. This is because the placement of peristaltic pumps
1301-1305 dictates which pump loop 1220-1224 will be loaded therein.
[00128] Referring now to FIGS. 28 and 29, whole blood pump 1301 is illustrated in
detail. The structure and functioning of whole blood pump will be described with the
understanding that peristaltic pumps 1302-1305 are identical. Whole blood pump 1301 has

motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.
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1100 is renoved by sinple lifting and sliding tabs 1102 and 1103 out of
catches 1208. 2. Self-Loading Peristaltic Punps [00127] Referring to FIG
24, peristaltic punps 1301-1305 are provided on deck 1200 and are used to
drive fluids through photopheresis kit 1000 (FIG 1) along desired pathways.
The activation, deactivation, timng, speed, coordination, and all other
functions of peristaltic punps 1301-1305 are controlled by system

control | es01280. PRbict314 isGoRtiEBEmbdSRdd Wlh RhRin Il@@ﬂfah&%lmloﬁeﬁm%uct ure.
However, the placenment of each peristaltic punp §01 1305 on deck 1200
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is the tube punping region of whole blood punp 1301 int whi ch punp | oop
t ube 1123nf§tmed3&ﬁt1¢naﬂpomnﬂn | oaded for punping. Position sensor 1316 is
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(FIG 24). By analyzing , S temcontro Ich is also
coupl ed tspeaifptadly, 4 Bdl0ys eaamdattlhim@hé)ohﬁmtns 1320 6f hamspigetmlgedﬁw toltBieddilyn  any

fFange. 1596seBis s plairoR02s Pvsioh thBecl 19 s oGS s chopnp 1210
ange 1 | 3 1310 to
pl ate 1202,f  de6kidatd13E3 t@@ﬁtend\@l&%tm ITHiERbIE Yo si’ed%' that ry%c@rﬁﬁtﬁpded

t hrough bol t holes 1320 of housing flange 1319 to threadil gage hol es
wi t hi n plastugtot 2083 cadoneverigptw¢cargrmist® 1@ hiveced pus[tmie&tla)ulnod)r(su{emhie shown) to

Fhat  phodiinee. SopiaGecis 100k MsUe Bl rukgod A beersrrnurea st on

Wi thout GRRSH&GT-BR! Banner through the use of air. Pneumatic cylinder 1312 comprises air inlet
hole 1321 for connecting an air supply line. When air is supplied to pneumatic cylinder
1312, pneumatic actuator extends upward through housing flange 1319 to a raised position.
When air ceases to be supplied to pneumatic cylinder 1312, pneumatic actuator retracts back
into pneumatic cylinder 1312, returning to the lowered position. System controller 1210
(FIG. 22) controls the supply of air to air inlet hole 1321.
[00131] Curved wall 1317 of housing 1315 contains two slots 1322 (only one visible).
Slots 1322 are located on substantially opposing sides of curved wall 1317. Slots 1322 are
provided for allowing pump loop tube 1121 (FIG. 33) to pass into tube pumping region 1318.
More specifically, pump inlet portion 1150 and outlet portions 1151 (FIG. 33) of pump loop
tube 1121 pass through slots 1322.
[00132] Turning now to FIGS. 30 and 31, rotor 1314 is illustrated as removed from
housing 1315 so that its components are more clearly visible. Rotor 1314 has a top surface
1323, angled guide 1324, rotor flange 1325, two guide rollers 1326, two drive rollers 1327,
and rotor floor 1328. Guide rollers 1326 and drive rollers 1327 are rotatably secured about
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resi stance. Pneumatic actuator 1313 is activated and deactivated by
pneumatic cylinder 1312 in a piston-like manner through the use of air.
Pneumatic cylinder 1312 conprises air inlet hole 1321 for connecting an air
supply line. When air is supplied to pneumatic cylinder 1312, pneunatic
actuat or extends upward through housing flange 1319 to a rai sed position.
When air ceases to be supplied to pneumatic cylinder 1312, pneunatic

act uat or ¢4:8% 1380 SetRedKrotdr Todr PREAMLA Korovd dup@es 13315 rofRilah M TSt wdibe
| owered position. Systemcontroller 1210 (FIG 22) controls the supply of
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rolﬁ% tﬁ@}a@@l{ch@& $s thothetb& sh@%@f’édé%qle&%s!ﬁﬁ& cﬁ%ﬁet@l‘? ngg?ngheRUﬁTp q

tube 1121 oaded i nto tube punping region 1318 pro al 1'gne
during pyhpe regultshiaci guiden@llbywitly s nde-symhleaicscrdS 2@ ctiaiap ptodilgr Dipetapgred | oad punp

11 st afeBbodunerRDRRE SOt RpBrs Joedigal Be Bbbisn] e Uk uaihidg abhat  he t op
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1328 is designed to connect rotor 1314 to drive shaft 1316 of motor 1310.
{00135} Referring now to FIGS. 30 and 32, rotor flange has opening 1333. Opening
1333 is defined by a leading edge 1334 and a trailing edge 1335. The terms leading and
trailing are used assuming that rotating rotor 1314 in the clockwise direction is the forward
direction while rotating rotor 1314 in a counterclockwise direction is the rearward direction.
However, the invention is not so limited and can be modified for counterclockwise pumps.
Leading edge 1334 is beveled downward into opening 1333. Trailing edge 1335 extends
upward from the top surface of rotor flange 1325 higher than the leading edge 1334. Leading
edge is provide for trailing edge for capturing and feeding pump loop tube 1121 into tube
pumping region 1318 upon rotor 1314 being rotated in the forward direction.
[00136] Rotor 1314 also has angled guide 1324 extending upward, at an inverted
angle, from rotor flange 1325. Angled guide 1324 is provided for displacing pump loop tube
1121 toward rotor flange 1325 upon rotor 1314 being rotated in the forward direction.
Preferably, angled guide 1324 has elevated ridge 1336 running along top surface 1323 for
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plate results in a guide roller with a non-symretric cross-sectional

profile. The tapered enbodi nent hel ps ensure proper |oading of the tubing
into the tube punping region. [00134] Rotor 1314 further includes cavity
1328 extending through its center. Cavity 1328 is designed to connect rotor
1314 to drive shaft 1316 of notor 1310. [00135] Referring nowto FIGS. 30
and 32, rotor flange has opening 1333. Opening 1333 is defined by a |eading
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assum ng t hat rotatln? rotor 1314 in the cl oclgvm se direction is the forward
a4

di r ect i odocarediferwasd af leadingetlge 133914 in a countercl ockwi se direction is the
rear war d tion However ifave on, i.s SO I ted and ¢ be
nodi fi ed [ﬁjlrﬁiount SefHeR Py o Hﬁ% @?th”h%‘ é?gfé’ Cﬁ%\?‘étlo tIﬁ‘ﬁgtanar d
into Ope%dagma%%ﬁ)adg;haiﬂ1bpgtbeciqm IS eatntibe gre fcﬂni?StlbeUst% surface
of rotor flange 1325 higher than the |eading e 47 Leading edge is

provi de fpositipn sgrispniplddoorf 314 esaystated tog laading emimlgwpmpngbdgutdaﬂé%lm into

di r ect | o et PR BT e 4180 M aades ppf S il T 250 Mranbi i, o
at an i nygk} esi4 @@gése mfarﬁ?)@itloﬁtsé?'thaft hﬁgt&?gdiégﬁszﬁ@%&ed%m&ntﬁ% drBioR OVi ded

for displacing punp | oop tube 1121 toward rotor flange 1325 uponh rotor 1314
bei ng r otldf@dnd outtehporftiondd bt oﬂpurep tdopri121 Rhek exsattie/]108rig B@dre@uoaim deBR4 has

by opdk & BhsrredodCA Ty Whih A abspFr i Sredigioeek Faaimaa fop wE TTEERT oo

forward %Rteh&sﬂslte?gn@%n&%% 1i1QOt>%ZJm£E&f tdatd}%ﬁm ﬁhqhﬂo%red%ﬁ)sﬁm 3
whol e bl ood punp 1301 can autonati cal oa and oad punp 1op tuabe 1121

i nto and tlwstingf t ube punping region 1318 Usi ng p05|t| on sensor 1311, rotor
1314 is r dto | oadi n sition where | ed wde 1324 wil f.ace
cassette[%ta)%?vm §§é§$@glﬁ®dspg‘)p@3§3€é"tﬁ“ PR getd o4 iyp, o
speci fi cablakd in &et&(scktﬁéédlte%ueﬁ B%Llihd f?)r@aﬂ%QﬁfeEtx&B %rhﬁff‘%ﬁf‘ﬂitﬁ@s gwn e 1324

is located between inlet portion 1150 and outlet portion 1151 of pu | oop
1121 wherulbzalespil2d ik T00tactsd by engled guide 1824 atelodisplaces agmnstltihcws)p ratfagt dfn Fl G

13. Wen cas ette 0Q.is secured to,dec p tube 1121 extends
over and rgtoa % Oft@i’&mqﬂﬁe RHEP @O&f{ﬁff‘af&(i tllﬁgfﬁe digp ??th%ém%‘\%)?ed
position f?atnﬁe liﬂssarte'tﬁ& co[n&@ﬂsé%l{ n%lﬁ% éiﬁi £ndlit8 oty wh dGRES thb!e?ectﬁlhgg and

t he system s ready, rotor ate Inthe c w se di
(i.e., t hregibnd &8 ﬂhrtmghex;tnmg)l%%sArgntcbrronamzﬁmst Iat)esled tiuemly a:fmbepém'mg) 1121

5, ConLagag by B0k e, fuLde 1024, a0 dlopl ces adal e e op, Sur e of
agai nst r@f\Rfollers 1327. When loaded, inlet portion 1150 and outlet portion 1151 of pump loop

tube 1121 pass through slots 1322 of curved wall 1317. One and a half revolutions are

needed to fully load the tubing.

[00139] To automatically unload pump tube loop 1121 from whole blood pump 1301

after the therapy is complete, rotor 1314 is rotated to a position where opening 1333 is

aligned with the slot 1322 through which outlet portion 1151 passes. Once aligned,

pneumatic actuator 1313 is activated and extended to the raised position, contacting and

lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in

the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

loop tube 1121 from tube pumping region 1318 via opening 1333.

D. Infra-Red Communication

[00140] Referring to FIG. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR) communication interface (not shown). The wireless IR interface

consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
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flange 1325 are then contacted by trailing edge 1325 and fed downward into
tube punping region 1318 through opening 1333. A guide roller 1326 is
provided directly after opening 1333 to further properly position the
tubing within tube punping chanber for punping by drive rollers 1327. Wen
| oaded, inlet portion 1150 and outlet portion 1151 of punp |oop tube 1121
pass through slots 1322 of curved wall 1317. One and a half revolutions are

needed t @381lahy IRDACrdnbeeiveipond382.0PESH cimaticaiidi infdfaky isiab@sie oPbéR t ube
| oop 1121 from whol e bl ood punp 1301 after the therapy is conplete, rotor

1314 i s tepupiging adgeqsang lgn visnBreenabeliom g reme’ dosputdr oy Al deviee havings| ot

1322 thr i | et { S Once -al i gned,. neunat i c

act uat or T@%E@Mﬁé&gcﬁ‘f %/eélﬁ leng%é)liglad E@%ﬂé%@é@? Bf?@esep%% SseéléJ %%WW‘S%?ODCAOJ&II& Reti ng
and | i f tHeRDW plRbcob Oibi1881 dolRET the datah dRDA prabR¥ECHip 3381 MisedaRioadIata ROt or
1314 is then rotated in the countercl ockw se direction, causing trailing

edge to aedsthencapmpaicitiannaformabeietophaipansmobyring hed thee serfds dintot punpi ng

region 1318 via i 1333. Infra-Re ni cation .[00140 eferrin
Lo Fre Batsete PR st e e B R B SRl R bR hedrg e, "
W rel ess phRES dRhnsmitRibent @AM HofAdevR vidh BhdtBERnéhi@kr.shown) . The wirel ess
IR interface consists of three primary el enents, systemcontroller 1210,

| RDA pr o @] i nt edn eeceding dagauilR datapplsegare recenved|tRDAphot@dgedpylorcatpdon 1382,

The IR comuni cati on. i rtace is_capgbl both .transmitting and

recei vi n_SI’edté?I’ﬁC?}V%{ Crlﬂ}? Qﬁg‘gnﬁs?@%ﬁi"spaaﬂﬁ?@ CYhstt e OQFIC@QWE p'géfilsitge havi ng
| R capabieldciric@Bdatd BnBRgl 1 ddfilstrearti XS RIDAGRHOES! dhe 1384 Wohep & eI ridad
communi cation data to the | RDA protocol chip 1381 to buff the data. | RDA

pr ot ocol signakis 38Ppeddiieniotiand asidaiond biRD A arado@t henterio Nl méToamingrdataisor mat i on
to the transmt ring and the nds it to |IRDA .transceiver 1382.

Tr anscei J@ern ng%‘fsf&%mgﬁ o5 e&é@twq}eéed{hetdpmgm /BTG B "%encoded 1i ght

pul ses ardnfnhidiaibh prddiem to a renote device via a photo transmtter.

[00141] In receiving data, IR data pulses are received by a photo detector
| ocat ed d00142he t r dysioedrpenatiog ap IR g@RMUNIcatior mtrsiaet ve tovedtispsiaBZB0Q el er t s

t he opti cal i%ht1 Pul ses, to electricgal dat% 3 d sends the data streamto

| RDA pr ot BRGTE HpRESS T g St endirtandniitedds g amot dex FggediECont r ol
and addi tah@Rak, i tRhaaRbioR ODkRAN bd Béht VEIR Hbiils @abdel §stehhBB0SENt tO
the system Controller 1210 where the data streamis parsed 'per the

communi capenwel the Sieopylor allg@ paRpcdbytoiheabapgsdan iafdindad dtRec worsdlyi Bh
interface.on t{fwer.%%_ftem. 000 real. .tine dat rehati.neq t(% a therapy session
can be. t PRGN, iSsTesE PfoRer ik ey Bt wireless tasmiiSion

methods, such as radio frequency.

I1L. Photopheresis Treatment Process

[00143] Referring together to Fig. 26, a flow chart illustrating an embodiment of the
invention which includes photactivation of buffy coat, and Fig. 27, a schematic representation
of apparatus which can be employed in such an embodiment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing
blood, and needle adapter 1194 carrying another needle, for returning treated blood and other
fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant
pump 1304 is turned on, and saline actuator 1246 is opened so that the entire disposable
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bowl 10, with the
A/C pump 1304 and WB pump 1301 controiled at a 1:10 speed ratio.
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anal ysis, or further transm ssion. Data can be sent via IR signals to tower
system 2000 to control the therapy or allow protocols to be changed in a
bl i nded state. Additionally, IR signals do not interfere with other

hospi tal equi pnent, |like other wireless transm ssion nethods, such as radio
frequency. I11. Photopheresis Treatnent Process [00143] Referring together
to Fig. 26, a flowchart illustrating an enbodi nent of the invention which

i ncl udes [(pﬂiddhct i vWﬁe@ﬂh@éolhuﬁeﬂyohﬂﬁreadﬁd 150 gﬂ 1204, the fohe Painpd 302 is set
par at us_whi ch_can be enpl oyed in_ such an_enbodi nent,

{ﬁgr S?ﬁ?hi‘és Yithg ?%“ei @‘DP‘WIP A3 spsed P@Htreféeﬁlsm%fgeqt% HeadCheensoneed e
adapt er H&%M%)H}{'tﬂkgﬁeﬂuﬂﬁgedé b%Piznﬁf 1%1 gf) aéaég%&g ﬁ& 99%?85@ 1194

carrying ano etur ni ng agnent s.

Sal i ne bagthBpoim acanmeatdth thy spﬁﬂh@%ﬂﬂhfdgb%wﬂﬁdd@f&plﬁﬁ)[&gtdu@@kwbﬁ@ rétel S
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened,
ant i coaggPafFrlled By the Rropessers whisghmaanighs taged sall ling atbibe serser imerfpse ieyebpened so

that the L[,@;HFT c 4fji iﬁ@?e%bé fl PuWﬁ§d§&1%n %trl%b 'HF?SU?‘I})%?‘,%%EH&% 'sPdSehifdnd

anti coag cen ned on

bl ood- antbmeditg 8408 the mwroanmataﬁxumeedu 1403t the idir€acedenal ufitiighe beiwctid®, W th
the A/C punp 1304 and WB p 1301 controlled at a 1:10 speed ratio. 46
[00144] ¢HeA velwewd&rqaélaqde‘dﬁ%atmd} ReiptEe redswliumpmBYS is nenmfnﬁml%wlp 1302

| Soset, HOMuAbahE (FLGRL B BIR ASPeRESH 1181 ol B0 rfpe Ut ected

1406 at an sensor e cen (Fig. 19).

Packed r eems®et 2440860 figps yhaome m&ns@’ilmﬂld&te@@llﬂﬂl a&pwlrm.l at 6igkckibn tige
spi nni ng centrlfuge bo and are punped out slowy at a rate, controlled by

t he proceshore” isdetated aatheveliale blopd prasgssed rargdtidiaderd blt the neEbsBP! qqﬂs@rcfnace

| evel . 3(914?+r e&gﬁlgfe aw '?4 !3108 %lg qgrg ftﬁ‘éﬁ nﬁ%aryl r;elg&rf? éu cg’cﬁ% % he i nl et

punp spe€ ntro e -to el ‘e at the

i nterfacash@éed a ustinke of 260 ﬁﬂ| Meiett whole b@()é@c@nﬂﬂhﬂ@@t 141016 de hel@lvelélmomame whi ch
point the red cell punp 1305 is turned off 1410 and the flujid path to the

t r eat mentPabiey i thepowy! aprbtheiesd edlppap aff sd Fgll%\ﬁ%maumlar%w@rwwgmsa@wa@ or
1244, .
oycte woriyRa STl it b RE e spd o1 G i bluolei 681 Gy mBHIET ¢ he

nunber ofbe @elekra biyatie efﬁM@dtQﬁ&maia@ﬁt XA PeBsar, Mhichengoih@omemm}esa Haabg@t of
1500 M may require 6 cycles, and so 1500/6 is a volunme of 250 ml. Wth
whol e bl 68 efé‘tfhtl nU| ng at 1410 to be delivered fromthe patient to the bow

bt 1 coddo¥BEm | nd bl pdEl R el AR AR s RATeELL 1 e
buf fy COG[Mlattﬂtthpldsmabﬂ% getedtirdedyelt pﬁnpmwem is vsredsed 1413 fohkenigensor ,
i ndi cating that the buf coat has bee
pump 1301 pump rate unt11 red cells are detected 1414, which is the beginning of the second
cycle. If another cycle 1412 is not needed, the centrifuge 10 is turned off 1415 and inlet
pump 1301 and anticoagulant pump 1304 are set at KVO rate, 10 mi/hr in this embodiment.
The effluent path is directed 1416 to the plasma bag 51, the red cell pump 1305 rate is set
1417 at 75 ml/min, the recirculation pump 1303 and photoactivation lamps are turned on
1418 for sufficient period to treat the buffy coat, calculated by the controller depending on
the volume and type of disease being treated.
[00147] When the bowl 10 is empty 1419, the red cell pump 1305 is turned off 1420
and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the

plate 700 by means of the return pump 1302. Saline is used to rinse the system and the rinse

is returned to the patient, completing the process 1425.
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coll ected. [00146] If another cycle is needed 1412, the centrifuge 10
effluent path is returned 1413 to the plasnma bag 51 and the red cell punp
1305 rate is increased 1413 to the inlet punp 1301 punp rate until red
cells are detected 1414, which is the beginning of the second cycle. If
anot her cycle 1412 is not needed, the centrifuge 10 is turned off 1415 and
inlet punp 1301 and anti coagul ant punp 1304 are set at KVOrate, 10 m/hr
in this §fdd8] nent The Titecagfiinieblpog fiom pasient, amtiied bidk & patichtyae pllasnma bag

51, the red.cell pu 1305 e et 417.at 75 m/m.n, the recjrcul ation
punp 1305 giErep et ARiact 1 B 03 g e figcPask o ia paveTs o e gpp
period t enfhiRitnd HReLLFODY THEPhmps al30u! fogd1 s, {51 99(?*13(514, bR acHBREOP4TY ON
the volume and type of disease being treated. [00147] Wién t%e bo 10 is

enpty 141841,01R42,r1@d3 cldu#t, Pddp1248080d §247uambthe opinibg 20 theadmavlt Weirphlasma bag 51
Is enptied 1 by. openi ng actuator 1247 and continuing return punp 1302.

The retuFﬂntﬁﬁéébX&fz&PgraPﬂP OBPEFOrIR Y GHER the plasma bag 51 is enpty and
when phmmq i vat Tﬁ@gfe&eﬁ%ﬁelr%@d% atub R&vel S Gt Q@Jahﬁag@g@verr%gf ned 1424

to the patient fromt pl ate 700 by means of the return -punp 2. Saline
is used pocessnsend dppaspstienhathe inbentionndew buffyrceatto e dn the Holwe lgyaer sinde,

conpl eting, the process 142 4 0148], The anti coagu] apt, bl ood from
patient, r%jrﬂ’ﬂﬁ Ia\%i'?ﬂ“ wa’(ﬁ??fp‘ﬁ}t‘iee&&e%“éé [%Hny CORbI tﬁ%ﬁ%ﬂi WBII%F?I“ & ors 1204
and 1202, | - ' Il and
i ter 1550 e lntt abihe bk AR ARiNta §RGm: o bOBRockR: € WBIRE
1240, 1pdidy tolRidRirawtidg 3he dtedted bAKS cell? MBatelatydlehRdHtesand dther myffymviang of t he
bow 10 are._all controlled by the programed processor in the tower,
[00149] %%eﬂ%&e%g@%ﬁaenﬂé@tsi@a r%ﬁwﬁﬁa ke splleted ryRrrrthemntsturaig AbAmagdd over
pri or pg, ﬁﬁ%@ﬁleﬁﬁﬂcﬁ%%{éﬂlgﬁr&ﬂ Igrggésshg&_i nvention allow buffy coat to be
red ce

inthe b | onger since are being drawn of f while collecting
huf fy cod00158] t he [tk bedri foand érat micfaaging the titke gt baffyooae 8bd i spbjeortl to n t he

bow wuntil the desired ampunt of buffy coat cells are_collecgted prior to
wi t hdr awPigUeTHE MOBPR B e P&}Wkﬁq yields b alegpeseut q?éaﬁmete@, p L.

huf fy coat,» | : |l ected
at hor ¢ han TERETRP RS (ARG AR (RERADY, @i IRTLRT: U8 AR 68, 21 e

process dbesl.ce[lOpESM} ptit vdlarse bEbuffy caand Thhahoumof easithg tuffy coatr820tihat buffy

el eaner SBUIPRI B PYAIBHOTGR G N S TS AD ot b MARSHAST PHAE 8 Mot ocr |
count  (HGlHhei. Srifde HIRASEIdod BOT 201k irdtd B R WBW N hafhel'42d as BEARALEBLLT 195 E£5ent
per vol une o? buf Fy coat. The anount o% time taﬂat buf ?y coat” 820 iIs
rotating. As discussed above, whole blood 800 is separated into buffy coat 820 and RBC’s
810 as it moves outwardly atop lower plate 300. Second bow] channel 410 and third bowl
channel 740 are closed at this time. The inflow of whole blood 800 is continued until the
separation volume 220 is filled with a combination of buffy coat 820 near the top and RBC’s
810 near the bottom of centrifuge bowl 10. By removing RBC’s 810 from centrifuge bowl
10 via second bowl channel 410 only, additional volume is created for the inflow of whole
blood 800 and the unremoved buffy coat 820 is subjected to rotational forces for an extended
period of time. As centrifuge bowl 10 continues to rotate, some of the RBC’s 810 that may
be trapped in buffy coat 820 get pulled to the bottom of centrifuge bowl 10 and away from
third bowl channel 740 and buffy coat 820. Thus, when third bowl channel 740 is opened,
the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT%.
[00151] The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
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subjected to rotational notion in centrifuge bow 10 can be maxim zed in the
followng manner. First, whole blood 800 is fed into first bow channel 420
as centrifuge bow 10 is rotating. As discussed above, whole blood 800 is
separated into buffy coat 820 and RBC's 810 as it nobves outwardly atop

| ower plate 300. Second bowl channel 410 and third bow channel 740 are
closed at this tinme. The inflow of whole blood 800 is continued until the
separ at i en avahgmez&R@lults90-i 00 mdlliliter hofdbutiyndortiahitobloofl célisf hyst boatpt8d imear

the t RBC 81 he .bott f trif w  10. i
REC: s B16MeF Bt PUGEOBBhEres s Geg NS daGHiFr 5o 8 ChBaanourt o DHEy
addi ti onabakelil Robdcddlk SBL B LR lindeiBoh REdARW Bloc¥RAkfindhl PRE SRR the

unrenoved huffy coat 820 1S subjected to rotational forces for an extended
peri od ofbladdnmdhe Asquired tamiofinige Hudiwl cod@wnenbliondiesiistcan betrateveddome tief 1.5 he RBC s

810 that .ma be tr ed jn f coat 820 get pulled to t hot t om of
Cent 1 1 udlth gl DA ahgh A0S m{ 4S8 A TrriEh vent. SPcHO PPoBGar 820,
Thus, wh i T i : f i

us %ﬁevmrp&eb%e HRARMEHnt (Fthe lﬂffm@a hite bisBd Raild matcaeggutﬁ%g?&et%g{u% '03 800

removed has a lower HCT% By controlli'ng the inflowrate o
and t he ocupdrhtow pra¢ess Oiic dapfurgd buféy c@2vhitn dldeBCeHs Bav@, andHGCT efd % mtledse Ican

be reached that yields a buffy coat 0w n approximately const ant. HCT%
[00151] FAEPREIA: ARG UHINGEAPBAR A (i H%&%W s fiagng H@m@a@/ PIREPEESS honi eved
by the gl %f‘@vhbl@‘b%l{d t%ilgta'ﬁ?fﬁg 5{1&&&&%&3%&% otf!Bﬁﬁ% @gﬁfjvﬁiterﬂ?o&?&g@fn ?W : to

properly treat patients. For an average size 90- 10 liters

of huffy [EGAR/XHS pelylbleds sebhd SOfsf theaomh piuneadf ithe budfydanat/tbite bleddetlla f ul |
Coat  whi (8 BiSBIRELT @ e BB GBS b ek be BETY bosphgttedtoodosting 1.5
can' be 1 Gomad Y B P PAR FOES e B Y Ol g e
usi ng t hepparese the Cobe Bpécm]aTM by Qaetto, mopsapowed 108084 of wholecblodd infveddrad al
Ceparat i Gagn setteishgmaat oulhonr il Bl Are Biotalely fengosmdasticr of

2% or | ess; | N | Sitd I S
ar ound o0 e T L T B o B BTy g SRR esit e
suf fi ci erdre subjectkd tofthdsehamtion ptoceds| arel HeivogdinddCT ©f afidwe 2ANBRsXT Baohden

collects around 50% of the.total amount of the huffy coat/whjie hl.ood cells
Chat Cor o BLRrTEa B pile hOSR AT b sy St Kapite eyt ORI e

coat / whi _trﬁjnmeews%ﬂakes proBld GediCshdR¥intine thdRGuTSamSuritioP White bSHd A% or
substantial 'y bel 6w, 2% Another existing apparatus, the Cobe SpectraTM by

Ganbr o, gy qmlabctmsére@m invergiom cah petiodne thelsamd functionglierlessaharcd) ndrottest he
sufficie ampunt .of huff oat/white bl.ood cells. This typically takes
round. 1oEPeSne €8 noda e Ry ER P RBR oF BRme fins: ot RGBS hut 1
coat / whi t;8,pliRR4h£A Bhd Fatiehdk connected to the system.
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are subjected to the separation process, and having an HCT of about 2%
Thus, it has been discovered that while existing apparatus and systens
requi re anywhere from 152 to 225 mnutes to separate, process, treat, and
reinfuse the requisite amount of white blood cells or huffy coat, the
present invention can performthe sane functions in |less than 70 m nutes.
These tines do not include the patient preparation or prinme tine. The tines
indicate only the total tine that the patient is connected to the system
49 Cains Wiat is clainmed is: 1. An &pbmsat us for separating conponents of
a fluid,gomprising. an outer housing with an upper housing end and a | ower
housing“&ﬁggchﬁgﬁgpn said outer housing increases in dianeter fromsaid
upper housing end to said | ower housing end, said | ower housing end havi ng
a housing floor and said housing upper end having a housing outlet; a base,
sai d ouler hODSPRAEAtENT sepaEnting sempaeRenisPf adluidh¢amnrisingy ol une bet ween t hem and
sai d outer housing adapted for rotation about a center axis; a top core
having an outer wall, an upper top core end, and a |lower top core end; said
top core conmeaitedhotisinig widi an opgee hohong embarfdoa lavetr dibusing e rvewirdih ;saidccupyi ng
a top coaxial voplume of said interijor, volume of said outer housing; and
provi ding a P RHSHE HETSAHSVBI HAReISE TRT A LarRper JRURBE Endra Bl IRt or
housi ng; sai ghidRRRhd! QI BWe? h8RInd1aNd R 4 HORThCASHIQGH Qhid RAkiAg ppEN
connector having a first lumen wall extending downward fromthe a top
surface of téne Hauimgn housingottdat; said | unen connector further having an
inner lumen wall within said first lunmen wall and extendi ng downward from
the top surface; said inner lunen wall having a top wall end and a bottom
wal | end; ana bpedaiddbidtchousiviagd saill BfseHaling@a intdrioidlghe bethvkat temaangecond
| umen wal | extending above said top surface; said upper plate adapted to
form a ti ghtsaq eutgyhomsing adaniggelor Fasgsion 3B aSBeF &%iSir ot ati on therewith; said
second lumen wall adapted to overlap with said first lumen wall to forma
| umen having an upper lunmen end and a | ower |unen end; said | unmen extending
axi al ly thratgprosahayimganeouterwialhhgn apper topt cdvoend, ehdahetverftop corakhdishidg sai d
fluid and sa{d | umen hgying fhyid cgnnunifation ,th the separation vol unme
via a trench,°p5C(9re connected with said outer housing for rotation therewith; occupying a top

coaxial volume of said interior volume of said outer housing; and providing a top

separation volume between said top core and said outer housing;

said upper top core end having a lumen connector; said lumen connector having a
first lumen wall extending downward from the a top surface of the lumen connector;
said lumen connector further having an inner lumen wall within said first lumen wall
and extending downward from the top surface; said inner lumen wall having a top

wall end and a bottom wall end;

an upper plate having a top surface, a bottom surface, a second lumen wall extending
above said top surface; said upper plate adapted to form a tight fit with the lower top

core end for rotation therewith;

said second lumen wall adapted to overlap with said first lumen wall to form a lumen
having an upper lumen end and a lower lumen end; said lumen extending axially
through said core forming a first bowl channel for inflowing said fluid and said lumen

having fluid communication with the separation volume via a trench;
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a bottomcore having an outer wall, a top surface contacting and connected
with bottom surface of upper plate for rotation therewith; an upper bottom
core end, a |lower bottomcore end, said top surface having an indentation
and a trench, and a lunmen wall that has an upper wall end and a | ower wall
end; said bottomcore occupying a bottom coaxial volune of said interior
vol unme between said outer housing and said base; said upper wall end of

|l umen wall is adapted to engage with bottomwall end of inner lumen wall to
form an i nnea bbtiore rcodd 68 ihgan ngtaxnwalp petopl unface eordaaing andl comeected witkn end;
said inner lunen form ng a second.bow .chgnnel. for renoving a first

separat ed f | DT SHFESRAN(PPE" Palelr 5anen REGIL: 20 Bes IPHORR Goreenilo ot omn
surface, andjoveh8bka o edtidQhidNBR surf£8Ma®ingn HaéiatldVid Phrah@, afdiad hol | ow
cylinder has an opening adapted to engage W th [ower wall end of said

| umen; and shimgn| walkethas|has enhuppengvadl endr andrh dewat avallagidptseid bastonpeatiea ti ght
fit wiih theol guahe QoMM €088 CRMuEe or B AILOM: NARHEWEC.R_SOANGSY! o

sl eeve having a [eeve 0Iange Surround) ng a lunen nount i ng recess; Ssaid

| umen nount i hgisin@aad saidbaset op surface of |[unmen connector engaged to forma
bow chanber for renpoving a second separated fluid conponent; said
connection sleeve further adapted to be secured to said apparatus near said
housi ng out | gig Qines afl Y bFTumd rieqd{p@e,rd tB(éhg%g'erthmfo%Elrl‘en@ofi-lmﬁ- .
apparatus of claimI| wherein said outer wall sald top core increases in
di anet er frohmeaiwhllppformesndinner kiied 400Reravergdan @ppel henappat andus lowercl ai m 1
wher ei n sai dl outer wal.l .of ﬁai d %){tt.om core ilg]crle ses ifn di aneter. from said
upper end t oMEENENdodf 1B UBen ofEing AAPENGSOBY CRANGh T YN out er
wal | of sai dsdp@itedqnud tdtpdp@aes in diameter fromsaid upper end to said

| ower end and said outer wall of said bottom core increases in dianeter
fromsaid upper end to said |ower end. 51 5. The apparatus of claiml
wherein said_| n Vi ' n ' |l : Lght of
sai d 1 umen | & ATECROE ety B SacBTE opRL QAR ol pASy clRLEEE™ e
wal I. 6. Thecsauppastahaldsloofer glatd; vakl Mhmetylindrehdseingbpenofy sdapeddltureapagend t he
hei ght of said |unen wall re_agb}gqlljt th sigme. 7. Thg apparatus of claiml
wherei n the PSP 18Wer wall 9f Yasdf BurnorNespld 1RWer plite gving a circumference

adapted to form a tight fit with the lower bottom core end for rotation therewith;

a connection sleeve having a sleeve flange surrounding a lumen mounting recess; said
lumen mounting recess and top surface of lumen connector engaged to form a bowl
chamber for removing a second separated fluid component; said connection sleeve
further adapted to be secured to said apparatus near said housing outlet of said outer

housing for rotation therewith.

2. The apparatus of claim 1 wherein said outer wall of said top core increases in

diameter from said upper end to said lower end.

3. The apparatus of claim 1 wherein said outer wall of said bottom core increases in

diameter from said upper end to said lower end.

4. The apparatus of claim 1 wherein said outer wall of said top core increases in
diameter from said upper end to said lower end and said outer wall of said bottom

core increases in diameter from said upper end to said lower end.
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trenches. 8. The apparatus of claim7 wherein the top surface of said bottom
core has three to six trenches. 9. The apparatus of claiml wherein said
connection sleeve is adapted to fluidly connect a first and second bow
channel s, and a bow chanber to a correspondi ng conduit channel of an
external conduit. 10. The apparatus of claim1l wherein said outer housing
conpri ses a | ocking nechanism adapted to secure said outer housing to a
nmeans for rotating said apparatus. 11. The apparatus of claim 10 wherein

sai d | oski ngThesppaniusof chimiveesein sl funsdndnsing athlgthnai aﬁrphunmhu&llcu‘ndcl aimi11l

wherein said | ocki ng.nmechani sm conpri ses key slot. . he ap tus of
claimi1 mher@Fﬁwg@fg ﬁ@ﬁngﬁ?éﬁé‘? 08?ﬂ%5f5¥a(Tﬁﬂ“¢H€n§bﬁﬁr gﬁm laim |
wher ei n sai dj gRRaf.At Us is adapted for use without a rotatable seal . 15. The
apparatus of claiml| wherein said apparatus is closed to undesired

contagi ons. 16. The apparatus of claim| wherein said apparatus is adapted

to allo rot ion o uRper. . bott om.cor sai d I t or e,
said |l o ?l?:\ t &P araé'ilsdattjglﬁlmg ﬁ‘ir%m th%ﬁ]‘a'gg%%f Ssaééjl Bt %I} ouhse”llgcfllé) Ogt%%lut sai d
| unens. 17 mh@na@mamahu@nqﬁe@mﬁlnll further conprising neans for rotating

sai d outer housing about said axis. 18. The apparatus of claim 17 wherein
said neans for rotating conprises a bracket. 19. The apparatus of claim 18

hat i 8711 ui B AAR ¥ AARET el BRIGIRAARC of PO cof e AT o

channel , andua&hd;bomd chanber. 20. The apparatus of claim 19 wherein said
rotation nmeans i s adapted to rotate said outer housing and said external
conduit using 1l-onegal/2-onega spin technology. 21. The apparatus of claim 17

further 8corrp1rhesapgﬁratmr&alﬁ~.07 WRRahS RipGufthed &f sardocma@nﬁw& A& th?e@lt@l sixeans to
renove said fluid fluid connected to said first bowl channel; neans to

renove said ﬁmﬁ@GSseparated fluid conponent via said second bomﬁ channel ;
means to renove said second separated fluid conponent via said bow chanber
and neans to treat said second separated fluid conponent subsequent to

bei ng r enovethe apparatus of claim 1 wherein said connection sleeve is adapted to fluidly connect

a first and second bowl channels, and a bowl chamber to a corresponding conduit

channel of an external conduit.

10. The apparatus of claim 1 wherein said outer housing comprises a locking mechanism

adapted to secure said outer housing to a means for rotating said apparatus.
11.  The apparatus of claim 10 wherein said locking mechanism comprises protrusions.
12. The apparatus of claim 11 wherein said locking mechanism comprises a key slot.
13.  The apparatus of claim 1 wherein said lower plate is circular.

14.  The apparatus of claim 1 wherein said apparatus is adapted for use without a rotatable

seal.
15.  The apparatus of claim 1 wherein said apparatus is closed to undesired contagions.

16.  The apparatus of claim 1 wherein said apparatus is adapted to allow rotation of said

upper bottom core and said lower bottom core, said lower plate, said upper plate , and
52



via bowl chanber. 22. The apparatus of claim 21 further conprising neans to
reinfuse treated second separated fluid conponent and said first separated
fluid conponent back into said source, wherein said apparatus is a

cl osed- | oop apparatus when connected to said source. 23. The apparatus of
claim 22 wherein said reinfusion neans conprises a needle or catheter. 24.
The apparatus of claim21 further conprising an anticoagul ant source fluidly
53 connected between said neans to renmove said fluid fromsaid source and
said first dslwutetensiog ab@ssaidhunengpar at us of clai m 21 wherein said nmeans
to renmove said fluid fromsaid source conprises a needle or catheter . 26.
The apparatus of claim21 wherein said neans to renove said first separated
fluid ¢hnpoTienippacpr ofsdsina | furtier Bhprising naqapsfat wosatiof saidadurerZHousingr ei n
said treatnent neaps .conprises a chanber and a source of ultraviolet

radi ation. oulsaidibd for separating conponents of a fluid conprising a
hi gher density conponent and a | ower density conponent, the nethod
conprising: providing a centrifuge bow conprising a first bow channel, a
second bdw Ehecappetatusafidlain bdwihereohsurbmeansfiorowniating samplrifes aibcacketom a sour ce
into said centrifuge bow through said first bow channel; rotating said
centrifuge bow about an axis; renoving said higher density conponent from

sai d bow. Vi Bhesfipdrab@COMelaiboVg wheRANELH braaRél ik QEIPLD Eftafle bAYRItatdlQASI Ly

conmponent fromsaid bow via said bow chamber. 29. The nethod of claim 28
wher ei n sai dexé@plcondiethaioinifluidly commectedpiaidsBist baml chanesl, saiskssrong Rolh an
upper hOUSi”alﬁ&ngﬂ%a oWehai2Ysi Ng end, wherein said outer housing

i ncreases in dianeter from sai upper housing end to said | ower housing
end, said | ower housing end having a housing floor and said housi ng upper

end having housi ng out] et, said,.outer housing having an interior volune
ond | adapP ea RGP B Al blama g e O opal iy et 5 Mdapth Boalt

said outer housing and said external conduit using 1-omega/2-omega

spin technology.

21.  The apparatus of claim 17 further comprising:
means to remove said fluid from a source, said means to remove said fluid fluidly
connected to said first bowl channel;
means to remove said first separated fluid component via said second bowl channel,
means to remove said second separated fluid component via said bowl chamber; and
means to treat said second separated fluid component subsequent to being removed

via bowl chamber.

22.  The apparatus of claim 21 further comprising means to reinfuse treated second
separated fluid component and said first separated fluid component back into said
source, wherein said apparatus is a closed-loop apparatus when connected to said

source.

23.  The apparatus of claim 22 wherein said reinfusion means comprises a needle or

catheter.

24,  The apparatus of claim 21 further comprising an anticoagulant source fluidly
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54 a top core having an outer wall, an upper top core end, and a |l ower top
core end; said top core connected with said outer housing for rotation
therewith; occupying a top coaxial volume of said interior volume of said
outer housing; and providing a top separation volunme between said top core
and said outer housing; said upper top core end having a | unmen connector;
said lunmen connector having a first lunmen wall extending dowmward fromthe
a top surface of the |unen connector; said |lunmen connector further having
an i nner | unm@nnewtdd bemwedn said aiednd for smoveisad flvad Fromasaid extrenandspidi Gvatwar d
fromthe tog)sgrgace' said inner lunmen wall having a top wall end and a
bottom wal | &nd’* %Wehpper pl ate having a top surface, a bottomsurface, a
second lumen wal |l extending above said top surface; said upper plate having
a circunference adaPted to forma tight fit with the |ower top core end for
rot at i of-t heFhevipppratus of glaira 2d rrehergins#d ygans Warsporelsaié flgideiromsaidi sorrce aj d
first lunmen Lo havi ng an upper lunen end and a | ower
| umen end; §§@ﬁﬁ?%w%%gpgkﬁf%gH§pTirst bow channel for inflowing said fluid
and extending axially through said core leading to indentation and
trencheZ' a bottom core ﬂavigg n outer wall, a top surface contacting and
connect &1 wi T ARPBEAfHRIsRimat b WEereilh e mMerns b 1eg1oVE SRl fishsePRRISAIMIA; ~an
upper bott omdeoRerREmpaseslaPiilp. bottom core end, a top surface having an
indentation and a trench, and a lumen wall that has an upper wall end and a
| ower wall end; said bottomcore occupying a bottom coaxial volunme of said
interior volune of said outer housing and providing a bottom separation
vol une between said bottom core and said outer housing; said upper wall end
of | umep7.wal Thd gppadaptefdidin 2 ngiRgein \shid ired@idnd Medd dontptideDd chdnibreand wren wal |
to forma second hbowl channel for renoving a first separated fluid
conponent ; sWuEFeobpltayioled sadigtiongdapt ed to engage with the bottom surface of
the upper plate; a lower plate having a top surface, a bottom surface, and
a hollow cylinder near 55 center of |lower plate; said hollow cylinder has
an openktg adapietddt for esegagengv dcompohane rof wal fluié nebngfrisingmenhigherd demsitg | ower
pl ate having a circunferqnce ?dafted to forn1atLi%ht fil.thr]tiﬁ%l ower
bot t om core @RPOPEY #t &ilPEH THBIEGOMRONLORTBHPPE AODPERDE RRVIYRE & sl eeve
fl ange surr ogentifige Bow | WERpridRgH firdObdvACRaSnel, %8efond bowl channel, and a bowl

chamber;

flowing said fluid from a source into said centrifuge bowl through said first bowl

channel;

rotating said centrifuge bowl about an axis;

removing said higher density component from said bowl via said second bowl

channel; and

removing said lower density component from said bowl via said bowl chamber.

29.  The method of claim 28 wherein said centrifuge bow! further comprises:

an outer housing with an upper housing end and a lower housing end, wherein said
outer housing increases in diameter from said upper housing end to said lower
housing end, said lower housing end having a housing floor and said housing upper
end having a housing outlet, said outer housing having an interior volume and

adapted for rotation about a center axis;
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| umen mounting recess and top surface of |unmen connector engaged to formthe
bow chanber for renoving a second separated fluid conponent; said
connection sleeve further adapted to be secured to said apparatus near said
housi ng outlet of said outer housing for rotation therewith. 30. The nethod
of claim 28 wherein said step of renoving said first separated fluid
conponent conprises applying negative pressure to said second bow channel.
31. The nethod of claim 28 wherein said negative pressure is applied by a
punp 32. Thetopebhwolthvofg al aitenvll, aheper tops@irderpl,iapd piovar dgscaelbsd; aaidi al |y
stable flow., 33. The hod of, cl aim 28 wherein said step of renoving said
i rot separ sBEOH SHRGeREhdgRee SR Eie I Etuiong Reaihs Belpy BEd R "o "a d
centrifuge bgyakial veime IdTesalte i thr Qo [uphedbMadd oWREhBIIIng Aind PFrbHiflgGOMPr | ses a

bi ol ogical fluid. 35. The method of claim 34 wherein said biological fluid
conpri ses bl sparatigevolyme battendspidfopciozd snd3aidytar dpwsingii d hi gher density
conponent conprises red blood cells and said | ower density conponent
conprises a buffy coat. 37. The nethod of claim 36 further conprising the
step of col | eid upgerpb@aleaind Havig & hintkn doanetorgl eaid ilinterc oomreownthavidg@a The

f clai f h i Si h f i nf usi i d high
gg;glos yo Cg %h 3%nivlﬁa:1t)e)§énd§10gs rlrﬁ%arrlg fr%@ethg tae{gp sourfarcg Io th%slhrrr]l n%:grlln%ctolr;g er

said lumen connector further having an inner lumen wall within said first lumen wall
and extending downward from the top surface; said inner lumen wall having a top

wall end and a bottom wall end;

an upper plate having a top surface, a bottom surface, a second lumen wall extending
above said top surface; said upper plate having a circumference adapted to form a

tight fit with the lower top core end for rotation therewith;

said second lumen wall adapted to overlap with said first lumen wall to form a lumen
having an upper lumen end and a lower lumen end; said lumen forming a first bowl
channel for inflowing said fluid and extending axially through said core leading to

indentation and trenches;

a bottom core having an outer wall, a top surface contacting and connected with
bottom surface of upper plate for rotation therewith; an upper bottom core end, a
lower bottom core end, a top surface having an indentation and a trench, and a lumen
wall that has an upper wall end and a lower wall end; said bottom core occupying a
bottom coaxial volume of said interior volume of said outer housing and providing a

bottom separation volume between said bottom core and said outer housing;

said upper wall end of lumen wall is adapted to engage with bottom wall end of
inner lumen wall to form a second bowl channel for removing a first separated fluid
component; said top surface is adapted to engage with the bottom surface of the upper

plate;

a lower plate having a top surface, a bottom surface, and a hollow cylinder near
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30.

31.

32.

33.

34.

35.

36.

37.

38.

center of lower plate; said hollow cylinder has an opening adapted to engage with
lower wall end of lumen; and said lower plate having a circumference adapted to

form a tight fit with the lower bottom core end for rotation therewith;

a connection sleeve having a sleeve flange surrounding a lumen mounting recess; said
lumen mounting recess and top surface of lumen connector engaged to form the bowl
chamber for removing a second separated fluid component; said connection sleeve
further adapted to be secured to said apparatus near said housing outlet of said outer
housing for rotation therewith.

The method of claim 28 wherein said step of removing said first separated fluid
component comprises applying negative pressure to said second bowl channel.

The method of claim 28 wherein said negative pressure is applied by a pump

The method of claim 31 wherein said pump provides substantially stable flow.

The method of claim 28 wherein said step of removing said first separated fluid

component comprises applying positive pressure to said centrifuge bowl.

The method of claim 28 wherein said fluid comprises a biological fluid.

The method of claim 34 wherein said biological fluid comprises blood.

The method of claim 35 wherein said higher density component comprises red

blood cells and said lower density component comprises a buffy coat.

The method of claim 36 further comprising the step of collecting platelets from said

lower density component .

The method of claim 36 further comprising the step of reinfusing said higher density

component into said source .

56





