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| MPROVED APPARATUS FOR THE CONTI NUOUS SEPARATI ON OF BI OLOG 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
clainms the benefit of United States Provisional Application, Serial Nunber
60/ 361, 287, IMPROQVERr ARPARAIS FOR THECONTINUAGUS SERARATIONOFpor at ed by

r ef er encBIOROGIEAL FLUIDSINTGO COMPONENTSIAND METH@DION USINGSAMID2] The
present invention generally relates to nethods and apparatus for separating
a fluid into its conmponents, for exanple, a biological or sensitive fluid

such as blood, and speci fCfRLIRefdrené®io R sted MppIRAGLA US t hat use
centrifugal force to separate a fTurd rnto rts conponents by density so as
t o i mprdBKH]{Thés apphipasiearis agortingati@rinkparoapplicatian ¢fAHOBYH SpitehPaténs advance of
medi cal , s¢i en | a hile.tg treat. a patlent’ ood in

cl os ed-ﬁ‘pcP g‘ﬁaboﬁlg@é?géﬁs#’ flg? %(réﬁfu hzb@atwlg%f Clgmbs\/&ﬁe P$ %eﬁtt 8gbﬂﬁ%‘£§mge§c k to

hi m i n Peeésiofid i pplitatione Sér NumbAP 6638 1RRE, flEd Misdh AO0E @S of WRicHAR
external treatnment nethods for diseases in which there is a pathol ogical

i ncr eaderedy incprpstiged by sefergpesindbeicentiseitsus T-cel | | ynphoma or ot her

di seases affecting white blood cells. In such nmethods, the patient's bl ood
is irradiated with ultraviol ' | of a chem cal or an
anti body. Utraviolet | ightef il b el ween the | ynphocytes

and t hq0@023 tihe plresent iavintibn gyndriiht relandsi tb inieshods laed apiaadtod for s¢papageuidfl t he

| ynphocytes. [ 0004 rin ne. of these nedical .treat ts, centrifuge
bowl , éﬁfeﬂtszsg, PPB‘?‘J‘Se%‘rF&F‘g‘P%aa bwé?aa%ﬂipb%ﬁwtwazlu 2 hlogdgndpa ent M.

4, 303, 183ifi&AR"E Hkods AR Sflaie CEARRGAF forddYo skhatatAldi®into RET €1 N,
separ at gslﬁl ood into red %%agﬁceftl scf" RB@% éndogul%%il/ coatl. The Lat ham
bow i sompbhentsibyrdensonenss wappravedhe ¢dmponkaisyillden used for sone tinme in the
medi cal apheresis market as well as in innovative nedical therapies such
as extracorporeal photopheresis ( CPP( PCE plications WD 97/36581 and WO
97/ 36634, and U.S. Patent Nos. 4, SMSPYNCLAIZ03 906; 4, 428, 744; and

4, 464, 16603)rWith €f deskdeidfinedita] Qiernd, (1320 benfapossiBRAbARBES fhicht’s BREdar e
hereby expressly incorporated by reference in their entirety. [0005] The

Lat hamibslgsedelopp pracaesgs.i retugfingwic patiens saxvibijeatedeblopd backyp by iwend (" WBC')
"yield,™" [ | ' 9 ' [ fil cent age
o%” cel Insledé%’l Fre%:t T%HE {%g’?}lsrhtﬁsie tgﬁ%léh & ?ﬁéﬁrsegin%!:uglg Ise nggﬁa\}\h[g%tg}? g?r%]tg{rhggpﬁ% ot he?

types afiseadeslie whichahkrs épapahslogicaltifirsase 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 plasma once they fill the inside of the bow, creating a "batch-type"
pr oces sversék theaugibet hectaed aWhbowbmpapd tadtber thpes of Whogdnblmodi lslﬂfmrzmrej tlis t he

constant, filljin and enptyj ng of this bowl wastes tinge; t he. process
is con %Mls{&i nelaies Bedatiaanboy separatop iy eallect rgugh lagger xplymes aﬁm‘;s Wil
Lat ham ouk mﬁ?ﬂiﬁbﬁ £3s FhbRIAdId Eorm B don\ﬁpgﬁﬂ:ni SHE¥PRISI Pﬁg_‘or andvlbE [ gel t to

manuf act ur e An addi tional drawback centrifugal processing
appar athmhmmbowwpamtme iy thi thé sapasttion pfocessTafiade me[mat&dbr sappet té cmove

tol eran es, al s e I uf.acturin ses

i soi odt Bickpd REs T Bifaineobey FEREins e SEE teeed B2 PO RRe an
appar atﬁi&efSQrAﬁl‘i‘&%hQﬁé nﬂhﬁﬁm&nﬁgﬁﬁat&fhagafhhgw WhluR® IR, &sertgmsﬁﬁk uher
housi ng with an upper housing en | ower housing end, wherein  said

out er Hodsmplyingel hidwwliwasigs imet dus fthoposesisds quseilcrdddwierﬂ@clemdmln sai d

| h i end d h d h housi.ng. fl oor. and sai d
nousi ndouREep ol WGy R LAt B Tt hoaubhedl il PRt ea ™ or

rotati %d@hﬁumta)mg,mf@ém@m s; said outer housing containing a core in said
interior vol ume: the core havi ng an outer wall, an upper core end, and a

| oner d896]hriadditignal despibackorirmeatrisugakiprasessingppataays has hesnfeir bighraestat i on
ther ew otf%anﬁfh‘émr@ﬁl?"ﬂo%”& t(ﬂgt%&ﬁ%rn%utﬁ s¢d 2L YHE Rehyg, e&a&?f’a%uﬁgé prol 0d.gai d
out er housing core en g StUen. Sonnect of i
connect or top surface a first Iurren for providing fluid conmmunication
fromthe housing outlet througiDistlesur¢nfthehiveatibwr and then radially
outward[ “};ou gh the core to the fluid separation volune; a secaond. | unen

provi di 1 cpreseaipvntion promdedr angppriisien sepgting cemponsniseh difhgd axi al 1 y
al ong GRMBkin@*hPoltér ﬁHﬁ's'ﬁngtHc Anqgf er h(ﬁl_sﬁngr&ﬂﬁ%ﬂi Qrb@érql%\ﬂﬁng’@h& Ruilediff® Wi th

t he | unen connector a cha prOV| lurd comuni cati ons between the
housi ngsamiﬂut@'thoasidg im:eeas&paldmme(ber frmh sag upiaeﬁOJOBng endwciahiclowenbadingent  of

t he pres ven lon is ovi ded hod for,.separatin nents of a
o 6 1o VG boe e i A JGHERE TRRR P BeoPs e Badn

conpri Sioﬂﬁﬁn% Bh@M ﬁahd‘@ut@r &ﬁ@ﬁa@'aﬁé&ﬂé‘d 1R \Wbhtaliéy Sbodt § béritdr RPWkai8 RARE ﬁbusn@g second
bow channe and a bowl chanber; flowing said fluid froma source 1nto

sai d céwmaillﬂn@é COrEWR saih iserdgy volimeE; th gose haying anoutemehl, alrlolpacﬂcwge e, d

centrifuge ,bow abou an axis i her,. densi t ent
Fr om scitd i soPgud; B8 B S B IR iR B nBIR OGRS RETER
densi t yproﬁﬂm@(arsepératﬁcsrpmm@e Betodh salll @012 aind sKi@\bhite RaIRBY; 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 bowl through said

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



Brief Description of the Drawi ngs [00091 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 mnethods.
FIG | is a schematic representation of an enbodi nent of a di sposable kit

for use in photopheresis therapy enbodyi ng features of the present

i nvent icompemntirom said bewlvia jaid seropd bewbehanpel; andgmenvingsaichiopar density of a
cassette f b S Ui a)(% '! t he di sposabl e phot opheresis kit of
FI G 1.C%HP%F'C@%|Q%{%#IAié%'l‘(’)‘%é%h\q}?‘tev\l/v 0 t{%ﬁe cassette of FIG 2. FIG 4 is a
top view of the cassette of FIG 2 wth the cover renoved and show ng
internal tubular circuitryBriéll Beschiption af et Deawingew of a cover of cassette
of FIG FIG. 6 is an, el evated perspective vjew of an enhodinment of a
filter [Q@érﬁwf}"en_ﬁ?@s dFS‘Frébcgd'E g?}ﬁ%_?b‘% Giga ‘Qég_"i/?‘ié?%ﬁ“)fl%ngﬁ“’lﬂﬂgér assenbl y
of FI Gyich fMuStrat ah SmBBdifaeRl SR in%ﬂﬂ‘(zeozfé)pmﬁlsf hdsLRDHAS SRS aft mEinGs.6-

FIG 9 1s a rear perspective view of thé filter assenbly of FIG 6. FIG 10
i s schenaFi& Irieprexemtmtremrosenfatihef in tmbodiassesis dispisatie &t fér woupl ed to
pressur sensars and a.data processor. FIG I | .is a front view of an

1 adi APBRAERE Py eody Be teAtTeS B PESSERIBTHAN vi ew of the i rradiation
chamber ofid|s ad tlevattdl Perspettive viRwoo iR dniafH&Tt BF a thR¥itdfor tfrdIfif@di ation
chamber of FIG | | FIG 14 is a cut-away view of a section of the first

pl at e dhdd flhw is dheohisposabie phqtpphgresisckit ofdilhg 1j oi ned t ogether to formthe

I rradiati anber of FI.G . Fl 15,4 cut - away di nensi onal end view
of the ir S;Itgiagﬁx%lﬂg ‘QPW(?%%IEICGSS%F‘%P?H%Z%G IS a perspective view of the
i rradiati grG.chigahep viely dfltke cdssditcREFIG] DREH (W ddveNremovelYAnd si@ingssenbl y.
FIG 17 is an el evated perspective view of an enbodi ment of a pernmanent

t ower sEmahiubplgF ciigltry.n conjunction with a disposable kit for facilitating
a phot oph | St i | cross-sectional view of an
enbodi rren?[(’g'fSj l?ﬁﬁgh%%%‘i??ggﬁ%ﬁfg%ﬁsgér%%]el%ﬁl% ?‘hout a UVA light assenbly,
used in tFEG.toiwan ckysted pepedivEvieb/of a8 drnitSdiméntiof adiler asssmblyct i onal vi ew of

an enbodi t. of the centrjfuge c r used in tower systemof FIG
17. FIG jﬁﬂi?slsé’ﬁ“'émé{?fsi’?‘éa’le o Be FLep IS eHEY S HIO B ectf on i rouit
provi ded EfGI4R 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
t he cont r BIG.d&¢ka ofos¢-bagtiogd vidw & arpSnbalimentay thpereapifogd slmmbieeusedfin thee
control,_deck of FlFf?' gﬁ with the cassette of FIG 2 |oaded thereon. FIG
26 i s AOVFOWERRG FSP- 5 enbodi nent of a photopheresis treat ment process.

FIG 27 i I 28G9 8@ bétFicAscii A0 HeTBAK d@ectioh @irbhiv pvide@h fer cui t used in
performng the treatnment process of FIG 26. FIG 28 is top perspective

vi ew arphetppgiiatiemchagibes opEMG.siBal tic punp. FIG 29 is a cross sectional

id [ h i.staglti f. El 3. FI 30.j5.a,.t ti
e t o Rt a1 5P B st TR o ol e it pitpided i e nBRugy o '
per spechamBerof@1Gofg.t he rotor of FIG 30. FIG 32 is a top view of the

peristaltic punmp of FIG 28. FIG_33 is a top view of the peristaltic punp
of FI G 2BIG.224s poelavated praseciivhvian®f ge ambpdignent akthe fluid @ow ppwrolzleck| G 34

IS an %'fﬁfe{tﬁiv?ﬂgs%ﬁpgf‘ﬁﬁ?lm the infrared comruni cation port circuit.
Ir1ustr

FIG 3 tes an ‘enbodi nrent of a centrifuge bow and a rotating

frame. FFIG. 236s b per@pattive bottai alewdfahe odntidldedkodl FIGE 221 G 35. FIG 37 is an
expl oded vi ew of the bowl of FIG 36. FIG 38 shows a cross sectional view

of the bollC.@ ixprexpieded) vigyy of the contiel drelofdlG. 22. F| G 39A shows a cross
. . ’ . _ f
The bow E10-2YA b RAMRER Al St BE CBnisf) RLEEEFKS, 23 it TTlescfOBEAR.OF ©

sect i ordbadeidelieredn.a connection sleeve in place with a |unen connector of

t he bow %I(JFIG 3%. FIG 40 shows a cross sectiqgnal view of the top core of
t he bowl - d a Howchaty of anpem L9f APRRVBNGRST UGHBRNATOfHSE t op core and

upper pl apgs 0 ifh Ghebtic of al éfibodimesNEWEe ﬁlllingwoéﬁéﬁiiﬁi@e@fn ﬁé?ﬁ) ther e of

FIG 4 1. FIG 43A shows a dinensional exploded view of the bottom core and
a | owenreptmene poicesstod 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 peristaltic 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.
4




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.
FIG 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 FI G 4BIG.ARGho%7a bbivam viewdofitbe sipowad of Fl€v4df one end of conduit assenbly

of FIG 4 I 48 shows.a di nensi.onal yview of an anchar end of .the
oresent 1 FIRk ABAGHoNS e REReihaf RIS Mtk ot bp e 2RO an Elpla o
anchor wadof Fi§33750 shows a horizontal cross-sectional view of an anchor

end taken along line XXI. FIG 51 illustrates a dinensional view of the
rot ati ng Fiad8Bohows @ d@gmnsond, crass seeticaryviem bhithg dgttoinearednda lovledplatef or  an

ext er nal. ,candui I hows an alternative enbodi nent of the bow wth
t he cr@ggleg’é)cqiogﬁl(tﬁaz_ﬁ&g%ﬁ?ﬂoﬁoﬁ?tﬁvto that shown in FIG 38. FIG 54 shows
an al t er npIG. 8 sREWO s BlédedfsideNgew BPtHe BoRemldofe arldin BRRVElaf LfHTGEARAL | Ve

enbodi ment of the connection sleeve. Mdes for Carrying Qut The Invention

[0010] FeBKudéshews a Hangisiosalitiew of amthesembodineent o8 eenduit asspsnler manent

bl ood dri ¥ ' . -di e | it, the various
devi ces ildéﬁﬁﬁg%é ggﬁ@%‘gm&] %%?g&%&%b?@gghﬁﬁ%@g}f ﬁé‘s pondi ng treat nent
process. FI® 47chbwyh dignetsiontleriewl 8 65id §id éfitohduit &déhbyad FAS. 431 | ows: 1.

Di sposabl e Phot opheresis Kit A Cassette for Controlling Fluid Flow 1.
Filter AsEKx{IByphesvs p dimensionaloriewohapanrchorendafithe presgys iIBg@ion.. Drive Tube

1. Perm d;t/‘\;lgggwga@(%egg%bg%jgg%g&ngggﬁuv%tah%cﬁ%ﬁger B. Centrifuge Chanber

C. Fluid ntro ssette anpl ng chanism 2. Self-Loading
Peri st al t FEG.BOrshews 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 Out 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
III. 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

i nvention and is not intended to categorize or limt any aspect of the

I nvention. The inventions are described and illustrated in sufficient
detail that those skilled in this art can readily nake and use them
Howev er [0011}aThecab®verbthiting i inviaded safadifitacalidensandaipcbfithefeanestiTiite pasuat d
becone readi | yﬁlppar_ent Wit hqutﬂfg‘%parti ng fromthe spirit and scope of the
i nvent i BXENI8He difF PRIIDE §s naibirnting pithe piesetiigypntips apdisdiol BueNded 19 he cont ext

of a di figé@rllfr}ﬁt Sgﬁgscpﬂﬁr Wfﬁ%lﬁlo{ﬂ?qgngri% egntilﬁx){ssﬁr@%ﬁccﬁi}céjﬁlﬁi ilf)strated in__

phot opher €s t hera ertain aspects nventron are not so [imted
and ar esufifigiéntclatailahatohosk iskifledimdthsyst eamgreadikydndkerand ewsel deim Hovéwer, t her api es,

such as heresi s. or any.ot her xt racor por eal ood treatnment therapy. 1.
D Spos B RUPHTHER SAUfigHOnY. gad Spprovemeats sk Cgfr@sreefﬁf;ypa&garﬁpb

phot ophg{iesit depdrling AR (ROGHAY i i v@ition' t 1S
Peceonay it Befring AR oA oS DR L i hT RS, sl v Eition

sessi onis deseribed thethe vontéxieif hidisppsablenidt aid parinanénd bloofl diivaisgsern fiorousg hn

phot opheresis kit 1000, and to treat .blood fluids.cirgulating ..

ther of HISTREreSts Shesiinva Ferliia apeets phis iP¥enfing atn fou 50 FiFilsd AR RS APPHSANS sy st em
2000 ( Ftifs andl §ystenh® BseldT6F Rhi@HH UG TthdNEQ R Rphekiil od BB0othélt 0 t ower
system 2000 is described in detail below [0013] Photophéresis kit 1000

conpr i sedragerpasak koad weatmertitherapyige bowl 10, irradi ati on chanber 700,
hemat ocrit sensor 1125, renovable data card 1195, treatnent bag 50, and

pl asma cold: ' : topheresis kit 1000 further conprises saline
£ Ao Tl

connect or anti coagul ant connector spi ke 1191 for

respecty V. necting ,sali nd .antjco ant fl.uid bags ot shown).
Phot op HOP AV EICR T et diBossbe diblont@iais P00 Sibongyit earinpiobt it

f1ui dl yinG@ieac it idhbeedQYy #RPa ﬁmdlsg\loia@!éts@eﬁlgﬁjt%ﬁﬁéﬂ 3k &h tBérapy SdsSion dur i ng a
phot opheresi s treatnment” sessi on. | tubing is sterile nmedical grade

f | exi bl exdettbifaglitaterthgeireulatinnrnd dipidsithrougle phatophapesis kit BP0 and/ tartreatiblopdsi t i ons
for the

aciapt or 1G4 GBS Mo oo AR 1008100yt TRERRRRY ! sm "o ©

phot ophBO0BSFEG.KI7Y. TROMsiallatieest phetdpercsls &RW1000 16 tvdrlspaenm 0001 pat i ent
and returning blood fluids to the patient. Alternatively, photopheresis
kit 100deserahpdde dgl@dbelow-to use a single needle to both draw whol e bl ood

from t heypil RS praRLis kG 1008 BBAks datefS 116b, LAGHRAL S 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
systemis fornmed. [0015] Cassette 1100 acts both as a tube organi zer and a
fluid flowrouter. Irradiation chanber 700 is used to expose bl ood fl uids
to W |blgid and3etwrn blood élubiswb thb(pasientaVihasa phigheis Hobkeiup totphotdpierdsit kitr ent
conpone according to density, Treatnent bag 50 is a 1000nL t hree port
bag. Sti®W0gntlo 8086%“5? PEN4¥sed to inj ect a photoactivatable or

phot os L1l yous §11] ' t ; ASTE: 4.0n bag 51 is
1000me[?3})5]p%1r%tsetbag. %g?ﬁbﬂ{ﬁgéﬁﬁﬁﬁ% bg‘é’b‘%‘g agﬁlédgkasnaego a@%‘:“!"gn bag 51
have a ¢hambet/7Mkip usqsl tkexposodlda@ fluidcio Wetighe Cantmfiigé bowlitGsapagpeesiwhole

necessayr,y., Phot o resis kit 1000 further conprises hydrgphobic filters
1555 angoai i BaRrear e O s 08 Bt e Dhe P e IUEBRS 1550 and
1551 t ahfdelfoftibagl SHRighi Bondgakt 32ub ﬁ§ed]t§51%c@t%Cbh%ﬁﬁ%ti‘fidiébl@gf‘fgﬁ(ﬂédeﬂﬁti@é‘d
controlling the pressures within tubes “connecting the patient (FIG 10).

Moni t or¢ongpoune inse rsafment hagl39s Rlassareollettiom hagd ks 100Gl opepeat bagy Bathhi n saf e
pressure limts. «dhe,individual. devi of .phot opher esi | 000 nd
Pherr TP tae 50 853 Gy ko@liol Bt SERR a B BP 3 AR sl whie pan B¢

Cont r ol dsed Gorfdraingherit AokebdAPy Bhordfheredis XNOMBO FurkiRR cORPHRSHydphubie Wiefs 2

di sposabl e cassette 1100 for valving, punping, and controlling the

nov enent>38fang 183k whichiamsadapted g cennspido ditseire diagsducers t14Bh and E88dstodilter

Cassett ' . ' I hat acts as a
casi ng ﬁgﬂ) ng)E?‘t/és}l‘?l\a/1<';ll)r'Q ?(il)%g’sfiﬂlrﬁigi grg %5‘%@%‘%%3%% gg%[#ltgg lﬁ%@f ?&gﬁrr%%&i“ﬁlrnymgﬁousi ng
1101 i sconnedtimpalid patiead@IGS 10)h Mchitpliag theCpre3ufe iyt dneurgaiste tafkiaky sui tably
rigid materjal. Housing 1101 has_side wall 1104 and top surface 1105. Side
wal | 119pgrasingppthin sade pressrs, hmits 5 lhe miiyidug) devigespf photopberays kit A80Qapd m

Duri ng @eiP ABICARNES 54 SistdSa1 BB& in §asgette 1100 needs to be secured to deck
1200 of 't ower syg’tem 5%038 as |5 best illustrated in FIG 25. Tabs 1102

and 1103 hel p position and secure cassette 1100 to deck 1200. [0017]
Cassette 1108. kassefi¢ tordCantrioBingtiind$law 06, 1107, 1108, 1109, 1110, 1111, and
1112 for receiving fluids into cassette 1100, fluid outlet tubes 1114,

1115, 1j06b6] HIG! 2 shdwd 8 topaRebpedth® vidwof 8 4Bpbdablegakdetit 4300 fopveRagset te 1100,
and fluid inlet/outlet tube 1113 that can be used for both introducing and

expel | | FigRiNg;iapd copfralling,the mgvementfhlead fduidy deringrghotophergsis treapuentand

t out . . .
ol | 5ot HEF, G MORRPh SRR e I o @R ABBIR ELE S AERMERY, T
bow 10ifs varioaslinkrnaconipandyes at@pbulat cieaitrie ifolség BB} ippefarablg mddeofi on bag

Sl ang D s B b n e of Asy sitiably e el "Hbusing 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.

[6017] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for
receiving fluids 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 1100 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).
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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 170018]dungpmbeaidops 112002 021)1822f1123, :uhd [102% prdtide floapfide #22Q104 421,

) | d |
1301, 79uane 100 Pimpiive ionpe 150 1T 128, T 2B c ki iaf rdprpuied farso1, 15302,
1303, #%ﬂtatlngﬂg,&r’%g Ratidh b Guifit M@Bﬁlﬁﬁl‘%&bﬂ&%ms% ?96 éﬁ{ﬁn I?S’ut orleOOps

1120, 1121, 1122 and 1124 etermn I Tecti o ereby
dri vi ngpédiicadlyt h‘hcxugdsm:ltcdﬂﬂﬂhmeemé tkdeck Q200 fcﬁrﬁjperatloﬁ,)eaah oneckssdpymp The

28856“& 5000 T, T 1A G Dok e Wed s BBesmsndne prrstiiBoct ‘co
FI GS. 301 [ £50291305.1 504 dnd 2305 @16 43. E%nst‘éﬁﬁsgﬁﬁﬂ 13090303, fﬂbg\ﬂmw th

housi n 01 in an exp oded state. For ease of ustratlon an
descri pmddﬂ05 thee ﬂwﬂélnnoagh tlubcﬂpaqrtl\clpuum tuby loaps IJ120 Ab2i1432, 1128.Jands not

| | ust d h t t.ubul I
Fla s deding Bwedetsgmafgé’ Guch FhEPuaarP i Bratd rreloobSers M IBOEREE ) ¢ o
assenbly ad BERsHOR catfoRQhe Iaﬁltom%ﬂé 1dalirfg dﬁﬂ‘ﬂlnfcﬁﬂﬁ%@fﬁ)@ﬂst%& f[}ukn?k et tube
1106, outl et tube 11 , and one end of each of punp  tube |oops 1120 and

1121. F1|3ﬂle?30&sb3&3bl%ﬁ41§'@1blwn§)d15§@§ed/@rﬂet@mmMsthﬂmc%tnd’l@&@s -33Filter

e poct W01 kiR Sigh 3 FIGRELKRRT Prool € S BEWRE fiulifl SR ap Sihed " o
1131. GoaterFoi 880 off dtustraforsanidfdeseiptiba Othe irdcrpol tubiaseifduaeewitB®thoubihe 5), and

si de vvaII 1104. Cover 1130 has aqpeni n%&plmz and 1133 for allow ng vent
chanberld 01 syept illstrated sn BIG.3. | Fherintgmab hbrlar enentey és illusteated G dapd Hilbh.

Si de Walelqiki Q44 1 I [ ! I t tubes
out | et “ l% &% g@% ﬁwﬂt rgtépt%ésﬁe%&wh%ss [ ﬁ%s ll:él[%n}eﬂ?@tdgg}rel{a gﬁsatrl)lae%gr?of
housi ngmﬁl mﬂlufdmonnmnamuthonlet bt A 106 @utlettebanbl 14 alaldrrendiof eashi sfipulgpcat ed

huner 1 dube Bt Bi20Ghot1BE iighSsiiarly 1868 so@pzss erchemben BbadlH 104 o
as not HiRerl 234eRit1 €1500Mahdits m@h&hﬁ% 3s ditAfbsedda\Rlail bR Ry B4R r ggp%tl{é iFgsbar s

1162 and 1162A ‘extending from bottom surface 1160 (FI G Cccl usi on bars
1162 arfdlQ.162A are preferably nolded into bottom surface 1160 of cover

1120 Sl T SR SRS 3P Bl S,
hol der s1103 3bbdintlsuriiee Il EFIGUPE ard Q8 Wall 110D eSovd? U IBO hﬂmpehm@smsz filter
ﬁ;s gg? lsa}l/li ﬁgﬁj gérgilg\l;!rnagl ve'iltj c?hl:llm%l;arscllsl;lg l;ﬁlllngl I’1¥42 of lltear%(sasembly i/Sl}(l t];%\;cvtetlﬁs haped
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 11358 is

provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop
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| 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 wall 1104. Male extrusions 1136 protrude from top surface 1136 of
base 1131 for mating with corresponding female holes 1161 | ocated on

bot t omtubs pasess thrvegh atubesloed 134 G0siEwall 1394. Mabf etaibiopns 136 proudhy fibmusi on

1136 is | ocat h of .the f f b 130 ,and
i ter TonBuTacRdt® pf Ge RERLE alog wilhtowetonaingi eple holes 1AgH EXa2468 1o for m
a snap-HotbrAia&S LR R85& 113G tFT0 5§ _@ferﬂtﬁg,oa- m@k%@&&lsicﬁaﬁ%%ﬁ&a&&' bt her

conprises a hub 1140. Hub 1140 is a five-way tube connector used to
connectorimeyecach plibe seurtchmersmidasal 130und Ingar fdtar d§09.r Maleprefresians 1136t hr ee
apertures 1137 are  |ocat ear and suyrround three of .the tu | eadi ng
R0 haps P8 il REELE 6 Bira ™ et et i P et 1530 be uoed,
i N conj[00z2]i Bue M 3N fueBBINIoRSSiseda RS LRF0O 'HublPH-id 8 file-wdylthbe dobhectbOus@iir ect
fluids through photopheresis kit 1000 and to and fromthe patient. In

addi t i 60 corneqifivetubes ofamm@ﬂ@nalamtéllarwﬁféuimlg Reefeeably, ﬂycmapeatgrisl-lda'hgrlesct or E ,
o ) . ! . .
pat hy A BERRE Houdd s Gt HRENLRR R bilo 1 My, Bib 1Pt 0 HiL 2 0 150

Each apenfralized Jubdon svhichwah 68 nskldirabnfhcaOe Wit lcompadskion heBatdavi 239- 12491t S

1139 forgtg’)assi n%_ portions of the internal tubular circuitry therethrough.
An el od§He-d)dpditetfuidsithrough phptephesesisy kit E000nnditp and frgpy thg patignsstn 1131,

Conpr caubhidnt PGS G0y BeSSurkliths. yofis PO PUASHEINT 19, |
55 e et atisons it [0 2102
act ua’g J@ﬁzﬁ@ﬁtﬁﬁaﬁi?@ﬁﬁcaﬁ%‘b'f‘ﬁ %quase ib@r téﬂcg am_rgx?rc ﬁﬁ'&g ed so

that t huAGuFREDYSHShORWalA138 ﬁaaiaé&oas%agqaﬂba%aﬁhg ggrtiohb@f Rk eah-

Conpr ession actlators 1240-1247 are used to close/occlude and open certain
fluid pasHagyasaipy tbérethneghntler elangatedapervredilfd is also/piomided dethe flodrai | i t at e

or prohi bi luid flo | o esire th.. Wiep it is desired to have a
or L baie buds, Wgalug dnaulfeafed fnds® DB lorigh Wilhusomenporiiie. e

COoNPr esdhiphessioh daiuiorsI248-124% 6f H&k 1200 (FRASRIRPEYurk 315Nisdod ANESEShse
position However, when it is desired to have a certain fluid passageway

cl osed Wl thalign with eomprgssieroactyatery 1241 242 wlglsgh 120h&16p 32 )0 Jiach aperture
o t a7 i Cood. . .
ot Lat a1 BEAR RSk e f ARGS9 124 2R UL RERERIRGRRE' 2" 1 o

of the Apeeirdl B5Ttis biaédso thit thite tcoynpagsion attuinoist K2A0124L aaeedid@d (FIG 5) of

cover 1130, thereby closing that ssageway. Preferably, occlusion_bars
1163 adBerethroyzh Eomprespionaatuawes 1IAIHAT arF wd i loseipackide 2d pem gerin gn wi ¢ h

the cOnpyi@psdsagevwast Bt ierhadbular 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
uni que [PORA]tT fsipeefeiable fpr cassatied 100 tese naniquetidétisied itmpesadinenpliaitopher esi s

kit is c iple wwth.the blood drive equj into which it is being
I oaded,mghn%%trﬁgﬁ'l RENYHG '8 PrEpERJORFt Sﬁs?ﬂkg@ﬁpﬁ’ewl%ﬁ?ﬁ er She desired
tr eat MeRbviRR&nsure U tHetiéSablAprttbiHeRdsisAa@s 2bRBatitle \iﬁﬁ%@ﬁlo@% gReLs to

ensure” that the di sposabl € photopheresis kit is of a certaln brand nane or
make. lequipment intwhichtield being donded, and ittt the photophdeesis ikitiie capablecfirontiiegl as

data card.119 FIG. K 2) that,is .inserted into ata card receiving port
2001 ot bR EREnED Ehetse s it paiter o lso B S LR EmeS o fastfe DO 1
read anRat\thd diSposatia Phbtophc@ssiPkiflisGAR ceitfin Dradt Mntedrahdked 1h thelill@sitateiet ment

t her apy perforned or future analysis. The unique identifier can also take

on a va&Kxp@ple, & ungpumidentifier ig@mbgdicd o datagand 185 (EIGyi2g that Isiipsertedintont er act s

ith t b ' ' t when.the kit i : ,
seri al SirsBE RofblsEorR R O RorgORl O i o BRIFRE T oA BB RERRG G o
card 11t febd &hd Wite dAphisiliGiey £hd AR bERY datd Adatin@th tHesRfauhent th@hPypdrRmed dges
in a sggrrent ed rectangul ar shape for receiving and holding data card 1195

t o casder fugire apdysipathe wHque identifier cama®o tabe @8 ayariety ©aferms Isluding, fiirace vi a
a snap-Jfi Fl . . i : |- I . |.nt ernal
bl o enplet crbdnip B B VR Mo PR Bk Cecutens BRI kil adedh €7

por ti orbaotodeher a serial mahbdrubul ar circuitry is preferably made of flexible

I ' ' b I nch h b h ' f i th
Compr oL e T o 78 v ol sy S8 forpelbina s cwadaS8 oo 81 Bageand e 1100

s ill i i L b anigan be
i eved ST AP opry oyt R Guibd Blle 18 oS BRFHRA! ep R bl B LectafEl o

coupl i rngd bakling data 4410 0 19tocmsserte i e Baaicartiholder G134 holds Nn earddd85fin cal | vy,
out |l et pﬁube.lllS its Efé)\é’-hde for delivering whole blood fromcassette 1100
to cent ?@d&eaﬁm‘tf ,dand inlet tubes 1107 and 1108 are respectively

provi dgoézy) Ke@érﬁh? nB® 18 FIGOVRAnddE s ihderid] QbR 14 QIFBOIRS b Sadfie To@ReM density
bl ood conponents fo cassette 1100 for further routing through

phot opHewes disqussed] @gdeastrnportionef thgdneimal tubplan eireotry srrefesabbamadé ot | ude,

for ex sha., | c | atel ets, buffy.coat, or.any conbination
t her com et pRyRSBe (it RTH ERcndd B HE oxdiibh R gs HpdlY) c2"Fed b oo
cel I's. couipr@hisinghke Bekihétic anekritpbethetutee Bald 2131 o8 cdbsere AU0d B ilagmtddia 1100

todrr aF(}IGa}I isc? ntha(t:tql%q}]jtgnafgl?)il]arwgil’r&itry can be viewed. Inlet tubes 1107 and 1108 and
outlet tube 1113 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 bloed 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.
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specifically, outlet tube 1117 is provided for delivering an untreated
| oner density bl ood conponent, for exanple buffy coat, to irradiation
chanber 700 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 outl et

t ube 110627 dunlet bk ekt sehéutleagbsA11OcapEsedatBedHAQ S0Q@ Lassétte 1100 CLlEp i S
providedgif]%gliver an untreated Iom/densitérblood conponent, for exanple
buf fy dBbg 1146ds pravidedo delygy an pntreaind law depsity bloadscamponsatrdorexample " HCT")

sensor C | o , i uction of
a high %‘e sio?g&g?gggﬁxntgﬁﬁgghgﬁ??{@%Eigsﬁa?é}g&%‘%gé( Ilz-gﬁ gggrlﬁ(ojéllﬁsﬁsor 1125
i s a phgembhensoectabtere w mordtar $or the antmblgtionaifaligh denshy blwodr ol | er. HCT
ensor 1125 sends, a d ctjon Sj | to_the controller when red, bl ood
cel s, APEPRRERCEN At FrOQURaLarllE uBE | TEar A4S ISl snom 4rerniy fnd isce. ¢ he
appr oprgpeta8lya&upRa to hebﬁ}olkubﬁcﬂrﬂs%asdr&il@%geﬁugsqe&e&i&ﬁéigm td {ﬁ gn:;fslfe?t ed | ow
| ood ag 50 tte 5

density bl oo conmponent from treat ment to cass or further
r out i ngvhenmedblopd belds ard G@tectediin dtleOtube 31 1@ apkbe comtollec olbedke el t 0 a sal i ne

ore o oupaRertoR Rla A d L RevigitR i solBued i S Mo casoet t o
1100 f Qonipehdl $font RettinBsk Blag 5016 cR3kite00 hORZBEr oblifs./ Akt h@es 19§®ardl 13 and

outlet tube 1118 couple plasma collection bag 50 to ~cassette 1100. Mre
speci f 1ddftage regngetiealy conngcted 18a spdine vnd anticobfwent stoagedragn (notshown)ada pl asna,

I ' 51. l.plet/ I be 1113 b d ith
e Dvor TG T A1 A8 it hrollibcEher cBine s 708 oFRERELEEES 1 T00 o
return daksettd i bfor HRA BoNtiGE Yo thelpatiedui | d up in plasma collection bag 51 to

cassettﬁolloo for further routing. Inlet tube 1106 and outlet tubes 1119
and 11190281 dnley(ptietdulert H 3nad ontet ulmyEd8icouple plasmagollestion e 50194 | s

provid r . | 4 J ents,

treat egzq%s}ég% ﬂdéo%{)e;ﬁlggﬂgﬁg%t Hﬁ‘% ]flllig nggk’ r%%%ﬁfot%g °F+§'§8‘gea“t? ?Sggt? QS I nl et tube
1106 i plgnoy tcasniocolldetionierg 519 InkuOudettelst: 19413 can bk asd toaiHeradabivedet er m ned
anount n anticoaggl nt fJlui fromthe atient to cassette 1100 for

f
routi n_d’? el plAsT colicetiombanm R satssits 110 or ey thebiqadicompggenttsl 19 i s
speci figalbuid Rp %Y pESHa EQlecHsh bA/%G‘SI Ma%tt@ﬁiﬁ(fﬂﬁ%l‘%?go&in | %x&ﬂstr)ggﬂk tube

1106. It is preferable that all tubing 1s disposa medi cal e sterile

t ubi ng.angogitetisitees 111 3% andt I tidaire govipded tolagpatiostt Speeificallye dutldt@@Rol11dasset t e
1100 has f.i,v u t ube, l.oops 1120, 1 1122, 1123, an 124 for driving
bi ood TR eP SR BASEaniE. Yeatahiopt Simmersure™a #5500 nor e
speci f icofipbiientf WAY othetids BRI td 11?elpdtﬁgﬁ Inientude W06 & RbAAE Ry ARlVe3E and

respectively drives whole blood in an
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 photopheresis kit 1080. 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 bowl 10 and drives
them into cassette 1100 via inlet line 1108. Pump loop tube 1123 loads into anticoagulant
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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
cell punp 1305 and draws red bl ood cells fromcentrifuge bow 10 and drives
t hem i rmumpecE¥Mdend dritd0 antiacagolant flbidrietokhf@tte PlOviadnipt tubd 2124121 duwwafls i nt o

anti coagul ant_it pu 30 dri.ves an anticoagulant fluid into cassette
1100 viA¥iif ild‘i F?B’éggﬁéﬁt“j’ﬁaqg?nwwh CuRees it inlea b 1062w i thbme 1119,
whi ch cgny b Feid 2R 4D At O
recircul at ?(gjr(]ﬁ bﬂlﬁbng&ilg%lgﬁgnngﬁ{ggllﬁ&& ood fb llogleg]sugdésﬁjcg R%?ﬂashggﬂng),dgp hr ough

t r eat mdreatnaeng ba0SSant! irradiation chanber Thivem ©8Gefte dbH0cassette 1100. [0030] Each

f i td 301- 130 tivated f th
ohot oot 8 st BERRRuc pHaRS PtLE08 s #5 i AHeR aps s it BestorrBe ot hod o
t he pr gmeitpheresly BB4tiRAt m@ﬂagp atrdl8S & APGHLRBMENY dfthd BkMbl O tHePrésbS. 26- 27.

Peristaltic punps 1301-1305 can bé operated one at a time or in any
conbi ndeyepHon whechgs dessribgbhelow i ralasida th FIGE of-Uh cPéristalid pimpolieb¥Son

act uat o, 40- 7. to direct fluids.throu desir pajaways . of

phot opﬁ:élﬁ ]é’é 5@8%%@%%6@ HIRS OF {0 Ay o g‘fmgﬂ'dqﬁigl‘?mﬁ Efbslt'f%e‘ﬁgrgé?l y | ocated
on baseojiddtionadith gorhpi@sdidt ftinadrs 1240L1247 @i difedi flkids tHRodACickiréPpRhRARPET
routing. Through the use of conpression actuators 1240-1247, the fluids

can be ofippeteplsiesis ik 300 Apsaturscachl 38 and & bivbarn strategicelieloeaed on based3Ei | t er
Assenbl : N >00. ieChy W R te 1100
dezgri b%%{ga %vﬁe?rﬁélstﬁl lﬂﬁ%ﬁ%@é@ Ifi%rqlnja%eﬁtrgﬁ?ﬁ%@ﬁmg @%%ﬁzligss%se(ﬁer ri ngafS i rst

t o FI Geonpressidn Actufiors 24041240, the flulds eai batdecttdddlbyg amsgetidsdyeet. Fil ter 1500
conprises_ a fil t%%ngousi ng 1501. Filter housing 1501 is preferably
const r fOMRIaGPn thefealnsparent or transl ucent nedical grade plastic. However,
the invention is not so limted and filter housing 1501 can be constructed
of any materi al tlhaThé/\FilltErRQsIemb@giont am nate bl ood or other fluids that are
flowi ng therethrough. [0032] Filter housing 1501 has four fluid connection

i . . | ' 502 | e bl ood
Dot o0 T8940, b LA NRNEL iy ip RS, PIE debleaRBhie, AR rifhe, ] o7
port 15&il iRGIGS. G50 2RaREMElKt HIFIGSa6 dndr@Hilcs 15001 bi illgstemsdailyi on ports

that all ow nedical tubing to be fluidly connected thereto. Ports 1502-1505
e peatmBIed. di et 00 R RaTismsa il Bousit FS0L; GOk 88 4601 FSHERGS 1506,

1507, 1RR&nRM oF3Q0n dy um%ep{aggaﬁ%?g@n%gﬁafgg.5ilx%welfé%egwenkﬁg%

formng fluld passageways I nto 1 at the desire
| ocat i o 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
wthin 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 ( H034] Referting p003d FIGReS, dilter hiPOnie illustrated G arBexflodeddastatel SPiltei Isousing

il lustr d in an expl oded state. Filt housi n 501 | .two- pi ece
ssenb| GOE G PreEpiets Rgnoly stiPifine pont St 5t Baegdp1d ofeot Bud it fmbusd o
base 134 Bad2y153D ¥y ARARRak NN A tht,30¢h asSHER AR wélafng?ﬁak wellgi ng, heat
wel di ng, applying an adhesive, or by designing roof 1511 and base 1512 so

t hat a appkytg anj adhesdeaylor by designiegroof B81k ausl bagh 1512 i thator tighe fiis resgltd 501 i s
illustrated as a two:piece .asse .filter . hoysing 1501 n he either a
si ngl e bﬁf“éeggqget ?NI?CWPQB ﬁf{er&lo&ﬂpg}i_&%} gégu%'?éeé]rﬁﬁl WO[ngfgﬁseg;@g, trihoelz has
chanbemotsing 1501 & Bé@itherlééliﬁglsﬁie@é\ chinit@ure RYVa el 1fi pRi¥e asdetiblp ur f ace of

housi ng fl oor 1518 (FIG 7). en base 1512 and roof 1511 are assenbl ed,

t op surlP@¥d Basa §5121as shambrirsepasptionaw alb b5 L xtendBng3ipovand Sotsa topsutface fm

surfac . ' t nmbers wthin the filter housi whol e
b1 00q dioaripk B i tEc oh WA SSIIRE TS0t IsuR oft AsQEimblk S PERE 13S0
bet weerf shahiser BémesionheahES131baGica ek batlonesurfliasbriof 15LT fornliR@86d Wol e

bl ood chanber 1516 is_a substantially L-shaped chanber having floor 1514.

Whol e shaygbers pathiethe filteshopnsings whpls|bload chambei] 6 angd fidten chaber dSH .whol e
bl ood Gt i i | inl et hol
2526 anihithn ROk direcli Bhos twteh bHoR b cHanfIRE 137 dha il cfaliniiry ) € 101 €

t he suli8036)tWholk pldodshambet M56liea hibsadtishelrsiraped Shémber\Maoing fliopds14.nl et
hole 1 f SS W t eni 150 f inlet part, 1502 so that
2t ui Vel ?’iqr%\ﬁﬁﬁ‘ﬁ% (HIEY8Y s pots biaipler na 1815 A Pl%b,ci‘)%@ﬂlfahb?lé bl ood
out | et (hQlifudodRda) id iddtasT 2t §ehold BIHHD ot RRRSESI9UAN (Y Whol© BRI A udiRde Of

outlet port 1503"so that fluid can flow out of whol e blood chanber 1516.
[ 0037] aF¢ located atherrmiger the 5148 dfdke fubstantid 50 shdped wholed0ohatmngicetatéed ri dge

1521 e di . r.d efrom Elevated ridge 1.5 rect ul and
forms. AVEOF bttt G AEfoE0LR B g e e T s iaje it TSspdha

| '] ust rehed cew iints RholchloydEIRhbct USIFS. 1SimllaAANhd ¥halR)bISHEARIet Ble(ARY as it
forms an encl osed perineter. The height of elevated ridge 1521 is |ess than

the héllgiated) formampassagesy with epening 15075 putlpipost b3 sprlat flugbeanifemt.  and
bese IRoRRBFRML ey sfaCe, 1ot betvaen the fop of elevated 11 doe
separ at[0037] Riltdr chaxdhBerf k51 Thas flo@SR0.1 5% r 1520 Ieas chatiwdelilge 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 elevated ridge 1521 and forns a passageway with
openi ng 1508 of inlet port 1504 so that a fluid can flowinto filter
chanber inl&5ibr of therpecmeter danfed by etevhted sidgg 135D4nd foreah passhgawad it bdniryp! e

1523 | 13 | i f i f b d ridge 1521
and t or Pt odecoet £3ySi5p & i w09 it epgRben g5 1505 so that a
fluid crwd] PlWePISMrtﬁérlcbﬁfgri‘ém eleheh? 15&(9%@%0&&1&6 ﬁsé@@&nwsfek her

conprises filter element 1530. Filter elenent 1 conpri ses rame 1531
havi ng frine dp3hkaling i3 meshis 1332 positiontdtheiam. Framed 536 83s hasckal S3daiat 1534

that f fil ' 533, . Eil.ter el 1530 | j tioned i
it er DByl i ol YRa, Pl shaitont Bl ol s FumsbemsSn P Bk 1534
SUrr ounfigmé 1634 £ iRb@REAcK M42f andQlefk 15WPsurrobthds BeatddBI6Sd MR BokHB321 S al i gned

with treated fluid inlet hole 1522 so that inconmng fluid can freely flow
t hr oughFilfer wdet heleA 533 ¢s aligped with drepief flaid inlted libler1528 37 thaFingomingBuidean i | t er

el enent ns her | ¢ fidaaWi th. el evated, L] 15 fluid that
entors ety BobbiheB ool £552 ficisamihen Sy SVEUSY 151 a8 A5a1 LU v ough
filter eegem 1530703 ctiefktid it witki elevated Hage ESEITDEN flkfilKartenterd fikat ed fluid
outlet hole 1523. Filter nedia 1532 preferably has a pore size of

appr oxi ghamiey 150othraugh bales 1522 and 1533 anyst passshrongh Blermedie 4533 inpsderdonesh,

i ter SabRE RARKEISLY yin SO il b BIATSAY, Pl gl 19X rRIBLESS
gas venpord5it of apprieinfacd y200 microm. Filidrl iiedi® 1 53BandeSerngaisofwadivien nlsi,l opens

into filter vent chanber 1540 which in turn opens into filter chanmber 1517,
gases AR BOVPUPUYCW thin filter chanber 1517 can escape through gas vent

1541, Vﬂﬂiﬁbﬁﬁi‘lt}ér HRMeL 151 QARHeOAREEs ﬂé&%ﬁp{paq?ggfsdd Wwitdn Y&SH 5§ panber

1542 hin roof 1511. Bl ood vent = chanber 15 gas vent 15 In the
f or m of Fidtehwdng chiBalea 1540 barsgas eont 1581 3n thedorsn bhia bole KFEH @) v Batausthgasbent 1542

whi ch i urn opens . into ol.e od .chanber 1517 ses that i 1d-up in
whot o biBPRSRRLRees: diogs PARWFR THOE oasi ire Rr Susmbey 16 eeases T
top Vi eapbuild-kp RithihT0Rr bR 15118@&%@@%&%985 gdorbt 884, ISimllaAQNRRGEEd toO
gas vents 1541 and 1543. Pressure sensors 1550 and 1551 are preterably

pr essur Blood ckamhpy d 816 compprises hloed yenishpmbestp42 svithim rasd 1841 .t Blogdyenient 1541
[ ' . t ' 5 ' I nt 1541 t
e T8, s R ok S 0%,

forma cause gas ven pens Tn
chanber bibbd Pemithaiibér1 54D hi@ia MSmiopess intd Whdle GhdiAimbaI517] fifes haSSUre in

vent t ulg)liliP —uI;L i5115w2h(;lg bi[ogg clslaz.imnt?eralSShiS EaII (lec;[q?ervig rglzzilsn\i?e?lli 1%453].-7' By measuring the
[0041] FIG. 10 is a top view of filter 1504 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 neasures the pressure within whole bl ood chanber 1516. Filter vent
chanberl516%4d 15kttolHeonehitoest wiilastibeprotebddy filt¢rashdmbér Hd§andpenfiuids 1132 and
1133 of cas%ett 1100 when filter 1500 is positioned therein (FIG 2).

Thi s al9PBREPRRISI Y sure within chanbers 14 1516 and 1517 to be nonitored

whi | e smoug MERIRGEhM 1550tH0 155?&#&%@@3@0 @&ﬂroﬁ]@?lﬁ#hﬂich‘i?@@ﬁ%&%l?”s

thereto. [0042] Pressure sensors 1550 and 1551 are coupled to'c ol l er
1554, whpgmmmedpregesisar Contrglies d6Sdeancbe momggorcesscConed @ drive thdéntircan be a

[ d ' h ' b
MR T A e e e s S Y

pr oduceandl1861 piodate Sbdtaed] oagﬂﬂﬁgﬁalﬁ RPFRASARGE A d\MBe PlesdurddliBgs Wikin €adi ngs
within chanbers 1517 and 1 [l er 1554 receives on a

16 respecti Vel&%i Control |
f L e?nt; ershampers dA1T a6 rbﬁ@ttsvﬂﬁat @onteglee; teagjveshan piregusn ) t er qointihvious
ens, . roll.er i s oqr es
(r:egr es eb%fﬁjsﬁé[ g&é@%%?ﬁ%?’é’%%&%@ “\’A‘Aﬁ}%%ﬁ“‘&%&%&%‘%@ﬁ?ﬁ%&%@%‘i%@m roll er

1554 coibgrameicdwittevidhes zesredennPi@sed peestatawithin'cBasbye 1516 afd PFEFSSUr e
sensors_ 1550 and 1551 to determ ne ether the pressure readings are

wi t hi n Gomproliget A fondrpoualygealyresshe prresugedats ddeqsiesdinme Presyure bRSr s 1517
and 151f&gg %q_@%gd loffetelmfd Wikt HR ;ﬁrgéémeexga&iﬂ%s éé\’@%&n% g&ﬁegme&% eand
. p ep

return punp I'n response to t ressur ata recelve rom pressure
sensor drdb e desivled irbsurecion thiambees 1515%hdi 1516 Ggniastiee d 554 iscastt soapletibe speed

of whol e bl 00 u 01, and retur u 1302, thereby adjusting the flow
rates t‘HlM‘ElbW‘)g Hﬁm%ﬁqugmpﬂ%@% %ﬁ%@? iythe REsERre 08R P¥d in turn
adj ust fdig pRIGES WrRodi1s8i _andfvfsﬂo?cormo%mgémiﬁg% rarﬁél,é Shelol fHe& eghfrpber

1517 respectively. It is in this way that t essure wthin nes
dr awi ngvkolelbioed pnmpdg0bhubatturo pamg 1302 thereby pditstingtthe Sowaites tirowegh the
accept abl e | S 043]. The functionjng of fi.lt 1500 durjng a

oot opiterasitStF AR 10 RlustR qetf onlench Cim abpudberrrrebibPdiNe A os
1, 6, asbdléhambbis!1S16 bRd fiHOChaRBENIE 1T redpetiivily. 1R @Dinwhislwdyehardspreihrd i n
detail with respect to draw ng whol e blood froma patient and returning a
conponetithia thedifies digndng ansd whumipg dloodrie end fremphe petiant i maintainedias t r eat ed,
the invention. ie§?lPOt so limted. Filter 1500 can be used in connection

with aloet any flTuid, including red blood cells, white blood cells, buffy

coat, [Do43eTheduna@ioagifiter D500 heingaf phofdpBdrekis Mephey ke wilunpw b601 dr aws

ol e b e i IS FRE. 180 and’16C AWhaS s tundioning of filter 1500 will 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 needie 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 through 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
the 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 bigwispilisdongiddas lﬁlﬁuntilpass@@smer\@h@hbbpdrmhﬂq lm@ooﬂluismmed) goort 1502

1516 HPoUBE TS Hapur e ion Brmpe Tl AsHieH R aBrvey SEaiole BloBle anol e
bl ood ejutier $héle fsrhRIa phSshBewi@ithdptding P50 srfhisPhdrl F508. Mg WHIROBl0d@14 unti |

It reaches the whol e bl ood outlet hole (not illustrated) at the other end

of L- sﬁh@iéﬁ%@l@a@b@olﬂém@rcmsﬂaor 1 4dthsangb skeiwhble bigodidudleviadé.e bl ood

out | et I n of outlet port 1503. The
whol e Bi«g ttlﬁ)é{rfso? B%ts?ﬁﬁﬂéﬁénlggbr&l@ﬁ ??%WS%E’POSS floor 1514, through

t he whqoes3yl odle thle&ilo&lpgbe@ses thxﬂh%’; atble@llodidhambeP 5162 pskeOthat Sk thappder 1500
t hr ough openi ng 1507. [0045] As the whol e bl ood ﬁasses t hrough whol e bl ood

chanberin $srgholghloed esqane. Bhesepses selipct imblopd vem shambrrddd2 esd Hise escrpese
gases gr?i éﬁ% of 15431 ‘%‘Pé%ig@ %Ens%p Jon&ﬁ% ngi}ﬁ?ﬁﬁ‘o%@ pﬁ}?@s‘%ﬁm Wil 81% vent

1543. essure sensor continuous ressure in bl ood

chanberchifmbér ¥516 chrgligh et tibel1653 EﬁBtrmdnts [caf8sponding Presewp daghito gomnﬂ&s ure
1554 analyze? t he received pressure

data t troll 54, Controll
dat a arkioh Chiealis 455¥ dusluret herrs GdaBepsuis agHiN tstho'speaher cby
ad) Ut e LHEE SRR RSB AT metﬂav@ra@@a{eﬂsg&ssa&lﬁimiﬂreﬂmh%efs tube

1106. Contr ust t'he pu speed to ure at the pressure S
within antlenlekasbe ktﬂﬁpr(émstutler 1554 gdjus( 106 #6inp'shiedth ehsurb thmo thetpnessuexs t s filter
1500 thr&ug%ectj fEeﬂt]a_gort 1503 and passes out of cassette 1100 via outl et

t ube 1S YH'BEJ4 %% t hen separated into conponents and/or

tr eat eqog4s) Cﬁl‘é(w}iol]@ﬂob@ téRleRitd fiRG 1500 1B6AQ SutRepHd 1563 a{dwdsets%ut be patient,

this treated fluid él .e. treated bl ood or bl ood conponents) nust be
filteradssetnd®Mhyiegu ¢tmlteb511§§cﬁha§vhp@d>lom isdleencssparsted|ivto cmpnms f| | tered

and W | b BESES S0 L0 DL | SLLAGBAEERS TR LARA] B bl 1S

fed into ere &h hrough o enin I nl et

port  150Ad (ilestrédted Blloyd 6PhIDEE E@ﬁpér@nﬁb‘ st seOoftdredd eUddeed fTifias Suchab esl £1uid
enters filter chanber 1517 througq Inlet hole 1522 and passes throug
filter hlopdgellpalse musthe Gitered prdowilbyubipsted ta tcbelowy Silteripg progesss IThPéFthP l's

filter phahes lrﬁéﬁﬁe faldbet 1 1%9 o'uﬁllgé%ﬁnér!] f%ééfet%&{ }&u tIﬁfet 1530,

which i's secured to e evate e treat urd pas rough
filter isfldidly ddndlcted fai puingpy lonpcht& naczThen'aazectﬂuxdrm:mn fihext chamibelr Iﬁln’er

he.r eltBaudh ientPleoy 28 34 oases hGmepuer musinalf b ror@erpagia the' *' ' "9
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 1s 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 nmedia 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 t hrough opening 1506 of outlet port 1502. The treated fluid is
then returned to the patient via outlet tube 1114, which is fluidly
connect¥@0tvir gastvientt 158dr PresS0R serifbel $50santoudulslyi monitorsthie \pesssaramdthih filter

hanb 517 d tlet tub 1 t ; 1302. [0047], (a t hat
retr AUEataRP Sty rstiatrent whe SR BPTGeDnd AE plestey B98Re chanber
1540 a&:ohﬂ@l]érflgﬂ.eéoﬁtlréﬂe‘i‘6%4_3%1)‘2% ﬂiéQE’cef:iL{l'Ségt éss%@ﬁﬁ%d%ﬁ&?g&?@éghegases

then escape filter 16 1500 via gas vent . Pressure sen
cont i nugsisd prassure vlue andgaggee IEnacessait, hpmtrolfer 15%4 adjisasrthe spded 1of rethrmough vent

t ube 1552 transm ts correspondj ng,pressure data to troller 1554.
Cont r ol 100 182, iRy d st e PR ety o Bresdis itih ey 15 B and culef wbg 0 e
desi redpgessure value and range. If necessary, controller 1554 adjusts the
speed of return punp 1302, thereby adjusting the flow rate and pressure

wi thin chamber_ 1517 and outlet tube 1114. B. Irradi ati on Chanber [0048]

FI GS. 11- 16 B ImpgigtionChambsgi ati on chanber 700 of phot opheresis kit 1000 in
detail. Referring first to Fig. 11, irradiation chanber700 is fornmed by

j 0i ni nd0048] FIGSt &k 16 dlifstratetirradistionachambkr 700 af phdtaphenepisakit hOMkineletilof

pref er

Ly _abaut 0.06 in. to.abqut 0.2.i.n_, which. f | i sed
bt © et rng HiRsaQ e, 1 iznBafR g 00 e b geiRtog e BIRES gt &
radi at i Pehck lphitd RE/iEES fhi@dneds! drpRife@bBlabbul Rob l?ht. tPabouPORYS 2WARNAAEE has been

found nost preferred although other materials such as acrylic may be
enpl oy eifefemibly ¢amprised ahnnalenieludestst thagparentto el velengthyofisdeatropagyetic and

Cur 1 acg B HHEEER AR WG Bres Lo g Pln B bR A b 11 o1

pl ate ZkBobgbother mhitstialpSich aé ABrylid néayfbelesiplSyedf 8eMildrl? mdny KnbWhGnethods
comrmuni cations with the second surface 714. The second surface 714 of the
first pifdeadingmaybgsemployedaad nepsinnt ke pxmandad eebergi ng an encl osure. The

Douna iy et i gy 81 A ko REERERI M PhofiRR 10
sur f acentibdirhgn dicclimbplyte J0D tihanfirsapoy 708 vparistcutfard 2, arfuidai sed
AT 20 U SN [2E RS e B4 S DA Al €1
second 1k atr&iseddoud @23Arc§ﬁnﬁgrajl A8 ok, FRdbGund ASHHefeRfty Slendsl N
preferred enbodinment the second plate 701 preferdably has a second port 730
on a fisubstantially 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 conmunications 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) .an@730B axmalser jpined d@msing a dluikitgtt hecpan therébyrforniid@Partitive 7208d Thé each

tit 20 t ends . de_of boundary.(7 51] Th
Po ni ndUpdFRa2E Kt 40 Mo rop 0 fnd logeudedB ep e 2 ke | n o
fluid td gifway 7400 avieg clﬂﬁﬁﬁ&@lst}@%tﬂﬂﬁbﬁ%sﬂlﬁﬁATﬁélﬂatﬁ%ﬁ%ﬁ Bé dtem ng

boundary 726." Partitions 720A 17 and 72 are al so joine ng a fluid
tight jaigreag. ondevestaderd @wfmﬂwgr?famdIslacmlﬁmlm‘:ffa‘ibwai)oundary 726 forms an

i rradi r 700 th the partitions 720 provides
pat hwajuﬁ% ‘ﬁﬁ@n‘ﬁgm% tﬁﬁﬂ&si g%g]t P%F"%gdﬁt&?cﬁaﬂjg’ iCGUPHRE 4% 0° may be
ser pentpatifvay 7A0FoZamdu@ingdavientifiid, 8dech Qﬁdf@radavommft@mbs@ célﬁs fromahRENt | Ne

pat hvay. [0052] Wth reference to FIG 11 and 12, irradiati on chanber 700
conpr i w8t W54e opdeimord 30k e serpanting patheey i@ is nglwid communicriomwittuch as

b Uf fy (\iﬂ@ M 71%" itf?orR l aa?%7ﬁgj{§11c6ltle{ [9 IN cﬁt}b&cggfa&c '7(&5 lia?legt%l.l ? ﬁ] port 730,

er en I he nuni ¢ation w I nl et port

705 of shpplivd fﬂimt&s@tﬁﬁll@do ﬁuéﬂ;@h mrvﬁa dilet afbelddaR. plfet phofOdctividedn gyt fluid
i's supplied fromcassette 1100 to inlet port 705 via outlet tube 1117.
After pREUBRBTOUSRSEIRsntRPatykayc] 10y therieated patent skid 1Sr¥6t“5!ﬁiﬁ9\ﬁ§83‘?tle()lmphe

treat e%;ﬁ)ﬂﬁ%%\% lflllﬁl(ﬁ[(jss 1"5h UL? negl. fnﬁleﬁ 1§1ﬂt1§ 8%4900% re¥1'r étﬂ:lngaﬁ]un]id}’f’ﬁnlllz

(FI GS atient flurd | ven at| unp 1303.
Self-s rﬁewrmdgngbffeﬂs ef the celikeis me:duk:ed whlla: méweﬁdam/rphbmatﬂnmtmﬂi)d isradiation
photoactlvate I r.,radi ation.. [ npingin pon both sides of irradiation
chamber#HENg ﬂ"ﬂﬁ‘ of irp4di a&ﬁlbﬁ‘g]’)ﬁo and recess 735 which align the

two pl ges3) Higire rladh@w %ﬂ 740 Bﬁ&rﬁ%éssmwmétpalbg%ﬂ e t\beﬁ?éi oF AOKHi&tRM 1N @

seal i ng arrangenent di ng, heat inmpulse welding, solvent welding
or ad h@;hambeluum |tmgcmg mlmdiggcihertme spdlmp @srahge meiih &y iIRFeweldingi hept fmpulseRF

wel di n eferred 0l.ni,ng ,of the.fr n l at.es

wel it nadidinofveRl BB pal it BhaRe, 1afing fihe PR B AARIRRARE A ang
per i MetrF wélingis More pﬁ&ﬁddasbinﬂ% ¢MBk frahl WD atloplaky B W&Mﬁ@nb avsof RF
energy. Locations of pin 740 and recess 735 may be_inside serpentine

pat hmwr¢sce<b?s &ba@s%%‘#w §§$“-’|§1th1§13 789 podperimgrer Byymindmizea flagdingels a

‘é' ew 0f 11,88 b dyvBfl bl Qo %ﬁer ibiis J;fplﬁ%é‘*ah@&&%s fsﬁ%ﬁ&% 1598 180
egreeaout axi's gives g nal” configuration of the i1'rradiation

chanberserpEhénd pattaeaya¥ 1000r cmtmdm‘rse@fenmrkeemm\e&geno Higwre 2tadl@shbas aGZeveyimet ry

gﬁfrzh%i i}sg'ptt\agé O&agbﬁgef' rﬁgisg‘? E}.ﬁtﬂtg(ln%ch%&lberl'?ﬂ() ) d e]g'gae a Ql?t alx?s (g"ﬁ?ég ©
the original configuration of the irradiation chamber. The irradiation 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, rhomboidal 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

I rradi ati on chanber 700 into channel 715. The channel 715 in the

i rradi ati on chanber700 is relatively "thin" (e.g. on the order of
approximately 0.04" as distance between two plates) in order to present

| arge surface area of |eukocyte rich blood to irradiation and reduce the
sel f - shuhehnil A35.eWhile asempantinerpathveny 718iis preffevesrin ouddr a¢ avaid eamidmizee r at i os.
The Cross section @hapethof channel 715 is iug‘it antially rectangular (e.g.
r ect anguHZAPt 4r%aS oh HPWaPther arpangeimes ats opnishIRiehas as its long side the

di st anqeosstRAradidfidd dtaiber 200 AR stPECiBHAPARNE PIERACAGLR HeR8 RS (1S
short side. The shape of the cross section is desi %ned for optl nal

i rradi dtradiatierf fromla lsghp aay asgerhblyosngh ad the MHEOTOSETTE.”” sWiol banks sfepant i ne

pat hway 710 J referred in order_to avoid or mnjjmze. stagnant areas of
row. Jegr 58} Brgemanos (GRweddh: Theidituon et UNA Hoh aeavhoi SBhanber
700 al | \gesEdnel % BO0hscAGH b (@tih Whede &Q@b@égtdn\éﬂceatab%@qﬁﬁ@ éa}ge 707 adi ation
froma light array assenbly, Such as the PHOITOSETTES two bankKs of UVA

| anps (PoB8Y vpwardadn thinorientatioRi Guideeritéling ifipet pary 208 @hieait frinatetlapdrt @I | i ght

assenbl y. (759 re.designed to he used ip a settin re edge_ 706 is
ori ent e%%%?%rﬁﬂg" Z[B Bgs Pf%%‘ifﬁf%m e ‘qwlqﬁp\g)ﬁgg?&'é‘ffegﬁ 0% 1 uids
ent er i Ngradig@or cHagibler 1aREs Sladk @Rbdrrdnilg iRl il peRRtfing/ fAlile Wintdval HEhai d of
gravity. In the nost preferred enbodi nent, irradiation of both sides of the

i rradi @hpohere HaAYDdight assernbly| 7584s losated mithint UY chinber T30 ofipepraaneint toiwey f aci | e
r enoval t m r A |1 ght assenbly 759 is located within W
chanbersy%‘ﬁ'iob?%lgrnanZ%Pd wer system 2000 (FIGS. 17 and 18). [00561 The

i rradi J00%6] Tediraditticn ¢Haktibdr p &t VRYhWH0P6Epd 1 fbi@h tvd BPmefe dHRAkeIChARRIEhS i N
whi ch the | eukocyte-enriched blood is circul ated duri ngé&hot oactivation by
UVA | i ght leukecyteseiiinhed blopd iscircatatest fusingpbetoactxatinn by ALY Adight. APretsrably,
channel:s.. 4 , i4r i aLl t.0 8 channel s.

Voot prSPHREFARRECE TP helyien'd b3 R, MBIRECDBR, e ByflubdFTTC0 L 14
shows ahambevehas bite Rschadnelsh Most padderablyothe diradiiéon chhhdbecharthetlaaneld5 of

ser pent,j th 710 are forped hy the . joini of i sed partition 720
and per[bﬁglgﬁg‘_’f\é\gx SBYWS Fhi-anfay viewvs ql%éléﬁs‘_ﬂadlf'ﬂgn F‘r‘]q%% ra&ﬁﬁﬁh%ﬁg{éﬁ ot the

Pr esentseiRiERY paiv S2TI008e f@ﬂﬁdsz% RikAOSOIREA pittifion 726 §hd Blrimde: 2% be
sterilized by knowi nmethods such as heating, radiation exposure or

t r eat nedtheplates.et hyl ene oxi de (ETO). [0059] The method of irradiating
cells ' Lrr.adi.ation _chanb 700 during extracorporeal ..treatnent of

col I s A0S It iftpdishion chamber S fhe present cRYsAyOY o Tadefrom A iesheiBlienc of a
pat i entm4téridAndsad Be éiblised b3xapvaImeihddd shdtPasarhlisg, ddlatdshexposirebr t he cells

into the Patient) wll
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 vivo 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
conpound 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 conmpound nmay be admnistered in vivo
(e.g., [0061]Wher adminrsterghaorally.ythe pﬂﬁlesephh?m&nnmmﬁmydmmhmnﬂtcmdm%ast

adm ni stered in vi e m ni stered o may, be

e i APBNGTeEY B 50 §Por e gk Gie R i A SR PR PHgS on
routes. tomeprm@he&g@%@m%t tﬂ‘ﬁdﬂhﬁit&%ﬁ ”fﬁiraivbrY(ﬁ:slf SHERAHAW OB bR §hdriee! N range
of about 0.3 to about 0.7 ng/kg., nore specifically, about 0.6 ng/kg. 19

[0061] Altesmativehi. Hegthetasehsitivel dompotinkmpl be edmimisiered prioowpound may be

S LT R T e

It admaghshicterd tb WhoRMABEWSH /fradiioR thdrédTproasddthRahs RREd Blood BlIS 8F Maba Vel y,
t he photosensitive conpound may be adm nistered prior to or

cont ensOMPRBYLS ropeixe the mwmt@/etconmoumbvﬁmomom ofghn blowd empld drsdensitive

compou E@% I 00 t| o row ded
that t Rﬁi ar Sg'tgmgﬁtgglc'fﬂ ?ttﬁés(ﬁg? Q‘Lﬂ? g I%qua(‘i Uhsitive
conpourgmpbuidiniay Giendke aﬂhﬁmhb&ddo ﬂﬁltbzdjltfmgréihcb&i 1eﬁmg;a§ﬁadlous il gndcnown

nmet hods to substantjally renmove the erythrocytes_and the photoactive

conpourfinhedimentdhe B@%&ﬁ@%ﬁ%ﬂ%@ Whitg bl(}?é cells gpeqiticallynFiceked | eukocyt e

fracti 0 I ells,
Speci f 110031 HRoRPRARIE pholdien R AAbniSibd e T the Castleh L ppElefiS
conpourte capable ofbihtieg taselaé acdnepgrsetishtemsy e)dpesmanadﬂbc&rmﬁaghemdl ng to
nucl ei ¢ CIdS vation by exposure to el ectromagnetic radiation of
a presd B%?P %tupdgﬁ’fﬁcﬁﬁ’f'é trumy, . év Hii\pab'}(iﬁftigilbht [ 0063] gPhot oactive
comouqumhot&eﬂl%mﬁwhd@ﬁﬁ y eludk! 5t afthdt Bimie8THUs

wWhas
psor al ens furocoumarins) as wel |l as psoral en derivat |uves such as those
descr i psdralans (drdnrocewmanise as welbas Panalem\berz\mﬁlsmt@ngsmmdedes@mb@hm fao.

i R R N R M e i M e T e

to, psghateeénsand ddaPoahdthalendidisk@ i acdoRRhGOX NP HRITRERAI indeRioR-include,
trimet hyl psoral en; 5-nethoxypsoral en; 4-nethyl psoralen;

4, 4-di AiI1I9% Bpited o, pacraten apd peartlgn derbyasives: 8-methoxypsoralen; 4,5'8-

o IR S e Ao RS S0

al kyl - difeth8ipsoralenpd’ Irxmhlpsmemylems §-aihethiylpgprivieh; 41blyddok pinkdgt-4.G',8-

GRS IR R (ST X- 0 T
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 (5-59) (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-furo[3,2-g]{1]-benzopyran-7-one. The
formulation of the drug is a sterile liquid at a concentration of 20 mcg/mL in a 10 mL vial.
See http://www therakos.comv/TherakosUS/pdffuvadexpi.pdf. Toxicology studies of
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conprises the psoral en derivative, anotosalen (S-59) (Cerus, Corp.,
Concord, CA). See, e.g., US. Patent Nos. 6,552,286; 6,469,052; and

6, 420, 570. I n another enbodi nent, the photosensitive conpound that may be
used in accordance with the invention conprises 8- nethoxypsoral en. [0064]
Met hoxsalen is a naturally occurring photoactive substance found in the
seed ofextiaeorpdeali photjpheregia abe Hiffcfamt desagtacft JVADEX®land gkravivla ligheims of

conmpounds known. 3s psaral ens or furocpumarins. The chem cal name is
9- net h(r)h??gl? Og%}sgf‘?%fl-lﬂ]?he[miesflgﬁ8ﬁ§gwg‘éﬁ‘f: 7-one. The fornulation of the

drug i 500651(9sxt] Be bbdish &f e sAbRANCABL, 3bdj f ' vial .
See ht ts[p: /?www. t h?a?akos. comSThjgr akosUS?%)dé@/B?ﬁabég%ﬁ?Fg{gﬁonbrfgiﬁlgéﬁégb st udi es

of 20 exhichtwmbeoroaslivestempophd hashesn aduiindstéred istntataispmbiectng ti¢AdE¥h and
ltraviglet, light .i beagl e. d .S located in the i tigator'

br ochur @54 pRElY risThpheRRs SiaeafEmide 16 Elinpluoeherasiibatn ey Bn: o
bl ood, @friddsut diALTong @i@&ﬂg&%ltr%l@ﬂi%ﬁﬂh?UmqtaPﬁ%bMﬁn%iﬁ RN thehapelRen

adm nistered is treated by subjecting e portion of The blood to
phot ophElde #80 pai. rfgich atrangeiihetlimitiggthowEner, phitds oy eeividadrasat eeaipleay be

i i . TRepHRAE 8o FAh i e el i Byt 0Pl Fomover

but i's sueficint IgptvicdRIvasforRxaxplePdbRut 1-BNRnEXBRWIGod.0 Ul traviol et |ight
during the photopheresis treatnent may have a duration of sufficient

| engt h [086&]eThe\pbotopheyiesis stghyiy carriegyenitn vizrp by ipstalbing drradiatian chembe] Y661 The
phot op ' 0 fe ' | ' } I rr,adi ati on
EhanpentoggoteRn Rt 758 b itinaplhetbb bt MTEGER? 4igd) h of o
2000 ( FdneSmbbdinzent, wlih.thd photoptere3istsg iveitied vhieR Vvide, apleatiapiiationios it ep i s
carried out in vitro, at least a fraction of the treated blood is returned
to the WEglsddieod is stpmsed i the Spbjagniseipiepheor dpret: dderieasd bipodigsdhe reateded

enri ched f 1 ) . i ni stered
pack 1 o RatHelcge Ao B st B 38T Bl M s AR
pr ocesssubjens resigernf ortdonee phases including: 1) the collection of a

buf fy- fraction (leukocyte-enriched), 2) irradiatjop of the collected
buf fy ﬁﬁﬁéﬂfﬁ*&@ho ngeaﬁar@?S%C@PﬁftagF &ageowha@%énflp s'eb i ollscimBte cel | 5.
Thi s pftﬁﬁ%aﬁrﬁéti&ﬁlc@k%mw@), OYrtaliatiBh %Pﬂl%rcoﬁ@é\b@d iiuoffyc'f;\d'h?ﬁ%!:tlidh, whol e

blood is centrifuged and’separated in centrifuge bo total of
appr oxiandt3e rginfpgion of theftragtediwhiteddeodseells 3Bisrproasts wilbkbmdiseauseeddmbaw &t ed and

saved et ol O AR B TR oc R o
8- met haxapeLipprdAithatelyn240 il St BUTE dohOME J00 Al Jf. plastii drd b&pardt@YR1d 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 20000 between two banks of UVA
lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides
of this UV A-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 PHOTCSETTE@ (FI G 15).
PHOTOSETTE& UVA | anps irradiate both sides of this UVA-transparent

I rradi ati on chanber 700, permtting exposure to ultraviolet A |light,

yi el di ragsenlarsystemgecasdp oveneadpd withyinidsaby amourt of addifiboatTlnid-odedanivag t he

phot oact i vati on eriod,..the cells are repov romthe .irradiati on chanber
500, ° bt Bl pR B Tt sk TS 25 b6 S ehe Sttehe. el | <
are rergRehbByndt Horé fahAX thevolihRVdfiiie SHMhtRP EE pkFeraBiaof hitke iHan DX
chanber are displaced fromthe chanber with additional fluid selected from

t he gr dhpvelomeiof therhambers@PiX ehe yslluneraf thaghamberbiTihaticated celltverdeme is For
pati ent s.nﬁhg ?r'?] sgrill It such as children (e.g. under 30kg) or patients whose
21 vaschiPied RPE R easi |y overl oaded with fluids the anount of

addi t i qoeFo]fHodiadiestsRiioh Of Vidslar pitRopHerAtl YRR Al alERRIds Wek U DrEt&s abl y be
not nore than 2X the volume of the chanber, preferably not nore than I X

t he volApmication Ne. (9480R83, whishds pxns¢selydpearperatedrhsrain by safe@neX Addge vol une

of the r. Q. al f .ch .0 re |l's volume is
rei nf usuggﬁpggr%lear%giéi %%ﬁ?a/s[a&g ggﬁtgl-&soéggng%‘:@?ﬁgt ?%Eﬁlﬁﬁoss ?’%??’gﬁg’phot opheresis
Syst enss, 9850 14 5984887, S464,168; 4338.9M; 4, ABN06¢ 213209 1 NPCDRLBIRALBI Bioswhi ch i s
expressly incorporated herein by reference. Also wuseful herein are the

et hodsWEH/Agticnd WOSHHE, ihovkich pea el Kgxpresimeomomicd 5roayo14;

5, 984, %g% onke 464, 166; 4,428, 744; 4,398,906; 4,321,919; PCT Publication Nos.
WO 97/ {31' ‘and WO 97/ 36581, all of which are entirely expressly

I ncor pd0aT Heef ke ivdamount beligneaergly Gkt isldeTiveredfid ertbivlegiaaifiiuids mby be ght
energy that .is delivered to the biological  fluids matIXI bé det erm ned using
t he metdssdQingddsigdpemsthgdsand yystgms deggriged phben Pafeat Ng. &3 19580 whighish | s

entir elami?efy&fpiégégy ikmg&?ﬁ%%%% Berbiendly m&éggrs m@%gg%éa}qeﬁ%ﬁacms the

application of E vari ous di seases cri ereln may require an
adj ust manpuodis¢dses dosobed hefeih imgl reqeuire rag adjustmenp bf thie agouhteoft ligha tmergy to
process.pﬂ%@)?? 1 Furthernore, the photosensitizing agent used in the ECP

process’ € IEARFLPIOBYFor to returning the treated biological fluid to

t he patjopgrd] FurGErkord e BhotbRinbiesalagiht usddMAREXELPiptodikd hh;%@;érﬂmﬁehe ECP

process. Methoxsalen belong to a II%r_oup of conpounds knownh as psoral ens.
The exussterefwnipgtthoitesedbiolpgicat thaid tpthsrpatienis Fengxample Methdesanabl e

oL ect SRR 0I5k B B VAT BB RS EL RS BR R i
Ther ef dmRwntR PsprarRha| e expdira kemethoxsalen 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 Bowl

[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 psoral en 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 Bowl [00731 In a specific enbodinent, the present invention
r el at escomponenthdoduding lisimgargenirsnst doah as bapaiatalsf dnotheraeliplanesthsonestsch as,

for exappl| e, e. .conponents of a. bjological f] ui density or weight.
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cells. In particular, it may be desirab o renove blood froma patient
for tregivendrerein sumprelstor dhuseniaveriueposes xPthacusep forahe sepassionaevhniques amsl t 0 be

under st ood, . however, .that th resent inyention.is, adaptable to use with
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her ei n deparffdreAnd reAovall AddsdepahiiMEardlie MRS ff offieh SpecUiesIk OMdiiRnaBR AL | ON
techni ques and apparatus may include other nedical processes such as

di al ysimescahianentionraaibe yied teseparatesathertypds of flaids thaineslede a witlg vaeiparadt i on

and re e I {1 | s, Lt onall t . present invention
may b Taneditel SxSEhRBS Fof bfucfife ol st Hoid beiRinelt sebiliinh X Ximpa ™A o0y
of  norusedih thalpresettSnventiomstasld h@radeerselp bffect Gidlogioal ffulids oF remivp aieant
separation, nmponents wused in the present | nvention should not

. Al € )
adver séinpuiigblctor ?l}%prdpﬁaqiqgaqsqqsmlngs thpserdspirihed hawein andraay baplade pbanyt hei r

I nt endegd: ' i .
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| i m t echutloappadgearomate, setlyl astlpotywaa sbhoerst &rylositdily) achdid)atyrenkeat e,
styrene-acrylgnitrile, acryli styrene,. acrylonitrile or, any, other

pl asti &C’)&C}@\%P@e B’é?riys(’tg?r}ﬁ??\é‘_cp%?é% aqsﬁgéli’ﬁﬁ’%??“é’r“_é(e?m %‘agrgjdpag%i &€ att ached
t oget hejiraand tbQfiherand Fothta Al@Nghe &l afy MppRiRTaRR It Ridna e R H@hingeans of
joining the parts may be used ncludi'ng but not limted to, aéhe5|ves,

ul t r asche pansaney bgussd iRAuding beti nog linfi@©d Yol adidseveprudseaonic weldingiooRFhas sever al

advant a‘geiﬁi Qver centrifuges what use conventional Latham bowl . The Lat ham
bow in"TNESUVARO XTSTM system has one inlet port that allows whole blood

t 0 COMH00T4]CTHel {RedeAlinvelidn WS séveidl Qdvantigks bVt cemhitines whhasRRoanhtiBRAIf y coat
to 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, buffy 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.




conme out. Having only two ports limts the volune of buffy coat that can be
coll ected per cycle. Each cycle involves filling the bow w th whol e
bl ood; 2) spinning the bow to separate whole blood into plasnma, buffy
coat, and red blood cells; 3) collecting buffy coat for treatnment, 4)
bringing the bow to rest; and 5) returning collected plasm and red bl ood
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restraint 918A. The centrifuge bow is in flud cormunl cations with
ext er nalleexd ariliBI2  FAGo A6 cafvannactign sbﬂ\tﬂ W@Aﬁcu_td/@rbo“d 1184v dJppedslB82A (Fl G

831A orAaTTact PamReEY feclahis SERTE o Brlioni B0 BRTrr BBl ™

connectdxegndl kendiex20A tbovd A0ALdnd 1Tn§ fReNtorAnieaboR TR ehtohal édﬁ'ddnt
communi cati ons from external conduit OA to bow 10A. The fluid

communi ¥ék iodiwev] dRap Ths fluid cemmpications enalpspllvid 809 tr bugwpliekterughl condui t
20A to &hendQuhdutCMA o dk b@\“ YoA. hSﬁmfaer' tﬂls%@y&hﬁaﬁlc&n&ls%sﬁ%n%gbl es

separated fluid components 810 and 820 to be removed from bowl 10A through external
conduit 20A. Bowl 19A and frame 910A are adapted to be rotated around center axis 11A.
[0077] Referring to FIG. 36, bowl 10A comprises outer housing 100A, connection sleeve
S00A, top core 200A, bottom core 201A, and housing floor 180A. Outer housing 160A 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 201A 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 renoved 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 nay be constructed of any
sui t ableconiirosgalpait i1 BF ml pifleidi such dwidpassibbuisdiye preswairizéd dinf aertatiee pur pose  of
the illustration in FIG 36 the.outer housing 100A is constructed of clear
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protrusions 150A for |ocking bow "10A into a rotationa evi ce such as
rot at i gnay alsevary depmdmg uponithela of thegronfl or giel partsiulgyitiehinsoht for vadetstheuct i on

and is _easy to flact ure by npl ding. or ot her known .manufacturing
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of fluid, such fluid possibly being pressurized. In alternative
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Additiqgnally, to avoid contam nation of biol ogii cal fluids, or exposure of
per sondaVinganpger housing epd dEA AN RYtes hepsing wall 1804 vad pilevershousing end ansf er

. ! e | ‘
obes bi 100, Bfer RASHETOOMEAC AL & thoslt J UL pEuREE iR BRI BENGI
mat er i ar angbthler aAfableenatersyl o $pgeiovaingend 264 hus gn oft@O(BfacA$10B, ihndrust r at ed

in FIGS. 36 37, the outer hgusi na@éOOA I s substantially conical having
an upperriagsuk uging gutlet 7ORAneovifing & nagsage Petweop said surfaces. o Referallyisi ng
end  190Aupf: hetsiftowi R0l RS hoii

pl astics Ili)ésg{led Sélgge)é\ii oﬂg? %@%d((}?yég%&ot heg%éﬁllﬂttg%f‘%&mgg?@‘{lmf housi ng
end 110wubiag oatletG0ARNd nedkatkSAldro Bized matow balyf 830A dfit6Ccametctimudeavg out | et

700A prowidin assa between, sai d sur es. . Preferahl the . u

nous! ha Ot B duPRES S%5e Rk buckSe Haer7aMRG bt 3 57k ol o B8 o
The haifebmgcaot biedve SO0A. andnoeskoditeft 6YtBe sz&ﬁ ihven@bn MoRG98RQAPf t he
connection sl eeve 500A to pass through while retaining sleeve flande 790A,

whi ch éxtieseitsd betyeen He sinsuly H13RA904f anddnmps suifane HOEefdhshoysing enddd @

enbodi ent 1 nv. ion amn o-r.ing /91A ma be inserted between
the sl EShoift & ROf BALSERl, pHBA. A ARl SmEC AP i Freb AT oot "
ensur e jHudttatdddn FIGIS8, $&abnd sle@edlingde U90B Bxtandsrdif ticBddyS30Rgdonmitionf t he
present invention illustrated in FIG 53, a second sl eeve flange 790B

ext endsleve aPOB distad b thg siepvesflangs TRBA i skepeallengs FABANG78PBbsINghe S| eeve
flange 6304 Rt VitSih aeME1 19 R ARE AP0 rAB YT AR D6l Hen. 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,
including 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 190A 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 therebetwen. A
fluid tight seal is provided in this enbodinent by the o-ring contacting
body 830A and inner surface 110C of the housing end 110A adjacent to the
neck 115A. However, connection sleeve 500A can be secured to bowl 10A by
any suitable nmeans, including for exanple, a lip, groove, or tight fit and
adhesi V80721t Quter lemwing 1604 inadaptadi to 1@ AablFlvenoedt &y a foatginabdenvidel 9G0FIG. t he
upper Si nd. 110A and | ower housi ng end .190A. r housing end 190A
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i ncludi ng but not Likmted to, adhesives, ultrasonic welding or RE welding.

Housi ndhte S5y AS Jevgteet g e RERos pos g nsplatians |8 agentifegs | ect

denser dohtairiér 8i&hy othér stitaTe iércSinectuHSekiROMeE i shDO quial@RRASWE rORE Upper

housi ng end 110A to | ower housi ng end 190A ]%365)0079] Qut er housing 100A is
0

adapt edirt olhedockingmechanisemay also gomprise: 4 kyya i(EK3.900 (FI G h35), sucgI as
f , : i ' 910. . T t at
o e PR R B ERS e aS ARG 10f Bl DR RBR AP, o' ot "o

connect1 on exanp earl ng

10A.  Cuiohrme 106 inwhit R 0érep 200.L aad 21 A asll &t Whekbsgl 109 RarédnBled MW HeRCKI Ng
mechani sm may be one or rmre(ﬁrotrusi ons 150A designed to interact with
cor r es J8RYRHEMPIeE eare 2W0dsand 203 Acase fyllyr wighin intgrerayohape gH0A Rl oWener suitabl e
interc I ' i L ' art. The

| ocki no gt 1004, RElbiid TESHA DI of SShUEY b ZEOM AR ax 1A 001

Ref er r i [008X] Ref¢rGing 8y FIGRI 1381 4 anibd4) theltop Aoier20A und hegem B 201X hrse an
interior, volunme 710A i.n which cores 200A and Awll fit when bow 10A
5 aos ubhallie e Cal g s P LS uPR QT Db 205U AVeF EORITAy w t i n

i nteri o oXobIM ahdQéwa cortits 2958Us56A0 HROA e CRMAD BDTA o&%ﬁ%gw vol ure of
interior volune 710A about axis 11A. [0081 | Referring to"FIGS. 38, 40 and
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respectivel upper. _co ds. 205A A, outer walls 210A, 211A,
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vol Unesendf296 At bb@6m 0t 20 A7HI AU hBadhg 160 a8&hakRToRVatisePzuAR s B Vol une
220A between upper end 205A and outer wall 210A of top core 200A and outer

wal | 2B8pAcednteBokeYoleme 104 that Bdswesn comst28tAcod 2024 mad snter bowsing MU ng
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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 481A. 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 mmbn@onmmmmmwnneanndaﬂmms Suidgnanndiennddidfbawd a
es 303B and 325D t hat
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has fluid _conmunication with conduit channel A of external conduit 20A
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provides fluid communications wth 740A en asse chanber
740A i s:OMunmﬂiODywlﬂmmdumdumneerQOAemﬂs&th gpantibe selutrlee2 204l neaeseciccupi ed by

hol | ow I nder 2 he co unctlon f connecti on
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t hrough i ndentati on 483A. Thus indentation 483A forns a passageway for the

r enovalon the ouleeamtace 03B ateacpiptalitydofsomesnIfA shighiehtcod flonbbaioutsnawtfane 740A.
et T e T e
110C ofconiirurigutiens Bawatmnte 8eshraidAolin€220X end theipdssageway 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
S00A 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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communi 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 nay be affixed to openings
325D and 303B in the top surface 482A of the |unen connector 481A

Addi tionally, indentations 483A may forma plurality channels in the |unmen
connect[@986dRNefeming bbek tadtiguresi4d,shed omwer corawrbe 294 @Bmptisss anapperilatd 209A
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comuni[088T1dteferting to Figieas 4360438 and b hotivinrere UM Al nemp2@:A an 9ppérichrebe

further_di ssed. First channel 420A rroynds se bow
channelengf’gﬁg’?%[gﬁmﬁg é?ﬁ%gﬂnﬁngaﬁ’é’%e 3B r&?,re%glt??g]rﬁcore 201A
CONPr i SRYingAnWRRS Sulde211BNsh BA6AWalB2PIC 8fd Vet ed@ 111DL Iheafisinatct Oer core
end 296A. The outer core wall 211A having an outer surface 211B, an inner

wal | 270ptorrere bl prefrjebly increasqyfsomuanercare eid 206 todaverrose ewh 2064 of er abl y
| nCr easgs i Ok 389K a1s6 Hafa ?Jb%élgt%&;sné akrgd(’)\ﬁm&% ‘Eurfe[&g ﬁggég_op ?9&&%”‘ core

201A al'so has a'top surtiace omsurfacé op 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 186B

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 invention illustrated in FIG 53, the upper surface 186B, may also
have a recess a186D 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 which
extends through to the inner surface 186C. In an alternative enbodi nent of
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pl at e Xounthejadentaion 186Ado shenneb3)R As ke sacanhgpgnin Bpm chamrel 3084 ihave an
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the ar tcomnmﬂcameefrbimahdenftatmpssmtﬁmgh Blﬁxﬁlﬁels?.osme@dtt@mrng 305Cdownwar d and
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t hrough channel 305A and openi ng 305C separation vol ume 220A (FlI GS 38

and 40)the fpftpm surface 3806 of ﬂm/bwghpl@ﬁﬁg‘!QO@mm ar nedrarpretrusir@@1an drhe outer

subseq SS t.hr t. bowl cha A Fromfi

channel 08 308 5 RGPk 36 B Hhchtd Bin® s BBTAD. SRR opteh B0t wal Sy A M

separ atpreﬂdwlﬂumlgme&l tHedOBithl PefiRmed Bfoveholisiay Flosr FSUA , avwlerfflate BOGA | over
core end 296A has a | ower plate 300A, which has a to& surface 300B, a

bot t om 1§ Gir¢ulareand GBTYCA HEW AIgHT é‘?la]@dfj@ﬂﬂwteEklilémT%’gmfﬁl n#4) Hetepeativel sur f ace
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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
other suitable material. Additionally, extending substantially

per pendhe tipssurfaced 3B ofHewtoplete 390Afand coBBOR with suppert vl 405A30RK the a

condui t 0A. Lt 320A fir d 320B t hat extends..i t he space
220C be??iégh"quagﬂ&Jbﬁ "é?eé“%‘%‘gg‘;@h‘& "ﬁ%ﬁ%ﬁ%mﬁ? BFONEE é‘?\ﬂ‘"&luét@%g‘&o_end 320C
that exfoRRdFlabayf stiland ebnduits 324L, 3m0§agi>e hRUE Eesﬁé&fv@lg%n@ﬂﬁs di anmet er

of conduit 320A I's adapted to have a tight fit wt condui t 'l end 324B.

The voltghs 4034 and 493 Ad fidditignally pEsen eateddB Sne tepboitemsugfata30E of400B. The
ol une fi | ovwer plate 300A. inner 211C, ., and.ceiling 253A of
Dot L o B8ELRSH 3h8alRYEH £ BUE oABRGol BCE SHBARES pite B Badhiian o or

or a sol§54. material (See FIGS. 43B and 44). [00901 In an alternative
enbodi nent_ of the present invention as illustrated in FIG 53, support

wal | s Jﬁﬁﬂlaﬁmw?meﬁ%y WPparspt togmqf prdinasy skidl ingaqonglrtl?e bl 1020 %@cdends
eyl : 7A
e hend- s afahded 800 cler B 1K' Acordhihy yBRL YR gD RRET

connectdevivetah issapppeptiatews Ifaci BideAha b indidieof the bbwM 0K kch2R bAigle 4088enbl ed.

Condui t, wal | 324A may be connected to conduit 320A to forma fluid tight
seal anfuestdntdGa34A  320A nay be fused respectively with supports walls

405A aw%femg k& FRE A Yol ﬁﬁ’?ﬁtad?{%t%(? egtﬂ.tl{é?oﬁtéroﬁgutsﬂ 1 &Bgﬁkf%‘g{fce 300C

of lower plate 300A are one or nore I on spacérs mat e
wi t hi n and@OhAatomen plaikSHMA @I0ShEr Pate\AIPA, bausireaihdr il 86 paxtantl dondoine of

ordinary,skill in the art he bowl 10 ]| d to be bal anced about
cent er o TRPECA'(‘E’BSP&Y%&%’ aﬂg?‘{jﬂ?"é ‘@H& aBQ 4@@@@5‘3 ‘&§°B%Fr°ﬁ‘°81a“‘§ Fategevi ce
as i's appitR !Hiiu@in?‘i’loBﬁdeA bﬁélﬁeﬁmsiagllwslceﬁl RbesiB&sRRIBIAGH jBU6p as

wei ght 408A illustrated in FIG 53. [0092] Referring to FIG 38, bow 10A

i s adapuddcaandithese reqesses areoibepesigo 10 Protrusinad1 AT Aowenrmlat2 GOPA. 1Aswbowp)] at e

300A a t.e 299A housi f.l oor J180A, exte conduits 20A and
connecti AP Bt 38R G oUnd or RIGT U BRls Sl o Etoes 3O, L B rosrrRetly
rot at e oftlogéatgise 300R wsihngspfet 0ol SRA66r IBIACT Wihen! 8isB@bA0éhch QiHigld Ses
recesses 181A on its top surface and these recesses are shaped to fit

pr ot r usireiusion M on Bgdetipmaeagordowarplardfa formawiiglyifirdtasess ABEA T ound
oA ARE LR, P AR SEARRA05013 LE S BRI 0 1T

connection sleeve S00A, 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 219C 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, |lower plate 300A, housing floor 180A,
and | unmens 400A and 400B will rotate therewith. [00931 As illustrated in

FI G 38fi qqneezﬂﬂmo(aha:mlel wakk 400 chatmied el F0RAt corclniteval F325Ah and the@Righvbf a
first bovvldli &p(r} 420A. First bow channel 420A provides a passageway for
i nf | ow Y 0 through | unen 400A to indention 186A and then to the

separ at [009d)VAS IBrAePh FIGN B UHRer-AIMAN Som3E5Rr IR dH¥OA hbIohQaakes i nsi de
top core 200A. Lumen 400A has a height from upper |unen end 480A and | ower

| umen eavd WIECendlesgean mgmlun@nﬂ@ﬂﬂemr luthen ershd26€% hasranaipening 303A wal |

401A e nner fac 1C of 81 A and
channef%ﬁgﬂsqg(gglﬁ?o %"2' bonf"}( Tgﬁogﬂpf?ggg@%,&ﬁ “Hﬁ)ﬁ’é?f agpel 299A
Channel 305al. |m41&>smustsatédmwﬁﬁemuuman ADOA abmpiseRffirétivdw] ¢hdreV ¥z ar e
attached to the inner wall surface 210C of the outer core wall 210A and

i nner stfcpadbowlohanes 4194 islepated mside ﬁr@rmwigmnehw&h%ﬁhnmp eoat ROON2A i s
S hoPOr e iPncodpl HeRlih inbePhunleh B30 4806 0S| urititlanal Fiflernt iR Jebongtend o

that height o urren can be a y chan |ng hapes

30 of omaenez@lm forfnanngissagawhy mfgh laman 4e0B ikl bel&w Aowerisle BD0AED the 25A,
and t he hei ght o) conduit. wall 324 00941 As illustrated in FIG 38,

| umen 48ERvalf 3 dirssearated Huid ‘é’t*i‘%P"&B@ﬁl[)éhqt Saders|ip padentafiny 185% of h@!ﬂt‘!&)s es an
L nner | 48518680 BecduaWieh| EHAIRRI A0 A0GHS i %Wgsﬁﬂ%ouigghs&k e

fluid conmmuni cation with separation vol une a nu
305A. 1 H0ANbraugh heheredB adaodbmdinit chanme T68A @A el C&EhilltfzﬂlASt bow channel

420A. bow han 410A i s | oc I.de first w channel 420A
of the [ﬁﬁgﬁgg“rf bg”rﬁﬁg (ﬁhgwéﬁ%‘pﬁ’élé‘ff’"?jﬂgg@ Eﬁf‘?’&ﬁﬁhm% dlovggrdand to

|l umen 46884 cefid '8110% anf lﬁbwlslmoﬂﬁl 2R80nd boRRBREIe PHIDA thal pevideLAgigagevay

t hrough | unen 400B from bel ow | ower plate 300A for the renoval of a first

separ at@énmlllfuﬁlftﬂloetfmbmmouan@ﬂpmbogatﬂden@twmlﬁmmmmr@ﬁ%%,&nmfr housi ng
fl oor nd. bow ch nds fr fl oor .180A of

out er hou5| 4%]?%6?)% ?H?ef)ﬁ% éﬁ@&%&( 52%?508@%?1}&4%9%@@5‘6% of

exter nalwmnahut valROF24 A Qﬁﬂﬂsmﬁ@n i bnhéded B 2Buid sizavMaicr Afdformondui t
3210, |nner | unen 400B allows red blood cells 810 to exit bow |IOA via a

second %56¥d kv ishgmmek 4t thabbasgyssvallgediameter ghanpehivseparitd and distoet frpm i
housi Nkt RN ARMEP4INCLLAIIADIf S20N QARG S Za14 B LxrehdlTRRIROB has

an upper conduit en ower co and conpri se

condui tchasdl svaB20AAzand aB25Ws whionlduia wall 326Ae dirdikeilimen #00A ehidhdfas on@nner and

form 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.




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 lunmen 400A which has one end near indentation
186A, lumen 400B extends beyond i ndentation 186A and through bottom plate
300A. TN696]i Catdug 3RAAIproviddsl a tBAE At tvith lmmarwmﬂélﬂBnpi‘oQﬁi@ sdpperd fdrascanid

ona 3o ehunaL A cBEnHay ShSe at0A tned 410A mey by 3}%3 Of aps HipapblebiAg 324C
of condjtirfgidRibin E%@ﬁbﬁ as n%?lﬁ’c%l t® ﬁ?ﬁﬁepgucﬁgggﬁé h V\a% ?g%{géf@a%ﬂ ﬁ%st han

I ndent atlon 186A and has an openi 324D. Cond end
| oner epodsiBly4pr pmssurlseds'urppmretssmmq ﬂalctﬂmw,aindtvghldi prefarabiy 2ar?Be dispovableend

324B hayi,n 325 onnect to conduit 320A having
openi ngangégﬂ?ggbg%t %d ﬁélg}pl??@d%ﬁﬁ‘f%‘rmﬂﬂ“ fOWer plate 300A. The connection of
openi ngs 325E and 302A provide fluid comruni cati on between | unen 400B and

the space 220C het peigeTupyer pl ate 300A and housing fl oor 180A. The space
220C between | ower plate 300A and housing floor 180A in turn has fluid

CONMMUNI G471 K m&@@@&%@ g@ﬂéﬂd I o gg@gmggﬂmggt%%g is SRAGM § §§9§}6X ovi des

ati ght fit wth lower en second channel
410A. Ea&tn@avﬁoxtﬂimavnéﬂﬂﬂmmwttﬂ%\omyhbﬁrmaﬂmﬂm ahyxieyiae codduitl exi bl e
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and efficient manufacture. 1. Drive Tube [009/7/1 As ustrate In FIGS. 39A
and 39M204¢adesiond hewkbelisnpel3dOA, alsifabtn\e]o:ﬂnembt:n'lmm Thé firew c@ndeii whamtelson

sl eeve 500 ich i t ache he first en xtern condui t
20A haxi’i‘?m&q‘ﬁmi’%cfdi%ﬁ"toﬂﬂaf‘ "’Eﬂ&ﬂ'ﬁ’i@ gter in extery éwagf'% %WH§| 50%¥60A, and
athir C cation
A A R A A B A B S R
chanmberconaged wWitlefitsh bewl danokl 4204 lfalrmﬂbwmgaﬂlad 8(]01 ﬁowem@aela@ndﬂﬂzompar t and
equal i.p I n_ext.ern ndui t 20A 0 When fluidly
connectlmtoq)oé‘gﬁégrfgf Se@?ﬁ‘i‘h gj%%r ‘b‘ﬁf "fé ﬁ(ﬁq?‘ hH IWhREANNes 10 | o

f 1 ui dl yeconanoeg cBshnel 4104 for $ém$\QH\é ﬁfesh @é&ﬁﬁted"ﬁﬂ& cbibohdhl ISW’fIBgl Bdwii 1$A800
fromexternal conduit 20A into bow 1 for separation. Simlarly, second

condui tintrkaaed] comtust J0A,i Ginglly dhirdezonduit Ghal@elcw ¢sowiEcts Feabovel chamber f or

oo gl el RSB AL EhUA: FORPRIG R AR dad, %, LIt o
[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 SMPA and anchor sleeve 870A (or if present the first and second shoulder
882, 884) arc 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 conmponent 820 from bowl 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 f[0099] Réfetringas FRBS. 45)d8 and4% aiithos {16le BTOARBMpARECHbEI £ having
perpendiﬁul arly fromthe external conduit 20A and are of a’larger dianeter.

Bet weerf stanchnend 4734mng) seernd anolns ead 8744 c Warchen seove 88048 As gttachéd topr esent

the firgtoNg . r first and.second bearing

ri ngs 88%?6\ angﬁ@?%&%%ﬁéﬁ%ﬁ{m@%ﬁﬁ%fﬁ%@ e%ﬁag’f%i?y ‘é‘?rglé’g'énéfﬂg,mcé?ﬁfes
connectinaimnsiterdven fiey colar@78Aa0 et dollan87dde Sipured distatlly ffoe %ﬂ:’ﬁnd bxhcpmm?t i bl e
materials o i table strength and flexibility for use in this type o

Fubi ng A Bl a6y PPt S PSma ot ek P bor BETH and psa FRERELo@OITThe
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o E) s RS PR b b A BN sl s g 8
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attached to second conduit ‘en 62A of external condui preferably by
over nol Bherddhs 8R4 rup parablelds tha extethareendyit 204 and ire prefemblygrla@ddvet thet he

| distall d 874A i | | ar. 886A, which
ot enasCaeyeRAGR LGl Bl e0ARR SR IREA rd EiShasy ® sfhce e 1 han 1 he
body 87%&Reradl cohduieZ0FIG: 150% VERSéRidns AhBleUh@bdrdvit @harkcRS7TEHA7 A708 AT a

first ri% end 877B between the col|ar 886A and second anchor end 873A and
a secordOA; 3¢ glogesstortte ouside séprpriensdwaisenal penduity20A enlessaeinforerdgeaitodal

LSRR U PR A A )

run parsidebeknd 8734 prosidee raisforcearduiotthis 0éziem shdyprevamessndat flupk aaagh over the
regi on Wned'e c.ondil{t channel s 760A, 770A, and 780A, are closest to the

sur f acePBC PHEIONe eneasPe JAEITiPE PEsRnt thy ycklipg of the exegsl sprduiidAcintthis
condui treEBRARCAS af %tuerQl@m@lﬂg to Jﬁ?ﬁr %{e?ot&(lian F?ﬂc‘)es% g:; tfhg %38%& 186 gHoaTet er

of external conduit 20A unless reintorce uri n§ I gh Speed
rot at i dR0O10Gvi ng Gdnpectipmrsideive 508A comphiees bodyl830A bindng eh spfregleade éfde anchor

sl eeve 873A. provi des | enent his regi on prevents conduit
Fartur SR HATawBLeeE SR A LAOSTIE B B vt SR ehodB Al SREVE e
buckl i fgan@é 79018 afick & plundlty 6PPtusiod OSMIAN wiHidtSare k26 oA RALn@Som! r uct ur al
elenents to transfer the torsional stress to the anchor sl eeve 870A.

[ 00100]48¢Ammetbe i wall sirkaes 4800 Aumemponncetor 81y, B trabdwld Odnis apseatblet, eeve
end 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 S00A 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 bow! 10A. When assembled,
connection sleeve S00A 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 S00A connects bowl 10A to external conduit 20A without

use of a rotatable seal, which would otherwise normally be located between bow! 10A and

connection sleeve S00A. The seal-less connection between bowl 10A and connection sleeve
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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 482A of | unen 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 weerst0lAamae o0 As expllaihalisbong ol AitnativeRahronkR aveof st ex&%é}%, hSO hed to
be secured to external conduit 20A. Referring to FIG 46, 39A and 39B,
connect§BRVes PRUR Sromet-{yde sarneckon. tsidingyor pdighbiit with os withowt adbesive inange

790A anginkSho I §%:ohRediioH! nect conduit channels 780A, 760A, 770A
of external %on ul t é)gietlg S%(%‘\)//ﬁ channel s 420A and 410A, and chanber 740A

of bow [60102] Whem silasinhédn, Figwerntand BOB, s¢tee frngOPI0A Basobiticadsirtack UNEN

connect 481A (FIGS.. 39A and 39B). [00101] Connection sleeve 500A
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groove, or lip, grommet-type connection, welding, or at th or
wi t houtspagsrresipied by hokow pplindsend21AQNdd2240 b pliralion of preusioBOBMSIA pOAED2] As

il i e F 39B. 0S| fl 7"A has a.b f
sara ¢ Rat ot 8ol oS e 1okl SRS feo T mie AR R P IR b g

tight sedlsurfallod8aBof lumerRBnERMRIA81 Al thdSpdviRs atiphtfital i ty of indentation
483A t\r;ﬁ& rovides for fluid _conmunication between separation chanber 220A
and bo nber Gonogctiqpleene SOQA helpp to segarerexiaren! cordrin?Qatd awhi0dn condui t

channel {7 - ' [ . ss 851A
and topth'gsur a@%ef&lagp %&ﬁ%ﬁ&@gh?ggﬁ érb B%IQX g)%%r}ﬁ_g? gg‘ﬂ[%‘&g%‘%@g’g occupi ed
by hol |fbuid 800 tortsbesupplBRiltArangh e3@eAl cdhdait@0Al totbywd 10Ar Similaidwiss 843A on t he
bott om surfacegﬁMA qf sl eevsf{ulécﬁn e 7"A engﬁ?es and slides intq

i ndent £PMBEFE0N 844 epplesiepargiedfluy ¢q ens PpSeff to hersmoxeshiteenhowl 4844, ¢ hus
provi difgugh xRl &drduitk§R1031 Connection sl eeve 500A hel ps to secure
external conduit 20A to bow 10A, thus fluidly connecting external conduit

20A t o [B8M] 10A. ERitéraalfdonihelt 20 hecan appresimblicbscontiani dia®e@r whichdrelpsppl | ed
t hr ough %x rnal. conduit 20A to. b this fluid connection

al 5o onsBsBCBgRg BY rrhen diekimntel sondSed Kyl pebirandd™ FKF bow 10A
t hr oughyugekler AdditieRIUh bordt 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 18 (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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[ 001041 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 nanufacture, allows easy experinentation with
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system 2000. Tower system 2000 is the permanent e., non-di sposabl e)
pi ece dirogramviag thetorptrolles ©s by eBanging spaic of its CQ@PDB,@%S of photopheresis kit

1000, S, t i fuge bow
To (r Q06T06T " - SRRRE S Gyedrh Mo b BBl i) M iBber o RSl A O DOV
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agai n. Tower s e nodj fi erforma er of
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pr ogr angg:Rg260! %eﬁqm&srtﬁ{eldeeﬁ FRG. 1Y bEMARGRY &M, £). th FIG. O eaRES110039106]
Tower system 2000 has a housi ng having an upper portion 2100 and a base

por t i ono&g®entBzmseropdeoki12H0.2Baw feaigorn2209mlatts haoks @obidusisated260thatheel s
2203 are rovddat or r..the bottom 2202 of rtign .2 so t hat
C ovar SonBi s 88 EbiyShn PEReuBa Sl e Yhe SEHRP, SRR s oom 1 a o
hos pi t adan?oelléda&@-an}?ﬁrﬁéx%ro&hb\)éer stybtemf 200010 ldb%ﬁﬂ'tﬁm?ﬁ&%l(ﬂﬁ@g Hie¥ popikfeapout a
vertical axis to allow ease in steering a maneuvering tower system 2000.

Top 220&%&6&5&%%5@@%@ oo drsingdheragy. sBase periop AP0 hay prygoactivetian  deck
1200, Wﬂfﬁ t I | t FIG 17,
cassette%tlnf% 'S ? ﬁﬁe (t)eﬁtbg‘]gléﬁlt‘)?g?glde%(&dﬁ%ﬂoﬂ&sg‘)tgl(k)lg}tl?%%d)fjéego al so has

hooks (promded b giwen s edm 2000 fiir lhenigmg saline @hd asticohgulh@iagh| Pefaatdg) thewt i on

bag 51 an at ment ba 50 th rom Such hooks can be | ocated anywhere
on t onetoo g§/ TB?fBO'égi&hel r positioning does not interfere wth

:) Egt 1(‘) ;qupyg{]: gg qfhom%nwﬁjh%ﬁwyér'm (FRE1BPYs prBAa&) RBOSAsE BortioA 3200'86
tower system 2000 between top 2201 and bottormn 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
1s 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

33




chanber 750 (FIG 18) |ocated behind door 751. Additional hooks (not
illustrated) are provided on tower system 2000 for hangi ng 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 7 : Ny ' t S ortio and i s
o ovi acnirfBEiiol Shittbean 1bARSHE Ko ARBERHRE ol BeBRTEAI O OOTIME
oper at dPrefeeabty, cdiadqi 210846 coratuced of blenkeprodb@lase Do@t210% id highédly does not

escape into the surrounding during treatnent. Recess 752 is provided to
al | ow tqeBBcete tﬂ‘??eflml‘fof{ﬁiﬁaﬂﬂ)ha% # pHewatigloskigy sreshanism shat éyectivatad by 750

when ir gl i/ ' ade ' The
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centri flﬂgﬁwg hanb ef(%%?y’ 2‘%@‘2 . Oﬂe}giﬂc?t‘e@l a8 éoﬁzﬂ‘éf?ﬁ"eﬁ%rbaﬁﬂ%nﬁﬁgz@ i Hdow
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probl ens. Wndow 2103 is constructe glass th 0 st and
any f orpsetgon 2200 neanthp ecas e roved systern 2000. ocFhisallawsihd @peratiu casypedsss to

centrifugati on jeh can rotate the centrifuge bow at speeds greater than
2500 RepRCo! @R EAERAGE SenafietslysTordng s bRtutattsst ta HafuRe (R g1 ace.

Door 21581/ Byhienighidk Yow&QANSMI2DU0 tOhMRARE c&n&ﬁﬁx?@@hﬁﬂ&@ 280788 upperaut omat i c
| ocki ng mechanismthat is activated bﬁ the systemcontroll er during system

oper at i RostioncE 0rang higeing Haerphetoapti vtion shamber 759 add detkol200iin bassrmridet ai | wi t h

2200 of 200 seh? orkfoh 1 UFISEENY wFSicht R S0PER £8980a2000 whi 1 ¢

upper obtptiansizEl4id thisesiptatodilorg abhpuwat f valablelhassital Plobk dpade. 2PROhdiglof t he
rear of tower system 2000, This allows the operator easy access to control

deck 1Zo8emdever 2909 emains belempsiy inshes seythatracoey s nat ohdtrusted whencent ri f uge
chanber L ani t 0442 |

chanbor 3T re A ARBIBUARGRIRPRYTRETICIN, ARHRLY BRIk 120
chanberin 238irlyhdrideckl pbadion iwill pasedgthe bpaator 3AOC, plase tupet devicecohf i gurati on
is achieved, As su ste ower 2000 has a reduced footprint. size and
{ akes. UTOEPhes B 1AM EE e Yeaasttotins dpnioa FRflygressae bnge ThBthe o
syst emsﬁfﬁ‘éﬁrzm%dbﬁﬂ%h&%lﬂ@vﬂmséhd?&céé‘&ﬂ%ﬁbﬁ@oﬁsﬁﬁ&u%ﬁ%nfﬁ ¢ | s not
obstructed when transporting the nmachine around the hospitfal formthe

rear. Agairdgatighlpyocessavi ng deck 1200 in a fairly horizontal position wll

provi de[()bfﬁ)] operaf g{on\l%rt ﬁ(ﬁ i lpr%(\:r?deh %nségﬁtrigt?g\éi C?lgl%bglf 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

36




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. [001101 A nonitor
2104 is provided on centrifuge chanmber door 2102 above wi ndow 2103.
Monitor 2104 has a display area 2105 for visually displaying data to an
oper at | t n loadrng
het ruce e Bon 2201 Wl reEBR TR Ttkady Nebl (REER A h1dS] St thibpar)
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pr ogr arfifBEC B4 ay information so that the systemcontroller can ensure:
(1) that the disposable photopheresis kit is conpatible with the bl ood

drive equi prRNPhdtBA@iviidEOhdhbdr Sord@iclid OrAGhiioh Ohafat the phot opheresis
kit is capable of running the desired treatnent process; (3) that the
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receiving .port 2201 record tr nt, t data to data card 1195.
Such | iGN RGEeg A0 E GRS Syerm DM Briind doon Bk s KD B otosivakeR  on
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phot oacti vati on chanber 750 is illustrat ed in cross section.
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753 pr avpplisd o WA tdmpsed 38 s69Hat th@cﬁﬁb&lamat&bmtabﬂm 1ineé ERctfiodl are
el ectrically coupled to.a source of electrical_energ Phot oacti vati on

chambercopegstioa Paeerr@rpédﬂ%i froéeeah\ﬁet AR A lagmps 238 eMBrEyprv’egabérrléfAiept Waen
fully 1Qadedy vgéﬂaspt tsgéﬁotr*d'\?’;&'r 'ﬁ?@@l é?‘%w%' ¢ g irPa%'latfbﬂ fxi‘[ﬁ[;%g( not

I 1 lustrat ed) | ocated on cont ac assenb form an
el ect r i W8icag bamsettéd riThe supply of electncal energy to UVA lamps 758 is control]ed by the

properly programmed system controller using a switch. UV A 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 from 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 UV A 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
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shorted to one another. The integrated circuit then detects the short.

Cl osi ng t he pWcbhibirgRUSISSHHRr S| t uation equivalent to the el ectrodes getting
wet (i.e., aleak). TN If the electrodes are darraged in any way, the

cont i nuj heck | - |on t t he
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start - uf towemsmmmalrémofbdr IRvgativn b Ndvice [PO0 @ Th drosseiRblsrd capdle beak

detectiop circuit 762 is working properly. Leak detection circuit 762
hel ps SHERING L ARESY EQREEYPIA &Ch@‘goghﬁrmﬂ“@%i wihinsgniEduaerambes 2l py

oAl S ORI R 57y

Cent r i froggabGhsecheng 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 incl udes
a rotating bracket 910 and a bow holding plate 919 for rotatably securing
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1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor

assembly 1203 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 11186, 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 loaded 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 illustrated 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 noving
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 f b V] . ent . 1116, HCT sensor senbl
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phot oelleadediontcsduek d200 HGTusensdin FIGSETbbiyipi2§6n hduabsd290424P iy eaupd ed to
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appropriate punp or actrvating on npressi on actuators
stop frass.dWhtwwm thalowged pesiteon] ddifipref G6H 4 3fatble AR40-2047 adb Ao dxeendithroagh
conpression a ression actuators 1240-1242

t 243-1247 dth
strat egqpﬁ'ﬁ'l’rﬁ/iwg‘?‘l%{ﬁﬁi&“ Fhus Bfggflf@?tr@?ﬂqxﬁggpm cassette 1100 is

| oaded [gpjam)deck daiih 19481 20CH ; |
1240- 12[47 ar]e al i gneggs\?\{nt%a%g?% g%f)so}\di nge g%rclar uré@éﬁﬁgﬂ;agﬁ%ﬁﬁfé{%ﬁ

Conpr episision attounesrte thelodetk@ppsitian unlpes amivertd b Eovmpesssian lactvetoed1 243si t i on
and a rai,sed .pqQsiti,on. As illustrated i.n FIG 22, .conpression agtuators
12430 1047 B sp Pl SRR rRled B Bf sk rdBinpe nteBRnagD lers Awoter

1240- 128gmpre&idrachibiors 22ARE24206H thi: Sther MKvRNark Bowbldd @Lﬁeﬂ@%dFildéﬁ,znvghéﬁd when

cassette 1100 is |oaded onto deck 1200 as illustrated in _
conpr es¥ESAMBESEAn aetyatep k01142 inlawerederaniged.tthy etbeHiwormempaessioopondi ng

apertur ! £SS. tihon,.qf. flexible tubing that is
oD e il (a1 Jebke AR08 SRR 38k el 9 AUsjoh Y. BofighetBbfld (0% L°
fluid camatdé 124096312 a%@ﬁﬂgﬂoid&ﬂ sb Qv fifdk db@ﬂlﬁﬂ(ﬁﬂiﬁnﬁ@fﬁ&h@ﬁéﬂo&ﬁe fidedat or s

1240- 1247 _do not extend through apertures 1137 and 1157 and thus do
conpr eFOSKRA. ThRsiihihe SYSEsm iRges power Sy aingd M aRisiesHom CONRIIFION A0WRIN A7 ar e

SPring 1211245 84 3@ohiifitally 15bve @At pBARLY ROulifie! 6T 4 106/ hd! OVer ed

position unless activate npressi on tuators
i ndeperiddfahg pesenting flieds fiomd eawninper teavmgdhe pdtiener ed | ndependent of one

anot her npression act uat 40- 124 n ot her hand are coupl ed
t oget héP‘.’“@ suc ,efmﬁnoﬁ’ﬁ%%i@ e@’g‘%ﬁ%ﬁ&ﬁ-}?ﬁ%ﬁ’“*ﬁ%ﬁlﬁ%&éﬁ@n| owered or
rai sed,cohf6114t1280, dyRd&G A8 1m,ﬂfﬁhﬂardoc{s&nal@&@1é%%uﬁfpecaeieq91S%eﬁﬁa;?d in
rai sed accordi ngzllt%h Additionadl ly, conpression actuators 1240-1242 are

spri ng moateablesb2kbhand timiigrbeliabwaily -t§ysrenm eontwlienl 2 Otis a phaperlyi sed

N e gy e T A L s T

posi ti aYstedas ipedofig all sb@s fdrkcliéns, 1di@Bctidiiddecisions, 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 pneumatic
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, platel 1202 includes a plurality 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. [001211
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

of "1 ho RIRTHPLAIRSE 1A% BABRRSEH K GRBRPAN e er et iR Rl ndoove

and necsdsaxiend chrpegt loles E22photaniedeek 1200 helodry anemblyiopn. t o the present
invention. Cylinder assenbly 1211 coupl es each of conpression actuators

1240- 1247 to a pneunatic ylinder. Ai.r ports 1212 are provided on the

various el enents of %QCQ%@I%W@E@E%W to connect air lines to the
devices and the appropriate one of manifolds 1213. As such, air can be
provi dd@#0121t he eweg naw tndde8 s2d and 25, detmethed by evhivhomssae H18®isponent ,

such a rnession valyv 240-1247.. All of these functi and timng
are coﬁl ?%ﬁ%{%a S%?’”s@%’ tdgﬁlf f@%’ﬁ?’ﬁﬁ?%@ ‘?Llﬁ'i‘t?.sccgi IHioﬁ%r E%‘i %YS'&&&@‘H’EH t9 pggarm j g
used toa ﬂiéﬂa@is&hérhﬁ, tidsetid PIB0Qhusi 8¢ gPdPEHJ_’L I6adad B0 1S 1200. 'Blchyse J3! at e
1202 includes a plurality of holes 1215, 1219, 1220, 1221, and 1218 so

t hat t HEe gaInpPIgERoTEWigrierevil dn $ysthae kncogomtehin theprsaparveptibmadied i nt o and so

t hat . red tqg tower, syst 00, Specifically, punps
1301 130579 thef sl 100135 Boreflurs it BRLE TR nesBEarielomd , Rl e
1220, adislobgsdbliendeimpedssion aseeshy 124001252 0dclhdd ortiBhLofip ﬁe%}’b&ubiﬁgﬁpr ession
actuators 1240-1247 extend through holes 1218, and bolts extend thiough

hol es 1PmPressingdhs,fexible fubing agpinshcovend 13Geisansstty 1200 FIG1 3). Hewevarath® anpi ng
Mechani : ' | . t hod, b | ch
o S o LI 18 ASK B P AR VBN

order famd rediirgop2edd drnorpeall of thesagqindre pitaeegity thbbelopydesarardehssend 100

must be ;B{’o.ﬁerl y. | paded onto deck 1200. Because of the conpression
act uat SHATGRNG MEGhAYSRem i ncorporated in the present invention, it is

| mper atjj hat : 3 not
shift O[P“Eze% one qg?’zﬁg‘g?é&%% gﬁg%qr{%?(g?g ?Sgﬁgg(i:‘?(ﬁ%t%cgg ‘i%gdigé %g%gc | ude
port i orpgovfled weh ivexatbhes 1208 and)tvioy rotaimgplasms 1293 tahé 1223 xClnklest1208 hgveagai nst

cover 1130 cassette, 110 FIG. 3). we , this requir nt conpetes
wth ¢ ool BB AR IBa LA ot bon hlaRh Cales Bt peediettse R SWRK 1200 and
r educi NgedHRafrited positioRs So thAl the Fpaciditebwadahem A QRGHIAKEHe Rimt Bembel ow
descri bed cassette clanping nmechanism [001231 In ordér to facilitate

cl anpi riffaeing beisvsen tabs 11 183 R cassone 1 1G22)0 Ragatingradamnpiet20diantd t wo

cat ches; 55308, i‘i’lﬂgtratté’&)inraoctlgsteh Bgsiﬁl)&nﬁgw%\?e(%? o art]ﬁj)g]é a%rcl)’ps 1 B%RS iZiBZ((:)a% bfflzave
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 spaci ng 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 ope htion | I d || r. throu aut omati c
aet untTOUESA" L ON Keblhink buSiHGRCY MRTHS ke Madik GigDe 10 A 308K L7
spring 12000asschay 1160 Bytacsdbi Hhgkoo dack 1200paHdaaR 1102120 1163 WG, bparkhe
cl osed position when additional torque is not bein? applied. Rotating

cl anps aigoal with catohes 1208 Cﬁﬁmjll%gﬂmpd By that tebn 410%and L3 slidab)y ey (FI G
24). &j&éhi%;ﬁr @Jﬂﬂioﬂﬁ%l&ﬁ%ég:i@g A 1283 04 fl%gérl%se?}%%ﬂ% Yt difs & OPr | ses

timng belt torque spri usi ngs nsion asseH%ﬁy 1225.

Ti m ng Telrtaras siendakyettd 1100 (icotkedideaippssitchBe 268 210204hdof108pE@itacenal cl anps
1203 and 1223 so that if one is rotated, the other also rotates in the

sane ditPeHpRlflamng 1203 and he23avdahsi 1 107 and d M argdeiag insepechin eptebies 4108mps 1203
and 1228 REG i€ Bl GowhOAN ANeRSACTHOY, rbBhéndRRNRT1088hd 1148 0 BE) {1220

I's under suf ent tension to engage a Ional "¢l anp 1203
or 1223otakedtto ithe dpen pgsitiomailldwirgtthelreal of cpssete11D0 g movs dowswaddd apr ovi de

i fo he t ' .that t [ I I 1203 and 1223
o he reriion b Bt 230 of P¥BionaE lrret 20519 Ja2h. OBcasassnedd0f tinsss wiron
| oadi ngosiipaaht Botaddidl QR ﬂa%ndlﬁa?is:?&e?gs%a)%ktfﬁ,n%&ﬁ%}céa I @L an angle

to deck 1200 and tabs 1109S and 1103 are alli gnegﬁwt cat ches
1208. QCaxwespréngs 0 rotate osie thoclpbal pasiivs, [bthidg aadetts D@0shiptheb! Whender t

into catche 208. Rotat] cl anps 1203 a 1 are in the cl osed
posi ti %ﬁ Q’Fﬁ‘fﬁ%ﬁﬂnn’é@m{fﬁg% &4t rcg‘% TW%&E@@?‘F@%&@ (i.e. the side
opposi t[e012s tabsr&ré%vaaﬁs&mo%ﬂ&tme&r&raﬁ,&ws%rpﬁ%ngle@ém&aé&% and 1223
as tabs 1102 and 1103 are being inserted in"catches 1108. As force is

appl i eclafepini @B andh2%hars cotaied 10 16 opewpesifioeither manpallylorGetamaticall®3 wi | | be

rot at ed ] en . il o al lowing, the rear of cassette 1100 to nove
Gownvar P pterRER LREIk BT by o 48 Kol Iy [ TBlpRh (CAERE MOt St oo
1223. Qoaroltz92€0.t ©ndelatiofall dlarhpy 203PAS 122D ike ih (e dpeh pbiidddlcageasps 1203
and 1223 spring back fromthe force a&gl iled by the torque s?ri ngs and

rot at e 8RS removekby: pispailittingjapd sliding bk I H akbi3ront ofigechien I8 ce. Waen in

the | ocked position, cassette 1100 can resist upward and | ateral forces.

[00126] To renove C%?—%Ecﬁgéi’éx@stﬂi&?ﬁm ple therapy session is conplete,
rotational clanps 1203 and 1223 are roOtated to the open position either

oyt ORI S RaSBRe Fig 3 SRl A B D5 A8 PR Ao e

rot ati cipdlarccdsedpsddvOduiadthrduBphofophérasit RE 1008 (FIL0 ) AlbAd desied pathays.
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 1301-130S 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 1316, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

42




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

pat hways. The activation, deactivation, timng, speed, coordination, and

all ot nct i eristaltic .1301-13 re.controlled by
syst emq@glrédjol I eﬁg(i%r%laﬁserroﬁ%?be{y Ff"é‘“@%@“’igﬂ‘fﬂ%@%“g is opsrabley i n

st r uct Wolnedtowan ey driveRRafp I 3EsERG0L] 302 SpePiBichISy, 2btb E3RTcLARYwidliR ONn
deck 1200 dictates the function of each peristaltic punp 1301-1305 with

r es pecteufsdial 37 afihgusiag 11 segs de be eatatable bailnarigr 1HDahowaxisvdyA. Wies i s

b of ' i 1301- 1305 di whi ch

oop. 132050 1384 R TG B ncBihe T3R8, b face 308 oxdst Spied oty FYEL 0 s MRS, P2
and 29,walh1819. Iheogbap 131848 ht tilse puohplsd FeaiOof wholé€ BlodH pumphiBosintyct ure and
functioni ng of whol e bl oodlz_f)(li%5 |1 be described with the understanding

that peYhich Bymp dogp b1 A \fL\lﬁéﬁr‘éhf‘rlU@ﬁf_!qdcfar purppigE e Positor spsnpl 31603 has
ot e S s 87 A IR phdt a1 PRERFRLY SRl PRI RASKIRL &, 115

42 [ 00a&itorat by mdBitetingsdrivetshifab316. rRushicaGendot 1B Raipstably coddéct@nghd S i n
operable connection with drive ?]haft 1316 of notor 1310. Specifically,
rotor FEPIMITEdaig imestemrentioter RIMEIG 2401 By anadyging fhys datagsysigmsconboler t o be

rotat abﬂﬁo%hi@msails&g&?lg?gg H%o_t&’i@i%,’%’aﬁ‘acmmofoqggi(i&gé}igcei I%tcﬁqgﬁ g in

housi ng 1315, a space exi sts between rotor curve wal | 1317.
Thi s spaydedigtioiasovdl@ositioe punpi ng regi on of whole bl ood punp 1301 into

whi ch oop tube, 1 |G 33) fits en | ed. for punping.  .Position
sensorqw}i S ?Pﬁl“&lnl%iéggf)i“??é“ ampusing e 12’39031%%%& ﬂgltg ®he

rot ati GRad taRhrk ivitidldhlobPh@np 13164 oGAite 1202 BPMICk AR66 (G, PO)I 1Bk Ng drive
shaft 1316. Position sensor 1311 is operably connected and transnmts data

t o systseesieaitys abpleis expended miraighzhot hoys 1328 0§ housing finge d319 fo thysddm

controller .1210,.. which 1.s..al.s0 coupl ed tor. 1310, .can agctivate notor
1970t SnEfee otesyighh il AP RSB EC 13 B AR Pl Dk By S0y 85950]
Housi ngilib3Ipneamate adGdiondES 330 Badad tgreitran@e T4 Role psisdd @ thhingemd@l i s
used to secure whol e bl ood punp 1310 to plate 1202 of deck 1200 (FIG 22).

More  sB@larilahd Fan mavaskatyesnsa wised pad lpwanebpsificsovithaws Fessidesstte of housi ng
05 3o ALt ISP, RS, 1 Pyl 6, MO VAR SLETSC,
ext end ihheiséhlibeighnnet ldirsugtolhe ussofsiiz ERheamatib aylindee UBEY doenprived siaimt 1313
can mvh%lebfizﬁgp coa}mgc?tinsgea?l a?rns?lplpl?rvli\%re?qv&%sa{i; Js%gply\ﬂetd Qg ggeu%?argi%ic?(ﬁrru?e?l ©

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.

[060132] 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. Wien air is supplied to pneumatic cylinder 1312,
pneumati ¢ actuat or extends upward through housing flange 1319 to a raised

iti ' t ied 1o tic cyli 312,
Do 1836 Belebn KRB0 Rdor 1328 in ¥ RIS Qo A33Y APt e 1985, ASEC 1 g
t 0 t he HesvillogchtqaloiniRIGOT9, cGies 1830 fitintd kL1331 2 Qotof fibér 1328)an8 asteset s t he

supply of ‘air to air inlet hole 1321. [00131] Curved wall 1317 of housing

1315 cdneaihBotiamp swfase 4339 Huideyoplorsd3d and duyemollers3337 dit agmpd spws 1330t ed on
bst ' | [ 7. ts. rovi ded

For - ai 1 ntoseRReR e Bly, G Kle Bl B8 g WM RG-SR AL g on

1318. pivbideds Mdoief prefetdbyy, gpidepoliers £32600idtdrive ralldrd 132Mare pdvededisi dote@ns 1151
(FIG 3 of gunp_loop tube 1121 pass through slots 1322. [00132] Turning
now t o [P0 a3 beip an plternakingpajigiy s i | | ustrated as renoved from housing

1315 s its F b atop
surf acgoﬁls??g& ar%el? %ﬁﬂgﬁ?g@:?gg}w r@g’t(gir‘%? Pgér%agh?S%?r?J\?gé%icé@?egP ers

1326, tpadiaréfipampdbbetube 1321 that Bsrichded into tidequmpl@3P R eioBUi3d8 apaihitehs 1326 and
drive rollers 1327 r.ot at ab ecur ed about 43 cores 1330 between rotor
'l oor 1898 Wamidutll E7eh Qg LS5 o s ArAndGueageiomise ie Hhpst

| 1] ust raABestcing fftids 3w GRIRA HSRBe.f cfi%dzggﬁg%gg PbtGFortaP Speed of ;&tapmgl R 1328

and recesses ;332 in bottom surface ide rollers 1326 an rive
r ol | er gotrgsppndinglyaghengeothe sate of figid@lovathdoughnhe wbet GuideapBedsdd26 ater ef er abl vy,

t i de .r.o | 326 _and ' 1327, ar. i ded. Mo
or of or ABTYARLGRGE PEPER ot Rl e Ja2F b &1Saed o e Birsbbsesdiagn r ot or
1314 sA338 pidpell® ajiFhe‘deu@ihg ?hﬂl@idgﬂ Ad¥idmaNg, guli @ObASE 1@56 REID B Grdperly! fGS 29

and 3 1, drive rollers 13 are provided to conpress the "portion of punp

| oop t Urd purgn tubp 5&09: H 2]l dnfe dubei mmimmsi%msnwib%gw roHess léaﬁ'mSth t hg
[ i de .npf . 3. [ - At
o or st BAE G hatiRG & uhiihin 8stOAcRn JeboliBh 8l By ARTD bR o iat oY

t he r otraliére batapsredad aofo ¢omicot alsBirperddge neaoity @BEalighagl. YT Hlang ettt rate of

fluid flow through the tube, Guide rollers 1326 are provided to keep the
por t i orP1¥F T§5HIHIN LBIde fober With & npprsymmetncogawcsertiensl prabde. pligriapered egi on

L318 prgucsli BB UG UL D My ST e sy e S 1525 el p
gui de 16013l s 13RotarB14ifbithes inchided cavitykd2Brgicadingitirongh its caters €alvitpn, it
(5 Erelsahsh el e, op BLALGL dle A g Sollerpulle aperod soas to

[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
44




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. [001341 Rotor 1314 further includes cavity
1328 extending through its center. Cavity 1328 is designed to connect
rotor 1314 to drive shaft 1316 of motor 1310. [00135] Referring now to

FI GS. arfafle I defi ned by
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i nvent ilgq ikl WiladSfnlp lﬂbfnﬁié mil uﬁean@eutrm%ﬁ eGRITRS ChRgipM se punps.
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ext endpositionaesof 13kh, rdier 13 iswntdted o olbadiog posmd)rawgere]aﬁgﬁd leugled324 ndlh t he
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1314 bebrg 1804 Ripeckei in af fRitioR WA aﬁjglé@ £hitio 1324 8Qdc3kH H%@W&fn ikt forfibg0 has
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1121 25 t at
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necessary More preferably, angled guide 1314 is |ocated forward of

| eadi nghiédigee- 1334. [001371 Referring now to FIGS. 28 and 33, whol e bl ood
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1121 when cassette 11 IS sec ustrat ed in FIG
13. Whdtangad328 are tHeh@Oniasted by Ltmédlgtedgd 325 dr@dfed dpwnwaﬂdoptottubfepﬁmlﬁilg ext ends

d . TEY tjc act 3 the | d
poci t 1 areat 1 ESiaRiaptaipa 738 A dice el liZh & oraged iea st PR ca and

the sysxtsgmﬁ]rme rlPpitiohthé tibng wiRkif k@t it Mn%km AEGY | ON
(i.e., the form?%ﬁd?r}g%ﬁcn As rgotorl 131 ro%lg?c rﬁﬁjtngitl)eg'(allgj'f)op 1121

i S cont@b’@é@llmlwcjl‘éfhelg@ﬂ , ildetpogtinh Hi58nd cudetpgaions 15t1h?é pump leepr f ace of

;8;0:]8: L@en?ﬁl ) througﬁ sied iiﬁ curveg Wi lB‘i?pOtng Ei).[?d a?ial% révrc]) l}tnong %redI spl aced

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 t . d I 17 h V. I ons are
neededmt’%w’f udm‘%gé%? ﬁg‘%{puogﬁjfnsg@' %%g%ﬁn%unéﬁgrﬁa %%Fllgjé{?ﬁ‘;%gglbgﬁnp t ube
| oop 1ZXgbsiitong witbieecibingadtapiaiR dighdls frafit erentdiecdringunenyt otlser devipt Rivang r ot or

1314 | tated t it wh [ 1333 ¢ ligned with th | ot
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and Ilifting outlet p ion 1151 to a height above trailing edge
Rot or l@d4thes comenwnicatiat indorimation hrethe arangreit siring kini gendendsdt icdRDA ausi ng

traili d 5 to. t d ] l tube 1121 f tub
bt ndresGTEs 198 aT Gnseeire M onars GEER iR Rrsmi BRI Septahiatb0T401
Ref er 1 igutiet ndicsnB thdr@ VP rehi6Hé 860i20AR 2 b trah@hitidk ©f e abl y f ur t her

includes a wireless infrared ("IR') comrunication interface (not shown).
The wi rl80EHd | R iIntreceivargdats, dRslata milssh areneesivest hynaphote deteetot Bcateg shem

controller 1210, IR ocol inteqr.at ci rcui 45, 8 nd | RDA

C Dot och€ rprsEesger GiRLadY MR Enecelel O 3/158p EOf s e bbby sl ot 1
t r ansmididctri@l aatel ah® Scidy tRGatiodtRami t8 IRBASProRbECHip PI8IPWh&ERic16@ARMt er  or
ot her device having IR capabilities. In sending data, systemcontroller

1210 segnal sepipped ebeenirl aed adstitienat IRPA pretaeol cpmant riegempinity ¢ata 881 t o
buff t | | S 111 a and ot her
comruniqg%[?%%ﬁtoi tlﬁ?% Ffeglﬁ ?%rﬁl%t?lgr go‘? Ig%%éh r%atﬁ sstur%fq%'gllé Q%Jé&i %egﬁﬁ%ends it to | RDA
t r ans c elowmnunidBidn plotacidcei ver 1382 converts the electrical transmt data
into e%ﬁf@& [ gf})’g . pul ses and_transmits themto a renpte device via a
phot o t i t t erBY PeerPaiefing an [ cempmuaration mterface gatewesysied 2008 realcei ved
by a phahodasist | p}tg)ﬁs CeIMET ' T nscei ver
chip 1382 coﬁvegﬁrgt?ﬁgﬁﬁa igg °‘T %%mettg)u@'?ggddttgarglﬁg%td%?ggfmdg?%&g} d sends
t he datamakysisearuttherit@bgmissionoData aahibp sdi381a lhsipealt tostovkenyistenc 2000 tei gnal i s

stripped of, control ang additignal. | RDA pr.otqcol content, The repmining
data | <ongpdfic Difpyd Hind rgracdndniinprdion «inded fare AdieRa B r cam i s
par sed @aialstdiendt MBI Gathl AReroSSi AT @A%uiprhg&,lﬂlz’é oth¥r WiQB4sRPndhiss@nan | R
comuni cation interface on tower system 2000 real tinme data relating to a

t her apymefbedsi sichaamdie frequensyri tted to a renote device for recording,

II. 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 controlled at a 1:10 speed ratio.

46




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
blinded state. Additionally, IR signals do not interfere with other

hospi tal equipnent, like other wireless transm ssion nethods, such as
radio frequency. I11. Photopheresis Treatnment Process [00143] Referring
togeth Fig. | nahl ' t.

i nvent iqg(r)liﬁ/f!i ch Rﬁg nu gfgl}p B@ﬁéwg%%aglﬁésg? bgﬂ%@la’ctgg?ﬁgﬂgﬁﬂ& g“zég?e‘a
schenatl405 acthe eskertian ipomp 1301 sped vatilied whilcdre datectoe 140phtanddCTRemoch an
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fragnents. Saline bag 55 is é%nnected by connect or nti coagul ant
bag 54 dostroliesiinebe prbcbsson ovindrmemtaiisahe redotelldine ras the 24isor itdfacedaatl. 1242 ar e

opened, I coagul.ant 1 1S tur on n al ine actuator .1246 is
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55 and @RirbItAAIHORNe rRd to MaARiAR M deflUB8 alfelimetrieNedk] ARtil thé @8HeciBA _

bl ood- anti coagul ant m xture is punped 1403 to the centrifuge bow 10, with

the Agclsuppmaoeaghed 1409 aimphiclspaint datredidlipiinap 13051is wonepefd4iGand. 46

[ 00144] en the |l ected ,volMme re s 15 1404, .the return punp 1302
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1406 atacuatoriTZ44,eAé efops Wk the!TeUM kersOr 1123 deaidts' 111G €IRNPEDIIdotidh chEikg-

19). Packed red cells and buffy coat have at this point accunmulated in the

E pin Ei righentis detingd a5 i whola binod peerepsed taaet ?viévq by the nambge ef collegtien ol | fed
Phvel S SFRG TR Mamptls 6ieTBlcBb Brdtasd el 601 5P i gl SFeiBERREo | 1 ST L ED

punp s pleed/6vika veluneasft250 nkli Wit 4@8lettisod cwheniiag aei 410ao be idbkveted fromithe at

the interface level until the collectiqgn cycle volune is reached 1409, at
whi ch iRt e fie hoxd apdhe 1 @ﬁfﬁl B oftsrefl e ot baccumlee anckpilk ish op b pat h

to the ' '
ot unt AU RERm R, Kb 10CTLASIORE ullity phth ORIBEOY GRMRINES, |

" Col | edridstecteydiydhe effluemdiemagocde (HEEpseasort ndicating thabihe daiffyrcoatdms beert ar get
di vi ded pg t he nunber of collection cycles, for exanple a white bl ood
processl'Si*M6t of 1500 M may require 6 cycles, and so 1500/6 is a vol une
of 250 [pd146)V t h Vihgdsthd?lc9QE iCRREENMINI R ceAdiTthel 10 dBusR IpattaE @dufb®m t he
patient to the bow and the red cell pu off, red cells will accumul ate
and wi 11413 tatheplasmarhag 58 and yhegodrell ponp e is crépoed 1418 toTheinledd cel | s

i
et odb i FHP e flels i MBS 419 it L B Pl Lp et v

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 ml/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 plasna 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

nlet  [901) 1301 THeGnfRIpRRA0 HoBAroRt PRichE Qd AR ek 1Pbadeiu e, 10 m 7 hr

in this enbodi ment. uent pat recte to e plasma bag
51, thenomwratddhy aipdetpetdr3 1304 ande1302, sret the flbid/baak 17 erdatientrgoed theough drip
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the bow 10 is enpty 1419, the red cell punp 1305 is turned off 1420 and
t he pl @onwollsddyshe progeammedprotesadr ibyhoeaueir.ng act uat or 1247 and conti nui ng

return 130 The return 1302 is turped off 1422 when. the plasm
bag 51 PR Th Pesets B APparas st Sebifiy AneentigssoV Rl { eaf ed
cel I's FrécebRb Uhd SpatddinttRatttReinPédtioRHlllob iyt dodt toMeah eheMHW1NYng¥R SiRSe Of t he
return punp 1302. Saline is used to rinse the systemand the rinse is

r et ur naed eddistapebeing dramn ofbwhilt ealleagng buftypeast istbe bawb whidg c¢ofugdng, The

antico ant d fro t | ent nd fluid back .t patiept_are,all

mont ¢ o Sspine morebffedd BHEBbE M B0 led il RS ohly RERIEM B IBPR | o
goes t hyriod ghwilhdrawinghBerballec@dbuffylctRy. Hlb@(ts, TduRoPHeR) snd dtherbuffdébht 1302,
1303, and 1305, the actuators 1240, 1241, 1242, 1243, 1244, 1245, 1246,

and 124actighirappisodisisapragd.oir recheslis san ba eollgeiedapther thamistemingdhesy %ithe

progr afE’l‘?x’sﬁﬁ%% igﬁtfds%é ﬁﬁst%ﬂ%@rocésggayésg.l The process and rel ated

appar atus have significant advantages over prior processes and apparatus
I n t hat[00158] i nverit hasrbeenh fomnd Ithik incressmi theotide than bhffe cdo 80 iosubpfacteditace  red

cells are being drawn of i | ol | ectj buffy coat in the bow while
Cent 11 OGHRR THRB ﬁ@tﬂ%heg’gﬁwﬁ@ylebée FR‘g‘Pfﬁé_‘lde%“%IﬁtCPPt 46 Akt amount
of buf fahrGRGns Bfth kit HRNBudRk b&ish BHCTH)iO8edrOastd. HET R B8 dnftRintof fegct ed buffy
cells. Platelets, |eukocytes, and other buffy coat fractions can also be

separ attdehd astls pedens @kt wolumna ohbuffptdatc Thelamavited tintethatrbefiyracan@2isem wi t h
plasma tp th atient as.the ill.ustrat progcess _does,. [ 00 1.1t has been
Pouna- Bt PRy Bhuon i ssoiliie iy BROES FRriRes why bilbdand o

rot at i QR@inefOKitsewidle BROH B0# ided Rvkirst Bowl elflaelat20Gs eartfifugeWowl @0 iduf fy
coat 820. A "cleaner cut" neans that the hematocrit count” (HCT% is

decr eagetingichedissussebaboysuvibole blood $00 by ssparated|inte byflysent 820and RBG e of

butfy GQglay it Th6vRTRHMraiYfardy 188t Nate 308! S¥cA%owt 2Radndl 410 and third bow!
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 inveation, have reduced the treatment time necessary to properly treat patients. For
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subj ected to rotational notion in centrifuge bowl 10 can be nmaxim zed in
the following manner. First, whole blood 800 is fed into first bow
channel 420 as centrifuge bow 10 is rotating. As di scussed above, whole
bl ood 800 is separated into buffy coat 820 and RBC' s 810 as-it noves
outwardly atop |lower plate 300. Second bowl channel 410 and third bow

channel, 7, 1264 A5l odt Rt i f 1,00 Qs
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controlling the inflowrate of Wwhole blood 800 and the outflow rates of
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buf fy at 82 i,th an r gxi el y constant HCT%[001511 T i mnation
o ba ane B ERatinied PR B sitishanl aGPaR2 ek vt oIS The

i nvent i QWARTRYS ohRefetls hidand 56RLTRRY totdl BRoNACTIRABITY CalWhRE blovdicERat
patients. For 48 an average sized adult, 90-100 mlliliters of buffy

coat / wihatarhsubingtesdp the sepamtipreprosgssuTbe HGT ofothe brffy goasbvidiedoed delis |

phot op I t (o] ct. this a nt, of. buff

Dot | neEatPey IR PRRITS | BOE phhor SinsFbliah b 24" Adinet dhisbng, g 1 5
liters appaatin) the CobeSgectrhie by €Rutibre,dm@siprurtssoli0 1herks oy whoRi Bludd incorbéraed cel | s
can be renoved fromthe 1.5 Iliters of whole blood in about 30-45 m nutes

usi ng t9edegithasufticiennagiaunbef buft qoatwhite blopd Gelds. Bovtypically iakeparopnd 130t a

amount R t J

separ atI?%lrl%Eepg)’rectgjtﬁ:)lgésds[?é ‘%‘ﬁ@%g%ﬁ&@é %%?Ta@%lél%g%f}t %l%@ gcfaoo tggh%g Chg%g]ggn HCT
of 2% aire hgsted to theppatios procesnandehavitg angHEP pé alxdun 2 %. t Heus| WAR DEEB, t akes
around 90 m nytes process 1.5 liters of whole blood to obtain the

U 11 ci e U e BERRGE AR AT P BS LT RO VIRE oDV 528 %0nl y

col | ectgindfed Wkpakitd, plockitrt Al Hd RPN thleqhiBRe RUbAM of ARk MUdd& et 8od cel l's
that are subjected to the separation process. The HCT of the buffy

coat / wiiufky depo 8u presensinversiongan perforyn theeay ARcKTS indessrthamd) minutesnot

subst ant.i al .y _bel ow,. 2% Anot her exi st.in appar at us, .the .Cobe SpeciraTm by
Canor o, Tsdt s i B8indiae (R BhUEH pRbnSlion r pARE Mt Hhe I e B b
suf fi citerl timeBhkl thedfatibntlif YoriRakd While@yRk@od cel I's. This typically takes
around 150 mnutes, collecting only 10- 15% of the total anount of the

buffy coat/white bl ood cells that
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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 buffy-coat, the
present invention can performthe sane functions in less than 70 nit
inutes. These tinmes do not include the patient preparation or prime tine.
The tines indicate only the total tinekﬁﬁgt the patient is connected to
the system 49 Cains What is clained — L. An apparatus for separating
conmponents of a fluid conprising: an outer housing with an upper housing
end andWhat swkimpdissi ng end, wherein said outer housing increases in

di aneter from said upper housing end to said | ower housing end, said |ower
housi ng end having a housing floor and said housing upper end having a
housi ng out | 8k apgeRittls fiFs@faritiBSoRpoasaPbeAnhidcofPtigingon about a center
axis; said outer housing containing a core in said interior volune; the
core havi ng @mower kousingawith anwpperplequsingreadeand, 2 ko diohsing end.ovkereindaids ai d

core connect it h.said outer housing for .rotation t.herewth; .and
providing a @ggg@éﬁ:@n “%?5?%%7%"1)3% weeZ"a’nr gfa?lds"é%r“é’l’eaﬁ'a"%‘% " uoeﬁm‘ﬁgﬂgf’%g;
said core enghulingi oigd, caid IVt HHOKIAE ¢hOhadiag aahdus@rﬂod;(mﬂ@mm;oubm@ uppelf ace;
a first lumen for providing fluid communication fromthe housing outlet

t hr ough t he endupAvingdhauting pulgidsait ebter dgnsng pdaedierarotation ifRuL heerdt e t o
the fluid separation volune ; a second |lunen providing fluid

comuni cations 'fromthe housing outlet extending axially along center axis
to housing floor; a connection sleeve which forms with the | unen connector

a chanber and.provide _fluid conmmunications between the housing outlet and
the separati® %Fb'i’%‘.smg.coﬂwlﬁ%éf’%dg sgifd ‘E'ieHPhY‘_il“meW@icﬁ“‘s%VéP&‘imr S4e] unen
extendi ng 1 aghidl dnyugel cbi@ Al Ghd ah%é{' e %H&%ﬁﬂ%nﬁ&t&?%h%bﬁ

floor. 3. An apparatus of claiml erel n sal umen extending radially out
to outer housingg faboation temyithparshpovidingsa sepafdtivorvojime bgweemsaitl wos ght
gg?gnielni;, eggzggl' iszﬁgl] Oqallg%él{ngl%s'ijnsg; OsfaidC lcg}emerlld "HQ%BE' ali] llslr;%lllcr(%i c%lfll}lgcrtor\,\%rlu!l aoiun?glnl d top

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.

2. An apparatus of claim 1 wherein said first lumen extending radially out to outer

housing about midway to said housing floor.

3.  An apparatus of claim 1 wherein said lumen extending radially out to outer housing

about midway to said housing floor through one to ¢ight channels.
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fromsaid upper end to said |lower end. 5. An apparatus of claim1l wherein
connection sleeve is adapted to be secured to said apparatus near said
housi ng outl et of said outer housing for rotation therewith, said
connection sl eeve adapted to fluidly connect a first bow channel, second
bow channels and a chanber. 6. An apparatus for separating conponents of

a fluidg ﬁlelr WF dﬂtéﬁu:ﬂpoyﬁP&{opQg dmcr:] a%rs“iln 1ame erI ower

housi ng end reln sa ou5|n I ncreases’in romsaid
upper hou5|dgxmmﬁdUpmsanduiQmEbM@hamslng end, said | ower hou3|ng end havi ng
a housing floor and said housing upper end having a housing outlet, said
outer housing having an interior volunme and adapted for rotation about a

center agi s;Afafd e[%gatﬁ:@ﬁte cIBRY | Nohe28n VehEdctlRls ge%@ﬁa@gﬁg th ¥ s(éQlE]gd € dagand a

| ower top core sa| top core connecte outer housing for
rotation theppamtuk memcsanqayi}usgl@omtqn of caidxduadr hmhitng’doofotﬂa)rdthlefw\&lhl, edidvol unme

of said outer housin Vi di a top arati n voI me between said
top core andO8%© Ho%tf?e@' H’gﬂgtf"g @‘Hﬁ iy epesrt f‘ g v#5¢9nd, howtren
connect or; %ghqwhugﬁpaggmnﬁgtor having a first |unen mall ext endi ng

downwar d fron1the a top surface of the |unen connector; said |unen
connector further having an inner lunmen wall wthin said first |unmen wall

and ext ndlﬁga V\% d fro{mthe to surtf]aﬁ sai d inner |unmen wall having
a top warll PENYYS P STRHRSCMPE H“S BH&CMPASIE: having a top surface,
a bottom surface, a second lumen wall extending above said top surface;

sai d upper plate adapted to forma tight fit with the [ower top core end
for rotatiofntuéardipusing vai an vpreshigusingrend wed i lowerhgusingagnde wvherimsaid| ap

uron-end (BB AITHE pares B dhels® hdth Tl R uditite by Y B et

ext endi ng ahoadihy ehdirsaldolowenhdusigoésl ROy & Gouding fldof hid §a1@m1‘.131ﬁ§'l apme|
(420A) for i nf |l owi ng said fluid 800 and said umen (400A) having fluid
conmuni cat i R A MEsa hepsng i 9f@|saweoutelziiesaamsnhamgewcwtfergysm umg 3t om

core (201 )ag%é!dﬁﬂré’tﬁn&ij&%t%{‘@édter(%é%& ofa top surface (309A) contacting

and connecte bottom sur upper plate (299A) for rotation
therewi th; an upper bottom core end (206A), a |lower bottom core end (296A),
sai d . .

a top core having an outer wall, an upper top core end, and a lower 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 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 (402A) adapted to overlap with said first lumen wall
(401A) to form a lumen (400A) having an upper lumen end (480A) and a
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top surface (309A) having an indentation (186A) and a trench (305A), and a
lumen wall (324A) that has an upper wall end (324C) and a | ower wall end
(324B); said bottom core occupying a bottom coaxial volume of said
interior volume (710A) of said outer housing (100A); said upper-wall end
(324C) of lunmen wall (324A) is adapted to engage with bottomwall end
(325B) of inner | I to. apaspher, | unen . 40 havi ng an
upper |lunmen end (l Csu\ﬁ%h(f ng?tlg%@%e)r’ ?a[ljérg#lrﬂéenn@@%ﬂf&efl lggiaélﬁliygtﬁlé)}’g‘\{& n
(400B) forning a coec2A bwidingh s dowl ¢A4ME1 (4Q0A) EsrouflBging safd it (s@ar at ed
fluid conponent (810); a lower plate (300A) having. a tgtg surface (730A), a
bott om surface (739Bpid léiﬁt?na(‘*o@fgl haying fvideripmpnisation withrseparatien velumeower
pl ate (300A); sai : aﬂ %g (320A) has an opening (302A) adapted to
engage with Iomer(g\zf\d/;ﬂ‘hg\r{lygﬁ 3(5@ f’of | umen (324A); and said |lower plate
(300A) having a circunference adapted to forma tight fit wth the |ower
bottom core end (296A) otation therewith: a connectign s|leeve having a
sl eeve fl and’eg‘giﬂg"? Sﬂﬁégﬁg&bﬂ@ﬁ‘?ﬁew Hbtﬁﬁﬁaﬁdu%)eé‘st,ol’ suiface (B0RBh comagtingng

recess and UHR sHnb@E® With IHONBR SHRRECIDTATNGAAGHL Plaleo(T00A DAY roligTer

for renoving a second separated fluid conponent;"s nnection sleeve
further adapherdwith; euppec botomtooresaid(28pAar ataver etiomsairel einb (296/), cuidl et of

wherein oo dOBREHcIPFAT Bhds S indeafefioh tRaad awt SeBih CBSAT aeran e
di aneter fragalsadAYRRRMaSRH vpp@SRil leRd $324C) SIS 1RAE AP E)32&B);T|%§id

apparatus of claim6 wherein said outer wall (211A) of said bottom core
(201A) i ncrheigmscqry ogéupyingen bpitem evakigl vplpme efnwid gy wadumei(dl0sovwsr end

(296A). 9. T, rat. laim6 wherein said outer wall (210A) of said
top core (2681 &?gﬁlgrﬁégég@bfqﬁ di aneter from said upper end (205A) to said

| oner end (295A) and said outer wall (211 A) of said bottomcore (201 A
i ncreases in dianeter fromsaid upper end (20(6;3,28(1 to said | ower end (296A).
10. The appar at usaigfurpes vl endHd245 ol imen wabORPAN 4y pdapied esrgige pab4A)

and umen wall ( ' ' ' 4 f

| umen (400A) is é%(?)té‘t%) w%ﬁéhc?ﬁ.’{é ft%! gqg%ég%%égﬁvraﬂ&g %%%ﬁ(ﬂﬁir%ﬁn gﬁ?igr( ) of
lumen wal | (324A)400BThavifigeanajpper himes eafl (8230 )nandCa lokeer imert diel (324B))tsaid404A)
of Tumen (4004) airrxlr?f:rthr}r%errl1 e(fll(%g) fogLinlguanEeréo\Sgldowq %%gnpﬁ)el %:E leOAa)bf%Etm;[leeings %ms'

first separated fluid component (810);

a lower plate (300A) having a top surface (730A), a bottom surface (730B), and a
hollow cylinder (320A) near center of lower plate (300A); said hollow cylinder
(320A) has an opening (302A) adapted to engage with lower wall end (324B) of
lumen (324A); and said lower plate (300A) having a circumference adapted to form a

tight fit with the lower bottom core end (296A) for rotation therewith;

a connection sleeve having a sleeve flange surrounding a lumen mounting recess; said
fumen 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.

7.  The apparatus of claim 6 wherein said outer wall (210A) of said top core (200A)
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12. The apparatus of claim6 wherein the top surface (309A) of bottomcore
(201A) has one to 10 trenches (305A). 13. The apparatus of claim 12
wherein the top surface (309A) of bottomcore (201A) has three to six
trenches (305A). 14. The apparatus of claim6 wherein said connection

sl eeve (500A) adapted to fluidly connect a first (420A) and second (410A)

bout channel e 80 itk EIRRIRRLANI03) & SR LERPARIR OO OT T |

channel (760A n exter con
apparatus of claim6 wherein said outer hou5| ng (100A) conprises a | ocking

mechani s pted to s re sajd outer housin Q0 a neans 00) for
rotati ng‘{n gﬁ'ﬂ agﬂifé?létﬂggpa(rﬁés pyhergig saihuter wall g%ldé\)(ﬂf SE‘Fjah%‘PTSC%éé(EM sai d
| ocki ng mechaniam mmﬁaaeﬁmars%mﬁgwae (zéém(t%%%)mwlu en ftgga&})ar atus of
claim 16 wherein said | ocking nechani smconprises a key s (160A) . 18

The apparatus of cl a| m 6 wherein sal d lower plate (300A) is circular.

The a at of claim6 wherei i ar at i s.,adapt ed use
w thout S rdeceaaBiscapiiingg RS b PRRL Slif cLPR) b ediioPior it
apparatus ( :iﬁ)cﬁéashlﬁ icdiamedr F@nﬂ%ﬁbg&gnd GO ARAQAR: loddr eddE293RRARALMA Of

claim6 wherein said apparatus is adapted to allow rotation of said
cores (200A0uxpwayl (2434 Ofsmebomratcere( @O0A) inosedses inpgiemeisr fom §RdOPPer and

said outer hg@%éé gﬁ]we%t%g iid lunens (400A, 400B). 22. The

appar at us of" 1 ng neans (900) for rotating said outer
housi ng (100A) about said axis (11) 23. The apparatus of claim22 wherein
sai d neans (900) for rota ing conprises a bracket (910). 24. The appar at us

of cl ai M®3 Thsepeamatus gf ¢l R@eredmn fugnen; @Oﬁﬂab@\éagtadl%a@% @d smgne  an

external co hannel
Cazon - sairitb2eATRvhy @ neleh LIMFT 0 GRMRGH S804 hivel AEl ol
The appar at use dfirdcloasbont¥éumdivaesctha hsighd(324F jadfi lomenmean 3ZL200) i s adapt ed to
rotate said outer housing (100A) and said external conduit (20A) using
1- omegal/ 2- onega spin

11.  The apparatus of claim 10 wherein the height (404A) of lumen (400A) and the height

of lumen wall (324A) are about the same.

12.  The apparatus of claim 6 wherein the top surface (309A) of bottom core (201A) has
one to 10 trenches (305A).

13.  The apparatus of claim 12 wherein the top surface (309A) of bottom core (201A) has
three to six trenches (305A).

14. The apparatus of claim 6 wherein said connection sleeve (500A) adapted to fluidly
connect a first (420A) and second (410A) bowl channels, and a bowl chamber (740A)
to a corresponding conduit channel (760A, 770A, and 780A) of an external conduit
(20A).

15. The apparatus of claim 6 wherein said outer housing (100A) comprises a locking
mechanism adapted to secure said outer housing (100A) to a means (900) for rotating

said apparatus (10A).

16. The apparatus of claim 15 wherein said locking mechanism comprises protrusions
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technol ogy. 26. The apparatus of claim?22 further conprising: neans (605)
to renove said fluid (800) froma source (600), said neans (605) to 54 |
renove said fluid (800) fluidly connected to said first bow channel
(420A); nmeans (607) to renove said first separated fluid conponent (810)
via said second bow channel (410A); neans (608) to renpve said second
separated fl (ga‘corrponent (820) via said bow chanmber (740A); and neans
(609) to treat sal d second separated fluid conponent (820) subsequent to
being renoved via bow chanber (740A). 27. The apparatus of claim 26
further n’g@@m n%@rre 606) to reinf use treated second separated fluid
conponent’( wsplgclpim 4 whegeinagaidy qqkmgdmeewmﬁpmpsm)atkaz Klotj nt o
sai d source (¢ , Wherein said apparatus is a closed-1oop apparatus when
connected to sal'd source (600). 28. The apparatus of claim 27 wherein said
rei nfusi on means (606) conprises a needle or catheter. 29. The apparatus
of clai urther co risin an an oa a urce 615) fluidly
connect reri&;zb BRATAYF § %Q “%85?5‘) Saﬂélor"%ﬁ‘?%i}’ée &ng?fsl‘iﬂca &-800) from said
source (600) and said first bow channel (420A). 30. The apparatus of
claim 26 wherein said neans (605) to renove said fluid (800) from said
sour ce (BOO0)Theappariabie of &laiwetivbersin gad appasatug 605Y). is 3daptach forapp awittous aof
claim 26 whergj sal d means (607) to renove said first separated fluid
conponent (é @5 ﬁﬁlrl ses a punp (617). 32. The apparatus of claim 26
wherein said treatnment nmeans (609) conprises a chanber and a source of
ultraviolet radiation. 33. A connection sleeve (500A) for fluidly

connect i #Yy divecanparatiel of i 6 whorin Bridi apgaretust (102 isoplaedd t(th?admﬂed(780A)
to a lunen ((56 ﬁl)o of the centrifuge bow (10A) having a first bow channel
(420A), sai d cofinecti on sl eeve (500A) conprising; a body (830A) having an
upper sleeve end (831 A) and a | ower sleeve end (832A), said | ower sleeve
end (832ﬁ) e,l%a pted to he secured to said centrifuge bow (10A); and

e apparatus of claim 6 wherein said apparatus (10A) 1§ adapted to allow rotation of
said cores (200A, 201A), said lower plate (300A), said upper plate (299A), and said

outer housing (100A} about said lumens (400A, 400B).

22. The apparatus of claim 6 further comprising means (900) for rotating said outer

housing (100A) about said axis (11).

23. The apparatus of claim 22 wherein said means (900) for rotating comprises a bracket
(910).

24. The apparatus of claim 23 wherein said bracket (910) is adapted to engage and rotate
an external conduit (20A) that is fluidly connected to said first bowl channel (420A),
said second bowl channel (410A), and said bowl chamber (740A).

25. The apparatus of claim 24 wherein said rotation means (900) is adapted to rotate said
outer housing (100A) and said external conduit (20A) using 1-omega/2-omega spin

technology.

26. The apparatus of claim 22 further comprising:

means (605) to remove said fluid (800) from a source (600), said means (605) to
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a sleeve wall (835A) adapted to receive and hold said external conduit

(20A); said sleeve wall (835A) reinforced by one to four sleeve rings

(833A); 55 a sleeve flange (790A) on said | ower sleeve end (832A), said

sl eeve flange (790A) having a bottom surface (847A) and encijrcling a | unen
nmounting recess (851A) adapted to engage a | unen connector (481A) and

t h Th
connect 1 on PO RLBRANNRD Bialh Boibhecllb Lt ¢S bAN Lol W20RE T (G4
further conmans é80Priotremeve nsid (fAdBsdpafarsd Anigagimgpne 108 einedd gecopd8l A) .

35. The con i on sllo(agég (500A) of claim33 wherein said connection sl eeve
(500A) is &§ fhap bvernol ded to said external conduit (20A). 36. The

connection %@aﬁymﬁqg/&mme ¢didisBeond eb&heh Thidic gmgegmgﬁm g'sﬁa%\.£1500A)

is made of a sane naterial as external conduit connecti on
sl eeve (500&hamberd7404);38d wherei n sai d | unen nount i ng recess (851 A) and

the top surface A) of l.ynme onnect 81 n anchor sl eeve
(8708 1 or Sacns (Y fhorch sail FEfond SferaneS Pvblormisteis 2l RGeS
(760A, 770Arerh80A) vik Bowl éREibeA{7abAa 918A), said anchor sl eeve (870A)

conprising: a body (870A) having a first anchor end (873A) and a second

anchor end (874A); a plurality of Iongi tudinal ribs (877A) in parallel

W th saig, conduj t c an |Iud|na hav. first rib . ends
(5775 e’ SHE eheberalts o Slekn 2o Bier RPr G Bt b R GRS e shiold g
beyond t he fsepdhte@MuhiDe 16(838) and3&id ikt £d HhREMEnpgthekt! @10) B2k

wherein the Sn!lsjnbgr of Ioomafutg(l n?lanrl bs is '?% 40. A clf)lj?]lgw(';8 g)ssenbl y

(860A) for finigj ¢Aid sewssh hgvhereiguyaic appgatus ois 4§ [clgsed-{®poppRagatys when
centrifuge an external conduit (20A) of

appr oxi mat eggﬂﬁegnsﬁgﬁ?ﬁgpgﬁée@gwhaw ng a first conduit end (861 A) and a
second czhddlite appara@8®E Alajm 27 ardrensin biid neinfisimendmd 0606) comipried 4 teedRidd first
conduit end 61A) said connection sleeve (500A) adapted to fluidly
connect to &4t e«‘Sentrlfuge bow (10A); 56 an anchor sl eeve (870A) secured

to said smecopd @%Hﬂtﬂs of skl %%&her%ofngﬁgigg & rkidGa uilzﬂlg &ZJ’%I Yi@yndi ng

sai d external durt (20A) and posit et wee sal conriecti on sl eeve
(500A) and sangectadcbawesr egd ang@3 (A)3) aredhoiverssid fibiea(800y fromn gaid SohkE

adapted to ?g&%gqu%aig?ﬁa%ogv?gggmglo(&z&giat ing said centrifuge bow

30. The apparatus of claim 26 wherein said means (605) to remove said fluid (800) from
said source (600) comprises a needle or catheter (605).

31. The apparatus of claim 26 wherein said means (607) to remove said first separated
fluid component (810) comprises a pump (617).

32. The apparatus of claim 26 wherein said treatment means (609) comprises a chamber
and a source of ultraviolet radiation.

33. A connection sleeve (500A) for fluidly connecting an external conduit (20A) having a
first conduit channel (780A) to a lumen (400A) of the centrifuge bowl (10A) having a

first bowl channel (420A), said connection sleeve (500A) comprising;

a body (830A) having an upper sleeve end (831A) and a lower sleeve end
(832A), said lower sleeve end (832A) adapted to be secured to said centrifuge
bowl (10A); and

a sleeve wall (835A) adapted to receive and hold said external conduit (20A); said
sleeve wall (835A) reinforced by one to four sleeve rings (833A);
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(1 OA); and a first assenbly channel (990A), a second assenbly channel
(991A), and a third assenbly channel (992A) extending through said conduit
assenbly (860A). 41. The conduit assenbly (860A) of claim40 wherein said
connection sl eeve (500A) and said anchor sleeve (870A) are overnolded to
said external conduit (20A). 42. The conduit assenbly (860A) of claim40
wherei n: said anchor sleeve (870A) has a first anchor end (873A) and a
second anchor end (874A), said first anchor end (873A) being secured to
sai d ext er nal slesvedlinge (2904), on sid Covoerodiedve The QB E2A 5 46if) sléee rﬂ%ﬁ%& QEHOA)
diameter fromsaid first anchor end (873A) to said second anchor end
(874A) ; sai da¥BE:Eelom Wrides d84R00and BeGirclng (i htmens mswpting meresB8514) and a

I I ' I ' t
ai'd ext or nal et AR fhy ok odtRBLy eTRY nd Bkl BN Ble BRI
di anet er fr centsifugt oydél0s). eeve end (831A) to said | ower sleeve end

(832A); and said anchor sl eeve (870A), connection sleeve (500A), and
external conduit (20A) are made of the conposition. 43. The conduit

assenbl y34 aqq,g)cogﬁec%@isfge@(;m@{ 81 JaiRPA A RERNECH Bloh St I(g orther |

conprises a sleeve flange (790A). 44. e Cco

40 further comprisesprgiresiosd84iA)enengagingilumen ¢Efizdor ¢4810undi ng sai d
conduit (20A) and positioned between said first bearing ring (871A) and
sai d anchor sl eeve (870A), said second bearing ring (872A) adapted to

engage a3reae doARRioh Qleel@tSU0AYSf SRl BERherkinUiaf BiecdoOMeveTS0dH) is The
conduit assenbly (860A) of claim40 wherein said first and second beari ng

rings (871Adagadm begpvermolded v Ridexierodlawndwinf20A)46. The conduit assenbly
(860A) of claim45 wherein said first bearing ring (871A) is 5.0 to 5.5
inches froma |l ower end (832A) of said connection sleeve (500A). 47. A

met hod 38, SRipaiohhddign SREPEO (B0 oblcladmfI3UivEereR0RId EamREGH §18:@ (SOBALTs
density conponent (810) and a | ower density conponent (820), the method

conpri si ng: Misleddiadnmg materishas ¢xiergal aopdyit (208) conprising a first bow
channel (420A), a second bow channel (410A), and a bow chanber (740A);
flowwng said fluid (800) froma source (600) into said centrifuge bow
(10A) th¥budhe smndctidnr siteveo(00ahasfnehing £4304herein said lumen mounting recess

(851 A) and the top surface (482A) of lumen connector (481A)

38. An anchor sleeve (870A) for securing an external conduit (20A) having conduit
channels (760A, 770A, 780A) to a restraint (918A), said anchor sleeve (870A)
comprising: a body (870A) having a first anchor end (873A) and a second anchor end
(874A); a plurality of longitudinal ribs (877A) in parallel with said conduit channels,
said longitudinal ribs having first rib ends (877B) and second rib ends (877C) said
second rib ends (877C) extending beyond the first anchor end (873A).

39.  An anchor sleeve of claim 38 wherein the number of longitudinal ribs is three.

40. A conduit assembly (860A) for fluidly connecting a source (600) of fluid (800) to a
centrifuge bowl (10A) comprising:
an external conduit (20A) of approximately constant diameter having a first conduit
end (861 A) and a second conduit end (862A);
a connection sleeve (500A) secured to said first conduit end (861A), said connection
sleeve (500A) adapted to fluidly connect to said centrifuge bowl (10A);
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rotating said centrifuge bowl (10A) about an axis (11); renoving said

hi gher density conponent (810) fromsaid bow (I OA) via said second bow
channel (410A); and renoving said | ower density conponent (820) from said
bow (10A) via said bow chanber (740A). 48. The nethod of claim47
wherein said centrifuge bow (10) further conprises: an outer housing
(100A) with 1 . : ing end (190A),
wherei n sai dﬁel (r)hlﬂltH 2@%#38‘2@8&?i%%gsd(ﬁbﬁ%:@gg%@sﬁ%loﬁd%?%@é@g?}ﬁr om sai d upper
housi ng end « first ®&rirgoris@i(87 1Avearrobndiag BaidesxderodI%dAHuit I204) hepositionesdi ng
end (190A) .having a, housi ng@floor %180A) and sai d haousin upger .end (110A)
havi ng a hod¥fHg™ Hif (capnection Aleeve 43000 and: said parkey flayeAB7AAY srid dist
interior vol t i i s .(11);
2"t op. cor o (20008 HRE AN AEREI R aterl s R0 TP bl A
(205A), and (d0A),emér top core end (295A); said top core (200A) connected

wi th said outer housi 10 r rotatjon therewith; occupying a.top
coaxi al vol rs&as_geg?bg?ichélme?ﬁ%%r &n?é"co’(‘b fﬁﬂ}“bg‘f chapngl 14y, ABds thid
(100A) ; and dgembigchandl @99@@?%@% mfbélgﬁlswa%oﬁ&a%)semwm@@&).Sa' d top core

(200A) and said outer housing sal d upper top-core end (205A)
havi ng a | unmen connector (481A); said |unmen connector (481A) having a

first | [l (401 A i d d fromth .t 482A
of "the | o HesenBdty geehhiRIA) QR I EhC el Ak bt des e oAyt ng
an inner | yarRIunoRdd sldese EIDAYatdbvensalddd fd Jafd eXtetiBInosabit (A1 A) and
extendi ng dowmward fromthe top surface (482A); said inner |unmen wall

having a top wall end (325C) and a bottomwall end (325B); an upper plate
(299A) hgyin . surface (297A), a second

| umen wal T (%gﬁn%ggt%gs?\%ﬁ%@géggé?cslglﬁba?gv%g%}unr‘face (298A); said upper plate
(299A) having a circunference adapted to forma tight fit with the | ower
top core end or rotation therewith; said second |lunmen wall (402A)

adapt ed T o oVt REGTaKiskRvS AN N arEeRd (FRRARd: bsecontaacarrod
(400A) havi ng788), H»Qieeﬁrs# HERBr @%é@%ﬁ%@&{g%k)sv% égg@;ﬂf&fhﬁﬂ%@) , said

| umen (400A) formng a first bo nne W ng sal ’i‘luid
(800) and exasiuichor stecval370A)hinaeryingsaidiancaererod GHIA firstadicher dnd (B73¥ENdat i on

(186A) and tsraledns%Q(?nsd aglgl(i)oSrAe)nﬂ (874A);

said connection sleeve (S00A) has an upper sleeve end (831A) and a lower sleeve end
(832A), said upper sleeve end (831A) being secured to said external conduit (20A),
said connection sleeve (500A) increasing in diameter from said upper sleeve end

(831A) to said lower sleeve end (832A); and

said anchor sleeve (870A), connection sleeve (500A), and external conduit (20A) are

made of the composition.

43. The conduit assembly (860A) of claim 40 wherein said connection sleeve (500A)

comprises a sleeve flange (790A).

44.  The conduit assembly (860A) of claim 40 further comprising a second bearing ring
(872A) surrounding said conduit (20A) and positioned between said first bearing ring
(871A) and said anchor sleeve (870A), said second bearing ring (872A) adapted to
engage a means (900) for rotating said centrifuge bowl (10A).
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a bottomcore (201A) having an outer wall (211A), a top surface (309A)
contacting and connected with bottom surface (297A) of upper plate (299A)
for rotation therewith; an upper bottom core end (206A), a | ower bottom
core end (296A), a top surface (309A) having an indentation (186A) and a
trench (305A), and a lumen wall (324A) that has an upper wall end (3240
and a lower wall end (324B); said bottom core occupying a bottom coaxi al
vol une of said interior volune (710A) of said outer housing (100A) and
p; ovi gi ngs.g Thetdoaduis egsambly (860APOfUcTRin( ﬁaazla):rchemlaalﬁfstsgd (dccoh@;bézﬁ?ﬂglcﬁﬁgg ( 20|1|
B) and sai er__haqusin I ; said upper wall en 324C) o umren wa
(324A) is aégz{‘%dgﬁégéﬁg’gﬁépﬁ DR wal | end (325B) of inner |unen
wal | (325A) to forma second bow channel (410A) for renmoving a first
separated fluid conponent (810); said top surface (309A) is adapted to
engage wHi.h Theeobduit aasersbiyf(860A QT Chaimf4 5t Witcreippeid fipkctieario @ QA 87129 S lDower
pl ate (300A) Vi top,surfa 730A),. . a bottom surface (730B), and a
hol | ow cyl i r{HE% ‘(‘%%‘6250“?1 Igwer g &3(26‘5 of §4id Fonfiestion 31895 APU0Aki d hol | ow
cylinder (320A) has an opening (302A) adapted to engage with | ower wall
end (324B) of lunen (324A); and said | ower plate (300A) having a

ci rcunf efencéd methpd dar sapafatingrcampongits of atfluid t(BO@)hempriserg bdighemdensity end

Fange (700 AP BoPRR G HEYa Pherdeie RS Aot 52 Be G famhog corpoi e
nount i ng r eGReHEdINE 2lAhtrige bOW QOAH 6H ﬁ%ﬁﬁgé)ﬁrspﬁqwmﬁﬂn& QM@?E Qlseddhd1A)
or con

engaged to formthe bow chanber i740A renoving a se separ at ed
fluid conport®m chame) (4184).4nd @ bawd chasmbes (&449; (500A) further adapted to be

soeured {0, SRR ROb} A0k T8RRI SRR E b PR il
wher ei n sai dagltfirt lfwlirchanmel (1203l d first separated fluid conponent (810)

conpri ses appl Y‘i ng .negative pressure to said second bow channel (410A).
50. The met HBW@HBE Saifl genififirge RRWH G0 @bpwt anegist (e pressure is applied by a
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48. The method of claim 47 wherein said centrifuge bowl (10) further comprises:

an outer housing (100A) with an upper housing end (110A) and a lower housing end
(190A), wherein said outer housing (100A) increases in diameter from said upper
housing end (110A) to said lower housing end (190A), said lower housing end (190A)
having a housing floor (180A) and said housing upper end (110A) having a housing
outlet (700A), said outer housing (100A) having an interior volume (710A) and

adapted for rotation about a center axis (11);

a top core (200A) having an outer wall (210A), an upper top core end (205A), and a
lower top core end (295A); said top core (200A) connected with said outer housing
(100A) for rotation therewith; occupying a top coaxial volume of said interior volume
(710A) of said outer housing (100A); and providing a top separation volume (220A)
between said top core (200A) and said outer housing (100A);
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55. The nethod of claim54 wherein said higher density conponent (810)
conprises red blood cells and said |ower density conmponent (820) conprises
a buffy coat. 56. The method of claim55 further conprising the step of
collecting platelets fromsaid |ower density conponent (820). 57. The

met hod of claimb55 further conprising the step of reinfusing said higher
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Spondylitis, Antiphospholipid Syndrone, Autoinmune Addison's sease,
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Bul | ous Penphi goi rdi omyopat hy, Celiac Sprue- Der matitis, Chronic
Fatigue I mmune Dysfunction Syndrome, Chronic Inflammatory Denyelinating
Pol yneur opat hy, Churg-Strauss Syndrone, Cicatricial Penphigoid, CREST
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a bottom core (201A) having an outer wall (211A), a top surface (309A) contacting
and connected with bottom surface (297A) of upper plate (299A) for rotation
therewith; an upper bottom core end (206A), a lower bottom core end (296A), a top
surface (309A) having an indentation (186A) and a trench (305A), and a lumen wall
(324A) that has an upper wall end (324C) and a lower wall end (324B); said bottom
core occupying a bottom coaxial volume of said interior volume (710A) of said outer
housing (100A) and providing a bottom separation volume (220B) between said
bottom core (201B) and said outer housing (100A),

said upper wall end (324C) of lumen wall (324A) is adapted to engage with bottom
wall end (325B) of inner lumen wall (325A) to form a second bowl channel (410A)
for removing a first separated fluid component (810); said top surface (309A) is
adapted to engage with the bottom surface 297A of the upper plate (299A);
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G anul omatosis. 61. The nmethod of claim58 further conprising aneliorating
or preventing organ or tissue transplant rejection. 62. The system of
claim58 wherein said treatnment step conprises irradiating said | ower
density conmponent (820). 63. The nethod of claim58 wherein said treatnent
step is perforned so as to induce apoptosis within said |ower density

conponent ( ,peﬁ f | erein sald.net | S
per f or med c%%ﬁﬂgﬁ%tf ;&@\n) hodl}?&t %éoé: %lje}g 6323%'}‘ @ﬁﬁogtro%é%rgacgaﬁgﬁlfﬁ, lﬁ’]“ﬁ a( 800) .
61 hollow cylinder (320A) near center of lower plate (300A); said hollow cylinder
(320A) has an opening (302A) adapted to engage with lower wall end (324B) of
lumen (324A); and said lower plate (300A) having a circumference adapted to form a

tight fit with the lower bottom core end (296A) for rotation therewith;

a connection sleeve (500A) having a sleeve flange (790A) surrounding a lumen
mounting recess (851A); said lumen mounting recess (851A) and top surface (482A)
of lumen connector (481A) engaged to form the bowl chamber (740A) for removing a
second separated fluid component (820); said connection sleeve (500A) further
adapted to be secured to said apparatus (10A) near said housing outlet (700A) of said

outer housing (1060A) for rotation therewith.

49. The method of claim 47 wherein said step of removing said first separated fluid
component (8§10) comprises applying negative pressure to said second bow! channel
(410A).

50. The method of claim 47 wherein said negative pressure is applied by a pump (617).

51. The method of claim 50 wherein said pump (617) provides substantially stable flow.

52. The method of claim 47 wherein said step of removing said first separated fluid
component (810) comprises applying positive pressure to said centrifuge bowl (10A).

53. The method of claim 47 wherein said fluid (800) comprises a biological fluid.

54. The method of claim 53 wherein said biological fluid comprises blood.

55. The method of claim 54 wherein said higher density component (810) comprises red
blood cells and said lower density component (820) comprises a buffy coat.

56. The method of claim 55 further comprising the step of collecting platelets from said
lower density component (820).

57. The method of claim 55 further comprising the step of reinfusing said higher density
component (810} into said source (600).

58. The method of claim 55 further comprising: treating said lower density component
(820); and reinfusing said treated lower density component {820} into said source
(600) to treat, ameliorate, prevent, or delay the onset of white blood cell or T-cell

mediated diseases.

59. The method of claim 58 wherein said method is completed in less than 70 minutes.
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60.

61.

62.

63.

The method of claim 58 wherein said white blood cell and T-cell mediated diseases
are selected from the group consisting of cancer, T-cell lymphoma, Graft-versus-Host
disease, Rheumatoid Arthritis, Progressive Systematic Sclerosis, Juvenile Onset
Diabetes, Inflamatory Bowel Disease, Alopecia Areata, Ankylosing Spondylitis,
Antiphospholipid Syndrome, Autoimmune Addison's Disease, Autoimmune
Hemolytic Anemia, Autoimmune Hepatitis, Behcet's Disease, Bullous Pemphigoid,
Cardiomyopathy, Celiac Sprue-Dermatitis, Chronic Fatigue Immune Dysfunction
Syndrome, Chronic Inflammatory Demyelinating Polyneuropathy, Churg-Strauss
Syndrome, Cicatricial Pemphigoid, CREST Syndrome, Cold Agglutinin Disease,
Crohn's Disease, Discoid Lupus, Essential Mixed Cryoglobulinemia, Fibromyalgia-
Fibromyositis, Graves' Disease, Guillain-Barré Syndrome, Hashimoto's Thyroiditis,
Idiopathic Pulmonary Fibrosis, Idiopathic Thrombocytopenia Purpura, IgA
Nephropathy, Insulin Dependent Diabetes, Juvenile Arthritis, Lichen Planus,
Me¢énigre's Disease, Mixed Connective Tissue Disease, Multiple Sclerosis, Myasthenia
Gravis, Pemphigus Vulgaris, Pernicious Anemia, Polyarteritis Nodosa,
Polychondritis, Polyglandular Syndromes, Polymyalgia Rheumatica, Polymyositis
and Dermatomyositis, Primary Agammaglobulinemia, Primary Biliary Cirrhosis,
Psoriasis, Raynaud's Phenomenon, Reiter's Syndrome, Rheumatic Fever, Rheumatoid
Arthritis, Sarcoidosis, Scleroderma, Sjogren's Syndrome, Stiff-Man Syndrome,
Systematic Lupus Erythematosus, Takayasu Arteritis, Temporal Arteritis/Giant Cell
Arteritis, Ulcerative Colitis, Uveitis, Vasculitis, Vitiligo, and Wegener's

Granulomatosis.

The method of claim 58 further comprising ameliorating or preventing organ or
tissue transplant rejection.

The system of claim 58 wherein said treatment step comprises irradiating said lower
density component (820).

The method of claim 58 wherein said treatment step is performed so as to induce
apoptosis within said lower density component (820).

The method of claim 58 wherein said method is performed continuously without the

need to batch process said fluid (800).
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