METHOD FOR COLLECTI NG A DESI RED BLOOD COVPONENT AND PERFORM NG A
PHOTOPHERESI S TREATMENT Cross-Reference to Rel ated Applications [0001] This
application is a continuation-in-part application of United States Patent

Application_1 75, 62 filed February 27. 2003, which clains the benefit
of "Uni 1 ed SMEEHORYEIR SLEECRIRG ARESIREBH QO GNP NEASD, 1 | ca
March 4, 2002, both h!;%%ngh Yl ference in their
entireties. Techni cgp e ggfﬁh%ﬁﬁlvenlflltﬂon i gmﬁ#}gﬁgﬁgsent i nvention
rel ates generally to nethods for separating whole blood into blood
conponents and collecting a desired bl ood conmponent, and specifically to

met hods of treating di s€zegsReferdnce t6RAABND AppHcatiddseat ment . Background of
the Invention [0003] Several treatnents tor disease require the renoval of

bl ood f AL ThestapeHeatioprise eentinvgtion-Hepaheprdication of aindotiates Baient t he bl ood,
and ret r%@%n?éqoﬁ{i%/?fs%“z%sﬁﬁﬂ P%Bmag‘?f“z%oi Qlhigh cfaprﬁée @g%ﬁé%@\;ﬁ}dﬁt%g l-s&%gsofsre om

extraco real” treatiments Tequire systens fOr sa

t he pat iPesMtisiosd? Paplitativg, Seridl NEnkep 6DOBE28S, filed tVarel 4r2000Ibdth @ f iheshchrer

bl ood conponents to the patient. Wth the advance of nedical sciences, it
has bec&gisopgsernsrated by referenee i theit Faiifeties. bl ood in cl osed-1oop processes,
returning the patient's own treated blood back to himin one nedi cal
treatment. An exanple of su i ternal treatnent methods
for diseases in \I\IthCh therec;lned?ﬁ'%g ¢ Oftﬂgll ¢ntly ase of |ynmphocytes, such
as cut afed2} The pedskentlipvapitionaelates géregallydtospakeds fof Sepatating wiold Blobd and cel | s.

I n such t.hods, thggﬁati ent's bloqd is irradiated with ultraviolet |ight
in the pldssawopsntsandeniestne peesined bigodigeatppneny andspeeifistlly fognetheds efct s
the bongl SEIE 18 h¥ISBhGeNL B8at the chem cal or antibody that

I nhi bi tse{hﬁn met aﬁsrc}llv{tc Sr o@gssesg o?a tﬁlﬁfeh'l ynphocytes. [0004] Photopheresis
systens and net hods have been proposed and used which involve separation
of huffy coat fromthe bl ood Ba#idrdumhofcthe dnpdndionact i vat abl e drug, and WV

i rradi aﬁé@:} g;lf t he buffl}/ gogat. before re-i nfusiog [o t he patient. )
Ext r acor P& arY BROFGHRERS drdiscasg repuivy e rpragyel of blood ffom A patigisrrarcseiages
i ncl udi mge &aeacfrtmaa%rcghsﬁoﬁaﬁéoiﬁh§3%& arfg1erirRb Pihd Pm%lreg&a 'cBig?gnéB?gévj\%ﬁ'%SS' ve

Systematic Sclerosis, Juvenile Onset Diabetes, ammat D sease
and ot hékeraientiasHectt Thpsaexdracompargat treatmpets Tequasielsystemsifivort safey oemabvireg |

nedi at e l. i ncl.udi ng cancer. Apheresis syste and t hqds, have al so been
pr opos e%ioé)rqcfr%é]?f %’lgﬁﬁﬂ Seﬂam}%xmgoe‘ﬁ’é?pﬁnf e #BrBﬁUB'BHgﬁ}ﬁ ooder By
conponerbspob@ROR] thOyitierd With thE ad VMRS oMMeieal scleh8&t AL BecomegRiabibielyoe

bow , such as, for exanple, a Lathambow , as shown in U S Patent No.
4, 303, 193at apgiicats blpofl ae slopes-loop grasgsseafretusmog therpatientds ewn kncateg blvedei n, s

and but RPCsIARRTLE AR iR, A O ileSL AR AR i lernflar s

been useafgent nfetitds fortisdabestih ovhidherlis aphBoRSical HRFdSSS o AFMIPRbEVIES sidh
i nnovative nmedical therapies such as . , '
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} Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Graft-versus-Host disease, Rheumatoid
Arthntis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowe]
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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extracor poreal 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

her eby e?ﬁ@fuﬁﬁx? AAntdiC Apheredis 8gktos 41Rf REMOEEhdVR alddBebn pl%gbéerd%u useORARh
Lat ham bowl efficiency is often neasured by the white bl ood cell (WBC)

"yi el d, "invelvi stparatianygfibdend iptostapiots &@9ponediel d i s defined as the percentage
of cells ct.ed versus the,. nunber processgd. .Wien co red to, other
Cypes. of St BSERE oRE bEtEseptoal MEHREnR, BRoYNEIER DOREABTLE, KHEXERPlfath bow
separ at of athfm bR S4lshiWa T UM, PelentRb U4TEE3, PI3, WEBGrEssIink SrpBF A&FSBiefdenddlif N

| ess whol e blood fromthe donor patient. However, "a major drawback to the
Lat ham ioeitiretyderean,0s operated it sepimatesehele hlded nntpredelesd nelist (“BBCsSpphasmd) y

t dt t ked RB I t fiJl the, insid f
he bow npBttary e LAREA SoydiEbipREaPnEmen, Foeest ok penbesa EhiE L at ham
bow sepgyrid Gine i hean&ti e aMigirai®miikel &b wilhss indRshvatite mbichi tﬂ&aﬁeg?&ﬂ%yi ng

of this bow wastes time; thus, the process is considered |ess efficient
Wi t h r espeacacotpordal photopladey (ERIF). o PCiheppdshieonssWE Giish 58 had 8076368405 and

o 17 ot 43 G Palsht P Aot 480 S0R P Rechie: enbhRof L bédfissitainoononh -

fragment gy febioRel PREtBphdréis, aYEire Torebly xRy ﬁﬁeﬁzlo?aiea%i@&%@&ih% r 1T s

a constant objective to reduce the tife It takes to performa conplete
phot opheemdsety. t reat ment sessi on. Another objective is to reduce the anount

of bl ood st .be .drawn forma patient and.processed i ,0sed- | oop
process eLOtOBg]E Lgﬁﬁ?’oh&‘i@ F@iﬁ*%“%ﬂ%@%’ﬁ?ﬁgé@%y&ﬁ? “‘PﬁF%ﬁﬁ’ﬁ&FﬂérW c¥fe to
i ncr easewhi® iatypidally @botH0bEe PieRPE defihéd M 18k PerREnt@fY & 2118 cSN RS er&ld khef
huf fy coat per "volunme of whol e bl ood processed. D sclosure of the Invention

[ 0008] Anumobgrquecessed: WEherr eoseprared tovodimrityyresiof wholedrliond shpamtors,ithis dighdyinkdt hod
for separating, a | ui.d, ,such _as bl god or.qther hi ol 0gj fluid, into its
conponenPEr i Elahe i St oReRRd it BrR St FRC whihrarRatier on
fluid sepmcRlds® WhBleI8sEREmiNe 86Hor pagénd Holvéd, At HRCRENBIK to i BARAKAL €
out a desired anmount of a fluid conponent fromthe fluid. Yet other objects

of the peebwperaionjethel Ga sepasation rreeess masiha iepeatedty sloppéd todemave the t o

i nprove a_ph er asi r S to.} v | at-el et r val, process.
an” o « Pk RERCLAT A BEE iy 1 Plhe G TR Bo Bl £ ub IR e
t ar get ediresihefit frycésseMlthepgriht Lathansbdvwlsephank hey a higheoluntd yielie tHerRaaaht

invention is to elimnate the need to performfluid separation processes in
"bat ch" fijmgand emptyipg of this byl wasfesdime; thusptheprecgsnis considered dass pficient

I ncrease_f f yield of a desired fluid conponent froma fluid being
separ at eﬁ{]ﬂ?‘é%gé]ctg%&present I nvention sol ves the inadequaci es of the

prior ar {008y] PAbnphadplrerdsis and @phérbsio bystemsaidanhatheds hwally esuiredarhs W t hout
interrupting the ({)roc ss to errptéwg centrifuge bow _and renove a separated
conmponenProcEigsan théreg?rééaéﬁmsw%l Foif tesat patiant oT 1oabtain 3syficdat suprinefl

ot her Latham bowbol &b Skt PRuLIRSRBHI RSy sERR S bk REhIANS INBIRe' & is

a constant objective to reduce the time it takes to perform a complete photopheresis treatment
session. Another objective is to reduce the amount of blood that must be drawn form a
patient and processed in closed-loop processes per photopheresis treatment session. Yet
another objective to increase the amount of white blood cell yield or obtain a cleaner cut of

buffy coat per volume of whole blood processed.

Disclosure of the Invention

[0008] An object of the present invention is to provide an improved method for separating a

fluid, such as blood or other biological fluid, into its components. An additional object is to
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met by the present invention which is directed at inproving the nmethods for
separating whole blood into its conponents and col lecting a desired bl ood
conponent. Depending on the intended treatnment, the desired bl ood conmponent

may be ybrédée GiRadfficteady bfa@ﬁncﬂduﬂ%epa@htaﬁrp&oces% byicreaiomhe fimd feesafy. The
present invention is also directed at inproving existin met hods of

treat i ndo skpers out aidesirgd proviss eifluad gommabﬁr@y th@@d{ et:atlhmyobmﬁseomgsent

i nvention rQV|d S a qu§ nuo groces g ﬁ@ separation of

U 11'c1 OB 6 P P FREF EielcBlid frProd 38R BBRREd PP uce
the phoro?%‘ﬁﬁ;?r%béabla@éétrféﬂbvﬁllp?&eﬁsp r AR adBibR bbject] OB reMievehtidrSis éesi red
to collect buffy coat from whole bl ood, the |nvent|on I n one aspect is a

met hod @qnmtcandgempvwwtngzeas bxe]rb&rrépmiﬁ%awfﬁg Anothar ejectof therpgeseput | et

and a secon out | W od froma source at

ant i coad®YRHP S i % gm?IBQF ﬁl?e '3/%8 Fo u18' RO PICBPE ST ﬁ%ﬁ’aﬁl‘g} qr?) o™ orm a
m xture @ mﬁﬁ%r%bpéceeﬂme@ehsa:mmmﬁaﬂI;satatmérbase@he POt Pgid dthededired Ao of
whol e bl ood and anticoagul ant fluid into the separator via the inlet at a

sel ect edoimporent frine 2 being sapgratdde mi xture into bl ood conponents of

diff hd bl .1 f h
epar at oPodil ihe nediat iSRG Mt s oAt o Y o piCh EB S e B
ant i coagihgmouklydeParate! fuid b&nﬁ&%fsamﬁom im&r@tm@nﬁe Frdeess 86l efpgod cel I's

being withdrawn at rates so as to build up buffy coat in the separator, the
pl asma entmjugedaoandwamoyea seperated eomponente tThapghe presens dnvsntorlelminatesbe | ng

tont ot otsing SR BheRkih &nibov BcHEAR BRifES Fhie )bl Mt a2 'Y
separ at Ghet Hydf éﬁ}es&)t iibenkih aidhds ditectedst 1hip@&dn%ﬂie|rﬁetﬁéﬁé fohsepRiatiagBhale

rates so that the buffy coat is allowed to build up within the separator,
whi ch |sblmcb1fnm abccgmnpr@eﬁtamdm@@tmswdesweblgm ¢gmpesignt. :431:@11@19510@@% to the

centrifu e r

[ mor casi HEneoEl EmEh, RS TRRNIBP borhineh REF bEBARY B8 e %10 celbtagma, o,
yi el ds  arGh¢ab@pondnt @tdrédin T<hf: Ffﬁééﬁt}inmbn @d’hﬂs&ﬂdhrd:dﬂ&fz&aﬁlpfbv\iﬁg éxestmgood cel l
yield. Additionally, this exposure_  can be used to further

separ at enethedsnfftres lesétseimﬁf Bsmg B @apkecr?%@ﬁtapp?ar pgecificallyy themgesepl at el et s
and var ' ént{% g§v18{, A‘Fd‘ﬁ?lﬁﬁ%@; %c[sg) ?%%1110@5’1%0 ggﬁ%‘rﬂﬁ)nt&%ufﬂc&er ; g@g?t\#@fl t he

bl ood an oa u e se ara It 1s pre
m xture mimsé‘phteharsrsumatmm do betor gredtboreliyce the phsiephdresi§ peatment timé Forrgpatient. d

Lo ot 00T Wt i Bretotod Bk Belbub oo e s Sumion s o et
second oyt I h y coat
out of tha ahod OFERInE HBle e o bR naVingth Hl 8 A8 ek Feceknd Y

ent er t heutlegpirawingrwholdielood frodr @seurds) fafl§ing @atanterugblnthiddc thedvhole hlood

t r eat ment ba that s.fluidly connectvaﬁﬁo thg g@rator Vi n out | et
line. | nmtarﬂrg e to for 2 it afivipleblop f“F“ie/ Ignt ‘B Sl

di sconti mu‘ﬁqxw@@amﬁ&le%l&a%a%il&agﬁﬁnﬂﬁﬁﬁqﬁ@qhe aeptaﬂeor i iteShiet . Thi s
wWill mnimze red blood cells frombeing m xed h the desired buffy coat.
[ 0013] | selqueadfiolehiate) separstingethh ondxture intgblalod @ompen@nsmﬂ‘ @ ffeteat densitiest he

plasma be, i thdrana. 1 Lo, 0% SRAL L0! mlbidad, REGIELSLTLASE AL Of red
mixture of whole blood and anticoagulant fluid into the separator, the plasma and red blood
cells being withdrawn at rates so as to build up buffy coat in the separator, the plasma being
withdrawn via the first outlet and the red blood cells being withdrawn via the second outlet;
and upon a predetermined amount of buffy coat building up in the separator, collecting the
buffy coat from the separator.
[0011] By withdrawing the red blood cells and the plasma at rates so that the buffy coat is
altlowed to build up within the separator, which is preferably a centrifuge bowl, the buffy coat
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separator. Then, upon the predeterm ned anount of red blood cells being
detected in the separator, the red blood cells wll be drawn fromthe
separator at a rate so as to maintain the anount of red blood cells

present: i Quiib&ed BPBleReMFififal RRRY SPthéBipalaforibea PloRHRLEpERdMESt tidrount . The

predet erm néd anmount of red blood cell's can be detected using a hematocrit
sensor tlnateasiag thietime whachrtbelbeldy todt issmbyictedito cetefugelnfordefyiejds bolekndrt sel f

oo o oRsion o piTBEOH ) g actehshD piisk b el 31 KRB BT i minienend oy as
back to ,@%sﬁ@tcm& uSHe th PEHIRE QG RSAE ﬂﬁ-bufi*y"bloglriﬂﬁiitst&n@tﬁﬁérf{;)gnn%%audihg B

preferab that the withdrawn plasna be Collected Iin ap st ordge bag,

m xed wiplateketpandrvarwgpuf kinde of nkbaytdsur ned to the patient when a sel ected

t f [ I ted in th t bag.,lt i.s furth
o ef or abi01 L AHER rLPTTR St S Wb lSG B IEORPTA AR e bk semireror.
primng § Féﬂl@lfe??eﬂtthﬁt%élh%&?blﬁssﬁmgﬁ, £12!0e§6hte® By LAG s fmr&;h%mngql&i@e red

bl ood ceﬁ - pl asm a- pri m ng uid mxture to the"patient at a rat
appr oxi nfiowel ¥t iedurtiter preferableitivt ¢he bndfyecoa] BOdB]ectElifonnthelsephratanbpe used in

et hod viRroigRRARe SRR eLof BRotags phdPe sEPRY SR hereBr e Phni o
the col | eateehdut Y%E%tthe L B0 GHithd bphbhforaRh hﬁ%&%ﬁ&fiswcﬁggl Wit hin

an irradiation chanber until” a predeterm ned anount of energy een
t r ansf ercainties tolunter dlud depatatd. Bhé fvythdean buffy axatiean teccotinsted i 4 tredtmanpr oper

anount of ener, is transferred to the . buff oat,. f.ar exanple to i nduce
apopt osi 88 gt ¥ Puidly peniic t¢ he sgparptorviayas quflet 0t (Tn s emBadiment, the, ot
bet ween gylctEat FERIINPEMAt RffefeRB]y dis@MtidléPRhalRaMS0d BAS Bfeticldited ihigdi at ed

buffy coat is returned to the patient undergoing the photopheresis
t her apy, outlet ling.r Zbisat1danipimize residdeods¢rdls|ftbm peing mixedowigh the desiredbuffysoatg

this met nough buf coat ., can _bhe collect and.irradi gt ed. t erform
2t 1 oROTaL A E e bt ndRba. 8 B8 SRR B e At VigftanR

pr ef er abfym thé SepaPinaitil afpf&RicHBIHed alfBRnt 6f re@ SfoodheNs AeGelectta ifHIIL €S.
[0016] It may al so be desired to collect the red blood cells fromthe

separ at osepattorothen, upppdhke prgfietemunedramennt obzedibioed e¢lls heing detestad indh¢ s can

b bj d | f | of , hod id
very phorwi o tre PROTECREPHIBC iRk £opL i%isenhASe &) ¥ Lk SRR MRl ibe L

and col | gabes Jfeed Blosd bells pissent inubd separatst 2 phHsroLihRely gy pRdetedndfed 7] 1 n yet
anot her aspect, the invention is a nmethod of perform ng a_photopheresis
t r eat nenémpyi. Jhgpretesrmpgd gmosnselaed pinod crils srabecdntgstedsusing yhemptagrivhol e

bl ood T ORsg ;m30h Giecfe!flan He AT BRUBh G d btlidispft the whol e blood in a

predetermned ratio to forma mxture o od and the

ant i coagyioan} Whenithe mstyodisbdinguidddn aickisad éoopfprodess evhireahe sowrtelof the
anticoagulant into a plurality of blood conponents according.to densjty;
m xi ng aWhplsdtleRcisapatient OFgnt twrﬁtﬁnhﬁmﬂéag‘fk t9rthe PHIETbIWNE MGRTSIENt S
to form ) r QTRME i | O ) . ne
bl ood cogjp{;)?r‘l%ﬁd;a%w(ra?%g{ﬁg%ti]ﬁgf%fﬂgﬁ]%éwnﬁmﬁﬁlgﬂ%mgﬁﬁ% e atéolmgglg lﬁoﬁgﬁ% ood
conponenstoeagd bpfohixad withat proning Hkid, gal retanctd te therpatiant when a selecaedi ah@cht

ggg: 2? 2 Ia? }r)]lagrga % c%ﬁgci:tg:p 1In; thgw]gFarsr%ia rs!tc}rarllg% b%rét. iltr l'eS fB&?ér%?&%ﬁ%fei t% ntlirxet é\r’{r?tm]raiw%
red blood cells with the plasma and priming fluid mixture from the plasma collection bag and
retuming the red blood cell-plasma-priming fluid mixture to the patient at a rate
approximately equal to the inlet rate.
[0015] This method can be used in connection with photopheresis treatment. In a
photopheresis treatment, the method will further comprise injecting a photoactivation
chemical into the collected buffy coat, and irradiating the collected buffy coat within an

irradiation chamber until a predetermined amount of energy has been transferred to the
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in less about than 70 m nutes. More preferably, the entire photopheresis
treatnent is conpleted in |ess about than 45 mnutes. This is a vast

i mprovenent over previous photopheresis treatnents which usually required
a treat ngliected BRITYicoktVin bRlLF fo @sufdakA.a profd Jaﬁiouhfbftéﬂeg?/% Refdferfdd thhike

i nvention, the at |east one bl ood conmponent can y coat, a

| eukocyttffyoapfex examnle togndyap apeplesis.git ismaeferabledo reqircplate he wobegtecHmiffy

h h h od .and |
Pror P Pt R Y ens b SoThtibafou Pl oG, HeRGe i Frafted S ods
outlet, Rfgne t%&ﬁ@p@hswhﬁ@rgolﬁfgaﬁtpﬁm@uér&sﬁs fRadpyl theit&dises 'bﬁﬁgi c@it%ﬁéuld

conponent in a photoplieresis therapy session, plasma and bl ood cells

are wi t Heasaihmoughr ofilterh sirgthismethodienpeghchy enat ﬁgl h&ﬁqblampdmhdnrmdxa“mdm of

whol e bl d | h h d red
bl oo correrarcrl ApERRRR Heppiklletatbingtat: 2ERRAE et ralrbos y cont

in the S@&maﬁwmeﬂdthmmmesstm@ duolif ¥5 aRmited O be exposed to prol onged
Cent“fuﬁ%ﬂt forces. The plasma's withdrawn via the first outlet and the red

bl ood cé ]blémfg/ asape mﬁm apillgettthereslddentticedla fitos the Bepdrgtor fatothies types

preferab ro tor.for r d|a |on onl y.af
predeter%ytﬁeé1 ﬁ?ca&x]se %fr? b}88 Fe]&ﬁaflc?gs ?Je?tﬁ‘iﬁ)eﬁ’rﬂ Onged 5 Xﬁ“ﬁ@f’g’é‘:ﬁar at ed
buf fy comk ciFeRmeétRod@ployideoh vestRdkéd SAdiOf RARRNAL mneste fié@ymbd 2AQURIRL
line that is fluidly connected to a treatnment bag. e buffy coat can be

col | ect e‘dlthdr@ﬁmtanécoawm&rﬂwyu@ﬁ,s@czhrﬂsumphngesumempvhdrawal of red bl ood
Il's f t.. whi | t bl ood. Thi
Cousss G BT aBNERPE wt BheRiod BT EOAR B LRSS o or i &

the fir stredimbhtelbr alﬂﬂférﬁtlﬁg)dl‘tse&@d |'Bré inethddeofipeibey: dhiwing mmﬂowﬁ&nraed
bl ood cells are detected in the outlet |ine l@)é a hematocrit sensor. The

col | ect e¥PuBkss Adding an apticoagylanthrd tq the wheds bloed ing predetermined rativi tatformma

chanber red.tq the
col | ect e'g'%{tlflfe f°3 ﬂ(@%ﬁﬁ&%?ﬂ]ﬁdﬂ@gée{ erm’n%% amu%%%#ﬁﬁlréﬁg%l Qﬁfﬁ‘gﬁ‘%}FgB‘P@
suf fi ci emid dmdicodphilas nﬁp@mﬂmi]@ of blddd2Qmpbherits phRtdipg & @&ishy i hBadg®nt 1S
preferably perfornmed in a ¢l osed-|oop systemwhere the patient 1s also the

sour ce. Migteactiyatignchegipl &f“hs"éb%?ﬁ'a‘?r}%Be loog ca@ppms)@tfonnwenmw gfths| | s
f I
can be &t&%vaﬁ{}%déhf@hl 'aL% ﬁﬁ;a{t ik d tbqo&mlﬁpo%gﬁpm&ﬁﬁﬁp rﬁﬁmg fiaj el ets

and | eukocytes an etffective net red
bl ood cebf the asleast lvhe blsbdlwpmpootr end phstpmivabubn threnicaly emi renmmdgltbé] is a

met hod of collecti,ng a desired bl onent npr i, SI n pr.ovi di ng a

separ at o‘rmﬁ né‘?i’q‘i‘ tindp a patipnt, o 35‘?}{‘01% m‘é?lﬂméoé“é’é nERtis complficdg

whol e bl &q@ssfd’bgm B VS Rite@ IPioRTprafer A1) Itﬁea%le%gaméh%gsg@a&%ﬂt}ehol e bl ood
ol e bl ood an

in a predetermned ratio to forma m xture of
ant i coagedmpictef iuleds alp:uxbrﬂlamngtrhmutﬁm Thisie ao*hst\/umrprcwebienodvalpdemusi coagul ant

fluid into t th t t d | t
Cepar at | PP DRSS G BTA 0N B LB LA e BICnEl e o e S F bose,

Wi t hdr awjgnas] Bl dsBpadt f Mefihverkioa! the Bl ife BRRA RhrPonhYi daf be ‘B[li‘f'_y Rhg tO
punp the m xture of whole blood and ant i coagulant fluid into

separ at oleukedyte, or aktaletanBufyicpyt ie peafened. g performimguhe pmtoplmrms twuasntt 0
build up,re h e the maan buf f t bei ng
D P B R PR BB RO .
bl ood cehivindat Intét @ first outlet, and a second outlet. Because buffy coat is the desired blood

component in a photopheresis therapy session, plasma and red blood cells are withdrawn

from the separator while continuing to pump the mixture of whole blood and anticoagulant

fluid into the separator. The plasma and red blood cells are preferably withdrawn at rates so

as to build up buffy coat in the separator, allowing the buffy coat to be exposed to prolonged

centrifugal forces. The plasma is withdrawn via the first outlet and the red blood cells being




up in the separator, collecting the red blood cells fromthe separator via
the second outlet. This nmethod allows the red blood cells to build up in
t he separator and be subjected to a nmaxi num anmount of prol onged

Gesor | pantira§A T it FonBRc, BIboR s PRI ERed PR he gl hIRE, " '

I || ust r giradiatioe SRI9MIfRE A predbtethimed amoniti of duffy RastHuilds upBsepsth] | es, systens,
and nmethods. 6 FIG 1 is a schematic representation of an enbodi nent of a

di sposaH081%i The sspargted huffy contas ppierpelyicellecied api therbrpataterghrough an eutletf t he

present .inventian.. F | | ey d h ctive view.of enpodi ment
Pt ©5C Da i By komnsfiel Fo £ b frBNAl R 1A LU S G Pt Eed BB TR o
kit of Hefarafor bfldﬁco&imﬁn@me@imcieﬁ@d of fedbl6dd ¢dlie foms BRtsteondloutikGuvhiZe FIG 4
is a top view of the cassette of FIG 2 with the cover renoved and show ng

i nt er nal contipuingto pump i whole binad. Bhis caugesbe reshhloedeglisito gughoihe buffy ceatoviet t e

of FIG ' e r bV I f -an _enbodi nt ,of a
filter acgfsﬂé%ef%fa%rlﬁlﬁtﬁ{%ﬁ{stso@tgﬁ?%‘#d%f)gc?ag(B\Ee'lzlﬁcﬁ\()é 1se| 8{%%1)?3’ ?tﬂgp%dﬁvﬂe&‘rregssenbl y
of FI G HoodtéBs abe i@eaed fxht ootdd livic ®WadiendaitRrit kdris6¥. Hes@Motied BhIFL6at i§-
FIG 9 is a rear per%{)ective view of the filter assenbly of FIG 6. FIG 10

i s schentefesably grasiated withigrangiradigdon chamber yatlenpregetermipedameunt of ghesgyt o
= is.a.front. Vi f.
P ¥ aa a5 YRR BB B HE RIS Bhar, ThErreihidilist iy SE Y53t at i on

chanber géferddly sufficienfHoGndiked apéptasisi de transverse view of the irradiation
chanber of FIG 11 FIG 14 is a c_ut-avva%/ view of a section of the first
pl at e an@029eThis phatgrherasietrpiment is prefeablyperformediin a¢lesaddeoop systam miberre

i rradi atj : f : [ i Ut - [ ' Vi ew
of the i P RafLR Rk e it Fihaith ifrootof pdtafd oAYBLT IR M RE, ot

t he i rr aginddel farthetsepdrered of desirél inld thersiohiponends widhhisplaclelsdAd lldugbeytas senbl y.
FIG 17 is_an_el evat e(il per spe tiv?; vl ew of %ri E(g%gdi,nent of a permnent
tower syPZH Finglly.paeticrtivegnpiand of entlepiingred tipaderdlsis actngvedoyanether | it ati ng
a phot op, ' ; ' j: : | l...vi ew of an
cbod neRPea! T RERABh RS s meb CF ccbelify e bR b iPent s anbr y,
used i n tdmeprisinge proyding msepardtbhaving arFindat, 4 first sutdetcamisssesond owtier] drawing of

an enbodi nent of the centrifuge chanber used in the tower systemof FIG
17, °Fr & Whoeibisog el asppioe e D peseont id wdRe wbpEeing oui
provi dedp efettRined Fidiod8 $oriny 2 i RlresTaMRAE bRbd Eh@anﬂ&agﬁlaﬁ ﬂlﬁ&; ﬁtﬁn;ﬂﬂg the
el ectrical schematic of the leak detection circuit provided in the
cent ri f ugxture of whole blood and anticoagulant fluid into the separator via the inlet at a selected
inlet rate; separating the mixture into blood components of different densities; withdrawing
plasma and buffy coat from the separator while continuing to pump the mixture of whole
biood and anticoagulant fluid into the separator, the plasma and buffy coat being withdrawn
at rates so as to build up red blood cells in the separator, the plasma and buffy coat being
withdrawn via the first outlet; and upon a predetermined amount of red blood cells building
up in the separator, collecting the red blood cells from the separator via the second outlet.
This method allows the red blood cells to build up in the separator and be subjected to a

maximum amount of prolonged centrifugal force

Brief Description of the Drawings

[0022] The mvention is described in detail with respect to the accompanying drawings,

which illustrate an embodiment of the inventive apparatus, assemblies, systems, and methods.




chanmber of FIG 19. 7 FIG 22 is an el evated perspective view of an
enbodi nent of the fluid fl ow control deck of t he tovver systemof FIG 17.

FIG 23 is ﬁerspe tlve bottom vi e cont%oﬁ é& IG .22.  FIG
24 is an e&@ déd SENENPIYT repIrEEniivm o |ana R H?e“k? isposailp it forusedn 5 ¢ op
per spec e ,ﬁpggg,; | re B FK oPfhef the cassette of FIG
2 Ioadehhgﬁgrr{%rg%k%eré}ee 26 1 n% 19 I of\‘/;\:cléﬁaihte o%gﬁﬁg%%gl ment of a

phot opher eEli(s 2tis aateﬂmnatedgmmpe:ﬂwﬂ vidvGof @versodimenthd matssetto foraontesttingli nent  of

theflwdflowcwc d|n erfom treatment process of FIG
26. FI Gfluxd P‘é"’c’&lbeg'é tPPQtQP gﬁ’&égl ment of a peristaltic punp.

FIG 29 is & e ﬁhh@@ﬁ\wo‘%‘tﬁ@ AR AFiGhe peristaltic punp of FIG 28.
FIG 30 i SFQ} t3018§%ergpect ive Vi eV\f t he root o(? of the peristaltic punp of FIG

29. FIG BlG.isisa topvieonoftbe speate of 16 2withfthe bever cdmovedfanBkkidwiag. FI G 32
Is a top view of the ]glfrlstaltlc pump of FIG 28. FIG 33 is a top view of
the per Maiedpt WOV SHCHITYEI G 28 in a | oading position and near the

casset te ofycflsGs ahorbhi¥iedbratodtt Flcasbhid sbicghenat ic of the infrared

comuni cat1on port circuit. Il lustrates an enbodi ment of a
centri f ugeFlaw 1sancblafatedmrspng1vkrvaeveof ar¢ribodmentsofaz filterapimbial vi ew of t he

bow of FIG 35. FIG 37 is.an.expl.qde V|ew of FIG 36. FIG 3
8 shows a EiGshisOOUPMAREIPeghi Yoy °tfﬁl§ fﬂWSSan h?ﬁtﬁgg along the line
Xl X- Xl X. I(f'SGrs an 8%@3\@]6@, SRS AnSCHLdIgbr ¥igYg.0f a connection sleeve in

pl ace W|th a lunen onnector of the bow of FIG 38 al ong the line XX
FI G 39B shhwS arathepergreoss Wew toif theafilteriassetmdlly af Eldhibect | on sl eeve in place

with a lu connector. of the G_38. 3 13, SL.0SS

Sect i anal TG S5 eRsRaaen of Syl sSremal o Big: o Gapried fa PiSe

di mensi qRadory iV @htaphstetdp core and upper plate of FIG 37 FIG 42 shows
a bottomview of the top core of FIG 41. FIG 43A shows a di nensional

expl oded vF¥w UflswkfeomG!%ﬁf@Uﬂéd@h@iahMr plate of the bow of FIG 37.
FIG 43B s di. mensi. | ,cross ect t tomcore and a
| ower pl at _g%\"glfflgﬁeﬂ glg"frh{flrl‘—"l1 &ew4%fﬁ{ gf‘f c?'&ﬁ'gfrh%tjl}eiqg? 44 shows an
expl oded skgg. M RW side thhﬁvé}@éhemdmﬁ@uﬁﬂﬁnanlcﬁwﬁbermm@ pf FIG 43A 8 FIG
45 shows a _di mensional view of another enbodi nent of a conduit assenbly.

FIG 46 shbis. ¥ & asnspumariow e spctiomeoichnfiet plate andehe seesindrplate prir 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 1s 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.

FIG. 19 is a cross-sectional view of an embodiment of the centrifuge chamber used in the
tower system of FIG. 17.

FIG. 20 is an electrical schematic of the leak detection circuit provided in the

photoactivation chamber of FIG. 18.

FIG. 21 is an electrical schematic of the leak detection circuit provided in the centrifuge

chamber of FIG. 19.




FIG 47 shows a dinensional view of one end of conduit assenbly of FIG 45,
FIG 48 shows a di nensional view of an anchor end of the present invention.
FIG 49 shows a |ateral cross-sectional view of an anchor end. FIG 50
shows a hoFIGa¥ islangleysted pespeaivavien efarofmbodimpnatied theefheid flonesontobderkl i ne

XXI . FI 5 1 illustr S di rensi onal view of the rotating frame of
FIG 3 §f%q@we§§y§tgngﬁﬁg(ﬁ.l 1aﬁged view of a bolder for an external conduit.

FIG 53 sheys. 2isal pepspaativetorBibac BE e @htrbl@cR@WFI®idh the cross-section
taken simlarly to that shown in FIG 38. FIG 54 shows an alternative
enmbodi ment Fi6. i anspplodedviem abtha®nitebdeckad FAGt 22.nat i ve enbodi ment of t he

ti .. Modes f Carryil t . The | ' 023 f
the. pr esenFioriha SR PR yBSarcl Phetie! Berreftirk 2o rasuherbris o °
equi prment joalidietheiepposabl e phot opheresis kit, the various devices which nake

up the disposable kit, and the corresponding treatnent process. The
fol | owi ng WEG26eis adideehiaptof en emyodient phephaieplfestsisgvgatmeant pBieepnsabl e

Phot opher esi jt A, Cassette faor .Controllli Blud Flow.1. Filter
nosenbly BT L e g G e boamne af ey Mg girebit S i pekiopii e

Per manenteali¥R prevess e FUs Bot oacti vati on Chanber B. Centrifuge Chanber C.
Fluid Flow Control Deck 1. Cassette C anping Mechanism 2. Self-Loading
Peri st al t i F1GuHis toppersprctize Rew aosmbadimentiadie periptaltiepamypher esi s Tr eat nent
Process [0 ]~ahe above-outli.ne is ingluded,to facili{atg understandi ng of
the Teat ur S0 PrTpr seaitrel 1 did: oThe MBSt PRE T EIG. | Tt ng ot ¢ he
present i Nyeat 3@ 2208 peSpatdive vitheihd @etof Bf the pefiiakic Fany oflFIG po.any aspect of
the invention. The inventions are described and illustrated in sufficient
detai | thafFlEhdkis ahatiopepersnectivs wewral thaiptereddilby30rake and use them
However, [ | ' . Lticatli ,s@nd i nprovenents shoul d
becone readi y%%pagPéﬁ{%Smmgﬁgﬂ@g%%gﬁj iori;g 'r%g%the spirit and scope of

t he invent iFd@, 3Bpectop ivizat bithe phristaltit pamprof @G Phin 4 Bading ositied ahdinédiehe
context of a di rs‘fgosabl e kit and pernmanent bl ood drive systemfor use in
phot ophetassit's of fd6apy, certain aspects of the invention are not so |inited

and are apphhCb|Sintéfectrical 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 F1G. 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 bow! of FIG 38 along the hine XX.

FIG. 39B shows another cross sectional view of a connection sleeve in place with a Jumen
connector of the bow] 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.

FIG. 42 shows a bottom view of the top core of FIG. 41.

FIG. 43A shows a dimensional exploded view of the bottom core and a lower plate of the
bowl of FIG. 37.

FIG. 43B shows an dimensional cross section view of the bottorn core and a lower plate
of the bowl of FIG. 43A attached together.

FIG. 44 shows an exploded side view of the bottom core and a Jower plate of FIG. 43A.
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kits and systens used for rendering other therapies, such as apheresis or
any other extracorporeal blood treatnent therapy. 1. Di sposable

Phot opheresis Kit [0025] FIG | illustrates disposable photopheresis kit
1000 enbodyjcgssf @aivda@Bmerisiéhi® viRhasianbthet edident of alcoh&uin8G6mERL Y that a
new di sposable sterile kit be used for each therapy session. In” order to
facil it at eFlGhetbcihowglaatingnsiorfal viewi efshe ponmeetionpiesve pfiEKesiSs kit 1000, and to
treat bl oo fluibds cifcul ating. therethrough ot opher esi i.t 1000 is
netal led FIOATheRe AL fiepaih s cns of rneb BB ETFRL A | acton o
phot opher ey, 48 shohRAQiimBARodP VR Syl REhotRAA of thedRSEhT IAOEHtIdR, detai | bel ow.
[ 0026] Phot opheresis kit 1000 conprises cassette 1100, centrifuge bow 10,
i rradi at i oRIG.c4Paghioas a0aterah eroas-oestionalseevs of amarBor endnovabl e data card 1195,

t r eat nent 0, and | as coll ecti on. baa. 51. Phot eresi s Ki 00
urehor ™ o BB, 2DmoBRA neR AT R Ciinap BieVidt a8 Hnrlpt i RGBSR e SR oot or
spi ke 1191Ff@rsiri@mpestd ¥ @inensiondQedw Bﬂttﬁ%t:aﬁl?%]ﬁr%e ofPIGCBRgUl ant fluid bags

(not shown). Photopheresis kit 1000 has al e necessary tubing and
connect or s FIQ. 32 igiad eplacgadnvew ohh holder/fos en extarhal conduvut e t he circul ati on of

fluids duri hot is t t t ion. | _tubi i teril
rodi cal or ERG 11 SBEI HEERYS b BRR ot B R o Be eso el Bic ac
vari ous $afidly Rdaf hownllg FIQL sgduction of fluids into the tubing if

necessary. [0027] Needl e adapters 1193 and 1194 are provided for
r espect i velJGcoishovisianglteplabvogmbedinient ¢fithe tp@ore.o needl es for drawi ng

whol e bl oo r a_patient and returni |l ood flui.ds to the patient.

A Cer nat i vl BB e Bl B RS (RS EHRachntiRs Use ' oingl o

needl e to both draw whol e blood fromthe patient and return blood fluids to
the patient. However, a MedddedCarkiig Out Theflavémibnoecause of the ability
to simultaneously draw whol e, blood and return blood fluids to the patient.

Wien a pR02nkcaiiges,efoke aresentinvention aisfanbadied ipithe permenent bleqdslsdng oop
t i . 0 . . i d
o at Suhddne bifelbicARAmht St ol R Sh0RAAS whiALSRR BO" PP o2

to UV |idikjosalile ity afdihe coosdpoiding apattaneprosdss) The ibliueing Mrittentdesatphibaient
conponents according to density. Treatment bag 50 is a 1000mni three port
bag. Stremthrrd 5daloBsrt 52 is used to inject a photoactivatable or

phot osensi ti ve 3Rp628RIHpHRLGs ijeat ment bag 50. Plasma col I ection bag 51
is 1000nmL two por?Ab sseQ ok t {ffiﬁﬁui gw20 and plasma collection bag 51
have a hi nged cap ‘spi £ Igiﬁ%e}%%’ can be wused for drainage if
necessary. Photopher srcf & urther conprises hydrophobic filters
1555 and 1556 whi cH' '% BAPYeY connect to pressure transducers 1550 and
1551 to filter 1590 FMYENBoVLbes 1552 and 1553 for nonitoring and
control Iing the pressuk-ednyf TP tubes connecting the patient (FIG 10).
Moni tori ng t hd. Peemangnelepergyysteisure that the kit is operating within safe
pressure limts. TAePhotdactivaern Chauberes of phot opheresis kit 1000, and
their functioni ng, BaCentifegei€kanbdrel ow i n detail .
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Peristaltic Pumps
D. Infra-Red Communication
III. Photopheresis Treatment Process

[0024] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present invention and is not intended to
categorize or limit any aspect of the invention. The inventions are described and iilustrated in
sufficient detail that those skilled in this art can readily make and use them. However,

various aiternatives, modifications, and improvements should become readily apparent
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A. Cassette for Controlling Fluid Flow [0029] FIG 2 shows a top
perspective view of a disposable cassette 1100 for valving, punping, and
controlling the novenment of blood fluids during a photopheresis treatnent

session,_. tte.11 s_housi,ng 11 t hat _for an i.nternal, space.t hat
2ots. oo "AMRRE Rl R FOn 18 Rt ok ot kil s Blioall SR pERVEion
circul t iy destiabéd Mahd déhtertsf ﬂﬂf&b@@%hﬂ Rit ifﬁi%rﬁﬁneﬂ%ld&dl@lh&éfsyﬁem%&tuséii’ﬁ‘ be
made of any suitably rigid material. Housing 1101 has side wall 1104 and

t op sur Phelepharess tgrany, eertdin aspeats of theanedntign aneot ke imitgd end acapphicable ©3
extendi R therefrom ring . _a photopheresis.treatnent, cassette 1100 needs
Co be. sdie bl SisereRed s tsefliks RIGHFE MestisBheEmt br SR ust rat ed i n
FI G 25 extraddipdré@dlectirdat@entipérBpyposi tion and secure cassette 1100 to deck
1200. [0030] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109,

1110, 1111, and 1112 for receiving fluids into cassette 1100, fluid outlet
t ubes 13114DispospbleRkptonheresisii®8  and 1119 for expel ling fluids from
cassette 1100, and fluid inlet/outlet tube 1113 that can be used for both
i nt r odud002$)] HIG. &xihesitrates dispbssbitsphiotdpherss kitit000fentbad giap tfeatdrkOOf thépessent | ui d

i nput and out put. tubes fluidly couple cassette 1100 to a patient bein
tr ot ed mgegtige i5 geqeRTy, it wgw Rl et Cﬁfﬁg’FdﬁF@F‘Eﬁ%h feepyspmonsitn as
centri f uag ROMcike thé Eig&l]é}foh% fﬁnﬁm%hg,f?phompﬂérsgg Hﬁ%mfz%gd %@uﬁ? bﬁgﬁﬂ

1 a a a ui to

col l ection bag 51, and gs contal ni ng I ne, anti coagu I on
form a dluidsedrdutatyng ekérethomghopheadphetesiskitci000us insaHedin Refnang O344r sstem t ube

| oops 1 w1122, 1123, a 1124 protrt fromside wall 1104 of
housi ngjzijggiﬂj%édr#) ﬁ%’é‘sﬁaﬁﬁ?ﬁ’ C;L}dﬂ'@f"pﬁlgilfa‘f%%f)1‘1‘2@?""%&?@(“5&12@09#% provi ded
for fagielditrliindetall®eiw. cul ation of fluids throughout photopheresis kit
1000 during therapy. More specifically, when cassette 1100 is secured to

deck 12q00Z¢&)rPhopephatdssikit KR8 lsompasesfcasseitd 1p0dyrentrifbge Yoyd 39, irfdiation121,

1122, 1123,.a 124 are | oad i nto a,corres ' eristaltjc u
1301, 1508mee, nerp R SRt ERRs, Mabodbn i S pERR IhE AreBhent b3k S Gpa™ P
1302, 13Qtasmia3@lectidn Bdp0511 IHatdpheisis khtuiodo i @BmphSes ARRE SdrinkQoPHiTRe t UbE
| oops 1120, 1121, 1122, 1123, and 1124 in a predeterm ned direction,

t her eby 1390 ané gnticagiulanteopnetorspiiectdfd fexiespactivelygoangcAngsalint)and s

necessary,.. The, o ar t.ion anglaoauto tic,loadi 1t g.unl:l adi ng of peristaltic

purps. - Faoepiagb iuithees ol shovem), Pholapheresis it o dan 2 e pepcssprvstibipg o'«

respect doanddtés®1o RBrdPBconnk&G]evioes Bhd '@ raot¥ the cirtyfatich of Mi8Ldirhglal 00 i s

shown with housi n%) 1101 in an exi)l oded state. For ease of illustration and
it

descr i ptAhetppherssisitisaEnens sessigBy Ad) tubingdgsterile medipgl grads taxi]e tubimzr Triparbt
e . _ oty ' el S bod
Fl o el 102 afkprdtiBed Va8, pditibticTbr Gleifitddioton B¢ pllal B et

assenbl yif hiéd@esappsi ti oned therein and in fluid connection with inlet tube
1106, outl et t%114’ and one end of each of punP tube | Qqops 1120 and
1121. Filopef ¥ aptershP3apdd P4 gk Rrawided forrpenestiyel gonieating42.  Filter

oo R O REAGT et G aasen Sk skt ooy,
1131. Cdheds ltBO pinasit.t Aftesatifelg,ephotopheresis 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
blood and return blood fluids to the patient. When a patient is hooked up to photopheresis kit
1000, a closed loop system is formed.
[0028] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation
chamber 700 is used to expose blood fluids to UV light. Centrifuge bow] 10 separates whole
blood into its different components according to density. Treatment bag 50 is a 1000mL

three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive
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1105, a bottom surface 1160 (FIG 5), and side wall 1104. Cover 1130 has
openings 1132 and 1133 for allowi ng vent chanbers 1540 and 1542 of filter
assenbly 1500 to extend therethrough. Side wall 1104 has a plurality of

tube sl géiipdubddnicotréiheny Haf80i Plasinalculledion bug 58is 1000hdEStwoat BagBdthop
tubes to pass into the internal space of housing 1101 for connection wth

t he i nt teatatent bag Shandeplpsng eqllpcticiehasst] haye adiinged cap jpike fubgSBuckranlee 1134

| abel ed-in_.FlG..3 ' ical i 3
Dosi 1 ofted ok AeirRetikct ey PrOITHIEE R 1 060 AEHCP Gora 3 ppndE chéhD, 5 ©
Cover 131885 hap135ecWhish art ddapisd loléhnactdo pBafe tranddadets N850 & 51ttbdiRes ur f ace

1160 (FIG 5). Gcclusion bars 1162 and 1162A are preferably nolded into
bot t om 3590 vieeenti@besotS2apdd 533 By reiriofge iapd comiralkng be presodss ithastabas 31

has a pluralj.ty,.of upe- hol. ' rd, fromtop

sur f aceci%é‘“@?r%ys‘iﬂ? ggceil 0&0%&?&%@%@ pr%%ﬁ%'greﬁ%&%%ﬂ%%? ﬂ#ﬁ eslgt Butl et

t ubes, ?ﬁéﬁtiﬁ@%hldﬁhﬁépresé‘u}d limits. abeimalwduah dehitestefphalopherbslb Rit 1000,cmidt ry in
pl ace. |y a few U-shaped holders 1135 are labeled in FIG 3 to avoid
nuner i caheicfupolitmag, apr diseyssad Yelowindasthped hol der 1135 is provi ded on base
1131 at each | ocation where an inlet tube, an outlet tube, or a punp |oop

t ube passes thr : side wall 1104. Ml e extrusions
1136 protrudél&'fg%%?tt ggt?ﬁ}rﬁg@gFﬁgé'I@? base 1131 for mating with

correspondi ng. fe e holes 1161, | ocate n_bottom surf 1160 of cover
130" FARD29 JIGER apareibiop PePRAIvE inoor B R sIue 1B for Ao “near
each of .phl?@i]{lgg o EQHtRTh: OF nRASReMlGDIGRANTRRburdd 4 BhotdpRPesidBlfment

protrusion th the female holes 1161 to forma snap-fit and
secur e esmionl 3Esdtte 1300 das Hagmg 1121 [tho IgimBasiotetnid spdogrthfects@oppaiispfora hub

1140. Hub 1140 j five- t t d . t fivet f
Uhe | nt dRATORBIRFR <orPRls 0 trartpaaney. HRfns LR BREGslipRag™o ©
| ocat ed a&AH1adtd btdah Mentadelor ey Qfitabhieri fidbeger#ationgink 101 hadsidd-dan 1hop

1140 acts as a centralized junction which can be used, in conjunction with
conpr essind topasr{age 165. 191de wpii 4104 pFhausim) 101thes iabsdd P2 pndi 1 HI3 extensling,

o P otk ms thurRapHRbrRsR Ml & &R T 06 Rlads 18 be 84JHdd b1 560

1140, a nectors, such as connéc

connect Qff iddddysterne200084k ik Be hatratekie TIEs 26 edabd EM2nd 110D help festtivnays.
[ 0036] Five apertures 1137 are | ocated on the floor of base 1130. Each

aper t ur eand pecure gassefts Hd@riadeckol208n aperture wall 1138 having slots 1139 for
. . f ! ‘ I vt |
passi ng e@ﬂ%@gﬁ{ﬁet{% 1@@?@ AL iR bk 1167,1388 110! iﬁo?ﬁgg fg)gﬂq 1148 for

el ongat ure I's al'so provided on’the
Aper t ur agcelidg faids ihoaatede On00) dwid ditBl tibes 4l 14111061 H 1601 1155 pbIR]iand 1119

conpressi on actuatars_ 1243-1247 deck. 1200 (FIG 2 ertyre 1157 is
ooat od nexnsing Nda frpe C&F%eﬁﬁlhﬁ ng M@@%ﬂ%&%ﬁ@_@Qﬁ%&&emﬁ% ~deck
1200 (Flb%ﬁ@oggggg%@pgeﬁm{ l%iﬂsl% i Stz 2asiOnd PRG0. AriRsO AL nPEREGS ST ON

act uat or can exte er et hr ough. Aperture 1157 is Sized so
t hat t hregput aubesdmidipnogile vassettes] 10940 -a padentdemgdreatad as el ms theramghs

Conpr essi on actuators 1240- 7 are used..to clqse/occlude and. o certain
(U palSiigs RPeoORerss 1k Ei0n sfehasisaR Giogs Beoth 1y AP SRABAmPG PRt | 1 ¢ at o
or prohipidmbhiyad 500MasiRa 81RkcBoriBS) $EAnBBEEs cofBRinklsalie, dRS¢da@Mlation RAKE a
certain passageway open so that fluid can

to form a closed-loop extracorporeal fluid circuit (FI1G. 27).

[0031] Pump tube loops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of

housing 1101. Pump tube loops 1120, 1121, 1122, 1123, and 1124 are provided for

facilitating the circulation of fluids throughout photopheresis kit 1000 during therapy. More

specifically, when cassette 1100 is secured to deck 1200 for operation, each one of said pump

tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding pernstaltic
pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Peristaltic pumps 1301, 1302, 1303, 1304,
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fl ow t heret hrough, the conpression actuator 1240-1247 for that passageway
Is in alowred position However, when it is desired to have a certain
fluid passageway closed so that fluid can not flow therethrough, the

1 1 t _ 4 . - 1 t .
conpr os 2388 HHLE BaidNeREh Y inel ks ok TodiR) 186 112P 113571 28, bk
conpr esqi124 ira posdetenninet dirbetidnl terdblyarivinguhdd tiobughphotyphagaisikit 1000FIE
surface 1160 (FI G 5% of cover, 1130, thereby closing that, passageway.
Pr ef er ad)) yis neseesany dhe ppgratiomand aytanatic Jaading-and unlgadipgofnssistaitic ¥ @®sn” bot t om
f ' | ' : t T [ t hat
the por drOk 0%, AT R 106 SHLBLERS AaRLNR Blitretodtlio B 2831 1

occl usi o3P ITurdihgHhoor to FIG33, cakdette 1800 isahywn iwith lamsing 210D irbar expddiede
omtted or | ocated Qn the conpression _actuators thenselves. [0037] It is
pr ef er alstate-fFoF easeafdllysiration ang despraptiona thedpigtne! (sl crewry pPHEED Beysing

comruni . t: rel ' Far-im 3 . e,{rglgﬁg; The
uni que | g‘ejﬁtlsl ﬁtépulﬁﬁ%dﬁﬁo}?ﬁd%gm{) ensﬂ?‘é&?ﬁgﬁ&t ﬁ@ g}lg%g’g%gll%#g%b op e{r;hesi S
Kit is aedistubizdanwelation theretd. dCdseltei MO0 heg filtpnassmblp 1600hogitioned thereinei ng

| oaded, and that the photopheresis kit is capahle of running the desired

t r eat merfdpR Seg%@.nn?ﬁ@wtw@t ineshsrklilf’ﬁi %}F]Se& &%@35%@ a5 ong gpd gkeagh of puRapt o
ensure | a Q&%\"B | Fobe o | d nane
or rrake.th?éth%hseim%lsfltsﬁgg'egh&éxarrp @Pﬁ‘ﬁ?"ﬁ“. c?hseb?lég&?ﬁ?eﬁg?g@sﬁg 53 ied as
dat a carrltdrlddbentbllyB50@,)antl igtfuncsiohimgeisidistussetl dn detail beloar with esspect tFIGRr t

2001 of dE'permanent tower system 2000 (FIG 17). Data card 1195 has both
read andW-ite capabilities and can store data relating to the treatnent

t hera ' ' j 4 | so take
Py [B@ﬁ{}qggﬁs?ng {101 dotiptisEs @R@t ¥PioSand HaSe vgmqt@o\aesﬂm%agq?%m& S

on a vari et ornms, including, for exanple, a mcroc at Interacts
wi t h t hel 195 poblottr werfaguil GOERIG. Whemdtside walt 1104, |Gadell] 3Ghashopeniogsitl32or a

i al 100381 Co 1130 d | d f hol, di dat
car - 1198590 s Ons o Yond shambars § 3R s BO s hpler aSEhp ribe Ehxae” [ Hgee
in a seqyeRiesy .%ié@%il@ﬂﬂ&ﬂ@s&?lfjﬂlitf SC@bY 18 113840 BRbW kRDinfiahibes afufled 195
to cassette 1100. Data card holder 1134 holds data card 1195 in place via

a snap- ftubes Edpurdp loopoobesde pResfintorthe interoel specoiddusingdi @l for qohpedtioner nal

por i on B Eigciad bl R b doare ey " AR uPB PS8 ke Bt 1

pl asti c f1¢hi3ng abvbidtnueRfcHer@hdiape tab11K0200dt1103 arepdsitithe@on RideSs41r E104 t hout
conprom sing the hernmetic int egrlﬁl‘hof the tube. Base 1131 of cassette 1100

i s il ustorastmeditq mterfereavith tube doial 134 Cover dd 3 has eastision kary ELfiZiand 1d88Abe
i eved. . 7 d - '
boup! 1 ng Rerting #8RDehiA PRl HOEIA"), WA Ghol s 1 {7 SR BUpfaERT

out | et tmbRled 1rkb boromrsarfhetel f60rof detérid B0 dgring itk €ortiaciod. f r om cassette 1100
to centrifuge bow_ 10, and inlet_ tubes, 1107 ?nd 1108 are,respectiveléﬁ
Sity

provi de (0874 BeserldBhdasa Plusiey ofibndiapsd tibsdeldssnbbReanding iy aia Siomy
phot opborEare 11t ToBARRTaF ey 188 ol 6 (R, Gl LS 8o Logp nbes
f or exanflte,assgndtspeand limtakat wbeky cipbudtrglirephee.bOhfya feeat);shapediinidasdbIfadei on
t her eof labeled in FIG. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is
provided on base 1131 at each location where an inlet tube, an outlet tube, or a2 pump loop
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 located on
bottom surface 1160 of cover 1130 (FIG. 5). Preferably, a male protrusion 1136 is located at
or near each of the four cormers of base 1130 and near filter 1500. Male protrusions 1136

mate with the female holes 1161 to form a snap-fit and secure base 1131 to cover 1130.




The hi gher density conponents can include, for exanple, red blood cells.
Qutlet tube 1117 and inlet tube 1112 fluidly couple cassette 1100 to
i rradi ati on chanber 700. Mdre specifically, outlet tube 1117 is provided

for del i[g@35] Bhs@M13INHir@ef priteSs hale PB40, YHEB PR is aFRAPE Hube ESHneBiRTRIdE
buffy coat, to irradiation chanber700 for exposure to photo energy, while

i nl et tt®eommeetfivestubesond the migrosl telatdarayicuiyry: Haelerably, daree eprrturesehiiTtaye bl ood

conmponent cassette 1100 for.funther .routi QR4 lnLet tube 1111 and
out ] et Tl neR SRFhthuhd Mt 8 i b Kgalsg Mg M 080 Bho it e A8, M e
1116 i S cpheMize@ uricliofl ¥/hidkedand8 ubdl, irPadrehcion/widnsonipteddi ORGP PR 247 OF
exanple buffy coat, to treatnent bag Qutl et tube 1116 has hematocrit

0.
(" HCT") (FKardorto direst flugethsmigh pbotenberess kit A89Q and topmddTam dre fasient. He

I nt roduct,i.on_of ' densi.t | ood onponent .~ such.as bl god cel Il s.
Her sendgitibnda nits LA aBRIBY e oneci BN T ARG R ST01 d 1o a
cont r ol |@finedidzT 198 NE0 isddld Dbtdthe desielel MGible futsh@pahwhys. t he control | er
when red bl ood cells are detected in outlet tube 1116 and the controller

vvihl |t aﬂﬁoiﬁ]g:i‘lf%lﬂﬂﬂ@p?si 1382 agedlorated on thedloor ghbase 1130, Eagly amgaeqjlm iBeturn
' 50
casser Surpgedy FRne VL P8 OHRRREE AL APPSR fHibne e rudeRa

respect iwygllaycifannetiefthbog Saklofgatéd sheikd 118570¢ Wiso Prorled adtheTR@S of NOt
shown) via spikes 1190 and 1191 and are provided for delivering saline and

an ant i deagllHntApgrivires 1137 arxlosated en pawd 184 to plign with cpgesrondingo t he
tient. [0041] | | .8 | e .pl
ol | ect i SRRageag Rt Bt E 4 st (RhEMGa, ol it Gl e ™

del i ver s1131hb aligh eithRomprdssion dahatass 12402492 of Heckol WONRIG 0dd)e Flatlp Apdptge S51.
Inlet/Qutlet tube 1113 can be used to either deliver red blood cells to
pl asma B desizeshsapihat a3ingle spmpresuen paualonh24r 1345 sansxiana theretbrpugh.

conponent (Sinre § 199 iskiteh o it ifed cRit '&ﬁzb@gz@iﬁgagﬁget te 1100

for further routing. Inlet tdﬁe 11 Sanofloutdfet t ubes 1114 are
coupl ed therethrgpaghi. €PdmprEesiari ddteatdrk §24B124 Rare ustbtoldddst/desludpand badedrain et ur n

treated pl.god, saline, untreate | opd .conponent s reat ed bl.qod .
conppnenflg,g PatfaBIYaYE O feunigm Bitwlar EWES SR OTERIo TopHile oF awiutretl_gwdifkow
provi dedal&g) a d&dided ?ghpmunﬁ il REl WRhve aRkAsi gﬁg@ge@aff)ﬁ%oem fid cagrount

of an anti gul an urd) fromthe patient t assette 1100 tor routing
and t r eaflowe therethiogh, thé ctropivesias acgtudtor 12400124 7@t thet passigewayid B 4 Bwered

specifical ly pyovided for.deliveri an anticoaqulant fluid t.o inl .

© Do 10gp0s]tfon BOWHEt wheh 85 berkted Bk i 89 e bekanl WSseotiotBb Hrid oo
steril e ¢MbiopBowfthesinbhzhPinasbpoptibieicoshpréssiohhetidRyt1 2009087 (Gdised, 0042]
Cassette 1100 has five punp tube Ioonghlzo, 1121, 1122, 1123, and 1124 for

drivi ng ext¢nsing the gpapressipn agfhaior 1240s through@pemere JA37 opbtyaid kit 1000.

More speci ficall Loop. 1121. | Q 1.0 al e hlo 301
andr eopeepre@ingdpRRR of b o Rtrer it 1Y Bt Aol R SR TOB T Tl o
t ube 1108f @ver PA0| BlerdbyRfosiiklthat ResSEWRy.t Prefetghlyl dddwionl5291163 a0 e way.
Punp Ioo&ﬂtube 1120 loads into return 1302 and drives bl ood fluids

t hrough ¢RlGt &rare powitiansd grekattoppsurfase éh&r gwp%ligyli vaitly the| compression peatorpl240-| oop
tube 112¢40398at 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.
[0037] It is preferable for cassette 1100 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is
provided to ensure that the disposable photopheresis kit is compatible with the blood drive
equipment into which it is being loaded, and that the photopheresis kit is capable of running

the desired treatment process. The unique identifier can also be used as a means to ensure
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into red blood cell punp 1305 and draws red blood cells fromcentrifuge
bow 10 and drives theminto cassette 1100 via inlet line 1108. Punp | oop
tube 1123 | oads into anticoagulant punp 1304 and drives an anti coagul ant
fluid inba tbadismsablemlomphexasi's kites oftan:eetamﬂﬁanchmdn@mtmd(e lodbsBlusteatdd 00 t o

T2 oemply #é%c?wﬁ*‘raﬁ% SR Stttk RE 2 38ets (Red Bieh as
pl asma, h{ 004hﬁ dFE2001ADerBarRAfioWer SFited 260D gﬂP@ﬂPﬁ)r TRPcdi gﬁﬁ%ﬁ ette

| 100. 15 of peristaltic punps 1301-13 aré activate
necessarbpth mapeand mrmz capabilities tptaarsey e data relatimgtotthe treatepent terpy qienfgnmcmi an

embodi nent _of th rret d of th esent. invention. is.d s&; bed bel ow
T 6l atPbfs ReEE. 28e UpaupEnEEdIcan alsp ks O PR e DaRIcoTES, MBS BEP: og
one at gxbjpR, 9‘imbﬂ)cﬁi?ﬁhé?tqm’éfa@%t\hﬁf‘theF%dﬂﬂﬂ?@%ﬂl}l phhtntwhen M‘férklft ik [bade;(il|

conj unctlon W't h conpfession actuators 1240-1247 to direct flurds through
desired haatd»ﬂvapsas@'ialphmbapherem s kit 1000. Apertures 1137 and 1157 are

strat egi | oc ase the inter rcuitry to
facil i tdﬁ@‘br ‘b"éPF 1 g‘ﬂ’&‘ ?éé@ﬁr ltﬁé?q olfime dé@rfﬁ{ﬂ’sﬁ&lfé )u;%%?&

1240- 1241%»1(1&*1@3& E&hﬁﬁse@a&utb%mea ¢lirpd Qachenid reahdpifar sAb eﬁ?%&bﬁ?ﬁg on

t her eof 1. The Filter Assenbly [0044] Fi'lter 1500, whi ch Is | ocated

within (mdsheldmg ﬂat&@ﬁda]swﬂe@cassﬁ@cﬂlﬂﬂo@ta ¢asd holdest ¥3dthedds data ched 4195 im

FI GS. 6-10. Referrlﬁg@:fésri)ts to FIGS. 6 and 7, filter 1500 is illustrated
fully aEniit agnan-hd 00 conprises a filter housing 1501. Filter

housi ng | béﬁg R &feRin@fRhald BIGSC 0RAd 4 Ut efledibl ﬁbﬁl%ﬂ&?&ﬁt&?ﬁfcﬁéeﬂerﬁm hpigent

nedi cal grade plastic. However, the invention is not so linted and filter
housi ng rb50he digenssed. o!&shlsast@aoetwrmf thmyltmaléubualar cvwattrms Iprefanably made efini nat e
bl ood or,other. f I h 0045 Fi.l ter housing
1501 hasﬂefxcl) Fpalsh?hj ]n&tﬁec a‘l%(?% ppl)%cr dn@‘ﬂb ‘?%Pl’ nxge &é?rFSH{e% }ilr%"ity whol e

bl 0od i Noatpro@isinglHe Bermiid! ifteptinast theifubel Basy 113153 3asskfte 11 @Fishilluktdtddihet
port 1504, and treated fluid outlet port 1505. Ports 1502- 1505 are

st andar oFIﬁieduseahatﬂww%!évhﬁ%rtqlr@wtmﬁapéw vigtead. dnlebwbredil €hand U98gdt o be

1506, 3R EEEITLE ARG ocd R LY atate  LAERAGINELY o BIG, BREM MO°
t hr ough Merd spedifidally, bofle, tuBHOH 5ol ﬁro%dlﬁfor Helivaring vwhaolé blopd fvageassatte 111000

filter housing 1501 at the desired |locations. [0046] Ports 1502, 1503,
1504 andorsuisitageeboxyldl, srcmlet fubse d 19 and 1108arq sespeshively prowss ereming@o. | n

doi ng Solow@f)fién%lt%%%d cb %ner;ltggﬁa er](f_égﬁ HFBBog BaAGS eg?s:daacﬂgs@ttg"i‘ ERE" S

1135 of cassette 1100 ter sing 15 has a protrusion
1510 extiﬁnﬁbmuﬁi@t}mmgimhot@hcfem éutdﬂ)()ho TS g érl dmsu){u'ﬂbad ciimpoments can 1510

fits into de hol e of base 100 0047]
et or 11 GO IPbOREIS g Tesmiar KOO Plas et i roseb Y SO ERERULNTSE at o
Filter hﬁ&@mgger deRffy dotnponkH@cRh ﬁﬁﬁnd%sﬁﬁ BRANpIROMBHISId k1S O VutitOrhibe #11h base
1512. Roof 1511 is connected to base 1512 by any neans known in the art,

such as andtinkes tbed 19% fdidhy coupdeacassrstedilf 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.

[0040] Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. Qutlet
tube 1116 is provided to deliver an untreated low density blood component, for example
buffy coat, to treatment bag 50. Outlet tube 1116 has hematocrit (“HCT") sensor 1125
operably connected thereto to monitor for the introduction of a high density blood

component, such as red blood cells. HCT sensor 1125 is a photo sensor assembly and is
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appl yi ng an adhesive, or by designing roof 1511 and base 1512 so that a
tight fit results 16 between the two. Wiile filter housing 1501 is
illustrated as a two-piece assenbly, filter housing 1501 can be either a

si ngl € Bh &Ry ThipRtUS 8 cORtralleRUHTT $hek 4128 56D h ietebAOHSndas e LorRolads

chanber sepafation wall 1513 extending upward froma top surface of
housi ngwhemoed W58 c¢liy @e detectedineentlshibe 131 and e cortolles will sake thessenbl ed,

top surface 1515 .of ¢h er aration wall 1513 contacts the bottom
sur t aceammropagiF aqudh ST T REPBLiGaR it Bl e iureRth R RebdSimatid g
whol e bloagdofdna floak tréfienetig 50itb taisetd'PIUBEG: ARthér routihgli Tthi@ambéat ogdian@ct | y
pass between whol e bl ood chanber 1516 and filter chanber 1517. [0049]

Whol e bll bbbareivespisetivelg tenrested ta abalingrand antispagulsntsterase bhegstioet shawnhwiaf | oor

1514. Wl e 00 nber 1516 .h ol e bl.ood jnlet. hol 19, and a

whol & bFeses bLoPER FY3RERE arecar il o At Uyl sl ot 4 i Ol 8081 B0 T e
hol e 1519 said idueforTerieer PhaRg toitHe Rtietol € are located at or near the ends
of the substantially L-shaped whole bl ood chanber 1516. \Whole bl ood inlet

hol e 1516041 dntst/Qusktvbe tlidyandioutieidpbanl hif compl plasmacallection bagi¥ote so t hat

a fluid can_ f I nt.o. whol I I LmJd ar | e bl ood
outl et KBISENS qu& ﬁomg}egl&% %‘g& %ﬁg?tﬁghbacgﬂggsd;egégwﬁ ]6\;&&[ %nlld%dél ﬁ'}“r]ng“ﬁgg? of

tlet 1 > ibh baglSIC ARt IOntlet @bE 1013 edibetusel e et daipes rdd16.
FBOSS] ?F?g?ﬁgﬁg%EZra%§E7léﬁ??loor 1558@ Fl oor 15;%1ha29elevated :idge

1521 exthbondi asljs taiplasma colbrstien bag$1 Fpmvceswite 1l 8@ er retum thebloed campenaat(shnd

f i . i | : - i i
1 ust r R e dfuBan pine St REbEE 5t I 6 ihy Sy ARGRORGHIE 8 sbifEhige .
forns anppgagliasesesEINOnml ¢114 ddeolisledty a pitienit. epdcifitallydgtlel bk 1184 Isess t han

the height of chanber separation wall 1513. As such, when roof 1511 and
base 15Provifed togshuniealgd blogdsaling,upirsatgd blged sompeneip tsptedbdans: ed ri dge

1521 t f 1yEl i .chanb
sopar at oiPGaPRs ARG RAS vl LORE padeh nifr EHET 6 & pRASIADDE 4 BRRAERETOR
facilit ainerefitedimthold Blood (endugitedetdrindmedcinacdne of &ibamicobpwdamt hH@0frat tlie | t er

chanber 1517 has treated fluid inlet hole 1522 and.treated fluid outl et
hol e 1573tientta sassgite 1Ol for riitiag and freatmenbwithiny moaqrélarfémﬂ@ utiehube

peri met elffgggg g;f%éifﬁw bfMAdeador &éiﬂgﬁ%%%%aﬁ%agﬁlgﬁmiéﬁ@ﬁl%@&ﬁ%‘l’o(?)’i R

openi ng I nl'et "port 1504 s at a flord can owinto filter

chanmber pkéfevable that dltubingds flispesabletmoedical gradsGien]d tubang dFekibieblasticl tebinp ad e
1523 isnt%ocat ed _interior of the perineter formed by el evated ridge 1521
and for eﬁmﬁbg@gﬁﬁﬁay with opening 1509 of outlet port 1505 so that a

fluid capoddjarasitie Pf00fHak FioE ﬁmgmloaﬁslﬂzo[ PPIRN1182 ) 1eB, &R0A 26 Yet hd¥in
1530, Fi | 1531

conprises filter el enent ter elenent 1530 conprises frane
havi ng ftlbedfluide traugte®pcasesiietli18f end phetopheresiski H000.58tore apeciicallpipungs 4

that faor a fi r.inlet hole 1 E [, el : ' L.tion in
i ter chimsep 112 Fags MiElyolpqciion 150! fa SPTRTba RS “holfibed SR,
1534 surgiaypdssstieioad/iPimaduticl 106 ahaloatlddBe 1113, lpassing thkqightfilteg 14683 i s
aligned with treated fluid inlet hole 1522 so that _incomng fluid can
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 outiet 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
pump 1304 and drives an anticoagulant fluid into cassette 1100 via inlet tube 1124 and out of
cassette 1100 to via outlet tube 1119, which connects with inlet tube 1106. Pump loop tube

1124 loads into recirculation pump 1303 and drives blood fluids, such as plasma, through

treatment bag 50 and irradiation chamber700 from cassette 1100.




freely flow through holes 1522 and 1533 into filter chanber 1517. Frane
1531 of filter elenment 1530 forns a hernetic fit with elevated ridge 1521.
Al fluid that enters filter chanber 1517 through holes 1522 and 1533 rmnust
pass t hrgeus) EdchidTpeARaltia phR3e 1864 -93054re bajvabiiiwhehidet REar§ R pBgSmi @t 7 Vi a
treated [f?lﬁji]d ou;lgt hol ep15§3. Filter media 1532 pref e?gbly has a pore
si ze of phopepbgiessttesaimend therdpyraserydingitp ar embediment &f3he nwthode it presendf woven

h, h.. I . {005 ' g 17 f
Conpr i saBvipE AL PERS BFore 3o 165076281 enstlpe pumps 1361- L0 mer
1540 hagafidg oP&%Eejd](ﬁl@Jat b Bindel® ih efyRdthbigati erhepufaps $301-BseRwe sk mas vent
1541 opens into filter vent chanber 1540 which'in'turn opens into filter

chanber cbBinctigmwath comprassipuatttators WA40HI247 ¢ direst floidathronghl ddsired patheswyape

t hr ough vent 1541._ S m,l arl I ood chanber .1516 caqnprises bl ood
vent  onatpbetopBirssigkhinond. snfurks 1PEE 480 R SRR och ol pEREe LEET o
1543 i n Ahe heidteehl ablat &rcuRer aUGEiligas M?Bltroillﬂﬂé m}sﬁ% {HatRe opl 00d vent
chanber 1542 which in turn opens into mﬁo e bl ood chanber 1517, gases that
bui | d- upompredsisineachiatase 124 haAT:; theshadsccan beglingpied wlong goy petbmwiay ©543. [ 0054]
FIG 10 is.a to i of filter 1500 having pressure sensors 1550 and 1551
connecté@nﬁ?%mﬁﬁggségﬁs 1541 and 1543. Pressure sensors 1550 and 1551 are
preferably pressure transducers. Pressure sensor 1550 is connected to gas
vent 1541 via vent1.t Obe Filtet2xdemblgnt tubing 1552 fits into gas vent 1541
so as to forma tight fit and seal. Because gas vent 1541 opens into

filter wv G 1 ' T ANy ' s .. the
br eseur JOPAIAREORS00 LRI el B EasRfE Y300 B} feschibl Gl ity
measur i niptdihia FIGSe §90r Keferriug first taBIGSE) 61461677, fikeetS0drie ilkhenard ftlBp0 al so

th ithin fil hamber  1517.  Sini | ,
Sensor - rsiibigt Bl Estl oestisea D nois g 1304 BRI houmne LSOl ghe Sl -
tubi ng 1RRGrkdtéFof NMrshspAenttHandiBdeht Bkdil bAdk plasii m%b@@&erfﬂht: i%ﬂtiﬁg% and

pressure sensor 1551 neasures the pressure w ol e bl ood chanber
1516. Findteo liveted apd filtechousirgA$04 can b oostrueted of Aaynipeteriabhat widt wotd t hr ough

openings 1132 and, 1133 of cas te 1100. en.filter 1500 is positioned

therein ‘io!ﬂﬂa@m%f%léﬁgqi%oﬁﬁrm%%aﬁ %‘glﬂg %e'thﬁ(? thanbers 1516 and 1517
to be npp4SY BlteMitivsRigIS0L haPfodt Bald einkdtldngfors RaMEhe HRIGAAThdngy f | ui d
connections 't hereto. [g0055 Pressure sensors 1550 and 1551 are coupled to

cont r ol |'wholg bined inlet Rt 1302 whelstdped outfst pgrtd Sfibdrapteddbid inlet FOsh 04| et 1554
capar ot SR BASHARTRE 1R8I IPbAs 1502 Fsdd i SObAA maN el DR cfRPeifyts ¢

separ at e processor c¢

and 155lthpr Oucedicaiatibing & boflbidiy caningerad ther@pr P61 $02- Y3050k spdativéliyessur e
readings within _chaEBgrs 1517 and 1516 respectively. Controller 1554
r ecei vesCoOtin op§TRAsd 00 o107 o R 18 ang 1509, Rprenings § 306, éép'és]éﬂs iapg 180 exerdsur e

V0 HREGR1560 905 15 oS 1 5 g PASUIALTT M o
1554 constitheidasired laatadnszes t he pressure data it receives frompressure
e Or S TRk SIS p I S48 S DS R R Fedn i LBucihs
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).
[0047] Referring now to FIG. 8, filter 1500 1s illustrated in an exploded state. Filter housing
1501 is a two-piece assembly comprising roof 1511 and base 1512, Roof 1511 is connected
to base 1512 by any means known in the art, such as ultrasonic welding, heat welding,

applying an adhesive, or by designing roof 1511 and base 1512 so that a tight fit results
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fromthe desired pressure for chanbers 1517 and 1516. Controller 1554 is

al so coupled to whole blood punp 1301 and return punp 1302. In response to
the pressure data received from pressure sensors 1551 and 1550, controller
1554 i shepwegr themwwd. f\?ﬁhltmh‘ﬂlardnbus:ir@ls[pielecﬂhmtratedﬁaehewm;)md agﬂﬂmbmmr and

t 1302 f t th th 1301
;ﬁd”igdi’o”u% B Falags aagls Pttt of hall-fee SSsEBPescur o wi L hi n
whol e B&Mﬁi@fh%s lﬁéﬁbe@eépa}ddohe.valpmrst&fenaﬁﬂgmpwesﬁﬂ @pYurfhde dfs 1 n

this wa t the pressure w'thin the lines drawng and returning blood to
and fr omushg fixatrilén8 (FIG. Thi Wihan best kx12 and d:@}ftlébl arel assesnigled, 1o 8ETackAE1S

functioning of filter 1500 rin |sth session will now

be dis@ €f $EPREALOD; Sg ts 1}Phr§tto figﬁé OTHRE 1Y Bni ng of

filter 1a0fop dithidahe ﬂﬁgxﬁﬁdu?ﬁg waoleewdl chwnb& fﬁ%&ﬁ&tﬁlttepc]%?d@r lisll‘Wﬂ0| e
retu

bl ood froma patient an ning a conponent of said whol e bl ood back
i nt o t hBludditarendt diettly pass betsveen wpbdqlomdwdlamw:a h¥16oand; féltqn@hamber 151/ t ed.

bl ood (08P s Flooq Khmnberdne = 4Pyt it sBiiher tiving AMEaSfA NS "o
t her eof yyl §0B16bd \é‘hahﬁerh's@e@lapywnol%ﬁﬂéocﬂmf\@omghe atd @hold BIBb oMM heRt Who

I's connected to photopheresis kit 1000 via a needl e connected to ﬁort
1193. Tt nldusa'aiedhai flapdsa4 oWhmﬁﬂ)'tbleod mlcid'@leplﬁh? gngd thewhels blopghontlsbhglgessur e

f the |i t he whol t abl

Cevel . eisoRcaiel Hpraestie FRoniieRe e iAD L Ra Rl blods sPim@ga816nt ™ ©
tt W & itled thed t

Caret pavid ?@18%’“2““*@&%2%“’?’%’%“%%%%%%?%’1 ki Spdri 1500 Sl %ﬁ“““"éﬁﬁ. 0

1506 of aifhlidtanpfew intsGhodmblopd clrmber d Al edimilpslyethsMhvde bleadputlet iy fG(HOtI'he
whol e bl hanh nbh t ed
ot oon Y B AThEv 7 BHEBHE RSt b huiEh e 1484 W Allctn R ¢

spil s alLpsowhdiedlociThdmbatidiei t reaches the whol e bl ood outlet hole (not
illustrated) at the other end of L-shaped whole bl ood chanmher 1516. As
di scuss 400 dilker chaabemisild has Jeer 199 |Fé@0r\m§39 823 gJeyatedriges ] ssnIme h

openi ng . 150 f T W ghasder
1516 1 SR a]édctchlgrses Hg%lrg Qé}éiﬂaééjﬁ%ugﬁm%h%Q+@&g1nsta li(;1lrjﬂtel%ert \Wg?@d I nto
OEt I \i}w Fﬁrﬁllsﬁgﬁ; reaaﬁiglﬂm’ﬁnmﬁe 11gllu\k}\t;a¢|5d él‘ﬁﬂﬁlilmlenoa@hateqbﬂdgelgsméhﬁ bcla@ny[shﬁ]&B] As
t he whol e bl ood passes throu ol e er at are

t r apped sollwamt%ﬁep@nﬁpeeﬁrdg@emr ?Elégle 855%'250 Y?é?ql %‘i&e 15% gf %1

chamber Lade o Ahulbe BerfiRARRAGaIS1 3028 slERwiABof TIASHIAASE PIRD4re 1551

conti nuougé‘y m)nltors the pressure wth bl ood chanber 1516 through vent
t ube 155%3semitded, Ispatsrmcisks bwessthe hafi tvfgpl@»rawsuﬂw Uéﬂanddiﬂ&:hn’ﬂoﬂbwr&ceo B84

Controller 1554 analyz he recei ved pressur ary

adj ust s k& ??fé@ gr@é aﬁz) é“%?]}fﬂﬁ’ 6P aﬂ?ﬁlwa]fhgl?ae@ gf Pqﬁg‘?ﬁﬁ flow
rate and,pg&ssure within chanber 1516 and inlet tube 1106. Controller 1554
adj ust the punp speed to ensure that the pressure is wthin the desired

pr essur e005Hde.ord@06 Gicilitaie i flewtihraugh fiklenchambes 1517.tHior 1520t Aktsugh
tlet t 15 nd t t 5 Th
%mg b|%{gﬂmbprspﬁglﬂ3w é‘%ﬁ ﬁi‘?’é‘g }leﬁﬁ@e&}%pseg%reatjéé%uy 6@(1e?'1‘.51e61525”bl?eajréd1 €

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
interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening
1509 of outlet port 1505 so that a fluid can flow out of filter chamber 1517.

[0052] Filter 1500 further comprises filter element 1530. Filter element 1530 comprises
frame 1531 having filter media 1532 positioned therein. Frame 1531 has a neck 1534 that
forms a filter inlet hole 1533. Filter element 1530 is positioned in filter chamber 1517 so that

17




and/or treated as described in detail below. Before being returned to the
patient, this treated fluid (i.e. treated blood or blood conponents) nust
be filtered. Untreated fluids such as red blood cells also nust be

Flui g 1 SomedsTntts imreen S autners 193¢ Hrisngic bl M550 306 ol Fer " por
1504. | . fo ] b | an e
L et ed U R i e A e o . Ty o o8 o

passes fréulpagiv thidughrholas|1622 ed 53858® fdfer thamlesr 161 BnErame1BRA of filler tr eat ed
fluid fills filter ch er 1517 .until i.t. spi fra 15 of filter
el errentelif!?%,lsmﬁma?\s "I‘ag;[’)@?&'ﬁ %HlIﬁSqugg&dggE##ﬁggﬁM{ha ertsiiétg{ ed fluid
passes LhNOUORs{T ti&lonRMsA5223Rd 1533 rhharpaémHI@fgﬁmr FRORVIE32GRBERAtNaNt S

&l
and ot her undesired r%lterl als fromthe treated fluid while at the same
faciliteafii filertdhambet BsiSeviafreatedifipidcdutjeshede 1523 Rier mediad 832 prefgrably Thea

treated fluid that hrough filter nmedia 1532.gath fl 1520
of 111 tBare A shappION N ORFHERG. BT RECAI PO FHL Bymen &) Neath Pelhe 151

This tr L doivegar passes into treated fluid outlet hole 1523 and out
of fil t%?h%g&fé}"ﬁ%?%&gﬁ openi ng 1506 of outl et gacl)_at 1502. The treated fluid

i s t hen[008BFiled chambdrd Spafurder cunprissafilier vaniigbamber 4 540mitn ropf4518.d1 y

connected to outle 1502. T reated fluid is [ t hrough filter
chanber Pty yerthamber {340 s g8 veL k4R ke e 4l rhs € 606- SF oReGh KB a6t e
are trappad,ddis 16 fifef diR Ehihbérd 586 6 i enGpehLiito filer dhlahider VSIT, gaseanber
1540 as the treated fluid flows through filter chanber 1517. These gases

t hen esdapbuild-hp sithir G0er chiambgals W ean es@ng throyghsgasrvens i o rSimsiady, whole

conti nupusl y_ nopi t t he pressure wthi.n ' . C 1. ough vent
tube 15 OQﬁBa’PB%fngh%t"Sm@E’g?sgéﬁ% Iﬁ“\rﬂn&}t‘%‘?%"'é ég’lrdek"gﬁa‘%“a‘%t%g?%ld nﬁ‘}’éf‘f’%‘ﬁ‘ 1554,

Cont r ol L gimP2344RRa ¥&SRnt DRI EUR foafl e Becdaderzaa veniCIB¥Baipess into t 0 t he
desired pressure value and range. If necessary, contro]ler 1554 adjusts the

speed oblaodtventchaothst hA218bizh in wap epgrsapiodiqis Blopd shambey 1517 egasesithat essur e
1 t hi h . 151 - I £ | Chanb 0061
\I,:MI GSI n&pq@agh ﬂ’glf)fea@ggq %’%]Jg)%%g %ﬁ&gh%%%érvﬁﬁasoﬁ%gﬁ%ﬁibﬁgr es?s Eirt [ 1000] I n

detail . (0033 ¥IG! 1Wisfd tb?tvidvﬁofﬁmr 1500 hizving gfeasiironershentsS0 %0 1551 tommeettdby
br of er abe gecasmia 1 910841545, Bcsrergos ISR G APSY AR RESTeRT By corpr i sed
of @ Mlehl fledsd PRk SbARE PSP cohcl o YA FLANGUT vl véit REAROIESAN Il

radi ati on. € case of u aviolet A radiation, polycarbonate has been
found megtings$Efitsdnto gak vamugH1 ob heto foanartight §it sutseahsBewmye gas ey 154

I d. Simlarly, K t hod f bandi I d d
eed hooPBE AN DAHUEE S BBER HER PPRSUn(R Afe ORI, v st
surface dagé%ur%%] v??tstﬁﬁﬁg(iﬁ}'fsftﬁ@?aﬂéﬁs inlfilteR cRAFb&@1529. ByTheguaBRthet he first

plate 7 as a first port 705 on a first surface 712, in fluid
conmuni gatssaresn wentiubing 1552, gmessergrstrsos 133halsqmeaguenthg psesspegcitin £l t he

boundar y-oBbR 131 SRR Eirerae mor bt Lo rderihe YTy b e

second spkshasRndtibing 1583 MAORKS eBCehDDSAPe@ £a6 Yorm 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
1516 and 1517 to be monitored while still protecting filter chamber 1500 and the fluid
connections thereto.
[0055] Pressure sensors 1550 and 1551 are coupled to controller 1554, which is a properly
programmed processor. Controller 1554 can be a main processor used to drive the entire

system or can be a separate processor coupled to a main processor. Pressure sensors 1550
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Extending fromthe second surface 714 (preferably substantially
perpendi cularly) are raised partitions 720A. The boundary 726A surrounds
the partitions 720A. One end of each partition 720A extends and contacts

R R e e AL b L L

pr ef er gk ¥phRY 5879880846 RRpéctivaY. Tontoflér1564 sevefvas on & Fequérm or tomtimious
comruni cati1ons with the second surface 713. The second surface 713 of the

back pltasie daOgpresentingrthe prsssuppwibiachambens 1§46 ppd W 7aCankiolles 1™ is The

boundary 726B preferaply extend Lal |y | for t he
second Bgfﬁﬁ%‘*%ﬂ(‘}ﬁ(" Fﬁg%’regbegﬁﬂmgdf? %8%]{%3%"?2&53% ﬂﬁﬁm%ﬁhﬂgnﬁt e second
sur f acec g 1icP1 $5 £ Eattiniosspaiaiviies el pregaareniandit estkeives framepresuseadnsgar ti tions
(720B). The boundary 726B surrounds the partitions 720B. One end of each
par ti t i i50720A56% te detsrmaing whetheribe preshure seadingsrarpyithina gredeteropyed 1angs4] The
| oi ni ng. of the segond surfages,of | | s in a
Pt d S gdhe SeTen s beryaaRmbg e Aol 15 RO RS AR ASRAARN
boundaryhdi $loddghinp 1 30Sanddeirm Rittp 1308 RArresphsoto) the prssurodath negebvetl| ui d

tight junction thereby formn Bart ition 720. The boundary 726 forms, an
i rradi aﬁommrmamnmléﬂdandd%é rrontraflen §5dds programemehto CPPéObﬁhG\?P%FésOf a

pat hway 0.having ¢ el ' : i be

Cer pont 1hER i P up 100 Gl by pitp 4 SOE TP Rubaethe 0% REL BRURIRS
pat hwaypurdgds 151A6&1d 1401 h Adpisting tiese flowhrhes inlthraadjustZhe pressuek withirwladienber 700
conpri ses a serpentine at hway 710 for conducting ,pa}l,i ent flujd, such as
bul | y cblapd champgrs d5he ﬁk&@lCh‘s‘beﬁr]érh"if?ﬁPé?“V%Y)rIt‘1371(135 1B avaypatdhe pEEswre 30,

i.e., the. se | 0 Byl ' all ' | inlet port
705 of thmt'hEﬁﬁ%%&%@?%n %ﬁﬁ‘g% "%8??" %‘E‘Sf‘gﬁ‘ﬁi ?E"“&QSSPE%‘%%“@%;t i ent fluid
S supmdepgbferlemlgassette 1100 to iRI et ﬁort 705 vi a out Ihet tg?g 11ﬁ7.
Aft er phot oactivation. an assing thro erpenti ne pat.hwa . the

(' eat el0s6) The MeROIES! TR0 B8 ATTCA &R Jheraiy SEorh oull PABEe 11

(FI GS. &isﬁ%g}ngfejﬂﬁnn@q@@tl,kl éde'l d. swalfik wmugaﬁmleg 6101?]&@1500“911“59 1303.

Sel f-shre ects of the cells is reduced while the cells are
phot oactesesibedirbdetail wittiiraspeatrio drawing gihets hlpoth ooy ipatiedbandoktimingdi at i on

chanber 700. [0066].,Figure 11 sho in. 74 nd, rece 35 whi.ch.align the
Ewo. o a¢emPENT b} s 305 Plod A dhto bt BB HEBRA B S Blin il 4
seal | N ;AlitANFANBN500 LarfFe R BéhnebSeH witRRWUh6® anvalufl, igtludRg Haiose! di ng
or adhesive bonding. Joining of the plates by adhesive bonding and RF

vve: (Cjil ng celds, ndite hhr@iffl;@ils,dmify\mm'ﬁhgm@f c;qaq@omblamorathareﬁack pl at es by72Rg |
wel di ng eferr i r an
Vel 1 09 s AR, s ST S RGEE O bty 20 2
ener gy. pheephéefis k1000 RakieaRbonMaREblo b5t 1B, Theiromtioeal spesdndivitiole

pat hway " 710 or outside_ of serpentine pathway 710. Fi %re 2. al so shows, a

vi ew of blend pumpisisat soohaldthaptsssurgpt e Jige drqwing She v held bigod-fiafmies patgat ifgo
degree about axj nY el J: QYT @L I.Ldagd ation
chanber.a?ﬁgcciep*ﬁgkﬁl-lg |l'o§ﬁ)8 g%&@;(}?ﬁ pﬂlén%rgggiel%#’ @’%m%ﬂ%’ﬁ@ﬁ%”?&g EHsym’retry
about  axdasselte 1100GiglinlBeiube 1106 Intet RIEE3.1061s Adidl]y combedted td et lpertkdS02 of

enri ched bl ood, plasma, and primn . ) .
filter 1500. ’?hc whole blood p%sses thr%ugh opening 1506 of inlet port 1502 and into L-

shaped whole blood chamber 1516. The whole blood enters chamber 1516 through inlet hole

(D

1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
blood spills along floor 1514 until it reaches the whole blood outlet hole (not illustrated) at
the other end of L-shaped whole blood chamber 1516. As discussed above, the whole blood
outlet whole forms a passageway with opening 1507 of outlet port 1503. The whole blood
that is within chamber 1516 flows across floor 1514, through the whole blood outlet hole,
into outlet port 1503, and out of filter 1500 through opening 1507.
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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

appr oxi- 0. 04! as.distance betwe plat es).d,n orde 0 _present

| ar ge s@%&gté‘s thg \35018?’1?05&?8???lgo'r'ﬂwgﬁfeg’!%dtcbaﬁng? alddllﬁt FER° Qﬁharp 2‘333%& he
sel f - shi gl dig1E81666 Lsafé) CPRE 9RE colléct th biG¥E et YRids® 1342 ahY HedBcdpat | 0S.
The cross section shape of channel 715 is substantially rectangular (e.qg.

r ect anguilaaas vemtdiPddi Bedsswre sensap kA apatinuamslyonomtoss His pressuteomighin Slepd ¢ he

di st ance bet arti.tion 72 d e di-st an e.pl at iIts
hor st ThLe B it uhe 1550 end Fpiid BHEboBEhEREGed el BichRyfer
i rradi ajs0N Ofntffllel 3550 Ml V¥es tHRresied proRiRalata/and. if MéiebRrpadiast et spaed
pat hway 710 is preferred in order to avoid or mnimze stagnant areas of

flow, obheholehieodymemi30latherdyradasphathedlow coeand meesure witbinahiagber hadfoer

700 all ows, effi.cient tivati of,. t gacti vatabl e agen b I rradiation
(roma Arime et Smsefer BaanBlRretbhsh B s S ine Prosid 20t “Wan
| anps (Wn {}@rdeg,-gédﬁagshmaﬁgé_gure 16). The irradiation plate and UVA |i ght
assenbly (/59) 22 are designed to be used in a setting where edge 706 is
ori ent e @00EMTha rvchodbloed thenzgits filier 1508 thronelh eutlqt portdiS83 and passet eWef f1 ui ds

entering i npu rt 7 a it fr I Wt . d of
i ty asshts bk p O FRNLEY, s SAIENpOE s R fephriBed e (hrbilSiefitsl ¢ (1
| rradi abh9Qr FhaABPes ddseKb& Bl dREs 1eluw.UBERNE balingwdthraied td the paGént) this thatddaci | e
renoval of the chanber. UVA |Iight assenbl 50759 is located within LTV

chanber fsd(isf trpatedrbleedor blogd compgranishnpush be filtenedsUntreated Alidsgnch ppredo1 The

i rradi ati on chanper' ' tfy}&nr C in
whi ch ﬁ);lu%oral °§Dﬁgcp§§)/ eu-ss(ta{r’\% ﬁ%:tgrgg%%{l]%% S":lbg&g?dr @ﬁpéﬁéelglv uri ?\15 p %?%a?@@g{t?don by
LIVA ! : glid isHeeirs ;ﬁﬂlby%]}arﬂlfef ﬁﬂl ’Bﬂh’r@idghqipaﬂihg n ﬁm of imzk?] poet156dn IFﬂeleDrﬂ.Elm
channels. More preferably, the irradiation c e as to, 8 ¢ nel s.
Most pr d¢ Brighy (onnegied ¢ purap Wdﬂb%%&heﬁﬁtegmﬂéﬂﬁs’ﬁﬁwFb@?bﬁraﬁilgur e 14
shows cuyj - i ' L ad ; 0

ser pent :'{hrg ﬂﬁm%ah?\%llgza#g $fa gsﬁe%eﬁgb@%-l t{?ﬁ%rqui‘%ﬁﬁ% é S%—? St; g??ﬂ&{ﬁgr}tta |%t§ ?’o frl;h% 20
and per itpatedriiui@ 6ills Gitet dtmmblen 8E7 uftd 07p}ilsTher framadiSal iob filtehelainent 18601 he

t inventi b de f bl ti bl terial and b
Steri| i 2Kaich{s SERUER heeraiernderHls Theteivg TicBrsses broueb il medy 1532 °°
treat meng; i 40ai84533 RRsoveX baRahEhids-and bBRT drdebired WRitdiRgks Rbm thé ae4tad NOM

cells using irradiation chanber 700 during extracorporeal treatnment of
cel | s wiwhilecdtald sapmafgoidititingrthelickasoof tappay gasesiitomy edrdated fhwd: Tbateated of a

patient (sych as to.induce apoptosis in the | J .0l r e cells
i nt o thefsﬁaﬁaéﬁ?ﬁsewhr?“g%ﬁﬁwfg‘b&bﬁ a5 gathere ' B rr]z}ozlﬁy%qtﬁfe%r &hs e?r‘r"ggt ed will
be whi t ey GgiklEe pdiAd] fotMed@ B cRURE HaRA ST, THis Sresved Rad than phetones i vat abl e
or photosensitive conmpound is first admnistered to at_| east a portion of

the bl oodeatdd Buid outlgihotr 1333 and qubof Flierdbi00 shiop gl prening 1 3Wpehripiet port 15Q2.
oL BPOTRS A L BURRRT S AN Mo
conpoundgon®B&8d to outlet port 1502. The treated fluid is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302.
[0060] 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
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits corresponding pressure data to
controller 1554. Controller 1554 analyzes the received pressure data and compares it to the

desired pressure value and range. If necessary, controller 1554 adjusts the speed of return




adm nistered in vivo may be adm nistered orally, but also may be

adm ni stered intravenously and/or by other conventional adm nistration
routes. The oral dosage of the photosensitive conpound may be in the range
of about skt Lid ; i

100741 \vamlg"rﬁ 130, %ﬁr@ﬁ&gﬁgﬁéaw{ ﬁgﬁrﬁ? 5%2%5‘??!“*6’5"%‘?%2’5%3 aﬁngf[{géwbe

adm ni stldddd at | east about one hour prior to the photopheresis treatnent
and no nore than about three hours prior to the photopheresis treatnent.
| f adm ni stergd in.rtave usly, the times would be shorter. Alternatively,
t he phot osen tih(‘/'% ’%b‘ﬁ‘p@ﬁ*’r@’%y be adm nistered prior to or

cont errporaneouslgévm’ th exposure to ultraviolet Iight. The photosensitive

conpound 08el) &S 314 usteatecinadiation geaspler HGefphetopheresis kit 1090m detatds
id t . g6t [
Phot oseriPRng U6 635831, R-ABofiEnay0BisiBiine FOTRRIAT o PRES. ¥ Boblha. .

usi ng krpowdek it haEing @ tisivlaskaot prafekably avouy 6.06HS. 16 rapbir(oZ it sshiehdret he

phot oacti ve conpound may then be adm nistered to the resulting enriched
| eukocy trseferabdy pemprised of aanaterial idrat rensnarrat i B6 &V avelepgthad whnciromagatice

b1 00d_C8liitioR PREMEIER! dtinralidi8 A SadiatldhO S0l cFBEREORAAER RYHARLE pRéferred
phot osendit1ve conpound nay, 1 n’the casé"of sonme psoralens, € capa% e of
bi ndi ng dithongic be matirid supiofs Atyliomaby be etaplogEdoSimitarlyp mahe khowAangsddsC
radi ation _of a prescribed spectrum e.g., ultraviolet light. [00761

Phot oact $hRondmgiatnbremplpyedand sed npt e grpandgskon hexgt ed to, conpounds known

Chose: aeQREATPfire HRACRATRS b Tk BF:0P112 0 REEH SBEEETIIOH YBREHE] o
5, 399, 7 1émbodimepttht Gest piaraT@dhas adirst ppiroT@sans fitst verfaeMAumdBuit hat may be

used in accordance with the present jnvention include b re not_limted
to, psorZAMERUMGHIGSSYIL) bR SeoPf SUFepd o ﬁé?%wgfa?eaﬂérefutﬁt? Breg plate 702

trimet hy, ; - 14 et -
4, 4- di m%%?ﬁ%gg‘?g?%’ﬁfaﬂﬁ?%m Mﬁ?ﬁ%ﬂﬁ%&%ﬁ? e’i:]l?’é B5RGANS6A preferably extends

4' - am nosubstaytially, perp@&diculardtcny thesecandesurface 715/ @dieoatyout 8011100 deg@e -
trimetbylLpsor.alen; 4',8-neth ral en;. and . =( Qnega-,anj no: 2- oxa
Lo+ o ERRSARE o s e N P St adiah FTRARTLS) dreFiRla
41- (4- andifriensORMAR UL HE bhnBE 726 Al SIRLINAREO pakieiBns TT02NOne BhOE 8RAL . t he
phot osensitive conpound that nmay be used conprises the psoralen

deri vat i pastitiemB2¥A gxtendy Bdgontaciedhe boundsrp’26Aconcor d, CA). See, g. g., U ﬁ
P 5 X : 0,570, | '
o eSO e e B AR

phot ose e used I'n accordance w

conpr i segmBodimiEat the xsqaapidten01 pre@Rabld hbei bavoadlpen 7390 od aaistisuafacy 70L,GHI i Ng
phot oactive substance found in the seed of the jus (unbelliferae

plant). fleidserunepcations withdhesespnd SHfRsaTdd: Egsm%amgsbgamea’llér@f the back plate
o ot hox e VAR IPFA BOEAFT 7212 it an colosure. The boundany T26R preferslly, o
is a steektesdslsubjstatially perpendicelat frati the sefond Qurfagy T3 (ie. abol030H1 00 degrees)See
ext F acor BOIcEAmE R BTErTs Sr et B PTUFBHD SOSEEL DR TE A mgised -
ul travi ol &4;1ibh9¥20B The boundary 726B surrounds the partitions 720B. One end of each
partition 720A extends and contacts one side of boundary (726B).
[0064] 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
and 720B are also joined forming a fluid tight junction thereby forming partition 720. The
boundary 726 forms an irradiation chamber700 and together with the partitions 720 provides
a pathway 710 having channels 715 for conducting fluid. The pathway maybe serpentine,

zig-zag, or dove-tailed. Currently preferred is a serpentine pathway.
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beagl e dogs is located in the investigator's brochure. [0078] Next, the
portion of the subject's blood, recipient's blood, or the donor's blood to
whi ch t he photoactive conpound has been adm nistered is treated by

subj ect t ortion the hl.qod t.0.phot ophe s using ultraviol et
oht RS REeR S e Fio Il e aBh haRPTE bmbiieR A smse

wavel englif sl 41@rirebaduding phtidntiiid, Shchaas WAl O BGrwhiictdlbsy &R, framdfleof 24
32A to -400 tint. Such a range is not limti ng‘,’/ihowever, but 1s netely

provi depbrt 285 wrowlcanpit @30,Tiee thogsmantine pyhwpy 710 ison did coypmugigptienyvithe

phot opher esi eat.nent have a_dur af4d.0 f4dyCi I th to

ol 1 vormi 3pr o a0z ERs SyftertEHor Ty ol 017 sk GRENS

phot ophgi®fiks frofif &Rsdte 1900 td Rkt ot 708 vid dutlet Ribeiln$T.aAlfienphdtodctithidr aid
chanber i nt o photoactivation chanber 750 of pernmanent tower system 2040

(FI GS. passiagdhro8gh s¢rpemsingdiatheray, 710hte trepled pribers Shued issetameddp casseftatil0ed out

invitro, .at. | en fion he .one-em.trreat f -1.s ret ed to
e subpiadiiet TR RIES,) Sadl TR ry BACH BT AR roolPOklidnlr LIS
enric heée]k-ﬁh%m%@ffécrt@@ﬁth@ Bel(sas rdddeed RERde (R ehEdre PA¥LohBEVIIEED iRFidRItisher ed
back to the subj ect;; plant, or donor. fowl. The photopheresis process

consi st Bnpifigingupen patisedesiof eragiatiog: chamber{@0col | ection of a b: at fraction

| euk - i ch 2) . | ati f Vs . tion,
tnd 3y JOoRef Bl Enpfloib A Badtechit Ao iG] GE R Rl ok if8Bkugd T 27
di scussgghmikelpaor tobaiigitined togdthir in a Cedimgairiaygeén by RY welding hesrimpufsaged
aged and separated in centrifuge bow I OX] matelay 44 M of bully

coat anwebiig, rsrllvent weldingrag aéh@l\f%@ﬁéirr@tl 3@@?@&@5@5&@@& dbéﬁm bonging t@n
0081 : ' i ini zed.
hor ) Bhelimg S HTERRFaRNE 1540 e i8R rRIBRLIRE W REWIRIRE Idhd L

flows i Breferie 48the Besign bghe raisddpaetiiins 720and perddetet 726 mimiaribarflashing had
present invention. The irradiation o tuber [ i nse '

§ 700Q, IS d.jin. .
phot oac&llows fasevemapiicationel B epggyy g%wewé%??“ﬂ&m\&%% @éﬁewa}ﬁ ke mstdeyva
bt h- 1 AERE o s B s R L R g
expor suma irrddiatidnt chamibet with Axisilg R otatipredfithagiban 700/ t3Qudegrexpimait s pegives
'y rrphoc){ﬁeeor?gfina _c%n lél.(l:l'a 10n (I):to tlhle ?I%cﬁgiontc?)gmggrq t’ﬂ'?ecitrria\él%&iiog Shamber of the present
invention has C; symmetry about axis L.
[0067] 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
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize
stagnant areas of flow, other arrangements are contemplated.
[0068] The irradiation chamber 700 allows efficient activation of photoactivatable agents by

irradiation from a light array assembly, such as the PHOTOSETTE®s two banks of UVA
]amp$ (758) for activation (Figure 16). The irradiation plate and UV A light assembly (759)
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period; the cells are renoved fromthe irradiation chanber 700. [(Q(82]. ins
preferred enbodi nent of the present I nvention the cells are renoved by the

Fr om { hirecRaEBet b FEdiR K GRY b GHEE 208 BFiEaied JoMmPAE BadEe 20ASI ot ng
ati ont sPoups UERPE: LS GRARIER ARSen & Mplthortids GnfitgonBulk S0
vascul awithylsé amdfsgraa@l Iy tievaest pederdedrdrhbodimentd sradiatioa mb both suﬁesaxﬂthet i onal
e e ARl T S 0
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chanber the v anber, The treated cel I s volune iIs
rei nf useyhdmZOM(Eiﬁﬂ éfand®X)f o 3] For a description of SI mlar

hot opheresi s syst and neth ee . S. t ent i cgtion No, ..

oo/ 48% H$9] 5] ke aadiato SE usdrwfh rla?%f‘doffa P%NP@E 5 JrBRgs I Khich
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501 5aleTelk B HEE bIROH S GRLBAAHARE BRARI RIS Uy R lidhf Blorbrall
4,321, 9hPsdiRich dﬂab';hecambasliﬁomenmg 13ﬁnﬁﬁm}el$1ri‘domr9fkt®6ﬁ8h¢ irgadiatioh V\:hi ch
are entirel expres orat r.ef ce, i

ef fect i VW%%JWF 64 °¥‘ PP RS &Fﬁﬁ’ edEF' E?’é&“ﬂ’g’efh%s %F]bar"&\é\? Scs fluids
may be I@-mg F‘Sgﬁlé ﬁa@h&@g ag- am§ VigddrdRe ARSI IRERbES SBIe dAGShdIT1S ofS.

Pat ent . ,2:19,584, which is

serpentine pathway 710 are formed by the joining of raised partition 720 and perimeter 726
of the plates.

[0071] The irradiation chamber of the present invention can be made from a biocompatible
material and can be sterilized by known methods such as heating, radiation exposure or
treatment with ethylene oxide (ETOQ).

[0072] The method of irradiating cells using irradiation chamber 700 during extracorporeal
treatment of cells with electromagnetic radiation (UV A) 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.

[0073] 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.

[0074] When administered orally, the photosensitive compound may be administered at least
about one hour prior to the photopheresis treatment and no more than about three hours prior
to the photopheresis treatment. If administered intravenously, the times would be shorter.
Alternatively, the photosensitive compound may be administered prior to or

contemporaneously with exposure to ultraviolet light. The photosensitive compound may be
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entirely jexpressly incorporated herein by reference. Indeed, the
a,plication of ECP to the variou$ diseases described berem nmay require an

adiustmerrt of the amount of |ight energy to opt~nii the treatnent
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expos process for the
r enoval e@bodiafng|the bldod abldxiotedrisé Mhitd dlood cetlgspedifieatlyj T-cellt). S. Patent N o.
6,228,995, which is entirely express |~ incorporated herein by reference.
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organi s such as bacteria, cells, or other cellular conponents.
) Bi ol ogiegahplef UiS. ®at. oy 483238 918 anp . S.Pan. &,399988. dihe phemiattiatabiiobe bl ood-

conponent s, i hcl udin ed blood cel.l.s, platelets, white blood cells, and
o obur sehotpsmsiiveicqmaginds (hah gy b3 vocd i e Bulirte M B EPESE SRGPROBIBHIES  om
a patie Lol 1; - X eflR% 1624 5'reatment. It
Is to %{en %ﬁ&gﬁ%@?@gﬁﬁ?@}fg%é? ?\%rtgﬁ%l ﬁtghg?ggg’nsta invesr)liﬁiagé\a?;;’sz% adapt abl e
to use wimbthylpsomilen; Senethoxypgaralepr doestbyipgpralpmat. didimethplpeorales; 45&cific
exampl e given h$rein is nere fQroillustrative purposes. Other, uses for
bR R A R P e S R U e

pr ocess gsmsthgihsaraldh; @l ySiethoxgPonmbnamans(fhaiLifinoSEpRd)alkym,28d renoval ,
and separati on and renoval of other specific cells. Additionally, the

present tiimethylisorsleraynobedingew nobligiied taf (4cmiae-2rgxadntyF4.6184 ds t hat

Tt RS BAGE o PRBR R AL e B8 Sy BB, o | o

shoul d ngipreMans phoraiRhidedvathiephagiosstn {3-69)(Eenils, CeRUEToHddRINCA). 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.
[0077] 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.com/TherakosUS/pdffuvadexpi.pdf. Toxicology studies of
extracorporeal photopheresis and different dosages of UVADEX® and ultraviolet light in
beagle dogs is located in the investigator’s brochure.
[0078] Next, the portion of the subject’s blood, recipient's blood, or the donor’s blood to
which the photoactive compound has been administered is treated by subjecting the portion
of the blood to photopheresis using ultraviolet light. The photopheresis treatment may be

carried out using long wavelength ultraviolet light (UV A} at a wavelength within the range of
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surfacel 110C and housi ng outlet 700A providing a passage betty t;msa the
_..-uppet -housing/wi |l also have a neck 115A formed about: the | ousing outlet :
' 7DOA. “The housing outlet 700A and neck 115A are Si zed toall ow-body 930A of.
“.the coinection sleeve SOOA pas s through while retaini’ nd sleeve flange. .. =
".*790A whith ‘extends fromthe body 830A . of co ectjpn sldeve -940A. In one:
. enbodi- nent- of [the present inv endtion an ;-rub 791A may be insee ted - . -
" between tieb eoiof frfioRs (AQAE satttasi sRBSorgisal pifvtophdrQds; qnbms@mﬁbmg end

110A t:0o ensyre a fluid thght seal provided. In an alternative enbodi nent

- of. the pre<difieretsoEprresh rctions of eells’ withig taehully fod que {r: 'FF'&W@%"?QOB extends

. trom the bady A300aatn SADRRCH 'tﬁhbﬂl&%vs@péggﬁigﬂ rioiidcesl Baend | ange
7904 Bot h.'sl'eeve f| ange 790A an 7900 bein o-fit within neck I1.SA

~and ret aj fiom wifpgeden! ﬂmwmﬂgﬁtm W“B@E’lfotf&d\!ﬁ%ﬁeﬁﬂ@tn this = .
- enbod CcC f th -
e Aeebsee i o W e s

=‘-_? can be |nMen@sﬁmalb>fmspfreddﬂdqdlEel¢g wh&ﬂammoﬁatphmbmto bow - 10A

" o] any Suj I ean d esi W _t. t wI 10A. The outer
: h)c/)u5| ng . %I.g??#“ MP%%WS @&ﬁe seEﬁ%Pmﬁ%’? ngo Bt 11 4 _
SN E-F attagaﬁsbdia! @dﬁmmscrmwh&%/i@sdssﬁm%ama@ﬁl S%ummmd de of .
::greater i-ameter than PP | 00r S.da ed- to mate
 with a |oMEFThEYEIRE Eﬁﬂ%%eﬁgeaﬁ %ﬁs@@a ¥ ?qﬂmﬂaeﬂtﬁicgh'vﬂégséf’“f ewith Any
'-'Conveﬁ’tloaﬁh ‘afiebl Js%ﬁa& Sirme SR A a0 stlbndy Rstrii®15AY ThE cadafitped lowl@0Ar € the

~ | ower ‘nouslngiend. 1 0’\ to including but, not limted to; adhesives,
-uj trasoni |°ﬁ§1ﬂb¥“°ﬂmnﬁ/é’1“ W&M%@&Pﬁ%ﬂ“d¥8§ﬁ@ﬁlﬂlj%e Pt

- ihdentati &é%ﬁ&ss%gfl eases%@oﬁ@iele@féooﬂ%é&ﬁmﬁwwwﬁﬁ F;a%wet er

~of .outer “housin rom upper housi n
. end 199& SOSAIA mmemgSMﬁwwddawmmg
bt at i“onal

;or a' rot aﬁt

mt&hme%ﬁtht to a - ; o
SRRl 198 s D OB, B S YoM
" bearing dooA a besEoAr dé;eﬂuidadomummmm,ﬂmmﬂeo bé wmhwﬂghmﬁham sm may o
ey arb BB S S e
i L separs '_ | fluid componmts 810 and 820 to be removad from bowl 10A through externat o
L oondm_ ZOA Bow] 10A and frams 9104 are adapted to be rotated around camer axic 11A.
; '_'_ "'IODS!O]‘ Refemng to FIG. 36, ‘bowl 10A comprises outer housing illmA nonnecnon steeve
4 ( 5004, rtc:p core 200A, bottom core 201A, and housing floor 1soA Outer housmg 160A may
. be constructed of any suitable biocompatible material as prewously descnbed for the purpose
s of the Lliustratlon in FIG, 36 the outer housing 100A is constructed of clear plashc so that ,
- cores ZDOA and 201A are visible there through. Outer housing lwA is attm:hed toa housmg .
_ ,i. . - floor ISOA, which in turn comprises protrusions 150A for lockmg bowl IOA iirto a rotational
G ' ‘ f , dence such -a rotationa) device 900A. Bowl 10A i is preferably szmphﬁed m construction and
N ‘fl:‘_ Lo is eas)L to. manufacture by molding or other known mnufar:Nnng processes such that it may’
o be dlsLosable or used fora fimited number of treatments, and is most prefembly capable of :
taining about 125 ml of fluid, such Duid possfoly being preséunzed lnaltemanve
_ em] 'ments, the volume capacity of the bowl may vary dependmg upon the health of the
: patum‘t and his or her allowable extracorporeal volume. The volume capacny of the bowl _
e may 31150 vary dependmg upon the use of the bow! or the partlcdlar treatmmt for which the
,. , ', - bowl utlhzed Addmonnlly, to avoid contamination of blologmcal ﬂmds,‘or exposure of
! R -j- ' perso j mvolved 1n the processing operation to the fluids, the transfer opex!anons are
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nore protrusions 150A . container or any other suitabl e interconnect or
-1 pcl.ong. mechani-sm or equi val ent known in the art. The | ocki ng mechani sm . i -
T n‘ay al'so .conprise a key slot 160 (FIG 51). {009\3) Ref.errl ng to FIG 37
- olter ~housing| 1004 and the base 180A define: a'n |wnt erior: volume 710Ain ‘;; :
- whi chcores 200A and 201A will fit when bow 104 is asseinbl ed. "Wen ful %
. 'aSsean ed, cores 200A and 201A are full y within-interior volume 7104 of -

" out 114 7104 about a | i ' |
e mmﬁﬁy T o oW it esplr g RSy Pfﬁéﬁ‘”?ﬁ&ﬂ’}‘?ﬁ?ﬁ"%sﬁg?éng ;
- 200A° a”dgﬁgégﬁk%? simflarfaidhid whith chy b6 @ifpcead ofufier mebpgcm vel'y have upper

core- end out.er core walls 210A, 11 and l%\ﬁaﬁl ‘cor.e ,ends o
2054, 29960917 iciinstet @00 FIGS. %mdébéwt%&a% A sHoS Y BRI ) o1 e

| Z$8428‘;A Oﬂaﬁ OA a“g& gﬂggl&,g,&?o%m&m g'mﬁi%bwmsmm . upper

. p core 200A and outer' waj 12 and ,
lower - COI’190AG| ter}i&;ﬁg)fﬂﬂbahmmm@f plogtix; (surh 2p thoss p FﬁS‘ﬁ%ﬁ‘ ) | N
'Separ ation vol A th Wzge(mghﬁﬁ i s bet ween o
. -cores 20@5\%@‘]’%}‘ ‘F\H"%’U?le pﬁ%ﬁlﬁl ngE T%%A%%%Q%Y%Ls depl CI[ ed | 0 Fi g]ur es 40"
and 41 t QgefeQt @%&hs@ﬁgéﬂemwmwmepmemm @by e\ 2954

- d at: -ar e- 10|n by outer core wal OA. T w 2 a'n an:
‘-.-obt er - sur&ﬁ%@%h@gmmulaﬁpﬂ’é‘fe ‘Wéﬂ“i‘ g%*f%é%@%%g% ﬂn Ogtv%er eﬁ ﬂé\ZlOD The
%540'; galzl-g, g gﬂﬁet‘irﬁ@%‘i@{ 5:cR 94 Breaized abiilpwibddy msfthe wmer.pperslee@or e end -f

" SUrface 2D thons twogh Whikaeubors e Imge YA RES op MRy MR
]l E(F:rg;egon 2 Mé\ev@%mn CW4%%63 | t vﬁ?fh‘g Vn\%g gi%fﬂ?ﬁg |
.:fl Uld bems edbetweenﬂmsleeveﬂmge?%Amdmnersurfacelm thé Bo g e

I :.:to ens E e aﬂmd ught seal is provided. In an sltemative embodiment of the presant mvennon |
' = illus . d in FIG 53 a second sleeve flange 790B extends from ﬁe body 830A. of connection
S sleeve‘SDOB distal to ﬁle sleave flange 790A.  Both sleeve ﬂange 790A ami 790B bemg
o | adaled to fit within neck 115A and retain o-ring 791A therebetWeen A ﬂmd ‘tight seal is
. e . proyided in this. embodunent by the o-nn.g contacting body 830A and i mner surface 110C of
o , _ _l 'dm i'loumng end 110A° adjacent to the neck 115A. However, connecnon s}eeve 500A canbe .
S , sec;ned to. bowl: 10A by any suitable means, including for example, a hp, groove or tight fit
ey 3 and ax[heswe with-a component of bowl 10A. The outer hous:ng wail Joins the: upper housmg
E : : end 1 10A and lower nousmg wid 190A. Lower housing end 19!!5 L. attac‘hed 03 housma
ﬂoor ISOA of greater ¢ diameter than upper end 110A. Heusm g ﬂoor 130A i adapted to mate
S wnh e lower housitig end 190A and provide a fluid ngjzt seal theremth Any convermonai .
. t o meané may be used to secure the lower housing end 190A to thé houmng qoor 130A,
o l' ;7 including but not l:m:ted to, adhesnes, ‘ultragonic welding or Rl-‘ weldmg JHousmg floor
L : ISBA?J:xay have an mdmta:mn 185A that is used to nollect de.ns,er ﬂmd 810 The dlameter of
:1 - outer‘ houmng 100A mcreases from upper housing end 110A to! lowe.r housmg end 190A :
. [0092] Outer housing 100A is adapted to rotatably connect to a romnonal devme 900 (FIG .

; 35) ch as for e:xample, a rotor drive system of arotatmg bracket 910 'fhe rotatahle
R | ¢ ol _'on may, for example, be a bearing that allows free rotauon of bowl 10A. Outer
. o houemé IOUA prefarably has a locking mechamsm The lockmg mechamsm may be one or
T = mpl‘i’ protmsxom ISGA demgned to interact with correspondanlg inderﬁataens in a. eesnmﬁxge
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ovid has two passages 30!38 PT ICl p '"pr 3 u cone unicat3.ons through the
“uppet. core end 20SA with second bowkFcbani el 410A-and first bow channel -
-+ 4204 respectively. Second bowl channel 410A is a condui t - that has a conduit
W 325A_th_atj ext ends perpendicularly fromthe inper surfacé- 481Cof lumen:
_-‘;_.ecmnnec'tor 4814. [t1] As shown on FIGS. 39B, 39A ahd 40, ;second bowl -
.. channel 410 has fluid a first end 321B it 3214 lavin d g u co’ cation

A TR T R LR T C@&aﬂog%pgamﬁ%%%‘?wﬁ%&% e adapted
- condui t 20A oéﬁﬂgrﬁe&@mﬂwﬁitms@eompﬁdaawmmmsmn conduit c el 420A
" is a second ccbndwt that: has a channel &)‘4 4B lﬁ’ﬁ ¢ el >d 104 First.
. bow that ' [Bﬂﬂ:’é_ witoskIGn3 7, amtephoyeing dA0A aad the Ve#@?ﬁj? @P“gﬂ?qface 4816 of .
(the | umen, n_‘?@Aﬂh\Ylg%resﬁﬁ;&%@%‘m%lﬁit%mbgﬂﬂﬂﬁﬁ%s@ﬂﬁleGOthehrSt bow

: -channel c’nmaunication wth conduit channel 7804 of
‘external ﬁmyn bihbled Qéres 20 Aiand)20 HAodre Slly ovithimiasrionvplgpe MOARf o4teF | st end.

|3§2:3| ?Egta S_Aed(iﬁﬂ end 322G ag‘@%{ gw\nge[%fflfngnor% 7188 0BGt LR 15Alr f ace 482A.:

resent invention, second ~ owl

- channel . ‘ &hﬁ@ﬁﬁﬂdisv\ﬁs hOmndMsﬁetprreEMnrdIbommneﬂ%Aﬂﬁ ternative
- embodi mt" of t he pres vent.i Il lustrate F g wall
"325A nmy  HESER; §8’H°@ FZYP”:?Q’QE"IFO(? e"“(iiloiv(\)/egrA %)ar 5%[5@%%%“ be fused
W th changg) m&lsmm&ﬁer%egeﬁ@@m& DEEXL | THRiTosy ROGA, 2048 Decupy soaxtehs

. volumes % hiﬂ&'@fﬁpé&émmuwwzmm@mmem on the |
Jtl ncti o iﬁnec lon eeve 500A and | urren connegtor  48; Chgmpber 740A e
. has. f I UI dend 3 A of bottom core 201A and outer housing 100 Sepaahon volume 20A

L i TR -space &f interior volume 710A that is between cores 200A and mu and outer housing 100A. '

o i [0095] As depicted in Figures 40 and 41 top core 200A compnsés upper wre end 205A and a
lowet o re end 2954 that are joined by outer core wall 210A. ’I‘he outer mré wall 210A

- '-havm an outer surface 210B snd inner wall surface 210C and mlower edge 2101) The ,

‘ | | dlam of top cote 2004, preferablv increases from upper ‘core bnd 205A ﬁo lower core end -

o 295A Upper core end 205A also comprises an outer surface 2051! afd an mner surface :

| 205C Centrally locatad about center axis and extending perpmrhculady from the upper
-l surface ZOSB is lumen connectnr 481A. Lumen connector 481A has s top surﬁace 482A and

N aw;all surface 482B. Top surxace 4824 has two passages 3!!3! a!‘fl 115!) thm nrmnde fluid .

i - commmcatlons through the upper core end 205A with second bowl chaxmol 410A and first -

L bow! L;hannel 520A réspectively. Second bowl channel 410A i & condutithat bas & conduit

| s , " | ,. wall ?ZSA that extends perpendmﬂarly from the inner surface 481C of lume.n connector
R SR A

i ndentat | on’ﬁ 3A Wwhi.ch provides flu CO ni.cat i on . 0&:\When
. assenb edvolummwﬂj@ﬁnMOM%"&équﬁ’éﬁi ldﬂﬁ F%ﬂn%%?ﬁ?ﬁ 8‘?%‘&‘%%?@565&‘” )

C4%1A. ‘ SRR
e [009&] As shown on FIGS. 398, 39A and 40, seaond bowi channel 410 hss fuid
e o comunication with conduit channel 760A through conduit 321A hawng afirst end 321B.

: | o and second end 321C that is adapted to fit into passage 3251) of iuman wmactor 481A. In

. : opar ion conduit channel 760A of external conduit 20A has ﬂmd oonmnnncat:on with boﬁ
hannel 410A. Firstbowl channe] 4204 is a second condult that has a chhnnel wall 401A

CEe ol S ﬁxgt:bmmds substamally perpendicularly from inner surface 481C of the: 1utnan cormector | |

! 481)\ As shown in- FIGS 39A, 39B and 40, first bowl channel 420Ahas fluid -

o B L com|mwucanon with condu:t channel 780A of external conduii 204 through hollow cylmder

30 - i,“;




conmet cation with conduit channel 770A and with separati on vol une 220A
. ;near: npeck 115A thzough indentation 483A, Thus indentati-on 483A forms a -
,j.passagemak for the. renpval chanber -Optionally present of se~co SIS
T separated fl'uid component 820 through bowl 940A on the liter surface 2058 o
*Trare a plurality of spacers. 207A which extend front the outer surface R
'*ertttact .the inner surface 110C of “the upper housi ng end 110A to ensure

- fluidvic eﬁﬂ@éﬁg 3L UaBted fo BPopitig 3038
" tbnned" b§i ‘% avin on g%A n an éthgr native err%odl ment il lyst [ gt ed| in
. FI.GS: 53482\ 'mﬂssuamdqummwﬂmaymﬁ@twwwww 5!-?5‘%3325D and -

‘ i“eh&@ Oﬁ%%ﬁ%p fmﬁb 1424 éﬁ&ﬂw mwam

- 303B'in ﬂﬁgt _
itndentat Tons Ity c anne S 1n’ithe lurren 481A and be
. adapt ed psdnptovestonriihestrafd £EFMh 63, conduitova SAoIa-bercrBpeIed Ok VEREERYE |

gﬂp?gég;nﬁﬂci %’/\Qﬁctp gﬁsggqa’gg ww%?ﬁ]@%gﬁﬂn%%&en I,%,g%Ao(r)\]e ?Len([:)(r)ﬁnectlon'

e S o i s st sy

“Ldrain cmithéb#mbﬂﬂé‘lh W%S‘ﬁéeéf‘&“ﬁ'ﬁgﬂﬁﬁ?}i ?fg@'&%ﬁgﬁﬁt% 40$ may

. be o k1 & Rl 18lvoinat ScdubleltBY halloslinait mmmemmeasmm de 855A.
nay be provi:agd Ich ext

- romthe top surface Oof t Aﬁﬁ%ﬂ %onnector
-+ 481A andjirstio aﬁmenbcngnslﬁﬁWE\MMMﬂmalFﬂm‘Fﬁ@T d@ 0 ? $8

.5':‘[}401 Ref eriing &ntm@conﬁhgmel4%A%dﬂ%haﬁ&fﬁblﬁ’ﬂdlﬂ%&aﬁn&knpnses an -~
.].-f'.iu'pper i i Y

surface 298A; a.bottaom syrface -297A, .=
gt ihddntaiton 483ves Ths mdeamhwgwﬁci?ﬁ"ﬂ%ﬁaswsmaﬁ TERR. 210D

i e S SH ni pah, ohjish

IS “outer: ogre wal I “210A _and’ 298A“.'
onthe mzrsurfacs: 205B ateaplurahty of spacers 207A which extend &omthe omm'mrf _

ct the irmer surface 110C of the upper housing end 110A 0 ensure; fluid -
0 nications betwem the separsmon volume 220A and the passageway formad by the .

mdemat;ons 434 - : B SRR
. {0098 In an aiternative embodimen ltusiratod in FIGS. 53, 54 dnd s, conﬂuﬂ:s 321A md
-'ﬁ : 322Atnay ba affixed to opemngs 25D and 3038 in the top Surface 482A ofﬂne himen
éont;éctor 481A Addmonally, indentations 483A may form a plw'ahty channels in the lumm
. 5‘.§con"x:!&tor 481A and be adapted to form chamber 740B when connected to wmect]on sleeve
S ,.,GGA or 5.'.!{!1! Chm\ber T40R is adanted 10 have one or more surfaces 742A that cen mate L
7' :Mth the male end SSSA of the connecuon sleeve S00A (male end 853A surrounds end 861 of
.' extgm}il oondm‘t IDA) To facilitate the corTect otientation of the cormectloh sleeve. SO0A to .

B ‘the%]uﬁwen connector 481A the shape of the male end 853A and bhmnber 740]! may be
-nonsymmetnml or as is iltustrated in FIGS 53,54 and 55 & gmde BSSA may be provided |
- w’mch extends from the top surface of the lumen cormector 431A and is adaptad to fit within

-|_|

openmg 857A of the sleeve flange 790A. | ; o i
" [0059) Refering back 1o Figures 40, the lower core end 2954 ¢omplises an upper plate 299A i
! s o havm a top surface 298A. a bottom surface 297A, and an edge 2993 ﬂmtuattachas and rmakes’ |
‘ ect CoRtact with lower edge 210D of the outer core wall 2101\ The edge 2998 of the
Lo - | upfpea“plnta 299A s adapted 1o be joined with lower edge 2101] of outer wre wall ZIOA and .

| ':,  form'a fluid tight seal the'remﬁx Extending perpendxmﬂaﬂv fmm the top quace 298A of

L uﬁper.plate 2994 is 8 channe] wall 4024, hawng an upper end 40213 and a Jower end 402C
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“ ‘ipcreased 3#0

U 3BOA I~ as an ‘
lign: the cbm\"

' iU hdve a

ce forma fluid tight seal therew th. Extending perpendicularly fromthe

-~ tiopu~-r plide -299A is a channel wall 402A, having an upper end 4428 and- 1-
" liower “end 402C 31 and suxrQunds opening 303A which is substantially in the
fj'center of . upper. pl an 299A. A nunber of firs 403A, attached to the outS|de
,gsurfaCe of channel w411 40.2A and top surfer 298A, supports |umen wall
‘Q3402A ‘The channel wall 402A is adapted to mate; with channel :wal.l 40xA -

forming a fluid ti ght seal and providj nen_ 48 W 4 channel -
. ~420A° |sand|snrr¢lmdli GPMW?‘U%“W%QS’%% tﬂ’h&ﬁ%‘?”%&@ ext er nal
conduit | ek E rom eijé%%msﬁmmm osaaaﬁnawmmaﬁdwpdurfm

.com"runl C Ato separation Vol une Z20A :a be further
di scusse:ﬂﬂéFm@nrtthenoMrﬂﬂéA Thoghannel 5val 4P2A inrdapied i gRte BTN V\f'mg?l 410A. -

;[00100 Ref to Fi A t md&ﬁﬂdml ses. an .-
oupper-; ﬁ%&’ fgﬂéﬁ%éﬁﬁ\qﬁ%@v [ € rlﬁéc}or%g{}/all 1121| A re end
206A ‘a ﬁLﬂlﬁd emmoanoondun ichapnel 788408 extemaliegad W wal |

".7211C and oy Iﬁeﬂ!}d'f:fe‘*dge éétlﬂ?’é gﬁ?“%%ﬁ&ﬁﬁ%%srﬁ)@gre end 29%62 ﬁué?{o?(r)ablcgre ZOlA

8l 50 ‘hageamk BE0& ' TS RAH diedssed. Hitst bow bl 4208008 surgds 85Pidce
ndent atiron 186A (preferably generallly ci rcular) sul star |aI
pel A0A00A of the upper core end 206A. The ii ndentation 186A -

- 'has ‘an u?tﬁﬁbﬂ urfa Réret8% ﬁg&@ﬂsgmgmdwﬁmmSMAihmpmenWFface S
-'1868 of dentation-186K has ang ?I n an g'gf%‘&%4%f§ggﬁgwwtends L
Lot ough mamdzomomm@wﬂﬁ%& R CHYET SPE i may also ' su.
pihiac 8?:@}}?,& 1t BearPinGs Wall 210€ and oo edph 381D allexliameter| G 53,
lzégéiﬁaﬁg% a apte to receive an o- rmggggggk{ ar; rra%éwdli%hypp seal '
boreeumq;fefeﬂolmc@aseé&wmw N

Vi.‘_‘.;'“perpendl | ar é {;@;Rgﬁo}%gﬁﬁiu@&#@%a%%ﬁ@w'mmmdwt wai | '
iy

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

Fo 'andan ﬁmer surface 1&6(} The upper surface 186B of the mdemation 186A has- therem an
- :opemn ‘ 3241) which extends through to the inner surface 186C. In an altarhatwe

em 'inent of the presem invention 1llustrated in FIG 53, ﬁ:euppa'suﬂ‘aca 186B may al&o oo

havea tecess amn adapted to receive an o-1ng and form aﬂmd type seal’ ,armmd the lower TR A

= : end of325B of oondmt wall 325A. Extmdmg pu-pmdxcularly from inner surface 186C
': A having 2 distal mnd 3243 Gnthe 1op surface

.r.i-‘._',a,r ound 't hfbb

4 und said opening 324D is conduit wall 32
S : SDQA‘ie:ﬂendmg from the mdentanon 186A to the outer surface 2113 of thd outer core wall |
o L o - 111A are one or more channels 308A. The top surface 309A may be. honzontal orslope
- . or downward from indentation 186A. If top surface 309A slopes upwsrd oF

o | - doﬁnward from mdemanon 186A 1o core end 206A, one skllled in the art would be sble to |
ST A " adj the shapes of upper plate 299A mnd upper core end 295A wcordmgly Channels 305#7 -
17 mayhave an even depth through out the length of the channel 305A. Howsver, channel
A g 305N may slope downward or upward redially from the center.. One skxlled in the art would

see that if top surface 309A slopes upward of downward and channei 305A has a oonstant

B dap then chanpel 305A slopm upward or downward accordmgly j- .

S [001 ) | PR Referrmg to Figures 38, the bottom surface 297A of upper plate 299Aisin -
o d1r contact with the top surface area 309A of bottom core IOIA when wmpletely

bled This contact forms a fluid tight séal between the two surface a.reas fomnng an

PR SRR
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are one or nore channels 305A. The top surface 309A nmay be horizontal or

-~ slope d:or downward fromindentation 186A. |f top; surface 309A: sl opes S
':}:_upward OF downward fromindentation 186A to core end 206A one skilled in -
“.“theé .art. woul'd be able to add the shapes of upper p'I ate 299A and upper core

apd 295A accordingly.. Channels 30.SA . channel er-er wvwD, SA 3 may

“center. s OpfS

g save. -an even. depth through out the length of t he channel Hov fromthe
10 Beftora the tndentation 1864l td chinhel B0SA. A sedAS Asning\305Cdipen downwar d:

- of. upward g.a. 3 ! Rurface 30 war, wnvwar d and.
channel- 305A Mas %'s %’H“%d)ﬁ Zﬁliﬂg‘ﬁﬁglwgﬁﬂ%igﬁo € ORFNGEr d or :
downwar d “ﬂmﬂ@ﬂmdeﬁnﬂnahea@ﬁQﬁomindﬁtanénMM Bhakitl) 3854 Bef erring to.

Figures” 38 %ttomsurface 29 letely dire t confact with the top
 surface aPEgm JP spetatignyel Bméméb@:,méﬁeﬂrﬂ@ﬁﬁ) "Bius Quid 390 dlovs through for s a
_"fIUldtlg @,mgt f 305D
: from the %ﬁe tati ginm?gt%né\atgg) S%@Eﬁ‘#eﬁﬁ%gﬂﬂ@ Sgggﬁg&%%ﬂﬁfsﬁggﬁrmm cb -
- 305kowise 4. fluid %00 shaneeoessigrthiraugh el 3AFA tubseseparation wekirhe 211A,
rTEe openl A 05E provi des fluid comunications fromi nde’nt ati-on 186A ‘
_through c ann | 305A -and ~ openitxg 305C to separation volune 220A (Fl GS. 38"
ahd 40) .. f I ui camg tm@uﬁﬂmm d4cthe thwet bare erd 29630Kas ansvarphsequent | y

: Eoésfﬁehhg W SRR, o SRR PR S0 s iRt ppsb o fl i 11V
Sl a from e bottom surface 300C of the lower plate 300 are one or hore protrusions 3014, The ;2
» , 5 outer go 300D i is adapted 10 be attached to the lower edge 2111) of the outer core wall )
: - 211A a d prmnde a flujd tight seal therewith. Positioned above housmg ﬂcor 1804, lower
i _ PISIE 3D0A. is circular and curves upward radially from its center (ﬂlustmted in FIG. 44).
: , ) : ] 7' _' Alu-.rn ve!y, lower plate 300A can be flat. As shown in FIG. 38 whsn posﬁmned above
: o _ ;:housm ﬂoor 180A, 2 volume 220C exists between lower plate SODA snd hOusmg floor
- 180A. This volume 220C is in fluid communication with separauon volume 220A. Lower
BT plate A may be made of plastic or any other suitable matemal Addmonhlly, extendmg _
: substant]ally perpendm\ﬂarly from the lower surface 300C of lower pIaze 300A is a condurt
L '_ 3 320A Condmt 320A has a first end 3203 that extends into the space 220C between lower
n plate 3DOA and housing floor 1804 and a second end 320C that e:xtends above the top surface
- SOGB of lower plate SDOA The diameter of conduit 320A is ada.pted to have a ught fit w:th
, I “cond _t wall end 324B The volume inside conduit walls 324A and 325A mmpm;es a Jumen
i ' o 41108.{' The volurne defined by lower plate 300A, inner surface 21 1C, and ceﬂmg 253A of
B ‘botto 3 core 201A excludmg second bowl channel 410A, may compnse of air or a solid
SR f ial (See FIGS. 43B and 44), S o
: : ,-“_‘ [0010 ] In an alternative embodlment of the present 1nventmn as ﬂlustrared in FIG. 53
R - 'suppo wa]ls JOSA and 407A. may be optionally present. Suppon wali 405:\ extends
R - _; ‘_ perpendlcula.rly from bottom surface 309B. SUpport wall 407A e\‘tends perpendicularly from :
g : _ h the: to{ surfwe 3008 of lower plate 300A and connects with support wall 405A when the
o a botto'-  core 201A is assembled. Conduit wall 324A mzy be connected to (wndmt 320A to
| SO form‘ ﬂl.ud tight seal and condmts 324A, 320A may be fused respectlvely iwith suppons

R



’ahd, outer,
.~ plate 300 are

f f{at~ As st

= vpl ume; 22

. f] oor 380

~+and 32: 5A chpy
- powt chanr;gﬁ[‘:
BREE! ustraté‘@P$

120A, [0010] Referring to Figures 43A and 44, the |lower core end 296A has
- ailower plat e+ 3004, which has a top. surface 3001;: a:bottomsurface 300C. -

one or tfiore protrusions 301A. The outer eA go 300D is:

ge 300D..ENlending fromi e bottom surface 300C of the | ovver:r N

Ll -atiapt ed to be attached to the lower edge 211D of the-out er core wal |- 211A;
- dbprovi de a fI'U| d tight.seal therew th. Positioned: above housing fl oor-

180A; | Oviswerplz8d 300ADRA ohSarahére GHieratihGp&isMOSA dNBiae Witk alidngatohom i t s
_ ,(;enter (tl Ig;tlrated in FIG 44). Atexn#tively, |ower plate 300A can be
In FI G- 38 when positioned above tousink: i‘loor 180A, a

vol e 2208104] ot AELIEEY chNPIp BRSSPty BRI PG hORFIIBAA © This

in fluid conmuni catlon w th separation voluma ZZOA. Lower

Fl ate 3DO¢MH‘§9E‘H@ brryelancotl byt ete aie 1Ay ASCTERE . eias Sayide ededPs 1]3%1d| thon:
of i over o Wil Bhirbfdd o AN A bR Ur SR A R wapi{ A0 S0C
: ;that extem&tl tatethén Elate 220C, bﬁt ween |ower plate.3D0A.and housi ngOOB -
%o SR FRT OB MG 10R Y AR BBt bR AL BF8 1000
T Y A
% PR and oo e S ot 53"‘%?&%%’ PRE*%econd |

At hfer "R uAISIr 380 2 bf @itér HOlsids FOOAI @mph@@#&abs@ﬁmﬁrﬁﬁ 43B
_ahd 44). [Qoi In.an alternative enbodi nent of th ge néB(w ntion as:

| ad these recasspnRte shimed © @59@1&%3%% Iy
'Pr f .
“Preserit. m?m‘v@eaw%h%&s erpenghmmbﬁm&maﬁwm@mﬁ ace

- 3p98. Support icul arl ¥ fromrt wajl Af SA when t he -
prit h . movement of lower plate 300A wsth respect to-housing floor 180A When ‘assembled, each e
' . mngieiproimswn 301A on the bottor surface of lower plate SOGA form.s a?nght fit with
. recess 181A on housmg ﬂoor 180A. Thus, when outer housing mﬂA is rotated extemal
; -  "cond\.Lt 20A and connecnon sleeve SDOA, top cote 2004, upper pl:ne 299A bottom core - :
F 1?'201 i Tower plate 300A, housmg floor ISDA, and lumens 400A and 4001! wﬂl rotate-
f?_.'i.ther:Inth R Lo
T [001461 . As niusuated mFIG 38 lurmen 400A allows whole bloodsoo tocome into ..
B ‘_-bowi DA viza first bowl channel 420A. First-bowl chanmel 420A pmwdes apassageway for
S mﬂow of ﬂmd 800 throunh lurnen 400A to indention 186A md' then m the separauon volume o '
| - L -220A| through channel 305A. Lunen 400A is located inside toP core mdA Lumen 400A
ST g aihelgm from upper lumen end 480A aid lower Jumen end 402C. Lumen 400A is
177 formed by the connection of channel wall 401A extending from the inner surface 481C of
e . 'lumeTx connector 481A end channe] wall 402A extending from the top surfaoe 298A of upper -
. plate 299A. Channel wall 4014 is supported by s plurlty of fins 2514 whlch are sttached
to th wali surface 210C of the outer core wall 210A and: mnez surﬁaoe ZOSC ofthe
] uppei' core end ZOSA, and channel wall 402A is suppotted bya pluraht‘y of fins 403A (FIG.
N .40).‘ [Tt can readxly be seen that height of jumen 400A can be adjmted by changmg the sizes’ -
. and shapes of core 200A, channel wall 4014, chanpel wall sz conduit wall 325A, and the -
he;gﬁtofconduﬁwaHSuA ' L -‘-3 o
' f - {001 7] Az tllustrated in FIG. 33 lumm 400A, from upper lumen end dSOA to- lower
. lum end 402C, enc!oses an mner lumen 400B. Lower iumen emi 402(1' has an opanmg |

L OfF 1ower Pl
't|ght it 200A

inner sur 4

L .
SR L ) _; P
S RN TR 34 . !
K R . -
- o TR k]
Tobs R - ‘ Lo -4




{ po su surface 30011 of | ower plate 300A and connects w the to bottoi
: -gacore 201A ijs assenbl ed. Conduit wall 324A may be c oci! necte | to

~tonduiit -320A t to.formflui d tight seal mand conduits. 324A: 320A may be fused -:E -

';'-_'respect ivelytwith supports walls. A and 407A. Addi t i onal Iy present . 4
L __extend| ng fromthe bottom surface 300C of 33 | over plat er 300A are one’ or.

onireorient atllon spacers 409A that mate within indentation I.SSA li. = - .
. (D01041  A303A thch lmslnrﬂwdiwnymamaamewﬁh tepamtien vilwine ﬂtﬂrathyou‘gk abmberofthe arrt;

75 the bo al.anced ut . cent Xis 114

- .Accor di ngm, %@ﬁg%ﬁm @ﬁ*”ﬂ o1t 4 ‘2 % cQ”‘H’ﬁbroprl ate

to. facilise(s nd)hdawmmmngl mﬁlhﬁ)chw&\&nmh@ﬂrs%&ﬂ WMO tHO kgt 1 at ed

e Ghiﬁé?%ﬂé@e 0 Pt i B M 30 g oA b oore
pl at e 299 decolidbiswiintiakdeD0Al Bt a@&a?w&yltmgﬂm&nmgﬁ&&m%ﬁuﬁ&es' eeve’-

- 5004; ;and_ | unens 400A an{i dOOB areeln, conneC ion and - r.rotate together.

.. Housing f T iprgmgy gfi st srpardted duidoompenmp$10shas eeliens in ingentgion on its
" 10D, SU” angsd ABARuEIAE FRSFT0AT Re2MABEH dtdmld 16X %&dﬂih‘&ﬂg@%ﬂ%ﬁéo# r plate. -

- 3DOA. ‘As showf, |ower plate OA has round protrusion ottom
. surrface oo bowesimkmrou@bmmmwd)mqmmmwmaMﬁmmm . i
';-f;"tD housi ngy £l 0or. 190A. Wien assenbl ed, each singl. e protru5| on 301A on.the> "
i _bottom SUuf ‘ace of lower plate 300A forms: a iglu fit: with recess 181.4 on
" hbusi ng f [W308]1180A. Referning FigoesB8dstomm withosi mdﬂﬂm»G)Jmnermmnwew.ﬂal

oo bord e R B SRS E SRR R ﬂﬁ?%@aﬁvpﬁa&dﬁhénigi’éo ._
- ‘and 4008, W eﬁtmhefroni the holsing 10D A4 inflenthtidnUSEA b epkning FHE, Irid@r | urren 400A‘
B a9 Rk B i e e SR ! 120
- P dmt wal]s 324A and 325A which are connected in a ﬂmd tlght manner and form -
e :secon bowl channel 410A that hs o smaller diameter than and is separate a0d distinct from
o | ﬁrst bclwl channel 420A Conduit wall 325A is supported bya ﬁn 251A thzt extends through
L ‘_chann wall 4014 and attaches to conduit wall 325A. Unlike lumen 400A which ks one
: _ﬁ' en l mdentapon lSGA lumen 400B extends beyond mdmtanon 186A md througb
s o bottom plm 300A. ‘Ihe firet conduit wall 325A bas an upper end 325(3 wtnch has an
L fOpsmrg 325[) on the t0p mrface 482A of lumen connector 431A and aiower end 325B
H':. : hawné an opering 325E adapted to fit ughﬂy with upper end 3211(',' of con&mt wall 324A.
SN B Uppen}emd 324C of oondmt wall 324A is higher than mdentanon 186A and! has an openmg _
0. 324D Conduit wall 324A slso has end lower end 34B and is supported by a plurality of
e ﬁns 2§2A Lower. end 324B having opening 328E is a.dapted to connect to condult 320A
o havmg opening 302A located near the center of lower plate 300A The connochon of ‘
- opemngs 325K and 302A provide fluid commuication between lumen 4OOB and the spase
L | 220C etWeen lower p]a:e 300A md housing floor 180A. The space 2200 between lower
b p_la;e_. DA and housmg floor 180A in turn has ﬂmd commmucatxon with sBparanon volume
A g [001 ] Condun 320A provides a tlght fit with lower end 324]!, prov:dmg support for
1.0 socond bowl channel 410A, Esch bowl channel 420A nd 410A sy be made of any type of
IR . ﬂex:hle or ng;d tubmg (such as medical tubing) or other such device provﬂimg a-sealed

39 ' i




infoty of fluid SO) through |umen 400A to indention 186A and! then to the

.- sgparatioen volume 220A through channel 305A. Lunen, 400A is |ocated inside

€1 op care- 20d4 Lumen 400A has. a hight from upper |unen end 480A and- Iovver .
= |-umen:'end 402 Lumen 400A .is for by the connectlon of channel wal | 401A.

.extendl ng fromthe i nner: surfece 4S1C of tune - conhect or: 481A and channel

o of core 2004, channePm¥g

tmll 402A eXtTndl ng fromthe top surface 298A of upper atta hd h9o A

pl urgl ,Ctgpsgge\ﬁv PBssﬁWlf%Hg’Dl at?eqz P%&h@ﬁ%@hé Aﬁé out r corge,tc\i.gl IbyZ?OA -

andi. nnerdfcgy EQMTmmaeeummpleanéaﬁﬁcﬁmmhannel wal | 402A is
sUpporte ? plurality of fins 403A (FIG 40 It can readily be seen

that; hei ght of |unen 400f can be adjusted by Changing the sizes and: napeé
¥bes014, channel wal | 4024;. conduit-wal | 3254, and

ct h “hei g of c¢onduit wall 324A E 8, lumen |

--- 4004 fr[ﬂﬁhlu.ﬂ er |Andlystered mEHS 13% gvé%a H‘E}H ’H%%Eb%%ﬁ‘@anc‘ ose% an inner. .

-1 umen -40f ?&M@ﬁbn%r@vmmaheenwmgwwﬂﬂoﬁm fluid
. -communi.c A separation vol une 220A thr EE ? rrg[?g%odgfmg ?tﬂn‘?ie' 305A,.. -
. In-the |bcbnd91t Adﬁvm(ﬁmtﬁ@mmtlchﬁ’é’ﬁ méAaé‘i?ﬂ‘bf fiap W Aannel 420A.
~Second bge‘Mmg nn%i-;-fbkoﬁ% E%nélﬁﬁﬁﬁﬁdfebﬁxﬁﬁmmnmﬂﬂKMbMOA of the.
jetop cor e | S enc ose

e ere| n from | .upren enMSé}Sgﬁmd todhomed '
hdhein a.,asmnebmebwww&mém 2RO BRI Phr ough
e A b s ot 57
o % anf‘eh i@fc&mlﬁdmémﬂrwmt 204 sgd bbwb10A] geduisichanplbusi ng 100A
- ‘hr\ Ough Ivlioniqd 3331% N cted vith Fret bowd mndi 4208 %2 u%{ovﬁh‘é B bo §8RMdnal
Y cond 20A mto bow! 10A for separatlon Sumlarly, second condmt chnnn¢l 760A fluidly -
R = "‘feo 3 40, second bowl channel 410A, for removing first separated ﬂmd cofnponent 810
7 Gombowl'10A into extemal conduit 20A. Finally, third conduit channel 770 cotmects 10
e bowl ‘jwnber 740A for removing second separated fluid cempoeent 820 ﬁ'om bowl 10A.
R o [001111] Asis xllusn'ared in FIG. 45, external eondmt 20A has a connecnen sleeve -
R . '500A on the first end 861A and an anchor sleeve 870A on the second emi 362A of extema]
. | ;;; .' ‘ eondu.t 20A. Ophonally present between the connection sleeve SOOA and ehe anchor sleeve
T 870A on extemal eondutt 20A are 3 first shoulder 882mda second shoulder 884 whu:h
. ‘l i perpendmmaﬂy from the external ..o'zd..!* 204 and are efe iarger d:ameter Between :
: | the connsctlon sleave SBOA and anchor sleeve 870A (orif presem: the ﬁrst and second
shou]der 882, 884) are & first and second. bearmg rings 871A and 872A. Extenml eoedmt
. : IEIA., imchor sleeve 870A, and: corection sleeve may be prepared from the same of different
kN -. bloco' atible matenals of su:table strength and ﬂmbxhty for use m ‘tlus type of tubmg ina
: ifuge (one such prefened material i3 HYTREL®) The connecnen sleeve 500A and the

ché r sleave $70A may be attached through any suitable meens such as adheswes welding
. of menufacmre it ie preferred that the connecuen sleeve 2p0A and the

- E7 0 éto, however, for ease
EREE anchtl,tr deeve 870A be overmo]ded to the external conduit IOA - R
[00112] Refermlg to FIGS. 45, 4% and 49 anchor sleeve STUA comprises & body 877B .
74.& Anchor sleeve 870A i8

Do havmg a first anchor end 873A and second anchor end 8
0 : ‘attached to second candmt end 862A of external conduit 20A (preferably by ovennoldmg)

L ; L and: ncreases in dw.meter ﬁ'om first collar 873A to the co!lar 874A. Spaoed d!SfﬁnY from
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Referring Figure 38 (shown without conduit 321C), inner |unmen 400B allows
'* A cel1s 810 tio-exit bow 10A via a second bow channel’ 4 10A that.3nvi des. .
-if,.fl ui d tenon -gation fromthe housing.floor above indentat ion 185A to C o
~openi ng 324E.-{Inner lun ;, O OD has an upper- condui t errd 325C and. a’ Iovver-_
i chbndiit end 324B and conprises duit walls 324A and 325A which are

connected i n fluid tight mariner and form secornd bow 1channel 410A that L

~-has a‘smalle t. ﬁémfbﬁﬂ W?ﬂlﬁiﬂfofast deI .
~ “channel ﬁeEBIA eI%on u:‘fﬁc&{&f ggg‘%@s&%ﬂﬁorted by g fin 2 pg%& :
 rtei xdst hargan f&mhmoldy&MB\O%ﬁbFM?ft%H%%% BIVER 25A. Unlike

- Unmen 400. 4 ‘whi.ch_.has Em@g ! A :
’_:.A‘extends 8% h“’sﬂﬂgﬁ?da%nbe% ana hroug botto ecl’radfaem?oo The. first
,tcpnduuf\g@dohd ggsﬁdmmmmm?amm:wmmwb e @ffb% on the
top surface of n nect.or vi ng; an
~operdny %2 "f%g‘ﬁ'ﬁ F%ﬂﬁﬂ?‘@’dﬁﬁeﬁé %Jbgf’ﬂ%h%ﬁ %q a%%ﬁ%lt vvalgl L
%gi _.'hdlmyﬁ c%ﬂ&lo 11%9;0%}{23 ﬁs&h?\?}ﬂdﬁﬁﬂgqu}ﬁmﬂ%md Méent atlgn

andl'i as an openi ng ndui en
348 and prefers m@mwemmmrw s St T, 1R DR 80K 3ot ORE P

'ﬁgs[‘;ggoggfhE 2 st AdR Mo SHeh SR VA (PLG; 80f) e 1264 wherettbaontuit chanrels ¢ Co_ e

: B focated near the center of ower |.at g%&%

- openi ngs.768A5 Md%ﬂ&ammwﬂ@@@ﬂ@dééme ﬁg‘idr}bgﬁ?’ﬂ %1 4OB and E
gthe Space 0 -bet gygnéllmr ééfadnit The space

. 2p00. betvﬁ@é‘?f’ %ngﬂ&%kl% ?%ﬁhoum roorQ%g A in:turin has fluid e
DIMLING CaghbMibien bnﬁsﬁpmhbnsbmucmmﬂtnmwm@ OFUFM‘TWH&BPP“ 20A o

: -;prhow des ati nﬁ Qttlug;\’\ﬁ)reeueﬁgangg%on@a&‘éhﬂh@%b?ﬂﬁ?&ﬂhefb@bﬂmg of

- ;prevenl -
condmt ZﬂA in this region and act as structural elements to trandfar the torsxonal '

- the
i .gg'meas t? the anchor sleave 870A. : I _
foorx3sy Connechon sleeve S00A comprises body 830A havmg an upﬂ)er sleeve end
© 8314 aod lower sleeve end 8324 (FIGS. 46 and 47). Lower sloeve end 832A has sloeve
,‘ - ﬂangc '790A and a plurahty of protrusmns B43A, which are sxzed to engage ;ndmtanons :
: MA on ﬂ:le wall surface 482Aof hamen coxmector 481A. When 1he bowl 10A is assembled,
:;: aflyid ng}n seal may be provlded by placing o-nng T91A am\md body 830A and
' - 'cc‘:_tfr'j'zpressmg the o—nng 791 A between flange 790A and housmg lqu bpper sleeve end |
o 83!:A s adaptemo be secured to exiernal conduit 204 .,femng o FIG ¢6 39A and 398, .
i 'co ipn sleeve 500A is secured o bowl 10A by means of sieeve ﬂange *IBOA and is
s - adapwd 10 ﬂmdly comect conduit channels 1804, 7604, 770A pf sxtemal condmt Z20A %0
. " ‘bowl Elumnels 420A and 410A, and chamber 740A of bowl] lﬂA ‘ When assembled
: . - g conne!cnon sleeve 500A is mounted 1o lumen connector 481A (FIGS 39A and 39B).
: :r . | [00114] Connectlon sleeve S00A preferably increases in dmmeter ﬁ‘bm upper sleeve
' ' - md 314 1o lower sleeve end 832A and is overmolded to ﬁrst condmt end 861A of axtema] o -.
i : cond tzoA Cormection steeve S00A connects bowl 10A fo extemal condmt 20A without ' - - -
. “use of aTotatable seal whmh would otherwise normal}v be located between bowl 10A and
i | conn on sleave. S0DA. The seal-less connection between bowl lOA and connecuon sleeve
- 500 mzry occur as explamed above or altamanvely through use of, for example an O-ring, 8
groove, or lip, gromnet—type connection, welding, or 8 ught ﬁt w:th or wnhout adheswe in: -
: eﬂhﬁr bowl IOA or connectlon sleeve SODA, = T 4

1 .




" first “end g48g
~ 780A; -a secon

~ secand boj

. .ri.sleeve. anally's ;eavetant: disragierteo

seco _ bowl channel 410A, . Each bow channel 420A and 410A may be ni ede of
.apy: type of fliexit le of rigid tubing (such as nedjcal tuping) or. other
,'Such devi-ce pHOV|d|ng a sealed ., 31 passagevay,. p055|bly for pressurized:
ooor unpressurlied fluid flow, and which preferably can’ bei dlsposable and
. sterlllzable e., of S|nple and a tcient nanufabture 1 "Drive Tube -
1002407 @g |IIustrated in FIGS. 39A and 39B, conduit assenbly 860A s .
attached tBP1gby mAlHnsaate@)mdégmeeﬁmmmzdeﬁ@%WMﬁa%% nto the

: t having a first condurt channel
| congwtﬁﬁaaﬁ ngg\kogﬁ@m&“@ﬁ?% 4Bldolonuing agight’pgA.  Each
‘condui't ¢ h@mnfwmwtorGM|mﬁmm9 oPiribntsfon 488 A Q%mmvxd@pi%?ﬁﬁ; 420A, a -
~second bo mﬁm{lﬂﬁ lff 0A, and a chanber. 740A Th ee condu S
- ,channel are equa ;‘ﬁ éﬁ’%“éﬁfﬂ?heram ahev] haalien0Ae which, imvtarar nal
condui't 262 éeomﬁiuﬁcaﬁa\mm&luutdimmwcmﬁmﬁz% rﬂ@%l UL fy 204 and
W owl

- bow - 10A, ui.t ...chann 7SMA i f]luidl connecte S
~channel &"8‘2& “ﬁ“ﬂ%Fﬁﬁsﬁé%ﬁaﬂPvglﬂB’mﬁP Oéimmnmnﬁi&%ludﬁmbovw bOA_. y

: fo feid| h A fluid
" separ ”“‘”ﬁsﬁ'@ “Z’i%%“‘??ﬁ“ﬂ%?ﬁ&?ﬂé“ﬁ%% Wl %%rwwai’hsé%mmaéﬁt

fromw 1. SFAaf st %ﬂame men@gaaamﬁmdashmaehdemﬁsmeaﬁ{e 770A 'f

COXt: nectsmﬂ 23828 oPluBRR Qﬁ?ﬁﬁt! enal s. o suitable streng WA, choir
si eeve. B870A: and cor I’IIOEC'[IOI’I sl'eeve #amuﬁ ﬁ romthr same or g
“di'f ferent [00416] exi bﬂmmgnohatee\cmuwhelﬁsm &ch;w&emﬁfa] &oRRiPEDA B Bwilfashoul der -

 oniare RSB Kol oRERARRRI L 3%%1%%3%0%«%%&2?{ the

Cofirst: andﬂgidca@ﬂdbbeapphaddhmugrwaﬁﬂemﬁt@omseowﬁio&%ﬂum} fqd are of a
' ;I ar ger dl n%r alB 870 n.external condwt 26A ared first shoul-der

d_ #@? wd romponsnts &, 84940 deyrmnaypdfiom boretdht  bet ween
) esieﬂﬂymnSGDMgnd anchor sleeve SOOA on the first end 861A

-;'fi:'li-aind an an&@gg sl eeve 87 A the second end 862A of external er 740A for -
rlenovi ‘ng -ﬂd sef mmwdymmmmmcmelpms is -

i1l ust'rat edutdthEHBditd5An 8xdess: c! s| eeve bow e
('one SUCh %rrggtﬁaterl al fas’jl REL e conne@%%‘ﬁ’gx\d%%v@ %A and e
gieo

;.\e,a\?zlil ng g@Mst i xédfﬁpgdtéﬂ‘é‘feé‘{e 008"l A Rbr G2V ﬁ‘ioﬂ%é‘, 53 1% C©! ' ar
N s be g rings 8714, B72A to be easily slid thereon, Prefersbly tha moveme;'n of bearmgs
kR ‘:.:S'HA and 872A will be constrained by first and second shou.ldm 882A andl 884A. Extermal
. cond ZOA may be made of any type of flexible tubing (such as medical tubmg) or other
o ,such d ice prowdmg a sealed passageway for the flow of ﬂwds‘ whnch may be pressurized,

S ., mto Ori Out Of a I'ESG.I'VOU ofany sort, and “thch preferabiv Can be dlsposable a:nd stenhzable

i
T Pex‘rmment Tower System R
" '_'{oom] o FIG. 17 illustrates tower system 2000, Tower system znoo 1s the permanent |
_ G e, n mdxsposable) plece of hardware that recewes the vs.nous dewces of photopheresxs kit
' ‘1000 ch as, cassette’1100, irradiation chamber 700, and cmmﬁzge bowl lll (FIG 1)
o TDWB!J 'system 2000 performs the valvmg, pumping, and overall conirol and‘ drive. of ﬂmd
_ -:ﬁ | | ‘ﬂow ﬂir.rough dlsposable photopheresis kit 1000. ’l‘ower systern 2900 perfomls all of the
i -lf | necess control functlon automatically through the use of a properiy programmad

T e AR Sl S D

g i s L

' , 'contro er, for example a procesgor or IC circuit, coupled to all of the necessarv conxponem$
_— thle ’a new d:sposable kit must be discarded aﬂer each photophemls therapy session, tower
N R | 5 o b '

lsehealdbﬁsgmmmehumaﬁheswes o



[0(1312] . Referring to FIGS, haying a first anchor end 873A and second

. anchor: end 874A. Anchor sleeve 870Ais attac hed to secaond conduit and

5852A of extern.] conduit 20A (preferably by ovennol di'ng) ianchor: sl eeve" 87OA-' o
. be VAN, AC As: d 4Q anchor sl eeve $70A conprises a 1body S77B 'n ol ded ' '

L th. -the externat conduit 20k etc;, nwever,or ease of rranuf act re it )

. preferred thaﬂ the connection sleeve SCDA and t he 36 second end 874A |s a

col | ar" 886yktery sayddm?dSmﬂwwgﬁlnCm‘bﬁéﬂsystémammmmem&eaw;:@fonaa | arger: -
dr ameter ' tha to? Odﬁao ‘I3 the anchor sl eeve, 870A. plurality of .ri bs
877A havi AY Fxig3eo Waﬂ GEEH [FEERERTS, %%a@alewa?m%mfarﬁaerb'econd ai

5l.ehor end Mﬁg FheSRERHkr oPbEaEn 84 g,@gﬁ@%ﬁ M‘Ond the first anchor
end. 873A. gre atta(g:he to the bod §a 57% | e secongorl b ends 877C are joi ned

" toget her - 180138} i ng §wsysmmmhaala§gummman UpRST portiom 210 @dadaict 20A.°

. The ribs 2%#%&5&) pﬁ&@bgﬁ&&%ﬂb@a tﬁhf@nd f%gﬁ&ﬂgwg preferal 'y

. pl aced ov tihe. region ere condw anne 806\ are
. cfosest provided %wmhewum&%mfbm@brtxmmsothﬂﬁm(fﬁlsﬁterﬁmﬂﬂ iTebiteegi ons;

| ere t he_condui hannel 760A,. 70A an 0.t he outside T'
i ameter S8 SRk RR Srop B0 0 fimE Yo ﬁa@%@@stéﬁ%rﬁixf %R0 ing high
__s%oeed r ot dma zzm/aragx(;rmab&abanalvbmhal\mslm ﬂlmmﬂwt&nb@mmﬁn&rm@nchord

. sl'eeve end 87 enent Isre conduit - .
Tl Ture afovr GIEn AU rispAapbnfboie b S0 ek < cp REPOER AL heBlnE oo -
“ ‘buckl ing: @heit '%ﬁnﬂﬁ}awaqmlmtzz%mbmﬁdaee%memomlaudnaeﬁssaﬁ 1o gctural ' -
~elements to transfer the torsional -stress tp .the .anchori sl eeve 870A

100113 Corneded PriR centeal deckdaed Bewpprisn 32l bagbeooks el ilhetaed). et s| ceve:
" end 'S31A g euawe{o%ggwemé@&&@@m&@naﬂw@maw sifRees end, 83 4

~ 'has sleeve Al ange 79 l'ura of . Protrusions 943A,:-which are
. sized.to. @mg @%WGMSIOWMH llpngeg el osigeming foes BRAteH R nect or

4B1A When, # hoBMRSaRROVi ded by
{f*;p1 aci ng- o- r| ng %ﬂr@mfﬁﬁ%ﬁ%m% ig%éf‘ﬂgﬁﬂo&aﬁmﬁl%h 7912“%& ween -
o f1.ange 79 CHarabe 750 (HI0N 18).10G04. bewqudonrgbkeﬁédlw haakp (mot émsrated) areg31A s '
adapt ed to bel

-398; ¢o: t d’ﬁmgﬁi% ed ) qf@ﬁé@ ﬁf gﬂ‘ cgﬁ%%g ﬁ&@“@bﬁmanﬂs& dFF k%b[e} % Qn Sgd-
- T90A and. iwo Mﬁbd oo upper portibe2todl s 780A, 760A, 7T70A. pf‘ e~tfer naI condui-t .-
‘ZIOA t O | Cll I%D{ Photoac'hvanon chamber 750 (FIG. 18) is provxded inbase portmn 2200 of T
i _j; ; wweﬁ system 2000 betwsen top 2201 and bottom 2202 behind door 781, Door 78185
, _':hm_ge y connected to base portion 2200 and is provided for accass to phomacuvanon |
. L cham o1 750 and 1o a!]ow the nperator to close photoactivation chamber 750 so that UV hght
‘4 does not esca.pe into. m surrounding during treatment. Recess- 752 is provnied to allow tubes B
RS mz,| 1117 (FIG. 1) to pass into photoactivation chamber 750 when irradigtion chamber 700 -
ke  ;.,-‘ is Ioabed and when: door 751 is closed. The photoactxvanon chamber 1s dlscussed in detml ; ‘ s 3_
SR 23 belovT'mth respect 1o FIGS. 16 and 18, R o
- fo0121) Upper pomon 2100 is located atop base portion , 2200 Centnfuge chamber
o | ZIDI (PIG 15) is located in upper portlon 2100 behind cenmfuge chambei' door 2102.
S Centifuge charober door 2102 has a window 2103 5o an operalor can see in centrifuge |
! umber 2101 and momtor for any probiems Wmdow 2303 is| conshucted with glass thick _:
i _. enﬁugh to withstand' arty forces that may be exerted on it from én acc1dent during |
. '. '_ o cemrifuganon which. can rotate the centrifuge bow] at speeds greater than 4800 RPMs.
- J - Prefelmhlv window 2103 is constructed of shatter-proof glass. : Door 2102 is hingedly
o : -cqnn-acted to uppe.-r poruon 2100 and has an automatic lockmg meclmmsm thzt 18 act:vaxed hy :
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dy t u pt ad d, bow harnnels 420A and 410A, and chanber 740A of bow
.- 1DA.: VWhen assenbl e connection sleeve 500A is nounted to liumen connector

. 4$1A (FI GS. 3pA lend 39B). [061.;41 Connection Sl eeve M & preferably -
ek eases i n-dianeter from upper sleeve end ii3l ,IA to | awer sl eeve end

- 1882A and:i-s ‘overnol ded to first Gonduit:end WA of lexternal cond 't20A. =
Gonnectlon sl eeve 500A connects bow 10A to external conduit 70A ayitboiit"

©use., “a rotat abl whi ch wo t fhwoet ween
-~ bow 10A‘h§ﬁ!¥’“ <§ eeyns SR © H‘?{%mgkeg%ﬁ%%g conneg%?ﬁo'ﬁérgg?\)\ggtetﬁ bow 10A
1 =‘a‘nd COnnﬂﬁhbﬁ eﬁh&ﬂﬂﬁesp’é&tofl(} 1|9ay occur as expl ai ned above or f o
““ajternativelyl through e.o | t

Wit h or WG ut ad?F@geF (%{! Eﬁlﬂ X é?q ggﬁce{)iibugg}aas@é%oﬂzimﬁﬁbr

over or lip, .-
gramno ' @t eﬂ-ﬁhﬁoww ﬁmomz%ammmm;p“md?ﬁ?mbasp As
|1Iustra{mé gure 46 a

. _ nd 39B, sleeve I 90A om surface .
';.',.847A hat. pomon Eﬂi!;nwﬂh%pfwﬂf ‘g;“ W B‘Pﬁﬁg@t Qfg'%%? anni ng a .

o tight seal . H e a@éehlsrtabbﬁtﬁﬁ@ﬁ chanttent ati-on
-:--f4$3A t-hat® ‘?16?} &iﬁﬁt&ﬁ?ﬁh}dﬁ%ﬁﬁnﬁum%@ |oan§J?eag‘\,3\keen separ:at | .on chanber 220A
~and bow zqun@am@mmwmmmmmm @BM LR MBHPRFt h conduit
© channel 770A. | \ mma rigeess 851A -

" and ‘top FoRIeR 8&{ fngl ‘h%l}? n"’n‘%‘c’:éj f1j’,,§a agggﬁﬁ({jl t:he g?)ats occupi ed
L b'y hol:l owaey, st ﬁﬂiﬁrﬁwtmvﬂlﬁmmlalsyman)m lp rdlucasly 3 A on the
i bo .f‘ Ofgotfw}lx\ﬁnt s1ieandtalcesup areduced amount of valuable hospxta! ﬂoorspaca Theheaght of L
. | ,:systamtowermwremams below sixty inches 50 that one view 1s not obstructad when -
e : tmnsporung the machine around the hosplml form the rear. Addmonally, havmg deck 1200 -

; i yhonzonml posmon will prmdeﬁzeoperﬁormthaplaceto set deiwces ef :

| SIS sheresis kit 1000 during the loading of other devices, facilitating easy?oamng. Tower
-1. P j._ll ;rsystemmlsrobust moughto withstand forces and vibrations bmught onbyt.be

__'."gﬂflOIl process. : B T |
£ | -,{00\:‘ ' I] .A monitor 2104 is provided on c.emnfuge chambexr door 2102 above wmdow
o 2103 I Monitor 2104 hes 3 display area 2105 for visually displavmg datato 4n operamr such |
| 3 ;; as, fon exam;ale user mterfaces for data entry, loading mstrucuons, graphlcs, warmnings, alerts. o
c thampﬁf data, or therapy progress. Monitor 2104 is coupled 10 and conlrollad by the system
) : wntrqﬁer Adaia cﬁrd receiving port 2001 is provided on a s'ds- of momtosr 2104 Datacard. ~
- . reoew[mg port 2001 is ptowded to slldably recewe data card 1195 whlch 1s1supphed Wlth )
' each ﬁhsposable photopheresm kit 1600 (FIG. 1). As mentmnad above, dath card: 1195 can be. |
n | pre»-pfogrammed 1o store serve a variety of data to supply to the system comroller of tower
- systein 2000, For exampla data card 1195 can be pmgrammed to relav mfonnanon so that :
Loon o the system controller can ensure: (1) that the d;sposable photopheras:s kit i xs compatible with
’ " ;. ‘ the blood. dnve equlpmmt into which it is being loaded; (2) that the photopherms kit is |
: . oy cap le of running the desired treatment process, (3) that the dlsposabie photopheres:s kit is’ |
: ‘ | : | :." ofia’ r,ertmn brand nzme or make Data card receiving port 2001 has the necessary hardware
EE nd ireuitry o both read data from, and write data o, data card 1195, Preferably. data card
. receiving port 2201 will record treatment therapy data to data card 1195 Such informstion ,'
‘ | cem nclude for exmnple coHecnon times, collection volumas h'eammnt umes volumeiric -
S | ﬂo | rates any ala:ms malﬁmcnons disturbances in’ the process, or any other demred data :
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'33";(tlght fit: [0

t ace 847A of sleeve flange 790A engages and slides into indentations 484A
-on. the :l--wall s4 xface 482E of |unen connector 491A," thus providing a -
%1161 Connection sl eeve SO0A hel ps to secur & -exter nal condwt
L2040 bowl ‘10A, thus 111.1 connecting external condwt 20A to bow 10A.
. This flui dconaeetion enables fluid k* to be suppl i-ed through external
',ciondwt 20A t$ bowl ICIA . Sinilarly, this fluid cormtian also enabl es

‘separ at ediyhiis Qaﬁﬂﬂﬁ%ﬂiﬂg ok 208£0 @ndwda@memmndmdnwlodaﬁ&anywlfamexlernw

~condui't. 20A " T[00f 7 Exter naI conduit 20A has an appr oxi tel gonstant . :

- -di-anmeter- YPHICWRT FySIeps2008 5o BEE@%“‘%WEPW@@%WWM“@J@E%? 'Eﬂ“ii external .

ﬂ jcondwt 2%,1. ﬂ dabsnigeat up fail nore quicldy. Additi onal |’ Yy, a const ant

ff"gdl aneter’ condyl t I's thenp/e asyto rnantzfActure, allows easy exp enffiti on

‘vdl t h gonnect:i on sl eeve SOOA and anchor sl eeve 870A size, iand al lows 1
~ bear i n# ri ngsAsPhgtoactivationdapberdgsiecpiving lradiianddRmbes of er abl y 116 nove ne

o i of beari ngs: 871A and .872A will. be constrained by first. and_second
. shoul der /968241 and Redarring Bow tr &S, Iﬁ:@ﬁdSQﬁWtoaﬁﬁm%dm@Tﬁo%&Wﬂqﬁ}@e

e P LR e YR 18 hReS by P o R?Of‘-_ o
- on out. of mmmm 2200 of mwangysietn 2000 bdﬁm&dadmyﬂ:&!@ e ahvyoacnvm
- |d: Isﬁgtsﬁgi %%l I é%tii}g%eb%%%r%pe%%%{o%%e per mane 10FI % . 17'—-
- .nbn-di. spos&bﬁn Al dehSRGor0f od%%dWeﬂth‘t&lﬂy crplRl Wessdule of elettrice ;medgwl ces of
D Fiigtip byt 0 B e U Aot S PR G RO 10,
o pUNPi A, - Bn QYRS 1Bkided #RB phatbackaiofchitihe? 750, leléticil contadtt (ot itfstruteih .
oo _S?é_sfabi focgth o gg‘n%c? wall 754 toféxofg%ghtTaos‘sAgbif Y5 i 2990 RSk LB T tPe
S - *elecinca.l connection ports 753. This electrical connection allows elecﬂmal'energy to be |
S - ;--supphed to UVA lamps 758 so ﬂrmt they can be activated. Preferably, thfee eiactncal
, _ :._: e%uon ports are provided for each set of UVA lamps 758. More prefer;bly, UVA hgl':t
R 'asgembly 759 has two sets of UV A lamps 788 forming a space wh:ch madmuon chamber ’
3 %00 can be inserted. The supply of electrical energy to UVA lamps 753 is d;ontro]led by the | |
E : prope;ily programmed system controller using a switch, UVA lamps ‘758 m‘e acuvated and ‘

; :jt --deacuLvatad as necessa:y by the controller during the photupheresls therapy ‘session.

R | | (0012§1 - Vent hole 757 is provided in the top of housing 756 nesr back wall 754 of

| ; photobcnvahon chamber 78D, Vent hole 757 conpects to vent duct 760 whlch leads out of

- L - T the’ back of tower system 2000, When heat generated by UVA lamps 758 bmids up in

: ', .: . . photoacuvauon chamber 750 during a treatment therapy, this hest escapes photoacnvauon o

L - '7 _‘- tchamper 780 via vent hole 757 snd vent duct 760. The heat exils tower systemzooo throughl )

0 tower housing hoie 761 located in the rear of tower system 2000 away ﬁ'om the pauant and -
e ';'the o[leratar . / ERE) o

Ny o [00126] Photoachvanon chamber 750 farther oompnses tract ’762 for rece:vmg

; , : - irradxiatwn chamber 700 and holdmg irradistion in an upright pomnon between UVA lamps

o ‘- | ’158 .Tract 762 i at or near the bottom of photoacnvatlon chamber 750 Preferably aleak |

. . | - detwtnr cu:cuit 763 is prcmded below tract 762 to detect any ﬂu:d leaks lrradxanon chamber

e . 700 dunng. before, or after operation. Leak detector circuit 762 has twu e’lectrodes petterned o
in a U shape locatad on an adhesive backed flex circuit. The electrodes m demgned 113 al]ow o F
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‘ x
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neccssjar'y control function automatically through the use of a properly
programmed controller, for exanple a processor or ICcircuit, coupled to
all of the necessary conponents. Wiile a new di sposable kit nust be

di scar dogh Aligkidiacth PHOAIRREE (PRl BEEARKURES SORLend SR o Used
over ang&oa@%r] a]gogll n. Tower system 30%‘8 q lrll be rmd?rﬁe 5’0‘3%8?\?%?%"5% of
ext r acompantegdated| ciredit svhileuhd othereakind ehch eléarode xatigal to acgolidssené switdly Theoper |y

T S o P R R ST e SR bl
Dby o heddeiradigar Mekkd %r%%gﬁté)@ﬁsl"ﬁe i ra%&Pé'i@Et%éh &l&é&é’me%g%b Wheel s

2203 are provi at or near t ottom 2202 o ase portion so t hat
t ower sydosing 22Gviich caudes situation eqervalehytolibe elostesticl Reting a@(ite, 4 legkh IIN a

hospital .setting. ' Preferapl, the front . wheel ~ 2203 are. pivotabl e about
2 vor t | dGiheslacEoies AP IamAgon A vy P CORJTRIHY Cﬁﬁ?“e‘ﬁﬁb&lnﬂ%ﬁém"?@%rn
2000. Topi; i : i contr ol
deck 200 GARh (B ESECRRILS ok Sullaf i @R Bl e Beflom et O
11, cassgitem stdO0p bspéroatiedydnting aomial operdearktoldBire tBatdeakpdetddtion c22610 al so
has hooks_(not .illustrated); or aother .c ectors, t a | asr na

ol | 6ot {8R bagriane Bienly o bt edrecta cuit ﬂ@‘@vso?ﬂsurs&_@ﬂ%@%@n%gﬂ. be

| ocat ed \ﬁﬂw\é’b‘arﬁﬁﬁg ah QWBfe, tﬁ&_%%%ﬁ@s 180 BeSRsd MRIeAIL bR ROt fs'damaggd.dgﬁs not

interfere wth't functioni of the systemduring therapy. BaSe portion
2200 haslquiridab sdisvatic ofi laak drteetor 75O T2Gs pkBydddan&di€d2behi nd door 751.
Addi ti onal hooks (riot illustrated) are promed on tower system 2000 for
hangi ng sal i d_anticoagul ant bags. Preferably, these -hoo are |ocated
on upper por{ﬁoﬁ@ﬁme?&' 1 Photoactivation chanber 750 (FIG 18) is

provi ded in: based:portion 2200 of . tower system 2000 between top 2201 and
bot t om A98RMehi nd1§odP usiratepgentrifuge champgnd@1yn eroshesctien with thabeusieg t i on

2200 i ' ' ] ' dt
i T ow ¢ R4 Sy e GHEfL20003nB0EE HRorbonal BEETU (o8 ih Bfbss S0 BlpafRAET 10
does notutdiigpiecinago2 ohegs spinacchaology dupdsitipred edthire cdntrifdge ehanF&a2108.

provided, to.al | qw.tubes. 2,1 1117 (FLG to pass into photoactivation
hanber Rasgion! fgtics JpCFbroh adHERsErekpbRl and’s Bowi holding plate T8 for
rotatably securing centrifuge bowl 10 (FIG. 1). Housing 2107 of centrifuge chamber 2101 is

preferably made of aluminum or some other lightweight, sturdy metal. Alteratively, 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.
[00128] 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

[00129] 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
to drive and control fluid flow throughout photopheresis kit 1000. Preferably, deck 1200 is a

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or
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I's lowed and when: door 751 is closed. The' photoaclivation chanber is

di scussed in detail belo. with respect to FIGS. 16 and 18. [001211 Upper
portion 2100 is |located atop base portion 2200: Centrifuge chanber 21P1
(FIG 1&)1en scliming treedns, sudpgsefor pramplesboitso0ith enrlampseRiatd FAecanbamissie odoor

2102. rifuge cha 2 wi ndow 2103 so an operator can

see in i‘ t?lPJF‘Efg'E“ ffﬁ%?edﬁataﬁml%‘? for any problens. Wndow 2103 sl
constri glggggwi th @ie%ﬁazamh&kﬁu%%i@sﬂahfcthps \Rrhkﬁt:awéd qulj(ﬂrf‘e‘ﬁﬁntphﬁfp may be
exerted on It froman accident during cent ‘RIVBI? which:ca n rotate the

cent ri f 1302, bervicuktios pumgsl wﬂmtlwagutmanuma(béﬁ redirlmtbﬁ%lbplynp Ws0fdow 2103

IS constru .ed of t S Door_ 210 bct ed
to uppef*t ipg Biyo é‘b@ fﬁ;oﬁa Rgﬁlﬁo%qsad’e f“&r}ﬁeﬁé’ rﬁqgi?'gg?ﬂ g‘ﬁ{:wﬂ?%a i's
activat gdeOie 1199 ik Mdéaﬁﬁt@raea@maooﬂof speraﬁbﬂ pRGp IV RBEOPE20a 12ax(epat ri f uge
chanber 2101 1s discussed belowin Mre detail with respect to FIG 19.

, [ 00122pverraafl eraidypumisdid011805 (IHG. 88kt ed on top surface 2204 of base

port] ?2[@8&3? ng Aip RS 1P S gy 17 LR aghsof Rty | 50 PR RIS A1
2000, g&t@ii@"’sﬁr%bﬁlﬁ%élﬁbpﬁss@ﬂﬁw 1204 S thiré: tréRRés 1106 fd.efdeellz%@(}um le
Si rrultane usly afford g t he operator access to centrifuge chanber 2101,

By desi ghlHd1l oo,vmd Ky 91(keks. 20D oAtr@uhhl@éemsaé agsembhy Fagarsenalirgenio qmiy 102 t he
1200
:Jﬁpg; s 2%[&:113? gb%p q Afi@&p{:’g H Epﬁ")r %hf%rgr%%% V@énsfeg th%? %BFJ 1&31%%%99 ec

cont ggurati such, system

tover 20RQehRASf atr menlem@ddfﬂ@ﬁismbhﬂan;spaaﬁngmbrétmgh unruaesrladupemsaamnt of
val uabl e hospital floor space: The height of in¢ches_so that one view i s not
obst r uct&t® mmmtom&beqauswﬁswme@ap {0 1hg pglaent g Adghyhblg sensQiicassoally 1204 1s

”a”SDO(r?tB%rE&f gpiéﬁ%%rt‘r%n 1‘?&1&%{ *\ﬁ Q}gs?&fgtc&lltrgl ] sﬁaﬁ{ﬁfﬂ%ﬁﬁlﬁ qly,

havi ng orizon on W pro opera or with
a pl ace deRecre] thdeystemsonfroliuratild shust domtn dpetddiodand peptibie fihbiibw dnto theot her

devi ces, faci litati ng easy | oadi ng. Tower sta 2000 i.s robust en8ugh to
wi t hst amétiens byescdmaPbesalil dok 0, %ﬂﬁ’gﬂt"%ﬁ 'B%V‘?&&!O‘&BWP%H“ prtyaleEs 24

1242 to a raised position, thereby compressing tubes 1114, 1106, and 1119 against cassette
1100 as discussed above and/or shutting down the appropriate pump. HCT sensor assembly
1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a
photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits
data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red
blood cells in tube 11186, the system controller will take the appropriate action, such as
stopping the appropriate pump or activating one of compression actuators 1243-1247, o stop
fluid flow through tube 1116.

[00132] 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
1240-1242 are in the raised position. When in a raised position, and when cassette 1100 is

loaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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fu a chanber door 2102 above wi ndow .(p01.2 } A nonitor 2104 is provided
on c~entri g .2104: Mdtitor x104 has a display area 2105 for visually
di splaying data to an operator. such as, for exanple, user interfaces for

data e@ﬂfo‘dﬁh RAAGpb g MfeiuRRT137 6F AIBY @ coMipFab H@porresf fexitilp
data, or tHerapy. progress. Mnitor 2104 is copgled to and controlled by

t he sysharis alpgriedrwittithdbapertues, therehygiinghing the dlex be shyy so thay Bgidosanaiotad of
azoN or 2104, Dat

d .. dtit t 2001 i i ded t i dabl
2 oR v ot WheR iy e Jow g Re b SRR esSan AP EROT 1 D o IS0 ehiEnd L Y
phot Op*}g}%ﬁﬁﬂeﬂgﬁ @ PP5MEd this dASoriBis RO AekiBRAVEingdat a card 1195 can be

pre~pTograrmed to store serve a variety of data to supply to thei system
Cont r ol[06133)f t owEpmpteasion aftugtarss@439247 ern spoog retrstedesg byl itheir defadlt car d

1195 bs d: i, nf t ) | :
(1)t haostie arepouan e it iy il SHER st et SCETbRRts firpdibrsilsg cog®
.drive ﬁqwiaﬁ)éfg@}egérgeﬁumrﬁfbuiea ah® cEHGisk® aliBekred 2epdidbntidfone Rhehepher esi s

kit is cap. num ng the desired treatnent process; (3) that the
di sposaBbrepessonptivates K240:1242 on thexsther hand g ¢pupledrieizaiagre Asrsuglehenpat o

" aad aeRE corEReRD apiA 144042851 R Do B e PR O

dat a t 0, G@és 92401249 Bre SIBweRHaH FBtddaRcordirigly. Additianally, tompresion t r eat ment
rt 2201 ret~vng po P'd can nclude for example, collection tines,

col | ect acowaters|1348d 242 exstsprinaieadadec thabihgirgieFault posigion Is fogpeve todhAg Taisedr ns,
L e S T
| ocat edy B ¥y will AlthasticaNp heeitatie raked posison, dyatding 20128 1954, 1106, &8l it i s
coup! Ed1 }1% énrc]leprg\%l:ntti?lrgnﬂ%?dr;tf{'oorll lex?tf:rigé or lteaving the patient.
[00134] Referring now to FIGS. 23 and 24, deck 1200 further includes system
controller 1210, cylinder assembly 1211, manifold assemblies 1213, pump cable 12185, pump
motor cable 1216, and timing belt assembly 1217. System controller 1210 is a properly
programmed integrated circuit that is operably coupled to the necessary components of the
system to perform all of the functions, interactions, decisions, and reaction discussed above
and necessary to perform a photopheresis therapy according to the present invention.
Cylinder assembly 1211 couples each of compression actuators 1240-1247 to a 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, plate 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 1301-130S fit into
holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly
1204 fits into hole 1219, compression actuators 1240-1247 extend through holes 1218, and
bolts extend through holes 1221 to secure deck 1200 to tower assembly 2000.
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control] means. A Photoactivation Chanber for Receiving lrradiation
Clianber Referring nowto FIGS. 16 and 18, photoaetivati o chanber-750 is
illustrated in cross section Photo. activation chanber 750 is formed by

housi ng 756. Housi.ng.756 fiis . w.thin. base portion 2200 of tower system
2000 behi nd door im@ﬁ%ﬁ-%’i}"?ﬂﬁ%ﬁ M vati on chau ab 750 has a plurality
of electrical connection ports 753 provided on Back wall 754. Electri al

connect [09A35lor t s Rederaing newde FIGT 22 apd 2§ uthe aupthad by whigh sassgite BlMisr i cal

energy.. Photadc tivat.iaon,c er. 750 | 110 ' '
assenbl ag%a"(éﬁeéme%é? %ec e Wlﬂlrﬁo}y Q?%%?Jpglg‘%ldh?%gﬁ?g{ 0 3’%@?‘3@"%6 b%lg(;r]r%"e r
750, el §?h61ioﬁﬁére§i9|fﬂ V6 cdstéte 1100 wailst B¢ pdperpRatiabons decn1 200t Bidhhseb35 of
UVA |ight assenbly 759 forman electrical connection with eleclhi.r tl

connexi the gompressitBctuaioryalying setent ngprrewtaddB thopresant BWENWmEtipi cal ener gy
to b | ed UVA 7 t ivat ed. ferably,
0, b e RRRHET b AT o By e R PRI MR e 1 0

ports are

provi degdisfod@ed Wi Rofpressibn bbfAatbAN2a074247 66dude pdriions afhbelexibleassiaghly. 759
has two sets of UVA | anps 758 formng a space which irrad 13 70 ¢ n_be

i nser t edomptessing thst fexable dubing against caveed 0 elrasspiie 1A FF6. 3). sHowpygrothied by
th 1Y . Syst | er. s ] 58
ate act romirgmell ATETY TS ORI B e 1o el 00 BN dRNB0F 0

phot ophgh&sddacin@pepyor e3@es i AN of (edelgoalienrt attibeedth/Ahe belpwodescittstd dasgelte t op
of housing 756 near back wall 754 of photoactivation chanber 750. Vent hole
757 conclmping slegkamsiuct 760. which | eads out of the back of tower system

2000. Vgqyqgpat 9qnQha 88 ehithtd Van PHPSE chellie 4061 dek11200, deck 1200 is

provided with two catches 1208 and two rotating clamps 1203 and 1223. Catches 1208 have
a slot 1228 near the middle of the top plate. Catches 1208 are secured to plate 1202 at
predetermined positions so that the spacing between them is substantially the same as the
spacing between tabs 1102 and 1103 on cassette 1100 (FIG. 2). Rotating clamps 1203 and
1223 are illustrated in a closed position. However, rotating clamps 1203 and 1223 can be
rotated to an open position (not illustrated) manually or through the automatic actuation of a
pneumatic cylinder. Rotating clamps 1203 and 1223 are spring loaded by torque springs so
as to automatically return to the closed position when additional torque is not being applied.
Rotating clamps 1203 and 1223 are linked together by timing belt assembly 1217 (FIG. 24).
[00137] 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.

[00138] Referring back to FIGS. 22 and 25, when loading cassette 1100 onto deck
1200, cassette 1100 is placed at an angle to deck 1200 and tabs 1102 and 1103 (FIG. 2) are
aligned with catches 1208. Cassette 1100 is moved so that tabs 1102 and 1103 slidably insert

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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phot osctivation chanber 750 during a treatnent therapy, this heat escapes
phot oactivation :ch trier 750 via vent hole 757 and vent duct 760. The heat
exits tower system 2000 through tower housing hole 761 |ocated in the rear

of tower te 000 romthe. patient.an ea 001261
Phot oactTeAETran (nsasar b FEiddod Bnest 1 loheTop 88 10n) obRREET: g

i rradi atrh@fofd12EASss 1208 2a0d20hoiabo1 102 21303 Rt HethgAfsdrdiif RhtchQSiTiogOoN
bet ween UVA | anps 758. Tract 762 is at or near the bottom of

phot oactAs/ardeon appisadodowirsud opcessetteabl 09, rajationakelampebt@3randi 1123 will 63 i s
provi ded below.tract 764, tq.deft . any fluid |le I riadi aition chanmber

00 dur PR tis @5en g fiep ficias R orcadpt I p g1 B MM SISt st wo
el ect r ogRsitibAbeRMW RAged 1233 of btahicHa clafpat 208 ol BN23adiRE i ReRR EXs ih s
circuit. The el ectrodes are designed to allow 41 for application of a short

ci rcui t positivpsthe rotational climps 1303 ped 1223 spriag ack fremdhe foresappigd bydles to  an
I ntegrated circuit i t he.olher end of each.electro 1s tied a.
ol 1 - orteiee sitsnt hafe tesR G mdEiae B0 Boftion ek GSHAGHTpb Tubtae, Mhefiin
cont i nuithy1dRked PEsidie chdsefke B100R4n bR upF afd\ehdIwlet forcéhe el ectrodes are
shorted to one another. The integrated circuit then detects the short.

d osi ng (06BN wi t chl'ermevs cassette L BtQ after dap therapy session is pempletse ratatitms! get ti ng
wet (i.e a K) .y 4 | f the electrodes. are.damaged,in_an t he

ot | ho e LR e 1223 afe ol € FESRIER Bh b ReRAY Be ATbmARYaik,

el ect r od@siodfafic PAbtiSPI¥EBERtatelilbysant S5dylinasr (AR iPesdNETRnadChnd AdiBsysfern Sy St €M
start-up or periodically during normal operation to ensure that [eak

det ect i cvontrpHeri210. e retatignak chaappd dfkand 1223k indéie epen Pesildon, cadsette 62
Hel . . v
cestt on Tg0 T e B Spg ifBhe S0 idRRRhe b2 a8 Bl ¥Vakche L 20

schematic of |eak detector circuit 762 is provided in FIG 20. B.
Centri fuge Chanber2.| Gelf2A4ading®erikfltid Pusps at es centri fuge chanmber 2101 in
cross section with the housing of tower system 2000 renpoved. Rotati onal

device 99014 SO i RefehiESto TG 2O Peris@RR PR 30101305 Al oided BN deck PITROA

spin technol ogy is positioned within centrifuge chanber 2101. Rotati onal
devi ce 900 arpuseddedriye floidsttimoyglhphetrpheresiokiaheDB(FIowW ) dlongldesireg pathavagd.9 f or

t at abl tri.f .bowl 1 FI.G ..1) . Housi 107 of trj.f
Chamber Dot aEREalivy WS “preh et MaiP b BB g Biyttie 0°
sturdy niimps 13011¥305akd suplle@blieysterh @bRtrd 1AL 1G.YBéiE L OPYmPS 1361E 0305 478 n

tower system 2000 such as that described in U S, Patent No. 3,986, 442,
whi ch i sidendisabisitgaciuie ol pweraretdie miacementRf eael perestdlic pump130b-13P8 enfleck

1001281 . i Mgel] j: i . f..

housi ng ﬁ@%ﬂ?{fgg}fg @g?tgdgtclﬁg'ﬁ&éﬁ%%gﬂl?éaﬁg\iPgﬁg?g@?‘@gggﬁ\g@dfgt@%gﬁ? P eaks
Wi t hi n cedihg dfivgeandadénghOhioh phthevayC Thizde bedcysd thegdacdthiehnel prieaitisSpuigps Leak
detection circuit 2106 is identical to |eak detector <c¢ircuit 762 described

above. ARBHErEWSdigaes sbiammrlogp 1220 24t palt be naded PREtAIR- 2106 is  provi ded
Lo S, L RERRAEIL A, B9 OURRL 1 i BT T
detail. The structure and functioning of whole blood pump will be described with the
understanding that peristaltic pumps 1302-1305 are identical. Whole blood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.
[00142] Rotor 1314 is rotatably mounted within housing 1315 and is in operable
connection with drive shaft 1316 of motor 1310. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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a cassette 1100 | oaded thereon. Control deck 1200 perforns the val ving and
punping so as to drive and control fluid flow throughout photopheresis kit
1000. Preferably, deck 1200 is a separate plate 1202 that is secured to

reans, which puap oo edhigl 6160 B whon Jodded Rifinsine. Frotomssmior R BE. mmde

f t eel W et Sy it - 1200
s 11 Ve s LY Fhaff Ity STSho LAY 8 (AR roRliofi Rslion of loF P91 e

F eCi r CUahitersd pynporl®fidg deme sedialil6aPosigonpere0131 1dn dpereblyivoonettatsinid punp

1305 extending through plate 1202. P s 1301-1305 . are arranged on plate
1505 s ranERsRE O SHEBRPEoRerda 1) LFICh ARE PLAM AR i 526 S msaralon,

u | o t . - | G
Dy 1 obRgn AR i A chiptta SR 300 Sin BAGR BURE) PIBDICGHIP T T 2 06

are pr oaiydiegiredrotpli@tabpd@0éh. Air bubbl e sensor assenbly 1204 has three
trenches 1206 for_receiving tube 1114, .1106, 1119 (FILG 25). Air
bubbl 6 WOEd aqsHparpe 185abE HEher # Bebatutesrigyo: Hovabhitiages TS 1114,
1106, aﬂs%dtjt%é%u}(?{vhgieﬁlﬁﬂs fES1310 9ot 1202 bdeckqaubelF1odbgsptmotdie presence

of air In I qui ormal I'y passing therethrough.” Tubes 1114,
1106, agskeificallp, abdt enidndeddirdzbaoitdoldsd$20 b hesingpflangetl3e9 pathreadily Air

bubbl nbly 1204 i per abl | ed and t its data to th
e b et o PP TR S R0 SR RofRL L2, L
control Lfgéw g’hé m%Mct 13888 @ﬁtmh@%reggh' it nbledd dzEd QMHansRubRAGC

y occlu 1109

pati ent I ng tubes 1114, 1106, an 9 by noving conpression
act uat oagudtad3131@AIno e etwesnsenised and losvered pesitednywishemtcessidergbleubes 1114,

1106, d. 1119 I nst .1100 di d.ab d/ or. sh '
08" 200120 MLt STSAARs AR SRR RSO
recei vi i, SRR tHrddéh RE ubdORairl WifeuntdGd c§ERRe N1 31266PRY alrdhfet

monitors tube 1116 for the presence of red blood cells by using a
phot oel &akerli321 femswnectingRrngénrmipplydinse hbsn Apsupplicd tg@néw@a%wan@emm ed to

and tra 1ts data to .the system troller. . U [ _assenbly 1205
ot ect + A3 iRepmatSe by Sodis VTR EARLEN o8 ing RGeS T o RRR O RRT.

cont r ol hepenit deab@kie belRap@iane phaibRicaglih@dt, 133 D Cfhedmatis hoppion getiabs back
appropriate punp or activating one of conpression actuators 1243-1247, to

stop f lintp gneuwrostic ¢wlindehl 31dprstuming to twdewsred mesitions Systgmsentrgler 1218

conpressy - . - hr npressi on actuators 1240-1242
strat egi%@?lz?/?%@%cﬁ#@ﬁ&é@ﬁ%?‘&@%%@@%% at when cassette 1100 is

| oaded qoé1a4dpieck IAR0ed wall OPET 6flicuingd3th cofitains rwo ekes HI22aohlyadnenssible).
1240- 1247 are__aligned with correspondi ng. apertures 1 ng, 1157.

Conpr esSileh 1323 ﬁétlm%wbitﬂtwlb’ﬂpoﬁéggr@&gﬂ i1 gﬁﬁjgﬂi\/\g}"éﬁj?wﬁ?i on
and a raj Ry ' t ' ; r I; rs
1243 1B es 3Rl i lobb RiHAES (1, S o s oG A B R 1%, 50
are in tMererspecificalpopumpaniet Miton i hSleardaihsletipgtions 16, (FAGd3 W puomsloep t e
1100 is |oaded onto deck 1?&0%% Illustrated in FIG 25, conpression

act uat ortgberH2d pess slots 43

[00145]) Turning now to FIGS. 30 and 31, rotor 1314 is 1llustrated 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
cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325. Asis
best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses
1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are
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t hrough the correspondi ng apertures 113 7 or 1157 and conpress the portion
of flexible tubing that is aligned with that aperture, thereby pinching
the flexible tube shut so that fluid can not pass. Wen in the | owered

position P i rtures
1737 anoriiel e phleAlh BBk ks Lzt oo Rl G Ae bR n BRET o770,
act uat 0{:5141534531(134711@[e]tamﬁngq;aﬂemr acted so that their default position is
to nmove to the | owered position unless activated. Conpression actuators

1243- 190746 ¢ i nBefanein IS 89 andB |.ava mellera h33jeare Aravidedsto comeress the
d d t th
nana: areoriign B iR 1APREE 11 SRTRIGRE o R tAhibi EEN 1 2B hE O e
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asse coup each”of conpression actuators
pneumat emboah;ﬂennﬂdps exmure moperslod(ﬁﬂ@ofaﬂae tlﬂnmg/untetheaub& jenpiag regisn.el enent s of

deck 1200 necessar nect, air tot e devigces and the.
app_ropr?%@%ne 0 "Hﬁyiﬁgl ?fg;“d°A§3§ XFGDE‘HW tﬂwgﬁﬂwr«%a e‘t‘)‘“iyhe
devi CeSq1asy i@%‘éﬁggé’d"ﬁb doRnéG koidE ?31‘:4% di‘ﬁ@%ﬁ%i!l@&‘m%?ﬁ‘ﬁw such as

conpressi on va s 1240-1247. Al of these functions and timng are
cont r ol [M48) sysﬂ?@rﬂqrnngmowdb F@S.13012md 38, mtngﬂmgethaagpm ¥3332 10pémngised to

o CadhE e rnfd By » ity 48 13448 ShBTRE 538 s i s RodbE adf (pt ¢ e

vari ous ygHIRARECHeE a8funsiag ithal 28 Bierdtdial 304 P el cyodkaasbetﬁrdcﬂb@m&ﬂe f&vatdnat
deck 1200 can be secured to tower system 2000. Specifically, punps

1301- 130&edtion wlmiedotmgégtomlw lmmu@tqﬁ@lmkvalge gientipniptin rﬁamerd dutr@tml e

1220, a b [ ! | e55|on
act uatoﬁe0 fg% 1162'% %’ %ﬁ%}gd (J)‘jlzcgfs11 fﬁjlﬁ&{% %gorﬁgrs%?oécx lse fbugh
hol es 122adlhﬁe@ ma]dbedelédz&ﬁvrtmamropamﬁgmw mﬂﬂ]g éﬂfgelsss?aﬁeﬂaste

Cl anpi ng Mechani sm 1001351 Referring now to FIGS. 22 and 25, the nethod by

whi ch capwaid fzom thriopsuripeppfaatos fange bizSdishe thractke 1admesder 1334y beading
Chacot 1 Sogets hroVifeTor llind el B ddfhriyd R Hodih p i RRADARIET £ o APEE 2PV

conpr es pumpirgaegiahdd18 vpbdrotgr Bidtbeing rnotatedpiarthd fatwiard direetipnesent i nventi on,
it is

[00149] 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
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.

[00150] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using
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| nperative that cassette 1100 be properly secured to deck 1200 and not
shift or becone dislodged when conpression actuators 1240-1247 occl ude
portions of the flexible tubing by conpressing the flexible tubing against
cover 1p3énoh semestillerctdiOIBl1ARs Btatd] to Hoading positibm wherecmgledeguidet 132dmwpidit es

" e sgvabed e s e g B B TS
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cassette . Rotating clanps 1203 and 1223 are ilfustrated in a
cl osed plpstimeon. However, rotating clanps 1203 and 1223 can be rotated to

iti t illustrated || h h.th t i c.
2ctuat oo o pridtrerscte | RhaeroreRs ey St S SEB BB oA o i
spring |,0adad, by mﬂgﬁm& HPEHiBA%. & Ahe ASiwhad amgﬁ}. . &@Mtarl mu%atésggﬁrﬁﬁg

cl osed position additional torque is not belng applied. Ro
cl anps 1@8Bloapd12P BT oataetedibylangdlet @gated24 byd dispianes dgainst desepiirfack217 (FI G
24). [00137] Referrli 1217 conpri ses

. El G 3, i m | bl
2 e aiot Dangsst 428, s podistne ol Phism oo, ube 3081 B tre AR ERA hedfu fof b o0,
Ti m ng ﬁ%g%§f§é‘?&ltﬂerﬂ&%ﬁctéﬁ%ﬁ%ﬂﬁé Efzel1R5 bRd &dd RWiRfarl Y8 thiRImHhaMPS

1203 an so that if one iI's rotated, the other also rotates in The

same di rregibn d313ithdougieoreaing I333u At guiderodien 8326, pasyidedodisactlyafier epemingss 1203
and 1223 e coypled. Tensi.on assenbly.1217.ensures that timng belt 1226

o under133ade s RicpeEX Bption fRIRgRE Y GRbE PUrR TR AR DEL [T BREPTE By 1203
or 1223 &rh@troil&sbsiﬂgwrﬁﬁ%a@w,aﬁ@d{mﬁ@ﬁqm &R builet POMIDNNAS1 hzgﬂmgn@aﬁ de
casings for the torque springs tha torgﬁ rotational clanps 1203 and 1223

to the dubstiRlpwss throveh sio 1332 ofRaireed Wall 1 bkt KOnoarRl Gsalf povoligng 8re when

| oadi ng cagsette, 110 nfo.deck 1200, cassette | 100 is placed at an angle
to deck Iffgfpetz?rﬁu%(i%gtﬁiﬁ@]%d 1103 (FIG 2) are aligned with catches

1208. Copeesdje 11000 hsormaiiedlyamldddqiunipiabe 1obp2 12ndrokd Gdholeshloodphryip 186 ET t
i nto catches 1208. Rotational clanps 1203 and 1223 are In the closed
posi t i orafter thertherapy jsscomplete;yatar dd14 srofated e aqasition Whese opening 133kiss de

opposite g Ot aki C : 3 and 1223
2o abs- 15 WA HPLEA AT AR AR Fordo 5] BRALs ChATPRIEhER” 2N
appl i eg ﬂfwnmh it dct(lﬁloﬁlisl_slei?staetixﬂaiﬁi)al I nd_ream‘aidﬁabtraihecrhmmpo' siﬁxﬁﬁcamilctoixmo dwi Il be
rotated to the open posjtion, allow ng the rear assette, to nove
downwar diftigggutlgqareebhl Ydp sheradd a'é%ve%?slin%?deﬁeééggi g‘ﬁ’éﬂr léltlgﬁi)‘ile& m‘egoﬂa
1223. ESard Al : kddeOR, [ ARsp 1203
and 12%gﬁgﬁ‘ﬁé’%ﬁgﬁ%?@ﬁbﬁdé@?‘%ﬂ%‘r?gg F%%qu; 3?%20 E%?%SEHS%T%QS and

rotate bhol hite 112¢ frnotbd ppowirtg regionl 133 & ivigopeaseetd3d. 1100 in place. Wien in
the | ocked position, cassette 1100 can resist upward and | ateral forces.

D. Infra-Red Communication

[00153] 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,
1381, and IRDA transceiver port 1382. The IR communication interface is capable of both
transmitting and receiving data via IR signals from a remote computer or other device having
IR capabilities. In sending data, system controller 1210 sends serial communication data to

the IRDA protocol chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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[00139] To renove cassette 1110 after the therapy session is conplete,
rotational clanps 1203 and 1223 are rotated to the open position either
manual |y or automatically. Automatic rotation is facilitated by an air
cyl i ndeand btier camnmunjziaton indoraratian to therianemi ssingtaadithencehdsit kelRIDA10. Once

rotational cla 203 and 1 are in_the ope osi.tion, cassette . 1100 is
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bocaus e heesepl Rbesrems conmlie 1214 Whets thedita Serpat is FEECAPEL Dees whi ch punp

| oop 12 Hﬂ:hﬁ?n ohlorfigedioaded therein. [00141] Referring nowto FIGS. 28
and 29, < 0 el%%%ﬂgo&) pucr:rp 1301 is illustrated in detail. The structure and

functi oniorpspf whdBeirsbpodatingran IR doinninenickeion nntedacevrnt toweh system d80&teahdi ng
that perjstalti unps 1302-1305 are, identi.cal. \Wol | Qod_pu 301 has
ot or | 130 Sagp EcletE IO S HEPY 1oFpon Chm b HATREY 19 #4910 J090¢ FREHREENG

act uat or,n IR13, o RRAEr trandtfss{dne Patd Ldrkd dedif GE IR Ridrhieto 8er FREMNAHBIHI 1315.
[00142] Rotor 1314 is rotatably nmounted within housing 1315 and is In

oper abl eontroithe therapy ot allewdprotoeols hebe chagiped o a bindsd stiage. 0 Addgamially,dR | v,

rotor 1314 s, moynted w t.hin urv wal | 1317 of. housing.,1315. so as to be
ot at aiSSBys GERY S it e st i eARinymeb ke Sins? MG iSRRG

housi ng A&hkéds, SudhPRGedidIleduendyst s between rotor 1314 and curved wall 1317.
This space 1318 is the tube plnping region of whole bl ood punp 1301 into 46

whi ch punp | oop tube 1121 (EIG 33) fits when | oaded for punping. Position
sensor 181 Bhewpheresipledtmentdrosgss shaft 1316 of notor 1310 so that the
rotational position of rotor 1314 can be nonitored by nonitoring drive
shaft 1308156fosi t i Refesorptogetid it Fig 26peflawlchas oltwstratingl amaohbodinams of the dat a

t te tral.l 10 (Fl 24). .B I ' thi ta,. t .
Cont 1 ol NBverps pecimeler ehotiyafioh B B g e Fod sUIRTiET TR HSPor
1310 to cﬁ{a?gé‘raﬁ@tvﬂﬁc}ﬂ@ah%é Einpiaia iHQEEN 2flemBbdineal) Me POséss isifts 1400 H4B]a

Housing 1315 al so includes a housi ng flange 1319. Housing flange 1319 is
used to paticnr @0deohected by hepusgs argedletadapient ¥W31coying a vesslle, foobayvimgs 22) .

i ficall bol t. i .ended, t hr augh_ bolt hol f '
Fl ange 09 ABa rEie AaRer 1203 sTE B Raanty TR B RrbriBeadg el nd Plkse”
1319 al spadridits! d8ine bALSS i EdineQBOVA Lotirector 1 9QvakN ertidb pdlatBagd4Gs 1313 to

extend therethrough. This hole is sized so that pneumatic _actuator 1313
can novecdpaesiedhy somgrsd13hdArtaiercR 4901241, and We4hagopensths paegoapnlant

Lﬁghfr;f‘ {‘@ue:% F?‘%*”é?ﬁljféq gﬁ,t HAtRfinelhtudrs1 24614 YRl o6 tht BRAGHIY 815658
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.
[00157] When the collected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed until red cells are detected 1406 at an HCT sensor
(not shown) in the centrifuge chamber 1201 (Fig. 19). Packed red cells and buffy coat have
at this point accumulated in the spinning centrifuge bow] and are pumped out slowly at a rate,

controlled by the processor, which maintains the red cell line at the sensor interface level,
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in a piston-like manner through the use of air. Pneumatic cylinder 1312
conprises air inlet hole 1321 for connecting an air supply line. Wen air
is supplied to pneumatic cylinder 1312, pneumatic actuator extends upmard

t hrough Jh@i’ﬁi ng f'?HQFedJc%ﬁ%Hg@ 1?3%?&@958930’7 b5, of heniet y .g?ﬁe%g }ﬁle ® o

supplie neumati c cyl | pneumati c actuator re
pneunat i abntmllmgddios 1Bd 2ite wahaintaimite tell tiheatl thevirterthcp daiel nmtil. théSMﬂte,emm

controller G ontrols the supply of air _to air_inlet hole
1321. [C0¢ 4\10 'eaﬁf',w 9%9%149 131""’6‘F°hrﬂ93%“h‘breﬂ§f PUBRHIA0R s tuRRedafbl 4101auh

only o sing sides
oF e vafe lapd P ko the Heliient B2 5618 hORBTENAR 190X hbdby lowBAGS, 0, ° 0
1121 ( Fl48tuadd)l24dd, malsssopsrwberxtthbélqmmsmg 128 detecis 181 Bred delis e“@@lﬁtnf)n cadley,
Pube 1120lwRes s dehd he e othore, oot ploessadiirest Anided e htbPead coBctsm 31
rotor 131ddsSeol L:mﬁf)re%tm cﬂﬁgcfcﬁﬁ%}f@s‘é t&%&@f}@@&'ﬁﬂ gﬂré&éré@c%éifstéaﬁ& o

conmponent’s are nore cl ear y Rotor 1314 has a'top s 1323,
angl ed gLi0d& B2a2blumebH25F mhnBBthheRde biowd cgnmdneng atl 14a 0 30 b8 d6liversbfroiti the

rollers 1327, nd rptor floor 1328. ollers 1326 and drive rollers
1327 ar epqnamatpég? gowgws{t@af%@oc&utpuw ge@s@[& (agewnulats and willpwsh eubtbe and a
bot t om sy ;a%%?lngifdert 1?1{ wifllp2Age gézeﬁ}s aeé eam Bﬁ%%odt'ﬂlné’ﬁ&f‘? &&@aﬁdﬂ@

ol e 32

29, cores 1330 I nto s 1331 of rotor oor and r esses

i n bot t o datedtatley 1E29{ludhy helmatoatit (HGT)JSBﬂﬁJr,andhcahmgmhartdlb beffs ch@tias beén
around cores 1330 and can rotate thereabout. Preferably, two guide rollers
1326 andd%68rive rollers 1327 are 47 provi ded. More preferably, guide

rollers [iba¥§9 jand difianethHePtyd 5 nbded K12, ‘megyﬁtﬂﬁﬁgﬁ% drRb&t pa&ﬁ}fletﬁ&eas to be
in an alternating pattern.” [001461 Referrin GS. 29 and 31, drive

rollers nmnoahfeplpma/ pabil and th@mv;d@eélspml?’%matq i incotased: bl 3 mdbe indte 1121

that is | oad nt o t ai.nst. t nS| of curved
w1 131708 104 s Al SpBHER LOR A2 R 8ed Kt AR Rlind OkimniBE pf s Sesebdt e
and for ciyate. fifdhéthet &cld mztlbﬁauaedédwmetdéhe}fu@m\m tihel REf TAKALIM@I speed
of rotor 1314 will correspondingly chan e the rate of fluid flow through

t he t ubepurapil 3¢l any asiceaguiang pump 134 6ta &#éél K ¥ Ocatep 10 /Mo thivembsdipent | oop

be 112 b | d
dur ng. pLapnehchatf Reiitste s e BRI Be ST R (ol Rl B8R salc R 01G
punp t ubp41i70n 75 kihin, metxetnwmwmrmmg]mgindrpha\m&wa%nllﬁngymé%mea bgrs 1326

are ill ustrated as havlqgigt a uni form cross-section, is preferred that
the top Midier sifficicat pgriqddo tiea) th@bgffbéoataﬁé%ae%ya'&e mtr@aﬁbdqp@n@znsﬁar per

edge ”ea{he'vbﬁm?&&‘r’d"tyﬂngﬁﬁ’its@.{sebé]ﬂg%fchﬂéﬂ the top plate results in a guide

roller wth a non-sy tric crosS-sectional profile. The tapered
enbodi mnef(016@l ps eNérenahpbopkl) is@aghty §4 13, thehred cel pompi 1306 i fwenddWdfe 1420i ng

oo WP Rk 13 e e A At
nas opent G 1355 IRACIS JELRC G 10y e R 0 R mph Sy Rnh Ao
trail i ngpedgetivade isThmplate hd23, Swedraatedagedls 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

1s returned to the patient, completing the process 1425.

[00161] The anticoagulant, blood from patient, and fluid back to patient are all

monitored by air detectors 1204 and 1202, and the fluid back to the patient goes through drip

chamber and filter 1500. The pumps, 1304, 1301, 1302, 1303, and 1305, the actuators 1240,

1241, 1242, 1243, 1244, 1245, 1246, and 1247, and the spinning of the bowl 10 are all

controlled by the programmed processor in the tower.




trailing are used assuming that rotating rotor 1314 in the cl ockw se
direction is the forward direction while rotating rotor 1314 in a
countercl ockwi se direction is the rearward direction. However, the

i nvent i 0162] not ddelpredeseendantited appiratusbaye significant advantagss evadkiarse punps.

Leadi ng edge 1334 is hevel ownwar d int eni Traiql.i edge 1335
oxt endeprogiang th ppre Ty ) AEHPHRIOR 0B R rb 1 s bR R SR, 2
| eadi ngrQ4QAs 4RHbing SANNNIT whilgeolicsting Byfffeost &f the baiwl iWhile eageififgig,capt uri ng
and feeding punp |loop tube 1121 into tube punplg&giﬁalon 1318 upon rotor

1314 bekerpimginateenffncedtan the bawt untdlithedesired ampog figsoaircells are colleetefas

ange #3950 wlstal pnaeoe AR seft, Bls' e Benr QR finct b0 BT e

1121 t owgkishols QbR aldol iRNEPardidd oruaPeells@un be tllettddahihgr thah adtethingthemewiter war d
direction. Preferably, angled guide 1324 has el evated ridge 1336 running

al ong t plaswaré theepatigntasithe llugupted prosesjalgerent by an operator if necessary.

1334, " SRR For Pt RiNTE Pl ding G hdnd: B8 0i ShBAGSHLC .
aut omat i sakidnal nlcdRe iR BehtHRlgeadwD UIRididan ‘teldagerlclLof Biiffy @ad8DMIt ACkidatiére

punpi ng region 1318. Using 48 position sensor 1311 Jotor 1314 is rotated
to a | oaul’meapsshat thsrhampsecsit spwnt dHCIGh)de deaoasedi HCT % is dhe enewdof sdi 100 when

cassette, 1100.,i s | oad 04 El ” L .y, rotor
C3ra 1 & Blsaaans PresgR IR PR 86y EORD 10 Wifoufdr il BREF ko BRNY L 0O
i nl et p@ﬁEjEéin toldoeRionalimetién Bi cepnithgobovlllificaafbemueaimizzdpn fhk2fbllakay cassette
1100 is seécured to the deck, .as is illustrated in FI G 13®gé\pen cassette

1100 i s masoer darstov e plopd 90 is,iedintodpstihond channel 420 s oWh0 1 ound
rotor 1314.. Pn ' t i I j+ gk Rl S
e 1004ung" B TRcleAbR! Qhotktlobd $0010{rifut O BETPES 820 andRBCD,
ready, 8e0@E ithddvesioutwardiyadtemllower plate 3000 Sesbskbawt drnnedl0iand third bew¥ or war d

di ti . As t 1314 r ot at b 21 is. tacted b
angl ed ghkinel T4barcpsea L pisine Tonmisw efias bol SDEtcoinsp et BF ange
1325. ng;fg%ﬂ Wﬁm@fzzﬁli‘snﬁlléd)@% b ¢BBibinhadn Bh@iffﬁi@m 826 BgﬁQﬁQt ARl C ot or

fl ange are then contacted by trailing edge 25 and fed downward into
t ube purgidomgar the hpvom ©d tenttifirgsghvl d Pe Byrgmosdg RBC 5 fl8dram cennfiuge towls

provided directly. after openin 1 tg further properly pasiti he

t ubi ng Wi%i# ﬁCCPH%BO Lﬁ?ﬂ“ﬂgl ‘@r?af%ﬁ?éFgglipn%uvﬁgqlﬂﬁlsb?gatﬁfﬁ%éﬁl‘?%’?’Pgr(gn%?. When
| oaded, ﬂl&oﬁéom{dtth@ AnrkARN @ BETFP 6t 820 E)st’dbf]]&[bd]t&%laﬁén:ﬂ oeed P AN ekithBed 121
pass through slots 1322 of curved wall 1317. One and _a half revolutions are

needed tperibdiof fimeoats qenbifgdhbowl 101ougpes Wwaotgle serae PERERBGs & 8dhaiumgy t ube

1990 s Hegranpeh gy s BEo BHTE b e Bkl drBabinE AR D ST fom " 01 O
1322 t hrgiygBowhikdanelutdoeindnoifyicont 8205 Thusswken thidddewd lchgieti 740 anguined,i ¢

actuator 1313 is activated and extended_to ! he rai sed. position, contacting
and | i fthe byffp aeatdR0 vaptds imoyed hag plowver Hghe. Ryorpatrolig the ipflayyete abs

Rot or 13\%14'0]13 %10%9%0 86 MeSlithdw 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%.
[00164] The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
an average sized adult, 90-100 milliliters of buffy coat/white blood cells must be captured in
order to conduct a full photopheresis treatment. In order to collect this amount of buffy
coat/white blood cells, the present invention needs to process around 1.5 liters of whole
blood. The required amount of buffy coat/white blood cells can be removed from the 1.5

liters of whole blood in about 30-45 minutes using the present invention, collecting around
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t he countercl ockwi se direction, causing trailing edge to 1335 to contact

and renove punp |oop tube 1121 from tube punping region 1318 via opening
1333. D. Infra-Red Communi cation 1001531 Referring to FIG 34, tower system
2000 (FI G 17 referaply further i ncl udes. . a wrel infrared ('IR')
cormuni 608 MarROGATBE Pt ol et oral i Epibhd Sy L RERed il <. <

of thr e&pﬁffgigﬁrp\‘o&lsﬁn?ﬁﬁ Saptu¥ S bEFY euwhRk bfjod béllPhavieRRAIOT @F 290br led 48T at ed

circuit, , and | RDA transceiver port 1382. The | R communication
i nt er f acempaisonpaid exigingtappiratus,the UM AR X, takas around 99 nynitas to mrpeess k5

i | f t t th devi i .| it o
Send nlieE ol Vagle Basne5 ABFUH s isika Sant oL BFMURBie noS PR dibL T, "
the | RDGW&]St)@fs)bnlcymcneéas?&%uﬁ&s@%fd‘f_tﬁmmqia;haum JFBRAbuTROECNhite bidbdleid adds

addi tional data 49 and other communication information to the transmt
string #ndatcrsahjesedds tha separati@processadbe HGeef thaBpily veatfyduts bleed gells2

converts the el ectri nsmt ta into,encpd i ght ses. an

t r ansni P%ﬁecc % e&"j \?‘ghb)%tg&eﬂﬁ'g@?s\nd’% S'f)]?% g aﬁ¥ g%glr\r(i ?J?"é rﬁ#{sﬁﬁ% mgn
receivi Qgpaﬁiithégthé E_oﬁ@?,gedw”é 85 Canfbré a8 @i YRstekly] (litBRAI Vb B16b@In brdesfoed on
the transceiver chip 1382. The transceiver chip 1382 converts the optical

| i ght pubBes titecsuffi¢ienttamaat offuffy eoatiwhise Blpodgelly aflis Hpicaliytekss apryad di56t ocol

chip 1381 where,the el ectyicgl ignal is stsi r

a1 oPFRSRIBTREREY |Gy RreefRe HE pishaf o BBty SonfaM bl s gy e
syst em gand hlctdito 1R Eepuhigios pidiessd alPhSANEANHCT dfabs@®%peThiif)ét has been
conmuni cati on protocol . [001851 By incorporating an | R comruni cati on

i nt er f ackscovered it Wyls eaiFtin apparasiag and; SypEma aegnireanyyvherg Fomd 52 eidby
session can be transm t a Lee:tar ' .S, or
Fur ther PR i SPRRC PRl baC ple IR IR i o BRPG AN bloBT BT, T
to contyy@ly dobe tHdyreany inventidr Qv perfoim tied sintecfubetions amipsslttian 78 rhiniteded

state. Additionally, 1R signals do not interfere mﬁ&ﬂ otheégpos%ital

equi prrerfhes¢ fires de Ret inglude theatientreparaiandlt Prigis 1Bes The fimgs indicalypr]y the
frequency, ,J.11. I cess [001561 Referring together
to Fig. té'éd hlgeftﬁ]%vqﬁ%ﬁ%réﬁ{ ﬁ?f’ﬁ%‘ﬁ@f‘?’ng ﬁ@épﬁbodi ment of the invention which
i ncl udes photactivation of buffy coat, and Fig. 27, a schematic
representation of apparatus which can be enployed in such an enbodi nent,
the process starts 1400 with a patient 600 connected by neans of a needle
adapter 1193 carrying a needle, for drawing blood, and needl e adapter 1194
carrying anot her needle, for returning treated blood and other fragnents.
Saline bag 55 is connected by connector 1190 and anticoagul ant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened,

anti coagul ant punp 1304 is turned on, and saline actuator 1246 is opened
so that the entire disposable tubing set is prinmed 1401 with saline 55 and
anti coagul ant 54. The centri fuge 10 is turned on 1402, and

bl ood- anti coagul ant m xture is punped 1403 to the centrifuge bow 10, wth
the A/ C punp 1304 and WB punp 1301 controlled at a 1:10 speed ratio.
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1001571 When the coll ected vol une reaches 150 nl 1404, the return punp 1302
is set 1405 at the collection punp 1301 speed until red cells are detected
1406 at an HCT sensor (not shown) in the centrifuge chanber 1201 (Fig.

19). Packed red cells and buffy coat have at this point accumulated in the
spinning centrifuge bow and are DUHEEd out slowy at a rate, controlled
by the processor, which maintains t cell line at the sensor interface
| evel , 50 [00158] The red cell punp 1305 is then set 1407 at 35% of the

i nlet Rﬂﬂﬁ E@ ile controlling 1408 the rate to maintain the cell line
at the dF tACe T evel until the col l ection cycle volune is reached 1409,
at which point the red cell punp 1305 is turned off 1410 and the fluid

pat h t g tAendiiepdhmilectaggs 86ired hloodeomfinae neopnsings i s opened by | oweri ng
actuator 1244, and stops when the HCT sensor 1125 detects 1411 red cells.
"Col | ection cycl vol une” ed mho e b pcessed target

di vi ded by tM@VlﬁU}Ha%f‘epB?at‘(‘f&aV@@tan e, éﬁ?t ek a7 %x%ﬁ%&gugétM| te bl ood
process target of 1500 mMl may require 6 cycles and so 1500/6 is a volune
of 250 m . V%ﬁaqﬁgfhﬁeQMQEQhﬁﬁ@%bmﬂbng at 1410 to be delivered fromthe
patient to t b and the red cell punp off, red cells wll accumul ate

and wi |l push out the bully coat frominside the bow 10, The red cells
are used to pidiig auenticoegwentifinidivathe #hglofioed ingepradaieratined miode Ot 2| yent
hematocrit ( ensaor lcatln hat the buffy coat has been
coIIecﬂ@H“mFGggéﬁi ﬁﬁ@#ﬁ%} 3%%ng#g?needed 1412, the centrifuge 10
effluent path is returned 1413 to the plasnma bag 51 and the red cell punp
1305 rate is ihﬂ?ifngdﬁ@ﬂmﬂtﬂﬂc%ﬂvﬂmﬂdﬁlﬂob@hﬁantmumgnldlﬁﬂmiq)inmﬂwmpamm ivia thed
cells are de?ec 1414, which is the beginning of the second cycle. If
anothernmv@lesdﬂmﬂdﬂﬂﬂﬁéF needed, the centrifuge 10 is turned off 1415 and
inlet punp 1301 and anti coagul ant punp 1304 are set at KVOrate, 10 m/hr
in this enbo ffihYibod@bdnendior aftéesht kéadtit® the pl asma bag
51, the red gé gfd?ﬁlgthgﬁl%gg erlate |695 sedtib 1217 at 75 mM/mn , the

recircul ati on punp 1303 and photoactivation | anps are turned on 1418 for
suf fici ent pemhdchwlng plasaia ahé) eeddqu/caiba‘xom @hﬂ sgmratowmly CORENHBE 1T PR

dependlng on nd, t pe 0 |se e When

t he bowth elr()lxl“éreé’ "1 @‘?alldn R 3‘81 %ﬁ r‘InB ur n@asrk?g&?%ko and
the pl aﬁ%d*&%ﬂs §élmg %nﬁmxﬁa rdd230 Bto®RAD rupgm&aytwa:tmha%zrmmmmmu ng
return punp . The return punp 1302 is turned off 422Wh the pl asma

bag 51 bsmgnptl;drmvmwﬁr%hbﬂ@a@ﬂ tWﬁBFPOIdSCQE%P@F%Wém W@V‘Pﬁ t5cend ed
cells are ret ned 1424 to the patient fromthe plate 700 by neans of the
return St 2. Saline is used to rinse the systemand the rinse 1is
returned to the patient, conpleting the process 1425. [00161] The

ant i coagul antypokla efgrminadainicant of uffy édaubuildiag kp irotheaepaator,aodleeting the
nonitored by air detectors 1204 and 1202, and the fluid back to the patient
goes t hrofiyteoat frgm the¥epB@orand filter 1500. The punps, 1304, 1301, 1302,
1303, and 1305, the actuators 1240, 1241, 1242, 1243, 1244, 1245, 1246,
and 12%?;9 dﬂ{L L6d SPLIRM rﬂszvmamfcmfcmea;@ @ik buff9 b0k bra hdiephiator
progra ro

cessor 1n thet
comprises discontinuing the wﬂhdrawal of red blood cells from the second outlet, thereby

causing the red blood cells to push the buffy coat out of the separator via the first outlet.

3. The method of claim 2 further comprising collecting the withdrawn buffy coatin a

treatment bag.

4. The method of claim 2 further comprising discontinuing the collecting of buffy coat when

red blood cells are detected in an outlet line fluidly connected to the first outlet.
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51 [001621 The process and rel ated apparatus have significant advantages
over prior processes and apparatus in that the invention allow buffy
coat to be in the bow l|onger since red cells are being drawn off while
col | ect Snghemefthgd ebelaim h whigreinwisteptif Mathdeawipg plagina gnd redddoedeelisdram buf f y

coat in_the bo until the,desi.red ,anpunt of . buf coat_ cel.l re

Corl ect ti Sepmatr OBt AT LRSS T Mab B by ser SR 48 sl fet,

| eukocy {88} 2 predeteirhiiled aliabifitofGaPblood EaAK! r®Aste@adirAthe Scpaeats € RAd ap@thheor red
cells can be collected rather than returning themwith plasma to the

pat i ent pesletenairiad| amquntoEred hlasslesHs beag detpoed athe separaiar, pathdravongded hat

i ncr easi th ime.that buffy coat 810 is. subjected rQtati enal notion
- cent bRdgTs R s Serecfit ach SR a8k malat BahRy bregi TSt Brestil o
cut” megiheldBpdraionat AirBtitatdy the rédetdrint¥amiotndecr eased. HCT%is the
anount of red blood cells present per volune of buffy coat. The anount of
time that buffy coat 820 is subjected to rotational notion in centrifuge
bow 10 6c drhelrecthed phelgise S iwherae theqiredsigrmgnedramayat of red blgod eghls isdaiecsesi 800
is fed into fi rsttol‘l)_Rvsvlen%hannel 420 as centrifuge bow 10 is rotating. As
di scuss dFPRRSFTIAR SR -00d 800 i s separated into buffy coat 820 and RBC s
810 as it noves outwardly atop | ower plate 300. Second bow channel 410 and
third bow TheGhehse bf A4in arfertisdr es@grisingt dvillsctirgne witherawf plasmain aplasma bl ood

800 is continued until the separation volune 220 .is filled with a
conbi natstaspeeotagh oPxipg dimwithdrawa plgsmarpath dprigwng Rudcand upppa sslested:aRoumbt t om

of centrjtf . . ﬁjréa%' 1 L4l élgﬁum 0 via
second t%\ﬂ!g %‘r‘%‘g“’%#eﬁ&’%fﬁl%%h‘fy g%ﬁﬁtﬁﬁg%%a@bﬁn%g{%ﬁ%%ﬁ%d f(%r t aendllnflow
of whol grindhg@riB0thessurtdhie unrenoved buffy coat 820 is subjected to
rotational forces for an extended period of time. As centrifuge bow 10

continues to rotate 0 f.the RBC s 810 that . be apped in, huffy
Coat 8205, gbte TEPPG.AT e AV erPBrn R mer e Biaease bl kstls Mndh

Uhi 1 d_DOler AN HANARhiRUI otk & ol coldion Wieihd fehifinbend realbaosee
740 is opened, ‘the buffy coat 820 that is renoved has a | ower HCM By

cont r ol | aeitgrptasmaiprichiog fhied mixthire taitind ubiecd d réo @ppredimatelyequal towhe imlets of
buffy coat 820 and RBC s 810, a steady state can be reached that yields a
buffy cdat® 820 with an approxi mately constant HCT% [001641 The elinination
of batch processing and the inproved yields achieved by the current

i nvent i oy, THavethod @fieké tihehdreigalismas of puimping desatyre istophogpatayort r eat

patients. For an average sized adult, 90-100 m | lili teﬁs of = buffy,
coat / whi @amsisespassig|the muxdurafbrongh a gagsgtts for cgpigeliing fudHey defoge thy mixture

phot opbe I nt. In order to collect this amount of buffy
coat/\/\hi%nza%)&gosgﬁgg‘foﬁrg, the present invention needs to process around 1.5

liters of whole blood. The required anmount of buffy coat/white blood cells
can be rBnUTedméthodof blaim 1 Furthértcomprisingningdetinp laphdtoact i vationtch@icabinte thet es
using the present.inventjon,.collecti oynd 52 60% or. mare of the total
amount - ofolHER B oR aad PRk Be dhcusuiecisn Pty e wilin SR dBCeGer thymes
separati ingp(Pé:&‘fe?miﬂgﬁean%Tt o &trPhdobeet B3h4MMRED B tht eoNet&] burha@e an  HCT
of 2% or [ess. In conparison, one existing apparatus, the UVA XTS,

takes around 90 mnutes to process 1.5 = )
11. The method of claim 10 wherein the step of irradiating the buffy coat comprises

recirculating the collected buffy coat between a treatment bag and the irradiation chamber.

12. The method of claim 10 further comprising: passing the irradiated buffy coat through a

filter; and returning the nradiated buffy coat to the source.
13. The method of claim 12 wherein overall treatment time 1s less than about 70 minutes.

14. The method of claim 13 wherein the overall treatment time is less than about 45 minutes.
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liters of whole blood to obtain the sufficient anmount of buffy coat/white
bl ood cells. The UVAR XTS only collects around 50% of the total anmount of
the buffy coat/white blood cells that are subjected to the separation
process, e f > /8akal l: 1964 adidosow he UVAR
SRR e i R e A bl e s

apparatus, the Cobe SpectraTm by Ganbro , nust process 10 liters of whole
bl ood i1%. OTtkanethod of olaire d tfutther counpfising enllecting the wighdripw fred bleedeelihi t e bl ood
cAs. This typically takes around 150 mnutes, collecting only 10- 15% of

the total anoun f .the butfy.coat/white bl.ood cel r j.ected to
the sepkr aThedﬁe‘é?Pgeég fmgwg‘.e%m JOus© ﬁ@ag]entag(\)w&oi%gﬁﬁarsa’%ei%g E’ﬁ)gsa been

di scovepsdy il H Wherkifl B LArARRIE SbHARRBGoOY St €S require anywhere from
152 to mnutes to separate, process, treat, and reinfuse the requisite

amount of white blood cells or buffy coat, the present invention can

per f or m8§.h& msethed bliwndlecongsa desined blpodeampPueticAWPBYNE: These tines do not

i nclude the patient preparation or prine time. The tines indicate only the
total tine th t he patient | nn d to the system 53 Clains Wit is
clainmed is: ‘I’%W%’E‘gghog%l%ooqsﬁréctaip%g&gt’ desired bl ood conponent conpri sing:
providing a separator having an inlet, a first outlet, and a second outlet;
drawi ng whol gohbipae dntiepaguiat witiehe atidietdodiat antieced gaticof anticoaghian td he
whol e blood in a predetermned ratio to forma mxture of whole blood and
ant i coaghbkertlodd;ui d; punping the m xture of whol e bl ood and anti coagul ant
fluid into the separator via the inlet at a selected inlet rate;
separating th 1%t i & o8eh i hfdHeh oS

wi t hdr awi ng Bﬁ%’g] r% tgélgo@gitdng%@ood C‘SeiPIBEBP ?ggng?ﬁ%agg%gﬁat or \(}hefin?ghggﬁti nui ng
t 0 punpcohthglentod separasér; whol e bl ood and anti coagulant fluid into the
separator, the plasnma and red blood cells being withdrawn at rates so as
to build up buff%{ ca}at in the s]gagr?ir?toi, he plasma being wthdrawn via
the first ouPPERIBEHCSARAPRL R AYSS AIPIAYei ng wi t hdrawn via the second
outlet; and upon a predeterm ned anount of buffy coat building up in the
separ ator, cobi@alingd puiep thewbinbiredatholé Blbd hed sejvaagilart in®. thd beparaomhod of
claiml wherein the step of collecting the buffy coat fromthe separator
conpr i sasd doldeting isenarated plasmeanln edgmaquag obplagma isstallectedom t he second
outlet, thereby causing the red blood cells to push the buffy coat out of
t he separator_.vi i . : hpd, - {1 f i
conpri si ng cd?lﬁg%tél%g']{h{etﬁ\%mp%lpg%l u 1}5@' ggg in g(fturgrogggﬂ rsréﬁtaﬁggg.g{lﬁg The
met hod Q‘fui@{oatihﬁgaiémmfhersamemme asinogmétigswholt binsidnmtil ed Wood eddisiangy of buffy
coat when red blood cells are detected in an outlet line fluidly connected
to the fdetestedput | et .

withdrawing red cells and pumping at a speed controlled so as to maintain a red cell

line selected level in the separator while collecting buffy coat in the separator;

at a selected time, when a desired amount of buffy coat cells are collected in the
separator, continuing to pump whole blood into the separator while discontinuing pumping
red blood cells, thereby causing the red blood cells to push buffy coat out of the separator

until a desired amount is collected in a buffy coat collector;

discontinuing collection of buffy coat when red blood cells have been detected.

19. The method of claim 18 further comprising:
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54 5. The nethod of claim1 wherein the step of wi thdraw ng plasma and red
bl ood cells from the separator conprises: wthdrawing only the plasma from
the separator via the first outlet wuntil a predeterm ned anmount of red

bl ood cel |'s fiindaheliddrawn rfell 8lcoaReNSH K pladmd froROhe PRmaRbBeGid Y ad
amount of red blood cells being detected in the separator, w thdrawi ng red
bl ood cedtiming thmmixéurs épepaentat a rate so as to maintain the amount of
red blood cells present in the separator at approxinmately the

predet erm ned _anmouni . 6. e neth of .claim5 wherein the predeterm ned
amount of reaumpb%ﬁ%fg?fs%a-{?osaggt@%&ebc?g’ using a hematocri t sensor. 7. The
nmet hod of claim1 further conprising: collecting the withdrawn plasma in a
pl asma st or ggecthagphdibackingidnthemidah thiube hoffyont inithdireatpentbagg f | ui d; and
upon a sel ected anmount of plasnma being collected in the plasnma storage
bag, returning the mxture of plasma and riming fluid to the source. 8.

P
The net hod ofPuBiPARgihE bulfyicratand phetoagtagonchsmigakmixtyle diom thrrirealeens bagd
cells wit . qﬂ]_rm] d priming fluid mxture fromthe plasma collection
bag and '¢ LAr%ﬁll“ﬁtant e rbglg bl ood cells-plasma-primng fluid mxture to the
source at a rate approximately equal to the inlet rate. 9. The nmethod of
cl ai m 1 wher etdirdubatingtthebuffy peatrpetaget e trdakhem dag avdthehsradiepen diamber;
conprises passing the m xture through a cassette for controlling fluid flow
before the m xture enters the separator. 10.. The.nmethod of claim| further
conpri si ng: ilﬁﬁ‘gé‘ﬁ‘% eapuglgfc?%talgtﬂi“ggf BHOR R ?ﬂ‘l&eilwel?’ TECHGWAUNG,)| | ect ed buffy
coat; and irradiating the collected buffy coat within an irradiation
chanber  unt idunghiRg BReEadidicd 8@ RBAN o theSRAABMOR SBanktRe o tHeaRatRédt ®dgt 0 t he
coll ected buffy coat. 11. The nethod of claim 10 wherein the step of

irradiating the buffy coat conprises recirculating the collected buffy
coat bet ween rampingirrashatebbifNaerst fiea the trgatment bag brenebe filteran therontretletod of

claim 10 further ri.sing. passing the irradiated buffy coat through a
filter; agﬂghqng\{aﬁﬁtl?ﬁ%daﬁlgﬁ%”adi ated buffy coat to the source. 13. The

met hod of claim 12 wherein overall treatnent tine is |ess than about 70

m nut es.201 4 he hehobhadino19 e/hatein the prineng finid ke mixareabf anticeagutemtanti ne i s

| ess than_about 45 minutes. 55 15. The method of claim 12 wherein the
filter i8liB§thin a cassette for controlli ng fluid flow 16. The nethod of
claiml further conprising collecting the withdraw red bl ood cells. 17. The

met hod oy C“L'T%' Hithod BOEGRA 19 WhErchPieTRid Bow RAlbR&s a 2ab®é, Svitk@RGhet Or age
bag, or a ood donor, and wherein the separator is a centrifuge bow . 18.

A net hocsepdraoolid eeanitmfiga bawh iwhetein theoir schpdaved inte mbasims bag, whekeirhtedawi ng
whol e bl qod, f tient:, canbini i | it h |.e_bl ood at
A el ectdoet HRGEIREF RARTN TR GREFERAREN ot bk it BercllaRfa ! 00 @

sensor interface.

22. The method of claim 19 wherein the buffy coat cells are separated and one or more
selected components are collected, the components selected from the group consisting of

platelets and leukocytes.

23. The method of claim 19 further comprising priming the separator with anticoagulant and

saline mixture.

24. The method of claim 19 further including rinsing the separator, treatment bag, and

irradiation chamber with saline and returning the resultant rinse solution to the patient.

25. The method of claim 18 wherein the overall treatment time is less than about 70 minutes.
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punpi ng the conbi nati on of whol e bl ood and anti coagul ant through a fluid
flow controller to a separator; operating the separator until air is

di spl aced; continuing to pu t he conbi ned whol e bl cod and anti coagul ant
into t hd6s&hamethnd otg:rhexmc% %@@m@e e¥gialt Heatmepl tHueis lesthan gboybfe BNBHES NDUNt
of plasma is collected; mxing plasma with a primng fluid and returning

the m xture of i L DAl : ate as
 ncom ng wagng e BT HB AN a pib@fhertsiblrfodrenl PR o il EomBlifing 2
cells and punping at a speed controlled so as to naintain a red cell line

sel ect ed | ev@tawingtWimlsklpad &itara sdurdee col | ecting buffy coat in the
separator; at a selected tine, when a desired anount of buffy coat cells

are collected _in the .separatqr., caontinyi .0 pu whol e .bl pod into the
separ at or whiafl@n&i@@BHF‘?E\&H[%bgb‘Qr’rBi%?fgWh‘ﬂ‘ég%ﬁpé%gp%ﬁe@““teﬂé?t@og? 1185{]& ng the
red blo SR 44df :q0f the separator wuntil a desired
anount ?‘gxglg% %g@glg In a%u%’%ﬁg/&%ggaglpgglldf ector; discontinuing collection of
buffy coat when red bl ood cells have been detected. 19. The nethod of claim
18 further caaparatngiye nsigture sf whole bioodiantl dntemagulent ibtcooplucdity of bliooth pl asma
fromthe plasma collection bag and returning the m xture to the patient;
punpi ng CBH’PPW’E%%‘EC"{‘@“@C{ ?eé’zi‘ct%ent bag; injecting photoactivation chenical
into the buffy coat in the treatnment bag; punping the buffy coat and

phot oact i vat iR ephdidctivhdtddidRnfié AWithhe 1dabeaieoTihe HIO8d co@paitnts todgimt i on
chanber; recirculating the buffy coat between the treatnent bag and the

i rradi ata roixturh afitfer photéactisaticachagiqahandythi jay leeg ane bipoditemponerti at i on chanber
while recirculating;, punping the irradiated buffy coat fromthe irradiation

chanber to the tr t " i i I f

froatment _bag i as AL optfaion s O Seds! SRR Coryet STl RRAIR

pati ent .chéficalh@dnet hod of claim 19 wherein the primng fluid is a mxture
of anticoagul ant and saline. 21. The nmethod of claim 19 wherein the fluid
flow controller is cassette, wherein the, K separator is a centrifuge bow ,
wherein the a‘ﬂ“"ﬁ“%??eslﬁqag@éedl Gombanatiopla a patiily  wherein red bl ood cells
are detected at a bowl sensor, wherein the red blood cell line is detected
at a sensor | ReinftRE Entird PhotbPRert®s Heslmeht &lcenMcl&l WNedsehah dHbarhinatgoat
cells are separated and one or nore selected conponents are collected, the

conponents selected fromthe group consisting of platelets and | eukocytes.
23. The 2fetThednethod phelaim §7 mherdie theceniipr Photerpepsisiaagmenids earppleteddn legft h

anti coagth At #98 minutes.

29. The method of claim 27 wherein the at Jeast one blood component 1s buffy coat, a

leukocyte, or platelets.
30. The method of claim 27 wherein the at least one blood component is buffy coat.

31. The method of claim 30 wherein the step of separating the mixture of whole blood and
anticoagulant fluid comprises: providing a separator having an inlet, a first outlet, and a
second outlet; pumping the mixture of whole blood and anticoagulant fluid into the separator
via the inlet at a selected inlet rate; and withdrawing plasma and red blood cells from the
separator while continuing to pump the mixture of whole blood and anticoagulant fluid into
the separator, the plasma and red blood cells being withdrawn at rates so as to build up buffy

coat in the separator, the plasma being withdrawn via the first outlet and the red blood cells
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saline m xture. 24. The nethod of claim 19 further including rinsing the
separator, treatnent bag, and irradiation chanber with saline and
returning the resultant rinse solution to the patient. 25. The nethod of
clai m 18 .wherei.n t he. t ' i m nut es.
5720, WS TATHGY D QHEl Goo bRE R Mo s BiedcBrnfied o SRRy cblh 11 1S

t han abgutdigpuprin tHeasgparatdr,.colediii iesbuffy gt fromthesepargpdrot opher esi s
treatnment for di seases on a patient conprising: draw ng whole blood froma

source; adding an anticoaqul ant, fluid étp%)ﬁ,lge'mtgl E gl ood fl— n ﬂl pr edet er m ned
ratio t32.fBhemmgthad oficlpm Jrwhgreindhester Clftg g WY AT tePePY4ar at i ng
the m xture.of i i |4 od
componerpies 8ftenaming it AR ARLof RREHLAT el kil dei Mot ot
| east opgisie thbeedblood celsnp pasnths buffyfcoatrout af e séparsomntia tivefighottistcandvat i on
chem cal an§ the at | east one bl ood conpopent; i[radi at i Q@ t he conmhi nation

of the disconsimyingothe cpllestineobhpidy eoat when Teshbload eelisaze Aeircted mean euilet ligg g
returnipg.the ir i i.pation to a patient; wherein the entire

phot oph@g@‘gort"reége?r%gn |I§p(5cﬁgfr?gl eted in less than about 70 minutes. 28.
The method of claim 27 wherein the entire photopheresis treatnent is

conpl et 88, The hesisod tfrlaiabBluwheBinthe step sf witbdraWing plasrhoandrfeddleideed¥ wher ei n

30, The o8t WeACaIo SRS ARAPUPN B theRts B U SR et ¢
bul l'y Qe \ﬂi‘%‘f a Lgtfagol%ﬁah% atfoufi! G 1 BRhowhkeNSird defiied §if theRepRaRA Aldiupant he

m xture and anticoagul ant fluid conprises: providing a
separ at thie pradétagniand ambent, of aed bloed cellsthentg detgstdan thessparttaruwitbdrawmgnsidng

the mxture o ol e bl ood and apticoagul ant. fluid intgo t S ator _via
the | nl eloadeeds Sore e SEParripert aabse Samar LB i pheip PR R B Benbo
cells fqgmetslgﬁmaﬁﬁgﬁgﬁr@,{jnﬂg} fhe pPéictetind anfouptinp the m xture of whol e
bl ood and antlcoagulant fluid into the separator, the plasma and red bl ood

cells being withdrawn at rates so as to build up huffy coat in the
separ at 6¢, Theengthed abclpia 3hfuthenerranising wradiatingithesgolistied buityseat wikhinag

bl ood cells 58 hei e I ;

pr edet cafrRE TR GpOLERRIebRed BFoRR 5P BBy hafheennilotinR Pine

col | ect idafedtbEbLWEY byatCthabrddermminee arepar dtenergydtinglduéficrentnodnducecl ai m 31
wherein the step of collecting the buffy coat fromthe separator conprises
di scont iapapieeist he wi t hdrawal of red blood cells fromthe second outlet,
thereby causing the red blood cells to push the buffy coat out of the

separ at i ' : - i Iy e ' bul |
Cogt V\,hce);ns' \r’]*el-% 1%%]1318% bi; il}élln‘?!!'? bibreitd sofifcs FORE 'pﬂf-l'éﬂli‘,ghte Pﬁot%ﬁhé |€§i§ trlgﬁm(%ﬁt y

T
s are detected in an outlet line fluidly connected
to the fbeirgfpesfoined in a closed-loop system.

36. A method of collecting a desired blood component comprising:
providing a separator having an inlet, a first outlet, and a second outlet;
drawing whole blood from a source;

adding an anticoagulant fluid to the whole blood in a predetermined ratio to form a

mixture of whole blood and anticoagulant fluid;

pumping the mixture of whole blood and anticoagulant fluid into the separator via the

inlet at a selected inlet rate;

separating the mixture into blood components of different densities;
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33. The nethod of claim 31 wherein the step of withdrawi ng plasm and red
bl ood cells fromthe separator conprises: wthdrawing only the plasm from
the separator via the first outlet until a predeterm ned anmount of red

bl ood cells are detected in fhe.se ator;_an ] ed
amount of rSWUHIrBYERIFRa ﬂﬁ?@fyﬁgggé?@gﬁ? Snc%?%te&g‘glglgrcép@?ﬁﬁ%%te%ﬁ vl\}% ng red
bl 0od Gahhse bf ¥HoldWI06€BRT AtRbagilark fluft iftcSle SépattorBieplant dndbuffymsat of
red bIooé cells present in the separator at approximately the

pr edet ercimgredhdmpurat ratguso ate biidd npreddiloed eallminstheseparsar. Ropipyma anf
irradiatipg the .coll.ected buffy.coat,. Wwthin an irradiation chanber until a
pr edet yrfoat WBEH?ﬁgvaHgP&y%ﬁg§mgggk&?ransferred to the collected buffy
coat, the predgtepRlaesniab®anburiiof esuBlSyd &tls BYilaing up ¢h ertseparaionduce
apoptosis. 35. The nethod of claim27 wherein the source is the patient,

t he photodietiingtie sed bload welty fromdhawspprator giathe s¢oend odllgsed- | oop system 36. A
nmet hod of collecting a desired bl ood conponent conprising: providing a
separator having an inlet, a first outlet, and a second outlet; draw ng
whol e bl ood froma source; adding an anticoagulant fluid to the whol e bl ood
in a predetermned ratio to forma mxture of whole bl ood and

anti coagul ant fluid; punping the m xture of whole bl ood and anti coagul ant
fluid into the separator via the inlet at a selected inlet rate;
separating the mxture into blood conponents of different densities; 59

wi t hdrawi ng pl asma and buffy coat fromthe separator while continuing to
punp the mxture of whole blood and anticoagulant fluid into the
separator, the plasma and buffy coat being withdrawn at rates so as to
build up red blood cells in the separator, the plasnma and buffy coat being
w thdrawn via the first outlet; and upon a predeterm ned anmount of red

bl ood cells building up in the separator, <collecting the red blood cells
fromthe separator via the second outlet. 60
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