BLOOD SEPARATI ON APPARATUS AND METHOD OF USI NG THE SAME Cross-Reference to
Rel ated Applications [00011 This application is a continuation-in-part
application of United States Patent Application 10/375,628, filed February
27, 2003, which clains the benefit of United States Provisional
Application, Serial Nunber 60/361, 287, filed March 4, 2002, both of which
are here%réab]og rated by reference in their entireties. Technical Field
of the In EBARATION APPARMTUS ANRMETHODOESIINC THE SAME
apparatus, systens, and nethods for noving and controlling the novenent of
bl ood and bl ood conponents, separating blood conponents, and treating

bl ood of patients, and SpPegl .6 ,e,r;lhg' \ systens, and methods for
perform ng extracorporea gt e ot—broot—Beergt ound of the | nvention
[0003] [BOOL) Hhis pEihtimmisa doatinuhtionas part applicatiort BEURRSDS@les Phtehf 00d from a
pati ent glglroc:esz' g% iﬁhe ?qu;g or mpre conponents of the blood, and return of
the pr otBRlicaHon. ‘:’@ gt dilgdyFebguary @4,2003, which elaing the bepefiteof djnited Statgsor eal

t r eat mepil,$; A f f r ' r t tient,
epar ot oo ot AbRicaah,SRal i B3 AT MIcH Rparth B0 B o SRS e

t o t he hpathyancorpiliated hyhrefesaive inctheinentiretéscal sci ences, it has becone
possible to treat a patient's blood in closed-|oop processes, returning

the patient's own treated tiogd, PE&E tﬁ himin, one nedical treatnent. An
exanpl e of such processes i+ _ In nt met hods for diseases
i n whi IO0OLIETIR: préscat RRkAtRINGSlaked lzehd?alFRSDpRats Y ERRAEY AiPmethHE or 25

cutaneous T-cell |ynphoma or other di'seases af %lg]gtl ng white ood cells. In
such nempvag and egnsroliing the moyemersad blaodiand hitiodtcothpanerits, separatiighlesd | | ght i n

the pre 1 cal _or.an. antibody traviolet |ight affects the
bondi ng&g@%&%@% @ﬁ@?@sﬁﬁg‘a@%&aﬂsw& sasesiaelid 3Bparalisy VBB Wat i nhi bi t s
t he nmetmaébbdsfoppatatfi®setfachiporda) et 86 blob@004] Phot opheresis systens
and net hods have been proposed and used which involve separation of huffy
coat fromthe blood, addition of a photoactivatable drug, and W

irradiati on of the buffy coddackgreund efthe Invention t o the patient.

Ext r acqppes | aE@Qég L | seases
i ncl udi ng (}re%‘v{: H?/E%@ﬁ%%ggcﬁﬁ sea Eﬁe éft?er%ﬂ#g oiogglok?? %h?ﬁgs{%n&b%%c%ésslg ve
Syst endhé onSof reomsiompodenteof the bloodcindRembedfthe protkisedeainponenBofoeh D sease
and ot her di seases at are thought to be T-cell or white blood cell

nedi at ?rapeq%ﬁg?tggﬁ O FRIEACO (reAlments (equR SYHFS FESAlSHIeARYingal so been
Pr 0pos alo@itoIRSpaMEhe; Bepardtit it Rt SERTREAS Mar re RARE e Hidbd ‘G U1

conponent s. ' _
components to the patient. With the advance of medical sciences, it has become possible to

treat a patient’s blood in closed-loop processes, returning the patient’s own treated blood
back to him in one medical treatment. An example of such processes include external
treatment methods for diseases in which there is a pathological increase of lymphocytes, such
as cutaneous T-cell lymphoma or other diseases affecting white blood cells. In such methods,
the patient's blood is irradiated with ultraviolet light in the presence of a chemical or an
antibody. Ultraviolet light affects the bonding between the lymphocytes and the chemical or
antibody that inhibits the metabolic processes of the lymphocytes.

[0004] 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
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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[ 0005] Additionally, apheresis systens and nmet hods have al so been proposed
and used which involve separation of blood into various conponents, and
al so involve systens punping and valving systens which are difficult to
manuf acture or operate. Prior photopheresis and apheresis systens and

met hods, u(ﬁl al qu require batch processes and therefore take several hours
to treall® L‘iﬁlﬁt ABCAL- GPhergsis pysigms apdgnethods have alsa bpen proposedpad asestwhich od

conponeﬁyglvcsgﬂ%%d&?r F&diﬁﬂaq’aﬁx‘g%‘%erﬁ?m%&&very conpl ex to manufacture,

especially th ow contr s and val ving systens. [0006] In known

phot ophi908S] Addisiehallys apteredissysemblard kiethods hveildcieen fphsposéBardonde dhidht © a
per manent piece of h g)\iﬁr_e. The di sposable kit contain conplex tubing that
is used“’f’BREai‘FW“OBP% IFPFENPYS COMPOPEREn and alsednyalvessystomsaquunping anded i n
the kit | & | LAl 1 gt [ vari ous
bags fo?algg %ﬁ%ﬁgﬁgﬁhﬁ%&rlﬁg@}tﬁgﬁﬁnﬁg‘gﬁ%%{ Fﬁ%d@q or&lr}%ﬁ) elglmg %g%abl e kits
of t en caplicresis systemas st methods usnalig reqoive batoh peocesyes rahthsreort @ikegewdralol | i ng

the flow of blood fluids throughqut the disposable kit and to and fromthe
pat i entOUFs ©JErab s pahent pr o %’P’é“ ﬁg%@c{ﬂﬂ ?’PBg’c‘éF%SPﬂa‘ﬁﬁ bloogcoppepented or
c spoS Pt BbreeRE L ARLTRBl SRRSLOR mirafie | ARIIAY de EPASENY Pf ocess.

the kit is connected to patiént to m a cl ose system and the
var i ouscontrollere gndvalving spistepssabl e kit are | oaded into a permanent piece of

[ dt ' bl.ood fl ui th hout th I S, ble kit
et eos 0001 ktohg sblab et S h dReonp b SaroadQ BER IR Bt he b1 0o
{1 ui ds. sebiongH piebe oRthisiare! The aibebic i¥conk 8 Scthptbx ¥k ffiels vadvRNGRYENT 11

phot opheresis systens would result if the size, ~manufacturing npl éxity,
nmanuf acklped Hyide isand from they yasiongydevieasiincluded inlthegd sixtheaski cengifugeibowdean

reduce 2 . a _nor onpl ex bl o riyin t This is
becausa R0, larkthe 58S Sl el RirefiPaliahalte et P B8k Khanth pren
wher easdigpassbie Ritesftdreconthits p 0ssséites ok dtheraimitroléer HeEnBAS fortdofiRellih e8] Known
di spos:ql?l‘go hot ogh,er esis kits are difficult and expensive to manufacture,

especi al¢ od Hpids thyoughoubthesispgsable b adstemndifiom thetpaticnta Disposable

Addi ti I I | | net hods

usual | 38 ?’eag%?sreg Ogg{%%ggﬁ%g@@e?g%@ghe e?ééfra%{e? gﬁ%ﬁ%\@?%@%@&gﬂ to treat
a pati grrfoominga todatraem peocess, thediieintomepryo piticne pafoihactloseldesh fysrgrent s.

It is a copnstant gbj.ect to r.educ he ti It takes to performa conplete
phot op 7 gargms gﬁ%%‘?s&f jte ‘51%%&? ﬁﬂt ageloadesiintog prrmanery piese of equipigenteduce

the anoued wdriveiogeiniios bufifie AlspAbleQlit BsheDat kg OO GoRERIRSSET | N
p processes per photopheresis treatnent Session. Yet another
obj ect Reompneni blood drive systanu dtivesfthevblooé floids dlaroigh the kit’s fluid circuitry.
[0007] A very real advancement in photopheresis systems would result if the size,
manufacturing complexity, manufacturing costs, and tubing within the disposable kit could
be reduced, even at the cost of a more complex blood driving system. This is because the
blood driving system represents permanent reusable equipment, whereas a new sterile
disposable kit must be used each time.
[0008] Known disposable photopheresis kits are difficult and expensive to manufacture,
especially the valving and pumping mechanisms within the cassette. Additionally, prior
photopheresis and apheresis systems and methods usually require batch processes and
therefore take several hours to treat a patient or to obtain a sufficient supply of separated
blood fragments. It is a constant object to reduce the time it takes to perform a complete
photopheresis or apheresis treatment session. Another object 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 object to increase the amount of white blood
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cell yield or obtain a cleaner cut of buffy coat per volune of whole bl ood
processed. Still another object is to reduce the costs and conplexity
associated with nmaking the di sposable kits used. Disclosure of the

I nvention IN'] These obj,ects and others are net by the present invention.

The present. i.nvepntion is directed at inproving the apparatus and net hods
f or pho?"glg‘ﬂglflé’gio tayaicleance Pt dutty coataer M@umeégé”l@memé%%rSﬁlb

manuf acidsfiser ' : L qn._of

Ut 1 of ety oBIERRE 6 HBu¥ie BodtoRld BN RERTR] Ol ERMAN: BpRiableren
tine. [KiGhBed.The i nvention, in one aspect, conprises a cassette for
controlling novenent of fluids during an extracorporeal blood treatnent
session, the cassette conpri %,n a ripi d plastic housing having a top
section and a bottom secti on,—'ﬁ&@l‘&&ﬁ—&&m sections together formng

an i nt efpoed] BIAE Bbjeéts AP otfelsrdimb ¥y thBpRisBRY in ok Th Bed t‘;fn\;eﬂpﬁﬁ i
of each of e oops

connected to the "hub; |oops forne fT'exi bl e tubes,

adapt eddirestedrag irgprozingdhe appatatuscand unghodsdadphatophessisand mpheresistacpraviide exi bl e
t ube selggsicon iraver.si ng}th‘ a erture so that fluid flow_ through the

sect i on v ean HE% FRddde afm%ﬁ“ ARRARAS a0dy FoNtingRuS PrQcess forisepArationefor abl y a

hub is sufficibntdRgment for GehthRnh@Ei16 Grdafly SQIMEE He 1@Ghd fitme0f the flexible
tubes. The hub can be noblded w th the bottom section in enbodi nents where

t he hou$PHY Thesinyentiop, isane aspech semprises tatcossette &artcontmolling mavementssf fhvids er r ed

enbodi v L nect LV ctigns of flexible tubes., ..In other
oo rouig anieptaifore MG fealrhdtt 5feh B8 Bhu tHbrbice § Heliihlestitoe t n

bot t om haisitig hiasing iattbye sectionphdh Botyor@ Biof) thd &sp ﬁﬂQﬂtBﬁﬁe@ﬁo@ﬁ@%&ﬁhﬁ'es t hrough
whi ch one or more actuators can press against flexible tube to selectively
cl ose otrf]’fmF‘Igli‘PdeF@%\P%Fe;éﬁﬁ#bd’ﬁﬂ}l& ipterRad spage; flaxdple hbep ponnspled tetdies or
apher esy, s fSiae L3Rt b i f ' . housi ng,
provi disﬁnug)’ %’Efst anggfg%’gplr?s tsh%tc%(ragg%l}?@%)%ét?gay %%k%k%gp%%{tﬂg?g?mﬁead,

pr ef er disiag; andiantaperture ladé d flegibledbe sdation auvdesing ehebdpertadge thit MRidAswand t he

actuat of together  closing. on.t tube to prevent fluid flow The occl uder
bar pr éﬁ@"&gﬁiﬁ EruQrsande dosed 8&3’&%5%&‘?’6@ &t the pection, Peeferably a yfdiser abl y

at an apenged withialiie hou3lte 1800hRct Jeeﬁoﬂgsﬁg&%fﬂéﬂiﬁlle s s hﬁ&gc@f e xﬁéldg{i ow in

the tube. In enbodi ments “where the ri astic sing Is torne atop
and botwighthedotipmmectivn i lembogdimdnty wheye thedhwusing dana topssetiben artdreebdioin om

sectio ul ef erably have the aperture or apertures f cessi ng, by
t he ac?sﬁéﬁ)%}’ qggﬁea@PﬂM¥§?£fﬂQ°cE%5 ’etgf’ %lﬂlbgo@ggtﬁ &'(Y fi Secé’é’&?/gpﬁ?@agléﬁ@qsur e or
openi Nda.other Bibbaiiments, BiFRULIAE bin BoSnelfidR, EotRRIetAUSp bbéaSe MRBOlBMES for
five actuators, and one w der aperture for three actuators. The cassette

housi nghigeds eigker cppipletaly Ppen erhas pemingel apgrterss dwe ghriwhish gee ommorel exi bl e
tubes ifndd@ Eénoﬁpeﬁeaﬁging{hex@ﬂlg Tbetd sél@&iv%ly close off fluid flow at appropriate times

during the photopheresis or apheresis processes, with the bottom side of the housing, or top

housing, providing resistance against the pressure exerted by the actuator head, preferably
with a molded occluder bar or knife-like edge, the bar and the actuator together closing on the
tube to prevent fluid flow. The occluder bar preferably traverses the exposed section of
flexible tube, preferably at an approximately right angle, for most efficient closing off of flow
in the tube. In embodiments where the rigid plastic housing is formed of a top and bottom
section which together form an internal space, the bottom section would preferably have the
aperture or apertures for accessing, by the actuator or actuators, the exposed tube section
above the aperture or openings. A preferred embodiment has five tube loops, five apertures
for five actuators, and one wider aperture for three actuators. The cassette housing can be

very efficiently formed by assembling a set of flexible tubes in a bottom section, pressing the
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tubes into U-shaped routing guides, including a filter assenbly and hub if
they are not nolded into the top or bottom sections, and then sinply snap
fitting the top section to the bottom section. [0011] A preferred cassette
enbodi ment has one or nore nolded ridges on the surface which are sized to

receive reco ble smartcard on which are electronically recorded
i dent i f 5 18R Y- ,f‘%EHBgWE%mCéUdé@&ﬂﬁilefr%‘m@dab?hahlfdgwmmmWnen t he

steril e RAdEaHI R ' (o) i sin he cassette is ened and
ready to be ?gﬂétﬂg‘f F@g}r %ﬁ&%@ge%gﬁ%@gﬁ?&} %&gn‘?ﬁghmsg&é o@asreﬁm?r%mﬁﬁgc ed in a
r eader - boitoresegimoket in the tower. The smartcard data can be used to

verify L‘F@g :}QJSBFH is the clg?rﬁéect model , for exanple, and the smartcard
can be ] eftgd cassetts gmbpdiment has prg or mrermelded Heaes andhe susface svhich

oper at o [ K oS |1 ef.erred.met hod
of maki ﬁﬁ%?gﬁg t(?:%?g%tgg égﬁ%pb?‘?s es crm |%§Eg a?‘ii(%ifc m[ﬂ?cg’il? }r%é%tr ‘g"r& ldgr}(;tl PR wi t h
ri dges datazmdwhdch siedsly remeved biyas oparaot ivhen thg sesilopakugiap comaming he
exanpl e . and .nmolding a bottom sectiopn with apertures and guides for the

f1 exi bl KitEpHRESInG fie psRpepsitand racy tohe gtalisddn thererganent towary Ther si ng
the ri defgncatdf fI&ted ifth tARGL WAt BSckbOi tﬁ@gw{%ﬁt frﬂgﬁmtéﬁ&ﬁ 80 caPbd D&ﬁittgbe

sections traversing the ridges are expose rou e apertures. The hub
can be werifydkatithe kinis thercarrest medeli fom exarple handtthdsmareaard caxsbecalso ised a6 t ached

! . \ f S meda
Pecti onfecBifad hotile sp MRhuidsStteRel by 1 Gper Rt Gt es AR R reBrs: 20 Meriker e
i nvent i [0812PARrefRASd ektiod. of Wk the c£98E Apifles SoRRASARERI plastichgs 1t 1S

intended for one time use for one patient, which includes the cassette, a
sal i ne #r&gon Withgidges,prean pndersids. theridgss functioping esacaleddr darsi fom ebargplasaridng an

inlet t . ] I fromth set t d an outlet tube for

1 oni ngt e bt SiedhoR i Hherire thd BRGIRE e e s, A LRgp i ng

ant i coatheltabwt thtomgh e pAdSetriversifgthe ridgek, ahd then Gl theayp il Boiton| et t ube

for flow.ng buffy coat fromthe cassette and an outlet tube for flow ng

i rradi af€HOBLI e é@ﬁtse%ms fraversing therridges aresxpesed thiensih el aperyen g Tambubt ube

for flow ; ' . t t f or

fl ow ng sepa@g@g&]t) %83%?%%? tsa'n?rl&g%n e ég%sgér%gtbl%gﬁ %ﬂ%ﬁ%{é’r‘;‘)" élﬁglgggh %o

wi t hdr atepisecton df thewassethioasing o thertiottiomoseation lasd then prdferabhgsnap Gagd.t o t he
nnecting a needle means to return bl ood

cassett megns for ¢o le; and .
fracti oﬁ?l@ﬂvﬂ’é’ L APERY ﬁlcc‘BYﬁ.')‘PPE AYPHses @t f”?‘éfg‘u i pensadegedbidisposalle’ r et urn
tube caginksit GARRhARDIOMbA iR @sdMidr BHE BXYieRE wHitPRcRRed R laQBky, aQhn le is

needed in the patient, but it is preferred to have separate needles for
wi t hdr aiidgt tehed a treatment bag; a iplaspatcpbertiod bag having pn odetdubefor Flo61nY plésmd her

wepect babE S e B bR el SR iasoEL
i nser t eghbe Tore1dving bnticvagiaht6 theRQkdett Adnt iGdiatiow Shanbek RGviRk BR idl&adse fki Ch
engage the | qops of the cassette, a
flowing buffy coat from the cassette and an outlet tube for flowing iradiated buffy coat to
the cassette; a separation bowl having one tube for flowing blood to the separation chamber
and at least two tubes for flowing separate blood fragments from the separation chamber;
means to withdraw blood from a patient comprising a tube for flowing blood to the cassette
and means for connecting a needle; and means to return blood fractions to the patient
comprising a tube from the cassette. The return tube can be combined with the withdrawing
tube so that only one needle is needed in the patient, but it is preferred to have separate
needles for withdrawal and return in the patient during a procedure.
[0014] Another aspect of the invention is a non-disposable tower in which the cassette,
irradiation chamber, and separation bowl of the disposable kit can be inserted. The tower
comprises peristaltic pumps having pump heads which engage the loops of the cassette, a
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4 centrifuge chanber for operating the separation bow of the disposable
kit, a deck into which the cassette is inserted and which conprises neans
to exert pressure on flexible tube sections above the apertures under
control of a processor, and a cavity into which the UV irradiation chanber
is inserted, and Q\Aﬁ‘)ch has a source of UV radiation under control of the

pr oces s S¢trifugf chamber foroneating the separation Bow) affthe dispgsabllerkite p daek inbmwhishi or

syst enms g solstc ol eal -Ehrkq;] ' ' t -t he t and the
oﬁt | et fﬂs? rbg%éetﬁ%les ' %%nt%g#ﬁ%whﬁec e an%aél%%%% ﬁ%ﬁ‘é‘?ﬂ %na eﬂ@\%‘?&sﬁﬁﬁ%@@t s for
h ﬁ ngi ng :ibdve tbbeaapenegds algdextcmabTrEf mtprgagsorpdmlmr\]zhﬁmo &ﬂﬂb}ﬁmlb I[ng atidi agia,hh b ag :
The saljn ag _and .anti coaqul ant bag_are either not supplied with the kit
or are ﬁ%’g@f&f”ﬁﬁ‘fﬁ?@?ﬂé H‘ﬁ‘b&ﬁiﬁ@ spwrce pf P¥oradiatipr undes cpnteeled theprpeessernduct ed.
[ 0015] AR ; | : i ' e kit.within the

non- di sg‘gggﬁgle? t owg{ri?aﬁ%yol(g)?%férgm ? Blﬁftfﬁgrp tgs rgdtﬁggs@g?#e‘thﬁio% ls\cl)wfeh?draggf | ﬁb

bl ood ofhednlptisiabthe topsamighe betletasatahd Bottum of the UV alsgmisedr s Thé tdvie cappaveat US.
The appar at ei t her heresi s, or phot opheresi s, wherein

Rs cin he ysed..fo aif
the pr oty forMangipg g’ec%lr’r'b"r Ao HEQtEENG agpglagfla W&Hﬂﬁlmmg\h‘ﬂ%l@gbﬂbéd from
a pati giline baglMd EhtRBAGEIARBYE ARleithér fo? Elﬂﬁéﬁiem&%@kit Br R sﬂg%ﬁéaeen;{mg' e

h t cass t he uge

bl ood- ant i coa&;l ant m xture throug ette to ntri
separ at fashmpsi\ke fillgd avhgre thg pracedwe peeoadicsed.bow  until air in the bow is

di spl ' h | baqg:; .collecti ar.at.e | a in.the | asna
g wh (01D AR e B AT ThedRiniR 1 & Gspasdo R iR Ehslach-dithasthye fhseeh w1
pri m ng[eolspAdurtiérespeRt el ﬁ@&@ﬂioﬁmﬁﬁF bﬂ{odnifaiﬁﬁ@aﬂt%s%lth@ﬁs@&m Jreter ni ng

plasma to the patient at the same rate as incom ng whole blood until red
bl ood c&Pras gf e appasatuedThe appaming casde ised for githdrdpheresisor phbteplieresisand

[ . ' in the r | I, line at the
Censor A 8L BRa e bl LbriRisBe b el abkth i ufible Bftod TR bl asm
f rom t hpatiphg adaing antidoagiilastto Porgh fdxturt phmping thdWho1e GidIdoaticeula Pl asma
m xture to the gitll ent; at a_ selected time, continuing to punp whol e bl ood

into t hEUHBF thegassetisiq the ceninivee sepasstiondoar copepatingithe sepaeation b@gl \(/:m ells,
t ner ebyuifiiflhel B iEfisBh@Antthe Blakita BAS Rofitthib S&gﬁwﬂfaﬁ i fe PO

past the sensor into t uffy coa tron a se ed anount
i s col | plasmalbag whicoomtinning g pomp thechixture ddto lthef Bowle métingprema edtiprin@geel | s

have begn detected; injecti hot oagt i vation.chemcal into.the buffy coat
" he. B PRECA e boing A lal isSFe i AEBHINE BAFT4 10 UR PR ALER ¢ ho
col | ect {onk fafths bl whbleaflodf dritid réd WBREEeN1s abd RAbRdd % B sbithfy coat in

the irradiation chanbér while recircul ating; punping the irradiated buffy
coat frwithdmwing redagils andpuropiagbea spepd apritradled so aslioanaidtau thieyed cadl lideraam t he

ol et 0 AaP A UL bl bR cSERFRA L BBE PRET B e

sol uti ogollectidrtfagnmtlir@ininglthe réd blabd Gells! plasthd Hixsre b the paniBhes bl R1efed

ant! Coagxlljlla,ac%tntir%?igg to pump whole blood into the bow] while discontinuing withdrawing and
pumping red blood cells, thereby causing the red blood cells to push buffy coat out of the
bowl past the sensor into the buffy coat collection bag until a selected amount is collected;
discontinuing collection of buffy coat when red blood cells have been detected; injecting
photoactivation chemical into the buffy coat in the buffy coat collection bag; recirculating
buffy coat between the collection bag and the irradiation chamber; irradiating the buffy coat
in the irradiation chamber while recirculating; pumping the irradiated buffy coat from the
irradiation chamber; pumping irradiated buffy coat from the collection bag throngh a filter in
the cassette and then back to the patient; rinsing the disposable kit with saline and returning
the rinse solution to the patient. The priming fluid is usually a mixture of anticoagulant and

saline, and the fluid flow controller is usually a cassette. The priming fluid can be used to
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saline, and the fluid flow controller is usually a cassette. The primng
fluid can be used to 5 prine the separator, and can al so be used at the end
of the process to rinse the tubes, with the resultant rinse solution being
returned to the patient. The separator is usually a centrifuge bow which
forms a part of the disposable kit, which is operated by a centrifuge

spi nni nBfims {heseparater.tang camalse be gDt theTing of ther prbdest tondiserg tubkdWifhQhe a

hot | S . jch f i dt ] h , b
P o P AP rlAB AR b LRI I, shfieht, T3S starasohs upeilive eptaruge 4o
mi nut esbawl witicly foras @part/od HeSdispoBsle RH, whick %Qﬁ;e?étéclng,t g@%@fﬁﬁ& fg%mﬁﬂ t, the

buffy cells can be further separated if desired npofAents such
as pl at OBEPSINAbGtoWEsikocyt es. Brief Description of the Drawings [0019] The

i nventi YISTHLE | ' il with respect to th cconpanyi ng draw ngs,
whi ch i l?lntlfs]t r at%ﬁﬁgérl\p(e %Sogdhtqrr@ﬁaf%fl %ﬂtgpﬁﬁeﬁwﬁowsm&fipug@y ‘&’é@@ﬁgwfés ,

syst enmsgr mord hoetshexiche ledstkan 20 infubesSEREMBIAVEniGD R B Aeh ¥R Q0w ls 4 .
enbodi nent of a disposable kit for use in photopheresis therapy enbodying

f eat ur dBINYfeS M MARY g38Ht | nvention. FIG 2 is an el evated perspective view

of an | TE8B4d 0 i flui.d flowin the

di spos:[glb?]phot opﬁgsf @;ﬁg&iﬁ&g@gf@ @E %ﬁfgca% 8 bﬁrf“%%lsmcég}ew of the
casset tdssiodd iftGhei2 colphents sush as plaeletd &l leikdchrscassette of FIG 2 with the
cover renoved and showing internal tubular circuitry. FIG 5 is a bottom

view of a cover of cassettg of FIG 2. FIG_6 is an el evated perspective
vi ew of an enbodi nent of aﬁﬂﬂ[—gm&%ﬂuw 7 is bottom perspective
vi ew of[0019] THelihRintiof HEribedflin GG with & ' i Yi&w of the
filter assenbly of FIG 6. FIG 918 a rﬁt%&iﬁ@@@lﬂ\lgﬁ%@% he filter
assenb|Whigh illusicate gn embglineot ofsthe tventine appreprseaseanblidspsysaims, sl fnetHods.

assenbl y Rl . coupl ed to, pressure . sensors. and a data processor. FIG
o re a1 Pl T i st SR rire B8 LR Emiaint o cdbopsatle ki 67 wie o

| ongi t ydibtepheresie wendpyteitbokying dhalire o &E%Péaeﬂt ienfibfe 11. FIG 13 is a side
transverse view of the irradiation chanber of FIG 11 FIG 14 is a cut-away

view of a c”(‘?%clﬁf’att’%éﬂﬁ?qcﬁﬂe pieat of aarembodiment oba dasétte for poitanllingy  bei ng
J ol ned HAPAGRGH e UidpRsaBid PorbpleAdlisHil §egper of FIG 11
FIG. 3 is an exploded view of the cassette of FIG. 2.

FIG. 4 is a top view of the cassette of FIG. 2 with the cover removed and showing
internal tubular circuitry.

FIG. 5 is a bottom view of a cover of cassette of FIG. 2.

FIG. 6 is an elevated perspective view of an embodiment of a filter assembly.

FIG. 7 is bottom perspective view of the filter assembly of FIG. 6.

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

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

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

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

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

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

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

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




FIG 15 is a cut-away di mensional end view of the irradiation chanber of
FIG 11. 6 FIG 16 is a perspective view of the irradiation chanber of FIG
11 positioned within a UVA light assenbly. FIG 17 is an el evated
perspective view of an enbodi nent of a pernmanent tower system for use in
conjunction with a disposable kit for facilitating a photopheresis therapy
sessi on. HHPEl6 iba pesspactivegdew obdreiipadintion ehamdker ef FSTH A iosEbhedwithing:

phot oacj : ] er, without a UVA Iight assenbly, used in the tower
system Wﬁ@%@ﬂﬁ’ ‘G 19 is a cross-sectional view of an enbodi nent of

t he cent r IHIGQE? Bharewated pettpedtive Rew I)Péﬂﬁém@dfﬁﬁl@xmd?fafl'ﬁmﬁz to\\%&ste%lq I's an
t provided 1 n €

el ectrical schematic of the |eak detection circui
phot oachf Y& MERUBRGHANEVit A dspesableckit for Gicilitatinga piotephesdsis thedapy sdseiont i ¢ of

t he | eak eqd d I r.GU ovi ded | he centrifuge . chanber of FIG 19.
FIG 22 iﬁhféeisg&éﬁgéég%ﬂe@sa%g i"?)@“\‘? gﬁﬁ‘&?“ﬁﬂ%ﬁﬁ&%‘%ﬁ%ﬁ’@“@f chamber, yi d 1 ow
cont r ol willemit a2 OV Atlight dsesvblysiyset eimheftokeGysibd of H1G. 123 IS a perspective
bot t om vi 8@1 he control deck of FIG 22. FIG 24 is an expl oded view of
the contr ?I‘E cR agrosgysegtionsl view of ap smpedimentef the pernppefuge ehaubarwsed intthe
controlgderiyskin 61 €3G 47 W th the cassette of FIG 2 loaded thereon. FIG
26 is a flowhart of an enbodi nent of a photopheresis treatnent process.
FIG 27 i §IG Xxinemetecticaf schemativhsftherak derbctiditcifcuitipdovil@nGhé cui t used in

performmng the . treatnent ocess of FIG 26. FIG 28 is top perspective
Vi ew arPhé’ﬂ)ﬁﬁGYWHtCE%‘P Oﬁﬁéslcgaltic punp. FIG 29 is a cross sectional

si de vi ewrgt. 3116 aR €leb@ic@l dchémMoE ‘ i35 B spective
view the rotor of tﬁe peri staﬁt I C tg%ﬁpﬂ(%teéfoéﬁ%&tpfl%ilﬁ% lgfﬁ? genﬁ%lf’fg%)tom
per specthampberdfditliGol9.t he rotor of FIG 30. FIG 32 is a top view of the
peristalt} of, Fl 28. FIG, 33 is a tqop view of the peristaltic punp
of FIG 25@%2‘9 %5‘8?’?}55" B%‘éﬁ’?"PB%“&WoO‘JﬁQ&Pﬂlﬂﬁgnené gE thefluid Hpwrpgdroldeck| G 34
I s an eaifelsd owepyskaheNBIG.q70f the infrared communication port circuit.

FIG 35 illustrates an enbodi ment of a centrifuge bow and a rotating
frame. FF&- 23ds p perspesitive heitem aiew pkthe obntrdi dedool FIGE 28] G 35.

FIG. 24 is an exploded view of the control deck of FIG. 22.

FIG. 25 is a top perspective view of the control deck of FIG. 22 with the cassette of FIG.
2 loaded thereon.

FIG. 26 is a flowchart of an embodiment of a photopheresis treatment process.

FIG. 27 is a schematic of an embodiment of the fluid flow circuit used in performing the
treatment process of FIG. 26.

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

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

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

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

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

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

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

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

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

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

FIG. 38 shows a cross sectional view of the bowl of FIG. 36 along the line XIX-XIX.
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FIG 37 is an expl oded view of the bow of FIG 36. FIG 38 shows a cross
sectional view of the bow of FIG 36 along the line XIX-XIX. 7 FIG 39A
shows a cross sectional view of a connection sleeve in place with a |unen
connector of the bowl of FIG 38 along the line XX. FIG 39B shows anot her
cross sectional view of a connection sleeve in place with a | unen

connect or F§P- $3bshas a gpsspectiael viewaf a4onmdutios skevr ingdacsariti ohmbenvi ew of

thg topc&l%&mog &Bpgo\ppggmg,tsg%&#em%% F41 shows a dinensional view of

h core and upper |G 42 shows a bottom view of

t he top c FIG. 398&!0@:3 aﬁ&theﬁtr@ss ﬁ%lﬁhmcﬁa%ﬁﬁébﬁbﬁeﬁhv@@}g&%g@bﬁi% &f ”‘e
OWS

bottomcore and a | ower plate of the bowl of FIG
di mensi GREFCterQfdhe bowl of dG\A8ew of the bottom core and a | ower plate of the

Dol of Pt 4733k L3RS LRIFAGE or Beliop s APRORT FERL PR S de view of

the bottom core an , OWer at e ws a di nensi onal

vi ew of akflB! hﬁrshevfsradiuﬁamimﬂi viewGsTigk op ca@%m:pge r prateof FRGSHOWs a
di nensi ong_kaA{ %%of t he connecti on sl eeve of 45. FIG 47 shows a

di mensi on ¥F adriomridew f hstensare aEEKHAly of FIG 45. FIG 48 shovs
S B 43M 83 R i TG o) sl

shows a | ateral cross-sectiona I ew

hor i zorhoawl o€ FES.S37sect i onal  vi ew of an anchor end taken along line XX .
FIG 51 it.}e;shba es a gwrrens view of the rotating franme of FIG 35.
FIG 52 i My &8 %{OWEF&H Yigy of thedottemrgre arshallower pliteG. 53

shows mﬂ@dWlQﬁM@%%E@{Ug rthe bow wth the cross-section taken
simlarly to that shown in FIG 38 FIG 54 shows an alternative enbodi nent

of the toEIQdﬂéhOWﬁ@JeﬂﬂO@d@l@ waewafﬂerhmabmmmwlmnplam‘oﬂMG g®Anection

sl eeve. Npﬂg t. The Inventio 0020] Features of the present
i nvention’ ar 3539 wﬁﬁgﬂx ﬁl" VIBE D) T o0t ehtiol r gendudcassesmilye | t he

di sposabl BI(ia6tsapwe ks afihénsionkl vieWof # doRHctiBR e fSofiGE s ke up the
di sposable kit, and the corresponding treatment process. The follow ng

witten dEKEA7 rj{]p\\_jﬁa dimensipnpl view ofond end of wonduit asSemblysHIHIE. #hot opher esi s
Ki't FIG. 48 shows a dimensional view of an anchor end of the present invention.

FIG. 49 shows a lateral cross-sectional view of an anchor end.

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

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

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

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

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

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

Modes for Carrying Out The Invention
[0020] Features of the present invention are embodied in the permanent blood driving

equipment, the disposable photopheresis kit, the various devices which make up the

disposable kit, and the corresponding treatment process. The following written description is
outlined as follows:

L. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl




A. Cassette for Controlling Fluid Flow 1. Filter Assenbly B. Irradiation
Chanber C. Centrifuge Bow 8 1. Drive Tube 11. Permanent Tower System A
Phot oactivation Chamber B. Centrifuge Chanber C. Fluid Flow Control Deck
1. Cassette C anmping Mechanism 2. Self-Loading Peristaltic Punps D.
I nfra-Red Communi cation I[11. Photopheresis Treatnent Process [0021] The
above-outline is incllud&dveBitkeaci | itate under st andi ng of the features of
the present 1l RemanentrTowenSystard i ne is not |initi ng of the present
i nvention and is Adfhdtodctnation Clambeat egorize or linit any aspect of the
i nvention. The i rBeQentifsgealtRanfescri bed and illustrated in sufficient
detail that thoseCskivid Blow Codthl Degkt can readily make and use them
However, various al ierMaidi¥®Sam 'ﬁéc?ﬁﬁjk&ns’ and i nprovenents shoul d

n

becone readily appar entg.i t [ fromthe spirit and scope of the
Rci froapryel | gl%tpl’?e.l Ve n is described in the context

[ i on. i fohcalel

gpv:né: SBOSSDECI k]b't ﬂg’f\a\czik €489 0d drive systemfor use in o
phot opheresﬁ?‘fpﬁ’é’b&’ﬁ?{es‘é Fgagpent €ts of the invention are not so linited
and ar li.cable to Kkits and systems used for rendering other therapies,
such ai“‘i@ﬁéﬂ’@sﬁbg%ﬂutansﬂsonﬁwcd textacilitetsrynderstindivg f thet featateswiithet preseapy. 1.

' : .esi it 00 FIG .1 il]ustrates di sposable
D S0 RP B kA3 Bk e AL S5 HSBIEEDL 0 11 o
necess amiegohizat ordimie anylasppari ecintdioh] Thk idveRGonsS@Eddsefib&RY B8 FARYin

session. . In rder to facilitate the circul ation of fl ui ds _throug
phot op t‘?BﬂJlfé“?“é 8&’?@ thag these skilled 19 thisagticap repdély makgiand uss theml Haweyer,

t her et Beal | ' LSl d in permanent tower system
2000 ( Ha% 1733.%@}1@3% nst aEaﬁg{%’ 3%&@’?&8%%?%“3??%@@‘?%“%“? T ‘ﬁ% PREE" over
syst emwidpot depatgdrom e spiritcatl acdpelod Itlmﬁnvérﬁ&_afalspgthﬂé@gb Whﬁﬁ uﬁnaoih{,.%né%go 0
conpri ses cassette 1100, centrif .bow 10, irradiation chanber700,
hemat odt (ecaBAL e ontext L7 Hhsaesphit kit and psaneutilood deve istam fugsst  And
photopheresis therapy, certain aspects of the invention are not so limited and are applicable to
kits and systems used for rendering other therapies, such as apheresis or any other

extracorporeal blood treatment therapy.

I. Disposable Photopheresis Kit

[0022] FIG. 1 illustrates disposable photopheresis kit 1000 embodying features of the present
invention. It is necessary that a new disposable sterile kit be used for each therapy session. In
order to facilitate the circulation of fluids through photopheresis kit 1000, and to treat blood
fluids circulating therethrough, photopheresis kit 1000 is installed in permanent tower system
2000 (FIG. 17). The installation of photopheresis kit 1000 into tower system 2000 is
described in detail below.

[0023] Photopheresis kit 1000 comprises cassette 1100, centrifuge bowl 10, irradiation
chamber700, hematocrit sensor 1125, removable data card 1195, treatment bag 50, and
plasma collection bag 51. Photopheresis kit 1000 further comprises saline connector spike
1190 and anticoagulant connector spike 1191 for respectively connecting saline and
anticoagulant fluid bags (not shown). Photopheresis kit 1000 has all the necessary tubing and
connectors to fluidly connect all devices and to route the circulation of fluids during a

photopheresis treatment session. All tubing is sterile medical grade flexible tubing. Triport




pl asma col l ection bag 51. Photopheresis kit 1000 further conprises saline
connector spike 1190 and anticoagul ant connector spike 1191 for
respectively connecting saline and anticoagulant fluid bags (not shown).
Phot opheresis kit 1000 has all the necessary tubing and connectors to
fluidly connect all devices and to route the circulation of fluids during a
phot ophesrassters a2 ereeprovided st variouspdsitiansiforghé intsidactidreofTRAdSiAto #E Afbing
flexiblﬁng%ggﬂ?. Triport 9 connectors 1192 are provided at various
positions Tor the introduction of fluids into the tubing if necessary.
[0024] (0624 Neallamiapiess 1103%hnan994 12%r&¥id ' gs&i ! tively

connecti n? phot ophagr esis kit 1000 :bo ﬁe%cg{oggés or Jg%ﬁnﬁé&%&m e blood from
a pat i ePhotephgresistitr 100 ¢o needlsg forf drawitg wimle hipog ditoines paticht hed fRirhingYood
phot ophgr:asi Lt 100 an.be adapted t.o U single needle to both draw
whol e b olggltoftpg hﬁr"%‘%‘g %5%“8%‘(‘3?%@%0&’85‘&%5 kit i@@??m%&da?'@dt“hbseﬁaﬁmﬁm.

Howev erneedlettwbothatzalh svhiold blosd R6RItBE pabnPREAES B @b d Yard
sinulta%eously draw whol e bl ood ang return bIooém?FﬁT%§b5%§%%%ﬂ%atient.

Wien a PAVFERt2 tWO nesdirdit it prefesredihseaish of theiability to sitifineoaslydese drhblzop

syst emyy . t 1 acts both. as t ube organi zer and a
flaid Hl §)°v§f %ﬁ@p L@%i‘gf‘gﬁ‘?g‘% P"g‘ﬁéhbq’g}r'e tiegt iy bagk Pe‘QFP&Q@PE?fS%kM ui ds
to UV 110801 a ciGmdtloop sigenbisvibrnddldl. separ ates whole blood into its different
compon cordi to density. Treatnment bag 50 is a 1000nL t hree port
bag. Sf[ﬂ@ig as%m'lﬁg pgts g?“‘ia§ afeleorganizesjaad m flnig Aowaauter. viatadiation or

phot os ehgimbe VAN i§ | I .. Pl as | ection.bag 51 is
1000nL two port ‘bgﬁaqégg%dsgfb?)é’?tfﬁ‘i‘%%@@%‘gﬂgﬁ- gﬁeg&bﬂpggﬁwﬁﬁ* Yeparates Vol 51
have a Heahath itediffersnkernprnents dcoundin teddhshy. TragHer Bhg 80 & O REONI!

I5ee” aires 250 SR SR bond pprad it BUdR e apboiREReRHe orhtauis 1850 and
1551 t @ofdpbb&d intol ' t : - ' ' d
@ofripot @ intdl @EHIm¥htbaY SO! Pia‘dﬁﬁ%ol]l%n%'ﬂg 515?1?060?1# {w&ﬁrgﬁ%gn%ﬁ%& 10) .

controlling the pressures within tubes conhecting e pa
Moni t orifeatnant bag,dQand plasthatqllectionsbagsST vt athivezelictp spike nbeS3twiich vinthei N saf e

pressur g e 1 ndivi dja evi.ces hqt opheresi s kit 1000, and
t hei r f§%%{£g§]$%a§;9§¢%9§@c ﬂﬁ‘gk’é‘gﬁf&i‘lﬁ%“ ilﬁ&bg’r'&ﬁe compprises Bydrophotre filters
Cont r ol 558 gnd-1 3860w itlo wie[2dQR6& tdddan | VseY a
di spos?'gb@fvpasset e 1100 ?%r \t/al Vi ?\%,@B&\éﬁlr?tr{g@gﬁﬁg ggﬁﬁﬂcﬁ isgégﬁﬁg’f

u
novene 1a}eBbiybey 1954 and 4353 fpr aﬂ%ﬁ@ﬂ@g eanitrollingghe presturesseilin mibes

Casset {8 ' 0 . feorns an internal ace that acts as a
casi ng fgr?%g? tsh% 3?%3?@&? i'r%‘é’ﬁ’nglté%@ﬁé’ﬁ%“fshgfpfﬁamﬁl%&fhrﬂ&hlfry. Housi ng
1101 i oppratihgwithinsafenstessafe litias. AT iadividual divices 80 pRAoPRIGIOEir FID0, S t abl Y
rigid ntl?etireﬁllngtgdni{é? lajlrsel cﬂgcu%slc(c)l%eﬂ)z\ivsinscie(t:ﬁl.M| | 1104

A. Cassette for Controlling Fluid Flow

[0026] FIG. 2 shows a top perspective view of a disposable cassette 1100 for valving,
pumping, and controlling the movement of blood fluids during a photopheresis treatment
session. Cassette 1100 has housing 1101 that forms an internal space that acts as a casing for
its various internal components and tubular circuitry. Housing 1101 is preferably made of
hard plastic, but can be made of any suitably rigid material. Housing 1101 has side wall 1104
and top surface 1105. Side wall 1104 of housing 1101 has tabs 1102 and 1103 extending
therefrom. During a photopheresis treatment, cassette 1100 needs to be secured to deck 1200

of tower system 2000, as is best illustrated in FIG. 25. Tabs 1102 and 1103 help position
and secure cassette 1100 to deck 1200.
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and top surface 1105. Side wall 1104 of housing 1101 has tabs 1102 and 1103
extending therefrom During a photopheresis treatnent, cassette 1100 needs
to be secured to deck 1200 of tower system 2000, as is best illustrated in
FIG 25. Tabs 1102 and 1103 help position and secure cassette 1100 to deck
1200. 10 £0027] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109,
1110, 1H0927] GassetteliBOthes fluiddnlet mbegl F06, 1107, 1008 1468 39101141 05hd flllgif?r out | et
t ubes : 5. .1116 1 118, and 1119 for expelling fluids from
ot (RO 1B TRl ipiearsge H10m, sk gut abeie Tt 115,24 16 a0 1Bl 108esncrians bot

i nt r odufor expeiliig fRN@StrbRgsskbia!t 0, bl fui 18 00, hhese fluid
I nput and _ouP%u_t tubes fluidly coup gﬂgglgggl%qegiﬁgléﬁ%hagc%l% ‘ésﬁgr%?fei ng

t r eat ecbothintipduging and ¢xpellingifinids intbeand oas offasine t1d e TEEe Flukd ;nga.pﬂ{a, such as
centrif %%@ Lrradiatio anber 700, . treatnment bag 50, plasm

col | ectdlbgsnhtbag E@%"éﬁ‘ﬂ‘ %‘5‘?“5‘831‘@%1 heatient being tregted. @ gl astheovarfonsi d  t o
form a deviceedk photdpheicsis xa000; sB8h af beatrifugé HEWI 10, idn’ am[b? ] Punp tube
| oops 1120, 1121, 1122, 1123, and 1124 upe bowl fo, radticn e 7T
housi ndredteent bag, 59 plasmia coegsion bag §1.1a@hagt teRainkR3 aling dnfidoagulatien flojavi ded

for fagidd L OOy ' han. of fl uj roughout photopheresis kit
1000 dﬁ??é\rg{ﬁlgébgpwﬁﬁ/%*%(a%gée%ﬁ]‘lﬁdgcéﬁcw&]%ﬁ@h?cassette 1100 is secured to
deck 1101123‘1munmmbatdopmmamDmcznﬁlmiaﬂdﬂquraéﬁﬁsfﬂoﬁpﬁée %%13910&&121’

ic punp

1122, 1123 24 are | oaded into a correspondi ng perista
1301, jl“@ ghg ig‘g‘s Wbe lopps 1520; 1421,3122)112Bcandsk 124 mrecprpuided fair301, 1302,

Ty TaonetnE ool ot it HidhehiPribohRels KRADO aial hebey M coy
et ot S B A o o ek 00 KdrSpGiatloh a6 oREGEARPinp 100
1202, f'%t?s’o‘"?:a@% % i‘siés?ﬂé g?‘@&l%?é@ilqaﬁefbgma pgmgnﬂingmsedggect tﬁ ’
nous e T or AL 0B LML ind S PIGE &5 P GRP SIS 1300 0007 03 a0, ¢
descr i poqd &30S drine fluid throwugh themspentive ipnmpitibeylonps 1120, DIRISHN22, 1129 bnits not

I 11 ust | G .3., Jhe.int | .tubul ' It Is illustrated i

G 4 R d elecdhnined diiaon o aiving ot Braseh phodietesisl 1000 696 111 ¢ or
b1y asliees ITtH i ' J | b | . ' t tub

assenblty SRS | e@?@ﬁnbﬂﬁﬁ&hﬁiomﬁt’i@lo‘aﬂ‘in Mgn%%g§8¥ h%gkt%ﬁ%% Eléﬂlﬁ%e ube

1106, 3%{ et tube 1114, and one end of each of 20 and
1121. » dP0% d303A304.1a0d01 305 idisetissediin detai ihelvvewith tspectan HIGSAR-33.Fi | t er

eapoct VA Al eI ot 00 kS DB HAER Rt G ar expiscing base
1131. GateeForks8dofitlasttaionstd Hewfiptidd, W inferR el tchRGSviltif Robdih$> 5). and
STde 301 i horilnsionsd inFio 3 Ahe ?negrghntggulalrlgrzcumy is illustrated in FIG. 4 and will

be discussed in relation thereto. Cassette 1100 has filter assembly 1500 positioned therein

and in fluid connection with inlet tube 1106, outlet tube 1114, and one end of each of pump

tube loops 1120 and 1121. Filter assembly 1500 comprises vent chambers 1540 and 1542,

Filter assembly 1500, and its functioning, is discussed in detail below with respect to FIGS.

6-10.

[0030] Housing 1101 comprises cover 1130 and base 1131. Cover 1130 has top surface

1105, a bottom surface 1160 (FIG. 5), and side wall 1104. Cover 1130 has openings 1132

and 1133 for allowing vent chambers 1540 and 1542 of filter assembly 1500 to extend

therethrough. Side wall 1104 has a plurality of tube slots 1134 to allow the inlet tubes, outlet

tubes, and pump loop tubes to pass into the internal space of housing 1101 for connection

with the internal tubular circuitry located therein. Only a few tube slots 1134 are labeled in

FIG. 3 to avoid numerical crowding. Tabs 1102 and 1103 are positioned on side wall 1104
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and 1133 for allow ng vent chanbers 1540 and 1542 of filter assenbly 1500
to extend therethrough. Side wall 1104 has a plurality of tube slots 1134
to allow the inlet tubes, outlet tubes, and punp | oop tubes to pass into
the internal space of housing 1101 for connection wth the internal

tubular circuitry located therein. Only a few tube slots 1134 are | abel ed

in  Fl Gso & naf taintértere with titesslots 1 134} Ogver Te8Phas HR2uaBH b Cﬁﬁifﬁ Qi)éjé)i oned
4 ii so as not to interfere with tube slots % ver

on side_wall 110
1130 ha& 8%‘%{'%@8%1"%‘811’53“ 2621 M0 F1G 69 Ocslusiondiarsgl 162 amd 12620 aresprefepbey 1160

(FI'G  SinoldedGhte Hokt re preferably nolded into bottom
surface 1160 of co%&ﬁﬁfﬁ%%ﬁggﬁﬁgwﬁgﬁg‘?%ﬁﬁPSof??me‘tftS%l] Base 1131 has a

e L rabeid w2 gg paeiSthenbiaadiinge uasalds bbaR i 3y o°
| oop tu %@?@Tﬁ(;_ t@'ﬁhﬁ?géﬁfﬂsll?ﬂ% 35rhold theiinletwbess putdetrtatest pump Iooplmi;teelo gnp ly
o o %’?‘*‘?‘?ﬁ?‘eﬂr’ﬁ’lﬁf‘ﬁ e R a3 O fo  CoBREL ol 14 e o
each | oehelpdin FlieeBdo avoid mimerical omwding. oPrefeeibly,ubid-shfedholleP N I3PRP  t ube

D ot 1 sy R4 Bad 1351 3 Sioh dorfion Pheea inigbbe.can v e, aipuoalbes pondi ng
f emal e tobé passéslthidoubR G aiRAIAT1396h LR rfl%?%?Qx%sioﬁgéi%é%%ggé o 2

Preferably, .a nale Protru3| on 1136 i's locate PHe four
coner s OP S¥race 1136 of base 1A3hfor mating witba@lrespdudingfepiale il 61 1qGted Gyt € Wi t h

the fe [ -fi d secure base 1131 to cover
1130. r?%lg’ggﬁ?‘ g“’s?@l"if&’%ﬁt‘ﬁ@ﬁ@ﬁ%r f’@@"g‘gymﬂ@mwlﬁmlq&wd at
fi ve- weyr neartmmcle ofhe CdwticottRe@sof Hage EBU @AMkl Hifer1466:S i | tubul ar
circuitr reLE%rably, three apertures 1f37 arre o?:@éee%‘%ﬁgggﬁsgfn surround

N
three dFX‘? Raththe, frmnalebelesy bl 61110 dormbsmap4t. and socured@seatk™ tasover 1430t r al | zed

juncti [ | ' [ ith c ressi on actuators

1240 1307 ) (VL P SRR Rnorls £ 0P . b A0 o BB e e atoniod and
to and 0 comertiévepabeseofithe interna diulirQivchiory Poefdhif), HRRPLRPLIANS 3% YRe
connechors, such as T-connectors 1141 and Y- connector 1142, are used to
obtain ?‘Filg &8y ?Igﬁs“ﬂogﬁgﬁ‘%e fiihe Whepleading jnso hplodBe0L Kby b140umers asraes 1137 are

| ocat e@emalizBE; 0; ertyure 1137 is  surrqunded_by an

apert ur e wal| 'Eff gg%g\e{cﬁlge Q‘z Iﬁ%glgseﬁlﬁég)%ﬁ% Fﬁ%“a‘é’is‘ﬁ GUBSPHPR ﬁ%‘%@lﬁﬁg"&ﬁf’& nal

t ubul alFKF-r22bhite direat fluidstthroogly hhotdphepdsisidal 608 A6 hvd Rohkhd B&t&nﬁl f0 provided
ase 1131 to

ol an 8k P hub, PERCemneoiiayh obe Couoiats g -ammeciond4brnddeic 1200 ( FI G
T el 14 e b i 7
surrounded by an aperture wall 1138 having slots 1139 for passing portions of the internal

tubular circuitry therethrough. An elongated aperture 1157 is also provided on the floor of

base 1131. Apertures 1137 are located on base 1131 to align with corresponding

compression actuators 1243-1247 of deck 1200 (FIG. 22). Aperture 1157 is located on base

1131 to align with compression actuators 1240-1242 of deck 1200 (FIG. 22). Each aperture

1137 is sized so that a single compression actuator 1243-1247 can extend therethrough.

Aperture 1157 is sized so that three compression actuators 1240-1242 can extend

therethrough. Compression actuators 1240-1247 are used to close/occlude and open certain

fluid passageways of the internal tubular circuitry in order to facilitate or prohibit fluid flow

along a desired path. When it is desired to have a certain passageway open so that fluid can

flow therethrough, the compression actuator 1240-1247 for that passageway is in a lowered

position However, when it is desired to have a certain fluid passageway closed so that fluid
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Aperture 1157 is sized so that three conpression actuators 1240-1242 can
extend therethrough. Conpression actuators 1240-1247 are used to

cl ose/ occl ude and open certain fluid passageways of the internal tubular
circuitry in order to facilitate or prohibit fluid flow along a desired
path. When it is desired to have a certain passageway open so that fluid

can f| 64 Rdidlost thersthybygh e appropriatesomprasion atmatod 2240-1247is kted: hat
passage However, when it is desired to have a

o I q prie
certai n%%%ﬂh%g g’ns(%g‘&g‘?mﬁglr?g ﬁtagfgﬁii@gfmﬂhwuah aperre A3 hent 1157 @nd t her et hr ough,

t he appcapplessitg £ porEbS 61 e 1:240- 1247 | i se ' t he
conpres s?g!rj] acl'fgu atp(b(;i:f1 12 4%)? ?lf ﬁgﬂfﬁp@%ﬁ&;}lﬁ %%arz%gt ?T{@“ 8?143?5@@2]5% r}?

compr esf %{é{e'alm tﬁetﬂbymc;smgdhatlpasaa'lgot\ea)t lrfhﬂfege{blﬁ:dcﬁluhibﬁ mﬁ@gqim s4d PPty om

sur face . of, _cover t her eby ¢l osing that passageway.

Pref er aﬁé; %o%gk)ﬁ%épg%edboé’r@%fw tiiT 16049 aligeith thy compressinn actunters 1340-bot t om
sur f acel24760 tha the § ﬁ\bfﬂeg'ﬁq@nﬂﬁﬁ@ | t: -. 1247 so that the
porti onbg f1 exi bl %&?3@ ng bei ng oc%ﬁ%g%@ég%@éégéﬁ%g%lggtr%?luﬁlf:’fﬁbﬁrsi on
bar  115¥34r 1173.3Altpmativelnithe edojysiantmr oare beisinittedaa Tocztsd dEth© BBkhpreQFord "

| ocat ed, @iidl ssion actuators thenselves. [00341 It is preferable
for cassette ?]fg%%ghave a unique identifier that can comunicate wth

and r el 9341k o preferable 1od cREEFENIB0 0 hOWES ud Eéﬁ@ﬁ@tﬁé? DindiRaddentifier
is provided to ensure _that the di sposablll eqphot op e?heast;%'?% - éllcﬁtSrrpati bl e

with t h&ithpReeelay infpsmatien foesmananhtowensystdm 2000. sTheimique idestifibr ignd t hat t he
phot op ' | ni,ng .the. desired treatnent process. The
uni quer?ggig%ﬂoi‘%entrs “‘lé’?ﬁﬁal sokrg)es%lg éﬁagghege%glﬁgs ©gpa r"@ﬁl the hloodidgive

di spos adguiprpembinde whichdt is beinig 1oaledf and thR thSpRbrosRRL s ENE bg%ﬁ-., iRt he

il lustr tgd. Sxar’r(‘{lgl_lﬁ:gl t he unpi que i dent i_fi?r) iti)é enblosdi edcg%a ata Ié[lelaﬂrq% 1195
(FI G z‘ﬁe feyed rgatmeat progess; The unigye ideptifier qan alsiobenigedhar & m2@B o ehisuper manent
t ower SHsttReAiARabIER . . as both read and wite
capabilities a%% cgr?hgipgl&%&%saitagssraoef% geﬂﬁléﬁg%i]?%nﬁ?réﬁ%ﬁ%%}%&wdperfor med
for futerreplentieyaique iddntfionisqmbotlidd as iita @ardc95 WRR 2) Al iOfiscded Aibet Y Of
fornmns, da&céayéjli_en .forﬂiﬁir&?l e, a mcrochip that interacts with the bl ood
drive equi pnenf:gmr?o iOf PerEnangntdayer systepaP000JHIG. 1D). Ratnerarchl195umiser .

0035] bodv 4B i - | di t 1195
(FIG 1) pata care porgar aisg coRrladichlinglb Bt Girdpcaiums

s egnentiefuftse paalysis. aFhesundque iflentifice cai alsogke and vadbgiofforsiat mchlirh, #0k95 t 0
casset 0] . . hol der . 4 holds data card 1195 in "ace via a
snap- f f"?”‘?’é@d‘ "E‘?%ﬁ%@%&w ‘Eﬁ@e '?*!896E aavwwm*rntémﬂ@e kinis Ipaged: mal

t ubul abaceadeport a seriaf memseget t e 1100 will  now be discussed. At |east a

ortio the internal tubular circuitry is preferably made of
P Todds) ‘et 1130 hac tata aodt Foldes 1154 b hzlding data card 1195 (FIG. 1). Data card

holder 1134 comprises four elevated ridges in a segmented rectangular shape for receiving

and holding data card 1195 to cassette 1100. Data card holder 1134 holds data card 1195 in
place via a snap-fit (FIG. 2).

e

[0036] Referring now to FIGS. 1 and 4, the internal tubular circuitry of cassette 1100 will
now be discussed. At least a portion of the internal tubular circuitry is preferably made of
flexible plastic tubing that can be pinched shut by the exertion of pressure without
compromising the hermetic integrity of the tube. Base 1131 of cassette 1100 is illustrated in
FIG. 4 so that the internal tubular circuitry can be viewed. Inlet tubes 1107 and 1108 and
outlet tube 1115 are provided for coupling cassette 1100 to centrifuge bowl 10 (FIG. 1).
More specifically, outlet tube 1115 is provide for delivering whole blood from cassette 1100
to centrifuge bowl 10, and inlet tubes 1107 and 1108 are respectively provide for returning a
lower density blood components and higher density blood components to cassette 1100 for

13




flexible plastic tubing that can be pinched shut by the exertion of
pressure w thout conprom sing the hernetic integrity of the tube. Base 1131
of cassette 1100 is illustrated in FIG 4 so that the internal tubular
circuitry can be viewed. Inlet tubes 1107 and 1108 and outlet tube 1115
are provided for coupling cassette 1100 to centrifuge bow 10 (FIG 1).

Mbr e sp&ther sating through photaplioresis kit51000. Thelovete dbavitydbo/@imhmtheiehs bl ood

fromca e Q0 sto,centrifuge bow .10, and inlet tubes 1107 and 1108
are res %%g'{dfevfg?’%/%ﬁ?%% plasma, FG“L nPlafslets, bulyepatdaranyspmitinasiontherpafnent s

and hi giThe highasdenyitpédiRsbneMIRAN t %Elﬁ t for A3 . furt routing
t hr ough phg%gpherels)ibs Ki t 1000.31%1%61%\1;\/% e%’s@?%ﬂog)ﬁggas'c%éﬁgﬁﬁ%an
i ncl udeand iglet fibe A2 flujsilypeonple ¢assettodit0@ ) irptiatioh ehanbdaT00Y M@at , or any
conbi nat r A | gher nsity conponents can include, for
exanpl Z‘f’ﬂe?@&&@f&gg&c%?‘f gﬁ%ﬁ&"&fdegﬁﬁfe&eﬁ'ﬁng hentragiesilowendensity bloptl ui dl y
coupl e campuch forERBmble bukfy aBhtd PAdRNGI BRI [ fically, outlet
t ube 111%_ I S_provi dedi_)f oru %(el [ verl?%gﬁgn unt r%%d@%’g%or%{?%gﬂng cﬂﬁ%d
conponeWiile indst tibeatiAR ds pravidpd Eacturring thertzedied tower densitEIod®borhPéncRKROSUT €
to phOt&S%rlqgﬂforvf?}tﬂ%rb&&t tube 1112 is provided for returning the

r density DI

treated | owe ns 00 onponent to cassette 1100 for further

r out i ngl0OBTIORIEL tite! 141 1 hhdeutkt tibe 146 O8] 51%15% t bag
1100, Qutlet tube 1116 ﬂlgﬁﬁdg\eﬁtde totsggﬁu\?ee?ﬁgﬁ (glﬁeﬁeat ed

50 to cass . :

| ow den‘é‘ﬁ? gi]ﬁﬁe‘(‘ﬁ@&o"é‘éﬁﬁfﬁﬁéh‘ﬁf ap yptregtechiomedensity bipod camporent, tfoeaiampid  bag 50.
Qut | et gutiecohd t@C I ;! 11d nsensor 11 erably_connect ed
thereto tf)}ﬁcmn%(?g?ﬁ@& t e%l' r?“ﬁ“éé‘&‘??i{%aB?S%é"}?f‘&ﬁltégfg%wﬁ%ﬁw conponent ,
such asepesblbtmmdcteditiesto tdihosiestdor thd intfoduétich ¢HiHigh a&R ﬁ)(lj&ﬁseﬁbl y and is
oper abl y cougl_lr ed £ Q. 2 qnt ol ler. HCT sensor 1125 Sends etection signal
to the CORPOPEN e ﬂ%FFé‘rCP?%{ff’HFoH&ch@mcy 1428 isqephote sehsprassermiblgtand ie 1116
and t heopegably @ubfd i lch ] I |.at ion. .Inlet tube 1111 is
provided to }:etutlgrn t he ﬁ%\?ﬁam ﬁeggveq&ggélk%ggﬁl%ggﬁno%ﬂﬁ%ﬁ%w CopRiter

t r eat mekhenged blood cellars detected inl@flet mibe 1U16 hat the ebiidlRr willkRe dabes 1109 and

1110 ar cti.vel n d to a saline and anticoagul ant storage bags
(not s hag'qu ﬁ@‘,%gc i %é"i ?‘ril‘fggtliﬁﬁd’rﬂ'gii Waretuam thegmgreatad dpw densityiblocdr | ng

sal i ne cangoadnt i GEABBHIHAE 50Ity!] furth outing to
t he patj 1mbto [ 0038] Inl et/%Jt Iteggts%}%en??ifgﬁgmeou?ﬁ’é%’%&%gubfiigoé:%l e

pl asma léi{; PECESRSAL Vi cameeted teasaliot aed ddiiDagiimtatarpgchags CadtskeowUih et t ube
1118 dehj forrund Qnen ugh.as. plasma, to plasnma collection bag
51. | nﬁgit# %ijt et tlggg aﬁ‘f% Pé%‘ﬂ&%?ef%{ég&’ﬁpagéﬂ{qq@,ndagap{;@agpl@gt Briddel cells to
pl asna ceskttet0ofor hathebiouting ko &a?ﬁﬁ’érit.e 1100 or return the bl ood

asma col l ection bag 51 to cassette 1100

]? grp]? Biw )[918%53&@%&;@&15 l%gé 21_1 gygube 1118 couple plasma collection bag 50 to
cassette 1100. More specifically, outlet tube 1118 delivers a blood component, such as
plasma, to plasma collection bag 51. Inlet/Outlet tube 1113 can be used to either deliver red
blood cells to plasma collection bag 51 from cassette 1100 or return the blood component(s)
that build up in plasma collection bag 51 to cassette 1100 for further routing. Inlet tube 1106
and outiet tubes 1119 and 1114 are coupled to a patient. Specifically, outlet tube 1114 is
provided to return treated blood, saline, untreated blood components, treated blood
components, and other fluids back to the patient. Inlet tube 1106 is provided for delivering
untreated whole blood (and a predetermined amount of an anticoagulant fluid) from the

patient to cassette 1100 for routing and treatment within photopheresis kit 1000. Outlet tube

1119 is specifically provided for delivering an anticoagulant fluid to inlet tube 1106. It is

preferable that all tubing is disposable medical grade sterile tubing. Flexible plastic tubing is
the most preferred.




and outlet tubes 1119 and 1114 are coupled to a patient. Specifically,
outlet tube 1114 is provided to return treated bl ood, saline, untreated

bl ood conponents, treated bl ood conponents, and other fluids back to the
patient. Inlet tube 1106 is provided for delivering untreated whole bl ood
(and a ﬁ{tﬁgﬁterm ned amount of an anticoagulant fluid) fromthe patient to
cassett Basseite HHM0than §ive pump tebetloepst 11201 121, IR, 0128 ba6 i 5240k dHORY.

Qut | et : ' ifi rovi ded far. delivering an anti coagul ant
flui 0 o 3#3"%8%@?8@“%5‘?‘{"1&@ g‘b‘f Bl lsﬁﬂbﬂ’% |M?r_@t§g¢rgﬁ¢@1ydp@ppgabl e
M iy 'g%%%%a‘i‘e ihoWhOR bIUEKIn) BN ARkl VU rif s witohEp RS in ang,
1122, 1999 cagsefte OB viapinley tybgi 1186 and owsket tubeildd5  fassing ooighohiss450@ 1100 and

hot o ' Wt L ficall u be | gop 1121 |oads into
\a,hol ep{:::lg glggsdihgu ' {ég]%qgon%@frbgslg@g%eﬁngp f&ﬁf@ﬁgwgaﬂﬂ davesioodfpidput  of
casset ttbrougbilter B500rdnetbatkifethd pREne R daHbd Bbe {11 A@?&mp ey 1[192 fhygQuah
oa Into return punp 1302

filter .1500 | qng,.t he way. Punp | oop tube 1120 |

and dr i 9Rgepplod il gpae 135%#%@14wm lpod E03 feoml cérrifuge botwvh 20 pad devds Vi a
outl et el : t 2 Qads . in red, hl ood cel |l punp 1305
and dr aws ?Itlatg l%‘fk gt(gé;l‘i(;ﬂg ‘{153) ?‘éfr‘f‘??éﬁ?lr‘lg?‘JﬂBZ"“B&b\h’e g@l’téﬂ{l}isdpqwgcoa{gﬁgm i nto

casset tRmpL I#Mand driveedn driticoaghlHil fluidUft daeRRe 1 WEvih 33 BRT524 M out of

antlco%gyl ni e 13%4 ncoi‘i i ves an anticoagulant fluid into cassette

1100 vi& Su"ﬁ? !‘"ﬁ?béa?‘i‘ A“&ﬁ 1 ért“’lHFh coregts tHith inkepibe d106.aPwup laxtp tubde 1119,

whi ch clang esdds it keeire t ube . 1124 | oads ipto

e ey e on sy TSR B S e st own

rea o & cassette : ac

f [ ' 301-130 [ d wh f th

ohot opti 41 et BE Rl pirmpoPipTeiB08 s aci v on nessasars ot pesforithe et hod. of

t he pr @hewpheresiy 88itheA: Mras{ ad dngth I Bhel hopato FLGS. 26-27.

Peri st g?t'in% Tourrps _1301-_138E?ac°§ﬂ£%§eﬁ)[)per at e %Ye()h?a “gl"mrﬁp%l? Pf‘?‘?e'ziﬁy

conbi ndfyegHon whichds dessribagbhelag dbrelwiok to FIGS.R6-2 RdriRaltid immm E3950N

act uat = lrect fluids.thro desired pat hways of

phot op%é]?gélaégﬁ%&&%% %8““@%§0T§§‘?u%d o empy B 1M evrkdn | y | ocat ed

on baseodjiiBdtionabidneompressio R tuatirs 12400 7 (6IdiEM fidids @Xgﬁ%gfi;‘dﬁaﬁm{ygper
- : €

routi n% Thr qugh_.the use of conpression actuators ui ds
can be “fPheiephsiesiy %hb“%y\watvmrﬁ%and tTirn strategicallydoeéd orl base Th31 Fi | t er

Assenblyy ; j kch.i.s located within ssette 1100 as
descri beclilkg%(‘;l\%’]ee,nfdfl@@Fﬂrﬁgtg'?lé?\égfaﬁglﬁ%g{%efrquﬁmg'l @‘.0“ BiheRseRbf erring first
to FI Gepmpreasion #Gtudiodstld0-1241 thesthits ool eativieli idng any pathway or

combination thereof.

1. The Filter Assembly

[0041] Filter 1500, which is located within cassette 1100 as described above, is illustrated in
detail in FIGS. 6-10. Referring first to FIGS. 6 and 7, filter 1500 is illustrated fully
assembled. Filter 1500 comprises a filter housing 1501. Filter housing 1501 is preferably
constructed of a transparent or translucent medical grade plastic. However, the invention is
not so limited and filter housing 1501 can be constructed of any material that will not
contaminate blood or other fluids that are flowing therethrough.

[0042] Filter housing 1501 has four fluid connection ports extruding therefrom, namely
whole blood inlet port 1502, whole biood outlet port 1503, treated fluid inlet port 1504, and
treated fluid outlet port 1505. Ports 1502-1505 are standard medical tubing connection ports
that allow medical tubing to be fluidly connected thereto. Ports 1502-1505 respectively
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assenbl ed. Filter 1500 conprises a filter housing 1501. Filter housing 1501
Is preferably constructed of a transparent or translucent nedical grade

pl astic. However, the inventionis not so limted and filter housing 1501
can be constructed of any material that will not contam nate bl ood or
other fluids that are flow ng therethrough. [00421 Filter housing 1501 has

four f1SANEAIR BPENERESi 1GA6.0S07 s1308tand 4508 Opemieds 1506, 180761508 aHacise9 kkeag i nl et
port 1 t 503, treated fluid inlet port 1504, and
treat ec?ﬂfoluﬁl 3 gﬁ%@e? Qg%jrzti B@@wf)ﬁ%r %@i’?oé‘llg5’6%“3&‘?“@)§t“§ﬁ@dﬁedh%mgclﬂﬂlt ubi ng
connectat the desiredlochtivas. al | ow nedi cal tubing to be fluidly connected

theretw rts #38% 1505 respectively 1-5 contain openings 1506, 1507, 1508
and 1508 ?&J*aﬁs 1588, 150dand 138DH@e atso ussd® sexure fidter 15000whinRaéskge 1502,

e tesy roq T Saag o poh® 150, 350 1504 BRE IO G S ens s ahans Fusmrb@at oo useo

to secuassefte 1104 (FIGOB). WHilidritousias 350K fso A0 brotrlsi g 02, 1503,
1504 and A1505..can eggagle U shaped fastene?ﬁprgl?)é o?mc%@%ne@%&§?é OIPFI G
1

3). Fi IVHRCaR fopsgs M85 Srefmsion 18 its intom gaige Bolexdf bask Ti$1 tof eagzertd om
surfacg1ef (lreusing floor 1518. Protrusion 1510 fits into a guide hol e of
base 1131 of cassette 1100 (FIG 3). [0044] Referring nowto FIG 8,

filter (840 Referring newraFia. 8, filan15000k dHRdated #l & exdpldded’sthO Uil BGhonl501 i a
t wo- pi q senbl i sing roof 1511 and base 1512. Roof 1511 T1s

S .y _conpr
connect gﬁl %t%t“i?‘a%%cel@g%ﬂm’/ camprisiag of 1Adlhand base A812:r Roofshidih issonnkttedisoni c
wel di ngo bixe a1 28 dhv hea ok g]mgs' r. b esigni ng, roof 1511 and
base 1512 so tha%’ aﬁtight foﬁnqgesu 'S dés;{'ﬁtéaesﬁmtch el&%’_l%\ﬂm"?@“?&ﬂ ter
housi ngPRIZmE andhesives or by debigningroofbS ki dcass ESIBNotharld tigh® it redgisi Ng 1501

can begei [ . j ece str re.or a nulti-piece assenbly. [0045
Base 1 eﬁgéh e?hvz%a)lftb%&es@tﬁeiﬁ%’?l% ﬁéﬁu’ls usirated as érﬁwpfpéecs posembly, rﬁit%:r a[ top ]

sur f ac @onding 1801sdan Ge kelthéta simsldpiebd Suctire ) nd roof 1511 are
assenﬂ&&s]top surface 1515 o? chan‘ger gﬁ%ﬁ@g??gegcm}%%ﬁ%b 513 contacts the

botto Baze byl2hgs chamber serfamationvalk 1ﬁ3®hwﬂﬂmg$pWafd1frﬂlnt;ft@Et;ﬁﬂf5&r0f
h [ 1516 filter anber 1517. | uid can not
i 1ot Fousiiohsn A8 LIRS Dot Rk (A and oot AsEl A asroratied, iomuwrses 155517

[ 0046] oftwimbebieparhtioh avallel513 5dfiadts thd boHBSLsAFhEAb apethi er having
floor 1514. Wiol e, bl.ood chanber 1516 has a whol erng%%l ’Fb%%érfgh'hwcﬁoe 1519 and

a whol E"ARSEHWihip)the Tilten housing.gyhale blood charmber 1586 AndfilteridhhdmbeM¥gITe bl ood

i nl et i€cahnb? tlet. h are. |l ocated at_ _or near the
ends o?mlt“ﬁce subg?gkﬁltyit%ﬁ? tﬁgﬁs g‘ﬁ@g%\%ﬂ%glcémﬂp%ﬁﬁéﬁﬁ r @i‘g’.ﬂ 4% e bl ood
il et I94€] ¥E0de HloodrehambpadSHaie waybstidiiallp Reshapet dRbePhavifd AboP@ls, 1502 SO
t hat

Whole blood chamber 1516 has a whoie blood inlet hole 1519 and a whole blood outlet hole
(not illustrated) in floor 1514. Whole blood inlet hole 1519 and the whole blood outlet hole
are located at or near the ends of the substantially L-shaped whole blood chamber 1516.
Whole blood inlet hole 1519 forms a passageway with opening 1506 of inlet port 1502 so that
a fluid can flow into whole blood chamber 1516. Similarly, the whole blood outlet hole (not

illustrated) forms a passageway with opening 1507 of outlet port 1503 so that fluid can flow
out of whole blood chamber 1516.

[0047] Filter chamber 1517 has floor 1520. Floor 1520 has elevated ridge 1521 extending
upward therefrom. Elevated ridge 1521 is rectangular and forms a perimeter. While elevated
ridge 1521 is rectangular in the illustrated embodiment, elevated ridge 1521 can be any shape
so long as it forms an enclosed perimeter. The height of elevated ridge 1521 is less than the
height of chamber separation wall 1513. As such, when roof 1511 and base 1512 are
assembled, space exists between the top of elevated ridge 1521 and the bottom surface of roof
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a fluid can flow into whol e bl ood chanber 1516. Simlarly, the whole bl ood
outlet hole (not illustrated) forns a passageway w th opening 1507 of
outlet port 1503 so that fluid can flow out of whole bl ood chanmber 1516.
[0047] Filter chanmber 1517 has floor 1520. Floor 1520 has el evated ridge

1521 ex di pwar herefrom Elevated ridge 1521 is rectangul ar and
forms ai%gr l%aéq%r%?lﬁ 1 and.chamber sepagpgion ¥611513 forar o smoeH 1824ithert he

i |1 ust rgdegeeenbodi ment, el evated ridge 1521 can be any shape so long as it
forms an encl osed perineter. The height of elevated ridge 1521 is |less than

the hei0g#8] Inforddraotailitse fmicflow throagh filkélhamber BT oM BP0 P Bitel 511 and
base 1512 are senb%}gg glo,ace exi sts between the top of elevated ridge
1521 an &Fﬁs%ffﬁm Huid 1gtet hols 1 532 andstreatedfheid sutiet holelh§231 Déatechd
chanberflsig paéd 1 24 er bet ween 0048] In
order to facitf}%dtléa)t%'sem?Ik L(}céégﬁé&ﬂ{)ﬂé%%h%&?%%@ﬁ%ﬁ%gﬁvi%gﬁt@? Fﬁ#“ﬂSZO of
filter fornuambesagenny wittsopeningt1508 b inlet port| 1504 kot 2 B AMdIdW 8RS Bffed | Ui d
out | et Jﬁ%ﬁeﬂ‘%ﬁf Tr eatt@d fl$|i d.i nlfgt hole 1522 is |ocated exterior of the
peri neter Tor fRm aytside filtar housing 15031 Trsated Huid putlet holesk2ddnbopatedt h
openi ngntkfBBofahe béviMéte PRI | i owinto.filter
chanbern1517 fr%gﬁl)uttgi de ﬁilE g‘ﬁﬁ%ﬁ@?ﬁ‘aﬁ@oﬁ@qﬂ‘?’%é‘lffs"?ﬁe&ﬁaawd GREPIngo| o
1523 i 0B ehewdet pprl&0S so thet a fluid cae flowsdue of fibemehdmbyr B$1gvat ed ri dge 1521

d for RS it h _openin 1509 qof outlet port 1505 so that a
? Inui d c[g%'% oW glugﬁﬁ oﬁ} ﬁFWF?‘BP“%ﬁ%‘Bg‘F‘eTST S oﬁﬁ@f elnm%pblsmmnsriacs her
compr | Send 15314yl diRAnedRYB32 bl cdthGERN FARS DSOS AER 154 TP 1531

as

having filter media 1532 positioned therein. Frane 1534
that fiofmsa biteriplethole 1533, Filierelarsas 1589 [stpmsitiohedrinnfilict 5B&mber 1503 is6 itaned i n

filter seAMaq fitoi { 1 fits into trench 1524 and neck 1534
surrounds treat é%ﬁ’g(f %&hﬁ%‘%@%gﬁ @ﬁ‘.‘m'ﬂ%ﬂ"&?‘tegHW iplst kola 8522, s al i gned
with t Folarénlef halé #533ik alighvd! veithl feiRedOuil idbt RS 288G, thhihd, ly Tlow
t hr oug hﬁlég,s é}?@%l}%&B into filter chanber 1517. Fr anrgﬁggﬂd%s filter
el ement™TE3PY rkogg japd 1533 ijq filtesichomberd 517 d eantSPIA1 ofifiltet | Ui d t hat
ent er s efemen1530c38APE R & . I 1533 nmust pass through
filter media 1532 in orader tﬁéw‘@w ag'uﬂff‘%? J‘éﬁnﬁﬂ&"‘i‘ﬁ‘?‘ enters iR, ed f | ui d
out | et chinter 1523 threughtterlesrkSaR and 5533 mostipasshtoogh TePmeBA 1538 if 80} to
appr oxiegﬁlhﬁlﬂyc 20 larons. Filter nmedia 1532 can be formed of woven nesh,
such as wovén h&ﬂ eitdrva Fﬁﬁ)b“lﬂiquﬂétrh%mmﬂl@@ﬁlm 153%prefepaty haws
filter puenizedfaphiokinad) 200 hhkdns, ofl: ia 1553 g shamber 1540 has
gas vent 1541 i Rp?he f o?m of a hole flé?%gméfﬁ E%“g%eufégrn%%g VeH" M9 1 opens
i nto fPyaheas Waven pelyesiler 1540 which in turn opens into filter chanber 1517,
9aS€S [0050] Filter chamber 1517 further comprises filter vent chamber 1540 within roof 1511,

Filter vent chamber 1540 has gas vent 1541 in the form of a hole (FIG. 9). Because gas vent

1541 opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, gases

that build-up within filter chamber 1517 can escape through gas vent 1541. Similarly, whole

blood chamber 1516 comprises blood vent chamber 1542 within roof 1511 Blood vent

chamber 1541 has gas vent 1543 in the form of a hole. Because gas vent 1543 opens into

blood vent chamber 1542 which in turn opens into whole blood chamber 1517, gases that

build-up in whole blood chamber 1516 can escape via gas vent 1543.

[0051] FIG. 10 is a top view of filter 1500 having pressure sensors 1550 and 1551 connected

to gas vents 1541 and 1543. Pressure sensors 1550 and 1551 are preferably pressure

transducers. Pressure sensor 1550 is connected to gas vent 1541 via vent tubing 1552. Vent

tubing 1552 fits into gas vent 1541 so as to form a tight fit and seal. Because gas vent 1541

opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the
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that build-up within filter chanber 1517 can escape through gas vent 1541.

Simlarly, whole blood chanber 1516 conprises bl ood vent chanber 1542

wi thin roof 1511. Bl ood vent chanber 1541 has gas vent 1543 in the form of
a hole. Because gas vent 1543 opens into blood vent chanber 1542 which in
turn opens into mhoge bl ood chanber 1517, gases that build-up in whole

bl ood cPEMYE: nMsREUPRgG 1832 i5ibe sarae efain fillenchanthes 151D 0By InehduFingthe i s a top

[ f ored [ 1550 1551 ted t
vents 1B ne EROMOAZISE PESTENERL THREN S it e pespre bR Nrpr cosir o

t r ans dudhamber F5K5s Simélady peessurt S5 ot $55108 8665Hieadd - LGinyent

t ubi ng ZVVEG%. t]%%‘iégﬁ%_l%z fitos I nt o gas vetrtlfg%giefyghaé%%%m}[t{c@%a
tight 1P anft@ying WigyEas veahl5435a as toloems tight Git ind seal andepressafeanber
1540 Whiefisbri1851 Hi: | ' r,. 1517, e 17 pressure in vent
t ubi ng f552r i's tﬁgs ugéaéfrtgég{.segl n Mﬂng‘é'h@%gﬂr%gfh%%.lsgg ﬁ’é%g?’}tﬁﬁa‘!‘?@

pr essurkb40mnd bloodtvent dhgmbESES42exead tireugtesRaingt 1992 M PIIFATHLRe %g@
pressurvghvlstitﬁlpei gg%l ter.. c%&gberq/é&l?. Simlarly, pressure sensor 1lis
connect e 10 4 Ehesiigged Gerem (ElG. 2, Fhigallopsshe prosswre withimghath68 it s

I nt o gard1eand 155723 eGnés Lapt - fé nd.pressyre sensor
1551 nmeasures the pressutrog&iv%?igﬁr@rgﬁi ‘gﬁg‘t“%ﬁt%‘té%%g%gﬁ%as”@ﬂ%ﬂ’%ﬁ?ﬁer vent
chamberconnestignghgrel). ood vent chamber 1542 extend through openings 1132 and

1133 of 0 f,il 1500 i it dth [ FIG 2).

This alPEed Fkisiesdon 10 155 E fos coapled ool Shda which imepipaly of e

whi | e qrogrhmpiedtpesiichsog cuz&arerqmrbelaﬁgg g;g&emm&ﬂs%ﬁ 8?1%”%§H ons
an E 1 d

t her et o. %'%052] Pressure sensors 1550 are couple troller
1554, WHFEIR OF §amhbg)i sfparats propessefrcanpled tpa omaspotesséio IRreabfcaend?S 55N be a

mai n pr. yol he entire systemor can be a separate
proces ggg qg%pu%ﬁogg&?e (%écgn%lh P%t%lplgr %%lbaissrgpl_res "§L?? SRIRSSErereadings wihia 1551
pr oduc ehathbers 15 Andol Sl b wéspeitiveh). CoriIeS BI¥4aLd t di ngs
W t hin chaanbers 1517 andp25169"‘r,e_spectiveéyﬁﬂ&%&\net@%ﬁﬂg%ugétgojscpé@%"l{o@gs on a
f r equeRESIHHALR BrATSsABiRRsthe prRssue srithin chambersdkl 6 agd 1517, pCemmilkee1584 i n
chanmbepfostit@ed . | S ogr d wi val ues
represgntg%n deg?‘rhé"gﬂ"é?g@%&é@%ﬁsﬁﬁéﬁéﬁ%me@@@g@a?n%mﬁ and 1588nt r ol | er
1554 c&wtrﬂl?mdéﬁ‘} comtmiupusy andlgze dessredstrediatFit tdceives fbMredshR RS SUr e

rm ne whether the pressure readi ngs are

sensor 5 551 to dete

Wi t hi nigs“&?sllé‘?j%ﬁ?ﬂ?‘ﬁ%ww hlemsmswea@émgé@repwﬁbismmedmmmges 1517
and 15fom thedtdied! vre 76r dhamd I Q0 u 1301 and
return pump 1302, pﬁlssr esponse tk’%qtsﬁga'g‘?g%ﬁu?é“@éﬁ%ﬁ%@é?&'égcwﬂl Opr essur e
sensor ¥helshloodprmp E¥1 andiretnt puenp 134 Ih sespongta thestedsarecdidd feebivide speed

O oul B RO BHIER 1551 ur 50 TlhbnE 8R4 b roiratinecio fomsmut e spesd o - "
whole blood pump 1301 and return pump 1302, thereby adjusting the flow rates through the
pumps 1301 and 1301. Adjusting these flow rates in turn adjust the pressure within whole
blood chambers 1516 and filter chamber 1517 respectively. It is in this way that the pressure
within the lines drawing and returning blood to and from the patient is maintained at
acceptable levels.

[0053] The functioning of filter 1500 during a photopheresis therapy session will now be
discussed in relation to FIGS. 1, 6, and 10. While the functioning of fiiter 1500 will be
described in detail with respect to drawing whole blood from a patient and returning a
component of said whole blood back into the patient after it is treated, the invention is not so
limited. Filter 1500 can be used in connection with almost any fluid, including red blood

cells, white blood celis, buffy coat, plasma, or a combination thereof,




EA

punps 1301 and 1301. Adjusting these flowrates in turn adjust the pressure
wi thin whole blood chanbers 1516 and filter chanber 1517 respectively. It
is in this way that the pressure wthin the |lines drawi ng and returning
blood to and fromthe patient is naintained at acceptable |evels. [0053]
The funﬁ@iﬁgﬂé@% of filter 1500 during a photopheresis therapy session wll
now be kblped painp d f@hdraws mbois blaod Homanphtibft whihislcensdiged nct i oni ng

of filt iJ: . 4 bed i etail w.th respect to draw ng whole
bl ood f Eﬁloor%é‘gg%asﬁ 1t 1008 vif'£3 eﬁ'!en‘f%a“ge‘? o % Toe ratationahppsed obwbole back
i nt o t hblopdpumpts st t@that the ipfestiire of 81 link Agavii ViRSle | |j.m ted.
Filter 1500 can_be used.i :pcSnnect i onlnvm!a't?arﬁuggg%ts‘{mgﬁgﬁ)?ﬁﬁoﬁﬁller%‘hﬂgilﬁg red
bl ood é‘ﬂag?epmsﬁt leve)i Stngn eingsirawsufrom tho patjenp) the wholebiocal esdiimat i on

t her eof gagé 4, .draws whol e bl god froma patient
who is %agéne?fg[cl? ggélt]aémgﬁg% g%ﬁgﬁgg#@ﬁ i]]'ﬁgéﬂfg%m@%é’o&n dnlebparbi¥®pft o port
1193, Thiterd508: Thnwhols biwd pabscakiabesh dleanid 1508 ek B02LHATnd fE Pressure
of the %@ﬁ% d@al ' %éggmwgﬁ bl ood fromthe patient 1s at an acceptable
| evel . % ?% Tdl6:nEhgy whplsrhlood ¢ntersibludnaben 15 b6l thpasghaalet hble
casset t 1519 W ichisdod 0 1106.is fl yidl onnected to
inlet port 1502 Sg?da[%dﬁnt%@?g%.gﬁ'#ﬁvﬂ%&g%ﬁ?%ge&% I# (ﬁq‘PWb‘élﬁi ng
1506 ofbloeg spillyaleng i@ 5a4 dniikit rathes shewhote WRlioubkORSe g{b\%{n@ﬁm@ . The
whol e ter hanbe 6 through inlet hole 151 Ich 1s Tocated
on fl ﬁ*ﬁ%&ﬁ?ﬂ%@%@v@%w@%% Herrlisqussed mbove, e whalk Bloodl 0od
spi | | s cuktlenghdit S6rins bphds hi wh e outl et hol e (not
il lustrated). at tﬁe ot #g?&g*gi%f)bﬁi}g%g%%‘fd%ﬁg?% g%(g’occjﬂ‘i e&@%_ As

di scus s‘gﬁ 15KEhia chamberidb dlasisaombss flood Eil4ydhedighithe Whok bIGRISHIIRVER e Wi t h
openi n e rt 03, e ole blood that is wthin chanber
1216 fﬁ%‘é&gggﬁgﬁ%{%}&%fﬁ?iﬁ?rﬁﬁsgﬁgwo\é\gbowgeﬁﬂ%od outlet hole, into
out | et [PRAS] As3HSwhaledbieud padéesithrob r i . [0055] As

t he whol Eiﬁ bl oqid passes t by ouéh m%f‘gﬁgllg%é%daccﬁ%%ér ?glge,geégjgg%wh‘?&’e re

t r apped™ hevhaleblpad picapg. o Bepse gesep eollerhinsboorheas chahbar A542 andiheg €saisat

chanberkialfad 2efNd4Bh ' as vent 1543. Pressure sensor 1551
cont i nuouS] yem)ni to?gbstgﬁgg%}ggrsggﬁe&ﬁﬁ??ﬂuﬁfyﬂp%@m the pegsayre pethin blepdugh vent

t ube 15B8nbard516 thweught entbe 58Pl tRhsRi© 54,
Cont rollk &5 4 nil%#dzeg t he received Spr eggﬁ%ogg?gpﬁ%ﬁ?&%g%é@s?}%§

adj ust s ﬁie g‘a@éﬁr abrzes e sesg1vsd Pres1ge datatand ifodegesaalyustiiistighé beelll ow
rate apf bR BRI 4 . 15 inlet tube 1106. Contraoller 1554
adj ust t‘t)1v_lei punp s&%ﬁtﬂg’ gﬁ%&?%ﬁ“%?ﬁ@%%&sﬁd@r?séumﬂl p ghamper d816 1 ed

pr essufed inlgh gebe 11065 ConTollerissd edjbétahpirip Bpeedt itd Snshitd theythd SRQut:Eough

out| et w@ﬂ[ntthéégs:}reﬁrf)gcs l%%srgnSgef) ut of

[0056] The whole blood then exits filter 1500 through outlet port 1503 and passes out of
cassette 1100 via outlet tube 1115. The whole blood is then separated into components
and/or treated as described in detail below. Before being returned to the patient, this treated
fluid (i.e. treated blood or blood components) must be filtered. Untreated fluids such as red
blood cells also must be filtered and will subjected to the below filtering process. The treated
fluid is fed into filter chamber 1517 through opening 1508 of inlet port 1504. Inlet port 1504
is fluidly connected to pump loop tube 1120. The treated fluid enters filter chamber 1517
through inlet hole 1522 and passes through filter inlet hole 1533 of filter element 1530. The
treated fluid fills filter chamber 1517 until it spills over frame 1531 of filter element 1530,
which is secured to elevated ridge 1521. The treated fluid passes through filter media 1532.
Filter media 1532 removes contaminants and other undesired materials from the treated fluid

while at the same facilitating the release of trapped gases from the treated fluid. The treated
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cassette 1100 via outlet tube 1115. The whole blood is then separated into
conponents and/or treated as described in detail below Before being
returned to the patient, this treated fluid (i.e. treated blood or bl ood
conponents) nust be filtered. Untreated fluids such as red blood cells

al so nmugt, be filtered and wll subjected to the below filtering process.
The t r eB¥iddhatpasses thranghdilter mediar} 532 gathe tsamiftoor 1520 of iteuthmbeer§ITg 1508 of

i nl et i - 504 s fluidly. ted t ! tub
1120, ottty FonRal by 8 hied blae {afmbis Sesken Tuid isaghsseninge ol o 1522

and pastseated fiwid ogtietthiole E523ia0d ohit ératier 1 i ,
treat edQFI uid fills filter chan%er 1%1§&ﬁﬁulgfhldﬁ%%FﬁFgggeél%tﬂe??g%g%m of

filter elHERd Hudds thenyprturmed to the paticativiaoutttoube: bHl4; intiiph id Raidly The tr eat ed

fluid pana&sed ' r ' 2.. Filter la 1532 remnoves

cont am nant s anddagtg*%({d tér@égﬁqrg%gtﬁé?@q igdgiven g‘ﬁ?'{%lfqrégﬁr@@ffﬂsméﬂd whil e at
t he saruticbiwbe L1k byngtrhpumplldeze of trapped gases fromthe treated fl uid.
The tre@égﬂ 19 fluid that passes through filter media 1532 gathers on
floor 1 S7asps thakgre trapprdkip thestreated fluid icsrapp andheallentindilter semtatiaiyerel evat ed
ri dge 15530 as tHeitieatcdFREEH H{rﬁ" it o treated fluid outlet hole
1523 and out of Fil tor 1%%!(;) t r%‘l?g%rggﬁi‘?%glsﬁo’éhwgB%fﬁ"é‘i“ﬁB?Hefii%z. The
t r eat ed S0P yiagas yent 41 Brassure sertsor 1350 doatihkly\théhifd ﬂl@}prés%‘é“;i g, Wwhich
is fl uifﬂ@( nnﬁéiﬁivto outlegei)g{ﬁt 1502. The treated fluid is driven

t hr ough F1 FRAOE ough ventty ndtransmids carresppyding pressurpdatp td 302.

[ 0057] conandltert1Bs4. @srdllcAPSRFar ' scape and collect in
filter vent chanber 1540 as tk?gz%gglg?ée‘%ﬂ%ﬁgﬂr%ls#gva\ga3t"ﬁrc8ﬁ'6ﬁrelsinltf’él?c chanber
1517. FsuEd piessurs valisrand sangoe If ndcessary, d@foliet BSSjaeﬁiﬂ;us%e 1548 .of RiRgsSur e
sensor ' | y. 1 tors the pressure wwthin filter chanmber 1517
t hr oug ﬁ%@%ﬁ?%ﬁ@%@uéﬁm‘? Qﬂ‘é’ fpte and BFGF%?) Fdinehapbes 138 Teand-quslet igbe
controlll#4. 1554. Control |l er 1554 anal yzes the received pressure data and
conpares it to the desired pressure value and range. |f necessary,

controller 1554 adjusts the speed of return punp 1302, thereby adjusting
the flow rai?‘es'éifﬁalab%@mlbew t hi n chamber 1517 and outlet tube 1114. B.

I rradi ati on Chanber [100581 FIGS. | 1- 16 illustrate irradi ati on chanber 700
of phol¥IMkFESS sl k16 illustepe irradiztipaichambdB0@of phugoghierests Kiol 000Gn ddthil,

I rradi gt.j v Ls formed by jLoining two plates, a front and a back
pl at e ﬁgf/ﬁnggc glaspﬁﬁilﬁ‘rﬁﬁsén 8%&?‘@?‘&6‘{7&% efb'?ngnmﬁg twoplatesia frontanidn . |
Nvel engih B o Gorr et PE IS sk Oideth, k28002 L EFAS o ot A

wav el en%%eh of el ectromagnetic radiation. e case
r adi at PEIETaRY comBRzssfacmaterallideatly transmrend & thp metvelengtt of aletiPomasneit her

mat eri alafatidhC i #R 3% of ulfaiBiY: R?acﬁgfpdn?ﬁglgéar (i)nngté arslb%én found égs?\sgfenr?;dhods
although other materials such as acrylic may be employed. Similarly, many known methods
of bonding may be employed and need not be expanded on here.
[0059] The first plate 702 has a first surface 712 and a second surface 714. In a preferred
embodiment the first plate 702 has a first port 705 on a first surface 712, in fluid
communications with the second surface 714. The second surface 714 of the first plate 702
has a raised boundary 726A defining an enclosure. The boundary 726A preferably extends
substantially perpendicular from the second surface 714 (i-e. about 80-100 degrees).
Extending from the second surface 714 (preferably substantially perpendicularly) are raised
partitions 720A. The boundary 726A surrounds the partitions 720A. One end of each
partition 720A extends and contacts the boundary 726A.
[0060] The second plate 701 has a first surface 711 and a second surface 713. In a preferred
embodiment the second plate 701 preferably has a second port 730 on a first surface 711, in
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of bondi ng may be enpl oyed and need not be expanded on here. [00591 The
first plate 702 has a first surface 712 and a second surface 714. In a
preferred enbodinment the first plate 702 has a first port 705 on a first
surface 712, in fluid conmunications with the second surface 714. The
second gurface 714 of the first plate 702 has a raised boundary 726A

defi ni nguléﬁomna‘@up@ with thegseandsugfaBI8. plitefseccnkd| syrfacd TAMSE thebdiktpagei al | y

' i face 714 (i.e. about 80- 100 d _
et B o8 e ATb ARy YRR Bl 38 ot o T POGDSTaRR pralerspls
per pendénseridastiy)amsiotty perperetoul2etdrh tedoontXfacd E3 QUL Mo (80 0N

the partitions 720(@. One_end of each partition 720A extends an it acts

t he boﬁfﬁﬁ?ci})ngiggﬂ ¢ trsend surtase J13 pvefepsiblit subseatialhspeapdnidicslarpate fraiged 711 and
a Seconshritdk 1 odi nment second, pl ate 701
preferably h;??“;jeggﬁ H%%%ﬁ%@%@é’“&%&?%?ﬁéﬁl@@ Fd ofceach i d
conmuni RAgEtarE20 extends end earals sner sidecef bobadary (r2epycond surface 713 of the
back pl 6-%‘01 has oj’tﬁ;ai sed, bo nd@{ry 726B defining an encl osure. The
boundar@% ©Piing 9 ihe secagd essofiihe Eirst pagd sepomsbplpten désults ara fluidighhe
second jendtioA®RtwekR bolindiric8 P4 D7 . Extend fromthe second
surfacé' 713 épr ef eraplli%nseﬁbst ant | ama‘ﬁgﬁggﬁ@ﬁé%%%d@%¢gﬂg@8n5éﬁ¥ﬁi tions
(720B) .an¢{@0B atrwisy jpired ernsing a dnitisght encrien tiekdbyTorntid@ Bartidon 7200 TRE each
partiti tends.and contacts e side of boundary (726B). [0061] The
j oi ni ngl’%g?‘?“?gzz‘seﬁ"{ﬁ'ﬁ&"éﬂﬁ? A DEDGROPAR0 apg togethpwib therparitions §20mpesvidess | n a
fluid taiptiway 110¢aviag cheineRE7ISHOMATRAL AFﬁQ thereby forning
boundary 726.ld Partit ?gns 720A tfgnd 7%‘1(‘)tg%afrme%&a sog?%fgggalaygﬁﬁ%u&e’fl uid
tight jAELS BhAQvedpidesl, Gusramtly grofenred isiacerpefiine fEtlewayooundary 726 fornms an

i rradi apg ethet w.th the partitions 720 provides a
pat hway 71 Wh%@fgggrg%%gﬁ%gﬁgsig%ﬁ %fﬂ%@f&m ?‘Hg‘*"p FMPITYE asexpenase naybe

ser pentpathevay 710 foramgducting Patiént fRid, 8ebh @Hufﬁ%btyor%lﬁ{cq{l%&g({élﬁ f?%rﬁz@gtg P t7 '0 8 €

pat hway. [7§ 62& /th rg(f)e_renceto FIG 11 and 12, irradiatioh

conpri ¥’8§ & 'ﬁgﬁ!’?'ﬁg P ttlieserrrenong pathwayn AL isiin fluphtdnembnibatisndwitsuch as
buffy gqat | r Wl rt 510 outlet port 730,
i.e., the %ﬁt?ﬂf}fﬁ)g%%%}ﬂ]\?g% b%ﬂﬂ%tsp%?gnhploﬁjadgﬁw ' Cg?‘r'%ﬁmc%ﬁ i nl et port

705 of stppdied fionucasseT@100 b inlet boit 7pSWia ohidld: Mbe DEEK Rh@holdidriviidhlpggt 1yl d
i's sup Iiedtﬁ{og@casseue %’00 to inlet port 705 via outlet tube 7.
After PhotGacrEATTBENuLs athsay Jilfldhe eaed paticat Heidtis returped toneayscite 1100 he

t r eat ediadakt @b 11124AGES te. 0 via inlet t 1112

(FI GS. 1 and 4) . Th‘yggt}gﬁ% Pﬁﬁf“ﬁ%’ﬁgﬁ‘g}é‘r@%%géé?cFSﬁF PR BHmBﬂ -1303.
Sel f - s RelEshieklingstfestsiof ths ceflods waudes wiilertheloslndravitidteactivie 8Y ifad¥ifon

Eﬂghﬁg%ﬁ@hgquﬁ'b&%ﬁg g};fn%iaﬁg%i]%%gpon both sides of irradiation
[0063] Figure 11 shows pin 740 and recess 738 which align the two plates of irradiation
chamber prior to being joined together in a sealing arrangement by RF welding, heat impulse
welding, solvent welding or adhesive bonding. Joining of the plates by adhesive bonding and
RF welding is more preferred. Joining of the front and back plates by RF welding is most
preferred as the design of the raised partitions 720 and perimeter 725 minimizes flashing and
allows for even application of RF energy. Locations of pin 740 and recess 735 may be inside
serpentine pathway 710 or outside of serpentine pathway 710. Figure 2 also shows a view of
an irradiation chamber with axis L. Rotation of chamber 700 180 degree about axis L gives
the original configuration of the irradiation chamber. The irradiation chamber of the present
invention has C, symmetry about axis L.

[0064] 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
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[0063] Figure 11 shows pin 740 and recess 735 which align the two plates of
I rradi ation chanber prior to being joined together in a sealing
arrangenent by RF wel di ng, heat inpulse welding, solvent welding or
adhesi ve bonding. Joining of the plates by adhesive bonding and RF wel ding
IS nore pref ed, Joining of the front and back plates by RF welding is
nmost p?lglf‘@?‘l?’ég &?e channgloZiS4n thst iragiatiom chambeg 0 is relatineely ARindiielg nsi haet er

795 M nived : ; : : s -
(ocat | oumerupphBNes (IO as UM pécllec 1i8 pRERL Tertp arvsemdasgasmiasy 710
or out s#rgeobiEukeyeaithi bleodoatiudiytionléhd Eilte ke &lﬁglﬁ‘gdﬁg%@%g 8}{%)%% g an

i rradi tif_@g champer with axis L. Rotation of chanber egree about
axi s La"& Qover syirdacs ares/ yplyme tiop.g Theierosssestion shape of eldinaeliTls ishanber . The

i rradi afubSBntedlS F@hn ' nt kon _has | symmetry about axis L.

[0064] Referri ﬁg_ to %ﬁa&@ﬁﬁ&ﬁi@ﬁﬁéﬁg %@1&# ﬂ'éﬁ?p@ﬁﬂl%?f’%“n‘gﬁﬁs@ﬁéﬂ langood,

pl asma, Sidgrhe distancmbetwsen partition Z20ardiehé ditange bé'tﬂv@éigﬂhe'?lﬂt@stasﬂﬂrsh of QRgeOf _Tront
er700 into 21 channel 715. The cﬂannel 715 in

F lhgt ier Z%i Sgg?é;)#‘@%jéﬁ%%sie%@hgg&@% foy eptjmal;iqadiatiprofgells passing thoughr  of

Er e st aco. ar aac el A D plstéledtBlofdet i B8RP BRI uce. 1t he
sel f - siFtagnantsgeas of Hewsolbeatangements amicohtehmised.sur f ace ar ea/ vol une rati os.
Foct angue) e AR ERAr thafibet NG ehRoicaieivition e abomedivatsbis seoheey ho
i T i USRS i e i B e P

i rradi dATBH788) foe petivaien Sigure 1), olighirradfaion plate/add. UWAI 1t gt ﬁsséﬁbﬁﬂ(ﬁ@ﬁe

pat hwa 7ée(gigin§dpor§gl%rred isﬁr}.ordﬁr t a,}/o',d or mnimze stagnant areas of
f1 ow, éfeher arrangerree%f%a ROZ ¥ ‘frﬁr‘?ag%l s orignigd dowpwardranddidae V8 chanber
700 al Ipoinss wfvardi Bindhisastenta@ibh, 0@y ,ﬁé}ﬂ%q i | ts i rpadi ation
froma |i tF@rray a}sserrbly, suéh %s t eﬂ@ﬁgé@?f@glgf%%@%k@%? A

| anps (M8 figrof gravityq dn e mest prefesret@mbotireerity irmdiadibn ofbdth 3ides an@e UVA | i ght
assenblyadi ) i Q be us in.a setting where edge 706 is

ori ent g%a%%ﬁv%?@%ﬁgﬁeg&g%g%#mﬁw%f@ﬂﬁﬁWéPB‘f‘mFtH‘Stfgﬁ“? spogglicitheon, 1 ui ds
ent er i Abarbeou U VpolightZ8Eentan 78X istlodated WRkShIeY cRhber 538 of PrfhnbAiSoRLA Of
gravity. Inzéﬁgqgggt referred enbodi ment, irradiation 0 Sirdes of the
I rradi gﬁtedﬂ -1 R‘E’égbl ace concurrently while still permtting facile
r enoval0oss] Theirrdaidh Is I 59 is located within UV
charrbe! 75]0 of | per mngﬁ?n%é}dlggya%%ﬁ%a%o E‘ﬁ“c%?%mgﬁahamyls inghidn The

i 1 radi Heilekoeytareneiched tload id cirelimed duting plotbtivaich 60 VI igh! BréapRe! s in

whi ch i cyte-enriched blood is circul ated during photoactivation by
WA |i bft%aﬁdtlgrﬁéﬁgrp%e&elyﬁ has between 4 to 92 channels. More preferably, the irradiation

chamber has 6 to 8 channels. Most preferably, the irradiation chamber has 8 channels.

[0067] Figure 14 shows cut-away views of the irradiation chamber. The channels 715 of
serpentine pathway 710 are formed by the Joining of raised partition 720 and perimeter 726
of the plates.

[0068] 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 (ETO).

[0069] The method of irradiating cells using irradiation chamber 700 during extracorporeal
treatment of cells with electromagnetic radiation (UVA) to be used in the treatment of a
patient (such as to induce apoptosis in the cells and administer the cells into the patient) will
now be discussed. Preferably the cells treated will be white cells.
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i rradi ati on chanber 700 has between 4 to 12 channels. Mre preferably, the
I rradi ati on chanber has 6 to 8 channels. Mst preferably, the irradiation
chanber has 8 channels. [00671 Figure 14 shows cut-away views of the

i rradi ati on chanber. The channels 715 of serpentine pathway 710 are fornmed
by the @ﬂQEﬂﬂf of raised partition 720 and perinmeter 726 of the plates.

[ 00681 ongiesbodiment ghtbés method,tephetaastivatable oephdtosensitive bempouae i§ r om a

bi oconpatst MrkinisterdPioSh | #Zﬂﬂl terilized by known nethods such as
heating, radi ation e%z)és%%tr orl&?{}frtggp f?’gﬁt(’f\%/ir?ﬁ’iplgf' Oéﬁ%ﬂ'@)axggcmg}l_

[0069] tréatmensiofitht aeils.i Thaphabictigatakle s phtbs@sitive aginpbirmegerber 700 during
ext racorqoore 1 reat ment Iy cells w tE el ectromagnetic rdadiation (UVA) to

I
be used 'Wn{sﬁéedt‘f'é’éﬁ”r{@ﬁt' OfALlYLr 1mfEaveRoNslY)s J&p phetosensitivd ompawdtvdisns i n t he
cel | s adihindEdd st ,;Seb&c Sl i wi_l.l . .now . be di scussed.
Preferably the celvli?‘rg‘{lreatﬁi édsf%%%ibtgghégﬁ%.mm%%ﬁf"I“ﬁaVSH%“SY
enbodi or gt other sonnventionh] adminiisatation routest AtherardophpRtc? HeNStdibseRsig@mound is
first at%gi&iugt%ereg tothat Ieaqi':g a gﬁti n of _the blood of a recipient prior
to the extracoPBPadt therpnee ol ahout @E@-V@%&éﬂﬁmﬁﬁﬂ%ﬂmt@.ﬁor
phot osengkgi ve conpound may be administered in vivo (e.g., orally or
i ntravenously). The photosensitive conpound, when admnistered in vivo may
be adnil@0ZkleWen adminisieredsorallyl tho phoigsensitisel compaindrmrgy beddniiRRestbAnieasand/ or

routes, The oral dosage of the

b h | opal adm,ni |
phot os o B0t B co B Rl bhes Hepancit itncomomiben akovs ditee bvsuprier 7
ng/ kg. ,to ther ghosgpherebis e@htnent. 2 itniristéred TRHABnous P k] til}{ghe\%@ﬂ Bk @ﬁ?ﬁ{e?.r ed

orally, the g(hot osensitive conmpound may be adm™nistered at |eas about one
hour prilfimatyely, thephgtosensitive somppurthma: he administeredrprier ofan about t hr ee

h | ' f, adm nj. di ly,
he t RobepoldlepR. PR ERREIB YR B, oo profirBliis Errvudabmisond may

be admiadinnistered tpmihote Hleodor a fearfios HREETPROUSIYthi the tﬁg&%Hdecenfng})B@Vi ol et
light. The ghot osensitive conmpound may be adm nistered to whol e ood or a

fract i SRTPRATEGICHY S edagtosspsitivecempaingkt A preion of éhd Boed canld dicst be onponent s
D1 oces et ey maTE RO Mot SRR Rkt Y Pl b fheisBegcts and
the phépmaeendmay thep derpdmindsterey td the medudtingbiiriohed lenlestytedridion! GSeid | NG
i to raiHEB XA oIoh TR Bimprise “hie biopd ccli sesritalnel 6 oact i vat abl e or
o o MOS89 pASRSAAEY g  E SRpinT GOF. 8 B0 o e
be capable of binding to nucleic acids upon activation by exposure to electromagnetic
radiation of a prescribed spectrum, e.g., ultraviolet light.
(0073] Photoactive compounds may include, but are not limited to, compounds known as
psoralens (or furocoumarins) as well as psoralen derivatives such as those described in, for
example, U.S. Pat. No. 4,321,919 and U.S. Pat. No. 5,399,719, The photoactivatable or
photosensitive compounds that may be used in accordance with the present invention include,
but are not limited to, psoralen and psoralen derivatives; 8-methoxypsoralen; 4,5'8-
trimethylpsoralen; 5-methoxypsoralen; 4-methylpsoralen; 4,4-dimethylpsoralen; 4-5'-
dimethylpsoralen; 4'-aminomethyl-4,5 "8-trimethylpsoralen; 4'-hydroxymethyl-4,5' 8-
trimethylpsoralen; 4',8-methoxypsoralen; and a 4'-(omega-amino-2-oxa) alkyl-4,5' 8-
trimethylpsoralen, including but not limited to 4'-(4-amino-2-oxa)butyl-4,5' 8-
trimethylpsoralen. In one embodiment, the photosensitive compound that may be used
comprises the psoralen derivative, amotosalen (S-59) (Cerus, Corp., Concord, CA). See, e.g.,
U.S. Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In another embodiment, the
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radi ation of a prescribed spectrum e.g., ultraviolet light. [0073]

Phot oacti ve conpounds may include, but are not limted to, conpounds known
as psoralens (or furocournarins) as well as psoral en derivatives such as
those described in, for "anple, U S. Pat. No. 4,321,919 and U. S. Pat. No.
5,399, 719. The photoacti vatable or photosensitive conpounds that may be

used i nphatessnsitiveeompduind thiue may de @véd inméesridame wlﬂpihb!(ﬁﬁvennl%l&oxﬁﬁﬁseggt limted
to, psora en and soral en derivatives; 8-nethoxypsoralen; 4,

trimet h‘yF "é"rlu *5- met hoxypsor al en; 4-ntt hyl psoral en;
4, 4-di
4~ am m"?’h@‘??"%‘*ﬂ%h s ol AR ERBIALRE sy oy n e s e
trinet h&mdﬂ@u%ﬁﬂmmﬂlf&aﬁptaht)xm ena clandofaofh ﬁmmmamsryam&e% Y,
aIk 4 sorlen i ng_but notllmt

3(/]4 afriﬁ °r?§“‘§'5% m‘fﬂ%“?ﬁ 9??’&@]9%!}1%5’5%%&3&@][1}&%@3@%6@% The t he
phot 0s efommiiliaién SOHP®aHIRs h@ﬁ:hl uh)@t diaﬁlgemFa%H &k;éﬁﬁac Qﬁ@'ngﬂ‘vigl .

derivative, arnotosalen (S-59) (Cerus, Corp., ncor

u.S. Paﬁf'émﬂpmwwehgsl@sz:@mﬂl@erai@susaﬂﬂuamxm HED ToxXRology sidedsheT

enbodl s.ens e nd be used in accordance
with the |n ntlﬁn Och’n%r?eFlgélg fyﬁ‘ﬁ&ﬁ% %@I;pgi)ém ‘é@?ﬁ}’lq‘?&%ﬂ%ﬁ&t% is a
naturallieylglatzlogsi"s|ld?:gterall‘iﬁttlﬁss’nh‘fainés‘t’gatalart_s)§,{=@ﬁﬁl¢3e found in the seed of the Amm
maj us w |liferae plant). It belongs to a class of conpounds known as

ps oral d Next, the,pertinn of e subrieet” cileed. sedipinntiseblod, or the donor’s blood to
- met hQRchl?ﬁl‘efﬂﬁB%én% c%]:r[pjo].l adf &Z&QE{ a@rﬁmgsrtgrgtg 1#%?%_[}(}105{1'1 aelc%%é ?hg gowf &?tnhe g;gg

|s a sterile I concentra

htt p: //qu lnlhed m@mtapmafesmmgaausm@mi R Phot SeNe udi es of
extracor Iﬂjﬁho ophereél s and di fferggzt dogﬂagtclgatglfe{)mI :”IDEXT?&]‘%@:"Sbte

ul travi Pe {912 Wavglspathadgaviglet light ¥ A) iaha waelemgtle swithiathe lrange of
br ochur3zo Q@Y i, NeXh ar. 1301%ttli'naﬂn€ fhowéger i€ G ﬁi’/ Brovg%g : eCI t S

- bl ood, or the donor's bl ‘h "t he p ot'oac een
aﬂ mi ni skheregposuse ttorllém\edeﬁygm ldbnmg;lhle Hlpgoto_il)_ﬁeraﬁi trbﬂﬂlﬁnﬁfnajr haveld aﬁﬂudrpof o
phot op |o et e photopheresis treatnent may be
carri egﬁ n§l ﬁgﬂ?&ﬁ‘é E-F’éﬂ'iﬁ]ﬁ agptltrlag,-‘{gpgtto thedd@odc UvA) at a wavel ength
Wi t hi n[m]rm ©@pherddOstbPistaR L L however,
but is nerel @?gdeeed ag lglr? exaér?{aaué%nﬁe éﬁ%%guéﬁ-rﬁéuuptravb%g@to l'i ght
duri ng #tRPh B%&%ﬁem@sa@erﬁé&pmm towarasystei 2080 (BIGS 17 and f18). cinent
| engt h about .1-2 J/cnR to the blood. [0076] The
ot opiond efiBodifh, whh IR Rerc R it s e ot etz b g ndrtibaer 6
chanbemmetbbluodnmrep.hﬂémmhd: dcdteipiRAD8F doh stem
2000 (gkéﬁ{edjp and Mgi?]e enbgﬁl ment , ke gir}etﬁgéetg%ﬁg)?gg g%rggfslage}ﬁstep S

carrie TPkoryte & té?n qaéé@tca&e may be) oy then bh edministered back to the
subject, recipient, or donor.

[0077] The photopheresis process consists of three phases inclﬁding: 1) the coliection of a
buffy-coat fraction (leukocyte-enriched), 2) irradiation of the collected buffy coat fraction,
and 3) reinfusion of the treated white blood cells. This process will be discussed below in
greater detail. Generally, whole biood is centrifuged and separated in centrifuge bowl 10. A
total of approximately 240 ml of buffy coat and 300 ml of plasma are separated and saved for
UVA irradiation.

[0078] The collected plasma and buffy coat are mixed with heparinized normal saline and
UVADEX®. (water soluble 8-methoxypsoralin). This mixture flows in a .4 mm thick layer

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

inserted in photoactivation chamber 750 of tower system 2000 between two banks of UVA
lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides
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treated blood is returned to the subject, recipient, or donor. The treated

bl ood or the treated enriched | eukocyte fraction (as the case nmay be) may

then be adm nistered back to the subject, recipient, or donor. [0077] The

phot opheresi s process consists of three phases including: 1) the collection
of a buffy-coat fraction (leukocyte-enriched), 2) irradiation of the

col | ect eftthisdf ¥ x-tcmeparém agidistion chamber3)00, BémfittHic QR p&urd jte
bl ood celﬁ}dls. This process wil]l be di scusgéed b;?owp(isg;ll1 %ﬁlelg{“gﬁlgﬁetl%r’.

Gener al Y§'YMG % AYeR3gs srpasurerenbmaheg e ohhd Keparknllewing theghbtoattinggiobowl 10,
A tot @%W%E@ Of .. f al d 300 mM of plasm are
separ a?éaeéﬁghlg@géalve or ﬁgrll ﬁféﬁ%‘g&l&%‘né.ﬁ%@%he col l ected plasma and

buf fy d8AT9ldne préfeadd vinbbdimepesfithe prsenn diveRlion fleicBRs @8 fembMARFHE hetidnat er
sol ubl ef8-rret hoayégsorglrfi%%@ég}ls mxture flows in a 1.4 mmthick [ayer

t hr oug O ERE 1 A0G Py Eelisfe th chambep are slisplaced from the charmbesr with adi at i on
chanberaddfifdnal fuid k&8 i -Lyat i-on. ch 730 _of .t awer system

2000 bepunon™t uad sEAEd Ao i B RBR 3R R o i iOES )

PHOT OsEtrarept: \Foppatientswho arersanillateh motHildednde s, ddded BOkE)ior plvdns wapspar ent

i rradiati hanber 700, i1, to ultraviolet A liaht.

Ui e abARarsEBRGE ety o Bl bR TR fpoust of Additipudiuid meritowany ¢ he

phot 0aahé itAidiBion cBERb& Wl eﬁsig!b%erﬁqt&ﬁlg?&?ﬁg%éé@ H&eofitﬁ{é}%igl“on chanmber
|

700. [0079] In a preferred enmbo present 1 nventio fe cells
are r erfsefetblynat morethandX the volymeifithe ehachbenymare preferaBlyaioninge ihan OFX

chanber, ' C chanber . it addi.tional fluid selected from
the gr o%%{}(gg%g?g |r$glgr8;}£rgg‘l)#)ﬁ§’,ev %ﬁﬁftwaﬁgﬂ%%h’ﬁiapwﬁ% cellsealwne iscor
pat i entreinfused arthe patidnt. such as children (e.g. under 30kg) or patients whose

vascul 3@@? em.is easily overloaded with fluids the amobunt of additional
fluid 9" fudescriphan pf simdlpnphatepheresistsastems and methiods,abé IJ.HiPaeat nor e t han

2X the A tdag Cb not re.than 1X the vol ume of
t he chéyn@elr m)Orrrlg? & pr eS?) teﬁ? ggﬁl/mlrlléﬁlo x%ofr?%é@? #%’r‘ip Fats efeﬁbgmﬂf?fﬁ’éceof e chanber
0. 25X tuseful/hreinmrethe infechozk and eystenTd westritatia 0.8 Shddnt WsUs951 §00.T €i nfused to

th td £t L pti f siml hot oph ' t d
e Patigle 900l g fasiption oo oo HISIGHRISERY Syt ems
| ncor pawelgrBasss:Sind Wi 9773638 ¢ \ifof Sil.s.ﬁ) ge%?ﬁ{e%&b%%!y&g@%&%?e% HERSA 89 s and

systens described in U S Patent
5, 984, &dvrence64, 166; 4, 428, 744; 4,398, 906; 4,321,919; PCT Publication Nos.

?A?nglp i@%%ig’hggﬁgﬁytﬁ’e%oﬁggqﬁ}éh Elgel_rlgy t%fat ivs\hdlcl(i\r']ergci teo tﬁg %J%orlc?gligal %)é?&selﬁg); g/e
determined using the methods and systems described in U.S. Patent No. 6,219,584, which is
entirely expressly incorporated herein by reference. Indeed, the application of ECP to the
various diseases described herein may require an adjustment of the amount of light energy to
optimize the treatment process.

[0082] Furthermore, the photosensitizing agent used in the ECP process may be removed
prior to returning the treated biological fluid to the patient. For example, Methoxsalen
(UVADEX®) is utilized in the ECP process. Methoxsalen belong to a group of compounds
known as psoralens. The exposure to methoxsalen or other psoralens may cause undesirable
effects on the subject, recipient, or donor such as phototoxicity or other toxic effects
associated with psoralen and their decomposition products. Therefore, the psoralen, psoralen
derivatives, or psoralen decomposition products that may remain in the biological fluid may
be removed after UV exposure. A process for the removal of psoralen biological fluids is

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

reference,
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[ 00811 The effective anount of |light energy that is delivered to the

bi ol ogi cal fluids may be determ ned using the nethods and systens
described in U S. Patent No. 6,219,584, which is entirely expressly

i ncorporated herein by reference. Indeed, the application of ECP to the
various di seases described herein may require an adjustnent of the anount
of |ight endf.g{entdfugeBdiwili ze the treatnent process. [00821 Furthernore, the
phot osensiti zi ng agent used in the ECP process nay be renoved prior to

r et ur ni[pg83 hﬁats?/&aﬁ@@lm i i gl ¥ : ' , I

Met hoxs[al eg ( UVADEXQ )B‘b(lﬁgﬁﬁﬂt Fﬁipzréeédemi lﬁv% lé)}lg {égtrléo@lg{shgd F%Eﬁ%)%'g%fsgﬂatbel ong
to a griseasatsfluideqmapangsts, juabwh forexampie terrompbhente spo biolegidad Nkt tyoxsal en or

th : . e undesi r abl ffect t he subj ect, i pi ent,
o " Gon RS ieei Y e e NGG e S s Ridsife ommeist cx i StARuseH it b
psor al en delivtréduei livitteaRamogs.t indbed) bRAGIGE ﬂuﬂ%ﬁﬁﬁf ﬁngpémte }B‘Sdi@ig{\iﬁk Ghd

psor al e'gq, derivatives, or psoralen deconpositio ucts t may renmain
i n t he LTSNS Jugh as Wepd cells, plesma.cad athes fluidy that posprise biblagicatess f or
the re no] jical fluids is escribed in U S. Patent No.
6, 228, gg}é@bl\}\ﬁtscﬁ i sﬂgﬁlrg?hﬁg&s’%ﬁ sS4 §/sqaﬁggﬁpﬁﬁét%@%Fﬁﬂl‘ﬂa%ﬁpmH@F@Fence.
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I nvent L.on cEj.el at to nethods and, ag aratus that separate flulid conponents,
such adrelyqype eed ells platglsten Whise, fells, prapregurser cells.ulrdpdmticulareitsi ty or
wei ght .3yl R ) ORES | b hat conprise, exist in, or are
used Hﬁnﬁl or deﬁé\/gﬁ%@b’? %bﬁa\&/?ng o?ﬁ%ﬁ?g‘)ﬁs&& n%éaéwﬁ %f SRS £ Ui ds may
conpr i S&trigedpdirgal ticatnest. alt s totbe andersoodivsdiver, i te présehl @0chtialil S, pl asm,
and ot QS tf]:hu' ds t hat cpngri se. biol ogical conponents, including |iving

or gani S BUEIP W8 YHLYacops centidfugal procesyng appasatis, and thesppgifin emample

Bi ol ogighih htleit Hsmdrely 18 iBQsteRAe b , L ol e bl.ood
corrponegnts, i ncl uégisb'rgg redSth 00(51) @%ﬁ%@%?ﬂsgﬁjfe&{ge S\%ﬁlg@elg%%(g@@q%%ﬁng, and
pr ecur $BRargns may includgenther euddina) piocessessnchas diabyisisateendtioeragyplagelltl ood from a

i \ h as. f | | treatment. It

e 1o oo EEIREal Pl Geition o FHEOTH Lo AROERCPLn AdditcgrlR 881 o (o

use vi pesomiinatition &RY bk LGl sB@RE DBieh HraPBLfidlY tha Aifhde 1% BPFEIAY fr oxamP! ©
y

given herein.is nere for illustrative purposes. O uses
separ afP¥Pedicahpsesysach as for expppleaeili sndiflyidicouipotent sepreatione dilt edmporeags s es

such a I3 ' , | et ..Sseparati nd renoval , and
separ at§ ?égr{ ﬂg @gﬁ%@i?ﬂ%@%@?ﬁﬁg rnog‘]f)(g‘;g Fspﬁfcafgegfﬁgfogmg ﬂl"i%ﬁ REfqnger 'SFI‘@ present
i nvent howitably foretheis merided seashas didiedeschbahéEinfahdinthy teltadde dtchyde a wi de

vari et .gahl non-.nedi cal. usetsn, such as, for example, oil" and fluid” conponent
separ a%/lfl le mat ngemﬁ%p}pgl uses described herein including, but not limited to plastics,

such as polycarbonate, methyl methacrylate, styrene-acrylonitrile, acrylic, styrene,

acrylonitrile or any other plastic. Where parts of the present invention are indicated to be
attached together and form a fluid tight seal any appropriate conventional means of Jjoining
the parts may be used including but not limited to, adhesives, ultrasonic welding or RF
welding.

[0084] The present invention has several advantages over centrifuges what use conventional
Latham bowl. The Latham bowl in the UVAR® XTS™ system has one inlet port that allows
whole blood to come into the bow! and one outlet port that allows plasma and buffy coat to
come out. Having only two ports limits the volume of buffy coat that can be collected per
cycle. Each cycle involves filling the bow] with whole blood; 2) spinning the bowl to
separate whole blood into plasma, buffy coat, and red blood cells; 3) collecting buffy coat for
treatment, 4) bringing the bowl to rest; and 5) returning collected plasma and red blood cells.

This buffy coat collection method may be characterized as bein g “batch-like” as the volume
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used in the present invention should not adversely affect biological fluids
or render them unsuitable for their intended uses, such as those descri bed
herein and nay be nmade of any suitable material conpatible with uses
descri bed herein including, but not limted to plastics, such as

pol ycar bonate, nethyl nethacrylate, styrene-acrylonitrile, acrylic,
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outlet po tl ows plasma and buffy coat to cone out. Having only two
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opportunity for reduced treatnen tinme for any nedi Yequiring
buf fy E¥duitassembly,Be0A.Srase TOA wstationarymegteintdI8A. The centrifuge bow] 10A

is in fluid communications with external conduit 20A of conduit assembly 860A. Lower

sleeve end 832A (FIG. 46) of connection sleeve 500A is secured to bowl 10A. Upper sleeve
end 831A of connection sleeve 500A is secured to external conduit 20A, connecting the
external conduit 20A to bowl 10A and providing fluid communications from external conduit
20A to bowl 10A. The fluid communications enables fluid 800 to be supplied through
external conduit 20A to the bowl 10A. Similarly this fluid communications also enables
separated fluid components 810 and 820 to be removed from bowl 10A through external
conduit 20A. Bowl 10A and frame 910A are adapted to be rotated around center axis 11A.
[0087] Referring to FIG. 36, bowl 10A comprises outer housing 100A, connection sleeve
S00A, top core 200A, bottom core 201A, and housing floor 180A. Outer housing 100A may
be constructed of any suitable biocompatible material as previously described for the purpose
of the illustration in FIG. 36 the outer housing 100A is constructed of clear plastic so that
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that are substantially free of red blood cells, such as extra corporeal
phot opheresis. [0086] To achi eve the objects in accordance with the purpose
of the present invention, as enbodied and broadly described herein, FIGS.
35 and 36 depict specific enbodinments of the present invention. The

enbodi ment depicted in FIG 35 conprises a centrifuge bowl 10A, conduit
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al t er ndayig an appadionsing end 1104, \aﬁlout& hoAMECWhY IMAfah@ alhoWdr HBRYinY éﬂd/
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extraco rgg%r g%lter \tPSPﬂH% ay (hed?Péie piasti¢ (sugh a3 thesapagtics lhatyd areyéoushy
dependiof gnyeer duitgble Sfutdal t NidusiQ for which
the bowr e neiloed Addl?lﬁg%alli},éflté&g%/mg? ot bG8 TR, iRy ogi cal

f1 ui ds SugrceclBEand Bowsing pettes IABA ipraridivg d passagmemmcm smce@ ePreferably t 0 t he
f|UIdS f oper.at i ons r ef carrled out within a seal ed
f1ow sys%"ﬂﬁ’]ei p(gds%gllg i agr e@gﬁf‘lnﬁ‘é}%{ﬁ&&r@ﬁi ingroutlet 1A, Bhep| ast i ¢

or si mhbesingraites 700A whd adrkIaSALLe SizsPR! G As is
I 11 ust rpﬁﬁgd in FIGS. 36 _and 37, the out er@wﬂf)"ﬁlsﬁ?ghgﬁ]c@g‘f} S?Sg‘%?%m |y

coni ca &P ﬂHﬁ“ﬂbﬁéﬂe FRAiRing gleeyrdflange X90Anwbich extendsifromghavhbdy S30AA and a
| over  BpLsHne&tidH \eeve 500A. In one embodiment of the present invention an o-ring 791A may

be inserted between the sleeve flange 790A and inner surface 110C of the housing end 110A
to ensure a fluid tight seal is provided. In an alternative embodiment of the present invention
illustrated in FIG 53, a second sleeve flange 790B extends from the body 830A of connection
sleeve 500B distal to the sleeve flange 790A. Both sleeve flange 790A and 790B being
adapted to fit within neck 115A and retain o-ring 791A therebetween. A fluid tight seal is
provided in this embodiment by the o-ring contacting body 830A and inner surface 110C of
the housing end 110A adjacent to the neck 115A. However, connection sleeve S00A can be
secured to bowl 10A by any suitable means, including for example, a lip, groove, or tight fit
and adhesive with a component of bowl 10A. The outer housing wall joins the upper housing
end 110A and lower housing end 190A. Lower housing end 190A is attached to a housing
floor 180A of greater diameter than upper end 110A. Housing floor 180A is adapted to mate
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190A. Quter housing 100A may be made of plastic (such as those plastics
listed previously), or any other suitable material. Upper housing end 110A
has an outer surface 110B, inner surface 110C and housi ng outl et 700A
provi di ng a passage between said surfaces. Preferably the upper housing
will also have a neck 115A formed about the housing outlet 700A. The
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r ot at algloxsigo t to arotati nall device 900 (FIG. 35), such as for

exanpl e, a gg@ﬁf’ %F?Wé“gs?%‘{aéfﬂ? gplumeof inferigry olyprae REAA ahent aXisd 1Aot at abl e

connec {0091] ReYerrih©tfo BIGYTBR &40 £ 42 ﬁ%%%%?ﬁ@éaﬁc’j b&‘f@rﬁfghﬁ% jgtation of bow
a [oc

10A. Quter housing 100A pre_ferabi'y h I'ng nec ® | ocki ng
mechanS$hstantipilpeoni¢rd apd respentivelyrhave uggico nare BHOL208A 206 ¢ ofiter édte Yafigt Wit h

corres i I ions i.n.a centrifuge cqntaipner or any other suitable
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Referring to Ehé 37, outer housing 100A and ne an
i nt eri GPPETGH G euterwalh 210A eblopsoroWAcamil GfdrAvall 2114 ad lohencérewl  10A

i s assenPhsh ofMiBm core 201A and outer housing 100A. Separation volume 220A is that
space of interior volume 710A that is between cores 200A and 201A and outer housing 100A.
[0092] As depicted in Figures 40 and 41 top core 200A comprises upper core end 205A and a
lower core end 295A that are joined by outer core wall 210A. The outer core wall 210A
having an outer surface 210B and inner wall surface 210C and a lower edge 210D. The
diameter of top core 200A preferably increases from upper core end 205A to lower core end
295A. Upper core end 205A also comprises an outer surface 205B and an inner surface
205C. Centraily located about center axis and extending perpendicularly from the upper
surface 205B is lumen connector 481A. Lumen connector 481A has a top surface 482A and
a wall surface 482B. Top surface 482A has two passages 303B and 325D that provide fluid
communications through the upper core end 205A with second bowl channel 410A and first
bowl channel 420A respectively. Second bowl channel 4104 is a conduit that has a conduit
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fully assenbl ed, cores 200A and 201A are fully within interior volume 710A
of outer housing 100A, occupying a coaxial volune of interior volunme 7 16A
about axis 1 1A [00911 Referring to FIGS. 38, 40 and 44, the top core
200A and bottom core 201A are substantially conical and respectively have
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115A through indentation 483A. Thus indentation 483A forms a passageway for the removal

of second separated fluid component 820 through bowl chamber 740A. Optionally present

on the outer surface 205B are a plurality of spacers 207A which extend from the outer surface

and contact the inner surface 110C of the upper housing end 110A to ensure fluid

communications between the separation volume 220A and the passageway formed by the
indentations 483A.

[0095] In an alternative embodiment illustrated in FIGS. 53, 54 and 55, conduits 321A and
322A may be affixed to openings 325D and 303B in the top surface 482A of the lumen
connector 481A. Additionally, indentations 483A may form a plurality channels in the lumen
connector 481A and be adapted to form charnber 740B when connected to connection sleeve
S00A or 500B. Chamber 740B is adapted to have one or more surfaces 742A that can mate
with the male end 853A of the connection sleeve 500A (male end 853A surrounds end 861 of
external conduit 20A). To facilitate the correct orientation of the connection sleeve S00A to
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wal | 4eaFe0ea] atoaker $bfelvRQIE211A and a lower core end 296A. The outer core wall 211A

having an outer surface 211B, an inner wall 211C and lower edge 211D. The diameter of
bottom core 201A preferably increases from upper core end 206A to lower core end 296A.
Bottom core 201A also has a top surface 309A and a bottom surface 309B. Top surface
309A has an indentation 186A (preferably generally circular) substantial in the center of the
surface 309A of the upper core end 206A. The indentation 186A has an upper surface 186B
and an inner surface 186C. The upper surface 186B of the indentation 186A. has therein an
opening 324D which extends through to the inner surface 186C. In an alternative
embodiment of the present invention illustrated in FIG 53, the upper surface 186B, may also
have a recess a186D adapted to receive an o-ring and form a fluid type seal around the lower
end of 325B of conduit wall 325A. Extending perpendicularly from inner surface 186C
around said opening 324D is conduit wall 324A having a distal end 324B. On the top surface
309A extending from the indentation 186A to the outer surface 211B of the outer core wall
211A are one or more channels 305A. The top surface 309A may be horizontal or slope
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298A, supports lumen wall 402A. The channel wall 402A is adapted to mate
with channel wall 401A forming a fluid tight seal and providing | unmen
400A. First bow channel 420A is in fluid communications with conduit
channel 780A of external conduit 20A through conduit 322A. Qpeni ng 303A
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center. 2?% ‘5‘2& gignigaes Wéhlé%“gf gleamngl 305detotthesepafatipn yokiref 2204, 309A sl opes

upwar d[ggo9f g a_con dept h, thep_channel

305A sFope!sj E%ﬁ%mgﬁgggaﬁ%%d%g%@%&%eefgég% hag.p Iower plate 30 gur es 38,
the bothenlesatereir2od 3008, atppemn wrate30ROdnd Sutbredit 30D, ERGALIRE fro jth_the
top su tom core 201A when conpl etely asse e Thi s

face area. 30 f.bo .
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openi nedgiHOD if EQuprdd® betfctied'sd HR 1956 ede@ 2B e G107 2ord WAPEPIK 22PN

provide a fluid tight seal therewith. Positioned above housing floor 180A, lower plate 300A
is circular and curves upward radially from its center (illustrated in FIG. 44). Alternatively,
lower plate 300A can be flat. As shown in FIG. 38 when positioned above housing floor
180A, a volume 220C exists between lower plate 300A and housing floor 180A. This
volume 220C is in fluid communication with separation volume 220A. Lower plate 300A
may be made of plastic or any other snitable material. Additionally, extending substantially
perpendicularly from the lower surface 300C of lower plate 300A is a conduit 320A.
Conduit 320A has a first end 320B that extends into the space 220C between lower plate
300A and housing floor 180A and a second end 320C that extends above the top surface
300B of lower plate 300A. The diameter of conduit 320A is adapted to have a tight fit with
conduit wall end 324B. The volume inside conduit walls 324A and 325A comprises a lumen
400B. The volume defined by lower plate 300A, inner surface 211C, and ceiling 253A of
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formed in the outer surface 211B of outer core wall 211A. The openi ng 305B
provides fluid comunications fromindentation 186A through channel 305A
and opening 305C to separation volune 220A (FIGS. 38 and 40). Thus fluid
800 flows through conduit channel 780A and subsequently passes through
first bow channel 420A. Fromfirst bow channel 420A, fluid 800 then goes

to th trae 281 A,306ding sedm ' : i t
0 t hr denftencéran 281A 36K ding s dmbnaﬂnemm,uﬁ@c%ﬁgaﬁselag%?%}agig&g”'agiCﬁ
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seal therew,th Pasitjoned ahove housing fl oor

ci reul a%’F“?Hﬂ‘CBHWgE‘mhb‘em S'Fgéﬂ‘»Féﬂ?? Suppartivall 4054 extends Iperpsndiavledy front| G
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second y@8f 320C that extends above the top surface 300B of |ower plate
300A. 'Fhe di anmeter of conduit 320A is adapted to have a tight fit with

condui 06E81] end AR24B.be TRy AbYAENt B DhESE 5 ifkiﬁ‘@ﬁ i aﬁzé}ééaggﬂﬁﬁ“

conpri sea a Junen 400B. The vol une defined ower plate I'nner
sur f ac&12 1948 todpalasred shgubsater axis31Ab cAdcordingly ewghid mayie added gs e ond

bow c¢ : : ks&..of .@ir or.a i terial (See FIGS. 43B
and 44?_9{1%8*8‘1’1‘0%%@1%@”1)%?{52{) ?1% ftgtgﬂi‘ %ﬂcﬂgn(?foth? g‘?‘ﬁﬁ%’ @@gﬁ‘? weighint i on as
i || ust #4884 dlhistratet Gh FK353. support wal | s 405A and 407A may be optionally

presen §gfport V\?| | 405A extends perpendicularly frombottom surface
309B. QPJ t waRetemingtokiGe Aiboyd 1A s pdaptest soythdtrovter hohing bR0A woface 3008

of | owgooLhad 2030G5w | t, wal | 405 en the bottom
core 201A i s assenbl gf(}qa%o%%%%&\%Eﬂ)%r%ﬁ%gwn%yh%gnggﬁ%&% FERBndui t 320A
to fofpadyits POAdnd coineciemsleaves00ANahd lumed2400A 3RD400B e B8 cdiE86on and
respectl] i t h Ssuppogts || s 405A and_407A. Additionally present
ext end?dr%g#ér% “f 'hgoﬁg'?ﬂ ﬁﬂ?f&?ﬁﬁé@@ﬂ%b@mg 190 eompyises eecsst@sxlém ooi® or nore
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shown, lower plate 300A has round protrusion 301A on its bottom surface 30C to restrict

movement of lower plate 300A with respect to housing floor 180A. When assembled, each

single protrusion 301A on the bottom surface of lower plate 300A forms a tight fit with

recess 181A on housing floor 180A. Thus, when outer housing 100A is rotated, external

conduit 20A and connection sleeve S00A, top core 200A, upper plate 299A, bottom core
201A, lower plate 300A, housing floor 180A, and lumens 400A and 400B will rotate
therewith.

[00103}] As illustrated in FIG. 38 lumen 400A. allows whole blood 800 to come into
bowl 10A via a first bowl channel 420A. First bowl channel 420A provides a passageway for
inflow of fluid 800 through lumen 400A to indention 186A and then to the separation volume
220A through channel 305A. Lumen 400A is located inside top core 200A. Lumen 400A
has a height from upper lumen end 480A and lower lumen end 402C. Lumen 400A is
formed by the connection of channel wall 401A extending from the inner surface 481C of
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[001011 As will be readily apparent to one of ordinary skill in the art,
the bowl I OA wll need to be bal anced about center axis 11A. Accordingly,
wei ghts may be added as part of the device as is appropriate to facilitate
t he bal ancing of the bow 10A such as weight 408A illustrated in FIG 53.

[ 001021 Referring to FIG 38, bow I10A is adapted so that outer housing
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surface 481C %f 33 | urren?conne%?g%kegg?é,&h%ﬁ%ﬁﬂgﬁé\%ﬁg%%Aﬁgﬁ? tg’?tcgﬁdi ng
from t #8043pd &arclased thesin fromUpmen end#80Aead! 1. luGeaOBC. WPaftherddid i S

¥y f fins 251A whi t d to thé i N
SubT acEnTtoR) Bhathed1oN By A BesfitsiaySikonah Mimeack 0B rn delopomeoplatne
3004 ferte 205dval aNaifinhapaked @l ] : arality of
f Pg§r483$ &FEG? 40). It e regcmhSgﬁgtgfﬁsﬁ(‘;‘?’aﬁ%&ldg%ﬂts H%'t“ﬁ?‘ﬁ!r’r‘ﬁ]“a 400A oan
be adj d82A&T BQusingtienr 1§0AL Seeqnddhow ghannchdMs exsendsdren Bo@stg fibarison wal |

401A, ehahkehouiils 1068 |t | 259A. . and th i ght of conduit wal l
Soan CoanEOhoulihe 106R3froubh i bR Aﬂgg" Bonu Cg‘é'fb‘}f? 760408 GHEERl fondEl end
480A t @80Aower | unen end 402C, encloses an inner |unmen 400B. Lower | unen

end 40?@ ﬂg an gp ni. ng_. 303 ich is in fluid conmunication with
separa 1 f/0| ur‘rg IRPES ASH{ shown wigbeut gpnduit 321C), inner lumen 400B ailows

red blood cells 810 to exit bowl 10A via a second bowl channel 410A that provides fluid
communication from the housing floor above indentation 185A to opening 324E. Inner
lumen 400B has an upper conduit end 325C and a lower conduit end 324B and comprises
two conduit walls 324A and 325A which are connected in a fluid tight manner and form
second bowl channel 410A that has a smaller diameter than and is separate and distinct from
first bowl channel 420A. Conduit wall 325A is supported by a fin 251A that extends through
channel wall 401A and attaches to conduit wall 325A. Unlike lumen 400A which has one
end near indentation 186A, lumen 400B extends beyond indentation 186A and through
bottom plate 300A. The first conduit wall 325A has an upper end 325C which has an
opening 325D on the top surface 482A of lumen connector 481A and a lower end 325B
having an opening 325E adapted to fit tightly with upper end 324C of conduit wall 324A.
Upper end 324C of conduit wall 324A is higher than indentation 186A and has an opening
324D. Conduit wall 324A also has end lower end 324B and is supported by a plurality of
fins 252A. Lower end 324B having opening 325E is adapted to connect to conduit 320A
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channel 305A. In the illustrated enbodi ment | unmen 400A conprises first bow
channel 420A. Second bow channel 410A is |ocated inside first bow
channel 420A of the top core 200A and is enclosed therein fromlumen end
480A and to lumen 402C. Furthernore, second bow channel 410A fornms a
passageway through | unen 400B from bel ow | ower plate 300A for the renoval
of a fibayingensaingt303Aflbeitell mantherenter SOweh latcBBORE Fhel 3 h&%ﬁtof‘t on 185A
' Prom ousi ng fl oor

of hous fl QoL 18 Secon ow chanpel 410A extends
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end 324C of condyi tppal %24A. Upper end 324C of conduit wall 324Ais
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also h | owgr. .gn 4B | S supported by a plurality of fins 252A
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320A prlanndle4204, hisgdvind otv] Whdnfiell 410A!, 468 bR T EhantblePYAdK NS YRRO L ondud
second powl channel 410A. Each bow channel 420A and%l%kﬁmay BénJrlrlgtde of
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780A is fluidly connected with first bow! channel 420A for inflowing fluid 800 from external

conduit 20A into bowl 10A for separation. Similarly, second conduit channel 760A fluidly
connects to second bowl channel 410A for removing first separated fluid component 810
from bowl 10A into external conduit 20A. Finally, third conduit channel 770A connects to
bowl chamber 740A for removing second separated fluid component 820 from bowl 10A.
[00108] As is illustrated in FIG. 45, external conduit 20A has a connection sleeve
S00A on the first end 861A and an anchor sleeve 870A on the second end 862A of external
conduit 20A. Optionally present between the connection sleeve S00A and the anchor sleeve
870A on external conduit 20A are a first shoulder 882 and a second shoulder 884 which
extend perpendicularly from the external conduit 20A and are of a larger diameter. Between
the connection sleeve S00A and anchor sleeve 870A (or if present the first and second
shoulder 882, 884) are a first and second bearing rings 871A and 872A. External conduit
20A, anchor sleeve 870A, and connection sleeve may be prepared from the same or different

biocompatible materials of suitable strength and flexibility for use in this type of tubing in a
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be di sposable and sterilizable, i.e., of sinple and efficient manufacture.
1. Drive Tube [001071 As illustrated in FIGS. 39A and 39B, conduit assenbly
860A is attached to bowl 10A via connection sleeve 500A which is attached
onto the first end 861A of external conduit 20A having a first conduit
channel 780A, a second conduit channel 760A, and a third conduit channel

770A. Eesetrifgge (o sudhpmfeekd haserfal isiHYTREN®) Takic i
410A, and a g%hvﬁmléclhsél ejo% ﬁa\t&ﬁ]
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first m]lorcﬂlmnévmmmeﬁmroidadftbdmexgarﬁilwbddlﬁaﬂmrom external condui t 20A
into b A forg, separ at arly, second conduit channel 760A
f1uidl 3% d‘ﬁnect sReﬁﬁ‘%Eéé‘thE%&% ‘Ti ?nc!lqosdeqv@rs'iﬂérmmwﬁgcsfa baty 875Bar at ed
fI ui d danmaenemit &tfor dna@TBROM sbedlhhelich o BRAR BRI 52&,9 nally,

third conduit channel 770A connects to ®novi ng

second &aghedde serond gpriiuiiomg 862A tof 82@rrfat wnduﬁ\ﬂﬂﬂ@&fcrab@%ﬂﬁénﬁ@ dirk)

on + he et ingiadicer Eh Frd o s o 6 @a@iﬁﬁfa?‘égﬁc@ééﬁalyﬁéﬁéézig?A
S00A ang. 1 he anchor ot aeya o goshith BREAR berRHHISERY i FREBEM By ST
shoul déefregssanegr ﬁlagél@dmly%wloﬂéw apghionshiest 87@A Anduntinpeiibs@rarly from
conneot gy g S0 BR0chifc BB BHEA B56 séconf apdhop el BFIA amda {1 r st and

second sewind uibdmd 893€, ex&&dj)ng&j’e?orﬁi the fivdt afbr 86E 875 BRAlAPEed b b&\ A and
872A. Ez?g qﬁFacon uit 20A anchor sleeve 870A, and connection SFeeve may
d

be pre SbeadsSHC areoinpdiogethpr bﬁcmnprSMewhnh v alsd stachedsui t abl e

st r engtideat@af ddiy t e n a 35 centrifuge
(one sucﬁ pr ef erre#gmr]r%t g'rhlégllbs M%‘fﬁlw&? ‘E‘ﬂ'i‘o#b Aspdare 500A and
the apeienablylphaed 08di0ke mg;onbehm taﬁa&&h&ﬁﬁ%ﬂ@Wﬂﬁuﬁd@ﬁ@ ARASseSUCh as

for ease of manufacture it is preferred

dh t
ta hat(:a Slt ﬁﬁ“éé\'r’qﬁ%%etqr}g‘?? ‘%‘%E%‘é"s@@hf% EHrS0). Fhe megions seheee BT 0Andt dmaneiol ded

h ETT0A arioT80 48 d 49
g(r)\ctrlore7meve 870A cglrf:g? ?%gcém W%gg&su@%ﬁﬁ%ﬁ}?ﬁ&%&#%%@’&P&B‘?lg%nd 873A

and se&pfgreed sensitodail d@‘mgﬁhlgh\smad n'otalluma V37§ Abs paraldltwig®e chugecond
condui 20A. (preferably by overnol ding) and
i ncr eaglé@ﬂglﬁ%g%d% ve e&a%%I%ﬁ’“@%ﬁ‘“@@%‘ﬁ@“é@ﬁ“&?ﬂwd Spaced

di st al psevénte nmncmacfame anni dirStaBof: Ol G
per pen&eCuI arly from bodyggﬁeg z;ng of ea%ﬁmé/‘ﬂbscf,}esé}tmd&cklmg of

external conduit 20A in'this region and act as structural elements to transfer the torsional
stress to the anchor sleeve 870A.
[00110] Connection sleeve 500A comprises body 830A having an upper sleeve end
831A and lower sleeve end 832A (FIGS. 46 and 47). Lower sleeve end 832A has sleeve
flange 790A and a plurality of protrusions 843A, which are sized to engage indentations
484A on the wall surface 482A0f lumen connector 481A. When the bowl 10A is assembled,
a fluid tight seal may be provided by placing o-ring 791A around body 830A and
compressing the o-ring 791A between flange 790A and housing 100A. Upper sleeve end
831A is adapted to be secured to external conduit 20A. Referring to FIG. 46, 39A and 39B,
connection sleeve S00A is secured to bowl 10A by means of sleeve flange 790A and is
adapted to fluidly connect conduit channels 780A, 760A, 770A of external conduit 20A to
bowl channels 420A and 410A, and chamber 740A of bow! 10A. When assembled,
connection sleeve 500A is mounted to lumen connector 481A (FIGS. 39A and 39B).
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| arger dianmeter than the body 877B of the anchor sleeve 870A. A plurality
of ribs 877A having a first rib end 877B between the collar 886A and
second anchor end 873A and a second rib end 877C extendi ng beyond the
first anchor end 873A are attached to the body 877B. The second rib ends
877C are joined together by a ring 880A, which is also attached to
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condui £° g‘%a Sg’%icﬁ %?Aéﬁ\tg@lﬂﬁ% ang@?l?ﬁéif’cng%ka“@?éﬁﬂﬁéémpdﬂﬂeglﬁi@ne4mwdmnnect S

bowl 1%11@9&@@@43236&1&9&%6&&9&%&* Rt rouﬁﬁg%rti@bﬁ?t atabl e seal , which
‘bet vieen

woul d ot herwi se normally be |ocate ‘and connection sl eeve
500A. 13ka - | Eomnestion slet veoi0Achalgse sk etbrhabeshdaR 208Gb bW $0£eve  500A

gﬁy 00? Ifﬂrf]]rs 1ﬂ?]gdl§ gc?%n%é@fgd%xggrﬁgl&ogéqigﬁég] %lgl%l% n’hg(r% ?ll;ltgs{]goltjl;g]tg;l kg]jal;)lrgs ega{? L]ﬁ',[
fit wi finidB00wb beugplied RshateetinalRohhal 2001 b ION. SHARAG! MRy eeve 500A
connection also enables separated fluid components b, 820 to be removed from bowl 10A
through external conduit 20A.
[00114] External conduit 20A has an approximately constant diameter which helps to
reduce the rigidity. An excessively rigid external conduit 20A will heat up and fail more
quickly. Additionally, a constant diameter conduit is cheap/easy to manufacture, allows easy
experimentation with connection sleeve 500A and anchor sleeve 870A sizes, and allows
bearing rings 871A, 872A to be casily slid thereon. Preferably the movement of bearings
871A and 872A will be constrained by first and second shoulders 882A and 884A. External
conduit 20A may be made of any type of flexible tubing (such as medical tubing) or other
such device providing a sealed passageway for the flow of fluids, which may be pressurized,

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

II. Permanent Tower System




[001121 As illustrated in Figure 46 and 39B, sleeve flange 790A has a
bottom surface 847A that contacts with top surface 482A of | unmen connector
481A forming a tight seal. However, |unen connector 481A has a plurality
of indentation 483A that provides for fluid comunication between
separati on chanber 220A and bow chanber 740A, which, in turn has fluid

comuni [8118n wi tFHGe dRdhistrareh sowee kystoil 2006301 ) | l.ned by
851A and topysurface 48‘5%1% ﬁzﬁqéyﬁi)eegﬁ%{reﬂgﬁlA,

| unen n@unti ng. recs& é

excl udi g PRESSBRRE) BISER Bt haadware it resgiviey thervadives Gvicks afi gh@apierests kit

pl ur al i 10000§ucR® | 434 t om sur e 847A of sleeve flange
790A en agegcaﬁgtcgﬁ%gg%%o |ér?1 (ralr‘fpa P%g}sobzl A‘?CBIf'afﬁgFego q@érb&ce 482B of
| urren cg?WﬁéémemPenfm the walvidg Nangpihg, ARl obérhll cbRABH LR dﬁ%‘?f’ﬁﬁf on sleeve

500A h to secure externgl conduit 20A to bow 10A, thus urdly
connecﬁ(ﬁ%ﬂ%%é‘rcﬁ‘mos RRRtePhesaiskit 10R Towar syskine 200Qpaifamnbiofiten enabl es

fluid g " i it 2 bow 10A.
bl 0 ooty oneTahdRA iU F R he SRUM PoRMY BB
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Simlarly, is fluid connectio enabl’es t conmponent s
b, 820 Breler; fererasrplé n procossar of I0circuits caighedas afiof e @By icodiAnedt001141

Ext Lty . oxi.mat el tant di t whi'ch hel t
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cheap/ easy to nanufacture, allows easy ‘experine
sl eeve ™ %fr?ﬁ“&?ﬂ!ﬁ‘éfﬁaldﬂmw@n(Mamm foremdmaplel apheresibass progerly Ngs 871A,

872A t afAsH o | reon. Preferably the novenment of bearings 871A
and 87 Snuaifs de Sofoilel G EinE SPme Q6 1S COBPRACS oLl der s 862A and 884A

Ext er n§00116pndui ToR@Asysten De00tRE @ HRhsias Kadi¥Psn o ' such as
medi cal tubizgga r ot her 2such devi csela%r%\}i%)i ng‘g%ef‘i’%@aﬁgggg%gg\%%y for the

f1 ow ofORIH 300 hs a sen 2201 cad a Hottom 22020 Wheels 2208ager voi r of
; ' di s abl e and steriljzable. 11.

ey ran b s UG U R C PRI oF DA Harles PAOB] e A Sy 200 &t mibiooo.

Tover 89deanmagilpbe movechomeoomne Rom (r a BospitMALB S m&labgz G of

har dwa h ecelves the various devices of photopheresis kit 1000, such
as, cagvzlg%l? g&qjiﬁﬁ,p“’ioﬁ%é‘?ﬁuﬁ’tqBﬁe@ﬁﬁﬁt‘}@ﬂo?ﬂg‘fv easednsteating andymanoweridg (Fl G

1). TOWerS%/ﬁétﬁMoﬁoppﬂﬁlef'ﬁsé ie{@hz’% agﬁ,g?%rgaﬁg ?g@fggﬁg&r all_gontrol

and drive of fluid flow throug | SPOS Tower
syst enfledk0F0Bhesbillnstraied indfIG; P2, builethessmisge FIG.LLY| InfRIGE 1 7. QAssak: 9166 iscal | v

t hr oug r rl rogra controller, for exanple a
proces is?)(e)l? &P(;(r)ruﬁ? go@liorl ?ﬁ% i, 5@0 L%’Fgﬂmf%fw g&&% ypo haschaoks ot ifuptraied) oneties. Wil e
2e 2 g}/votr:]bmltpaaglr;)toﬁldﬂg tplasihatcolectidn bag 51 ek ﬁ’éétﬁfen@@a%%oqn%ﬂ%ﬂf "Sith RobilSr 2Py

can be located anywhere on tower system 2000 so long as their positioning does not interfere

with the functioning of the system during therapy. Base portion 2200 has photoactivation

chamber 750 (FIG. 18) located behind door 751. Additional hooks (not illustrated) are

provided on tower system 2000 for hanging saline and anticoagulant bags. Preferably, these
hooks are located on upper portion 2100.

[00117) Photoactivation chamber 750 (FIG. 18) is provided in base portion 2200 of
tower system 2000 between top 2201 and bottom 2202 behind door 751. Door 751 is
hingedly connected to base portion 2200 and is provided for access to photoactivation
chamber 750 and to allow the operator to close photoactivation chamber 750 so that UV light
does not escape into the surrounding during treatment. Recess 752 is provided to allow tubes
1112, 1117 (FIG. 1) to pass into photoactivation chamber 750 when irradiation chamber 700
is loaded and when door 751 is closed. The photoactivation chamber is discussed in detail

below with respect to FIGS. 16 and 18.
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system 2000 is used over and over again. Tower system 2000 can be nodified
to performa nunber of extracorporeal blood circuit treatnents, for
exanpl e apheresis, by properly programmi ng the controller or by changing
sonme of its conponents. [00116] Tower system 2000 has a housi ng havi ng an
upper portion 2100 and a base portion 2200. Base portion 2200 has a top

2201 ant90a18jot t onUBEGPortldhex100 i26 e EBp bREPHrEGEH2 50, Leriffibe LiFuRP! L O
Ire an

2202 of S ortion 2200 so that tower system 2000 1s no can
easily %ﬁﬁ@fg‘dfgfsﬁ%ﬂ?ﬁt%m yrper pRstien 2100 bebanst ceatrifogd ¢hianher Bo@f 21030l v, t he

front @bRe r hMpLabl e . vertical axis to allow ease in
st eer| ng angu%ﬁéﬁgﬁs’/%rd?ﬂgﬂ@o@g? %Vsl@%% It GRSFALOTIR g ingeatrifies ¢ i on 2200

has a t 2Hend 20ehitoatiragy problen. Wilklok 3ABGs chiRibictkd k‘}_f&tg@wﬁc&“ FI'G
22, built therein (see FIG 22). In FIG 17, cassette 1100 is oaded onto

cont r ol "FERK IO Wit ¥ forses thatrmapboexerted op dsfroro ek ecdidartt dutihgst r at ed), or

ot her @Mk hSwhidIP, : Lon bag 5 d nt bag 50
therefrom Such .hoéksczﬁg.g%teg&el@’?%@%@%Ibgﬁril\%%sg%&%ﬁe#g%?né@%ﬁooo so | ong
as t heiBrefsebly, ivaindowy 200%is construc mﬂdﬁimer-pmotfglatsélenwmmymgeag the system
during ctopﬁé?%ly' Basgpéport%ﬁﬁ Zégo has phot oactivation chanbéer 750 (FI G

18) | oCat ed FeRiURECT gL on 00 ard has amaptpmptic lesking saechanism that isattivated by

pr ovi dabe ORtenO¥SItros¥ SRR f o] sal | n t.i goaqul bags.

Pr ef er abl f/m t hese hooks gzs?g@rlno{%glt.% H'onbggtpp © pgjrnt |Ig2n fﬁg{sc'%ﬁﬁfﬁ%?w

Phot oadR imese defail sitdhreswwectas FIGFI%G. 18) is provided in base portion 2200 of

t 200 t 20 bot t om 2202 behi nd door 751. Do
751 1 s T oy PraRtatEE Ber BRon ES oot on b 5ber 2908 ofcbape g d26at arccess
to photneacthé frahi affsysteaoter MQVIQE:QJPBS:' lfc%rh&‘(\zi s Q%B@i‘hg @Bgvgrgcﬂn%ﬁ%% .

phot oacti vatjon chanber 750 so that ght oes no
sur r ourPar4ay %pinﬁﬁ' the ear abtewer ssteos 20005 Thisaliowethe opertior ahdyaiocdsbes 1112,

1117 ( bfgroltecit - | vation chanber 750 when irradiation
chanber 700 1 s?%(gg‘g@%é gﬁglt%%ag%%ﬁ?r%&f’ SPURIE aceessriocepidigraehampst i on
chanber10b By designing tiwerdgiterh 20008 ioie the RnfrEs peRaniter 21655, dougRy 18. 38
[ 001181 H%g} ortion 22’120 Is | ocated atop baseé portion 2200. ntrifuge
chanbe® 0@?11 avirg the photoagtivation ghamhes 750 and desk 12000n baseipodianent ri f uge
chanberR20®ah udfilk: co 52,%&' gggh‘ggﬂpb 0f,.2102 h W ndo 2&03 SO an
operat or can gegﬁi n cent I’(;)[I uge cha S{asrugg’lsgitegntaw %q'fhot?asfacf?‘xv%ﬁ probl ens.
W ndowfootprintisizeciod sakesiup e dedmcedambas of viluatle heg@dbNodQpiid, MefeaRthheBy f or ces
t hat xer. on.it. froman accident during centrifugation which can
t&ﬁ (VST rﬁﬁﬂ 1 sl SRPRS

rotate the Centri Fanaipshelay siutpiaghes spdbat one yiesnis agbed d whenef er abl y,
Wi ndowtraddprirfg thOHAERIHE ki@ the H8it? Forl ACTead! AMitiohAV, nadAg desk Mghoed! Y

in a fairly horizontal position will provide the operator with a place to set devices of

photopheresis kit 1000 during the loading of other devices, facilitating easy loading. Tower

system 2000 is robust enough to withstand forces and vibrations brou ght on by the

centrifugation process.

[00120] A monitor 2104 is provided on centrifu ge chamber door 2102 above window

2103. Monitor 2104 has a display area 2105 for visually displaying data to an operator, such

as, for example, user interfaces for data entry, loading instructions, graphics, warnings, alerts,

therapy data, or therapy progress. Monitor 2104 is coupled to and centrolled by the system

controller. A data card receiving port 2001 is provided on a side of monitor 2104. Data card

receiving port 2001 is provided to slidably receive data card 1195 which is supplied with

each disposable photopheresis kit 1000 (FIG. 1). As mentioned above, data card 1195 can be

pre-programmed to store serve a variety of data to supply to the system controller of tower

system 2000. For example, data card 1195 can be programmed to relay information so that
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connected to upper portion 2100 and has an automatic | ocki ng nmechani smt hat
Is activated by the systemcontroller during systemoperation. Centrifuge
chanber 2101 is discussed below in nore detail with respect to FIG 19.
[00119] Preferably, deck 1200 is |ocated on top surface 2204 of base
portion 2200 at or near the front of systemtower 2000 whil e upper portion

2100 i sthexystendicnotrelfereanedsarm( Daba tho@kpdsable PRABoAGRL L B Jigwer
system &'%%?QOQT is allows the operator e%sy at%ces]sJ tols%lgﬁstéoo a&@%lé"’ 00

per at or,
while s G&AyPEePnty Which fids beiag inaded; 42 xtbststhe phatepharédisigieisc hamber
2101. Byapasieic8Ri : . e the.centrifuge chanmber 2101 in
t he upperpdﬁ pg??{dg%]g;@g%ésé%g%%gt\%eﬁgggﬁésgpﬁi%éhleiwweE ppfisresisSit snd  deck
1200 i nofipegsatajpdiraicomem@@0fiakea Daipcard Mcepany het2a01 IR theSnRERLEMEIIwAS Ssuch,

system ver %&00 hﬁ% a red%lced footprint size and takes up-a reduced
amount B¢ VEPMEAHP 8o &l oMy ad Whikccdata thdath eargH1 98 Prefgrablymdtovad 2000

r emai nsreb@Viaw psire2el Wit s b8V B rgct ed. when
transportin gItphe machi ne aﬁ%ﬁ&ﬁ%ﬁéﬂ%@pj&@%‘ﬁo cfaa}?ﬁr‘tlﬁgﬁ'e ‘chh DFnatihal | y,
havi ng @@ancladedfor exaraplé, ziollegtionaimes pediiettiqiodliimes) tehtmenPtimet d81imgrHoPer at or
with a to set devices of hot opheresis kit 1000 during the [ oading
of ot he@‘@ga\??scgy 5%’ maﬁﬁf“ft’r?gs’éﬁwtb%ﬂ iththe presges: or agyetben desized datar obust
enough Whilpiith ehrdieceiAhg Bort 2064 i dodham i op. by, the  centrifugation
process. [001201 A m)ni%gr 21.0.4l ipg&gt?éow e?iﬁlgdrtgéie)‘rlﬁl?? utaaelo‘éﬂmwrﬁffor 2102
above AMAYH sy3teoB2000t0ilong asit B4ohplsd t e systay catitelle? bPBthbOipprbsiitad | Y
di spl ayéoHQolqﬁéa?lato an operator, such as, for exanple, user interfaces for
0

data entry, adi ng instructions, graphics, warnings, alerts, therapy
data, or therapy progress. Monitor 2104 is coupled to and controlled by the

system contA.oPh@oactifatival Ghanabiedl foraeREMin}Irdiation @8dmbs, Provi ded on a side
of nonitor 2104. Data card receiving port 2001 is provided to slidably

recei vogi1q car Relkfh | [ [ ] . h..di I

phot opher esi@s Ki t elOOOg?%rglFE?S.'Sigs%lrjrelgﬁﬁé&ﬁ(se%ug%go\%&hgﬁ'ﬁrai@d?gl%fé@dcan be
pr e- pr G FREhicglen Bhatpastivatianschamberr 758t iy f@tned dydobising 756 Hoﬁﬁxéé g6 figsst em
cont r olyl:ax r stem 2000. E anple, data card 1195 can be

progr anmed. ?%e &’gﬁg)f) 2.’?#‘ 8? ﬁﬁY"F 8}‘??‘7596 ngé@g@% 73} &FKin1d b nPhatpacsivatiom
ensur e chqribert75@has HolugiIRPesabitacs ! | drobi o] {th the
bl ood I ve agqui Srregtu [ n{ao V\/nitc(r:l ir‘_}tgﬁ[i%ghﬁlgﬁ%ss-{égaﬁdg{g?ef§€B?%1Ha‘?alfﬁé4'

phot opHefE&as conection pasts 758 aee dectricatlyicoypled & alsmircecot deceddalendrgpr ocess; ( 3)

Dot a cand RaRaRar hiee TR ISR GiocileuTalier iy 554G 19 cui 1y to
bot h r dékndatipldadedrint@pisbtodctitatichashamber 75@&&&1@51%&&%@-(@ iﬁflé?fa?éﬂ&y’ data
iigg ﬁgﬁhﬁhggﬁg{%ﬁ?&l ofV\IAJ\le’L& lirg?](t: gsrsgmi[)]rye%tgr}grrg artl Qlirst?i?:g] co?lzlgct;[o?l wig;[ @ card
electrical connection ports 753. This electrical connection allows electrical energy to be
supplied to UVA lamps 758 so that they can be activated. Preferably, three electrical
connection ports are provided for each set of UVA lamps 758. More preferably, UVA light
assembly 759 has two sets of UVA lamps 758 forming a space which irradiation chamber
700 can be inserted. The supply of electrical energy to UVA lamps 758 is controlled by the
properly programmed system controller using a switch. UVA lamps 758 are activated and
deactivated as necessary by the controller during the photopheresis therapy session.
[00122] Vent hole 757 is provided in the top of housing 756 near back wall 754 of
photoactivation chamber 750. Vent hole 757 connects to vent duct 760 which leads out of
the back of tower system 2000. When heat generated by UVA lamps 758 builds up in
photoactivation chamber 750 during a treatment therapy, this heat escapes photoactivation
chamber 750 via vent hole 757 and vent duct 760. The heat exits tower system 2000 through
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can include for exanple, collection tinmes, collection volunes, treatnent
tinmes, volunetric flow rates, any alarnms, nmalfunctions, disturbances in
the process, or any other desired data. Wile data card receiving port
2001 is provided on nmonitor 2104, it can be | ocated anywhere on tower
system 2000 so long as it is coupled to the systemcontroller or other

appr opr foaee housingt liodé 76kEosted i thPRQk BRRIWeY MshR 2 Recel vi n
I rradi a]{bi on Chanber [00121] Referring nowgio FI @2%95&@%@‘5&11@9
phot oact'F PBY @ chanber 750 is illustrated in cross section.

Phot oacfigpyzd3i on . | r housi.ng 756, Housing 756 fits

within | as%ﬁport ion g%&;@?’ C?]%\lllvé% @3?%?86’@“5%%&7%@ reSIVifg| G, 17) .
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753 pr oyded ack wal | 754. Electrical connection ports
el ect rioicsgr f‘gﬂfggﬁgff‘eﬁ%e% thshntiom of phefasetivationichamberdi50. PRifetabhg hilaskt i on

chanberdefdericic@ie e : ' L,ght as 759 (FIG_ 16). Wen
fully I gadeé Ci nt g’%’ﬁg%ﬁ?ﬁ%ﬁ%#ﬁg%%érdgt?g&nyiﬁlg{e#wa AR ghamber ot

i | | ust r0algying, beere cut after omemationt Lwak Heté&ibr cifcuidvis2!ha8 o assstak YarfGed OF M an
el ectr iiﬁ%'U %zct{ gn Wi t el ﬁg‘t‘sgl cal connection ports 753. This

el ectrical P8R AR 1 64 flex cigchity dhe elscedes armgdsigndd twalldwh | anps
758 so fb lititen cfanhbe i ke | ectric connecti on
ports argqigrlovi ded for gg\g&ﬁt ésbzttmgﬁ‘)r cﬁ%;@kﬁf@ﬁ%%’ %?“Wégfb?%‘f 1S touvA

| i ght 2adategmsiof cimsuit while theothartend of eadtikldcanpsis tred 1 akolidigtai sKBREE THBI Ch

I rradi atj; o r 00 n pe inserted. The supply of electrical energy
to UVA%%%? &t}gﬂglﬁsc an é%??%ﬁ? 5&“5;05 fRatinwity,plthe gleg amyedosiygsthe wwitch
cont r oltheelecigidegare sEdvtddaB - onbMiothd e (RBerdfe cﬂﬁﬁiit uihed c@&qhe&g) ctivated as
necess?ﬁ%,bg the_controller during the photopheresis t'herapy $sion.

[ 00122 the Sl sauspssa gifugtiprieqhivalent e thempecarbdésopestingwdia®e N8 Riakpapk wal |
754 of ' | 50. Vent .hole 757 cqopnects to vent duct
760 whiilfctﬁlt%I l@fgg%g&ég‘é?é %a?ﬁhgté ? grp%sfc‘ﬁzyo&et C(S’%BP“‘QS,%‘F&%%&{? Thie ks arositivgener at ed
by UVAindietion 7158 thieuiléotiodesare Rot duinige@CThi Mst Bih S RREH '

, : : e%@%t})lqﬂﬁéi g a
treat mentt therapy, this heat escapes photoactivation chanber 0 via vent
hol e 757 "4R§alfain orpgapdiegily during nesmal eperation to arsurethat lesk @060ionkvirouigh 40 |

t ower hﬁﬁﬁ@&kﬂ@'ﬁoﬂa@% l[%ﬁl?‘h@tgct[dg &i@@ﬁﬁ%‘ﬁ?@% 8‘%‘%%@’?’3‘% tem 2000, away from

the patient and 'the oOperator. 0 9750 furt her
conpr i Yaroticed derimsa éntire therply sessipn bieta1R6 ittt e AERBARrc TR BiRsho®! di,ng

i rradi at.i i N, an uprd.ght position between UVA | anps 758. TracCt 762 is at
or nearglteh?uigalb% ffrﬂ?ﬂcg‘?f l%}lfd;[egegg{r CStt 692 Sipaovided inddG. 29.ef erabl y, a | eak
B. Centrifuge Chamber

[00124] FIG. 19 illustrates centrifuge chamber 2101 in cross section with the housing
of tower system 2000 removed. Rotational device 900 (also in cross-section) capable of
utilizing 1-omega 2-omega spin technology is positioned within centrifuge chamber 2101.
Rotational device 900 includes a rotating bracket 910 and a bowl holding plate 919 for
rotatably securing centrifuge bowl 10 (FIG. 1). Housing 2107 of centrifuge chamber 2101 is
preferably made of aluminum or some other lightweight, sturdy metal. Alternatively, other
rotational systems may be used within tower system 2000 such as that described in U.s.
Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00125] 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
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detector circuit 763 is provided belowtract 762 to detect any fluid |eaks
i rradi ati on chanber 700 during, before, or after operation. Leak detector
circuit 762 has two el ectrodes patterned in a U shape |ocated on an
adhesi ve backed flex circuit. The el ectrodes are designed to allow for
application of a short circuit to test for discontinuities. One end of each

el ect r odecuitdk62 described abvee Qrd1EEri€d] sStdntaritdie f each
electrode js.tied to a solid-state sw tcahl. T?u%ktdggfﬁt}f?ggcé’?eﬂg\g\ﬁch can be
used t oPPHIER B BIG.-@dntinuity of the el ectrodes. By closing the switch the

el ectrodes are shorted to one another. The integrated circuit then detects

the short. & efliggidw {;t causes a situation equivalent to the
el ectrodes getti ﬁg wet é??tw’e“%&g leak). IN If the electrodes are danaged in

any way, contgd.nui check will fail. This is a positive indication

that t Mie#ﬁct roa‘&e@ Z#X“‘H ?teaa%@édﬁ#ﬁ@ of gawersysem008 (FIGF. dd)wishowt t i ne

at  sysi @Rsetiedn00 Waded thefbh O I ' tion to. ensure that
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| eak detection circuit 762 is working pr eBYMBIESP AR it 762
hel ps dRdlfive apdrgantiobHuid fipw tooughout phutphiersis kitui000g Pedierably| d&:k! 1260390

sessi o ak detection circuit is damaged. An electrical
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devi cee[900 i ncl ugeggg@%b%g&lgf%f?&mﬁowhﬁg%éo M5 FQTBIPHY 919 for
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sturdy § ng tiopgh plate 1402y Pugps 4301-1 15-ar¢ avranged patplate 1208 sdoihatsheh wi t hi n
tower SYSkeMARGO deli2 Pipé ' ' Pat 3,986, 442,

whi ch is expressl y&"idﬁ{lglr?%or at %2 he?é]il)éri:&g(i/d‘ B%#{g?%ctgg?sﬁnitngﬁgﬂte?‘?eé‘?y.

[ 00125 PVerank ageundquimps 1301-d303 (BIGOB5). s provi ded on back wal | 2108 of

housi nqmﬁjzgi Lzﬁk 'ga%rlection ci rcui 106 is provided to detect any | eaks
wi t hi nTeentt i f ugéhBuRblesner assembly g i G Tseser asomblygl 205 seeprovidgd Leak
det ect ioaplfié 1208, tAi2 bAGbIE Seri ' r jreuit 762

descri bedIp above. An el ectrisgﬁﬁgirgﬁgr%gt@?lég%frﬁgggﬁs%gtlgééf%rlnmg‘:i"r"@ﬁ|'{%85106 IS
provi ddd14,11P6,and 1119 FIG-R5). dAiFbabblCserisonissdetly 1209 b26]ulirdsGnic2Aeidyltest r at es

contr ol f [ m, 2000 ( FI 17) without _a cassette 1100
| oaded H%ﬂlz@é%%g@%olﬂt %%@%%%E@tégbdﬁérwéw AUt Bt yer)d pdicateithsi ng so as
to dri peseme ofairtin die liquid fluitit Al Pagimsiherrbaph efiel 1114, 1166 %0

Pr eferi?ﬁ/, deck 1200 i1s a )
are monitored because these lines go to the patient. Air bubble sensor assembly 1204 is

operably coupled and transmits data to the system controller for analysis. If an air bubble is
detected, the system controller will shut down operation and prohibit fluid flow into the
patient by occluding tubes 1114, 1106, and 1109 by moving compression actuators 1240-
1242 10 a raised position, thereby compressing tubes 11 14, 1106, and 1119 against cassette
1100 as discussed above and/or shutting down the appropriate pump. HCT sensor assembly
1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a
photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits
data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red
blood cells in tube 1116, the system controller will take the appropriate action, such as
stopping the appropriate pump or activating one of compression actuators 1243-1247, to stop

fluid flow through tube 1116.
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separate plate 1202 that is secured to base portion 2200 of tower system
2000 via screws or other securing neans, such as, for exanple, bolts,
nuts, or clanps. Plate 1202 can be nade of steel, alum num or other
durable netal or material. [00127] Deck 1200 has five peristaltic punps,
whol e blﬂlci)lOd punp 1301, return punp 1302, recirculation punp 1303,
ant i coaf¥iast punPediSD200 Atchak Eidele E ding through
plate 1202. Punps 1301-1305 are ar f’ﬁ‘ﬁ%éﬁ%“‘ﬁ?‘%ﬁgg?@fﬁ'ﬁe when
cassett 8%%%?‘9%%& 241 U 2srate gicallp positionmamagilate 120D sdthat @hEn E44086

1120- 11 d 1301-1305 (FIG_25). [00128] Ai
bubbi o S e ofl Bl DA o B s Capiztipy satverorcl2d0iRgT mbd  on

pl at e 1@ighed wiith donbspondmm asFETHnY 11894Ch CHA%. or
receiving tubges 1114, 1%ggémgnd 1119 (FIG 2??@%@%%%@&6@2%%?%@%@y
1204 us&sTOYE RELBeRN lomsregyposision gad p rajsed; posision] As4)lustrabd indBG. 22,19 f or

di ff er egiiisredsid | 242499 Lodicate the presence of air in the
liquid flutds r??ﬂn%fﬁl%@is. ng ‘%ﬁéb%fﬂq‘*?%%ﬂgws%ﬁ?@@? CORIPRESSIPR GguAtoRsy 1119
are nonl249r1@d2 eriankerdsed positiomeWhen i Hrdided poskiosnd Widn AlRRL §1GERSOr

assenbl 04 | ably coupled and transmts data to the system
control lﬁ%“ie%fo&to ‘i??g% as ll]?{‘F“%fﬁP‘é'i FIGyh sp@pression agtuasorsd 24041347 ysll extend
cont r ol thesughiitld cosia eRGkal Lhit fluid flowdn t he

pati ent byggn(_tzttzlcudi_%%ontu o 111%,il 11 ?QZ%@%‘BB“C%@&MW@%&%&@F%

act uat dhat'is aligned withthataperture) thextbp pirichingnhbe fldble bybeCHIDELHRA! MAd chbes: 1114,

1106, Lnst cassette 1100 as di scussed above and/or shutting
down t He éé%&l g%ﬁllg[g? E""b“ﬁﬁ%?"ﬁ%ﬁ SRRSO actyatory 12484247 da netrextasd th@ogh f or

recei viapgrtiied 113MgnarkSY add dis @b chbiPresd thb G xtﬂgmgﬁ%?m assenbl y 1205
rmnltoréeﬁéﬁe 1116 for the presence of re [el) ells by using a

phot oell c sef<wnpression astuatoss 1243147 aye §R0fF resacddo thpetheibdyrageupl ed to
and tr A t temcontroller. Upon HCT sensor assenbly 1205
ot ect joariop s o e iBhe R ToRITLE Mt scti¥itza - BoBpieraion apglossdm

cont r ol1247 azei ihdepeadentlyRenwglpdcnd icat Be el TowsHE md%gendéhpmnggﬂgtﬂg
approprd at e #urrp or acg?l‘ﬂvatl ng one of conpression actuators - r247, to

st op Riesiopactugtast L0142 onithe othephand aregiupBddhgd BA0 Axl snoh,vetsenf | ve

cConpr eghk @ ] . thr . C ression actuators 1240-1242
strat egi caﬁpgﬁgéc@? ?cirt%arﬁélzd on%ggsgﬂ%'%\ Oggalﬁﬁigﬂpe\,ﬁ@q TWQSORPISSSION 100 | s
| oaded agiaigr -1240 Gref abso Joperedtin eaisedeRedrdifglye ommﬁdlgnc&ﬁmegi&{ S
1240- 1%é}tzatalr,se]&4glali1282ed with correspondi ng apertures 1137 and 1157,
Corpr eS§AR A Uaror 8C1SPHRS jonded so that %@“%ﬁﬂéh Ppeitigr isrfoandveve thedrajsedi t i on
and a Ipasiiesl TRS! it sys@n lok | ‘ ression actuators
1243- 1?47 are in the Iy(_)vver edést)b(?gcﬂiﬁnéa%gﬁtamfg%?& g(%ﬂg%fsﬂ%q %qnéaﬁors

240-1242 will automatically move to the raised position, occluding tubes 1114, 1106, and

1119 and preventing fluids from entering or leaving the patient.

[00131] Referring now to FIGS. 23 and 24, deck 1200 further includes system
controller 1210, cylinder assembly 1211, manifold assemblies 1213, pump cable 1215, 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
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1240- 1242 are in the raised position. Wen in a raised position, and when
cassette 1100 is | oaded onto deck 1200 as illustrated in FIG 25,

conpressi on actuators 1240-1247 will extend through the correspondi ng
apertures 1137 or 1157 and conpress the portion of flexible tubing that is
aligned with that aperture, thereby pinching the flexible tube shut so that

fluid camtmotier 1218s Ii 1tia§sehnﬁ:y 121k ek X8 SHob Lon tuators
1240- 1247 do_not extend through =~ apertures ?fgf an%&l%ﬁ%ﬁér?lgpﬁo 8do

conpr es aEH%I %iﬁiﬁﬂéh platsi 1292 ll[qge%se}pll@aliqym;i?plesrl_ZBS;ElaM,miLﬂz-’z?h a7 are
spring ? Sk i a position is to nove to the lowere
posi ti olnﬁu r?laglrgg actl vgglé(gﬁg%gﬁ%rozg%#%#“gﬂb? BF‘&’efﬂﬁl‘ﬁ}de‘iﬂqa@ g0 that
i ndependiek 1290 cortier setired temeet sy3idde 2000. %ﬁcfﬁch@g‘/,‘%ﬁﬁﬁ)s 'lﬁﬂf-ﬁﬁﬁjﬁpj&lmﬁ one

4 t her  ha

anot her,, 1 m:}g&ﬁ,l on actuators 1240-124Z on the o nd are coupl ed

t oget hdioles » SPROR assemblYCR9P dis intohola 220 taprbubbleGlete@ti? asemibdyver ed or
rai sed, 1208 €it9inSholt ¥91 | 40-1242 ar | sq_lowered in
rai sed accor di nglg/. A d?ﬁﬁgﬁgﬂ”gg‘:@%ﬁ‘%ﬁ@@&% ¢ tg?‘ﬁg‘l'?ﬂ@%dgﬂi@dare
spri ng hobagrend threughtholdsei22] deseeutetdepo 3200 @nolver is3eiBly20pg, t he rai sed
position. Thus, if the system | oses power during a thérapy session,

conpressi on act uat oLs 240-1242 wi || automatically nove to the raised
position, occl udﬁng&ﬁfﬁ%%é%ﬁﬂgzﬁlf@)‘wsﬁhd 1119 and preventing fluids from

enteri | eavi ng the patient. [00131] Referring nowto FIGS. 23 and 24,
deck 1 r t herRefeTEng AaY te FiGS A2 and 25y thelnasthdPhwhizhichssdas 18005 bl y 1211,

mani f ol ' cabl.e 1215 tor cable 1216, and
timng lgaedlé taaggggechn&ﬁ yt&%%?lﬁg;@glen wc%en(giﬁcd]lsf’eélf li‘ing‘i‘%?ﬂ)%r SYsteMAOP 1t perfiprayr ammed
I nt egr atphtapheresis thetdynt casset(1d00 aiust Bopabadly lRddd \énth BEASFRIY HpARQReNt s of

the systemto performall| of the functions, interactions, decisions, and
react i of SIPRIESOBACHRIRS yalvipgsysteriaserpyrated ip dhef presenbinyhtiopitds esi s t her apy

accor dijfgerafivd 8t REENEA 106 wg@%%“ﬁ“@#&h #g?ei{ ]cﬁﬁ%@ H?‘lﬁé ﬁ’%& 1 %‘chou | es each of

conpression actuators 1240-1 ts 1212
are pr diFlezad sihen hemprsiionactedtend 346-1247 datidelpdPRoma S RRCESSIHE Yuﬂiﬁ%b)?onnem
13.7 As

[ [ i . i dth I at f ifolds 12
Such, - S5meleRhihe e SRS Rie g e R0 sgs8k LEMLAIOL . dismwsaes thine
neces s adquireMEMIdETetes WEH the BesieQ¥B4IS DB AR i Pdamj;g c%&%ﬁg gﬁfog?m@glfdé’{zﬂbhese

functi on‘z and timng are control I"'ed by system con m ng
bel t adREFAINGing opcraios emersd Albofdbese gonlate: dchvedbathehel®d désetibéd Ssetel aNPs

1203. Ej.pah 1202 includes a plurality of holes 1215, 1219, 1220,
shthlgipedaiihfh,

1221, an at the various conponents of deck 1200 can be properly

| oaded[00H83] and Roordiets faciBle AlARPinE BN cRSetfEAIND ?PWE 2000.
Speci fical eﬁ’“éﬂﬁ(g‘rs 1301-1305 fit F%t oc hol es 1%?2383—# ’s&eeﬁg%)i?hgggsenbl y
t

1205 f P! Ogfatchop 1208 andiwp sotatingclomps 1 203 awhtd23. 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 (FI1G. 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).
[00134] 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
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1204 fits into hole 1219, conpression actuators 1240-1247 extend through
hol es 1218, and bolts extend through holes 1221 to secure deck 1200 to
tower assenbly 2000. | - Cassette C anpi ng Mechani sm[001321 Referring now
to FIGS. 22 and 25, the nethod by which cassette 1100 is | oaded and
secured to deck 1200 will now be discussed. In order for system 2000 to

f or ml203 bl 223hed asipfedt 100 nust be properly | oaded
bt o deck 1200 Bocaueb ol T RoH assEABRCiAR hines BEtfiming g 26 ender

i ncor porHtEENt FnsipR taxngsgmand miatenthe ootatioral tr:]l&?iprlma %} iy {hQﬁS brgﬁ,gs efj t \ih 1100
be prop ; u ck 1200 not shift or become dislodged when
comgr es gtigdgﬁmgfgtah g? g’,“é %Rtgﬁ%ﬁ%'ﬁﬂ‘?s 52@1 Prxids sasingsrfor tfe totgwe Sprngshha térgbé ng by
conpr esHitatipnahdarhpe1203 @dtiaks Rha gRis@Phogiper 1130 of cassette 1100 (FIG

3). Ho this equi renent conpetes W tr the desired goals of ease in
| oadi n\sﬁ%iéss]et te ?ﬂfr@m%rhaék HeEloSL 28 @nd a6 dvhedosding c 8@t 100 dafd k- A | of

th D200 hev y..the hel o | bed cassette clanping
magfl:nigsm ’;%%éf%h?%@?@rat oa?gif(':h &?gﬁg%ﬁ%ﬁpﬁélﬁam%.m@& to deck

1200, RhERed 30 cshept20h daskont 100 WanSRUSR: 4405198 Y Ghabl et 2T

1203 a 1 . s 1208 have a slot 1228 near o

pl at e. qﬂ%"t%@‘&‘* @B‘%flﬁw@e&mﬂs 1393pﬂ11dt16232@:2in|éll|1e cmf]eaqﬁmromaﬂﬁﬁ%h@xﬂé.l tions
so t hatThehearsiTakd Sdsdpet i s substantia the same as the spacing
bet ween tabs 1102 and f\{ggnbethn%%dsee%pgs%’fgﬁt#ﬂ 2 anyd 1393 gentagys cl anps 1203

and 1798tigpad clampsd2PAeedi1223 @ 1ahs00d 2RI 163 88 befn@YREREd ,[ gai é}atpi ?g%cl anps
1203 angl 4,223 G H rotajed to an B&en posi tion~(not i 1% 5. )

manual I'y’ or tlgﬁr@{]be %Pﬁ'é‘w Sheasiedtedd ef?labﬂnaifclmll)psﬂﬂﬂﬁmad 1823y peer . t
Rot at i tekda Q i | a torque springs so as to
aatorr:a??t (E:l.al I‘mfﬁeﬁr %o?gg%’%gi}f s@%%gﬁ%s%e “"&»ﬁ@ﬂ‘ Fave a%ﬂawafﬂdﬁwe i's not
bei ng &EPHPRbelowHedaes i1A31 @ﬂmmﬁsnialmFrnl R0f3%33.1323 d)h&‘&?agt %ﬁ%qq%grip%h Igm ng
belt a - (H 24 ef erring now to , Ui

bel t a?iﬁﬁ'iﬂ‘%’%m%@#p@mse@émﬁﬂé gpring bagk from the doree a;ip;iadgayhbg_si ntgs .
1224, &rdue sprgige andaseback td % .asse coordi nates the
rotatign of rotational cld:t g%iczl%g?%u?r?gagg%&sl@?%gﬁme?/]fﬂ’ﬁﬁ%mage-rWihﬁ’@@H, t he
ot her Uk 1¢kef fosition, qapseite d100:ean resistarpmiachamiidictAi€oma® anount. | n ot her

wor ds, [(0aBgL i ona AORS d 1223 are coupl ed. Tension assenbly
1217 egsure}s tha*trot?% m ng ag%ft%%g@%?qréﬁﬁ Y S&§§tonj1g fempleteergatiomal 0 engage

d roflamps 4203 anst 238 armiotaiédonhd iti ‘l}ﬂ%‘] ' i coor di nat ed.
?_gqugAﬁR)r'a@%. hto Si ngs . 254 provi de _cﬁgglinrl?és%;ﬁ?%r dgﬁygfﬁﬂg%ﬂ?éﬁ gs that
torque r (')1# at %ﬁg " Bilartpated Ryanayocylindg that is beupiddosed apdsietangRystA0135]
Ref er r comgrollack2 100 Ork&FotatfonaPBidmpe 12046l 123301 G £assette 1100 onto deck

€ open position, cassette
1100 is removed by simple lifting and sliding tabs 1102 and 1103 out of catches 1208,

2. Self-Loading Peristaltic Pumps

[00137] Referring to FIG. 24, peristaltic pumps 1301-1305 are provided on deck 1200

and are used to drive fluids through photopheresis kit 1000 (FIG. 1) along desired pathways.
The activation, deactivation, timing, speed, coordination, and all other functions of peristaltic
pumps 1301-1305 are controlled by System controller 1210. Peristaltic pumps 1301-1305 are
identical in structure. However, the placement of each peristaltic pump 1301-1305 on deck
1200 dictates the function of each peristaltic pump 1301-1305 with respect to which fluid is
being driven and along which pathway. This is because the placement of peristaltic pumps
1301-1305 dictates which pump loop 1220-1224 will be loaded therein.

[00138] Referring now to FIGS. 28 and 29, whole blood pump 1301 is illustrated in
detail. The structure and functioning of whole bicod pump will be described with the
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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 noved so
that tabs 1102 and 1103 slidably insert into catches 1208. Rotati onal

cl anps 1203 and 1223 are in the closed position at this tinme. The rear of
the cassette 1100 (i.e. the side opposite the tabs 1102 and 1103) contacts

rot at i otfsde Wﬁﬂﬁh@l@&smpﬂm 13021305 are idshtiand Wﬁ&Bbwoefh pIEBO1IRSrted in
cat ches orce i s plied do cassette 1100, rotational
e IS 1310, PDoliSh S LA kit PR 158, anewpmiaactinioroi Suming  ne
rear OflﬁaS(Béﬁtﬁlﬁlsﬂri@ﬂlﬁPIGr@ﬂ? AanpuaRg13% a position below | edges 1231 of
rotatio cl anps_1203 and 1223. Once cassette 1100 is in this position,

t he rot@ﬁﬂmal c|%ﬂeaslilﬂosrqmblymmwmmnummg 315 ardeis i0opegatidepl i ed by

the to r back t Ltion, lockin

casset t %O%ilg%%’gl ‘%ﬂgﬁ%@%’ %&(}\ﬂéﬁﬁ pimotop AS ﬂb ﬁ?&ffl ﬁ&@Y’trP %@é@?‘%"éedl"}flﬁnc an

resi st agovakwialhh3i? dttousihg 1815 b r ﬁﬁﬁ% 140 er the
t her apy sesabgn is conpl e%e r%tsa;ttl gﬁﬁﬁt&gﬁg?prg&?ym an %ﬁ%ga%e%%at ed

to the '8 éﬁWP'Hﬁeriﬂth%wn&dmﬁalalsya@rlaﬁmommemmyotor AB14arat ¢uevedot at i on

is faci hat i S, Coup n air_line and system
control ‘Ib?aﬂr f%ﬁom Oréfﬁg@¥%]t l)f‘ :[H(S: ﬁgﬁé E&Iamlﬁg reBALR0L @gli%g’?gé’ﬂlglﬂ 0l jntogpen

posi t i omhick pemptioap tubd DIR1 (FIG3H) fiedwhyn mmmr bﬁlpiﬂ?g Pa&ifioR bddibP 1%%55 1102
and 1103 o t  of CatChelég%pEB 2. _Sel f-Loadi ng Per altic Punps F‘a

Ref er r i 4P leg rerfrive spatt melaril3I0 soihat @smqtaqg%pam@mpomwddmnammk 1200
and ar qnbyﬁ&qe& Q r Ki t 1) al ong
desired pat hm%ﬂlbhﬁrﬁéﬁéaﬁfé\?g%gwmﬁgﬁ) %v%&%éﬁgif PHPHE ys‘ff’é‘éﬁmeed and

coor di rieanswits daiado systenpcdrerol lEutXii (BTG, 2. Peranallysing itlis dmmg,gte%ﬂ;ﬂgﬁ are
controlf H l¥ ﬁystem controller Jﬁﬁg‘; Peristaltic E‘& 01-1305 are

i dent i cat 01 FHER 1S Aq soupledso.moter 1 3B agi e metas l 386G krplpes fotard3id én punp
1301- 1?@5(1@{,1;6361@{9“0,1@%51%@ ates the function of each peristaltic punp
1301-1305 with respect to which fluid is being driven and al ong which

pat hwayl001H0] s i s Hausingd315 Iabomczlwbanrlnbunﬁg flangesk319t HoupugBange B9MD-id 305

di 1220~ 1224 h (00138
o oy r e 18 ol WHia 1080 AR 13670 pltre 1208 36 100 4565 205 Wbreuet s at ed i n
det ai | .spadificailyl abblisexesided uif@dghcwur}ﬂﬂéaflswmfﬁo&k%@ugg% ¥d trdigigescr i bed

wi th the 45 understandi ngzthat eristaltic punp are 1 e tical.
Wiol e SREE holgspvithin plage k202 blaysing Slnoge biiéiatlsmncbéﬂsa)lnol&&iol shpmeuoat i

o "oy VSRS IAS Y Bh e bl s RIS ek o wi ¢ i n

housi n@ctdms 13tkicinsnove Imp\ee@bi Rised ﬁﬁmmfet&fpdédtidﬂ vﬁinowec&ﬁﬁfe}abléw of ot or

1310. §g |f|c§ , rotor %4|s mount ed W t hi
neumatic actuator 1313 1s activated and deactwated by pneumatic cylinder 1312

in a piston-like manner through the use of air. Pneumatic cylinder 1312 comprises air inlet
hole 1321 for connecting an air supply line. When air is supplied to pneumatic cylinder
1312, pneumatic actuator extends upward through housing flange 1319 to a raised position.
When air ceases to be supplied to pneumatic cylinder 1312, pneumatic actuator retracts back
into pneumatic cylinder 1312, returning to the lowered position. System controller 1210
(FIG. 22) controls the supply of air to air inlet hole 1321.

[00141] Curved wall 1317 of housing 1315 contains two slots 1322 (only one visible).
Slots 1322 are located on substantially opposing sides of curved wall 1317. Slots 1322 are
provided for allowing pump loop tube 1121 (FIG. 33) to pass into tube pumping region 1318.

More specifically, pump inlet portion 1150 and outlet portions 1151 (FIG. 33) of pump loop
tube 1121 pass through siots 1322,




curved wall 1317 of housing 1315 so as to be rotatable by notor 1310 about
axis A-A. Wien rotor 1314 is nounted in housing 1315, a space 1318 exists
bet ween rotor 1314 and curved wall 1317. This space 1318 is the tube
punpi ng regi on of whole blood punp 1301 into which punp | oop tube 1121
(FIG 3ﬁ§$fits when | oaded for punpin Position sensor 1316 is coupled to
drive sii42l1316 Bymipgmew toFAGSs30 a3 1, reter 13kdeis lllbm&htep(asrmnmdcﬁfom ot or

1314 c driv 1 Posi tion nsor 1311
o opor g e on8 b8 Bafhs CunSRithl- s e bl NG Rofordne Tt # P 0556 (1

24) . Byl33ahngtedgniddl 324¢ aiter, flgs 1825, 600 iguidle k6llers 1336 twdhiicdrdifRrs2l 329, coupl ed
to notor 1310 ‘gg#%ctlvate mot or 1310 to place rotor 1314 in any desired

rotatio [(Godepsilersdd2p apd doverollersd 327 aramstatably besusidrabodt ange

1319. f |.0o u 310.to plate
1202 of dec@%@lﬁ@}a%ﬁ%g%&ia%g%@ﬁ Hgﬁelm{ﬁb B%PTH‘?I& g@?% é‘édlsthrough
bol t hobessilluSOedin FIGL29,prds 1300 &t ﬂxﬁdﬁolemmr@aﬂtdr Yloo£TEERAMdREe8SesWM t hi N

pl at e usi ng fl gr&ggéSlQ al so_includes a hole (not shown) to allow
pneunat 13924R patems stirface e Frilerbi26tand driye roliprs 13 dit@rq'@dwze@d?’é@ t hat
pneumat ifd cafd bt | tion

W t hout C(;:n5| Jg?ﬁrg%ﬁgsﬁg{%%%g%}l@nEW%s gﬁ%éa%g%%llg\éﬁi r%ltl, v3ted and
deact i vIa‘Déldefbyl\@msmn&tmhly,(gjaiderrdﬁers 132Rand drivz pllek 4827 akerowmidasn fdisrough the
use of 1931 rratlc nder 1312 conprises air inlet hole 1321 for
connect 3sgﬁs ;i‘? HRAgPalRFLN air s supplied to pneumatic cylinder
1312, poewst i qcsfemngrm PIGS NSndpIadd BIENTR2P AN YRald @ &ﬁ?&%to a

rai sed position. Wien air ceases to be suppl |e to pneuma

1312, pRASiemef wr@mkoeamhe lrlél ﬂaiMSslomrdkntoutubaplmqaugrBiglcm Bﬁjslagdmst tha12,

returni m contro (FIG 22)

control g%ﬁ“@‘%ﬁﬁ r?(s)r 3??4 TofTet B? %“S_Léﬂ tﬁf’@é&[éﬂ]"”@ﬁ‘ﬂmm\%l | 1317
of houmgo&&@&]mmmmﬂﬁmh&h@ﬁm 18Randifnthe refafonl §¢é&h%}mm PlgSwif322 are
| ocat ed on substantially opposing sides of curved wall 1317. Slots 1322 are

provi de@respondingbughages thepate Qﬁﬂuldtﬂm” through the mbCBQJIdecmBassl?,ﬁﬁm t ube

t 1150 and out| et
or 1 oo AR e e pob R orif obf lnelia2RHIR 1B BB o RRE rEm05 . a6
[0014211318rpmpegyrangmexdanﬁh@un@mgammﬁdonamtgmdell%nérsllszﬁ Ihup&b??é fl yas o

ear Vi Si e.

ot or - 19PRR BE o U oo e papmping gt 8 Sk Tber 366 e 1325,
L1 N Q15 A B gy 9 M 2B
cores ¥8H@s betapersd spes tr cdmeotora shagr edpt neahiot duren diamétac eTap3RAg eHe topt OF
flange p}:ﬁg resuI%‘sS na gmde roller with a non-symmetric cross-sectional profile. The tapered
embodiment helps ensure proper loading of the tubing into the tube pumping regton.
[00144] Rotor 1314 further includes cavity 1328 extending through its center. Cavity
1328 is designed to connect rotor 1314 to drive shaft 1316 of motor 1310.
[00145] Referring now to FIGS. 30 and 32, rotor flange has opening 1333. Opening
1333 is defined by a leading edge 1334 and a trailing edge 1335. The terms leading and
trailing are used assuming that rotating rotor 1314 in the clockwise direction is the forward
direction while rotating rotor 1314 in a counterclockwise direction is the rearward direction.
However, the invention is not so limited and can be modified for counterclockwise pumps.
Leading edge 1334 is beveled downward into opening 1333. Trailing edge 1335 extends
upward from the top surface of rotor flange 1325 higher than the leading edge 1334. Leading
edge is provide for trailing edge for capturing and feeding pump loop tube 1121 into tube
pumping region 1318 upon rotor 1314 being rotated in the forward direction.
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best illustrated in FIG 29, cores 1330 fit into holes 1331 of rotor floor
1328 and recesses 1332 in bottomsurface 1329. Quide 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

provi ded. More preferably, guide rollers 1326 and drive rollers 1327 are
provi de@0d#6lr ot or RotoB13dsalscelmstangloe ghide AB24LxteAdIAL bpFamakit@lifverle01431
Referring,tQ FIGS. 29 aggzg é@ drive rollers 1327 are provided to conpress
the poftron 8t r%(ﬂfr%"% updeled guided 324 issprpwided foridispiacingmmpulopp tuper egi on
1318 agr21SbwhidSotor ASY | 4l rQtor 1314 rotates about
axis A-A, thereby dég?%ériﬁsr% u‘?ﬁfé\’c%?u %ﬁ“abﬁﬁéagelsdnla%? fﬂrﬁér]dtddreﬁ‘% t hr ough

t he t ubRrefegidnginglyd ighide1324 haonieatateiring 1386 nainvig A3A top sutfacCPA3gspondi ngl y
change lgglﬁlgiate of fluid flow t,prough the tube, Guide rollers 1326 are
provi de RIgagenent by dnaperatasl negessarye dYorensefenabiy, angled ghide 13kiisd i nt o

t ube pUBPItEDoTREIIVT lealifibbedpt 9884, Y al i gned during punping. Additionally,
guide rollers 1326 help to properly |oad punp tube |oop 1121 into tube
purpi nd®lon 1 Referinginbw tgIIGS. 26aridedds whaRtblasdpurip I 361 ¢aatatbnidticARy i Ng a

uni f or e ' Lt eferred that the top plate of the guide
rol | ers%%{a tap@?@toéug[gj lggtnf%slclgirém?(?“ OuLf b PureRjag Frgien 1318. dining  di anet er .
Taper i r@psition stiyor 13112k@of B3141i§ fotitdd B DldhGRe Hokiti ' i tWiliC
cross-secti onal Er ofile. The tapered en‘noéiprgnelnllsfl %;ﬁgngﬁsﬁ%ﬂle pfryggewlh

:coadih ngfaiﬁcafsff?étetl P9 wéen easeetierld @mla@ammgeoke@wmqmﬂnm&mmca%gs _
urt her t ndi.ng t.hr .its center. Cavity. i s
desi g net gio?gbgﬁﬁ)é% t@}/ frn Oa?’poo%ﬁi%g fﬁﬁﬁag m&ﬁlf“g g'“?ﬁ 3? ?Jqlféﬁ‘@t‘iﬁlf ?Q?rmlfﬁm@%llo[l 001451

Ref er r i 11§0 nodwottet ofidn 1161 af purBR lodpAtIQN wieA CEReMEF10UIE U eni ng
1333 is defi ned%d)%ﬁé isldi ng edge 0!iL)334 and a t(raai i ng eﬁgedjltég%de%’e terns
i‘ry- at-e

| eadi nd's Ahiustat Whee gassetic, M 0s secaredrtodack 1200; pomp ldBhbe 1121 he

cl ockwiexfndé 6€G10h@ ol | ' Lle rofating rotor 1314 in
a counter (I:I_I bl a g ?%%%l?roinﬁﬁé g“em%iec;afc\?\%lruﬁqg}rﬁ?ésc%t@%f,owe%gmg’rof‘at‘he

i nvent itia time. not so linmted and can be nodified for counterclockw se punps.
Leadi ngm 1334.is bevel downward into opening 1333. Trailing edge 1335
ext end rd {T5RCERETE HiP0d5 properdy sacurediand the sistgan zemtyhiaioradk31dhan t he

| eadi ngolattden thdifockiv@rdifBtior ge | [ taajd | faor_capturing
and feedi ng punp | oop tube 1121 iﬂ?\etsfgagﬁgeﬁ%%{ija{i #Sqéégg?glnf%%?%q’ BYBR rotor
1314 bévbsdoppl biled contactedby analed ghidé 1324 indrdisplatef AgulAS theRiop ourfdd b al So has

| ed | di. d, _at ' t ed le, f t
1 Bnge TbHmet IS e B0t PGS Top a2 et areivhecen gisnspotonop 1 ube

1121 t dlangall325ta0¢ thich 26618ctd BB trHilian <6t B3 ' ~ | forward
di rection. h$3>]1rﬂs(@a&erabl y, .an Igd gu?gegngzé?]a%gge(g&%%é@y?tpg% MQ%UMi ng

al ong TR0 pughoperipg 1333. A guide roller 1326 is provided directly after opening
1333 to further properly position the tubing within tube pumping chamber for pumping by

drive rollers 1327. When loaded, inlet portion 1150 and outlet portion 1151 of pump loop
tube 1121 pass through slots 1322 of curved wall 1317. One and 2 half revolutions are
needed to fully load the tubing.

[00149] To automatically unload pump tube loop 1121 from whole blood pump 1301
after the therapy is complete, rotor 1314 is rotated to a position where opening 1333 is
aligned with the slot 1322 through which outlet portion 1151 passes. Once aligned,
pneumatic actuator 1313 is activated and extended to the raised position, contacting and
lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in
the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

loop tube 1121 from tube pumping region 1318 via opening 1333.
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manual engagenent by an operator if necessary. Mire preferably, angled
guide 1314 is located forward of |eading edge 1334. [001471 Referring now
to FIGS. 28 and 33, whole bl ood punp 1301 can automatically |oad and

unl oad punp | op tube 1121 into and out of tube punping region 1318. Using
position sensor 1311, rotor 1314 is rotated to a | oading position where
angl ed gui deD13affaRiediConfraucatmaset t e 1100 when cassette 1100 is | oaded
onto deck 1200 (FIG 25). Moirre specifically, rotor 1314 is preset in a

posi ti ofWd50T hat Rafghatk BWFHIGE34 3dder sTsteRACRI0D t | rtion, 1150
and outl et portion 1??% of punp | o0 S§'sit121 mgﬁﬁgal\gzg{%tféé lggbﬁ%?%ci%%sed to
t he deck Vst Difared (ST 3 cemmunicalich mt@faceWien shassetThe wWitdéssilR ifRaced t 0

deck 12 : . 12 ext ends er round rotor 1314.

Pneunat ?‘gmasgt%ﬁfg't"]g‘? B’i‘é‘%@’? ‘?lésLmue“ SR B GRRY raaiﬁt Bfotoqohniegrata cirguin 1481

Once calkifll kel IRIDA tianscelveppért Y3822 CHieAR @ythniiearioti Shfadcis cEABYe of b%tufr 1314
| rec )

is rotated.in the clockwi se direction (i.e., the forwar ion As
rotor 1%AWMHYING ARG recpiyig data pa IR sigals fm 2 sereetn campeir byotherglenite il 1324

and dis egal : . f f tor. flange 1325. The portions
of purrpﬁ %&thgg% @%11&1?%%%@'25? gtgﬁll %%‘ﬁ%@%‘clzi@5?'}95*158?"8%8@%1%@@ dat3se 5y e
t hen cothe dRPAdprbpcolrchip 1381 to Bgff tHS@ha. aIRD A esotdesi ' Lhng
region 131 %h:roou h.openl g 1333. A Egl;ui de ?chl)tl er 1 ZIébsils%gSr%d\;?ﬁaoerﬁygiB?ectly

after o 1GagoR U&?Wloﬁrt‘bﬂ'@ﬂaysmﬂriﬂgcﬂﬂdtth@ seods mep IRDAI n t ube
punpi Nor£RERG 13RSI T A ' raller 327.. en | oaded, ..i nl et
portion 1150 and out%tgl&yﬁ)‘éé?'}?%zncﬁg%?%%kﬁﬁlﬁﬁl %%Bmi%%%mﬂ%"ogﬁéggmhrough
sl ots 1m@Uses@nd tramsmit therh ito 4 Biffote Dovdceavid aphbel transamedrut i ons are  needed to
fully | he tubing. .[]001491 To automatically unl oad punp tube |oop 1121
from V\H@Piejﬂgl ood P& “ig%ga‘a’g‘i‘tdé%a E%@S@Freﬁca%ycfi/ by 2 phetpdetector dncated 1814 i s

r ot at ecthé Gadscish dHiP 138 TR LRSS PIA3IS! gneshom gt he sl ot 1322

t hrough whi_ch outlél? portion 1151%3%?21??2%)1%‘%%%9 ed(lﬁmflfh%‘hgﬂﬁﬁstﬁoc act uat or
1313 i lerttiqa) data@ndprnde theadatiediream to IRDAsproaopasp 1 381Nwhae Micdbdiagatand
lifting; : | 51.10.a hei above trailing edge 1335. Rotor
1314 | %‘%iﬁ%&"ﬁ%%%ﬁ%}ﬁ%“@&ﬂﬂ{@%ﬁm canteat t Thsremaining daga isr ai | i ng

edge t ahdB@St toathe Hysteds torARMeF EXMEhads IR dat0@fRatb a&éd?ésrftﬁé)thbe punpi ng
region 1318 via opening 1333. 48 D. Infra-Red Co nication [00150]

Ref er r iRBIARR potocal.oner syst em 2000 (FIG 17) preferably further
i ncl udgap1 W I elfRsSSicd 3 5;? comyuni cation interface (not shown).
The w ?el es% | R jﬁle?érg{):{eaﬁﬁg %ﬁg{ !g S 3?”%%’{5&5%':%? Jovegr éﬁﬁﬁ@éﬁ’“@y@aﬂ em
cont r oltines dal26Mting DA terayosesdion cHnd@tAInSRItERIT S dirkmote device for recording,
analysis, or further transmission. Data can be sent via IR signals to tower system 2000 to
control the therapy or allow protocols to be changed in a blinded state. Additionally, IR

signals do not interfere with other hospital equipment, like other wireless transmission

methods, such as radio frequency.

III. Photopheresis Treatment Process

[00153] Referring together to Fig. 26, a flow chart illustrating an embodiment of the
invention which includes photactivation of buffy coat, and Fig. 27, a schematic representation
of apparatus which can be employed in such an embodiment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing

blood, and needle adapter 1194 carrying another needle, for returning treated blood and other

fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant

pump 1304 is turned on, and saline actuator 1246 is opened so that the entire disposable
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1381, and I RDA transceiver port 1382. The IR conmunication interface is
capable of both transmtting and receiving data via IR signals froma
renote conputer or other device having IR capabilities. In sending data,
system controll er 1210 sends serial comunication data to the | RDA
protocol chip 1381 to buff the data. | RDA protocol chip 1381 adds

addi t i oftRingdat is prismed 140hsvithselinn 8 anek dntinoaguiant fht Thecenerifulge 10 issmaredtonst r i ng

and the i .| RDA transceiver Transcelver 13 converts the
el ectri cai ’ ?rgng%lgxr)nd}f]&écé)f’%"ﬁmﬁ%‘x %5&@8‘#3%3 t%‘E}F §%‘§n§+§8 b_t"f”éﬁén‘f”t‘%‘hehem to a
remot e AAYpeap B4 andWE Surhp EBGINGntBNled §1Q0L B3 ipck riifeei Vi ng data, IR data
pul sesTﬁ{ge recei ved by aoﬁhoto detector located on the transceiver chip

1382. 134)ans c eMhen therpofected oluma veaches 130embi04c thie retughpumpiL36Sistset

el ectri . dat tr to | RDA pr col I.p 1381 where
the el e%?irs i aggfeacoglg%lr? z‘ﬁﬂ‘?@ fsﬁlsg%eéﬁmﬁ re?gc%}lf 8ie CE@&“@ iabﬂhﬁgh‘?ﬁfﬁoﬁr ot ocol
cont ent (noftewng ireiheicanriigdeahambert 1200 (Bi@N19) PatiRa 1 S4IRMNA My Roh@favd 210

where the data streamis, parsed per the comrunication protocol. [00152] By

i ncor pottais BNk Acquppulaterhin the sRipRIRE rentafuge dewbind wapnmped cersldgat acat, tine

data r | Y. | : mited to.a renmpte device

f or regéo";ﬁmg? B)Qgﬁél ys?sg’?’ %lﬁrfig?lrjﬂraﬁﬂaeﬁr}?@? gﬁ%‘%@?ﬁoﬁ‘i. e[%{]%oré%ﬁrfg%tig\é% via IR

si gnal s[00b58Jower Flyesied oelR pirilp 1805 isahdr et 1407eat B5¢ Gilie RiletPubPpEPRRO! S t O
IR signals do not interfere

be chan%%gr hn Bgl nded state., Additionally,. ] I

with ot & 6‘§3|4 thedals;tp maptain thgeslldinect thy iptsrfaceslevelameihthesiollectionet hods,
h j ' 3

Such, e BOuRIEN 1409 LORRBOS s P TS0 Ao BT . o

Referring together to Fig. ow char an-’e

the i nthefipidopating thin treatoientterg 59nos eetHORsemsor bE23sbpeneddatiowatisg Fi 9. 27, a
schemat j ephggentation  of ratus_whi ch can be enpl oyed in such an
enbodi rr%: ﬁ{a?orghzgi,pqu é&é’é when rﬂfezﬁgiéﬁnw !Wet‘ﬁé‘i f‘!—:lr]rtre‘g ellse o heleetion sygleneans
of a neaftime adABLifdd b IRSwhakHYddADracelfRTh@et difided ba Vi needl e
adapter 1194 carrying anot her ndgg)él e, folrn%'r:etlur ni Eg%%ﬂ%gggﬁggﬁg%d ot her
f r agmerfiysles dar exasipied white blood pepses atgebyf L¥Omlmay rejbe 6aydesahd soagul ant

bag 54 4 : n (o] 1.,  Act.uat or 40 41, d 1242 are

opened,isgg{ﬁﬁgggg%ﬁ?ft%gﬁbrﬁg%r h."is%]‘ﬁﬂ?%"e"é‘ lgwpgﬁﬁhj@a{ﬁbﬁé%%‘f‘ﬁ‘gf%mt 946 is

opened mtietttathd bueviand itiered celppsiap bff, 49 celPwilDace@ulate Rid WEBFpukAQhe it h
nticQagul ant 54. The centrifuge 10 is turned on 1402, and

Eil)i)gilat??ﬂ?fys‘irﬁl’gbﬁ?'&d?SIﬁ‘ﬁ the bpwl ¢ Phasd gellvims uqul totpash ewitthe buffecossand 8@l wit h
) . 10 i 0.
[ 001541 i eaRe byl pffbeithobtiieal H9C1E SO hnaf Bl oty de WaeRBEhAS oty 1902

i s set collected.

[00156] If another cycle is needed 1412, the centrifuge 10 effluent path is returned
1413 to the plasma bag 51 and the red cell pump 1305 rate is increased 1413 to the inlet
pump 1301 pump rate until red cells are detected 1414, which is the beginning of the second
cycle. If another cycle 1412 is not needed, the centrifuge 10 is turned off 1415 and inlet
pump 1301 and anticoagulant pump 1304 are set at KVO rate, 10 ml/hr in this embodiment.
The effluent path is directed 1416 to the plasma bag 51, the red cell pump 1305 rate is set
1417 at 75 ml/min, the recirculation pump 1303 and photoactivation lamps are turned on
1418 for sufficient period to treat the buffy coat, calculated by the controller depending on
the volume and type of disease being treated.

[00157] When the bow! 10 is empty 1419, the red cell pump 1305 is turned off 1420
and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the
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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 accurmulated in the spinning
centrifuge bow and are punped out slowy at a rate, controlled by the
processar, %i ch maintains the red cel] line at the sensor interface |evel.
[ 00155] PHigSUD by meanp Oé@ﬁﬁe@@cﬁlm&li% rSalige isuged toinsgthe ystenmand the sinsgunp
speed [ g . t intain the cell line at the

i nt erf\ggé&lﬁrg\?gﬁ@gﬁﬁabé[?}%e&g@ﬁ@(}ﬁ gﬁ)tcgsé‘y@?gpvol ume i s reached 1409, at

whi ch pl#0h$8]t he rBak aticbagniamp bR rom patiemeshddivid backGopadenttafealf | ui d pat h

to the t t t b 50 vja.th 1125 ned by | '
ot uat ORISR by it aeiesioss |7 nd &5 hend G bt Dickos irobiens ors ropERGR | 5.
" Col | ecitiagibeEytd BiterMBbO Mehe Lanﬂs?ﬁs@eqsgﬁl 1308, 408! ﬁldbfﬁ?gthgra%%ﬁe%ﬁar get

di vided by the nunber of collection cycles, for exanp Ite obd
pr ocessldy {42, 424314004, 1R4Nel246.0qdi 1247 Gindytd smnniagdf the bodb00AR dlls a vol une

of 250 mm%{%&g olre bl ood conti n”i{ﬁ at 1410 to be delivered fromthe
pati ent“ 10t e HowP Y PFESSeE gﬁﬂ%ﬁroff, red cells will accunul ate

and wi | joopsggh OUtTﬁélﬁocééslBﬁd’refd?éiaﬂpEaﬁmsiHﬁ{:?@nffﬂﬁntbda%m X Qlte%ﬁ&d cells
y

are used to push out the buffy coat and w be detecte e effluent
hemat ocPiPeessas@nyl apparatys in thathe tvienigon dllow buféy teat fo/beinghe bawi loager since

col | ect 0 I £ le | eeded 1412, the centrifuge 10

ef f uenlgggg{lsl‘n‘rg-%g%%td Lﬁﬂgﬁ%@%}fiﬁgﬁ%ﬁpﬁguﬁyé{g@nﬁ}f(])bogﬂ g cfﬂ@f?%ﬂg’cell punp
1305 r akteeping mhore beffy etat i i3 bowl uhel the dedired RHERNLI LRS! Ectls BreHllickied €0
cells are det etﬁt ed 1414, which is the beginning of the second cycle. If

anot herPrgydp withdrpwingthg sellecicdudfty acHa Rlaiplets.flenkocytes.iand pthenbuffptdat1415 and
i nl et - ' t _KVO rate, .10 m/h
inlet @iBnd 3RLia sk %E%ﬂa@??@ﬁéﬁ?&lls&% i:g & r%th%? &lﬁé&t{l%ﬂl}g’:‘ em wi '

I n this enbodi nent. pat Irecte bag
51, t heplasmh weah¢ ppienpasltie Blusabted pocedtdoed 417 at 75 nil/min, the

recirc i Qn pu 1303 and photoactivatiaon | anps _are turned on 1418 for
suf fi citijgﬁié(geri OZEP P%ﬁleﬁé qundy} tlﬁ'ﬁﬂf‘l""‘&f‘"tgcfg? timeghat buffy cgat 1 0nnaubiented ol | er
dependi aghtidRal hétonAlobifBif < i [QQ Wien
t he bow 110 S enﬁltycl419l%e?)ﬁ§evy?g()j’ﬁgzdesﬁ %ﬁﬁgr%go%@fﬁ%ﬁg@'o&f ‘h?%‘ké and
t he pl sdwempang that theshamaiodris ¢ourt T CHYE )ap dedreayed HOR%aS tHe2diomndf cdnt i nui ng
return 1302. The retur 13 Is turned off 1422 when the plasma
bag 51 @éorgé%lfymgﬁlg %gﬁlumﬁﬁ’gpgﬁgg?@a 'Sf’rmiogmc‘gr’r’ﬁ’l‘ee at I?L"‘iL 03t el ¥ eat ed
cell's aubjetel s fratickdPhofith int@nRREgeBYwI 10UTh bE SRRl iEhd $AIRngeans of
the return pu 1302. Saline is used to rinse the systemand the rinse is

r et ur n&BARNST-¢ ﬁrr"gStp‘étbﬁPlé klood 88fhis fed iintg firsidopil okangs! 420265 cefi@ifugstbwiHe is

ant i cogguiiant AsRiRRded LANPEhHIE Blooa0d id éelfaiar%te%aiﬁ% BBy ol §3Y a1
816 as it moves outwardly atop lower plate 300. Second bowl channel 410 and third bowl
channel 740 are closed at this time. The inflow of whole blood 800 is continued until the

separation volume 220 is filled with a combination of buffy coat 820 near the top and RBC’s
810 near the bottom of centrifuge bowl 10. By removing RBC’s 810 from centrifuge bowl
10 via second bow! channel 410 only, additional volume is created for the inflow of whole
blood 800 and the unremoved buffy coat 820 is subjected to rotational forces for an extended
period of time. As centrifuge bowl 10 continues to rotate, some of the RBC’s 810 that may
be trapped in buffy coat 820 get pulled to the bottom of centrifuge bow! 10 and away from
third bowl channel 740 and buffy coat 820. Thus, when third bowl channel 740 is opened,
the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT%.
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nmonitored by air detectors 1204 and 1202, and the fluid back to the patient
goes through drip chanber and filter 1500. The punps, 1304, 1301, 1302,
1303, and 1305, the actuators 1240, 1241, 1242, 1243, 1244, 1245, 1246,
and 1247, and the spinning of the bow 10 are all controlled by the

progr an@f@r ocessor in the tower. [001591 The process and rel ated

appar at ve Si fflf@a?ﬂondlf\P&Wbéﬁ%S%%mWPémpfoﬁp‘d)(f@kb@ghlam bapibar at us

in that he b onger. si.nce red
cells acruter& teilngég!ﬁg%aﬁﬁeqw&w hjrée co rn{l%c(r)lngc Qgss%‘"l&yﬁ%oap[e ?’r‘i“"fl B "% 1 e

cent ri fangivetage sieeé pdulg 90100 nillflitgrs 0OBEITY odiinhiteGdod il imikise GpRiréEm amount
of buff%pcoat @Isgﬂ[(e collected prior to wthdrawi ng the collected buffy

cells S tarcapduct o Rheresig{epatiment InpprdestocgHect this amonetnf buEfy al so be
separ at emwth
pl gsma ‘?%”?’ﬁ{éc Bgﬁigﬁl{lé ghs? e I gﬂlssito?gl%e taiic‘)%géss @r&f?flig%%g%h{ﬂ? has been

found thieed.i 'ﬁlnmeqmd@mmm of beffyt dvat/whité by)od(mells &ih(bel remoudy fr6inabe 1.6

t ati onal i i t | t f buff
oy bets g aoibinsa BERob! IHEL miRes isthelhe prsem nyentop.eal Mumdg Y
decr eas@®s ot abPe bfthé Ral AMRMAL ofQhe Bﬁ@% cARte DRldaSe Rt ARERE sH@Ectw tg\ie of

buffy coat. The anmount of tine tha uffy coat 820 1s subjected
rot at i oY¢Rraen proRessn ThempﬂlrfsdQaffbomt/\&lﬁtedﬂmmllﬂﬂmvmklﬁmof 2% er lfemd |Tawi ng

manner Le bl ood 8 S flrst b channel 420 as
centri funjlePr aglg%' o 8ex1§tmgr€8}p g£h g\?‘gﬁgﬁfgé \KPFBP@SEHHBBESSéé is
separ at lﬂdrsldﬁMOlaﬁlbtyd ©bitai® He saffitidfBamdunttbu chU\R}HlY@ﬁloﬁ&'Et‘!l’ﬁsr diy atop

| ower plate 300. Second bow channel 410 and third bowl channel 740 are

cl osed Y ARKIS ophyecollrets ajound SAFut thinietal amounicpfabobuféy caaiwhitedibadreells t he

Cho-t opnrin BTGt Sobiabbf froftis e ST LER: by BonplebSSE R ng
RBC s 8:Snﬂle¢ted)hy terlf VARIGES xoavbund] utica smmndnjaawowc bannilotkelk@xRithy .

addi tional vol mg;?i s_cr eatn@g for the inflow of whole blood 800 and the
unr ermv"’é’(l?arlf'i‘ﬂﬁsf\y‘ Lt Spegira; s by Srmbre.daust pracessakl lisam|of moledalopdyin erderdgt ended

d
REC o S10°1 o Aeichidunl YOS ay s Bk PUES o1l LABIF R AR 180T o1

of centnunﬂltcgeccibboﬁnglcmlyamua%eqf the @ial aniohmcbfbmbuffjflmﬂalmtz%oamﬂllbﬂfaf y coat
820. Thus rd bowl channel 740.is ,. the buffy coat 820 that
i's rerm%gum%?g dato% REPA33H0 PTOsEsse ik haying q’i'égfﬂé’gﬁ\’ﬁqt&%’ r B, §as bgedl e bl ood

800 andiitderered tHat MHile 8kiREn Ogs)ipﬂabhftﬁsYanﬁ(%%teﬁg cc)ﬁﬁ'é alfRbhére fbth 15 Bl23dy state

can be reached that vyiel a buffy cdat 820 wth” an approxi mately constant
HCT% SRinutss 1GSeparpkes PEAcEss;, reati oy refnﬁlﬁatthﬂfcgumsmomg ofimdhite fdoddropHoved

Yoo s A, U oty G0 3ah pbAYEN e Sfine AN ORS ISR Tndn Fo MR 1 ™

necessary -to red
These times do not include the patient preparation or prime time. The times indicate only the

total time that the patient is connected to the system.
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an average sized adult, 90-100 mlliliters of buffy coat/white blood cells
must be captured in order to conduct a full photopheresis treatnment. In
order to collect this anount of buffy coat/white blood cells, the present
i nvention needs to process around 1.5 liters of whole blood. The required
anount of buffy coat/white blood cells can be renoved fromthe 1.5 liters
of whol e bl ood in about 3045 m nut eLlaim$ig t he present invention,
collecting around 60% or nore of the total anobunt of the buffy coat/white

bl ood c . t e subjected to the separation process. The captured

buffy_cgg%?ﬁﬁp@%eﬁk%od cells have an HCT of 2%or less. In conparison, one

exi st i nf ApgamakisconiiddARsIHS forlRBIRE MmER FoliieRd BoREAE SRRl 5
I ent anount of bu ?y

liters of whole blood to obtain the suffi coa ite
bl ood c¥IMROnentpdhe casagtecPaIpsising col | ects around 50% of the total amount of

the buffy cqgﬁéyﬂm .cells that are subjected to the separation
process. The O%Sﬁfﬁé&g 'fy coat/white blood cells collected by the UVAR

XTS i s ar ounftexitile tubedboseRending ol dHthOBbRMg; 2% Anot her exi sting
appar at us, hgg, be SpectraTm by Ganbro, must process 10 liters of whole
bl ood i n or d&¥iqle tubing ptherthamloops gxendinginton within, aod obufidm of dethionkinge bl ood

cells. This i I 0. monutes. collecting.only 10- 15 %
of the tot‘alattgér%%ﬁ%{e %?ﬁ(?ﬁgﬂ?ﬂb %lj&g%é/?tﬁ Wnﬁwfglo%ﬁl%ﬂ‘p(?ﬁqe ¢ ?’f?ast‘& %f;rltgesubj ect ed
to the hwusiagao tho fpiddies throwghthé exosed seatibiCdartbe provitted¥henfiisurd i has been
discovere&aiha whi |l e existing apparatus_and systens require anywhere from
152 t o 584 o (hGcaRosed seqtion frompthe xposed sidet r eat, and reinfuse the requisite
anount of white blood cells or buffy coat, the present invention can
performthe sane functions in less than 70 m nutes. These tinmes do not

i ncl ude-tHhe gpaatatsof plapal bavinga ub withimeh¢ homingHdaptei Weconinaet eaidhsop! Y t he

t ot al E}lﬂgﬁe{iqett tfge patient is connected to the system 52 Cains Wiat is
claimed 1s7 1. tl)”le apparatus conprising a cassette for controlling novenent
of blood and separated bl ood conponents, the cassette conprising a rigid
plastic housing; flexible tube | oops extending out of the housing; flexible
t ubi ng “othe APRARIRS eiiaimn bwhetsiti b is adaptedivtconmect fimelsantibng ofcflexitile tibes.

housi ng; at |east one section of flexible tube within the housing exposed
on one side of the housing so that fluid flow through the exposed section

can be 4iTbe eppaeatusdiastaipr E@hee the side$eileHdusify WherelO ASLBIeSR6L 1sRRpddegm t he
exposed side. 2. The apparatus of claim 1l having a hub wthin the housing

adapt e §OTBIIESAREREres Ruoygh ehigh pressure can be exerted, and the housing has an opposing
side adapted to resist the exerted pressure so as to close off the section of tubing between the

aperture and the opposing side of the housing and thereby prevent fluid flow.

5. The apparatus of claim 1 wherein the housing has an opposing side which comprises at

least one molded occluder bar which transverses the exposed section of flexible tube.

6. The apparatus of claim 1 wherein the rigid plastic housing has a top section and a bottom
section which together form an internal space, the bottom section comprising at least one
aperture for accessing the at least one exposed flexible tube section.

7. The apparatus of claim 1 having five tube loops and six apertures.

8. The apparatus of claim 1 wherein the housing has a top section and a bottom section which

together form an internal space, the bottom section comprising at least one aperture for
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the flexible tubes. 3. The apparatus of claim1 wherein hub is adapted to
connect five sections of flexible tubes. 4. The apparatus of claiml
wherein the side of the housing where the flexible tube is exposed
conprises apertures through which pressure can be exerted, and the housing
has an opposin side adapted to resist the exerted pressure so as to close
of f theacg%gémgégp oposeshiilardblp stbgesestionbat leapiconeimal dechocchider bapmsthagidsiofle of

t he hougj t / nt fluid flo . The apparatus of claim!]l
wher o it b 8ot 4618 Ble BicFT ok s EpisElin B psipt e cmsitie 1apied Kone

mol ded ablood atdiest &y acthidtoitolsEiRORIER S1BSe S BuRIIGS BPihe 8epdsed s@hiohlofXi bl e tube.
6. Then‘?pﬁgr atblg?ﬁ of claim1 wherein the rigid plastic housing has a top
sect i orf'SHie b Riopressingcthe Hexifilei tebing dhyeugiethe fapertire and againsy te mplded, t he
bottonuﬁgﬁﬁ&qﬁuponprising at | east one aperture for accessing the at |east
one exposed flexible tube section. 7. The apparatus of claim1l having five
tube | oops and six apertures. 8. The apparatus of claim1l wherein the

housi ng;' hﬂls? a t%&qs?% og and a bottom section which_ together forman

i nt ernal Sl5APRaraus OF 5igim 4 haxiwg ;i fier dbhpidicommynigatior #4th a frastnsiflexitde f or 53
accessiyge. t he exposed flexible tube sections, at |east one nol ded occl uder
bar on the side of the top section facing the internal space and opposed
to the aperture, the cassette adapted to allow at |east one actuator to

sel ectiel.y close off fluid flowin the exposed section of flexible tubin
1 f et | Baring s fbe & i o

by presst ngCERRIAUEOF plpim | haying syaperiwg PUPT SpAI0ANEPrEGGRPIERE t he nol ded
occl udgholB&d Fi i : i Vi i i i

comuni c?a_t i oﬂd%ﬁtlihgt@qug tai[1 ggpedggcll 6édx'iﬁ% F@L{?ﬁsbgﬁw Tgéis%'hlté@%ﬁtplg? éﬁ ﬁ%ﬂ%l claim
1 havi rfabisg hetsysen eaphapeityre rhé eapbrmolded 6dgd; Give tderloemspamtia ha adaptedad ri dges

in the I d to the apertures, and at |east one section of
fl exi blcgggﬁcﬁﬁﬁége%ggﬁs\?\@gﬁ&éach aperture and each nol ded ridge; five tube

| oops; and a hub adapted to connect five sections of tube. 11. The
apparatus_of claim1l wherein the cassette conprises a recordable snmartcard
on whi dfi- The apparates efslimal wherpiadhe ensseticomprrisescarecondabla smarteard oA whitthod of

maki ng a?ef%&ﬁ)%&aﬁxfr&'or&ﬂﬂ&én%ilcﬁ&ﬁl yement of bl ood during a bl ood

separation sessioh conprising nolding a rigid plastic top section with
ridges on an underside; nolding a rigid plastic bottom section with
routing flexible tube through guides

apertures ,.and_fl exi ble tube quides; |
in t he ot Bifthed hg 3 caetie & conaplling mavament of blood during  blood
separation session comprising
molding a rigid plastic top section with ridges on an underside;

molding a rigid plastic bottom section with apertures and flexible tube guides;

routing flexible tube through guides in the bottom section so that sections of tube

traverse the ridges; and

attaching the top and bottom sections so that the sections traversing the ridges are

exposed through the apertures.

13. The method of claim 12 further including molding a hub in the top section and attaching
flexible tube sections to the hub.

14. The method of claim 12 wherein the bottom section and top section arc attached by snap

fitting.




traverse the ridges; and attaching the top and bottom sections so that the
sections traversing the ridges are exposed through the apertures. 13. The
met hod of claim 12 further including nolding a hub in the top section and
attaching flexible tube sections to the hub. 14. The nethod of claim 12
mhereinhghe bottom section and top section are attached by snap fitting.
54 15. N-ndindbode! meling g cessettssfor contrailing movemait lof hipodand nehet flaitls bl ood and

ot her f Ly ds. Ed S i ng. a.ri.gigd.t. ol der, placing flexible
fubi ng | Rind AERGHE) e bl bt leibleTe Gt sibediordalsp i e
exposedleastdne sectibabof fubirigs ek gosed hidstathat A VG thihgh ¥k RetioPEEMRNt ed upon
pressin the%# ubing fromthe extposed side. 16. An apparatus conprising a

casset t BFEXTRH YRoRPressing) the Wwbing from thierexppsedsidsowl for separating the
conponents of a fluid, and at |east three flexible tubes between the bow

and t heig I.SLOg: I I a re connected
M oot Ak appdas (IR o CRTAC aBoidiod o Sl REURLAe vBn RirSeftiiie
posi ti othegompenents ofai fthid,cmd aeletstnitiee feribleatibes Hetwesnghe BowDarkithe casdetfd, I St

bow chﬁnrggl within said lunmen to said top surface of said | ower plate for
i nf | owi g P9X! PMPHYASI 2 second bowl channel from within said separation

vol ume beneaiouitbubiiel cobt Bbrhectb ith STRGuG HBulint R SERGE AlEl Wl 4
conponent, and a third bow channel fromsaid separation volune above said
| oner plegeepla; a upanposigioned insitlorsaidseparxatnging dxially thaswghRaidicore; €irdtubi ng

conpri siQ | flexible tube.for inflow ng whole bl ood fromthe
cassette tﬁ?%%{éapﬁﬁt lélﬁa*drlgfncﬂgwmd I:‘Wa‘Hng?e ?%\Sna’(‘ﬁgwébl’]é‘eoff’r hlowiegaid 3 second
f | exi bl fuidpube for renovi ng separated buffy coat or plasma fromthe bow to

the cassette; and a third flexible tube for carrying separated red bl ood
cel I s from th¥cerdheveicharnel fropnithintsaidsepdrationovdume baneattt id lowvecplaget te. 1T

first por rinif¥ o SELhld il OGpb L 4R "D e for “carrying buffy coat from
the cassett e thirdbhwl thanaél fpan kaidkepatgtion volume above said lower plate for removing
a second separated fluid component;
the tbing comprising
a first flexible tube for inflowing whole blood from the cassette through the first bowl
channel to the core of the bowl;

a second flexible tube for removing separated buffy coat or plasma from the bowl to
the cassette; and

a third flexible tube for carrying separated red blood cells from the separation volume

above the lower plate to the cassette.

17. The apparatus of claim 16 further including an irradiation chamber having a first port and
a second port;

a flexible tube for carrying buffy coat from the cassette to the first port of the

irradiation chamber;

a flexible tube for carrying irradiated buffy coat from the irradiation chamber to the
cassette.

18.  The apparatus of claim 16 further including an irradiation chamber having a first port

and a second port;
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i rradi ati on chanber; a flexible tube for carrying irradi ated buffy coat
fromthe irradiation chanber to the cassette. 18. The apparatus of claim
16 further including an irradi ati on chanber having a first port and a
second port; 55 a flexible tube for carrying buffy coat fromthe cassette
to the first Hort of the irradiation chanber; a flexible tube for carrying

i rradiated buflexiblegabe for caryingbifiy estit foidihe ehaBRSt hofitdBort GREREL t € the
having a rigid first. plate having a first surface and

i rradiatj .ch rt
a seco?n1 %ﬂ??gﬁa&g@& d second surface having a rai sed boundary surroundi ng
a plurality @ﬂc;{igksmfp@ir}!i-ﬁ' i Iefl] late having a first
surface and a second sSrfacé,églgll gt%e%dgﬁ)dﬁ%gfﬁ&g@gc&@m%ﬂﬂc mpg‘?rs‘%&f‘%oundary
sur rourfd®¥§ea plurality of raised partitions; wherein the second surface
of said rigi Lrst. plate i s contact, wi th second surface of said rigid
second pl at etﬂeir#[ed?%'ﬁ’s cﬁgrppﬁr V’é'gé‘H?ﬁ’rggfs;t platg hpvangadiest swrédce and alsgcontle 1 ai sed
boundarsprace saidigedbRsdriiee hibiks 2kdited Hlndai |4 bgRsiV i ghogxtend from
ki 82y SRRk RSB

said second surface of said first plate of said

second BEHWS; yFgidseepnd phate having g fiodt sedfavennet a secoadfsorfarg sy seind suf@det i ti on

provi digag; bl U l.cation.wth the first port and second port. 19. An

appar apﬂl}gm(goa %ﬁ?‘g?ﬁ%ﬂﬂa 0%“?882%{% 8 pmr%]ftyloﬁ’é'ﬂ“??fjtpagﬁl?ﬁﬁ whetgin the segordt t e

accor disotfateoofchial rigid fird pfitd isRentaaed M%%Ec&n'd@ﬁffac@(rfts%ﬁlaﬁém Qéco?ﬁgiatea pl asrma
plasma Trom

col | ech{lonl?b having an inlet tube for flow ng cassette
and art"dh Yﬁ“’fwmmbeﬁlséwchgﬂbﬂabﬂaed by theaaisesbemtiaty sarroandihg argul ant

I nl et trﬂl'h-g]' : WaloR | to .the cgssette;. an jrradiation
chanber ha&qyggr%Wrﬁ?%fa{gl%hgaf%&rﬁ%Wﬁﬂdﬁ e %‘ie‘%frsﬁ'%firﬁtd’l%tﬁég‘éﬁ‘%lé and
an out Iseeondbeadecof shidmacond plate,adicadind pasthfity oFBAnrER 4O forhRd %gtssja: a

separ at I“ﬁg bow .havigggjsone tube for  flowing blood to the separation chanber
and at PAHLIRRProviding Cqypupcign it e dirgtpertsnd secohdpgrtent s from t he
separation chanber; means to withdraw bl ood froma patient conprising a
tube for flowing blood to the cassette and neans for connecting a needl e;
and nedfls Anppatatuscotipuising fardisposabliskit,ahd kiec@aphigig conprising a tube from
t he cassette.

a cassette according to claim 1;

a saline bag inlet tube;

a trcatment bag;

a plasma collection bag having an inlet tube for flowing plasma from the cassette and

an outlet tube for flowing plasma to the cassette;
an anticoagulant inlet tube for flowing anticoagulant to the cassette;

an irradiation chamber having an inlet tube for flowing buffy coat from the cassette

and an outlet tube for fldwing irradiated buffy coat to the cassette;

a separation bowl having one tube for flowing blood to the separation chamber and at

least two tubes for flowing separate blood fragments from the separation chamber:;

means to withdraw blood from a patient comprising a tube for flowing blood to the

cassette and means for connecting a needle; and

means to return blood fractions to the patient comprising a tube from the cassette.
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56 20. An apparatus conprising a disposable kit according to claim19 and a
non-di sposable tower, the tower conprising a controller; peristaltic punps
havi ng peristaltic punp heads adapted to engage the punp | oops of the
cassette and to selectively punp fluid through the punp | oops at the
command of the <controller; a deck adapted to engage the cassette and
havi ng neans to selectively exert pressure on each section of flexible
tube through each aperture of the cassette under command of the

cont rol her, entrifuge.chanber adapted to rotate the separation bow at

t he con%(gn‘én &F 5‘?%85 ¢ 8 ¢ Posgﬁ]@ kit aeperdingde iclaimi18rand awnonydisposablecei vi ng

t he irraﬂk@nh@mmgha@ﬁgﬁﬂnéhe irradiation cavity having neans to irradiate
fluid in the irradiation chanber at the command of the controller. 21. The
appar at us of 2 €IiOleNL9 wherein the W irradiation cavity is substantially
vertical so . 1 chanber,, when inserted in the UV irradiation
cavity, has %ﬁ’mﬁ%f"eé]“?né%s KmgPsHstaltig pump heads adapied te pegage theopanag loopeof v
chanberthe 2&setichandap pele@ively imis i ' rts for
hangi ng t he _sal i ne bag, 5ﬂ§£ﬂﬁeﬁ?qﬁﬁﬁghgﬁj? g%gﬁg%%&%%ﬁggggéﬁ?ant bag.
23. ThéxQBBH?%tus of claim 19 wherein the cassette has five punp | oops and

Lpert aper UrddecRfatd & L ERR SR g means i Ss1eB ety e prassie
cor r es pur@ich gectien o flexiblegtbebidugh leﬂg}ﬁa&hhrd}rfﬁﬁé&ﬁsﬁetﬁeh@ﬁ%,%{]&f ette
exil e upl n

apertures, ﬁ4: The apparatus of claim19 having f orc whol e
bl ood fI°B®P¥om t he patient to a vent neans in the cassette, flexible

t ubi ng for MNGnl@FRRSchahibe iSing a ntj coagul ant pupp | oop, a
whol e bl ood punp I%%%, a ?%#@?ﬁt§gﬁ%%fﬁ%%%mﬁﬁﬁ%g?%Lﬁfﬁg“¥@@aﬁgoﬁﬁéod punp
| oop, a&edtrellasydndy coat recircul ati on punp loop, and flexible tubing for

return of Dblood fractions and treated buffy coat back to the patient. 25.
The appar at G SO RIS £3VIRHEF Bcrivingdhe irsadiation chamber, thegrradinoocavityl e,
r enov atlaging HiEahS EARAdRRMING ifihe Gl R dalH RO nEque d dent i fication
information and the tower conp?%ses‘%ﬁ%ﬁ%?%%%#ﬁ ?g%ﬂgwfgég?ﬁ@ﬁﬁﬂhﬁle, and
nmeans for receiving the smartcard in the

21. The apparatus of claim 19 wherein the UV irradiation cavity is substantially vertical so

that the UV chamber, when inserted in the UV irradiation cavity, has an inlet at the top and
an outlet at the bottom of the UV chamber.

22. The apparatus of claim 19, the tower having supports for hanging the saline bag,

treatment bag, plasma bag, and anticoagulant bag.

23. The apparatus of claim 19 wherein

the cassette has five pump loops and five apertures and five corresponding molded
ridges opposed to the apertures; and

the tower has five corresponding pump heads and five corresponding means to

selectively exert pressure through the cassette apertures.
24. The apparatus of claim 19 having flexible tubing for whole blood flow from the patient

to a vent means in the cassette, flexible tubing forming loops, the loops comprising an

anticoagulant pump loop, a whole blood pump loop, a return to patient pump loop, a red
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readi ng the unique identification information to verify
gggggsibility,gand neang for recording data to the smartcard during a
bl ood treatnment or separation session. 26. A photopheresis nethod _
conprising: providing a disposable kit and a non-di sposabl e tower according
to claim19; wthdraw ng whole blood froma patient; adding anticoagul ant
to fornbPlodpymnieop, pahpbuify cont ragironlation purdp douip|, sebiedible tubihx fd# reuinhgrough

trifuge eparation. bow ; operating the separation
LQSM Cﬁﬁ?llﬁfﬁ gr?ét%ln%qﬁ%grg{){‘é‘g\"dfgc?ﬁt Eﬁﬁq%eglae PaeBt-t he pl asma bag; col | ecting
separated plasma in the plasma bag while continuing to punp the m xture

plasma with primng fluid; when a sel ected anount of

' th W ; m Xing p t id;
Ipln:[agma f% %Slap@gﬂéa?fg ¢laim I wherein the aessette ¢dmprises a estbrdablet fetnovablee rat e as

[ ' i | d bl ood cells. are detected at a bow sensor;
o o U S SO B GR hdio var
t he redcopmirises 4 smartaid teheersmaﬁmoumb,eﬁda;ﬁ@anls%ﬁ!eéeicﬁ‘gg'ﬂ% alf ihfly awn re

bl ood cel with plasma fromthe plasm collection g an returning the
red bl o'BBA‘a%Ingﬂ?ﬂp%@ Naiqye idetifcationtipforpationstiotverifit compibdity enhdtrhemes for

I NUeBs ol - 1Nt H]'? owl. whil e discontinuing

\(I:\Ap'? Ll:lpavm' ng;ﬂgrﬁ&ggrrpl ngﬁtrcg'lgo ﬁgﬂq‘(l)]gg' bg% s?a??ﬁlgroéﬁgpaég{?&sﬁﬁ“?%e red bl ood
cells to push buffy coat out of the bow past the sensor into the buffy
coat coié ection bag.until .a sel ected anbunt is collected; discontinuing
col | ect od‘EB#'Othﬂf%lsc‘B%l‘k‘oﬁ;\ﬁ%‘ﬁpfi‘%ﬁg:bl ood cell's have been det ﬁCt Ed]if t
I nj ' ' ' ) | t in,the bu coa
col | ecti on' Bagy 2o AU SbIC REIME Thot B BobR b bopRle SHABI%RN bag and
fﬁe ie?r:alginat\‘i?' ’ awagivdole blpod frdinat patignt; he huf fy coat ijnbt Pfe irragi ?tionth

i e I ng;. 58 punping the irradiate uffy coa romthe
?P?ggsgtmhl cﬁ%%b%{l,gouaﬁl %BI ﬁn'ﬂJOW?ﬁ?i?@feég buffy coat from the collection b?ﬁ
t hrough a fipu | the WholeAASSE A RoagIsht TR RS ghQnd BB Rl A cenlridlsl N9 the
di spogabl e Ig?qj\ﬁ/\rn]gth sal i ne and ret%{r]ni ng the ri r%qsle S%%U#I on to t"hgﬂ%atlent.
59 separation bowl;

operating the separation bowl until air in the bowl is displaced into the plasma bag;

collecting separated plasma in the plasma bag while continuing to pump the mixture
into the bowl;

mixing plasma with priming fluid;

when a selected amount of plasma is collected, returning plasma to the patient at the
same rate as incoming whole blood until red blood cells are detected at a bowl $ensor;

withdrawing red cells and pumping at a speed controlled so as to maintain the red cell
line at the sensor interface level:

mixing the withdrawn red blood cells with plasma from the plasma collection bag and
returning the red blood cells-plasma mixture to the patient;

at a selected time, continuing to pump whole blood into the bow! while discontinuing
withdrawing and pumping red blood cells, thereby causing the red blood cells to push buffy
coat out of the bowl past the sensor into the buffy coat collection bag until a selected amount
is collected;

discontinuing collection of buffy coat when red blood cells have been detected;

injecting photoactivation chemical into the buffy coat in the buffy coat collection bag;

recirculating buffy coat between the collection bag and the irradiation chamber;

irradiating the buffy coat in the irradiation chamber while recirculating;
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pumping the irradiated buffy coat from the jrradiation chamber;

pumping irradiated buffy coat from the collection bag through a filter in the cassette
and then back to the patient;

rinsing the disposable kit with saline and returning the rinse solution to the patient.
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