BLOOD SEPARATI ON APPARATUS AND METHOD OF USI NG THE SAME Cross-Reference to
Rel ated Applications [0001] This application is a continuation-in-part
application of United States Patent Application 10/375,628, filed February
27, 2003, whic¢ch clainms the benefit of United States Provisional
Application, Serial Nunber 60/361, 287, filed March 4, 2002, both of which
are hereby incorporated by reference in their entireties. Technical Field
of the Inv j [ MIPT ﬁﬁ@r

appar at us,ﬁgys e%%%Tﬁﬁr%ﬁ&%?U%mg an ﬁgﬁ% ing t )eSArrNg\]/Eerrent of
bl ood and bl ood conponents, separating blood conmponents, and treating bl ood
of patients, and specifically to apparatus, systens, and nethods for
perform ng extracor por eaCrbgscRéfeRMce toRelat@DAppRadtionsound of the Invention
[0003] Several treatnmentS for disease require the renmoval of blood froma
pat i ent [00ddbissApplicationds o pentiphatian-ia-psrappHesiton affUnited Sgatesopteind return of

t he processed. c ent.s.fqr t ti.c.effect 0 r eal
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separ at ipagviibndl NpplieRITRAOS&TH NunRe60/86 LL8T, Ted RRArdH NQH0DboH eP®hick @fgonent s
to the patient. th the advance of nedical sciences, it has beconme possible
to trederehypaorpamated by refegrgn¢enndhersendir¢tisdp processes, returning the
patient's own treated blood back to himin one nmedical treatnent. An
exanpl e of such processes inRclude t.er treat ment net hods for diseases

in which there i s a pat hol odgesiucaliield o PHBlocytes, such as cutaneous

T-cel | lipou2)ame pedseiif@intidh $@aeEgenfd§Qb apSarils,is§stOmOGMdGRdthéds fbp such
met hods, the patient's blood is irradiated with ultraviolet light in the
pr esencanfingansieoniroing dhe mavenaent obblagd and bload icempendnisy kepasftingdieod he

bondi ng between the | C nd the chem cal or ntib that inhibits
he ot SAEPPRST anbust RS & hef i n) el aBS a tonadt, arbaillsy st ane. and
net hods phaNsisHeeprRIrARASE& addtforealattaiétidof lyed.ve separation of buffy coat
fromthe blood, addition of a photoactivatable drug, and UV irradiation of

the buffy coat before re-infusion to the patient. Extracorporeal
phot opheresi s Background of the Invention

[0003] Several treatments for disease require the removal of blood from a patient, processing
the one or more components of the blood, and return of the processed components for a
therapeutic effect. Those extracorporeal treatments require systems for safely removing
blood from the patient, separating it into components, and returning the blood or blood
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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may be utilized to treat nunerous diseases including Gaft-versus- Host

di sease, Rheumatoid Arthritis, Progressive Systematic Sclerosis, Juvenile
Onset Di abetes, Inflammtory Bowel Disease and ot her diseases that are

t hought to be T-cell or white blood cell nediated, i including cancer.
Apheresi s systens and net hods have al so been proposed and used which
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i nvol veinselpas@iatation @f blaoddttoivatious@nmparentsonponent s, and al so i nvol ve
syst ens_punpi nggand val ving systens which are difficult to manufacture or
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Fur t her vawigg sydiensyhich A d@ffecuntad YnaafihueX ot éper@eUPAGH pliotophespganal | y t he

fluid flow controllers and val ving systens. [0006] In known photopheresis
syst enmsaphgregisspsiemp prd mpthofisusyaly refiire baigh prasesssaaditherpferedakeseyerahent pi ece

bl ooa. 1 arae 10 RuRRP BT futh b oFRRLAL SRR b el st >*Cuch oo &

cent ri f pgieheRRvle, theRystems adivaky étﬂnlgﬂéﬁmﬂﬁgufadiﬁire}/@srpbﬁmy brgrid aowdel i vering
and/ or coIIectlng brood fluids. Known disposable kits often contain a
v

casset t eontigtlerstane valymgtsysemer nechani sm for controlling the flow of bl ood

fluids out the disposable kit.and.to .and fr. he. patjent. D sposabl e
i ts. ar OORBLE G miRicEhERES Ry GRS Broraf B LG IRl M

t r eat mepdmianéit ipRite of Rardivefef Ol didposabld Bidtomiih cRMPERSEbink ltgat Ksl_ sedl o €@Rnect ed
to patient to forma closed-1oop system and the various devices of the

di sposabloed Klpids 49 and igemdlee Yaricws deyiessriaeladad ipiteckit.shcleesd pansifuge bewlano dri ve

bl ood f| uids. throughout, t he di spasabl.e kit necessarny. ce | paded, the
per na_rleHTadbq%(%&ﬁ%Wu%feangyvsang? fiﬁqgg 's ﬁl‘P{%r“Eﬁ ?{@Z‘)rﬁo F%?gttﬁ?%ﬁglﬁ%'hgn%v?' s fluid
Ci rcuit §¥posaBR&Tth oftery &dritaih @hssRHY, 3N GRHFE BéntiollePROLIANEGH, €61 ContvBingthe Woul d
result if the size, mnufacturing con‘gl exity, manufacturing costs, and

¢l

t ubi ng Hpwief blaoddluddsshrovalus the dispaseble kitlad reendcleem tha/paticat Pisposeblst of a

frore co sI & uts)elao c?n(ily grrlcgevainﬁ%uss}/gé ?ep acgg Iors diisgoste?g SRUSSCH prgatrnent session. In
performing a treatment process, the kit is connected to patient to form a closed-loop system
and the various devices of the disposable kit are loaded into a permanent piece of equipment
used to drive blood fluids throughout the disposable kit as necessary. Once loaded, the
permanent blood drive system drives the blood fluids through 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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bl ood driving systemrepresents permanent reusabl e equi pnent, whereas a new
sterile disposable kit nust be used each tine. [0008] Known di sposabl e
phot opheresis kits are difficult and expensive to manufacture, especially
t he val ving and punpi ng nechanisnms within the cassette. Additionally, prior
phot opheresis and apheresis systens and net hods usually require batch
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par ragments. constant obj ect
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apheresis treatnent session. Another object is to reduce the amount of

bl ood tkitstusedist be drawn form a patient and processed in closed-| oop
processes per photopheresis treatnent session. Yet another object to
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used. scl'osure of the Invention [[0009] These objects and others are net by
t he pr edimetedianimproving theTippaptussad mdthndsdot photopheragisrand tapheresis iorgrevdeng t he
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separ at {ficieft fra%%’l{ggg fé)ir 8BAtnleh ARG gfly tédedt MRMteabRe@Sint® greatly reduce the

treatment tine. The invention, in one aspect, conprises a cassette

f or conk0d0] Theginment®memtone fasfect)icdmprish rai cagsettn f@xdontiolbing anevamebt efdthids eat ment
session, the cassette rising a rigid plastic housing having a top

sect i ondWHE 28 %Hf“f%ﬂ?rgég’lln%)(lﬁiﬁ,reafrﬂ%mlsﬁsﬁ%é‘n@e%fsﬁﬁﬁf’%[@%?l%g "’g@d@?ﬁl& form ng
an int ; Lt i L ter ' ji S connect ed
to theeﬂﬁﬁk$§?g% gt?%gﬁgaﬂgé$?P%§i F%ﬂ%gﬁggynzggﬁﬁgPB{ﬁéhggggéggﬁapted to

engage forperg atiatetriat spaceya hitberithin shedintmad ppace uflexibla dutzes thmectedao thebe section
flow thr h the section can be

traversj t he aperture so that fl ui u
cl osed falf%?l%gvsﬁ?rggeé BeukE b %hﬂﬂg‘es@%?% %Ptegﬁ‘gf%gﬂﬁﬁwe%{“hl&ﬁ PPEP i ncl uded
wi thin fhe; BRus et HEAMRKIISEEE Q8N BhviifgtheicRuf HRgSuidABwWhub can be

nol ded
through the section can be closed off by pressure exerted on the section. Preferably a hub is

included within the housing to connect sections of the flexible tubes. The hub can be molded
with the bottom section in embodiments where the housing has a top section and a bottom
section. In the most preferred embodiments, the hub connects five sections of flexible tubes.
In other embodiments, the housing can be one piece, considered a top because the bottom
side is either completely open or has openings or apertures through which one or more
actuators can press against flexible tube to selectively 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



with the bottom section in enbodi nents where the housing has a top section
and a bottom section. In the nost preferred enbodi nents, the hub connects
five sections of flexible tubes. 1n other enbodi nents, the housing can be
one piece, considered a top because the bottom side is either conpletely

open or has openings or apertures through which one or nore actuators can

press a&giﬁnst fl_gxi bl e tube to selectively cl ose of d flow at

) ( flui
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occl udebotban s&tiokni fe-1i ke edge, the bar and the actuator together closing
on the tube to 1prevent fluid flow. The occluder bar preferably traverses
¢ic
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formed byifgsramid kG the &@ttecOmofitiefor Bknplebd thélsBakd 640 beAltd @ded tPr essi ng
the 3 tubes into U-shaped routing guides, including a filter assenbly and

hub if tdserd datespseific torfieduecadaresucinas albppasatopestiinghane keyorekes, #ad theHie. si npl y
snap fitgtdi the.top sectiaon to the bottom section, [0011] A preferred
cnoset t LA & iRl AR PP e TR boins RERLLPARESEAT Ch are
si zed t QediiBh SitGidbet 66 8f UARIAIS TR fidges FuRfionhiz G 08¢18d& IHaL, Fsttkambleyaddcor ded
identification data, and which is easily renoved by an operator when the

st eri | e npddiRagibngoro sedtmnniidgapettares kid geidepior Hierfipxitie tuhgs.sandtthen udpgned and
20 Gt T e BRIl e S PR b7 LT, 7,
that thgedfibhs §Sthk RfbeGREHRS kratRESRL thef e %A BRpBsedaRfbubh eheSaRIthfA" The Bfb be
al so used to record data specific to %he procedure such as all operator
set t i ngsambgimRled fin ik dsoitomrsdctidneandithetube sections can be attached prior to placing the

top section of the cassette housing on the bottom section, and then preferably snap fitted.

[0013] In another aspect, the invention comprises a kit, which is considered “disposable”

since it is intended for one time use for one patient, which includes the cassette, a saline bag

inlet tube; a treatment 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 flowing 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. 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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[0012] A preferred nmethod of making the cassette conprises nolding a rigid
plastic top section with ridges on an underside, the ridges functioning as
occl uder bars, for exanple, and nolding a bottom section with apertures and
guides for the flexible tubes, and then routing the tube through the

gui des, traversing the ridges, and then attaching the top and bottom

sections so the tube sectigns traversing the ridges are exposed through the
aper t ur@8trifygechamber fos Rpefating theseparsiianhov of thsra1arosthle kit ghdeckatoryhyeh

ti i -0l ' t td tt
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anot herabasp getapertires nmdee 0bmted) of @ PFRickeSOs, aad Kichvityite Which t8OUS hadeon
"di sposable” since it is intended for one tine use for one patient, which
i ncl udeshamber isansseed and which haha soybge of Y sadiptigyeundsr eoniepd R Hie IBeRFSSA: pl asna

| | ' 1 nl f | ow J f.
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inlet thebgetfioht the @y did tRbtleadit ki Botloth 4fMBe TASERLIRT. BRe iowWeadabhdven
chanber having an inlet tube for flowing buffy coat fromthe cassette and

an out | ¥IPPebier hanging beispléne hagaueasment tags plgsraobag, aed antiveagulayduge The
separation bow havin ne, tube for flow bl. 0 the separati on chanber
and ot 10 PR PO PRF o4 S5 Btk iabe BiBdte 17 b e EEPRHG AT

separ at e deBiBEd wheRaAS picRediirt RloaMadipod from a patient conprising a
tube for flowng blood to Phe cassette and neans for connecting a needl e;

and neal®813loAnesherraspisit obthefinerntipo issa dispashtde i twidnn theqwnplisposalje sowatbe from
t he cas e, .The return tub an be c i.ned wi.th the wthdraw n t ube so
that ont9AERA fdEaeehert s qubtiBel FHirial BROIBRE Pt v &8 it it ather o have
separ at gpeRe6the appRatuiM ThOLPABIusAAH bE BE&H for bfthdrRBhdadit 6FphdbEHeRGis2
procedure. [0014] Another aspect of the invention is a non-di sposabl e tower

i n whi ciwhtrhie thaipmetsserefeiablyasimtrisemnthe kapbef withdrdwagpahale blmoddmmh aof t he

di sposabl e kit.can be inserted. The tower conprises. per,jstalti unps
havi ng PR AR A0pHoRRY aRiga G fETTEBBUBPINE N WHAIS blqod-anticosgulamy | | f uge

chamber Qe ARSLEH the LadsBhe REMLATHRIZ ROMratRn YW, SPesARFARE Sephtdiion BoWECK | Nt O

which the cassette is inserted and whi'ch conprises neans t0 exert pressure
on f | exumilairtinibe oedtis disglacealioweht plesmpbag; eoBectingdeparated plasmaof the pr ocessor,
and a Cp ‘éé&—lX bzi\gn\gvl?ilél\@(;n(t:igullng?o gt\llmlp rtl;ear%}x%tlrie ?I?to 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 sensor;

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 bowl] 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 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. 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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chanber is inserted and which has a source of UV radiation under control of
the processor. The W irradiation cavity is preferably different than prior
systens in that it is vertical so that the inlet is at the top and the
outlet is at the bottomof the UV chanber. The tower can have supports for
hangi ng the saline bag, treatnent bag, plasma bag, and anticoagul ant bag.
The saline bag and anticoagul ant bag are either not supplied with the kit

or ar e psiaephd epacigi! snd Andisostusb®atithe eedlofthe perctfiao pinscthd wutes) witle dreduct ed.

[ 0015] Anot her aspect of the invention is a disposable kit within the

non- di $prelanirase sltion baimgresyned ©fhe pienhs Pecteppiatos inpsupby a sentfiftgst i ng bl ood
of a patlJ - MS £y f . rat.us. The
appar atua T St s GRS BlshGiBle L WBcn R 3ERkE LS ackPELPRPOEAE ., ("7
pr ocessyqémfigtahbyeconpri ses the steps of w thdraw ng whol e blood froma
patient; adding anticoagulant to forma m xture; punping the whole

bl ood- 408473 dhgeveral! treptment fime for- ophytophiseesisasecess which foreerbaisawirdd ige

separation bow ; operati Qe.sear i.on. bo until air.in the b is
i oo ack Gt iins 88 BF R Hp 70 B GRR A iEin Etlom, i kit e B asne
bag whihiu@®H mik} d@ed © punp the mixture into the bow ; mxing plasma with
prim ngh) fluid; when a selected amount of plasma is collected, returning

pl asma [0@18] Hesteagttaf separatingtandy beffiyreoat,dhebeldy rellsoan by fuwhelr sepsrasedifunti | red
wi t hdrawi ng red cells and

bl ood l.ls, . det ected at b X
pu?rgi nC eﬁfe%dgéga%‘gc‘zefﬁﬂf’}ﬁaiasﬂﬁ’ gsgpvwﬁtgﬁa’ Sggnﬁa??hoﬁms't he red cell line at the

sensor interface level; mxing the withdrawn red blood cells with plasm

fromthe plasma collecti %imsaﬁgﬁbﬁfop[ﬂg D&,Mﬂ?sred bl ood cel | s-pl asma

m xture to the patient; at™a Selected Tme, continuing to punp whol e bl ood

i nto t HBOKihewumvengonlisgteseritied un defaihintithdespscintg thvabcoppapying drasdngst ood cel | s,

t hereby causj ng .t he red, bl oo ells to push, buff oat out of the owl past
the serdint fsegus AEehirdeBtsh BEuMERi BioRag: memhie sbifeey et BRHGRE | s

col | ect edpyg di i§f§%_€ﬂén’i&t‘i‘c@&ar€é&hla@i€hb9@n ehbofde¥t SOAdisp¥Ishle kRGoDipqsl cells have
been detected; injecting photoactivation chemcal into the buffy coat in

t he hufphptapberesic dlerapytentodpiag featercs pCihke présagf invantioy. coat bet ween t he

R T T e
coat fra tiB& in itﬁé‘(ﬁgtio@&ﬂl@Ph&Bﬁ}fQP&qg kiPSRGg i rradi ated huffy coat fromthe
collection bag through a filter in
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.



the cassette and then back to the patient; rinsing the disposable kit with
saline and returning the rinse solution to the patient. The primng fluid
is usually a m xture of anticoagulant and 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
separ at orFliGs 1asuapdrypeatieenicwi df tigeirradmtibn whansher fof FiS. Bl pasitionedl withén @i sposabl e
kit, which is operated by a centrifuge spinning systemin the tower. [0017]
The ov WgWFﬁavﬁ@Mt time for a photopheresis process which fornerly
required Qgé?r SN 1 i thventi on,
and can ei\b/%% 1%?%@%@\% r%’gc m ﬁg‘sgggﬁﬁmkgﬁi% eégggwﬁiﬂtaﬁﬁéﬁg of

separ atfomge dmégnjimetiby withad dispdisble it ffyr faeilitasing arphbepheresiv etergppassdred i f
desired into their conpaonents such as platel ets and | eukocytes. Bri ef

Descri pt i BY-dB iy heropr-sasfined Viayoaioan eppRodiment of ithsnphatoagh ¥atiqnisdamper. det ai | wit h
respect,: CG i i i i tyate an enbodi nent of the
| mvont (a1 15

schemat i CFIGRPés £ biosd-betiond] visw efdinghidlivhemifof shedieppifapbtitaniel ufcdrintize i n
phot opheresi s therapy enbodying features of the present invention. FIG 2 is
an el evaVesypenspdddi Ve vi ew of an enbodi ment of a cassette for controlling
fluid flowAd Rt i ho ' it.of. L G 3is an

expl oded 5?%@?5?5%ﬂgﬁg§§§§%§g3%§&8?@§&§&5§vﬁp<ﬂ%pg5§§%gélsﬁgv,Of t he

casset tphohcthlatron 2hathBieh of FEG.CI8ver renoved and showi ng internal tubular
circuitry. FIG 5 is a bottomview of a cover of cassette of FIG 2. FIG 6
i s an el eVki-ed ipa elpeeicil\sehematiy o thedpalediediommircuis prayidad inde coaifit y.  FI G
7 is botto rspective view of the filter assenbly of FIG 6. FIG 8 is an
C%l‘gr\l}:g%arpo‘%gi@tﬁ% filter assenbly of FIG 6.

expl ode
FIG. 22 is an elevated perspective view of an embodiment of the fluid flow control deck

of the tower system of FIG. 17.

FIG. 23 is a perspective bottom view of the control deck of FIG. 22.

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 bowl and a rotating frame.

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

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

FIG. 38 shows a cross sectional view of the bowl of FIG. 36 along the line XIX-XIX.
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FIG 9 is a rear perspective view of the filter assenbly of FIG 6. FIG 10
Is schematic representation of the filter assenbly of FIG 6 coupled to
pressure sensors and a data processor. FIG 11 is a front view of an
irradiation chanber. FIG 12 is a side longitudinal view of the irradiation
chanmber of FIG 11. FIG 13 is a side transverse view of the irradiation
chanber of FIG 11 FIG 14 is a cut-away view of a section of the first

pl at e andFith89ashowsla ptads sccivnal vidwoof Heinngctjomi sieedte iroplatdiwith tadufen m t he
irradi ati on chanber of FIG 11. FIG 15 is a cut-away dinmensional end view
of t he cPResyr af theborth afBks 3% plopg the line XX6 FIG 16 is a perspective view of

the irradigati f . AN - £ i : J: @ht enbly.
e 2 08 SORTReEl SRSl b ROSletUER o P Uil en
t ower sysieefor of e bosg of BIG 8K unction with a disposable kit for facilitating
a phot opheresis therapy session. FIG 18 is a cross-sectional view of an

enbodi nmenklG 0 shewpnetosasectionl visw efitherdsprcoraph theobewhof IS B7ght assenbl y,

used int t r_system of Fl.G . E | - i onal view of an
orbod mertitst e XA Rairk obe Gy e b eFSEFRE o i 37

FIG 20 isi@n26h6ws & b6@dm Sehesmhé opaford HEFIRak detection circuit provided in
the photoactivation chanber of FI 18. FIG 21 is an electrical schematic

of the | eBIC.déAesbpwon dimensifingl ¢xpiaded eebw of thp botemicoiefander lowhaplsErofdie FI G

19. FI? ?2 #@%23 el evat ed perspective view of an enbodi nent of the fluid
f1ow cOW 8 * of the tower systemof FIG 17. FIG 23 is a perspective

bot t om Vi g%, aBBtshews e tiinfinsagikcréds skdtfon v of fkBottdth dose Al £xRlcpPREE Vi ew of
the control deck of FIG 22. FIG 25 is a top perspective view of the

cont r olof ediovdiof FIG, 4320atidchéd togetheassette of FI G
FIG. 44 shows an exploded side view of the bottom core and a lower plate of FIG. 43A.
FIG. 45 shows a dimensional view of another embodiment of a conduit assembly.
FIG. 46 shows a dimensional view of the connection sleeve of FIG. 45.
FIG. 47 shows a dimensional view of one end of conduit assembly of FIG. 45.
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 bowl with the cross-section taken
similarly to that shown in FIG. 38.
FIG. 54 shows an alternative embodiment of the top core.

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

Modes for Carrying Out The Invention

[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:

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



2 |l oaded thereon. FIG 26 is a flowhart of an enbodi nent of a photopheresis
treatnent process. FIG 27 is a schematic of an enbodi nent of the fluid flow
circuit used in performng the treatnment process of FIG 26. FIG 28 is top
perspective view an enbodi ment of a peristaltic punp. FIG 29 is a cross
sectional side view of the peristaltic punp of FIG 28. FIG 30 is a top
perspective view the rotor of the peristaltic punp of FIG 29. FIG 31 is a
bott om perspective Vi.eDtied Tehee rotor of FIG 30. FIG 32 is a top view of

t he peri st atft |p@rmmw<ﬁlsﬁ§ste2;8 FIG 33 is atop view of the peristaltic
punp of FIG 28 Anpgot})%%ﬁgl@%géron and near the cassette of FIG 2. FIG
34 is an electri the infrared comruni cation port circuit.

FIG 35 illustrage f a centrifuge bow and a rotating frane.
FIG 36 is a dln'E i:%ﬁg"we rrr‘glfr]s"t wl of FIG 35. FIG 37 is an expl oded
view of the bow of {n@mg a cross sectional view of the
bow of FIG 36 al ony $q1\%LP44#’égR¢I)§1%UI§(PumPS FIG 39A shows a cross sectional
vi ew of a connecbi dnfraRedwmmumptaiose with a | umen connector of the bow of
FI G 38 al on{lLt Amotbplreees¥Xrekitifent BBesshows anot her cross sectional view of a
connection sleeve in place with a lunen connector of the bow of FIG 38.

FI'G 4?0@'1?‘1‘% G Bl RaS tdcameh td/fa%i'MtzRE uhf&sthRRn g 6f ﬁe@éatﬁx@?om%ré%fmtﬂ G 37.
FIG 41 shows a dinensional view of the top core and upper plate of FIG 37.

FI G 4mvshtms "Ehetmnﬂnrwrs woeimigtof ¢het ppseabmeemionrinG.is ddt.intehded t43A shows a

di mensi onal oded view of the bottom core and a te of the bow
o T ceRgorizg R ARy SRR CbiBe AT YR NeT- ol hr e ol denaibegiot i Gyttt Mot Com

core angkrRichPd4il fHhAthSse skilled in this art can readily make and use them. However,
various alternatives, modifications, and improvements should become readily apparent
without departing from the spirit and scope of the invention. Specifically, while the invention
is described in the context of a disposable kit and permanent blood drive system for use in
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 bow! 10, irradiation
chamber700, hematocrit sensor 1125, removable data card 1195, treatment bag 50, and
plasma collection bag 51. Photopheresis kit 1000 further comprises saline connector spike
1190 and anticoagulant connector spike 1191 for respectively connecting saline and
anticoagulant fluid bags (not shown). Photopheresis kit 1000 has all the necessary tubing and
connectors to fluidly connect all devices and to route the circulation of fluids during a

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



of the bow of FIG 43A attached together. FIG 44 shows an expl oded side
view of the bottomcore and a |lower plate of FIG 43A. FIG 45 shows a

di mensi onal view of another enbodi nent of a conduit assenbly. FIG 46 shows
a di nensional view of the connection sleeve of FIG 45. FIG 47 shows a

di nrensi onal view of one end of conduit assenbly of FIG 45. FIG 48 shows a
di mensi onal view of an anchor end of the present invention. FIG 49 shows a

| at er akomicosnss FQtarop@lvided avwDfoua positiaisdor g dntrédduCtioh 6f Kindsvinta tHeaubiagnt al
cross-sectional view of an anchor end taken along line XXI. FIG 51
i |1 ust ifRe8essyYdi mensi onal view of the rotating frame of FIG 35. FIG 52 is

| ' ' .53 sh
a1t or n 0 CRE N aflipu s TR0 ELT 0 ORI e IR colleting f e i ar
t o t hatphstophdiedikiE1080 3GeeditGor BdaviOWaoRbIGd Romat pavienteind ectuming blebdt he top

core. FIG 55 shows an alternative enbodi nent of the connection sleeve.
Modes fimidsca theypatigntofrliemasivelyy phetopheres 5020l 000«can be adapied forise grsigimt
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di sposaiveevki, btwaReedIOIRit BOIrEREBOBEUNS: dfItBALBIEAL topiRERERousTNBralohedi ng
witten descriptionis outlined as follows: 1. D sposabl e Photopheresis Kit

A. Casdeadenfl getumdrleedilvidaty the pagenk| When 2 padenitie hogked aptie ph@sopharesaslkisit i on

Charrberloo&.aC?gsréhrkl)c}‘pus%ter%ol\évlfor%eg[ Drive Tube U. Permanent Tower System

[0025] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation
chamber 700 is used to expose blood fluids to UV light. Centrifuge bowl 10 separates whole
blood into its different components according to density. Treatment bag 50 is a 1000mL
three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive
compound into treatment bag 50. Plasma collection bag 51 is 1000mL. two port bag. Both
treatment bag 50 and plasma collection bag 51 have a hinged cap spike tube 53 which can be
used for drainage if necessary. Photopheresis kit 1000 further comprises hydrophobic filters
1555 and 1556 which are adapted to connect to pressure transducers 1550 and 1551 to filter
1500 via vent tubes 1552 and 1553 for monitoring and controlling the pressures within tubes
connecting the patient (FIG. 10). Monitoring the pressure helps ensure that the kit is
operating within safe pressure limits. The individual devices of photopheresis kit 1000, and

their functioning, are discussed below in detail.

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.



A Phot oactivation Chanber B. Centrifuge Chanber C. Fluid Flow Control Deck
1. Cassette C anping Mechanism 2. Self-Loading Peristaltic Punps D.

I nfra-Red Communi cation I11. Photopheresis Treatnent Process [0021] The
above-outline is included to facilitate understanding of the features of the
present invention. The outline is not limting of the present invention and
Is not intended to categorize or limt any aspect of the invention. The

I nvent [0029] @asede$100 e dluahihlet nibes 1166,d4d07, 1108 uIIfODpiﬂmt, 111131 ahd 11mafort hose
skilled in this art can readilﬁ;urrake and use th
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aspects of the invention are not so limted and are applicable to kits and
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sterile kit be used f each therapy session. In der to facilitate the

ci rcul & foom a)tﬂos‘eﬂtlmtsemnp@mgwabﬂmﬂ@p‘n@t 8dGs 2kl.t 1000, and to treat bl ood
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Phot opheresi s kit 1000 conprises cassette 1100, centrifuge b 10,
i rradi daqﬂaiatmgthambemlmﬁl@ oﬂfhnm tdlmughomqmsmphimﬁskltrwﬂ@damym:ﬂpa Mcvrd 1195,

o e o e 0y TR PTG R 1900 e 08 BFE 5217 bk
tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding peristaltic
pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Peristaltic pumps 1301, 1302, 1303, 1304,
and 1305 drive fluid through the respective pump tube loops 1120, 1121, 1122, 1123, and
1124 in a predetermined direction, thereby driving fluid through photopheresis kit 1000 (FIG.
1) as necessary. The operation and automatic loading and unloading of peristaltic pumps
1301, 1302, 1303, 1304, and 1305 is discussed in detail below with respect to FIGS. 28-33.
[0029] Turning now to FIG. 3, cassette 1100 is shown with housing 1101 in an exploded
state. For ease of illustration and description, the internal tubular circuitry within housing
1101 is not illustrated in FIG. 3. The internal tubular circuitry 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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1190 and anti coagul ant 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 treatnent
session. Al tubing is sterile medical grade flexible tubing. Triport 9
connectors 1192 are provided at various positions for the introduction of

f1 ui ds sb g gotltd entértdie BGth thbe 66 4334T Fovdr 4030 hadNreispnadapt 22nd 196824nd 1194
are provided for respectiveai connecting photopheresis kit 1000 to needl es
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patient, Al ternativel opher esiSakil t. C e adapted to use a
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f1ui ds [0631] BRsOPEI1NE a plllﬁ@w?\& IU-stpbdvibBeRiees KI35 dxtendingfpivaedifrtb@aspse of
the ability to sinultaneously draw whole blood and return blood fluids to
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into its different conponents according to density. Treatnent bag 50 is a
10001 previdesiconpmse 1b3dgat esth ncafivn wlard aponlet tae, as oudesdubey of apemp lepp

hot oact i vat abl hot 11 into treat bag,50. Pl
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drai nage if necessary. Photopheresis kit urther conprises hydrophobic
filter dottomSErfacedl 16956 covrir dA3G ([IGada preteratdy,comale prottusiquw HI36us catedasducer s

1550 and 1551 to.filter 1500 vi a nt tubes 1 1553 f.or itorin
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Cont Oltlo icg negtI ui/edtugésoo\?[the internal tubular circuitry. Preferably, three apertures 1137 are
located near and surround three of the tubes leading into hub 1140. Hub 1140 acts as a
centralized junction which can be used, in conjunction with compression actuators 1240-1247
(FIG. 22), to direct fluids through photopheresis kit 1000 and to and from the patient. In
addition to hub 1140, appropriate tube connectors, such as T-connectors 1141 and Y-
connector 1142, are used to obtain the desired flexible tubing pathways.
[0033] Five apertures 1137 are located on the floor of base 1130. Each aperture 1137 is
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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[0026] FIG 2 shows a top perspective view of a di sposable cassette 1100 for
val ving, punping, and controlling the novenent of blood fluids during a

phot opheresis treatnment session. Cassette 1100 has housing 1101 that forns
an internal space that acts as a casing for its various internal conponents
and tubular circuitry. Housing 1101 is preferably made of hard plastic, but
can be nmade of any suitably rigid material. Housing 1101 has side wall 1104
and t oRas HoffRse thedd@foush, de kdpréﬂe%anreéamﬁsacn@t&maoham isalaked, 102 and 1103
extending therefrom ring hoto heresis treatnent, cassette 1100 needs
to be sarodied th@m«ssmontuam 124 khﬁmma@mme 1437 pslb'ﬂsftndi | lustrated in
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tubes 1114, 1115, 1116, 1% %g and 1119 for expelling fluids from
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centrifuge bow I rradi ati on chanber 700, treatnent bag 50, plasm
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for facilitating the circulation of fluids throughout photopheresis kit
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data card receiving port 2001 of permanent tower system 2000 (FIG. 17). Data card 1195 has
both read and write capabilities and can store data relating to the treatment therapy performed
for future analysis. The unique identifier can also take on a variety of forms, including, for
example, a microchip that interacts with the blood drive equipment when the kit is loaded, a
bar code, or a serial number.

[0035] Cover 1130 has data card holder 1134 for holding 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).

[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
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1301, 1362, 1303, 1304, and 1305 is discussed in detail below w th respect
to FIGS. 28-33. [0029] Turning nowto FIG 3, cassette 1100 is shown with

housi ng 1101 in an exploded state. For ease of illustration and
description, the internal tubular circuitry within housing 1101 is not
illustrated in FIG 3. The internal tubular circuitry is illustrated in FIG
4 and will be discussed in relation thereto. Cassette 1100 has filter
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i nl et tcn;ieezblyamupletdlteia cbnltbtdleroHCeT EfE[lsm lllaﬁ)pendstabbtqgaelselgnalho thegdongrotlerbe sl ot

o o b s LA RS 20, PP e LT R surface 1150
appropriate action. Inlet tube 1111 is provided to return the untreated low density blood
component from treatment bag 50 to cassette 1100 for further routing. Inlet tubes 1109 and
1110 are respectively connected to a saline and anticoagulant storage bags (not shown) via
spikes 1190 and 1191 and are provided for delivering saline and an anticoagulant fluid to
cassette 1100 for further routing to the patient.

(0038] Inlet/Outlet tube 1113 and outlet tube 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 outlet 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.



bottom surface 1160 of cover 1130 (FIG 5). Preferably, a male protrusion
1136 is located at or near each of the four corners of base 1130 and near
filter 1500. Male protrusions 1136 mate with the fenale holes 1161 to form
a snap-fit and secure base 1131 to cover 1130. [0032] Base 1131 further
conprises a hub 1140. Hub 1140 is a five-way tube connector used to connect
five tubes of the internal tubular circuitry. Preferably, three apertures
1137 a[@039] Gassere 1 TiBasdhe patiprtobnidopnl k20, dI21, 1222,Uh23, dnddd24#4 foridnivinghub
1140. Hub 1140 acts as a centralized junction which can be used, in

conj un®tood Alujgsithronghaut sasspigml H0tand phptepherats kiv 1600. Mot spgoifically, pympect

fluids I r asi | k h ent.

adai 11 SRISHPD I ERRG R Sd piR 1300 ind B ARAO AT ENBRE N bE o 114,
and Y- ogosiasens 11004da idécubs BrD6t ad ontied tabd 118150 padsingdhlouglx fibke1300bi ng

pat hways. [0033] Five apertures 1137 are |ocated on the floor of base 1130.
Each aplong theeway Fumploogipheoti?8dendsynta fetamarump B3Qnd drivegblead fldiiss| ot s 1139

for pagsi t | .nt ernal 1§k’ GUILLtRY T . An
ef ongar Bal 1380 G backd8 IhRERTn b liRadir Pllb'ioos ABE EL1 RS
Aper t Ui rédiidodeed] pueR1 305 H1d dpasered blbdicellgfrogncentrifigepowieripaadirives
conpression actuators 1243-1247 of deck 1200 (FIG 22). Aperture 1157 is

| ocat edheghingaeassette 1300 vin ialet fne h1Q8, Rugipploes subsrl 133 depds énte antieegulaat? of deck

1200 (FEl G . ¢h apert.ure . 1137 .S Size t hat Sin C essi on
2ot at aPmp 38 pod il Rl EaACH o iRaTREte Rl ViRl aP GATRLSES Tha
three coRBHEPRINAD vacRt Qb8 119 rhldcbnaédts fitheme: tubd 8166, PO lbop GeHEPr essi on
actuators 1240-1247 are used to cl ose/ occlude and open certain fluid

passagdldd ads intheciratlatiomepunpub¥3zanddiriveublooy fluids osugk ps plasmadhtought e or

pr ohi bi t qu'gf w..algng a desir ath. Wen it is desired to have a

cert ai ﬁreﬂtgéegg aeg/éa@anéldgﬁ&é’goq kaﬁﬁﬁ%ﬁags?tf%&@her ethrough, the o
conpr e§604%) Eact HedeRistalid 301 308 BRtacRARERIAVR edeSsak ProPperRrgd  position
However, en it is desired to have a certain fluid passageway cl osed so

that f Iphp@phergsicueatmont thérapy adrerdinhioqngmbadinaentob thepnethod ot baprasssti on
Fhr oughspipt BREh s Spelpedien s BRI PG eer A R R G B FTiadR oy o
t ubul arcag bé eptirhted oAQA Aethe BRIt P bIAGSEH. 1 TROpHpA 308} 1305 work in

conjunction with compression actuators 1240-1247 to direct fluids through desired pathways

of photopheresis kit 1000. Apertures 1137 and 1157 are strategically located on base 1131

along the internal tubular circuitry to facilitate proper routing. Through the use of

compression actuators 1240-1247, the fluids can be directed along 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 blood outlet port 1503, treated fluid inlet port 1504, and
treated fluid outlet port 1505. Ports 1502-1505 are standard medical tubing connection ports
that allow medical tubing to be fluidly connected thereto. Ports 1502-1505 respectively
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of cover 1130, thereby closing that passageway. Preferably, occlusion bars
1163 and 1173 (FIG 5) are positioned on bottomsurface 1160 to align with
t he conpression actuators 1240- 1247 so that the portion of flexible tubing
bei ng occluded is conpressed agai nst occlusion bar 1163 or 1173.

Al ternatively, the occlusion bar can be omtted or |ocated on the
conpression actuators thenselves. [0034] It is preferable for cassette 1100
t 0 haveortaid dipenitgd 180! 13071508 @id 1580, Opanings t506; 1507,11508 aad 180%axténdl or mat i on
to permanent tower system 2000. The unique identifier is_ provided_to ensure
that t HEowghspass 802 1503 i and 4565, kpmming fluishpassassmaysinihfiikierdogsiga dSot i ve

equi p 1,0t IL.ch it is being | oaded, and that the photopheresis kit is
capabrga%?d?%%ﬁwggﬁo?%e desired treatnment process. The unique identifier can

al so b@o043eBoAS1502YR508: 1504 &ISLE03 ard Hisd uiddao deapoHnE KS0phdatiopbasasi s Kit is
of a certain brand nane or nmake. In the illustrated exanple, the_ unique

i dent i A1@). Inglogngrwaperts HI241308, E3antIP9S crp engagy U-phaped &astengisdddy of nt o

data card [V ort, 2001 . of r ent tower s e 0 7). Data
card 1f§§§e¢1e:gﬁ)l05}o:ﬂ% 33e§8t65§8“%}% ](@(icag%a iaLa ?%@Sl(gln%;ﬁ?éen eé?lon etﬁéc?_é? aonr}el ating
t o t he sliff@aloMBBlsiAB6AINE18PioduiRd 151 0Fitd iidld guiadBOIE D Base THB1 UL A&
Identifier can also take on a variety of fornms, including, for exanple, a

m cr ocHil®0 (et 3).nt eracts with the bl ood drive equi pment when the kit is

o dor 195443 REfsr iR R R U LS OB & g SRR bl P b Ra1 507

conpr i 9861 fs%'bvoeéié’dé?és&ﬂnﬁl%l e&ﬁﬁriéiﬂ%_ao&qsﬂpaﬁ@&se 41 2NRUbI513 hagmnbaed
receiving and holding data card 1195 to cassette 1100. Data card hol der

1134 haoo basedal 2by anyimedgsknown ip thecast, vieh as Wimegonici weldimpQeap yeldign36]

Referri t g, FIL GS. d 4 the. int | | i [ Ui f tt
Y00 wePHta Hhesives or e A enige fosR LT Ros WL pac! Gl b Rt up ar
Ci rcui thedvdeft tht%fO?er?i'l?’ﬁM%uﬁﬁg 13¢F§iiﬁﬁ§ra@daa§tai tvol pildengsdnity, fagp be pi nched

shut by the exertion of pressure w thout conprom sing the hernetic integrity
of t he housing 1¥Hsenbe3ithefa tnges piccestikO@e o ainulipiecatassgnibly. FI G 4 so that

out 1 et 1003 Bebd B es TR Bl It R isncuth fe 85 6 e Shf oo bow

10 (FI Gougihg floor 1518 (FIG. 7). When base 1512 and roof 1511 are asserbled, top surface 1515
of chamber separation wall 1513 contacts the bottom surface of roof 1511, forming two
chambers within the filter housing, whole blood chamber 1516 and filter chamber 1517.
Fluid can not directly pass between whole blood chamber 1516 and filter chamber 1517.
[0046] Whole blood chamber 1516 is a substantially L-shaped chamber having floor 1514.
Whole blood chamber 1516 has a whole 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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More specifically, outlet tube 1115 is provide for delivering whole blood
fromcassette 1100 to centrifuge bow 10, and inlet tubes 1107 and 1108 are
respectively provide for returning a |ower density bl ood conponents and

hi gher density bl ood conponents to cassette 1100 for 13 | further routing

t hrough phot opheresis kit 1000. The | ower density bl ood conmponents can

I ncl ude, for exanple, plasma, |eukocytes, platelets, huffy coat, or any
conbi nas1 brEehecdndge 15Paent ichimberdepmation wahpiidefota aaszemch A624ithere f or

exanple, red blood cells. Qutlet tube 1117 and inlet tube 1112 fluidly
coupl ePEX&ERt te 1100 to irradiation chanber 700. More specifically, outl et

tube 1 i(?}(%t,sh 23 Qfd&%ﬁ’éo%ﬁlei&gé tpflg 'do%}dﬁgh?fﬁef'&& 4817 st é?‘%‘ggﬂ i§1¥erb' ood

conpon exa u coat, to irradiation cha or exposure to
phot o ehanigsr,151Mhad tecated fltid idléteholcll522i and preatet dieit duaiet heleWdS@BNTrdated t r eat ed
| ower density bl ood conmponent to cassette 1100 for further routing. [0037]

d
| nl et duikinkt haledRd2 spsased extigrior pi the nesigpsites fornaask Bielevaserhridge P2 l@adset t e
1100. t 1S, ' ' / { it

b oo CsGHpastablFad kh8 obohiBl BYOCRIakOuAP S0 Yo Bl LBLISEN S MBI 1Y e

1116 habahrdB0T fotn dutsilfikerdisiap 130L STreatee R yuthohokat5ed i loedted o to

nmonitor for the introduction of a high densitg bl ood conponent, such as red
bl ood diprier of eTpesisngierfommersby devatgshiadas h s8¢ fgsanpassagaiay wath apseingbl y

contr ont PRI i ARESE) oA BRcBERS Rl 2116 and the

cont r olj0@49) Wilkdr 1566 furthBEcoraide Altbredl émar 1580 Filel elemeOES30Ichbinprisepr ovi ded to
return the untreated | ow density blood conponent fromtreatnent bag 50 to
casset tiame1l§d1 heying iltehwediad 832 pepitigned dhereiph Fsama d531has a neck 353¢ hat

respecti el YrEoMerd SOk, iR A AR SORTU A LRLANE a9 et

shown) Vi spi Ke are provi Vering sa

an ant ife@a0183aits fnkdliréhchd 524 as® edckel 534 0Grdiids trehied ®loodablet N@e 1822.he patient .
[0038] Inlet/Qutlet tube 1113 and outl et tube 1118 couple plasma collection

bag 50 Hiker iglaskale 183%nis gignadoyieh weried flwidanlpyhole d$2%s0 thabiecaming fhd rarer s a

bl ood %Peréﬁroﬁ&{) Ehro&glflcﬁ]oleasslSZZ and 1533 into filter chamber 1517. Frame 1531 of filter
element 1530 forms a hermetic fit with elevated ridge 1521. All fluid that enters filter
chamber 1517 through holes 1522 and 1533 must pass through filter media 1532 in order to
exit filter chamber 1517 via treated fluid outlet hole 1523. Filter media 1532 preferably has a
pore size of approximately 200 microns. Filter media 1532 can be formed of woven mesh,
such as woven polyester.
[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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pl asma, to pl asma col |l ection bag 51. Inlet/Qutlet tube 1113 can be used to
either deliver red blood cells to plasma collection bag 51 from cassette
1100 or return the bl ood conponent(s) that build up in plasm collection
bag 51 to cassette 1100 for further routing. Inlet tube 1106 and outl et
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,

t r eat egrdsfioeth vero mbomel8RR,is dredant hein filtericismbackS17 0 Byhmeegsatingtie. | nl et tube

1106 is provided for delivering untr ed whol e bl ood (and g .predeterm ned
arount PEFSHR VRNt SPaRL1 2% pqeﬁayrmenwrd%gb RS0 meapyren thepse uesuihiR ffisno f or

routin ﬁf}% t t Y ' ' 0 : 91is
speci fig}éa ilg?zvﬁ‘%“yo{’@%@f?%%‘?ﬁgg g(r?lé%or%ll{l fgéé%%é) grYF f SIlfl‘Ig 1gt g@lﬁl et” t ube
1106. N653.sVemrahias abdEfitshao gat verdt ABAT g asstodospasighd i amddealand gprasieest eri | e

tubing. Flexible plastic tubing is the nost preferred. 14 [0039] Cassette
1100 hagnser 15 yuegsures e presspes Withip wholeblood glmbey 15H. Eiler veppghangher gy j vi ng

cpeci 110 5 iGEWER b RISES L Rodd MANARPRIBLOROPLER oA oA

r espectahealfittee15008is ppbiabiednhassh (FIG.and Thaudllodks tkagesutewtRaGhumdedsnl et t ube
1106 and outlet tube 1115, passing through filter 1500 along the way. Punp

| oop t 1586 andbSY75ads manitoradewhiterstifnrpreadutilios ¢hanberdS0B ppdthefffuid ds  t hr ough
filter 1506(():t.andt bagok to the patient via outlet tube 1114. Punp | oop tube
1122 | GEAECUP Y Berf’ d bl ood cell punp 1305 and draws red blood cells from

cent ri floas2] PovdsurkQemach PH50\488 158N &Rcoiipied Ersongotier 15540wHich id Abripefiy ne 1108.
Punp | oop tube 1123 | oads into anticoagulant punp 1304 and drives an

ant i coggegrammetl prhagssont Gontzalleel 24 dan0@ asnainiproesssor ykrs topwe dliensile  of

cassette 1100 to, via outlet tube 1119, which connects with inle be 1106.

Punp | SSPERIBEAT 19 3 FABIHETOPFPY BRI R BAOAR G 1%6§U§n§&?m Ui

]fl ui ds,ang8ush1 pdRtegERysicdl Bﬁ%ﬁgﬁgneﬁi RPtIBNALRAF (ROpREd fead@babi@m chamber 700
romcassette 1100. [0040] Each of peristaltic punps 1301-1305 are activated

when nebembers i 51 bapktloraspehievelphGempiler §834sreceiees anenfrequeat enspntisemisdi ng t o
o0, ST TR P PR IS B IR 1ol AT Tl syBstioer oo
programmed with values representing desired pressures within chambers 1516 and 1517.
Controller 1554 continuously analyzes the pressure data it receives from pressure sensors

1550 and 1551 to determine whether the pressure readings are within a predetermined range

from the desired pressure for chambers 1517 and 1516. Controller 1554 is also coupled to
whole blood pump 1301 and return pump 1302. In response to the pressure data received
from pressure sensors 1551 and 1550, controller 1554 is programmed to control the speed of
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 filter 1500 will be
described in detail with respect to drawing whole blood from a patient and returning a
component of said whole blood back into the patient after it is treated, the invention is not so
limited. Filter 1500 can be used in connection with almost any fluid, including red blood

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



can be operated one at a tine or in any conbination. The punps 1301-1305
work in conjunction with conpression actuators 1240-1247 to direct fluids

t hrough desired pathways of photopheresis kit 1000. Apertures 1137 and 1157
are strategically | ocated on base 1131 along the internal tubular circuitry
to facilitate proper routing. Through the use of conpression actuators
1240- 1247, the fluids can be directed al ong any pathway or conbination

t her eof[ooslt] Whle bildotl hmpsiwomakyvs Witdd bidot It a haRht whdiis Borinscte@éat ed Wi t hin
cassette 1100 as descri bed above, is illustrated in detail in FIGS. 6-10.
Ref er r iphgtobheresis kiv 1000682 atmeadid cannef:ieldtte por1 3093.i The totatwnalagpeet! 6filvhgle

mbl ed.. Filter 1500 h Iter h 1501
S or o ESP EBTEISUE i i ani e PYhalch B B RSN by ade
pl asti g axl"ﬁ’é’é%ﬁt%le léJ&? UEb’l?BéthHrakxfn fr&Htthﬁﬁulehm}{eeﬂh(ﬁE‘QloBH h&ks Hﬁ?é’s' ng 1501

can be constructed of y material that not contam nate bl ood or other
fluids caimatte 1109 fih mietrigbd Hidbe thleoubé 11(@6)134‘21]1dli}|cbmmctekiaumletg)otBISI)Zhﬁs f our

1502, valer S50 o ks BiES Rt Bothaneninadshe ar wistPBUHaAd Tepk and’
treat e%h%ﬂe‘d'v%oq’éjf)ﬂo?%gl?aqglﬁr315915 dl?é)xrv Sle %&@Qégﬂnﬁé? dmﬁ’ﬁ&rgﬁggl'eg le t ubi ng

connect| orts ow ne cte t her et o.

Ports 115092 wlﬁd}ﬁs iardohiflak Y516 As ﬁl@ﬂi whdole bpxdi engss dkﬁa@fﬁ)er 151%/ thel®B8e and
1509. Openin s 1506, 1507, 1508 and 1509 extend through ports 1502, 1503,
1504 arfio s Alenenflony 1514, P@Fﬂﬁh%%hjé\ﬂ@y%h@ﬁtbb)oﬂlqutlétrh%(!@F Hipsuged) atat t he

seour o ¢ PEt n%&%&-ih% AN BmDsoRTs; SR sbors iR dp BoaiEts 1 °
1504 anshti¢bRBole dinBAGRGA gt BV MRE Gpéidat ¢HET of dulRbp&t 1503 sERWIIABRBI(FI G 3).

Filter housing 1501 also has a protrusion 1510 extending the bottom surface
of housthﬁgs witbigrchamber 1536dtawssicenss 118001514 tirpyghghe whaleddodtbpuslepholpase 1131
of casse 1100

outlet port 15‘0'5' and (‘;Bl)t of filter 1500 through opening 1507.
[0055] As the whole blood passes through whole blood chamber 1516, gases that are trapped
in the whole blood escape. These gases collect in blood vent chamber 1542 and then escape
via gas vent 1543. Pressure sensor 1551 continuously monitors the pressure within blood
chamber 1516 through vent tube 1553 and transmits corresponding pressure data to controller
1554. Controller 1554 analyzes the received pressure data and if necessary adjusts the speed
of whole blood pump 1301, thereby adjusting the flow rate and pressure within chamber 1516
and inlet tube 1106. Controller 1554 adjust the pump speed to ensure that the pressure is
within the desired pressure range.
[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. Iniet 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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[0044] Referring nowto FIG 8, filter 1500 is illustrated in an expl oded
state. Filter housing 1501 is a two-piece assenbly conprising roof 1511 and
base 1512. Roof 1511 is connected to base 1512 by any neans known in the
art, such as ultrasonic welding, heat welding, applying an adhesive, or by
designing roof 1511 and base 1512 so that a tight fit results between the
two. While filter housing 1501 is illustrated as a two-pi ece assenbly,

filter ﬂul’ﬂthz& Sﬁﬁkeiﬁ@dug%&ﬂtebﬁle@latMQ gathelsn Bod?i182@ o filtercdhdi®ep1SIF Mul ti - pi ece
assenbl y 00451 Base 1512 has chanber_ separation wall 1513 extendi ng upward

from awntbpl tbeip¢rimeienformpdby tlayated vage 1328 Thi i@ated fluidlegn prssas 10812 and r oof

1511 f t | |

cont acr e fE AT pEelC YA SR o TaR? 15 o g R 0 ok RO AR ¢ he
filter TH@H@dt&gﬂuM’le{h‘én Pét%@dam @ﬁeﬁaa%@na@imbh hies, vhanRatuidi9l7. Fluid can
not directly pass between whol e bl ood chanber 1516 and filter chanber 1517.

[ 0046] ciinetted bl ookt porabBl. Telteeaicd fhuid shivanthrabgly filtersthapbdr tHldrdndr havi ng
fl oor 15 4 V]\ag g bl ood chaf;@ﬁ 1516 has a whole blood inlet hole 1519 and
a whol Ut g 1d¢ S ICIHE) Rmpy illustrated) in floor 1514. \Whol e bl ood

I nl et ‘tmlls? ] &34 tﬁ’aﬂ%ettpﬁp\é\@m lﬁelﬂjeﬁ’@&iﬂgﬂ.’f%s@%pe%h%ollé‘&% hﬁ&a&é‘r‘l@'cﬁ% near the

ends of the substantialty L-shaped wh | ood chanber 1516 ol e bl ood

i nl et BS40easlthd fredted fisiddlppatbagghvdiftemeliambep®slin grhesSO Gases thenlestapp bitter 1502 so

t hat fluid can flow into whol e bIood chanber 1516. Simlarly, the whole
bl ood 8300 B8 ZAvY<aL Aot Presspissensar day? soptingons b&w&a@,&}a&ymﬁwe W&EWI ng 1507 of

out | et A .C f &lﬁh NaRer 1516.
[ 0047] flﬁgﬁhgﬁg 1 tfu%?gll%érﬂgg)ef 2 ahqgf% ég%rre%% evat ed ri dge
1521 em&nﬂieﬂgssm mmxdllémsafahaimesliheméﬁdd piedgre 452 hnd SOmparte@ng@tmr and

forms g perinmeter. Wiile elevated ridge 1521 is rectangular in the
i | | ust Aatied Pestba AR and Bngealfagcessyyecontolierckiddndivginihe ppesd of Efong as it

! he™  mBShe AL IRE Eine 00 NELATbr P LKA Sdubb{PAT R TEYEES N

base lilﬂiare assenbl ed, space exists between the top of el evated rldge
1521 and the bottom surface of roof 16 1511. El evated ridge 1521 and

chanber separation wall 1513 forma trench 1524 there
B. Irradiation Chamber

{0058] FIGS. 11-16 illustrate irradiation chamber700 of photopheresis kit 1000 in detail.
Referring first to Fig. 11, irradiation chamber700 is formed by joining two plates, a front and
a back plate having a thickness of preferably about 0.06 in. to about 0.2 in., which are
preferably comprised of a material ideally transparent to the wavelength of electromagnetic
radiation. In the case of ultraviolet A radiation, polycarbonate has been found most preferred
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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between. [0048] In order to facilitate fluid flow through filter chanber
1517, floor 1520 of filter chanber 1517 has treated fluid inlet hole 1522
and treated fluid outlet hole 1523. Treated fluid inlet hole 1522 is

| ocated exterior of the perinmeter formed by el evated ridge 1521 and fornms a
passageway with opening 1508 of inlet port 1504 so that a fluid can fl ow
into filter chanber 1517 fromoutside filter housing 1501. Treated fluid

out | et flofl @nkbdBdcdt®ons Gl tiRdsechid Girfac 718. Theseperd sktaee 71 oMb bayk plakvat ed
ridge 1521 and forns a passageway with opening 1509 of outlet port 1505 so

that a7f} bask wisad Ppewapui268k dafiningsn elasiesr Ths bpundagpZ2¢B praferably1500 f urt her
corpr | %gﬁ%Pésgsl}lgﬁérgleaHg%%}fnélggl% froin't (S?E%%hc?é‘%&cﬁgé’r;g.e‘igg@t'sﬁ%o Jerécré?) 1531

havi ng I'a I 'ohe erein. has a n 1534 t hat

forns @xfdnhﬁlgrfrdnmh@tsemlde,uafmmﬁ'*;}df@mblgIs@mﬁiﬁamﬁﬁggbﬁdi@ﬂai)tawmdi n filter
chanber 1517 so that franme 1531 fits into trench 1524 and neck 1534

sur r oupagitioned288). bTlaoepuindargt7 20 Bl surre® i3 the prtitiens 120BetOneotnd of53¢h i s al i gned
with treated idinlet hole 1522 so.that, in png fluid can freely flow
b ougRORBPa I 5t kchtatis e e R boRkahbPoRES; | 7 e 1531 of Tilter
el emenfodeIPInt PiAdgdf HREBSddGufades Wt e mkeMRLBELHd HI88s ferdils inA fluill kighd t hat

enters filter “chanber 1517 through holes 1522 and 1533 nust pass through
filter juetipebds@en boundrdes 7264 anelXT26Bfth¢reey foarmangmounday 77261 Bartitiens BXA | ui d

outlet h 523. Filter nmedia_1532 preferably has a ore si

ooy e HRT 0 RS hsaribtord i 1 MBI enj G doRe RN [oaine PRHOB o B mesh.
such a : i f : sRs filter
vont oQURETTRAIGHES b frrack i thalind B8 i BEREE: it e RS TRORRIIERS | L
1541 i ra patievdyGfhhating chainels(FH6Gor @ndudegdlisé Faspatbwhy mb§dd seppentise nt o

filter vent chanber 1540 which in turn opens into filter chanmber 1517, gases
t hat b&?g'@&uﬁrsﬁ"t@f{?#df iC?qr&ntlbfﬁsﬁ#ﬁé?dlief?rpewed@@aw-through gas vent 1541

Sinil = 0N | 1542
i Chi 10062 W04 fererh Q8 FEOSTPEIY 2 Hb AT EB 00 BLtieEs a38RERRS OF2 1 of
a hol e pafiecs 748 fgasnieming Padént St sudtndsuftyl coatbrwettite tibadrbsls, fi5sanlehi ch i n

turn opens into whol e bl ood chanber, 1517, gases that build-up in whole
bl ood ®REYerto Quties Per {0 dCatle taRENGAS PyBIRY 780 15 in flud communication with

inlet port 705 of front plate 702 and outlet port 730 of back plate 701. Patient fluid is
supplied from cassette 1100 to inlet port 705 via outlet tube 1117. After photoactivation and
passing through serpentine pathway 710, the treated patient fluid is returned to cassette 1100
via inlet tube 1112 (FIGS. 1 and 4). The patient fluid is driven by recirculation pump 1303.
Self-shielding effects of the cells is reduced while the cells are photoactivated by irradiation
impinging upon both sides of irradiation chamber700.

[0063] Figure 11 shows pin 740 and recess 735 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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[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 forma tight fit and seal. Because gas vent 1541 opens into
filter vent chanber 1540 which in turn opens into filter chanber 1517, the

17 pr egkdanel 718, @B chinel NS hBRirtadlidide cE&ABera60 istelatibélgrthiiia@ipeon ilkl7. By
measuring the pressure in vent tubing 1552, pressure sensor 1550 al so

measur exler pleappraxdmately W4 haslistpnaedetweshdyrp @fatas iryordey 9 presenylargersasiacs e

sensor _1551.is connected.to. gas.vent . 1543 vi a_\ent, +ubi 1553. Vent tubing
1553 1 78 o 1o REPOEREOq LeisPRalE q el s Bl SRR B Bt oy essur e
sensor wipIdweEastESiel/NEluRA AL eThdickdls RectfonlsBafd sTedagtamP®ls 1516. Filter
vent chanber 1540 and bl ood vent chanber 1542 'extend through openings 1132

and 113hstintisliseetangulan @Q. redtangular,irhembai8alooriteppesdal) whish hahay igd leng FI G 2) .
This all,o .he pressure within.ch er.s 1516 and, 15 to.b ni,t or ed

ahi 1o st e diErRiERREhRarian AR B dilgure e fdng Pifes o S Shab Rt e

t her et qhe kR 2t tH @SIUEQiHES A& Shed T otk %&ﬁatﬁfn‘f‘of(‘c@HQ*}@s@in@%r‘éﬁgﬂ roller
1554, which'is a properly progranmed processor. Controller 1554 "can be a
mai n pchaaskBhS. Wbk & sergentine pathevag Vil ieprefystiemonler teavoirboransepizeat e
processor cogg%ed ﬁo a ﬁ?in processor. Pres;gre sensors 1550 and 1551

pr oduc &8N preag of o DT agiaggements U cevemPsde of the pressure readi ngs
wi t hin ¢ : L5 vel V. : r L¥ES on a
f requerg?mg?q?%ﬁdlnﬁgoés&%gsi S d%lt%gver%gﬁ)drlée&gg%tﬂaﬁgﬁioﬁghéf)trgéecst%a{r%gleva%? ﬁlk E§c hanber s
1516 andadiftion. fréseatight dredy a&adbl Ssuch boe FHBTOSETTEY altwe banlepsfaseat i ng
desired pressures within chanbers 1516 and 1517. Controller 1554

cont i ndanes (7S&far getivetiomdigired §urBrhadiznadiation plageedndddVirlight pysesblir @5%kensor s
1550 and. 1551 det erm ne_ whet her the essure .readin r LEAI N a

o oder ot deRizned B 155080 A RS BEE ABE 7 R AR PR BRARE Rl B0 % 616
Cont r olgoits dfwedtd. B @lsShieiph EfhiliPentivi iBpk fRC705WAR ek @bnabslict b 780 pUND
1302. I'n response to the pressure data received from pressure sensors 1551

and 1550th the pidradigrasity 1 315 thej rsoss pesferasthassbademewnirradiation of bpdeties pf the
irradiation chamber takes place concurrently while still permitting facile removal of the
chamber. UVA light assembly 759 is located within UV chamber 750 of permanent tower
system 2000 (FIGS. 17 and18).
[0066] The irradiation chamber’s fluid pathway loops to form two or more channels in which
the leukocyte-enriched blood is circulated during photoactivation by UVA light. Preferably,
irradiation chamber 700 has between 4 to 12 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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whol e bl ood punp 1301 and return punp 1302, thereby adjusting the flow rates
t hrough the punps 1301 and 1301. Adjusting these flow rates in turn adjust
the pressure within whole blood chanbers 1516 and filter chanber 1517
respectively. It is in this way that the pressure wthin the |ines draw ng
and returning blood to and fromthe patient is maintained at acceptable

| evel s. [0053] The functioning of filter 1500 during a photopheresis therapy
sessi orf08%0] Iin payerhioditiemafsisie eheithiods @ phdtoadtivamble dBphotoseritiwrbnipdundNsi | e t he
functioning of filter 1500 will be described in detail wth respect to

dr awi nd 1rwagmémbt|e86do pirlsdt & pREiona thedbigod et AFEImEN RTIOEBHPS ﬁéﬁﬁ%coa?ror%aéu d whol e

bl ood | LOn is not so
lim tegl%gé’j% P Bpthkggl&p?glﬁ rillIée)to%se‘glliablé0 Oteéc;:st% ﬁ]%ﬁgevm (H;l]&,u}n élgltﬂany fluid,

i ncl udiaagidiserellip o080 (é: | bally Whidtevelweld) CThe photbiehfivive oahpoyldastien or a
conbi nation thereof. [ 0054] Whol e bl ood punp 1601 draws whol e bl ood from

a pat i edminipieredsn eion mrb@dtdtr@mstpwdm@ihe bekalso may be edministered iHegn@sbonnect ed

t t 9 h tat f ol | that th
or cosur b3t By RF B Rl Rir ERE it oa ST 0B ofd SR R FfBrdfve o
accept ahfolifyRay bbRPihe PRIgE Bf dbAMD. T oABLEITET RaVitE Nhoretspecifibal al§61ﬁ>0d§ passes
into cassette 1100 Vi a |nIet tube 1106. Inlet tube 1106 is fluidly

connectreglkgo inlet port 1502 of filter 1500. The vvhol e bl ood passes through

openi n f iplet 50 nd |nt L- bl o nber 1516.
The wndP8T i Ben adBiuchel crabe e ARoe R BGRoRAIEE TR & SrnB aiR BiERE

| ocat edyhgiy Jde%ﬁr %r'?clr"to th%ﬁah'@iﬁf etthiohRaitlRPgh ERY Rbose tﬁﬁﬁﬂﬂi’&ft tlﬂr@éﬁ@ur& gotvhol e

bl ood spills alon | oor 1514 until 1t reaches the whole blood outlet hole
(not i |tbltl|$ipmcq1ﬂl)3re&$ treativenot Hadmansteretl intrakapety, weotimedwoad belshodar 1516, As

di scuss d above, whol e. bl ood outle ole forms a passageway W th
openi ng HEPHIYG v, Hl‘i'tﬂ {oseRsilive cgppou W&?S admifliygergd PIRLIO ¢'s wit hi n chanber

1516 1 QpRndf g@%&sﬁ}t b expdsfire tBrﬁﬁtmgttl@%ttw gﬁab&(ﬂg}ltlgy%xﬁ%%m{rg%%%% nto

outlet port "1 out or filter opening 15 As the
whol e bddaadisteasise svhioke doghonvdfrheiohlthsrebfahraviied thhbthé targetstdsod dedlis oabkotir apped
in the whol e bl ood escape. These gases collect in_ bl gf)%d\éegltd fg:rgtaréber 1542
and t héﬁmg)é)eglﬁyecewe the photosensitive compound. A portion of the blood co b
processed using known methods to substantially remove the erythrocytes and the photoactive
compound may then be administered to the resulting enriched leukocyte fraction. In one
embodiment, the blood cells comprise white blood cells, specifically, T-cells.
[0072] The photoactivatable or photosensitive compound may, in the case of some psoralens,
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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via gas vent 1543. Pressure sensor 1551 continuously nonitors the pressure
within blood chanber 1516 through vent tube 1553 and transmts
correspondi ng pressure data to controller 1554. Controller 1554 anal yzes
the received pressure data and if necessary adjusts the speed of whole

bl ood punp 1301, thereby adjusting the flow rate and pressure w thin chanber
1516 and inlet tube 1106. Controller 1554 adjust the punp speed to ensure

that thRoRk&RfNERonPoutd thid May heulash b&Grddnes $4thehd ARERion RARREesT®e whol e
bl ood then exits filter 1500 through outlet port 1503 and passes out of

casset tneethdx3Psorilanout | et tube 1115. The whol e blood is then separated into

/ treat ed d i bed in detail bel ow. Bef [
et ar ndb7) Methofaiendng oy obfEhPeanopID g St T fo B 1808 B b ood
conponesyh ) egulgﬁ%}iiséri&elemglg%j 1BEIBR % dhdi R 0RPEIMARXnbeA as BSRAKnEE! | S al so

nmust be filte ected’to the below filtering process. The
t r eat edurctbumatinss The @dh¢mical dantet is O-méthotye 7 HifB 0] 3 2hg] bl e nogpemam@-oas08hof i nl et

port 1504. Inlet port 1504 js fluidly connecte o p .lo ubhe 1120. The
r eat eqomnileprenfiBs drugiiy § sierileligsbit acsneentiehep 98%5 PREEL i £ mo9aang passes
t hr oug i 0l Igm;kﬁ% J t 30 Lreated fluid
fills ﬁe{ethg ‘?@ﬂ%ﬂ%}g&rﬁ@gf unt ?@%¥§?g¥/ﬁf%£%@g}rm f Fér?rlgglfgg?ﬁg%e%fofl ter el enent
1530, eshaadiposalyhotophetetioand diffetenddodagepofISYADEN® ahd ahtawibldtllighdinpasses

through filter nedia 1532. Filter nedjia 1532 renoves contamn nants and ot her
undesi rRsasladpay isdocated ip e ipyestigeaf eArachyied  while at the same facilitating

the rel t r : ) 19 fluid
that pA00sd i (hERADh BERERubEAY biIG SERERS s, Pr ek BabeBB o 0,
chanmberwHibH the phbidattivetdognpoend ha! een hamimdeoy iehraval edsubijattag Iedbrtidini s
treated fluid then passes into treated fluid outlet hole 1523 and out of

filter ofsboblopd BLrjivtanberssigsingoirayiolgiightt Thophotapippesis trgpementadayeRe fl uid i s
th turned. to t tj ' t] ¢ 4, which is..flui
connecrat Rk {5l e bRy Bl iy PR G S WBh0 ity s el of, o

chanber32053 40@nth. Judh b@ingeUHRotlikdifinByhowrivel, Buid fierdls ovid 0 Ah ampke. t hat
are trapped in the treated fluid escape and collect in filter vent chanber

1540 asTherrxppsusetoadirayigletilightensing Hreqhgkephiiesis ireatmanb aray hgy7a duiader ofjases

then eS& 1celéer1ct'l(l,r{[gﬁlr to deliver, for example, about 1-2 J/cm? to the blood.

[0076] The photopheresis step is carried out in vitro by installing irradiation chamber 700
into photoactivation chamber 750 of permanent tower system 2000 (FIGS. 17 and 18). In
one embodiment, when the photopheresis step is carried out in vitro, at least a fraction of the
treated blood is returned to the subject, recipient, or donor. The treated blood or the treated
enriched leukocyte fraction (as the case may be) may then be administered back to the
subject, recipient, or donor.

[0077] The photopheresis process consists of three phases including: 1) the collection 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 blood 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 §-methoxypsoralin). This mixture flows in a 1.4 mm thick layer
through the irradiation chamber of the present invention. The irradiation chamber 700, is
inserted in photoactivation chamber 750 of tower system 2000 between two banks of UVA

lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides
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1500 via gas vent 1541. Pressure sensor 1550 continuously nonitors the
pressure within filter chanber 1517 through vent tube 1552 and transmts
correspondi ng pressure data to controller 1554. Controller 1554 anal yzes
the received pressure data and conpares it to the desired pressure val ue
and range. |If necessary, controller 1554 adjusts the speed of return punp
1302, thereby adjusting the flowrate and pressure within chanber 1517 and
out | et dfthie UVIAL-irdnspBrent irradititiah ichambri0B eper @58 pxFds@S. to LiltrdvGoled A light; at e
irradi ati on chanber 700 of photopheresis kit 1 in detai|. Referring first
to Fi g.ywﬁl,ng A5 RHTRER PORSUR RRLRFRDOCHE Of b—@n‘éqanzg Qlgmingge \lmtob‘ftmaeer} a front
and a I j eKE y about 0.06 in. to about
0.2 in}gﬁgéf@%a%ﬁéggﬁ%gggggﬁpvﬁg2ﬁ%§?§%ﬁ§%§$§{ﬁg%eriaI i deal | y transparent
t o t he [00%9]I1e agidfentd ahbadinenmgnid present aneatiorothe celis drbeemasd byfthelihdtioavi ol et
A radi ation, polycarbonate has been found npst preferred although ot her

mat er i & $ravyingd gny eells remaining ipdheshsmbgeare dgpﬂﬁcgﬁfllom thgghgmbe] Wik rrﬁt h](c)ds of
bondi s . The first
i nt e 08 AT RIRKELr BT B85 Ak R DY RANGC fafila M0 S iRdhs ThE. LTSS

embodi ne&ttoft @r bhticits he b sAB shatsaecHildidt (e RO thdef BBk Yrorafientsivhese f ace 712,
in fluid comunications with the second surface 714. The second surface 714

of the Yaseuar systamnds goaly oedoaded ithdpidiohe gmeynttaddigenal{lwd used temES osur e.
The b . 726A, pr ef er.abl d bst anti Al ' f th
second 6 FFbialioh Py S Hke LA By g A2 BRI BIRCLEMNRE, " 00 o0

sur f aceprétbablypiiingsralan 19UBS vaRinedfl e PiRmien thonel paetedablyaric@ nicaé gl 0.5X
partitions 7Z0A. The boundary 726A surrounds the partitions 720A. One end of
each phe vplumgof ﬂm&ag»bpe%aégéahmvcd@rm at ths chyabeo Jﬁ@afeytevlzsm v¢lomedy The
second @I &§ﬂ§9élhaﬁ g first surface 711 and a second surface 713. In a
preferreH1 SO PEH™ t he second plate 701 preferably has a second port 730

on a fipegolskyrfaatescriptibn of BimifP photoplbr&RINdRntaint oiholst fketing. B&ANd sur face
713. The second surface 713 of the back plate 701 has a raised boundary

726B defpplicagomNoepR/f &1813% whithds bxprasstir icqrpeRqsk hetrein Byirgference.  Also
useful herein are the methods and systems described in U.S. Patent Nos. 5,951,509;

5,985,914; 5,984,887, 4,464,166, 4,428,744; 4,398,906; 4,321,919; PCT Publication Nos.
WO 97/36634; and WO 97/36581, all of which are entirely expressly incorporated herein by
reference.

[0081] The effective amount of light energy that is delivered to the biological fluids may be
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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extends substantially perpendicular fromthe second surface 713 (i.e. about
80- 100 degrees). Extending fromthe second surface 713 (preferably
substantially perpendicular) are raised partitions (720B). The boundary
726B surrounds the partitions 720B. One end of each partition 720A extends
and contacts one side of boundary (726B). [0061] The joining of the second
surfaces of the first and second plates results in a fluid tight junction
bet ween bourdacifRsfufdBowand 726B thereby form ng boundary 726. Partitions
720A and 720B are also joined formng a fluid tight junction thereby

for m NGod rh b R0 A0 dHifenBURHALY. i e oRITRAT: HEAAGL Hd SBaLARTREr 700 and

togeth € par I ons’ provi a pa y rng channel s 715

for conrdpigitt AGid dowipdnenthBupRad) férexamp e tReoppoheme of a Blolbgiad fluldby
dove-tailed. Currently preferred is a serpentine pathway. [0062] Wth
r ef er erdersitycr Weight1 Biddegica Fluidsrangainpass dhidsHhatirerpoiee. esisbil, Searedisedipent i ne

pat hway 710 fo onductin i.ent . fluid uch as buffy.ceat -or, white bl ood
cells, Qf%lﬂelr?%{té)ﬁm%?rﬁa“?%_g&f%‘dﬁﬁ qu_.lo%%drlliﬁ”f%d?ax 90&9r15¥ﬁ88§%p5@ﬁtaP¢1e pat hway
710 1'S théir édd;pd#leﬁ@,rgﬁummbb@eem, glfasma,r&natome@Ifmid%Qéat%mfpﬁ@@biomgadae 702 and
outl et por of back plate . Patien uid is supplie rom cassette
tlet t 730 of back plate 70 Pat t fluid Eldf tt

1100 t comporgnty oxdudigsliving organlsats stcibes hattkeria, ¢ellkseor gihrtcodelar campansntand

passi ng,.t hrough .ser penti ne path 0,, the treate atjent fluyidis

ot ur ndtioPeRubdudy rBY Hensombiise itie Pliotiss Seerite TR Edhood fipossth The® pat i en
fluid igc1fdihy & B¥od &BikI latbREs, Q/Rite BBdd k308 and pRlchirsshétlsdiMPaBEdigcis of the

cells is reduced while the cells are photoactivated by irradiation

i Mpi ngimay hepdmiridt o eimes bwbdifronad patiend forgeatrhent ,Zm0h a§ ip@34mplegure 11 shows

in 740 and recess 735 i.ch align the two plates, of irradiati on chanber
orior 1FUBCIPRICHORABRER ohdt RAP Yo 08 P GHig oh TP SyeRFEs At BYCRESTI i g, heat

| mpul Seudaihididhe ol Vs eI Brocadlie shiRaRONHINE: spRittt e Lhe pl at es

by adhesi onding and RF welding is nore preferred. Joining of the front
and backve letras isayerRly fivellbismgivepunpests. Qthef vses éaf the s¢famtidededmniques ek r ai sed

partitions 720 and ripeter. 725 mnimzes fl ashing an all qws, for even
appl i caﬁpPB‘}‘}t“éfm%’—m“elﬁ‘g? %‘ggf IEB‘H%\%PB‘?%SSSF s?ﬁ%r?s#ggy%ﬁgg?rgg BPYFRAREY be insi de
e pen peoRt N, 86 SRS B RIS et B e e
180 degmresnainsertionxmnay He wed esseparate other types of fluids that include a wide variety of

non-medical uses, such as, for example, oil and fluid component separation. All components

used in the present invention should not adversely affect biological fluids or render them

unsuitable for their intended uses, such as those described herein and may be made of any

suitable material compatible with 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 joining

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 bow] in the UVAR® XTS™ system has one inlet port that allows

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

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

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

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

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

This buffy coat collection method may be characterized as being “batch-like” as the volume
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the original configuration of the irradiation chanber. The irradiation
chanber of the present invention has C2 symmetry about axis L. [0064]
Referring to FIGS. 11, 13, and 16, the | eukocyte enriched bl ood, plasm, and
primng solution are delivered through inlet port 705 of front plate 702 of
I rradi ati on chanber 700 into 21 channel 715. The channel 715 in the

I rradi ati on chanber700 is relatively "thin" (e.g. on the order of

appr oxiofBEeY Yo rQfhire@fordiradiaMGLudShvR&an To\’igf Bl @h1Bsthd hflerded@nl dRiRbES et
| arge surface area of |eukocyte rich blood to irradiation and reduce the

sel f - shuffy doaigoBédtieat The hiovtedtveluaw ofwiotlbcttdneffy seat aceychr raulisdramther at i os.
The cross sectio hape of chanpel. 715 is substantially rect ular (e.g.
rect angacfuz&@at?%Efﬁdﬁ%ﬁqe_ﬂérer{% &g 819 b dRoh agcumilatef gy e el he

di st an?ﬁdé 2511' M\tﬁ?ﬁge gﬁl;%@é& %t]?tﬂe %@o%f?%agbélie%fi&ﬁcﬁ% Yﬁxﬂgnﬁé}&ltmrﬁka‘?i%n%? Its

short si the cross 'section 1s designed for optinal

| rradi ald bathah Boelll s passing through channel 715. Wiile a serpentine
agnant a(£eas of

th 7 ' f ed in order t id i njmze st
Pl ow - 098SY The bR etion et iearoipIGreaeepa DB cPRaLHY PaCHATT Ohehamber
flow & L BERHrEp Biee DY A ab
(rom a T EC L FTOR BELNES: e RlaROMIRE] LRI AORE T rlipe BIERCE "L

| anps  (treafijent tmedgthaviagicontifuoug spignihf Hurid ehei entisedinedfy @t pdlcaomprbeesyA | i ght
assenbly (759) are designed to be used in a setting where edge 706 is

ori ent eHttpghhaREoSHP PigEngdy bowbfasremeyahaf accuppilated @d&lmﬂeiﬁ onireat | ui ds
enteri ' a I ith.. aid of
gravit y%gla?lrrw(%{ﬁie‘%?r#s]? g%?’élfség}l E%Jlé%%@%mﬁg#%é Slltof) ?g |Sa%ﬁlgrrlled(l)\d1p %8%rﬂgsi des of the

i rradi abh@fuctbigNpese faakes nilydeenéeRaidhigetd meddahll tecaithédtd req@irivigtthd ng dfaci | e
renmoval of the chanber. UVA Iight assenbly 759 is |ocated w thin UV chanber
750 of thebibneadt of Gegsions Wm@w@m&xw@qu}ph&mhwl& })de8e] seppration

i rradiat amber's fluid pat I Syl rm,.t o] annels in
an o QS RBRGbashl ot fiafiAL OB WRREF g Bplrf et 8 e TRGF SR et on by
UVA |1 gtnnidy @fretaBéh Mme ahd BRdhe abili@NtoCRpataes hif®Bedas r&EbloBe Belth fta2tidds
channels. More preferably, the irradiation chanber has 6 to 8 channels.

Most priegrewdploploedieltiis eendiiifaee bawkbtsmbievides Siepphenmiey for reduced treatment

time for any medical procedure requiring buffy coat fractions to be collected from patients
that are substantially free of red blood cells, such as extra corporeal photopheresis.
[0086] To achieve the objects in accordance with the purpose of the present invention, as
embodied and broadly described herein, FIGS. 35 and 36 depict specific embodiments of the
present invention. The embodiment depicted in FIG. 35 comprises a centrifuge bowl 10A,
conduit assembly 860A, frame 910A and stationary restraint 918A. The centrifuge bowl 10A
is in fluid communications with external conduit 20A of conduit assembly 860A. Lower

" sleeve end 832A (FIG. 46) of connection sleeve S00A is secured to bowl 10A. Upper sleeve
end 831A of connection sleeve S00A 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
500A, 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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[0067] Figure 14 shows cut-away views of the irradiation chanber. The
channels 715 of serpentine pathway 710 are forned by the joining of raised
partition 720 and perinmeter 726 of the plates. [0068] The irradiation
chanmber of the present invention can be nmade from a bioconpatible material
and can be sterilized by known nmethods such as heating, radiation exposure
or treatnent with ethylene oxide (ETO. [0069] The nmethod of irradiating

cell's usiedQ00Aad201A afe EbiBHIREre (Q0uglrOngr BodsirRCIO0A0K aahchetl teahiositg of
cells with el ectromagnetic radiation (UVA) to be used in the treatnment of a
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| east a portion of the blood of a recipient prior to the extracorporeal

t r eat nestdisposabieorciskd for attinaitgshmaes of reataighis, and ip mwsbprefesatly 9epablsrgfound may

comouianiyunaoahi et il sieR ERd el uLERAHERRERRd e ABHRYE Dot el s
may be hHdih&ie HROvJIahE @N;%W;éf the bagdﬁﬁ vtﬁby RpBRdinE QPVEME hefle of the

adm ni stration routes. The oral dosage o he photosensitive conpound may
be in tpaentangdisofr haballgwable3extaceporgal WlFmeyThe volumsreapanpeaif thecdwly,  about

R A e T
treat n%l@@ﬁil%d.m'aﬁitibﬁﬁ(l}', abid LSRN S Rbideical ﬂ@id&,gﬁ cRPQAPSEEr esi s

treatnment. |If admnistered intravenously, the times would be shorter.
Al t er ngtersoab ynvotved ipthetpoxessng opeeatomrtp thenfduids yhdearstariopestienssate pri or to or

Com oL AReRUSl . YT RO AQ AT e BBl LAt e phaLssensl i ve
that the Rk Etfsticb&&%n&.erh&énﬁrwm&?% beCRIRRAENHE ster €681 1€, t he photosensitive
conmpound. A portion of the blood could first be processed using known
met hodd0088]sAhis ti Bustiawidliy FI@Smdbeanti3g, theyuter boysies 1@h\l istsubstpitailyaotnicale
having an upper housing end 110A, an outer housing wall 120A and a lower housing end
190A. Outer 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 housing outlet 700A providing a passage between said surfaces. Preferably
the upper housing will also have a neck 115A formed about the housing outlet 700A. The
housing outlet 700A and neck 115A are sized to allow body 830A of the connection sleeve
500A to pass through while retaining sleeve flange 790A, which extends from the body 830A
of connection sleeve 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 S00B 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 S500A 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

28



conpound may then be admi nistered to the resulting enriched | eukocyte
fraction. In one enbodinment, the blood cells conprise white bl ood cells,
specifically, T-cells. [0072] The photoactivatable or photosensitive
conpound may, in the case of some psoral ens, be capable of binding to
nucl ei ¢ aci ds upon activation by exposure to electromagnetic radiation of a
prescribed spectrum e.g., ultraviolet light. [0073] Photoactive conpounds

nmay i nglitadRe loMek h@disﬁh%’&id 1901 dnRirdade & ATRDEHE Sl RRMEWidS ARP 66Ble8fiGnaf OF
furocoumarins) as well as psoralen derivatives such as those described in,
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e.g., ,US. ent . . 6,552 286; 6,469, 052; and 6,420,570. ] n anot her
erboai fetne LS By a8t p Kekingeheediyoind T Rk e NS BLBAY BE 8808r dance
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naturally occurring photoactive substance found in the seed of the Amm
maj us (contamiet orf avyaxhqplsaindble intdrcdymkeatng dodkmngamedhmgsmodr eqioimalennkisovkmithe as
psoral ens.or . furocoymarins. The chemical n '
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housing 100A, occupying a coaxial volume of interior volume 710A about axis 11A.

[0091] Referring to FIGS. 38, 40 and 44, the top core 200A and bottom core 201A are
substantially contcal and respectively have upper core ends 205A, 206A; outer core walls
210A, 211A; and lower core ends 295A, 296A. The cores 200A, 201A occupy coaxial
volumes of interior volume 710A of bowl 10A and forming separation volume 220A between
upper end 205A and outer wall 210A of top core 200A and outer wall 211A and lower core
end 296A of bottom 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. Centrally located about center axis and extending perpendicularly from the upper
surface 205B is lumen connector 481A. Lumen connector 481A has a top surface 482A and
a wall surface 482B. Top surface 482A has two passages 303B and 325D that provide fluid
communications through the upper core end 205A with second bowl channel 410A and first
bowl channel 420A respectively. Second bowl channel 410A is a conduit that has a conduit
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[ 0075] Next, the portion of the subject's blood, recipient's blood, or the
donor's blood to which the photoactive conpound has been adm nistered is
treated by subjecting the portion of the blood to photopheresis using
ultraviolet light. The photopheresis treatnent nay be carried out using

| ong wavel ength ultraviolet |light (UVA) at a wavel ength within the range of
320 to 400 nm Such a range is not |imting, however, but is nmerely provided

as an wadBRbA. that BRen@xpapetdecullyurdmad dhet sukfaghd81lbf ghdnhenpdesropher esi s
treatment may have a duration of sufficient length to deliver, for exanple,

about 48 b*J/ch to the blood. [0076] The photopheresis step is carried out

750" of IESE et Tt shafos) L5 Pl FrRgRR nd gk Ry O AR 2 G et

when tb@fnﬂﬂfﬁtcﬁﬁ&ﬂvﬁﬁlcancﬁﬁﬂmahﬁel GE0A ltlﬂdugluboﬂdﬂlt\BZHAChavﬁig d e@séndBX1Bact i on of
the treated blood is returned to the subject, recipient, or donor. The
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[0094] Top surface 482A also has indentation 483A which provides fluid communications

with chamber 740A. When assembled, chamber 740A is defined by lumen mounting recess
851A less the volumes occupied by hollow cylinders 321A and 322A in the connection
junction of connection sleeve 500A and lumen connector 481A. Chamber 740A has fluid
communication with conduit channel 770A and with separation volume 220A near neck
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 553, conduits 321A and
322A may be affixed to openings 325D and 303B in the top surface 482A of the lumen
connector 481A. Additionally, indentations 483A may form a plurality channels in the lumen
connector 481A and be adapted to form chamber 740B when connected to connection sleeve
S00A or 500B. Chamber 740B is adapted to have one or more surfaces 742A that can mate
with the male end 853A of the connection sleeve S00A (male end 853A surrounds end 861 of
external conduit 20A). To facilitate the correct orientation of the connection sleeve 500A to
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period, the cells are renoved fromthe irradiati on chanber 700. [0079] In a
preferred enbodi nent of the present invention the cells are renoved by the
action of gravity and any cells remaining in the chanber are displaced from
the chanber with additional fluid selected fromthe group consisting of
saline, plasma, and conbinations thereof. For patients who are small such
as children (e.g. under 30kg) or patients whose vascular systemis easily

over | oggadmeh t:&ufebﬂ& dsm R ﬁapéimthehaw&idtssgnadndfdhum@epm faywas the
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For a gﬁégﬁ gghpgfgksﬁbmghﬁ{eg@ggpphere3|s systens and nethods, see U.S.
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by ref éﬂ%&efeﬁmpbaakﬁeﬁgurcbwﬁe the lawer ¢dneemrb29&z’dsoraptdses VB tllpp@ daes2f9bed in
U S. Patent Nos. , 9 09; , 985, 9 8 7
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322A. Opening 303A provides fluid communications from lumen 400A to separation
volume 220A as will be further discussed. First bowl channel 420A also surrounds second
bowl channel 410A.
[0097] Referring to Figures 43A, 43B and 44, bottom core 201A comprises an upper core
end 206A, a outer core wall 211A 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 al86D adapted to receive an o-ring and form a fluid type seal around the lower
end of 325B of conduit wall 325A. Extending perpendicularly from inner surface 186C
around said opening 324D is conduit wall 324A having a distal end 324B. On the top surface
309A extending from the indentation 186A to the outer surface 211B of the outer core wall
211A are one or more channels 305A. The top surface 309A may be horizontal or slope
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derivatives, or psoralen deconposition products that may remain in the
biological fluid may be renoved after UV exposure. A process for the
renoval of psoralen biological fluids is described in U S. Patent No.

6, 228,995, which is entirely expressly incorporated herein by reference. 25
C. Centrifuge Bowl [0083] In a specific enbodinment, the present invention
relates to nmethods and apparatus that separate fluid conponents, such as,

for exappid or ibeneanipene identtion 1864) Ugop shrfide BOIABYopes @pwatdyoror wei ght .
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420A, fluid 800 then goes to through channel 305A to the separation volume 220A.
[0099] Referring to Figures 43A and 44, the lower core end 296A has a lower plate 300A,
which has a top surface 300B, a bottom surface 300C and outer edge 300D. Extending from
the bottom surface 300C of the lower plate 300 are one or more protrusions 301A. The outer
edge 300D is adapted to be attached to the lower edge 211D of the outer core wall 211A and
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 suitable material. Additionally, extending substantially
perpendicularly from the lower surface 300C of lower plate 300A is a conduit 320A.
Conduit 320A has a first end 320B that extends into the space 220C between lower plate
300A and housing floor 180A and a second end 320C that extends above the top surface
300B of lower plate 300A. The diameter of conduit 320A is adapted to have a tight fit with
conduit wall end 324B. The volume inside conduit walls 324A and 325A comprises a lumen

400B. The volume defined by lower plate 300A, inner surface 211C, and ceiling 253A of

32



attached together and forma fluid tight seal any appropriate conventi onal
nmeans of joining the parts may be used including but not limted to,
adhesives, ultrasonic welding or RF welding. [0084] The present invention
has several advantages over centrifuges what use conventional Latham bow .
The Lat ham bowl in the UVAR(r) XTSTM system has one inlet port that allows
whol e bl ood to cone into the bow and one outlet port that allows plasm and

buf fy &eadémicore 200AE e ilidinglecon@bon] dhahii€l 4104t ma?, icBinpsisd beaived agogidof buf fy
coat that can be collected per cycle. Each cycle involves filling the bow

wi t h wheAtesiab(rediIGE) 45parth#lg the bowl to separate whol e blood into plasna,
buf f and red bl ood. cel I.s:.. 3) cpllecting buffy coat for . ment, 4)
: ﬁg&tto% bowt” ?‘bgﬁe&‘i {Vee‘?ﬁﬁ’ogbm‘?r“éf’ﬁb‘ﬁ ipﬁ%“’%%fl?’ee“ct of 4% Msuaistin K¢

bri ngi ed " plasma and ted’ bl ood

cel I's. sugftrswRu 408 ACoRAt4078! h8Lhd StioRBAY pRsERYSIHoRRAIBMISA éxdeflisas bei ng
"batch-11ke" as the vol une 6 of buffy coat required for irradiation

t r eat mpatpesdinulary froebatioil suface 38IB.fuppen evadl| 407 ncix¢ends perphudifylady from
collectjon. The Ijnit vol collected huyffy coat .p cycle, results
From ¢ il st 0BT Rl 00 ARLcHEiRES it oburd RS AR e he
accunulpahisd oRA2MAACRAsERIbIGL. Ediabit SN I2BAYmBEbEBRIneEd & cdldgit8ngadd a buffy
coat collection cycle is an inherent limtation of the Latham Bow . [0085]

The bovbrmt finkktight s¢ahand condeits B2 [3ROAt thaeke Bspdreapectivilyiwiticonpgaits s t hat can
be used as ninl paort. and two outlet ports. The additio | ui d

condu e ari8Rant afal Roifeas s dhex Chg BETinah b SIS TREAMIG Yont i nuous
spi nni | ﬁ}{ei i ?@&{ A €58in iMiddMaldL, having to
stop sglgvr‘{%iliﬂggtgﬂg&%(r) f%?né}g%grg ofségirhﬁg?a?%é%agﬁ b l(glold cells; 2) treat
smal | HI8Ad vol une patients; by having collected red blood cells returned to

pati ent gnti nuously, these patients may be nore anenable to i cal

t r eat miﬁ?lgm equi ﬁ%‘@j‘)ﬁtlﬁéeﬂgb’ %‘Pareflh@ (’r‘i‘ﬁF‘% grinaty sl ip F%’gﬁsbqvﬂggéof such as
extracaqy; b Santed) ter I QR onef - di onents
of fr ag{ll@g{ﬁ?g‘ ce @g%ﬁﬁr ﬁerit%eaxgsﬁﬁléei 'é(é)%?&égy lglglgthﬁsem%;nfégr %ggg%s ﬁ%:g})nni ng
or r ot affittendevicems d&nappédpriatectodindiliateythe balapgiag af telbogh 104 3sct 35 wedhtol ood cel |'s

fractio fromwhol e bl ood. This centrifuge bow al so provides the
oppor t L@%MIIF%W%E}@@(#% r eat ment

100102] Referring to FIG. 38, bowl 10A is adapted so that outer housing 100A, cores
200A and 201A, lower plate 300A and upper plate 299A, housing floor 180A, external
conduits 20A and connection sleeve 500A, and lumens 400A and 400B are in connection and
rotate together. Housing floor 180A of outer housing 100A comprises recesses 181A on its
top surface and these recesses are shaped to fit protrusion 301A of lower plate 300A. As
shown, lower plate 300A has round protrusion 301A on its bottom surface 300C 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 channe] 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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time for any nedical procedure requiring huffy coat fractions to be
collected frompatients that are substantially free of red blood cells,
such as extra corporeal photopheresis. [0086] To achieve the objects in
accordance with the purpose of the present invention, as enbodied and
broadly described herein, FIGS. 35 and 36 depict specific enbodi nents of the
present invention. The enbodi nent depicted in FIG 35 conprises a centrifuge
bow 10winen cmneletdt 48iAs amdodhpnid Ol 402 Anext<nddng faord tist @pisorfagey298Asefruppert 918A.

Th [ w 10 s in fluid ni catjon i.th external conduit
e SRS CRURLO abind bt SOIV IR BaSl PR AR
sl eeve (300A, 13 ufaﬂcs\iﬁﬁ% 30 IMhe sQA cdPREN HhREME infHdudaEA08T sapnect i on

sl eeve 500A I's secured to external conduit 20A, connecting the external
condui tup&Aoteend®@O5A] ard etrardngdrveali 4002Agis fsiippadted byraplumity aiffsnsf4034 EXGer nal
conduit 20A to bhow 10A. The fluid cogwuni cations enables fl u'}_ld 800 to be
suppl i €9t Keauadilehe wep hat dgight i upenA00A carbhatipsted iy cgngingdne $12¢hi s 1 ui d

conmuni ' e [ 10 3384 Qni 0 be
Femovedt hiREofty A e SRS thehid o RO RERLS, A 3308 B e 910
ar e adapighdof cnlsit matlad24A. around center axis 11A. [0087] Referring to FIG
36, bowl 10A conprises outer housing 100A, connectjon sleeve. 500A top core

200A, H89YWh cor ersabusrateskia HhGudt higien 498A. frgpaippenugienfad 45H8 260 ™nay  be
constr Liﬁxtngxg%x?c{ 4(?2@(’5 feﬁ%ihéeeéi%?m{%% Rﬁﬁéﬁpﬁﬂ!l}bl E?grt lggm'eﬁlen@%?ﬁ%\éﬁ%'ﬂﬁ hiflescr i bed

for the purpose 'ustration 1n he outer housing “100A is

const r BO3AdwIsith Blig@iddodshigic&dntwiet sepdraciof €6luZ2R20Antral@hA miitbey bsi bl e

t here through. Quter housi ng 100A is attached to a housing floor 180A,
whi ch isharasf A0%bnpy the dbusppiet eumbpdiment Banenid90A comnarisgs Brsiwbowbehaprtlo a
rotatiopgly levidg AURHAPT 04 AUDORAL ipSRYIHES 10PGharBN20H0R i i &fer abl v
sinplifred in constr action and” 1€ easy to manu acture y nol ding or other

known r00Af sdtisiEdoised (HREAS S0 lufied Rnd BBOA iahd PRlYimeR40ACs Faghbingorey used for a
limted nunber of treatnents, and is nost pref erablﬁcapabl e of containing

about 152epndibogfl chansiebd 10\ fonms b passapeysasi thrapgh dumen MM Fam bedew lawerplater nat i ve
e TP S LT RS SRl Sy Y RSSO MpR oD T,
vol unme 183pastioysifg flobe18OAM Second bowl channel 410A extends from housing floor 180A

of outer housing 100A through lumen 400B and to conduit channel 760A of external conduit

20A.

[00105] Referring Figure 38 (shown without conduit 321C), inner lumen 400B allows

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 bow] 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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may al so vary dependi ng upon the use of the bow or the particular treatnent
for which the bow is utilized. Additionally, to avoid contam nation of

bi ol ogi cal fluids, or exposure of persons involved in the processing
operation to the fluids, the transfer operations are preferably carried out
within a sealed flow system possibly pressurized, preferably formed of
flexible plastic or simlar material which can be di sposed of after each
use. [ 0bo88E opening302A lpsatednedt thecdntaedf [@gerphate 300A 1 ke oennsetidroefsi ng 100A is

subst anti al | ni havi.ng.an upper .housing end 110 n_pouter housing

el T 195 g SR Aol 2 ey g IR OB kB ity MRl Shest e of
pl asti @2068uehveda 16WQSate 306A ki hbi st B0 MIBBAC Uk ¥pace 220CHEYw&inNBes Ul t abI €
mat eri al. Upper housing end 110A has an outer surface 110B, inner surface

110C ampthth 30 mgyl lnertsingtflood 0804 iminirn hargflied pemsageaben watbrsepaattbrsynlfimees.
Prefer l%h% t he upper housing wll also have a neck 115A forned about the
housi né tl et 700A. The housing outlet 700A and neck 115A are sized to

al | ow ttmoa??»OA ontillie 35640 gfz\rvﬁdeg !at%hﬁﬁv\%nhmeh@ 3D48 sprbaag%%gp% k&

retai ning sleeve flange 79 whi ¢l ext ends from the body
connectseamddowd vieann B0 0AL. rEach dowirblrahineied20Aodndt 419 Apmey batnaidevkatyi type ah o-ri ng

791A .be inserted between th |.eeve fl an 90A and i nner surface 110C
oF 1 ho TSNS S SRAPTBALCH $ Bel STA8) Giothet PO IS BRI PSR HEd | an

al ternat,| i r i i p | F i 53, a
secondebts?Fs\él %/e@?gﬁgygog%esgﬁ&?gﬁggﬁﬁ%ﬁn@p \rélg‘p {51 ;ﬂ Oéy&s‘&kalgﬁhléglt nnee(k:ﬁlt?)il}5%1&;l sl eeve
500B ditgtdidpotabld drel ssdrdeablef ilearudaindl®And Bifickens nmevfactukange 790A and 790B
being adapted to fit within neck 115A and retain o-ring 791A therebetween.
A fluid tight seﬂl LS. &rovi ded in this enbodi ment by the o-ring contacting

er D&YF {14p

body 830A and in %© 110C of the housing end 110A adjacent to the

neck 115A. However, connection sleeve S00A can be secured to bowl 10A by
any suil00H17d mear’ss illustoateddinddGo 039 & redrp?B, coadit pssemblyBOOA igmttaghgdtofit and

oS MR Ay FATRSE L B R SR BB e PR S0
IS attaenast 20A BaNiAPaifRE cohdi@0tharRIA80A, HERBAE Lot Bhfie] THGA, d4aAR&RirgNd
110A. Housing floor 180A is adapted to nate 28 with the | ower housi ng end
190A armgnguibehiagacld 70Auibich copituitsbanned hay Buid chmmumycation wathta fastaowl

channel 420A, a second bowl channel 410A, and a bowl chamber 740A. The three conduit

channels are equally spaced 120° apart and equal in diameter in external conduit 20A (See

FIG. 50). When fluidly connect to external conduit 20A and bowl 10A, conduit channel

780A is fluidly connected with first bowl channel 420A for inflowing fluid 800 from external

conduit 20A into bowl 10A for separation. Similarly, second conduit channel 760A fluidly

connects to second bow! 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

500A 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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means may be used to secure the | ower housing end 190A to the housing floor
180A, including but not limted to, adhesives, ultrasonic welding or RF
wel di ng. Housing floor 180A may have an indentation 185A that is used to
coll ect denser fluid 810. The diameter of outer housing 100A i ncreases from
upper housing end 110A to | ower housing end 190A. [0089] CQuter housi ng 100A
I s adapted to rotatably connect to a rotational device 900 (FIG 35), such

as for cextufygedonesuch praferend mategglss B TREL®). ol kg ¢angegsioaciese 990A arg the

"ot at 1 ahcise SRENE pa TR e FEOIE! Foyte PR 15 BinRivG R 1 ghE

mechanieggNhoweer, % lehRhfRGIARNEET TR YreRredNBatQhe coMREELRH Dédvd SO0AIN BRA
designed to interact with corresponding indentations in a centrifuge

cont ai rapehassleays8hks oeminpllod éo thateatesma gerduiiod0A4.ocki ng mechani sm or

equi val nown j n t.he . .4hge, 1 ocki ng, mechani may al so co e a key
sl ot 1(§€&|§0|9r G 5 e?eﬁl%%ﬁf(%eﬁg’%?@@omgpgﬁ?ﬁf 82@%&?*1? US] %%OWJZ and the
base 18§@#ingdeaffir@indibrieRtl 8738 fnd YQ&LHIBNhLP And 8744 ARcKkasRev28P and 201A wil |
fit when bow 10A is assenbled. When fully assenbl ed, cores 200A and 201A

ar e f ulartgched thpacondeandudend 86 2ot ZaOmabsonsuit0A (prfetiahly byoparmeldogpyi ng a

Fr o, sad graen o SR Pl AR GG i BiadoPaecs pR R 11 19 1O
subst ankiddleid 899A g% cA@rsg 8BE& PRETED KRledd NGRS dRRAT1CR6 8 1R 8728 3 02D6A;

outer core walls , 211A; and | ower core ends 295A, 296A. The cores
200A, Zdapér demeteythan thei taldy 877B wiite anthomrseene 870AolAupreralitosf whs §GM 10A and

f ' ti 220A bet 205A t |1 210A
of  t op NESHE MIBATA R N DoS R ARG BASF B0 A8 N9 FBEMI5H 2bot t om cor e
201A andcshdt iy eddBIF Ok HARR beFERAMR T QY ERE 823RArd Sitdchéd 1o 1BOBE&S Of

interior volume 710A that i's between cores 200A and 201A and outer housing
100A. §708B9 Ahe Ascond pibaindsl 877C Riegoimed taf@thantly 4 1ing&80Aowbich09 Alse ettamhed es upper

OO 2Ll 20 e 957 5 0k Ao B B e PASHA G Sore 1
sur f acetiibynaced dveMge r&9GewRdRRondi1EchaAh@TT6EA . PH0AL AR 7808, £OOMDsest
preferably increases fromupper core end 205A to 1 ower core end 295A. Upper
cor e end tik08{aed sithe extpmiabamdan 20At(EFLGsH0)f dde r2@idB whete dre ¢omdeit csanntlace

760A, 770A and 780A are closest to the outside diameter of external conduit 20A unless

reinforced tend to fail during high speed rotation. Having ribs parallel with the conduit

channels beyond the anchor sleeve end 873A provides reinforcement to this region and

prevents conduit failure at high speed rotation. In one aspect, the ribs prevent the buckling of

the external conduit 20A in this region and act as structural elements to transfer the torsional

stress to the anchor sleeve 870A.

[00110] Connection sleeve S00A 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 bowl 10A. When assembled,

connection sleeve S00A is mounted to lumen connector 481A (FIGS. 39A and 39B).
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205C. Centrally | ocated about center axis and extendi ng perpendicularly from
the upper surface 205B is |unen connector 481A. Lunen connector 481A has a
top surface 482A and a wall surface 482B. Top surface 482A has two passages
303B and 325D that provide fluid comrunications through the upper core end
205A with second bow channel 410A and first bow channel 420A
respectively. Second bow channel 410A is a conduit that has a conduit 29
wal | 3760 1lhat exiomnesiopatependAIpmidryblf irmmedseein diametes ipmapperdde@eof | unen

connector, 481 0093] As wn on FIGS & 39B.. 39A and econd bow
channgenqj?élfﬁa@léf%ﬁ@eiep%wfﬁi*ﬁ TopvaRp g dh et oS SRR fdigh
condui teorddifodkRYEBSheR1ibh glét%ve@wA%%%ﬁectmlq(m%%@erﬁﬂ%ﬁadipzm%tith'oﬁt adapt ed
to fit 1nto passage 325D of | unen connector 481A. In operation conduit

channelus? 60Aravdtalelx teal pahick eodld dth&@dschmsméll yiballoceterhbaiveat ibow! WA kndowl

channel 410A. Fjrst_bow _channel 420A js_.a second ndui,t that. has a channel
val | acpAcingsless s Tireanas %?PP?F“BBPB%Y?&P?’GW&&B@ and SAPRSTHER SIEEYSF ace

481C of >t o : ' . B,and. first
ponl o o B ot SRERaT CTUA or
ext er ngdroevendulif, g2éhhmehrype gbnreotidrywetdihg, odertighB2Pwithay mitoet ddheste mnd 322B

and a second end 322C adapted to_fit opening 303B top surface 482A. As is
i |1 ust ratbeubow 19AcoresepestinBaleew S present invention, second bow channel

emoai Ao A7 Cht Aiucd it s 3B lscte Mne) IR LEORNNRE

325A negaTRethasspessdvids top ppicePIB2A of 3Xhén eomhettond81 A dorinid b Gghindalbe f used
wi th channel walls 401A and 402A. [0094] Top surface 482A al so has.
i ndent afPwevendamenpernscior A84A1Bas & pliraditcefintentetan 414 thas prRvidanfasdiuid 40A.

When as : 1 I by 4l j S 1A |l ess
Uhe vor nufiChofRBRED AARichtnAbLB A T R BN D0, BERECR: wfiPy |
j unct i otims Shuideonn@stitaionshigeschdd Qharme 7 10MTEBo wDeagtHeo 74018 1fdefimbabber 740A

has fluid conmunication with conduit channel 770A and with separation
vol une PogA mpugHng eerss 8514 Andronstigiace A8k phluman cognectorrfild, exeludingthcon 483A

forms aspgges&%g&\é@%y fhgflo&l '3?111{&??3’2"1% and 322A. A plurality of protrusions 843A on the

bottom surface 847A of sleeve flange 790A engages and slides into indentations 484A on the
wall surface 482B of lumen connector 481A, thus providing a tight fit.

[00113] Connection sleeve S00A helps to secure external conduit 20A to bowl 10A,
thus fluidly connecting external conduit 20A to bowl 10A. This fluid connection enables
fluid 800 to be supplied through external conduit 20A to bowl 10A. Similarly, this fluid
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 S00A and anchor sleeve 870A sizes, and allows
bearing rings 871A, 872A to be easily slid thereon. Preferably the movement of bearings
871A and 872A will be constrained by first and second shoulders 882A and 884A. External
conduit 20A may be made of any type of flexible tubing (such as medical tubing) or other
such device providing a sealed passageway for the flow of fluids, which may be pressurized,

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

II. Permanent Tower System
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of second separated fluid conponent 820 through bow chanber 740A.
Optionally present on the outer surface 205B are a plurality of spacers
207A which extend fromthe outer surface and contact the inner surface 110C
of the upper housing end 110A to ensure fluid communications between the
separation volunme 220A and the passageway forned by the indentations 483A.
[0095] In an alternative enbodinent illustrated in FIGS. 53, 54 and 55,
condui {60122]LA anHIG.3Z72AusmEyeshewaf fystead2000. diperi mgeen3 260 mribe fG8Bnent t he t op
surface 482A of the lumen _ connector 481A. Additionall i.ndent atj ons 483A
may f ofirf-dloprditpesatls) Riecsnh riiviare halrepqiiesih he esinHs deiesdint Oéﬂpéle{?élsg(&apt ed to

form ch Wgﬁ%hgﬁogas%faerh@@ﬂﬁ%ﬁﬁﬁgn &ﬁnﬁ%??%%‘n@@e%hﬁ%%ouﬁ(i@@m 1900B. Chanber

740B i s ad ave one or nore surfaces 742A at can mate” with the
mal e eﬂ"deB@Ate@i 2000epecionne deivatvisg, pengife) il ¢verdlecantd] 85Bdrisuofrftuidds end 861

of external conduit 20A). To facilitate the correct OHOent ation of the
connecfiPyriheugh dispesole Rt@topbereﬁlﬁ@tllﬁ%n eypnHwetesr 2009 periogas §}f118gt‘-,heof the male

end 85 ' strated in
1 g Dee ity CORER Rincol Bu kO BRBN BIESE oE B prler P prdgtaintiSL TS0 BH LM o
sur f aceomtolleRdol exmRiplE D proeedsor or‘ﬂSﬂo‘i\rc&ﬁ dedupledda pll @fl tHemetédsami cohiponempeni ng

857A of the sleeve flange 790A. [0096] Referring back to Figures 40, the
| ower &Slmée BRI Q@Bszﬁab@rkatrmgwe discedpe aftgseastePbyopheresis heigpy e8NSO C e

i ot g 2800 Bk G ad Que A0SO B9 Bttt b el M AERES ERIREES i

2998 ofnutntber omnedsorpd)@maﬂ&&%rdu& tRdapingy] férexbepjeaiphedsiel hyhpropsty edge 210D
of outer core wall 210A and forma fluid tight seal therewith. Extending
per pendrRAIREMIE e spRtallsr Popy changmesomo QA FOmpRSas- pl at e 299A is a channel

wal | avin kounds

openi ng@d‘g whi gﬁ%& Sueglli ? g‘ﬁﬁl %%‘yl%’“?iﬁgp ﬁ” hg\éﬁp ggé}g)fo ﬁﬁ%&alr(ﬁ gt% ebb 5699A A
nunmber poftioni 22004 B34 paatiba220chaks @ toh 220Ul st 22020 Whedth2208dre Wal | 402A
and top surface 298A, supports |unen wall 402A. The channel wall 402A is

adapt edre\ddegeater parhhebetioneP2020f baseipornon 8208 saghat twer wystemyPR00sis robalad

provi d'aﬂg c!mugz%ﬂy% Ac‘)ved frro%[ rop)O\Mo r&nﬁl W& 'hoslb%t%lb‘selttmg Preferably, the front
wheels 2203 are pivotable about a vertical axis to allow ease in steering and maneuvering
tower system 2000. Top 2201 of base portion 2200 has a top surface 2204 having control
deck 1200, best illustrated in FIG. 22, built therein (see FIG.22). In FIG. 17, cassette 1100 is
loaded onto control deck 1200. Base portion 2200 also has hooks (not illustrated), or other
connectors, to hang plasma collection bag 51 and treatment bag 50 therefrom. Such hooks
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 1s closed. The photoactivation chamber is discussed in detail

below with respect to FIGS. 16 and 18.
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in fluid communi cations with conduit channel 780A of external conduit 20A

t hrough conduit 322A. Opening 303A provides fluid conmunications from|l unen
400A to separation volunme 220A as will be further discussed. First bow
channel 420A al so surrounds second bow channel 410A. [0097] Referring to
Figures 43A, 43B and 44, bottom core 201A conprises an upper core end 206A,
a outer core wall 211A and a | ower core end 296A. The outer core wall 211A

havi ng [60118lit er dipperpwtion 2H)0 isdodatadeatopbase porting 2200. CenerugeddernPen D, The

di anet f tom core 201 r ef creases fromu re end 206A
to |O\,\gr10£&lﬁ1§3 Z%}j‘sé‘@f@ﬁd ml%BP‘)tréﬁFbo&eé%B(%wn CERTIRUEE cha ?ﬁr %81’?21@% 309A and a
bot t Om(%ﬁfrffﬁg@c}?aﬁﬁf%r ddQq2192 'hfl@& vad%Q%d}as% a@lbpeREsthatéomn i®ifudepr ef er ably
generally circular) substantial in the center of the surface 309A of the

upper cbambar]02@sMmoniier fondenpmblears. Vdowad 03ns eqppevctedivithgtasi 866k and an

f 186C. .Th er surface 186B of. the i nd ntati.on 186A has
![RQ(I?rGI ??lrjlra‘r‘\g ﬁ'ISW&d§E}eif9ur 'E?fr!g%‘ttéen?i@nf’ Pﬂﬂfgfﬁm?éntaﬁ% ﬁ@%m%urface 186C. In

an al t eep@fhd4Bion %qu!aﬂ‘?&tate%e &é}ﬁnﬁrge%sm atl PYUERtrORer thasdo0ateMsi n FI G 53,
t he upper surface 186B, may al so have a recess al86D adapted to receive an

o- ri ng Rxefdrably, misddw 2108 is gpestiett ofi sloated ptaoé glaswelDoored1®20$ hid2&By of condui t
wal | 325A. t endi ng perragﬂﬁ Iar from.i %gr sur face 1%1 C aroug?) sai d
openi ng™ 884154 18 VBB O a§ PN ?}itﬂ’&a%c g MEERYISDAR! IGFIVAEC OB p

sur f acene AR EathNG! Mtidy! el Upel RN CRhir GiMALEO21010s %&@srse@ya&@ce 211E
of the out’er core wal A ar

one or nore channels 305A. The top surface
309A may rﬂu&edctmlmﬂhtra.«ipeoﬂoﬂ@plé) 31 upward or downward from i ndentation 186A.

end 208A01 198G sictiretebPh deeto LB ISiied OBt izcr G20kef Lot PoVIS SABBEC 0
upper et fie 239 0BG cHPBR%r Wﬁwﬁ@u@%ﬁbrﬁﬁﬁ 2100 Rx¥end $rdfrtise MY

have an even depth“through out the of the channel” 305A. However,
channel porGa@62209mearsthe per ¢ wrwea s gstan 2()mva”fkris aﬁd@vatﬁepphradxm dakyeaacessiter . e

ey o P e Bt B 208 G SRUES, e

upwar d £4ip19 YL HiInd GGEAL BIN2000 to have the centrifuge chamber 2101 in the upper
portion 2100 and having the photoactivation chamber 750 and deck 1200 in base portion
2200, an upright configuration is achieved. As such, system tower 2000 has a reduced
footprint size and takes up a reduced amount of valuable hospital floor space. The height of
system tower 2000 remains below sixty inches so that one view is not obstructed when
transporting the machine around the hospital form the rear. Additionally, having deck 1200
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 brought on by the
centrifugation process.
[00120] A monitor 2104 is provided on centrifuge chamber door 2102 above window
2103. Monitor 2104 has a display area 2105 for visually displaying data to an operator, such
as, for example, user interfaces for data entry, loading instructions, graphics, warnings, alerts,
therapy data, or therapy progress. Monitor 2104 is coupled to and controlled by the system
controller. A data card receiving port 2001 is provided on a side of monitor 2104. Data card
receiving port 2001 is provided to slidably receive data card 1195 which is supplied with
each disposable photopheresis kit 1000 (FIG. 1). As mentioned above, data card 1195 can be
pre-programmed to store serve a variety of data to supply to the system controller of tower
system 2000. For example, data card 1195 can be programmed to relay information so that
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[0098] Referring to Figures 38, the bottom surface 297A of upper plate 299A
isin direct contact with the top surface area 309A of bottom core 201A
when conpl etely assenbled. This contact forns a fluid tight seal between
the two surface areas formng an opening 305B fromthe indentation 186A to
channel 305A. A second opening 305C from channel 305A is fornmed in the
outer surface 211B of outer core wall 211A. The opening 305B provides fluid
comunitbatyiseascdntiotter cadentwat i (@ thhBHA didpocabihplohephesdsisII6iA camgatdgemiithg 305C
to separation volume 220A (FI.GS. 38 and 40). Thus fluid 800, fl ows through
condui tthehapdherive equpmen dnte YWudyG rteine lgadeds 2)that ShigPhatoRhsreskdil ISchannel

420A. F j ; i h I
Sosa ¢ SR bLiShnit e ERRRTEL B Roodsy D MOs @R St RgRs ThEn e
t he | owsra censi bead 2@ or ke a Dateiid fcaitveng3Rer2001\ihas die deasssarytimpdware f ace

300B, a bottom surface 300C and outer edge 300D. Extending from the bottom
sur f acendeoenigy t@ heth|reagedatpiramearsiowrigrdatagnedass cardrld 99 Breferablyndatzoard. The

out or SRR P25 PAPRAGH Gl e AETER b G IR, SRERRRA | Or e

above h@hshdh@ef fbPOFamip) Aol 1ERi0R tin¥s adodle QW VoliBe s itfeGtulont timael volmv@tc upwar d
radially fromits center (illustrated in FIG 44). Alternatively, |ower

pl ate ragesnanpeal fims, makyneiipnowdistwrbpnces Bthe\peqesh @5 irry omevdesied dathousi ng

fl A I .220C exists b | o) |, a 00 h i fl
180A  THIGe yRee et par IO arot e e B 208 P S Ba PR B e
220A.  LaveivePtRicen 20UDA0 10BY adiBisRUSle@to Measitbd cOhtralldt 0P bR aSptbpidit €
material. Additionally, extending substantially perpendicularly fromthe

| ower stonfrabme8B0C of | ower plate 300A is a conduit 320A. Conduit 320A has a
first end 320B that extends into the space 220C between | ower plate 300A

and housing {1 gor. 180A.and a seco end 320C. t hat .extends above the top
surface 300% ggotpgagﬁu%rr gp%m%gﬁ@qgﬁ%w E{F?g(‘aélronoqhaWﬁauit 320A i s adapted
to have a tight fit with conduit wall end 324B. The vol une inside conduit

val | s 399RHnd 3 RAceivgmorsedIaS| s 184 pbaoactivation Fhambes dP) Hedugiatsbwer
2 e 0, B B0 S SRR B 01
within base portion 2200 of tower system 2000 behind door 751 (FIG. 17). Photoactivation
chamber 750 has a plurality of electrical connection ports 753 provided on back wall 754.
Electrical connection ports 753 are electrically coupled to a source of electrical energy.
Photoactivation chamber 750 is designed to receive UV A light assembly 759 (FIG. 16).
When fully loaded into photoactivation chamber 750, electrical contacts (not illustrated)
located on contact wall 755 of UVA light assembly 759 form an electrical connection with
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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material (See FIGS. 43B and 44). [00100] In an alternative enbodi nent of the
present invention as illustrated in FIG 53, support walls 405A and 407A
may be optionally present. Support wall 405A extends perpendicularly from
bottom surface 309B. Support wall 407A extends perpendicularly from the top
surface 300B of | ower plate 300A and connects with support wall 405A when
the bottomcore 201A is assenbled. Conduit wall 324A may be connected to
condui tova2Buding héle761 bochiediin theirgditof s@adr sastem000udvias 334 Ahe PRRAL amly be
fused respectively with supports walls 405A and 407A. Additionally present
extendﬁﬁ@nﬁﬁﬁﬁrthe bottom surface 300C of |ower plate 300A are one or nore

or 1 et 7198 *PaCBh AR BlarlTRE ISR RER G IRES L OB BRA AOTOLL Ao wi 1

be readi ppar en 0 one ordi nar art lCA will

need t arddeativalchambet 0L hoRINigeiiradtitn inlsh uphphopekiial Yetweei UMs]amgys be added
as part__of the device as is appropriate to facilitate the balanC|ng of the
bow | @28-sTitakt HR iuei ¢friear o dAttom|of phetgediyation hambes 759.0Brederpblret eking t o

FIG 3 S a h 1 A and
potn, ReiclBrlird s RUAREE BebS: hlR 762t Glcd 2P IR 1A hrafiB EPcnBRRE NC)
condui 780 a@ﬁngﬂrbefo@@ A 8 SPRradibs € Y.LakO@ A orddMéuit T As &Q%e@fudieélpﬁﬁrﬁerde in
connection and rotate together. Housi g fl oor 180A of outer housing 100A

conpr i ses U shepskoeated 81 An adheisivs backsd flenrcirguie @h‘del@ﬁms arscdpsigasd mdlosﬁhaped to

fit pratrusi.on. 301A of |ower A. As | at.e has
Found’ SroAPRlicHtsn cho s Lol [ e aminiBess SR Y of ST AR 08By o
lover  gh&it8eradAirthit Whil€aR&er bR BP&RH @Q:Cfrl)@é)irs tﬂeg%a séfmﬁﬁ‘ta@%ﬁfml Qﬂe each
single protru5| on 301A on the bottom surface of |ower plate 300A fornms a
tight folid s\naterswmchcasbe mnmo olmchcmsaomgntﬂltpofrthdela@(:rodﬁau By oldsang atsertchousi ng

100A is r tat cond OA and connection sl eeve 500A, top core
200a, ISt w€ShGHATh ond Sithe: dhe SyeRater SHERL At eSBIk THBhs, ng 11 oor

100, SIS PR MR SR g 900 )
If the electrodes are damaged in any way, the continuity check will fail. This is a positive
indication that the electrodes are not damaged. This test can be performed each time at
system start-up or periodically during normal operation to ensure that leak detection circuit
762 1s working properly. Leak detection circuit 762 helps ensure that leaks do not go
unnoticed during an entire therapy session because the leak detection circuit is damaged. An

electrical schematic of leak detector circuit 762 is provided in FIG. 20.

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

4]



bow 10A via a first bow channel 420A. First bow channel 420A provides a
passageway for inflow of fluid 800 through |unen 400A to indention 186A and
then to the separation volume 220A through channel 305A. Lumen 400A is

| ocated inside top core 200A. Lunmen 400A has a height from upper |unmen end
480A and | ower |unen end 402C. Lunen 400A is fornmed by the connection of
channel wall 401A extending fromthe inner surface 481C of 33 | unen

connectREuifEDAIaRbeaBoNE | ANBlebiridA2Ch @ AtRN6H 184k ddiuiioh BRciiPR10YikT ace 298A of
upper plate 299A. Channel wall 401A is supported by a plurality of fins

251A wiioidedrie Fibt2iched to the inner wall surface 210C of the outer core
wal | 210A and i nner surface 205C of the upper core end 205A, and channel

wal | 402A i Lurality of fins 403A (FIG 40). It can
readily be gééﬂgﬁﬁﬁ?w ém ﬂﬁDg | umen” 400A can be adj usted by changing the

sizes _and shapes of core 200A, channel wall 401A, channel wall 402A,

condui 1004261 325 KIG aRdllpsieatesirongnkdesk 120Mafiowenaystens 2000 (F[Iﬁomzwltfwt
|10t et el Pl GciinL e 4008 acly PIORRS HIRAENS. A0 figs Loner | uren

end 40 encloses an 1 nner runen Lower T unmen an openlng

303A Wb @hive £ndi ddnirblUildd EI8WHATugRGUt PRobhéreSiC RAMB00. onrevahmymezmma Rraough a
nunber of channel 305A. In the illustrated enbodi nent | unen 400A conpri ses

first semarate plamBA02 tha desecwisd dm Hass prrtianh 3200l toprgy Aystem| 2008 visiscrayes @fe i r st
bow channel 420A of th op cor dis,encl rei.n from.l unen
ond 460N SHuiEE MR, Sk e ER iR dats, AN ok SR, SRR A0 o A Be, e
passag%vaayatuﬂn@m%rld&muufh@%&ap@m&ﬁw | ovver plate 300A for the renoval
of a first separated fluid conponent 810 that gathers in indentation 185A

of houiWN@7]IoorIKBDAQOGh@dh@IbuﬂhhmhwnnﬁlWh@@hkéﬂuwndstﬂﬂgﬁmhnmgﬁmg fl oor
1908 AR g 008 hE el HTER 10855 BT S BRI 701
3210), ckiBing ltmﬁgl HARE28b! PUEps 1504 - i)josoﬂe ﬁﬁhﬂg%d%%%t@ 1804 $o tABMheEOA Vvia a
second bowl channel 410A t hat prOV|des fluid comunication fromthe housing
f1 oor abwete 1Wanicdedonto86¢k 1200dpeaparati @R pENPIgopetubes 1120-1124 extend

over and around pumps 1301-1305 (FIG. 25).

[00128] Air bubble sensor assembly 1204 and HCT sensor assembly 1205 are provided

on plate 1202. Air bubble sensor assembly 1204 has three trenches 1206 for receiving tubes

1114, 1106, and 1119 (FIG. 25). Air bubble sensor assembly 1204 uses ultrasonic energy to

monitor tubes 1114, 1106, and 1119 for differences in density that would indicate the

presence of air in the liquid fluids normally passing therethrough. Tubes 1114, 1106, and

1119 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 to a raised position, thereby compressing tubes 1114, 1106, and 1119 against cassette

1100 as discussed above and/or shutting down the appropriate pump. HCT sensor assembly

1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor

assembly 1205 monitors tube 1116 for the presence of red blood cells by using a

photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits

data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red

blood cells in tube 1116, the system controller will take the appropriate action, such as

stopping the appropriate pump or activating one of compression actuators 1243-1247, to stop

fluid flow through tube 1116.
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| umen 400B has an upper conduit end 325C and a | ower conduit end 324B and
conprises two conduit walls 324A and 325A which are connected in a fluid
tight manner and form second bow channel 410A that has a small er dianeter
than and is separate and distinct from first bowl channel 420A. Conduit

wal | 325A i s supported by a fin 251A that extends through channel wall 401A
and attaches to conduit wall 325A. Unlike | unmen 400A which has one end near

i ndent §00129] 186ADetIIEID A MRsaweebaprdisipn actuhtdeeIB43L 1247 a8 Gfre@nd t hr ough
bottom pl ate 300A. The first conduit wall 325A has an upper end 325C which
has an coBpessierjactpaeys did4Q-4242 yptegically pesitignel of latenk22 so thvs s castie and a

| ower 325 havi eni .3 a t fi i V194 upper end
324 of I diee ARG 96 TR0 REHIRi R ARt e Ru el P2t de L PERC,

t han i adgiddabitoEbriedfohdaithpaatred N 13P&R NG7. Sdaipredsinchietdatorai R4B224Y @inso has
end | ower end 324B and is supported by a plurality of fins 252A. Lower end

324B h&eimnyecd petmicaya bvgEed postitpindd: mived pemidet Adilkiswetad tn BEHA234 havi ng
openi ng _302A .l ocat ed cent.er, of l.ower. pl ate 300A. Th onnecti on of
opent ngeasauot Rt St A3 1l €A IR Birstiliaf pil Cobiteusr KR A008 and

t he spaQg)-12404. beinvesited SOMRIonP VA& BAGAIs8MPodiPsts iaR@ wheR @hissdi&Of100T e space
220C between | ower plate 300A and housing Tloor 180A in turn has fluid

comunileasled ontowdiet i 12Mhrsri Hestearedvio FIG2S, aaapiessia@oosiored A4l 24 Brokexiensli des a

tight fit with |lower end 324B, nrgvidi ) ort for eCco b channe
an0n cienbicotPRnERe antiren 5] oo AL Ry st B porfipR B0 HetBl BRI b
or i gitghtidRigRed (oGt aperfREl thétby pRERIAY RN fubsUah GauhTRIPEMVRSI NG a
seal ed passageway, possibly for Ppressurized or unpressurized fluid flow,

and whipeks. pWbéreinahd loweasdl pdseiodi spomeadsion amnutas ¢240-124bdenotiextend thebugh npl e
and efficient nufgi%re 1. .Drive Tu@eggoi?) 07].As illustrated in FIGS. 39A
and 398PCRYRYHY and PIA BEp A0 FAMBRERSER EGXIOE BB  10A via connecti on

sl eeve (5§ Whi ClroniprkicdGlRd o1 2317\ akd §hring e Redd S Phattip @l _condui t
20A having a first conduit channel 780A, a second conduit channel 760A, and

a t hi r gosition is to move to the lowered position unless activated. Compression actuators 1243-
1247 are independently controlled and can be raised r lowered independent of one another.
Compression actuators 1240-1242 on the other hand are coupled together. As such, when
one compression actuator 1240-1242 is lowered or raised, the other two compression
actuators 1240-1242 are also lowered in raised accordingly. Additionally, compression
actuators 1240-1242 are spring loaded so that their default position is to move to the raised
position. Thus, if the system loses power during a therapy session, compression actuators
1240-1242 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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conduit channel 770A. Each conduit channel has fluid communication with a
first bow channel 420A, a second bow channel 410A, and a bowl chanber
740A. The three conduit channels are equally spaced 120 apart and equal in
dianeter in external conduit 20A (See FIG 50). Wen fluidly connect to
external conduit 20A and bowl 10A, conduit channel 780A is fluidly
connected with first bowl channel 420A for inflowng fluid 800 from external
condui tor2@Hfei 1X10. Fomdnglieh a‘sﬁ:rmtﬁemat'hisiwm toSiontdisdte yhe romdondf cooatitigi t channel
760A f1 uidl connects to _second bowl channel 410A_for renovi g first

separ atlatps ?{%r(ﬁzl Fapaho Rl 13920nclndes A Mgt iefAolsst 1318 xk2d P nkd20¢ 2Rd 20,

Fi nal | 7 f
rleprgw %218;%(}%% és)gggarugf 812;3{)‘:?1‘1“5&% c({(%rérkpgnen(%ﬁéj%djtr ? I&ﬂ@’é&ﬁh%&% S%%@%?As is
i|lust dejkelaoo ﬁaer@secﬂﬁ:d (e xdvadr Bgdters @000 Spetdficaligspianssoldoe clI05 it siteeve 500A

on the first end 861A and an anchor sl eeve 870A on the second end 862A of
ext er nples b%MdbﬁGcT @n@r asysidy A20S5fits At dinle 1P20vie Bubthedeteripieasssdblys| eeve 500A

and  Nga@E oo TRCisAs IR AOXhSINRL HPTSH AR 86 ol i5fs, ahoul dor 882

cul ar ext er nal

condui bol?é)e‘kt@ﬂdhﬂihgh ﬁi)leﬁlliﬂr @eéaﬁe dé@ctﬂ()() t&ﬁime@sentﬂnyazmnect ion sleeve
500A and anchor sl eeve 870A (or if present the first and second shoul der

882, 884) are a first and second bearing rings 871A and 872A. External
conduit ~20A, anéhdrassdtiedilampingMecharisEonnect i on sl eeve may be prepared from
the same or different bioconpatible materials of suitable strength and

fl exi b{00182] f or Refeming fdw o Fiyise 20fand 0B) the miethod by3shicke nassetfei®O(ione such

preferred material is HYTREL( rﬁ The _connection sl eeve 5Q A and anchor
sl eeve lapderhandseonrsd 40 derkr280 il Bawbehisrussed HbPElerioasKsien %F‘d%?é%’r ves,

wel di ngp Sttog]lnereﬁgwg%agx cafs%'iteqilﬁﬁm%fs U{)&@ﬁl‘dﬁ A Kt%ﬁeo‘?(rﬁi)ﬁ.r ngad.\ts@@f the

connection eeve the anc e overno to the

ext er ndle mmﬂu&tona@nﬁatokG)E)lizﬁx%]syaeﬁlencfctrp@rated ifrktHeSresknt indéntimdit4® anchor sl eeve
870A conprises a body 877B having a first anchor end 873A and second anchor
end 87weramwbat capsebio d 1@ berprogerpsachisHaa deck L0GRA NebURLOr DERIeB62A. of

R Ry A e T
compressmg the flexible tubing against cover 1130 of cassette 1100 (FIG. 3). However, this
requirement competes with the desired goals of ease in loading cassette 1100 onto deck 1200
and reducing operator errors. All of these goals are achieved by the below described cassette
clamping mechanism.

[00133] In order to facilitate clamping of cassette 1100 to deck 1200, deck 1200 is
provided with two catches 1208 and two rotating clamps 1203 and 1223. Catches 1208 have
a slot 1228 near the middle of the top plate. Catches 1208 are secured to plate 1202 at
predetermined positions so that the spacing between them is substantially the same as the
spacing between tabs 1102 and 1103 on cassette 1100 (FIG. 2). Rotating clamps 1203 and
1223 are illustrated in a closed position. However, rotating clamps 1203 and 1223 can be
rotated to an open position (not illustrated) manually or through the automatic actuation of a
pneumatic cylinder. Rotating clamps 1203 and 1223 are spring loaded by torque springs so
as to automatically return to the closed position when additional torque is not being applied.
Rotating clamps 1203 and 1223 are linked together by timing belt assembly 1217 (FIG. 24).
[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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second end 874A is a collar 886A, which extends perpendicularly from body
877B and of a larger dianeter than the body 877B of the anchor sl eeve 870A
A plurality of ribs 877A having a first rib end 877B between the coll ar
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

ext er nahoF il a?é)&)upi@ﬁe Teh&8n §s7szrﬁbrwmm%§lrla§!hai Qmidpeoed 226 halngepndui t  20A

and are preferably placed over the region where conduit channel s 760A,
770A, amﬁﬂlcmaowmammxmlgawtd rotate ﬂlheotamrfadiclampflwﬂe)réilfbrhaais beorgdui t 20A
(FIG 50% g é_,?l ons .where th(i &?ndui Channﬁ%f‘ﬁ 760A, 770A and 780A are
cl osest? r8mr°* Qfaue gering Bonsings 1274 Broviderapnguing e OBBIK SBHPEEAL PPEIRt or ced
tend t?otﬁt"i’ddal&iﬂﬁl gzdmtgﬁm%&tﬂecem&a?esumv' ng ribs parallel with the
condui t channe beyond the anchor sleeve end 873A provides reinforcenent
t o t hi $0018§]1 on aRdfermugehekits FEGRAN dndf23i herloatlingicgtsegp D oo declon. 1 n one

Fogi on 130 Casena R et %‘z&%ﬁéﬁé&ﬁ%@f{mﬁ%&ﬁ@tfﬁﬁ""' ¢ SR i B t&:é 0
h A
havi ng " an uppEr i RL e, CRIPLIBBICRELLED BpCEN I AR TBLLREY AR
47) . Laimeratchesch268 eRdtaaaﬁ?aéhcmsslwamd 1223amgen ﬁh@%sam@oaum atrtAlsitinge. of
protru5| ons 843A, which are sized to engage indentat.i ons 484A on the wall

sur f acd "28A6f the saesgtie bHILE € ofhe aige ApPeRis e abs b anddd 03 xconiastsvhl ed,  a

fluid . ral 830A and
conpr e ot ind® FRmpE Db RR% o0 Bibs HOPRREL (U385 RURR iRt B B, KR, Dor
sl eeve A@fdrcesgdlfphbs dedaptcnt sdee 1800)redtidiml eingis1d03 and d123 widD# Referri ng

to FIG 46, 39A and 39B, connection s|eeve 500A is secured to bow 10A by
means a9tasfdeths oppmpgRtionelowing thereapabgswiedd 09 rmaysy dewnvwaedtto dondui t

channelys (80 Reiol 0fce 178 GhuRSh ATRlCORIULA 1309 fce BOMLGHRANSh 34208 and

410A, é)n en asse connection sl eeve 500A
i S MOUPbsitioh,ahd toTRdNEINAARES TRO34BAA20F kg ROR fivndthd IBke appliddalihd ]

Connectt(i)ron sl eeve 500A Br eferably increases in dianeter from upper sleeve
que springs and rotate back to the closed position, locking cassette 1100 in place. When in

the locked position, cassette 1100 can resist upward and lateral forces.

[00136] To remove cassette 1110 after the therapy session is complete, rotational

clamps 1203 and 1223 are rotated to the open position either manually or automatically.

Automatic rotation is facilitated by an air cylinder that is coupled to an air line and system

controller 1210. Once rotational clamps 1203 and 1223 are in the 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 blood pump will be described with the
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end 831A to | ower sleeve end 832A and is overnolded to first conduit end
861A of external conduit 20A. Connection sl eeve 500A connects bow 10A to
external conduit 20A without use of a rotatable seal, which would otherw se
normal |y be | ocated between bow 10A and connection sleeve 500A. The

seal -1 ess connection between bow 10A and connection sleeve 500A may occur
as expl ai ned above or alternatively through use of, for exanple, an Oring,

|
a  gr oovéerstanding fhat peréstatiee paryppicl 3308 eroidentigal. dWhgle bpodpenpAs0¥ has with or

wi t hout_ ad Lve in eith ow | Qr. GO tion sl.eeve 50 0112] As
1 st et syt T S5 gl Slia SR B HomR IR S Sa B B Bl T hce
847A t a4 aRetiBGdEM hFIGOB0)S M RARingA3450f | umen connector 481A formng a
tight seal. However, |unen connector 481A has a plurality of indentation

483A t 1881391 ovi dRotdrd314 fisiothtabty meunied atithomhdusingsb¥ Sswgday mtdperabéshanber 220A
and bowl chanber K 740A, i , Jdnt as flujid co i.catio i.t.h conduit
e hanmatonsBRon Bkt sl bt o, 308 bisAll s BRTR S Hanfa b “ o0 A

and t oRusMAhAGEI 8 2ARGEsiA TS s6AVREEE Rtatdid By nfot& BNt Nikis ARBCHHRACUPI ed
by hollow cylinders 321Aand 322A. A plurality of protrusions 843A on the

bot t omrster 13kkis 8dAtedfin Sbesvel 315an geacz 9018 engadpesveandotst 1 3kkaniduoved

i ndent ati ons -484A on t wal | surface 482B of | onne .481A, thus
or ovi il 71 e Phee Lfisos Bejuisoivsains v Sevio s oA RampBh icure
ext er n%m&@ﬂ&*ﬂgp ioo%&ﬁbset glzh_fnﬂie.ls%ﬁts [ iSIohdedi et Yur -ﬂg.emoiﬂen setis6f 18l g ondui t

20A to bow " 10A ui'd conhection enabl es urd 800 to be supplied
t hr oughroepleé tanddivecshafi 1316 @0hotoo 1AHIMo thavkhe Sitatidrat pysitierhoirofdrddtd caolmect i on

i ougTBR OB MEBHIIE rBEANST SO oS R SFRaF 1eEhBupEr DB/ astighond
t hr oug t :

appr oxi l i I ] h -0l i An
excessitﬁﬁﬁlt#g?? %3&%%} ﬁdﬁgg‘ﬁfcﬂmw%/? \?\A P? ahglg% l&lggﬁig%ﬁaf %ﬁsfehgrr%(?{gtonarui ckly.
Addi t i d2dD) which iscasts¢oapieddo aropirdi316,arad utti vats molve d31 @ asylatoroaididdat ur e,

al l ows easy . experinentation with connection sl eeve 500A and anchor sl eeve
870A si¥desisdgolfippaldosienr i ng rings 871A, 872A to be easily slid thereon.

et sl TG ESIANS BT OIS0 Wik sgesStned b

used to secure whole blood pump 1310 to plate 1202 of deck 1200 (FIG. 22). More

specifically, a bolt is extended through bolt holes 1320 of housing flange 1319 to threadily
engage holes within plate 1202. Housing flange 1319 also includes a hole (not shown) to
allow pneumatic actuator 1313 to extend therethrough. This hole is sized so that pneumatic
actuator 1313 can move between a raised and lowered position without considerable
resistance. Pneumatic actuator 1313 is activated and deactivated 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 slots 1322.
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conduit 20A may be nmade of any type of flexible tubing (such as nedical
tubing) or other such device providing a seal ed passageway for the flow of
fluids, which may be pressurized, into or out of a reservoir of any sort,
and which preferably can be di sposable and sterilizable. 11. Permanent
Tower System 37 1 [00115] FIG 17 illustrates tower system 2000. Tower

00Q. i h i.e., - di | ' f d t hat
" acel vAGOL var (15USTEEOY Gk oral dprrEdne b Hushbb Spened B asset t o
1100, 'hgg%gé #3108 tﬁﬁqm%fn\?éﬁglts I S\ U%%é&%to???fﬂa@a t%%& surfdd@wer

system perforns the vi ng, punpl ng;, overall controf and drive of
fluid 1BRBwngledeuigle 1824 posalflargeptiSopegiede mlleist 1326080 dioweollsgd82T 2000

erforns _all of the necessar ontrol . fungti utomatically through the
s of 4 FRBH A1 338 oG ieTB &5Ah A1k drse Tolish TS harp by et pogr | ¢
Cireul oo G QY0 Bidwh Aty Mor 1388 ARCLBSRIY s GRIRIBENbErotorMlinke 1828166 U sposabl e
kit nust Be di scarded after eac phot opheresi s therapy se§5| on, tower

syst emb2&Qustsitedse FIGVEY, camasl 183(efit iagehidles IB3baif ratysflesn 1328 Gngd astekses modi f i ed
to perfogrma nunber of: extracorﬁoreal bl ood circuit treatnents, ng exanpl e
a

?{)geggslﬁil iphotipmp pifacy 132} Sy A 1936 ardArYorallers 197 B aEman §Picy %Qnérof
bort | o8 dlae kbl BB RY RS IEONIRAEIS MGURLIBERARGIEN HODC

a bot t gydeaR . MuegetferabB Juidegollgds 0326dad diveolldredB2? dre photidaioZiofit of base
portion 2200 so that tower system 2000 is nobile and can easily be noved
from r o 60 as i inan alteroating pdtteEet t i ng. Preferably, the front wheel s 2203

maneav P B, Cadrafot B HsE0 B3 96T SRS I8P s b EL 8RS e o
sur f acepoizdifofRiviplgos aibe a1 tHae K oddédGnto Btst punhginis togiinelB 18gkinéd the2, bui | t

therein (see FIG22). In FIG 17, cassette 1100 is | oaded onto control deck
1200. Baside plguryesivabbl Tassoton h314vesues abaat axiy Ard+ thereby siefogpingthefube

comec o AR LT A B Lo -3 ST SR Lol o

posi t i QddrregpoRi@RglyeHandithe rite befluid flow through the tube. Guide rollers 1326 are
provided to keep the portion of pump loop tube 1121 that is loaded into tube pumping region
1318 properly aligned during pumping. Additionally, guide rollers 1326 help to properly
load pump tube loop 1121 into tube pumping region 1318. While guide rollers 1326 are
illustrated as having a uniform cross-section, it is preferred that the top plate of the guide
rollers be tapered so as to come to a sharper edge near its outer diameter. Tapering the top
plate results in a guide roller with a non-symmetric cross-sectional profile. The tapered
embodiment helps ensure proper loading of the tubing into the tube pumping region.
[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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with the functioning of the systemduring therapy. Base portion 2200 has
phot oacti vati on chanber 750 (FIG 18) | ocated behind door 751. Additional
hooks (not illustrated) are provided on tower system 2000 for hangi ng
saline and anti coagul ant bags. Preferably, these hooks are |ocated on upper
portion 2100. [00117] Photoactivation chanmber 750 (FIG 18) is provided in
base portion 2200 of tower system 2000 between top 2201 and bottom 2202

behi nd[gtade] 751. RBRRN3THAUso Bas dighdadide 132URREMAThglupwhad at @oinveesd 2200 and is
provi ded for access todghot oactivation chanber 750 and to allow the

oper at 8ngle.dram sajer ange ddesi Venslesewidmbidris payided fondisplesmg pymp logpdiBe not

. : . . . ; o
ot on ABLGRE S ERYO s 0P S LERLAE RureTRERR Tt it RYL C00 19
when i Pregetablyi Mplehan®e132400s elesatk@ades 1386 unhing ataprtof Bikfics 182dsed. The

phot oacti vation chanber is discussed in detail belowwth respect to FIGS.
16 and MeBLalZBZEBOENBYY Uppraratpoi tneeass@ Y0 dldre predesably dangleskeides B1dds t i on 2200.

Centrifu hanber .. 2101 (Fl 19) is located in upper portion 2100 behind
centri ﬁ?fégediﬂ%(gf)ﬂﬁﬁépgﬁﬁ%ﬁﬁuwntri fuge chanber door 2102 has a w ndow

2103 sqo@a7prer aRefer§@n$R o FIGS @8t 399@hole hasvagfundlPi1and ailiatioflyf or any
pr obl ens. ndow 2103 1s constructed with glass thick enough to w thstand

any f oreaslsantlmatoadpympdomeiube &1 oo and duteitube paowingeregiankd1Bg Ustngnt ri f ugat i on
which can _.rotate centr.iLfuge bo t eeds .greater than 48 PN .

Pref or 80T iR 0P B TR Th e adofRe Ren U FirgapeRt aueR W 1o, |
hi ngedltyce GQRACEIRPWLS dh@&gt% 1706 {5 18AdcA TRt and 1006 l(FIG.@BB.OM%Eé $petifiekiyg

mechanismthat is activated by the systemcontroller during system

oper at irotor 13kt prcketge aglositioaiso B0 Angled giide 132ed 1mtadvbetweenrmleepettomi | wit h
respect FIG.19. [0 Pr ef er ahl eck 1200 js .|ocated on top surface
2204 oft 158 gl let PRI 5t b Plske TRt wES FestttoH By FERingre 45880 i o
upper pRuJiliAGrAA0R FIS. ?%tWTEh:BQSsHﬂ?é"ﬁ(Ié il sQMAAE YeciP 9200, Biimp 2 BERI21 he rear

of tower system 2000. This allows the operator easy access to control deck

1200 whixteadsovenand amond FotorkXldr dnagmativeacopeordi3dd isndks bwepedcpositidnfaige

chanbe I’this time.
[00148] Once cassette 1100 is properly secured and the system is ready, rotor 1314 is
rotated in the clockwise direction (i.e., the forward direction). As rotor 1314 rotates, pump
tube loop 1121 is contacted by angled guide 1324 and displaces against the top surface of
rotor flange 1325. The portions of pump loop tube 1121 that are displaced against rotor
flange 1325 are then contacted by trailing edge 1325 and fed downward into tube pumping
region 1318 through opening 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 a 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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2101. By designing tower system 2000 to have the centrifuge chanber 2101 in
the upper portion 2100 and havi ng the photoactivati on chanber 750 and deck
1200 in base portion 2200, an upright configuration is achieved. As such,
system tower 2000 has a reduced footprint size and takes up a reduced
anount of val uable hospital floor space. The height of systemtower 2000
remai ns bel ow sixty inches so that one view is not obstructed when
transporti nd.t hdrarahCommaneatich t he hospital formthe rear. Additionally,
havi ng deck 1200 in a fairly horizontal position will provide the operator
with a J 10 SeferfigY tEERS. B, 1oRBPERRIECLEGH &FIGL 17)110R MYy dthet RIUWERdI Ng Of
other devices, facilitating easy |oading. Tower system 2000 is robust
enough atwnrwIpSShsﬁrandi(fIBF’):@EnramdcaHOthlatﬁrfmﬂs(nbtSiwgﬂh't) dhe wyretase IR ouerfacef ugat i on
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of a certain brand nape or neke. . %lrgg recei ving port 2001 has the
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then sent to the system controller 1210 where the data stream is parsed per the

communication protocol.

[00152] By incorporating an IR communication interface on tower system 2000 real

time data relating to a therapy session can be transmitted to a remote 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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flowrates, any alarnms, malfunctions, disturbances in the process, or any
other desired data. While data card receiving port 2001 is provided on
nonitor 2104, it can be | ocated anywhere on tower system 2000 so long as it
Is coupled to the systemcontroller or other appropriate control neans. A
Phot oacti vati on Chanber for Receiving Irradiation Chanber [00121] Referring
now to FIGS. 16 and 18, photoactivation chanber 750 is illustrated in cross

sect i oriubippattnpmehl4Mnwishsatne 55280 anticorgylapicbds yThesairReer Ebis tiggd Phg 756
fi i [ ' f. . | N/ FI G
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ports 79€ mingy130echnaWBatknp/aedol cébdolledit @at 10 patd egonect i on ports 753 are
el ectrically coupled to a source of electrical energy. Photoactivation
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connection allows electrical energy to be supplied to UVA | anps 758 so that
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controlled by the properly programed systemcontroller using a switch. UVA
| anps 7®8tralliegdd03 thatretd ta naintela e ¢elldingdit g inetfeeslarst upiil thiseobeitonol | er

durii th t oph ' ) on, 122 t . hol /! i ded
"'t he o8F BRheRIRRES Lidoh AL PR 3RS iteq elP TR T 402 d af 10 Bndrper ©

750.  Vegt flaRl gath B1hé adifehShdsGOmeN theWCT sdfdbr IMUGE op&RADyaAUWehg the back of
tower system 2000. When heat generated %UVA | anps 758 builds up in

phot oacaciuwesari 13A4,cindisinps Wh0 thelhlCh gersot 1 B2 degerts 141drraghyells Hiollhetiom ayslsapes

i 1o COINRe e BRRED06 vhAPBRIN RS betr SridbidR rCh s og st (he

rear ofcycRElor SXHhREM DXL blcdIBYodek PR 8f PSTO BNnaPRuire 6 cycles, and so
1500/6 is a volume of 250 ml. With whole blood continuing at 1410 to be delivered from the
patient to the bowl and the red cell pump off, red cells will accumulate and will push out the
buffy coat from inside the bowl 10. The red cells are used to push out the buffy coat and will
be detected by the effluent hematocrit (HCT) sensor, indicating that the buffy coat has been
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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the operator. [00123] Photoactivation chanber 750 further conprises tract
762 for receiving irradiation chanber 700 and holding irradiation in an
upright position between WA |anps 758. Tract 762 is at or near the bottom
of photoactivation chanber 750. Preferably, a leak detector circuit 763 is
provi ded bel ow tract 762 to detect any fluid | eaks irradiation chanber 700

during, ,be or after eration. .Leak detector.circuit 762 S .two

el ect ruge "B afeger Fhrahp i ORs Sl eE o] ik U e i

Ci r cui tis rehitRe®lARE OGIES, RLBIARSINSDdcdQ 1absow for application of a short
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wet (i.E41, R42edk)3, 1244, 1245,t1246,6nd d2A d.ced the spinEnmgedic bawamb) awea) t he
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Cr 0Ss- spidritom)ithdexpding theeblleantd buffy ¢edls 1 Phaedera, 12ulangys, adiothdr offpobaigy i s
positioned within centri fu%e chanmber 2101.  Rotational device 900 jncludes a

r ot at i nijaBioas ka alepr by separaisdperged sellandeseededmgner fian reyipg e Wk ur i ng
centri fglggnpg)mle é%i&rhﬁhe]‘ﬂusujigkf?&gs { of centrifuge chanmber 2101 is
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prefera um num or s r Iightweight, sturdy netal.

Al t er naf00te0ly, othéaes beeatfatidothal inaysdieghe nimye thet husBocoat 810 i stlgeated Byst em
2000 such as that described in U S, Patent No. 3,986, 442 ich is

expr es sIYRURRGPPHHINEEN FETas tw“ﬂg(’rygﬂ‘éfr evREehCit of B Y ?%?}2&’“ A”cleaner

cut” means that the hematocrit count (HCT%) is decreased. HCT% is the amount of red
blood cells present per volume of buffy coat. The amount of time that buffy coat 820 is
subjected to rotational motion in centrifuge bowl 10 can be maximized in the following
manner. First, whole blood 800 is fed into first bowl channel 420 as centrifuge bowl 10 is
rotating. As discussed above, whole blood 800 is separated into buffy coat 820 and RBC’s
810 as it moves outwardly atop lower plate 300. Second 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 bowl channel 410 only, additional volume is created for the inflow of whole
blood 800 and the unremoved buffy coat 820 is subjected to rotational forces for an extended
period of time. As centrifuge bowl 10 continues to rotate, some of the RBC’s 810 that may
be trapped in buffy coat 820 get pulled to the bottom of centrifuge bowl 10 and away from
third bowl channel 740 and buffy coat 820. Thus, when third bowl channel 740 is opened,
the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT %.
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[ 00125] Leak detection circuit 2106 is provided on back wall 2108 of housing
2107. Leak detection circuit 2106 is provided to detect any | eaks within
centrifuge bow 10 or the connecting tubes during processing. Leak
detection circuit 2106 is identical to |leak detector 41 circuit 762
descri bed above. An electrical schematic of |eak detection circuit 2106 is
provid in FIG 21. C, Fl uig Fl ow Control Deck [00126], FIG. 22 il]ustrates
cont roﬁ&yéﬁk 1200 heflimggdn o} batehprogersingane the yPrgy dhyeids a&lﬁ@é&éﬁ © 1100
| oaded ({, hel 6Oy iR OledleHind AORNRAL fi0E HBcdsBfy Vahithady fOM pRHERE NBSO as  to
drive §n %gﬁﬁpgﬁ?ﬁ%u?% gﬁég)f\;tv %ﬁrgoﬂgﬁo{ﬂt p Cot op%e%s?gg}ﬁlat f’ggo Preferably,
deck 120Qvéragasizeiegaita®® 1@ mifildilit206 Huffyt cdagwhie bloed ctits inasibepaptutedin2200 of
tower system 2000 via screws qr other securing neans, such as, for exanple,
C

bol tsl, oidlpr do ceyidugy aaﬁvﬁgf.hompa@réswe@m@ah pordgide %Iliec_t Q’(l%%rp?‘_"éloﬁm’ghm or ot her
dur ab %P%dﬁ% l%odj%gf%r ﬂh?é{es@rﬁ%\% ! Pﬁg%lﬁ,JrgBIQmQ&san}dn‘&el.5’ﬁfe'r§6fa\&1§i(8§’ punps,

whol e bl oo unp urn pu?r%}:}o ecl rculation punp

ant i coageddarmhepeqiired IGdunasttbuffyctobl/white blobd cgltsngan bd@émoext femrdithrgl .5 hr ough
plate 1202. Punps 1301-1305 are arranged on plate 1202 so that when
casset tliers 9bwhpls blepdda @abe38-4Pariautes gsing dhe pisEsnALNVEALIOH GAlleqtis graugdes

1120- 1494 8600 REL AL AR AR O Dyl O04ARL A

bubbl e Sensor asse an Sensor assenb ovi déd on

pl at e l2PatatioN probddbbTee spnged b@f$d§8 estohhitt Hsbdnialls hivees MCERENESorlI2Q6 Thor
receiving tubes 1114, 1106, and 1119 (FIG 25). Air bubble sensor assenbly

1204 us@EPaIisans semexdstiageapggratus, therblf AR Xk tikes anonad 99 npgutes apreaess 1 Hor

di ffergnces. i nSi at .would.indicate th res 0 ir-4n the

G o RS g Ra iR & chB e Mt idnl a8l by BEFSRGSoS 8l 208 1716 o1 6
moni t 0 revAREXaS %ﬁlytdaﬁé&s hio08$ 508 Jf ¢he {0 BRblL et -the“bﬁff;bétﬁb/kﬂiité espdlceRssenbl y
1204 is operably coupled and transmts data to the systemcontroller for

anal ysitBat arg subjecteidrto Bhetsigbaraiien pigeesec foel HGThef thy bulfincedwhit lepd ¢ills|  shut
N

apparatus, the Cobe Spectra™ by Gambro, must process 10 liters of whole blood in order to

collect the sufficient amount of buffy coat/white blood cells. This typically takes around 150

minutes, collecting only 10-15% of the total amount of the buffy coat/white blood cells that

are subjected to the separation process, and having an HCT of about 2%. Thus, it has been

discovered that while existing apparatus and systems require anywhere from 152 to 225

minutes to separate, process, treat, and reinfuse the requisite amount of white blood cells or

buffy coat, the present invention can perform the same functions in less than 70 minutes.

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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1242 to a raised position, thereby conpressing tubes 1114, 1106, and 1119
agai nst cassette 1100 as di scussed above and/or shutting down the
appropriate punp. HCT sensor assenbly 1205 has trench 1207 for receiving
HCT conmponent 1125 of tube 1116. HCT sensor assenbly 1205 nonitors tube
1116 for the presence of red blood cells by using a photoelectric sensor.
HCT sensor assenbly 1205 is al so operably coupled to and transmts data to
the systemcontroller. Upon HCT sen€lriimassenbly 1205 detecting the presence
of red blood cells in tube 1116, the systemcontroller will take the

approprjate gactign, such as stopping the appropriate punp or activating one
of conﬁ&@%‘é? a?\m}f t'¥at ors 1243-1247, to stop fluid flow through tube 1116.

42 [00328], ﬁatuég&ﬁgﬁéli%%p%ge&é PO cERIBAESHL Anélft e BloRk Sind dparakedfioad t hree

conpr essi on act uat or 42 strategically positioned on plate 1202 so
t hat wivemposese titeecasskft® Oompridiogded ont o deck 1200 for operation, each of
conpression actuators 1240-1247 are aligned with correspondi ng apertures
1137 and 11%78! ICRQUSIHE: act uat ors 1240- 1247 can be noved between a

| ower ed pos%&kﬂﬂ:ﬁBQk%T%%g§%g2g8ﬁhkkﬂﬁhm@§@i"UStrated in FIG 22,

conpressi on actuators are in thelowered position and conpression
actuators ITR4Dld@bgatleritiantlbepsrextendthgpo®i within, amheut from af theilwesingosi ti on,
and when cassette 1100 is_ | oaded onto deck 1200 as iJ | ust ra& e(gf En FI G 25,
conpr essi on 2hlAdlAeFectips Ah flgsible tipg withiptan Rousing GRgrh MeoREcHteddBRhdi ng
apertur : 157 i L i that is
ol anod s 1S pf add TP RRTRS B5Rsed R iR AUV BN EREERIT, <ot nat
fluid caerteddn thpasposed\beztion froihthe egpadeedidposi ti on, conpressi on actuators
1240-1247 do not extend through apertures 1137 and 1157 and thus do
conpress the flexible tubing. [00130] Conpression actuators 1243-1247 are

spring g4 efﬂe%@é?ﬂtu% e tCtPé?ﬁl dlt @%ﬂﬂ%ltﬂin tﬂé)ﬁ(iylfsirgsladi]a_gtﬁg % [iaz)rg[xgctt Rchidig Jrover ed

posi tion unl ess activate ression actuato are

i ndepentefietipleaotusr ol | ed and can be raised r | owered i ndependent of one
anot her. Conpression actuators 1240-1242 on the other hand are coupled
together. As such, when one conpression actuator 1240-1242 is | owered or

rai sed, 3 fije aﬂﬁepﬁ[ls EMRiEPTWAERS A is adapted to connect five sections of flexible tubes.

4. The apparatus of claim 1 wherein the side of the housing where the flexible tube is exposed
comprises apertures through which 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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actuators 1240-1242 are also lowered in raised accordingly. Additionally,
conpression actuators 1240-1242 are spring |oaded so that their default
position is to nove to the raised position. Thus, if the system | oses power
during a therapy session, conpression actuators 1240-1242 will
automatically nove to the raised position, occluding tubes 1114, 1106, and
1119 and preventing fluids fromentering or |eaving the patient. [00131]

Ref err |aﬁ@e8ﬁagvﬂtecﬁxpp@s flexileple zeptloaé@kleﬁgcmemm@mccmg gfﬁé@ thg side pf

can o 12580 Y0t 6otk IR ThRRESISS tnd el BN PETREBTS b P

cont r olaligw al?éh@t dne actiitee stlyctiveogbsore duid ey irethe dxgosed sédtioh bt i s
operablfkl coupl ed to the necessary conponents of the systemto performall
of t he fledibde ubkng byi pressingdhe Bexibleduling itwaugh the apertkie padagainss iggseldedbove  and
necessarglto erform a photopheresis therapy according to the present

i nvent i On." (’i{]}’f’i nder assenbly 1211 coupl es each of conpression actuators
1240-1247 to a pneumatic cylinder. Ar ports 1212 are provided on the
various el ements of deck 1200 as necessary to connect air lines to the

devi ced- afit apharapys of elaim dthavisga fofer mfideiogununidagion Agthsaidenst erierflaxahle be

provi de[dbto the devices as necessary to actuate the necessary conponent,

such as Corrpre55| on val ves 1240-1247. Al of these functions and timng are
controll ed by system 43 controller 1210. Timng belt assenbly 1217 is used
to coordinate the rotation of rotating clanps 1203. Finally, plate 1202

i ncl udeld). a'hglapparhius pf olainh d lheving 3ZAPeLRES jn mzbottomzzmlonan@nesmm ngo that the
vari ous ent.s of deck 1200 c erl d i nt hat

ook 1BBEDR0EE 1€ 4R P8 ST SanEd By BF aRr S0 alaplRRY PasNeoR BARSRS01 - 1305
fit int@pinpokSed3dd apE@reSa%H%Qéh RORIBABYe; JfRQEtuﬁd foSpd; Ah@ aMAb 8ddtetlio ai r
bubbl e det8ctor assenbly 1204 fits into hole 1219, conpression actuators
1240- 12(249?in@x1fle'ndeqtﬂ0n$)u©ﬂnb¢lol es 1218, and bolts extend through holes 1221 to
secure deck 1200 to tower assenbly 2000. 1. Cassette C anmpi ng Mechani sm
[00132] Referring now to FIGS. 22 and 25, the nethod by which cassette 1100
is | Oaﬁle¢héﬁﬁpa$ﬁﬁyéﬁ‘1m§rpl dacteinl B0 Qadbid cd?ﬂ&;s@?a@éc%?dﬁ%&%@narﬂc@rd%ﬂ@mcﬁor

system 2000 to perform
are electronically recorded identification data.

12. A method of making a cassette for controlling movement of blood during a 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 are attached by snap

fitting.
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a phot opheresi s therapy, cassette 1100 nust be properly | oaded onto deck
1200. Because of the conpression actuator valving systemincorporated in
the present invention, it is inperative that cassette 1100 be properly
secured to deck 1200 and not shift or become dislodged when conpression
actuators 1240-1247 occlude portions of the flexible tubing by conpressing
the flexible tubing agai nst cover 1130 of cassette 1100 (FIG 3). However,
this rlégqui methedof vekpgtagmsseite fortdostrakdisg meyegeal of Weodensieother flusdsdi ng

cassette 1100 on deck. 1200 nd reduci ng ,operator,errors,, All .of .these
coar's wPubhone Sudngs b e pofet lemeatie BERY B Ef R bRt SR o
[0013311&&@@%&6{&%?lié' é@b&d%@rmitmmtd 369 8bligh MEQBcHM @RGK 1200, deck
1200 is provided with Two catches 1208 and two rotating clanps 1203 and

1223. Q@atvehted up@dfrebsing theaulsing frofiPths enpased side. ni ddl e of the top plate.
Cat ches 1208 are secured to plate 1202 at predeterm ned positions so that

the spacing between themis substantially the sane as . th aci ng between
Labs 1102 ‘HHePPRFYS COmPEAga et feroreneslo S kot Geriiiyes Pawblr ferssumay 1203
are i | iHStdAtdnisdf & ol 968 aPRS) Hr8fleXiBMENIRS befuiledthd 8ol AdREe ddftdeand 1223

can be rotated to an open position (not illustrated) manually or through
t he auttberb¢wlccoagirisaigi on of a pneumatic cylinder. Rotating clanps 1203 and

1223 are spring | oaded by torque springs so as to automatically return to

t he cl osed ﬁé‘é’i%ﬁr gﬁ“%ﬁ‘:&&‘d‘?‘{%inﬁﬁ Wﬂtggéfdé’ufeé ABtNg rﬁata%iﬁ‘bﬁieéf’d‘xth’ Rot at i ng
¢l amps |338%aech fiadeh Rk fiohl ifSekQERbRAb MY Y dRiAIG Rk %ALY sig17 (FI G
24) . [001 4?@1?% erripg)é r?g%/vd]t gﬁle—'l G 2%, 0 mlrgg beﬁrt aélgenbl y 17 conpri ses
ti m ng Hestlichanh2P@jthincaguemspro said topusstfagsofilsatpwanplatedios indlowassend| y 1225.
Tim ng belt assenbly 1217 coordinates the rotation of rotational clanps
1203 arf¥"4223 so that if one is rotated, the other also rotates in the sane

direction anadﬁehglfd l%(fgﬂ%hgﬂ”ﬂ%ﬁ‘ Rbm n\{k;{ﬁ;/iﬂ%g@;segﬁgnﬂﬁw vcfl?xhé%x?&fﬁ safd %Q({%? pfl}agezlzo?’ and

1223 are couple nsion asse sures at timng belt 6 is
under foufdmavirgd fitsesephewed fuié ogagencandndot ate the rotati onal clanp 1203 or
1223 that is being .coordi nated. Torclue spri ngb housj ngs 1224 provi de casi ngs
for the tor quéirdBPhehanngldfom said separptinayolyype pbeve spddowonmatg far reppyingy t he

cl osed pQ3iid QBarated fluid component;
the tubing 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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[00135] Referring back to FIGS. 22 and 25, when | oading cassette 1100 onto

deck 1200, cassette 1100 is placed at an angle to deck 1200 and tabs 1102

and 1103 (FIG 2) are aligned with catches 1208. Cassette 1100 is 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

rotational alfkridde (LBOBoraattyihdbaffasottaban s td fHeFiarworbefithg i nserted in
catches 1108. As force is applied dowmward on cassette 1100, rotati onal
cl anps iTadgioghampbors wi || be rotated to the open position, allowing the

rear of cas 0 . i L10R: 1231 of
rot ati onal %ﬁfaesﬁ%éé%ggg&acr@ %éggm@é@éggggg%tffogg%dgg ?%BISJ}] t H:ltgegg(gglse ition,
t he rotcagse@ial cl anps 1203 and 1223 spring back fromthe force applied by

the torque springs and rotate back to the closed position, Iocking cassette
1100 in pl adke irpA@agon ghambes hpyag adgisbdsst plate hay igspsurfiage 2ehiA s§c8fl st upwar d

and | at for 00136] - To_ e 110 3 . L herapy

Sessi ontlReallEEd SpRfelunms R LR RTSE St bRl ORRES T8 e
open pasititiodl; #iidiheEcond pudd havify a Akst Qirbdce aad b ¥econd¥t @AY, b4id k&loal serfades
facilitated by an air cylinder that is coupled to an air |ine and system
cont r olhaging paaiged trwdarycrapieheg a plusaidy of FoRd paritiope3vhgreinithe sasendpen
positiaon,. cassette. 1100.is. remved by sinmle diftdng an i di tabs 1102
brd 1109180 sgfiid i Prisa SRAES it sBLH s PR 0 skl Moo 107,

Ref er rithgeh Pfonhiag @éhander; isdid@himBerRi¢fiRed By thtTdi3EPbaRanl Qiviodgdinghedeck 1200
and are used to drive fluids through photopheresis kit 1000 (FIG 1) along

desi r eddlyratitydyaised prinétiensthielt ¢xsend foem seidweeandsurfa¢enefrigid fajsepldte and said
coor di nat i on nd all. other .functions of peristaltic u 1301-1305 are
contr ol *%%%@r@ffsqusﬁ*dc%ﬁ?rﬁcﬂ l"i‘tg’rwqefTB a ‘%érf‘ﬁgltoaf ICE’PI&nCEﬁJ% Eor%% 1b-y 1S§{515 are

i denti itioh providmbYlued cdiaNiehtiont Wih eGSR andf se€dfdpdRer i stal tic punp
1301-1305 on deck 1200 dictates the function of each peristaltic punp
1301- 1305 with respect to which fluid is being driven and al ong which

pat hway., This i s because.the.,pla nt. of. peristaltic punps 1301-1305
di ct at e’?'ﬁﬂ%@?%‘ﬂﬁp@“&’éﬁl“ﬁfﬁgﬁé’j%ﬁ tPe%ﬁCP%H@&gt herein. [00138] Referring
now to FIGS. 28 and 29, whole blood punp 1301 is illustrated in

a cassette according to claim 1;

a saline bag inlet tube;

a treatment 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 flowing 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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detail. The structure and functioning of whole blood punp will be descri bed
with the 45 understanding that peristaltic punps 1302-1305 are identical.
Whol e bl ood punp 1301 has notor 1310, position sensor 1311, pneunatic
cylinder 1312, pneumatic actuator 1313, rotor 1314 (best illustrated in
FIG 30), and housing 1315. [00139] Rotor 1314 is rotatably nmounted within
housing 1315 and is in operable connection with drive shaft 1316 of notor
1310. Specifically, rotor 1314 is nmounted within curved wall 1317 of

housi ng 1315 so as to be rotatable by notor 1310 about axis A-A. Wen rotor
1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and
cur ved 20waAin apparatus cymipsisiap ackispesbde kis aqoqeding ioeclpignh gl @ eeji-81speblghol e bl ood
punp 13(9“; itnte? wvvk}:i ch punp loop tube 1121 (FIG 33) fits when | oaded for
punpi ng. ‘?505 {70 SBREBIE1316 i s coupled to drive shaft 1316 of notor 1310
so that theaceh@blie@nal position of rotor 1314 can be nonitored by

moni toring drive shaft 1316. Position sensor 1311 is operably connected and
transmits daeastaldic pyspehadagperstalée punp beqdsiagaptedito engggeaihgipypripgopsifs dat a,
systemcontroller 1210 which is.also.coupled.to gr 1310, n activate
oror g s sesnyely B thio PGB Pr&d 03 e s | 00140
Housi ngodddiRral so i ncludes a housing flange 1319. Housing flange 1319 is
used to secure whol e bl ood punp 1310 to plate 1202 of deck 1200 (FIG 22).
More speci faideek hdaptesl thehgageshesasenidedd hhvioggicabolotseleotiedy E820pGEsU®USI Ng
flange 1319 to .threadi.] engage, hol.es withi | ate 1202. Housin | ange
1576 el e ipee B e EBRE Sty ettt Rl il Ha oo R B e 319t o
ext end Hhgse-hrough. This hole is sized so that pneumatic actuator 1313 can
move between a rai sed and | owered position without considerable resistance.
Pneumat i ¢ acteatridugeldiatbesadapted vatraale drdsegaration bawka thycommendof the cyl i nder
1312 in a piston-1ike manner through the use of air. Pneumatic cylinder
1312 C(ﬂ?ﬁ??@eésa ir inlet hole 1321 for connecting an air supply line. Wen
air is suppla sddalri PARBHERYitCEOP YAk AR the IrdaRati RNBHABE, theathdidkion caxdends
upward t hrough housing flarige 1319 to a raised position. Wen air ceases to
be supplavieg noaanp teinmadiatectlwiglin theerradi &idy chambenattthe ceminasd of the ebntaddtes. back

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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into pneumatic cylinder 1312, returning to the |l owered 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 |ocated on substantially opposing sides of
curved wall 1317. Slots 1322 are provided for allow ng punp | oop tube 1121
(FIG 33) to pass into tube punping region 1318. Mre specifically, punp
inl et pOédd pimplibdp, Mad Wity @t Re&laNm loop] 4ad fBX)bletu r k¥ oft ube
1121 pass through slots 1322. 46 [00142] Turning now to Fl 30 and 31,

rot or tdacd frastipns ansk treatesbudfy goahbaekdo theamtierousi ng 1315 so that its
conponents are nore clearly visible. Rotor 1314 has a top surface 1323,
angl ed gui de 1324, rotor flange 1325, two guide rollers 1326, two drive

rol | er9s1384, pa?d’t‘&js S QM fd Qﬁérel%:’tg@cas@ﬁe% sései fecoridBleanshaikbie rollers
1327 are rotatab y secured about cores 1330 between rotor floor 1328 and a
bot t omssartcadéhat®g @lasfroniotlby stbiedmgquimmw&mr&nfdnmtlom hdiheteawead in FI G

29, cores 1330 fit into holes 133 rotor floor 1328 and recesses 1332 in
bot t om SUIPFSe? SRt ardggAdrs-Wier BpP “1i332’61 TBERES doT; TgeeYig Bt §m initke ar ound
cores r 1326
and tméﬁggpggag% e?éﬂ%gé%k%ngﬁﬂgg@%gng%ﬁbgR§Hﬁ¥g¥%¢§%PH& guf%%&gg l ers
1326 andcdding@ataab liey snat@adntl @rmgRrvodiecht@entratsoparatichlsssson.as to be in an
alternating pattern. [00143] Referring to FIGS. 29 and 31, drive rollers
1327 are provided to conpress the portion of punp |loop tube 1121 that is

| oaded into tube punping region 1318 against the inside of curved wall 1317
as rotor 1314 rotates about axis A-A thereby deformng the tube and
forcing fluids to flow through the tube. Changing the rotational speed of
rotor 1314 will correspondi ngly change the rate of fluid flow through the
tube. CGuide rollers 1326 are provided to keep the portion of punp | oop tube
1121 that is |oaded into tube punping region 1318 properly aligned during
punpi ng. Additionally, guide rollers 1326 help to properly |oad punp tube

| oop 1121 into tube punping region 1318. While guide rollers 1326 are
illustrated as having a uniformcross-section, it is preferred that the top
pl ate of the guide
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rollers be tapered so as to cone to a sharper edge near its outer dianeter.
Tapering the top plate results in a guide roller with a non-symetric
cross-sectional profile. The tapered enbodi ment hel ps ensure proper | oading
of the tubing into the tube punping region. [00144] Rotor 1314 further

i ncludes cavity 1328 extending through its center. Cavity 1328 is designed
to connect rotor 1314 to drive shaft of notor 1310. [00145] Referring
nowto FIGS. 30 and 32, rotor flange has opening 1333. Opening 1333 is
defined by a |l eading edge 1334 and a trailing edge 1335. The terns | eading
and trailing are used assumng that rotating rotor 1314 in the cl ockw se
directionis the forward direction while rotating rotor 1314 in a
countercl ockwi se direction is the rearward direction. However, the
invention is not so limted and can be nodified for counterclockw se punps.
Leadi ng edge 1334 is bevel ed downward into opening 1333. Trailing edge 1335
extends wupward fromthe top surf rogor flange 1325 higher than the

| eadi ng edge 1334. Leading edge é;gvi for trailing edge for capturing
and feeding punp |oop tube 1121 into ube punpi ng regi on 1318 upon rotor
1314 being rotated in the forward direction. 47 [00146] Ropfor 1314 al so has
angl ed gui de 1324 extending upward, at an inverted anglel’fromrotor flange
1325. Angl ed guide 1324 is ﬁgvided for displacing punp | gop tube 1121
toward rotor flange 1325 u&g rOtf€§6314 being rotated i forward
direction. Preferably, anglled AU 1324 has el evated fidggl 1336 running

al ong top surface 1323 ual enga atorifi f necessary.
More preferably, ed u%ﬁ 1314 is |ocated forward di ng edge 1334.
[00147] Referrindﬁﬂgt/ FI 1564 33, whol e bl ood punp 1301 can
automatically |oad andjfunl puptbsp tube 1121 into and out of tube
punpi ng regi on 1BME7 gl ppsIti sensor 1311, rotor 1314 is rotated to a
| oadi ng position where glied 1&% 13 11 face cassett¢14@Q0 when
cassette 1100 i £11%&ased e 0 (Emg. 25). ?29@ specifically, rotor
1314 is pres¢t2ia _a positildnliof t nat 1HI0 gui de islo ween
inlet porgj 11 arfd outfrey pert 1 when cassette
1100 is s et 20 gdecb° { 1124 1110
1114 2 1116 1191
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as is illustrated in FIG 13. Wen cassette 1100 is secured to deck 1200,
punp | op tube 1121 extends over and around rotor 1314. Pneummtic actuat or
1313 is in the lowered position at this time. [00148] Once cassette 1100 is
properly secured and the systemis ready, rotor 1314 is rotated in the
cl ockwi se direction (i.e., the forward direction). As rotor 1314 rotates,
punp tube loop 1121 is contacted by gggled gui de 1324 and di spl aces agai nst
the top surface of rotor flange 1325. The portions of punp |oop tube 1121
that are displaced against rotor flange 1325 are then contacted by trailing
edge 1325 and fed downward into tube punping region 1318 through opening
1333. A guide roller 1326 is provided directly after opening 1333 to
further properly position the tubing within tube punping chanber for punping
by drive rollers 1327. Wen | oaded, inlet portiog 1150 and outlet portion
1151 of punp loop tube 1121 pass through slots 182 of surved wal |l 1317.
One and a half revolutions are needed to fuIIyAIEhd t he=t ubi ng. [00149] To
automati cal ly unl oad punp tube | oop 1121 from wholle bl o6 punp 1301 after
the therapy is conplete, rotor 1314 is rotated to a\g9s)ti on where opening
1333 is aligned gfth the slot 1322 throygh which oi’ et portion 1151
passes. Once aliglied, pneumathc actgato§31313 Is gotivatgd and extended to
the raised positign, contactify and &ift+ng out | &£ porton 1151 to a hei ght
above trailing edgk 1335. Rotop 1314 s then rot4/4d in % he
countercl ockwi se di Nection, calfging tjrail|ng edgﬁ q_133% to contact and
renove punp |oop tubBe 1128y fronTty Vi Ng V£4
49 D. Infra-Red Communi cat{®pn [00¥50] |1 i ¢
2000 (FIG 17) preferably further 84 & elesglinfrared ("IR")
comuni cation interfaceginof sho : S ijnterface consists of
three primary el ements, Sygt enPegQ % X i ntegrated
circuit, 1381, @nd DA= t rfanstei \k nmuni cat i on
interface i s cafabl eff Yot trany
froma rermt(?\co put dr  or \otN\He %v
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| R capabilities. In sending data, systemcontroller 1210 sends seri al
comuni cation data to the | RDA protocol chip 1381 to buff the data. | RDA
protocol chip 1381 adds additional data and other conmunication information
to the transmt string and then sends it to IRDA transceiver 1382.
Transcei ver 1382 converts the electrical transmt data into encoded |ight
pul ses and transmts themto a renote3ggyvice via a photo transmtter

[ 00151] In receiving data, JR data pul ses are received by a photo detector
| ocated on the transceiver chip 1382. The transceiver chip 1382 converts
the optical light pulses to electrical data and sends the data streamto

| RDA protocol chip 1381 where the electrical signal is stripped of control
and additional |RDA protocol content. The remaining data is then sent to
the systemcontroller 1210 where the data streamis parsed per the

communi cation protocol. [00152] i ncorporating an | R conmuni cation
interface on tower system 2000 rea tinme data relating to a therapy session
can be transnmitted to a renote d ce for recording, analysis, or further
transm ssion. Data can be sent JR signhals to tower system 2000 to
control the therapy or allow promagols to be changﬁg in a blinded state.
Additionally, IR signals do notignterfere with othgr hoggpital . equipnent,

| i ke other wi r@ess transm ssi on rethods, such as a o’/ requency. I11.
Phot opheresi s Featnment Process [00153] Referrﬁ@g t ogey/he o Fig. 26, a

fl ow chart illugé;ating anvenbodinenthf the mAventi gp/whigh incl udes

phot acti vati on buf%y coat, and Fi g.N27, a schematiff//reprgsentation of
apparatus which cMn B2 enployedy n such an edﬁooinen t he process starts
1400 with a patient 00 cdnnecked by neans qf @ G snapt el 1193

Redd| & SL &arryi ng
ment's. Sal i ne bag
s connected by
ant i coagul ant

carrying a needl e, for\draw ng bl ood, ae
anot her needle, for retognihg tyeated bl/g
55 is connected by aonnet 90 an&a [
connector 1191. Actya QI/SN 12417 an
punp 1304 is turned on,Aand }
entire di sposa%be 49
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tubing set is primed 1401 with saline 55 and anticoagul ant 54. The
centrifuge 10 is turned on 1402, and bl ood-anticoagul ant m xture is punped
1403 to the centrifuge bow 10, with the AC punp 1304 and WB punp 1301
controlled at a 1:10 speed ratio. [00154] Wen the coll ected vol une reaches
150 m 1404, the return punp 1302 is set 1405 at the collection punp 1301
speed until red cells are detected 14)81at an HCT sensor (not shown) in the
centrifuge chanber 1201 (Fig. 19). Packed red cells and buffy coat have at
this point accunulated in the spinning centrifuge bow and are punped out
slowy at a rate, controlled by the processor, which maintains the red cel
line at the sensor interface level. [00155] The red cell punp 1305 is then
set 1407 at 35% of the inlet punp speed while controlling 1408 the rate to
maintain the cell line at the interface level until the collection cycle
volunme is reached 1409, at which poind the red cell punp 1305 is turned off
1410 and the fluid path to the treat®ent bag 50 via the HCT sensor 1125 is
opened by | owering actuator 1244, and stops when the HCT sensor 1125
detects 1411 red cégls "Col l®cti @y cycle volume"” is defined as the whole

bl ood processed target divi deﬁ X he of c®lection cycles, for
exanple a white bl ogqd process taﬁg t/6f 1 1508\ nay require 6 cycles and so
1500/ 6 is a vol une &}350 nmo WTh Ohe 0dd continf ng at 1410 to be
delivered fromthe paXient 2o XNelbowd agd t e ORCEI punp off, red cells
w || accunul ate and wi |l push ou “Hbuffy ow fyxorh i nsi de the bow 10.
The red cells are used toepu§h 0 uf ogt/ apd/M | | Nbe detected by
the effluent hematocrit (§CT) “senddn] | a t : bgf fy coat has
been collected. [0§156] R an y S 14T2 = tYre centrifuge 10
effluent path is refurned \141 t\ie Jpl a d red cell punp
1305 rate is increaded 3\to i t u u atd=until red
cells are detected 1 ; rsi\t he i of Second< cycle. If
anot her cycle 1412 | ot @eedey, \Lhe de urdﬂd of f 1415 and
inlet punp 1301 anfd| anti cagyl gnt \Runp Qrate, 10 m/hr
in this enbodi nent.\\The et |/ye dir tB the pl asma bag
51, the red cell pu 1305 is m = fehe recircul ation
punp 1303 and phot oactN O~ =
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1418 for sufficient period to treat the buffy coat, calculated by the
controll er depending on the volune and type of disease being treated.

[ 00157] When the bow 10 is enpty 1419, the red cell punp 1305 is turned off
1420 and the plasma bag 51 is enptied 1421 by opening actuator 1247 and
continuing return punp 1302. The return punp 1302 is turned off 1422 when
the plasma bag 51 is enpty and when gfoactivation is conplete 1423, the
treated cells are returned 1424 to the patient fromthe 50 plate 700 by
means of the return punp 1302. Saline is used to rinse the systemand the
rinse is returned to the patient, conpleting the process 1425. [00158] The
anti coagul ant, blood frompatient, and fluid back to patient are al
nonitored 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 programed
processor in the tower. [00159] The process and rel ated apparatus have
significant advantages over prior processes and apparatus in that the
invention allow buffy coat to be in the bowl |onger since red cells are
being drawn off while collecting buffy coat in the bow while centrifuging,
keepi ng nore buffy coat in the bowl until the desired anount of buffy coat
cells are collected prior to withdrawing the collected buffy cells.

Pl atel ets, | eukocytes, and ot her co fractions can al so be
separated, or red cells can be c‘?ﬂ&ﬁE&d ther than returning themwth
plasma to the patient as the illustrated process does. [00160] It has been
found that increasing the tine that buffy coat 810 is subjected to
rotational notion in centrifuge bow 10 yields a "cleaner cut" of buffy coat
820. A "cleaner cut” means thHt02 heheatocrit coud?OBHCTY is decreased.

HCT% is the amount of red blood cel'li$ “present!?p& vdl ume of buffy coat. The
amount of tinme that buffyqsggat 890 ig ¢ gd tg/rotational notion in
centrifuge bowyypg-can be maxi nyZad Ln-thefold o e Y First, whole
bl ood 800 is fed inty st \BF E\' ge bow 10 is




rotating. As di scussed above, whole blood 800 is separated into buffy coat
820 and RBC s 810 as it noves outwardly atop | ower plate 300. Second bow
channel 410 and third bow channel 740 are closed at this time. The inflow
of whol e bl ood 800 is continued until the separation volune 220 is filled
Wi th a conbination of buffy coat 820 near the top and RBC s 810 near the
bottom of centrifuge bow 10. By renogf5Sig RBC s 810 fromcentrifuge bow 10
via second bowl channel 410 only, additional volunme is created for the
i nfl ow of whole blood 800 and the unrenoved buffy coat 820 is subjected to
rotational forces for an extended period of time. As centrifuge bow 10
continues to rotate, sone 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
bow channel 740 and buffy coat 820. Thus, when third bow channel 740 is
opened, the buffy coat 820 that is renoved has a | ower HCT% By controlling
the inflowrate 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
wi th an approxi mately constant HCT% 51 [00161] The elim nation of batch
processing and the inproved yields achieved by the current invention, have
reduced the treatnent tinme necessary to properly treat patients. For an
average sized adult, 90-100 mlliliters of buffy coat/white blood cells nust
be captured in order to conduct a full photopheresis treatnment. In order to
collect this amount of buffy coa iy od cells, the present invention
needs to process around 1.5 IiterErGA;o%O bl ood. The required anmount of
buffy coat/white blood cells can be renoved fromthe 1.5 liters of whole
bl ood i n about 30-45 m nutes using the present invention, collecting around
60% or nore of the total amount of the buffy coat/white blood cells that are
subjected to the separation gcess. The captured buffy coat/white bl ood
cells have an HCT of 2%or | d2§3 |n conpari son, o:;,ex5aaing apparatus, the
| y/t

UVAR XTS, takes around71§07+43nujes to pr, 1.5 ers of whole blood to
obtain the sufficient anpbunt \QL{_bthbysoat/ white bfood cells. The UVAR XTS
only collects aroung5§@@6of4i;" ; unt of the huffy coat/white bl ood
cells that are subjec 1 ] dds. Theyg43 of the buffy
coat/white blood cells




collected by the UVAR XTS is around, but not substantially below, 2%

Anot her existing apparatus, the Cobe SpectraTM by Ganbro, nust process 10
liters of whole blood in order to <collect the sufficient anmount of buffy
coat/white blood cells. This typically takes around 150 m nutes, collecting
only 10-15% of the total anmount of the huffy coat/white blood cells that

are subjected to the separation procegs] and having an HCT of about 2%

Thus, it has been discovered that while existing apparatus and systens
requi re anywhere from 152 to 225 mnutes to separate, process, treat, and
reinfuse the requisite amount of white blood cells or huffy coat, the
present invention can performthe sanme functions in |ess than 70 m nutes.
These tines do not include the patient preparation or prine tinme. The tines
indicate only the total tine that the patient is connected to the system
52 Claims What is clained is: 1. An apparatus conprising a cassette for
control ling novenent of blood and separated bl ood conponents, the cassette
conprising a rigid plastic housing; flexible tube | oops extendi ng out of the
housi ng; flexible tubing other than | oops extending into, within, and out
fromof the housing; at |east one section of flexible tube within the
housi ng exposed on one side of the housing so that fluid flow through the
exposed section can be prevented when pressure is exerted on the exposed
section fromthe exposed side. 2. The apparatus of claim 1 having a hub

wi thin the housing adapted to connect sections of the flexible tubes. 3.
The apparatus of claiml ‘i;;Jl is adapted to connect five sections of
flexible tubes. 4. The appdr f claiml wherein the side of the housing
where the flexible tube is exposed conprises apertures tﬂ@@@gh whi ch
pressure can be exerted, and the housi ngi§gg an opposL?g' e adapted to
rﬁsist the exerted pressure so as to1§bgsr off the se#ion of tubing between
t he




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

flow 5. The apparatus of claim1l wherein the housing has an opposing side
whi ch conprises at |east one nol ded occluder bar which transverses the
exposed section of flexible tube. 6. The apparatus of claim1l wherein the
rigid plastic housing has a top section and a bottom section which together
forman internal space, the bottom segtsilon conprising at |east one aperture
for accessing the at | east one exposed flexible tube section. 7. The
apparatus of claim1 having five tube | oops and six apertures. 8. The
apparatus of claim1 wherein the housing has a top section and a bottom
section which together forman internal space, the bottom section
conprising at | east one aperture for 53 accessing the exposed flexible tube
sections, at |east one nolded occluder 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 selectively close off fluid flowin the
exposed section of flexible tubing by pressing the flexible tubing through
t he aperture and agai nst the nnlﬂFg clz;er bar. 9. The apparatus of claim
| having a filter in fluid comu CLG;\ th at | east one flexible tube.
10. The appar at I I i ' i m secti on,
correspondi ng/ nol ded ridges in the top section opposed to theMapertures,

and at | east pne section of flexible tubing between each aperture and each
nol ded ridge;|five tube |oops; and a hub adapted to connepgobive sections

of tube. 11. Jhe apparatus of claim1 wherfﬁ54fmacas§gffé conprises a
recordabl e smprtcard on whyghp are etscgtibnically recérded identification
data. 12. A npthod of making a ¢ )
during a bloofl sepafaf+aqn s §;:»nnlding arigid plastic top

section with fidges on an X 7 AN i gi gid plastic gghbonlsection
with aperture$ and flexi ¢ gui ; u-\\\ -




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 nolding a hub in the top
section and attaching flexible tube sections to the hub. 14. The nethod of
claim 12 wherein the bottom section &y§]ltop section are attached by snap
fitting. 54 15. A nethod of naking a cassette for controlling novenent of

bl ood and other fluids conprising nolding a rigid tube hol der, placing
flexible tubing in the tube holder so that at |east one section of tubing
is exposed and so that fluid flow through the section can be prevented upon
pressing the tubing fromthe exposed side. 16. An apparatus conprising a
cassette according to claim1, a centrifuge bow for separating the
conponents of a fluid, and at |east three flexible tubes between the bow
and the cassette, the bow conprising an outer housing, a core connected
with said outer housing for rotation therewith; a lower plate; a |unen
positioned inside said core extending axially through said core; a first
bow channel within said lunen to said top surface of said | ower plate for
inflowng said fluid; a second bowl channel fromw thin said separation
vol une beneath said |lower plate for renoving a first separated fluid
conponent, and a third bow channel from said separation volune above said
| ower plate for renoving a second separated fluid conponent; the tubing
conprising a first flexible tube for inflow ng whole blood fromthe cassette
through the first bow channel to the core of the bow;

FIG. 9




a second flexible tube for renoving separated buffy coat or plasma fromthe
bowl to the cassette; and a third flexible tube for carrying separated red
bl ood cells fromthe separation volune above the |lower plate to the
cassette. 17. The apparatus of claim 16 further including an irradiation
chanber having a first port and a second port; a flexible tube for carrying
buffy coat fromthe cassette to the 105t port of the irradiation chanber;
a flexible tube for carrying irradiated 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 huffy coat fromthe cassette to the first port of the
irradi ation chanmber; a flexible tube for carrying irradiated buffy coat from
the irradiation chanber to the cassette; the irradi ation chanber having a
rigid first plate having a first surface and a second surface said second
surface having a raised boundary surrounding a plurality of raised
partitions; a rigid second plate having a first surface and a second
surface, said second surface m&f T d boundary surrounding a
plurality of raised partitionsj ' N second surface of said rigid
first plate is contacted wth second surface of said rigid second plate
thereby form ng a chanber; said chanber defined by the rai sed boundary
surrounding the plurality of raised partitions which extend fromsaid
second surface of said first plate apd—sahd sHEE®hd surface of said second
pl at e, wherei n a prurat+ty—of—chante N LUK ornmed by said partition
providing fluid gommunication with the frrst—port—anmd—secondTort. 19. An
apparatus conpriging a disposable kit,;Jthe kit conprising
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a cassette according to claim1l; a saline bag inlet tube; a treatnent bag;
a plasma collection bag having an inlet tube for flowng plasnma fromthe
cassette and an outlet tube for flowng plasna to the cassette; an
anticoagul ant inlet tube for flowi ng anticoagulant to the cassette; an
irradi ati on chanber having an inlet tube for flow ng buffy coat fromthe
cassette and an outlet tube for flowmMygirradi ated buffy coat to the
cassette; a separation bow having one tube for flowi ng blood to the
separation chanber and at |east two tubes for flow ng separate bl ood
fragments fromthe separation chanber; means to w thdraw bl ood froma
patient conprising a tube for flowing blood to the cassette and neans for
connecting a needle; and neans to return blood fractions to the patient
conprising a tube fromthe cassette. 56 20. An apparatus conprising a

di sposabl e kit according to claim19 and a non-di sposable tower, the tower
conprising a controller; peristaltic punps having 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 having nmeans to sel ectively exert
pressure on each section of flexible tube through each aperture of the
cassette under command of the controller; a centrifuge chanber adapted to
rotate the separation bow at tF nt’ the controller; and a

phot oactivation cavity for recefvi®fngM*e® Fradi ati on chanber, the
irradiation cavity having neans to irradiate fluid in the irradiation
chanmber at the command of the controller
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21. The apparatus of claim 19 wherein the W irradiation cavity is
substantially vertical so that the UV chanber, when inserted in the W
irradiation cavity, has an inlet at the top and an outlet at the bottom of
the W chanber. 22. The apparatus of claim 19, the tower having supports for
hangi ng the saline bag, treatnent bag, plasma bag, and anti coagul ant bag.
23. The apparatus of claim 19 wherei n2f{$e cassette has five punp |oops and
five apertures and five correspondi ng nol ded ridges opposed to the
apertures; and the tower has five correspondi ng punp heads and five
correspondi ng neans to selectively exert pressure through the cassette
apertures. 24. The apparatus of claim 19 having flexible tubing for whole
bl ood flow fromthe patient to a vent nmeans in the cassette, flexible
tubing formng | oops, the |oops conprising an anticoagul ant punp |oop, a
whol e bl ood punp | oop, a retur Eﬁkti unp | oop, a red 57 bl ood punp

| oop, and a buffy coat recircul®at nu oop, and flexible tubing for

return of blood fractions and treated buffy coat back to the patient. 25.
The appara of claim 19 wpg<ain the cassette conprises a recordable,
removabl e card having el edqronically storedZ0W que identification

i nformati on and ' d reader mﬁlter nodul e, and

means for reggig AR he—chaprteard—ifA—the —modul-b—fteadipgtheun i que
identification i mation to verify conpatibililty, and means for recording
data to th tcard during a blood treatnent oy s%paratlon session. 58
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