CONTROL SYSTEM FOR DRI VI NG FLU DS THROUGH AN EXTRACORPOREAL BLOOD CIRCUI T
Technical Field of the Invention [0001] This invention relates generally to
the field of systens for driving fluids through an extracorporeal bl ood
circuit, and specifically to non-di sposable systens for driving and
controlling fluid flow through di sposabl e extracorporeal blood circuit Kits.

Background of t(El?Nhgi@ SYATEMIGR DRIVING FUEBP veg dnsease require
of the bl aod.  and ret uFf HAPRREORE BEOORARCUE 07 & (el apeutic.

effect. Those extracorporeal treatnents require systens for safely renoving
bl ood fromthe patient, separating it into conponents, and returning the

bl ood or bl ood corrponents to theippe\tl nt. Wth the advance of nedi cal
sciences, it has becone pOEEQBLELLdE-ﬂﬁéBiJQLEQQEent s blood in closed-Ioop
pr OCesfﬁﬁ)ly[‘ﬁls%wn@i ntré'lﬁteﬁgtfdgﬁfg#y t8 t&é"f‘el& 'b?é’}ts?e‘i‘nsbﬂof’ﬁﬁvigg%ﬁﬂfdsttﬁrdﬁ Mah N one

nmedi cal atnment. An exa such processes inc external treatnent
met hodsxfravorghrss bked cirouitntand Bpddificallyits nan plfspdmbleg;ystains ifoxcdrbdsg amf
| ynphocyt es,. such _as cutaneous T-cell nphoma or other diseases affecting

white speirilingflpid flawthsongh cmoﬁ%hl&extrw@ogal Plopd cacyi bt i s irradiated with

ultraviolet light in the presence of a chemcal or an antibody. U traviol et
light affects the bonding b e ORRR s and the chem cal or
antibody that inhibits the otk Db or HORRGNGED °1 ¢ | ynphocyt es. [ 0003]
Phot oplj@6023 iSevarystieaeras tor iiischsedsquiretae barovapolifiose froandpatizat peddesding nvol ve

separatijion of buffy coat fromthe blqod, addition of_ a photoactivatable
drug, &RROIGPT MR aama?rie@ﬁ ithg WQO%miyetE@a&f t%Pf@F%SS%CW%ﬂ@ﬁO{ d the

pat | emther?ﬁ%h 1@%?%%9@8# &'&%&B&%ﬂg ﬁgexﬁ@y Rffe E&s‘térﬁgﬁ‘) dthyk%EﬁEm umer ous

di seases 1'nc aft-ver |sea eunm

Pr ogr e$teodefrdoy stieqpamitntc sepatacing ftiisto cdmpentits aﬁhsatlmﬂlgathebﬁﬁ)d dr rbldoaimmt ory
Bowel Disease and ot her diseases that are thought to he T-cell _or white
bl ood c&MPopgIds t9rtheipatienh cWiththadvapesesf. mszqsswéus@gwsgyaasérﬁgoraﬁwomlﬁ&as have

also b 0 various
componart PREES PoRlfh HSAIPR blbceisl sl AR RN Sip FrbRA 2 2Po
been prraposadmaindnt sedicahir€dmentn\Aol ssanidpel ath procedsedinoideieRtegatar i ous
conponents, and al so invol ve systens punping and vaIV|n? systens which are

di ffi cureptment methers fargisasss iy Kattberem patholpgice dpaeessiof Tynphocyfsretusli s
Syst eng, %Gt%n%% Hods 1}6&@@&% of ww 1§ea9&ta?ﬂc§§§§v§ﬁ§ 8‘2’8 QQu& %rsﬁrzl?fn%fl}oﬁls(e

sever al ours tot to o rcrent Su

separ atteelpdlentblocdBaradiaed w1th ultraviolet light in the presence of a chemical or an
antibody. Ultraviolet light affects the bonding between the lymphocytes and the cherical or
antibody that inhibits the metabolic processes of the lymphocytes.

[0003] 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,
including cancer. Apheresis systems and methods have also been proposed and used which
involve separation of blood into various components.

[0004] Additionally, apheresis systems and methods have also been proposed and used which
involve separation of blood into various components, and also involve systems pumping and

valving systems which are difficult to manufacture or operate. Prior photopheresis and

apheresis systems and methods usually require batch processes and therefore take several
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Furthernore, the systens are very conplex to manufacture, especially the
fluid flow controllers and val ving systens. [0005] In known photopheresis
systens, a disposable kit is provided that is |loaded into a permanent piece
of hardware. The di sposable kit contain conplex tubing that is used to carry
bl ood fluids to and fromthe various devices included in the kit, such as a
centrifuge bow, an irradiation chanber, and various bags for delivering

and/ or hers|te Bt APaPB Y ¢ Phiainsa sukhiciont supply ob sensraedblogd gpmppncddnt ai n a
i i | f bl ood
o ae B SR I RO AL LSRR 3 haf SO EARErbrodt ™0 ok

roug I SpPOS 0 an rom ent. D sposable

kits arcgnmgesmlmmﬂg:gysm_nust be replaced or disposed after each
treatment session. In performng a treatnent process, the kit is connected

t o pat i[89f15] I knewmpkotephesesis Iysispssy dispepablarkdt is peowdad thalds adediato of t he

di sposable kit .are loaded into,a pe nent . pi ece of ui pment sed to drive
bl oba ARUTAER ! BiPs AR e The (o BERTRARRp EGiEn Bt L) A R used B3EmY°, he
per manayodtha@ciotiht YR ns s vatbel devees ifttudel @9 thefkiti kst dshrRH@Tugd®owdi dn s fluid
circuitry. [0006] Known permanent bl ood driving systens have control decks

for redwhdiatmn ¢hamben gsévarousdhgs fos ddiiwping abilier celipsting blooddlupdse darawny for a

bl ood tyeat {. process,.an o at or,, nmust roperly. |l oad the cassette into
the. deci PR KiPIeREORtE: c4reviec weost PRuofisrfioghedionn [ conGBRE R of e

POsi ti Glsw of BlobBflMids airoﬁg[?@ht thBQispasbRL kifakFiolafadReh MePRAEAY DAGPdsaME be able
to nove during treatnment. It is also vital to ensure that the disposable

kit beikig aleosmdé dnlyrminoe aivbmupidierrapleced dyldospaseadk dfter nachstystoentisssseamndati bl e with

t he bl ood. dri vi t d bl f i t the i.ntended
{1 oat neRTTOTPIREA BATTIe, Bt editis consciendy Briishia for Adieseddamutiony goal s
of reduging: +HRus QMR e AlpEANS Ritt PhdMht FBARAN PR 2P e@iphbnt educe

operator loading errors and reducing kit loading tinme. [0007] Another very
real adwedwedrbetbload firids tphmhest the digposahie kias| mtcessanyl tOrnick lodded she e,

facturi L exit factyri ts. and.tubj ithin th
di sposabreatint Siealiave nitersditssdbc Bloaf furdsiagb e S Hoieu il ex bl ood
dri vi nqo60t€iBwn firfahént BRIAURR il \§steRls 9t St AECIS S 1%8%1(1&1% lrtl?é@a@&e?te

per manent reusabl e equi pnment, whereéas a new sterile disposable kit nust be
used eadthe disposatiln ozasetth. sipgseiariag Horat Wpod treimenkprosesaram apefdtoramist and

expensive to mapufacture, especially t val vi ng. an unppi.ng nechani sns
wi thin Rfﬂléef%é%‘g@fiféﬁs‘?%%sﬁ%%ﬁﬁ%k %‘f‘gleafgﬁleéﬁ‘ileétdﬁ%ge gfrtﬁﬁgﬁmt B%d drivi ng

syste i nNat oh&S ; I 1 4L have a
”Barﬁgiol)?l@fé gosttiohs Si & vitd e (el caQdree BE !déHE@Plz%éllElfH& RSt Delibley gl

very la ootprint, taking up val uable hospi oor 2 space. Thus, the

above gbaing treastenbelt acdlse vitd tovemsues thai the disposable kot leding liatlgd oredtici ng, t he
permanent blood driving system is compatible with the blood driving system and capable of
carrying out the intended treatment. However, these goals must be balanced with the
competing goals of reducing the complexity of cassette clamping mechanisms so as to reduce

! operator loading errors and reducing kit loading time.

[0007] Another 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. Known disposable photopheresis kits are difficult and
expensive to manufacture, especially the valving and pumping mechanisms within the
cassette.
[0008] The size of existing permanent blood driving systems is another issue. Known blood

driving systems are bulky and have a very large footprint, taking up valuable hospital floor




footprint of the permanent blood driving system [0009] Another deficiency
in existing blood driving systens is their inability to conmunicate or
receive real tine data during a treatnent. If a problemarises during the
treatnment, either the problemw || not be detected and/or nothing can be
done until after the treatnent. Thus, a need exists for a blood driving
systemthat can both communicate real tinme data during a treatnent and
responépmﬁ.ﬂb@%ﬂyaﬁchéodaﬁmﬂHWﬁ@hEVﬁhWhéahw@HNEhGMPK%§HQYﬁ@b@hWEHE process.

[ 0010] .Addi.tiqnal | ri ot opheresi s and apheresis systens and net hods
usual | gocggrd%q?ghe%%@gﬁenégkgggggg%gﬁge%er efore take several hours to treat a
pat i enfoenY] tAhofRE abficiéncyuh bkisti®iBloo® MY s e Randt BRALMPRIcIiaGmERES. |t
is a constant object to reduce the tinme It takes to performa conplete

phot opleeressive real tiapsrdataediirmgtartecatmentt seproblem artsep tineng dibjteatmeng, either educe
the a nt of blood that nust be drawn form.,a patiept an rocessed in
o s oathepblem w0t be Ahises had G ifg ot bl udhd i S 8P BGEE TR hor

obj ect @y LGS ﬁﬁsaeolé&ﬁdrwmglﬁstéﬁi thatHnl it LSARuAR e YAIgintk @fta Qﬁ’ﬁﬁé@ a cl eaner
cut of buffy coat per vol ufre of whole blood processed. Still another object

is to rnedueatafkrespeidst aevdssagnioldasd inputs sswel Gine during h treatknengprocess. di sposabl e
kits u Disclosure of the Invention [0011] These objects and others are
et by 108101 AEEaRey v helfPheTHes fbHESF AT g Telhodh Peellyatuie

per mangRich Qs hhd l%&f&%%&&ﬁvér%rh&%g&gﬁé g§tie§n 8P GHRAIR B%ﬁff&]j%n(r? provi de

| ess compl'ex, easier to manufacture, nt1 nuous process
separ atsupply of sepafdi¢dchleod fragmeagsrehis £ cnstaneattjeend relocathettongit ézkes yo r educe t he
treatment_tinme. [0012] The invention, in one aspect q%?rhii nproved deck for

i
drivi ng’effP[H‘ 4$otR t ereé%?tqréﬁleﬁrﬁ%sr %%ﬁtmﬁl“osééﬁl%‘}-r%{h‘?tge ect 1@ rgqyce
i ncl udi [ L j | east one tab
protr uci?%gﬁ?@g%ﬁgfoﬁgﬁﬁsa?%b&o (%rgégh(gg&glszéb %{lée?lt %(g& 82%‘%6(} ﬁg%?dﬁée% to allow
easy, (uockses padphosdphaldsis tteamakinngesoibn! Yet smskatobiect toriacghset the amsentafnew

cassette .  clanping .nechanism In this asgect, t he deck co&i ses: a
cont r ol White; bleodygells yield oy phiging cleanst eytiof bply gpigpervelmenf wholgblogde catch for

sl i dabl i\ ~ ' . -

posi 1 dheien SHlGPuELb R RBIARE A LAl dUTorERET st i MR ERing o one
rot at i e dispospbleddtatisd. e bet ween an open position and a cl osed position, the
rotating clanp positioned on the plate adjacent to the cassette |oading

area; wherein when the rotating.clanp, .is in the open position, the rotating
cl anp does not obstruct the 0 Hoh rerpved fromthe cassette

2000 A0 MSLELINASE bR/ BKHE iy, T B AP0 o

pr ohi bidigctei@t permanent blood driving systems for photopheresis and apheresis to provide less
complex, easier to manufacture, and a continuous process for separation of sufficient
fragment for treatment so as to greatly reduce the treatment time.
[0012] The invention, in one aspect, is an improved deck for driving fluids through an
extracorporeal blood circuit kit. The kit including a cassette for controlling fluid flow and
having at least one tab protruding from a housing of the cassette. The deck is designed to
allow easy, quick, and reliable loading of the cassette through the use a new cassette
clamping mechanism. In this aspect, the deck comprises: a controller; a plate having a
cassette loading area; at least one catch for slidably receiving a corresponding tab of the
cassette, the catch positioned on the plate adjacent to the cassette loading area; at least one
rotating clamp rotatable between an open position and a closed position, the rotating clamp
positioned on the plate adjacent to the cassette loading area; wherein when the rotating clamp

is in the open position, the rotating clamp does not obstruct the cassette from being removed

from the cassette loading area; and wherein when the rotating clamp is in the closed position
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cassette from being renoved fromthe cassette |oading area. [0013] It is
preferable that the rotating clanps rotate about an axis that is
substantially perpendicular to a top surface of the plate. It is further
preferable that the rotating clanps be spring |oaded so as to return to the
cl osed position when r ot ational force is not applied and that the

rotation cla oper y coupled by a timng belt so fhat rotation of
al | fl%‘f }hﬁgassg{) ge g C@?%‘?&FE‘B’ ding45¢a, gierfﬁtaﬁ%cl?gﬂbﬂ’\‘é@ 8% wo rotating

cl aﬁpsfasgetf@@&m%ﬁlg%a 16 froh O FRI ALL NG Clamp wil | preferably have

an angle ows the cassette t | owered onto the cassette

| oadi N3 & 19brdfd€tebll9|t1&1t ehewbiakiag clhenps obdtatel abgutcﬁnamqimhatne susstattaded position.
The angl ed | edge will also prohibit_the cassette from bei nt{; rai sed fromthe
@lg

casset ﬂ)érpen%ldﬁmt@ PR SUTHIFE ﬁ’f theeplatet Htis Fyther Brefrsakle ehat theyrptaliBg slEwpPsdssi t i on.
Rot at i ‘3‘9%[?@%}9&%3&0 A% Feglg&ll & ﬁ&ﬂcl&seg %‘8&@9%& fo@a?no%ﬁf‘foﬁ?ceehﬂé A6 !rlfq 38 Glq bY

pneunat ers. ove provi ded on

a deck,thaattfeas&abﬁai chatpsipe dpeﬁdgchoupnﬂtbytahﬁnﬂgcbklt fsa that t(ﬁﬁlh(ﬂgoﬁd]lerotaaihg of the
cassette with the catches, sli inserting the tabs into the catches,

and pr énsds @qvédlee{géel’t%ﬂdmmmci@ﬁ%d terotdgelaneps lémnShgreénr@lsle As the

casset r ot at t cl anps
are r o:[ﬁ%l‘@ E;a&l[ fcﬁgmgocpe E)Vgé s% ?%%ﬁglh% o?/\nann%n dl %gdestlg attmﬁwsotg% tge PoW t he
angl ed 1wélee ontdirNcdsfittedaat8E 48a bfthe wt@%nmeaaghﬁgi clafifhg @fo intdIGseliOt at i ng

cl anps snap back to the closed position |ocking the cassette onto the

casset m@smg@chh@;arxﬁl@bledgM‘éﬂl alsn prohipybheasseie fm bemg gaisethiromithg eassesteoved or
noved yntil the tin S are ved to t. ition after

¥ oat e A bt B rftice ATRPs Bedn BRHSiet Botibin BERHBR RGN s oc up
provi dead kiokdéd ﬁosﬁ[on@@a&ﬁ@fh@ﬂltzit@d b RSP c§lihdis. 1 n | oading the cassette and
is time efficient. [0016] Turning now to ofher elenents of the inventive

deck, i[0015 Whesr the abevetdipming meechanikm ad providador agleck, @agssetneaberjadedi on

t uat t b d t . d ition.
wen-t RaEBREY AP ne R AT BelaBhe SRaRREc Rt P ampe AR 4B "
Conpr eioRe SidHealMl pke°ss1'n tﬁel”l@hsk% %%@n%ﬁl biit® rt’he dabiR (1€ MR HSAELLNAGEUAL O

wi Il occlude a portion | exi ble tubing within the cassette by
conpr essassnge tsHercpd ldownwamifagainewhb r@atinghélamyps ¢z nosating clampssirepptated tehe

cassette. suc t.he co ressi on actuators act, as ves to control and
oot ohen BREROT Blving B SReie T Bave SaIPe s dudielisdtss Bt the' BsEte Haor o ar
pref er aRlo BleAfled AT, ARSlofing landsQhSp bicQQé ?ﬂe didseli pofitibh MRkidghat at | east
one of the conpression actuators be spring |loaded so'as to return the

conpr essésetie antoubxt cassdtie loduing @rea eWhpo dhis happenhiba chsset@cansnaide rappydédeat and

t hat at ast.. one conpr,essi on actyatqr be sgr.i.n{g tretracted.so as, to return
the c OrfB(I)Vé:glélitht é?tatég%?lalpgs arg moved 1o the open positiom atter treatment 1S complete or

until the operator does so manually. This setup provides little or no chance for operator error
in loading the cassette and is time efficient.

[0016] Turning now to other elements of the inventive deck, it is preferred that the deck also
have at least one compression actuator adapted to move between a raised position and a
lowered position. When the cassette is loaded onto the cassette loading area, and the
compression actuator is in thé raised position, the compression actuator will occlude a portion
of flexible tubing within the cassette by compressing the portion of flexible tubing against a
housing of the cassette. As such, the compression actuators act as valves to control and direct
fluid flow through desired fluid passageways of the kit. There are preferably eight
compression actuators.

[0017] It is further that at least one of the compression actuators be spring loaded so as to
return the compression actuator to the raised position when force is not applied and that at
least one compression actuator be spring retracted so as to return the compression actuator to

4



i

the | owered position when force is not applied. Mrre preferably, the deck

has three conpression actuators that are spring | oaded and positioned on

the plate so that when a cassette is | oaded onto the cassette | oading area,

the three spring | oaded conpression actuators are aligned with portions of

flexible tubing wwthin the cassette that are connected directly to a

patient. These three conpression actuataors Can@?)g' glo%@%ed to one anot her so
e

that tRACWEFRAROSEION YHIR RIEA 1S MY 2PRNGSy dYiorsmacie kbpphees s
coor di nafiphesibh abfaBlsIRati €L q8adihAk pblRofCh B YR L' GaCPRR £551 O
t rgcteé: and"p ?n t%e t;\P

actuators at are springr oslIt1one ate so that

when a cagsseistleaded ontatie dassatolohdiag arastht taed saitigigadadeampidssiohi ve

conpression actuators are aligned with portions of flexible tubi ng Wi t hin
[

t he cagsBiptoss a7 alignedgvigepertipas efflexible tubigg vithia thepassefiedhat arpeonaeeted [ 0018]
E ti N f h ' bbl
ot et oy BB Ehpe el o b bl il HouBRAto WY Snflr b it 0 o ©

and fr amidmpaémentbewhRn thd@wetsdsmatrhiSed Sositad @fcovndifattMETtGagISEpicterte@adi ng
area. When the air bubble detector detects an air bubble, it wll take the

necessdhyt thedickheve Bvpearnpigssiorn acgueters that afecpring refragtetraphpopitionest ¢rethe .

[ 0019] e dec i1l also preferabl y. have at. | east o eristaltic punp

) acerig s kit g oBo i RIGHEA RO mE B S apsiRBirefitie S bibBHIG P R ¢
The pericaiafir§ ire aRBAGA With potiOAPHT Béxible tiRROWithDLAE St RS e ableYs a rotor
axis; a housing having a curved wall surrounding at |east a portion of the

rot or andtefflyids thepugheuitke lstinpi ng regi on between the rotor and the curved

11t i Sj t | east i | ler f i vel
conpr o 0P H e Pl BiseS; 15 MRt Erdhe isiivaan e MonBR ABIERT conpr i 51 ng
a fl anggiaple ¥embhRortabtsi o theBtthaile RAGYIRH fAMsAS aﬁagﬂgﬂﬁ PAicHPWREHMEr om t he

flange for displacing the | oop of tubing toward ange upon the rotor
bei ng rassetteds loaded dngr tharcdssdite batingrareat Whdrl tha g bubblenlgteator dplects g airi t h a

a0t R A DR P59 B SERAS B0, LoS A BRP °

forwar gg@iﬂeﬁﬂé Rk “@ﬂ%s%%f&iaﬂllytlﬁ% afl [e&t bh& Perlfic pempPladfaeénttgag the |eading

edge. st ‘preferably, five peristaltic punps are "provided. [0020] A

hemat oceastetts dowslong drer fordrivingflunds thrangh éhedfit. t e peristalticapurhpwilsceroprasetar eat ment
bag for the sence of red blood cells is also preferapbl rqvi ded. The
herrat ocioi: @bl meuiedzboul piplarit: ¢ hoaing Bvipe prcBvet vl o bpdipe o

peri st ajehdi g gBHfH% I roflri af@ Porfrlibd & bR RANRE: febRB HefAlen theRAS: dnliee t he

treatment bag. [0021] In another aspect, the Invention is a systemfor

dri vi ngcubVeslodalf;|the wéortcompugingat ledstspe slalvé eoller forquogresssvahgcomprassinsg g havi ng
the deck described .aboge; a (ien ri fu&e chamber i thin th&e&%usi ng. and an
i nf rar 9OR ShiEHSASRINS DG S ed Bidpi B IOer ¢HRPIERE # Birpgsrabops 4#jpg and

an angled guide extending upward from the flange for displacing the loop of tubing toward
the flange upon the rotor being rotated in a forward direction; the flange having an opening
with a leading edge and a trailing edge for capturing and feeding the loop of tubing into the
tube pumping region upon the rotor being rotated in the forward direction; and wherein the
trailing edge is higher than the leading edge. Most preferably, five peristaltic pumps are
provided.

[0020] A hematocrit sensor for monitoring a tube of the kit that leads to a treatment bag for
the presence of red blood cells is also preferably provided. The hematocrit sensor can be
coupled to the controller to control the peristaltic pump that drives fluid into the tube that
leads into the treatment bag.

[0021] In another aspect, the invention is a system for driving blood fluids through a
disposable kit comprising: a housing having the deck described above; a centrifuge chamber
within the housing; and an infrared communication port coupled to the controller. Preferably,
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5 the infrared communi cation port is adapted to transmt real tinme data
relating to a therapy session being perfornmed on the systemto a renote
device. Infrared comrunication abilities allowthe systemto be able to
both transmt and receive data in real tinme during a treatnent process
Wi t hout disturbing the treatnent. [0022] Wen the systemis adapted to be
used for photopheresis treatnents, the systemw !l further conprise a
phot oadeiinizared poromanisetiorf port isadepted tepiransmiitealding dda reatzngotera théraphe kit .

The phot oac i.vatign chanber can Pe vertical.l %ie ted. It is he.
or of or 5N PRE pertpragd on B¢ syelp tatepor fAgice’ Tafrefed CORBRULSAIRDAPIIS chanber
and t haflow iR dy§ie 6Bk @6lqb bERATRINEHA2ndlrecel R aRta inWoal tnk\BRRG LhQEhendes, a

solid state switch connected to a first end of the electrodes, and an
i nt egr atosessovithout diseongthedreatraend. second end of the el ectrodes. The | eak

det ect [ led to. t troller. It i till f h f bl e that
o, o Rl wae R SR SO b bbb bt e SHERSLR"' Fobs
A meangydir %&Bﬁ@é@td ﬁﬁ?&cévéﬂ%h%ﬁ%nb&%? feEéi%fng%%ﬁﬁ&iﬁﬁ&@cH&rﬂﬂérBf'ﬁleliditt. is also
preferably provided on the system The authentication nmeans Is coupled to

t he coiThe phéteactivitien chmaber tan beaverthetly iociabted c &ris beraprfdrable dratl adlekei vi ng
slot. [,0024] In yet another aspect, the invention.i bl ood divi ng system
havi nghstﬁ‘:tﬁ%)'?‘? BV epﬁetﬁf?t aHeR FRATReR 47 H@&ﬁ?@é&aﬁﬁcﬁf&%&pmws f the
SYSt eMiea8@AWONY. sHiHeH BRLGoNRSPEIR stdit O9MicPBAmECted 10" Fiftk EnEIPRELXERbgest NE
systemw || conprise: a controller; a base portion having a top having a
deck f and aemedgvated)ciaouik coantate toi ansgc@ndoanslsd ttheeeléarodes. r 'Elod Jenlg déteetodisf | ow
through the kit; an upper portion ato he top; .and a centrifuge chanber
wi t hi n©p %&9;}@? cqprollpo it I%tlﬁépﬁaertnﬁ%felpaé@g?qarﬁ ek fdrciaEgsebt he deck
reduce AL, 4f: i ystem and provide a working platformfor the
oper at F(;‘{M(;Edﬁﬁg%eg&ggfﬁé%%&gﬁéﬁ[0025] When adapted to be used for

phot opli@0233 issmearsad awthesticatelreusyist identifier hsdoataeedawitipthe tkitais hisv atdfemblyhanber in
the base portion for receiving an_irradiation chanber of the kit. The

phot oadfWerdi e pustaser Thi rythadicaicar @eansiig cquplad o dhe songiollen: B merishave a
| eak d%%fﬁ‘éﬁtgfatec,[ag%gg]da{rf{lt%nf%%&i%{?g!sffﬁprOV' ded with wheels for nobility and is
y de ed to have a i g

prefera sign t of the systemis |ess than about 60

i nches [802433n petandbthendspeetpiht imieatidn 1siahlostbidiving sysmmi agingAadiprighn@ivley, t he
system can be provided with all of the features discussed agbove. Bri ef

Descr i senissraonthal reglucgs Hisdoptpntaf the,gysiemysaying yaluablg BesnitanHEos spagfet ai | wi t h

e iy, BRI AURONGAS: o MLl biSSE gRusg ) Tent of (e
having a deck for receiving and controlling a cassette for directing fluid flow through the kit;
an upper portion atop the top; and a centrifuge chamber within the upper portion. Placing the
centrifuge chamber above the deck reduces the footprint of the system and provide a working
platform for the operator to place objects on.
[0025] When adapted to be used for photopheresis treatments, the system will have a
photoactivation chamber in the base portion for receiving an irradiation chamber of the kit.
The photoactivation chamber will be preferably vertically oriented and have a leak detector
[0026] The system is provided with wheels for mobility and is preferably designed to have a

height of the system is less than about 60 inches so as not to obstruct visibility during

moving. Additionally, the system can be provided with all of the features discussed above.

Brief Description of the Drawings

[0027] The invention is described in detail with respect to the accompanying drawings,

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



FIG 1 is a schematic representation of an enbodi nent of a di sposable kit
for use in photopheresis therapy enbodying features of the present
invention. FIG 2 is an el evated perspective view of an enbodi nent of a
cassette for controlling fluid flowin the disposable photopheresis kit of
FIG 1. 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 renmpved and show ng

i nt er nal KIGoliss schpmatic rapyesemtpien of ansempadinens of ¢idispogpblekit fyarse ot cassette
of FIG view of an enbodi nent of a

211t or PhEoRisys Reray B SN BRI PR el " bt 11 fer assenbl y
of FIG 6FIGERG arfelbvatépegRt@etede o bh @mbbdienent bt £éasssiegBPtontlidd G 6. FI G

9 is a rear perspective view of the filter assenbly of FIG 6. FIG 10 is
schemaﬂmdﬂ@prletbeudtsa@sabhrdlrotqplherefslmktt@f Fégsbnbly of FIG 6 coupled to

pressure sors. an dat a roces 11 is a front view of an

i rradi at |%§F2ﬁ%%fé’?p Odﬁ?(‘?e“i gc%sgtl lf@ng? tudinal view of the irradiation
chanber offGChG a 30%) view bE&hekdssefic 8f BIGIQ WHRHR\BI&Semoodd fid gh'@Q/ll‘lf%]r adi ation
chanber of FIG 11 FIG 14 is a cut-away view of a section of the first

pl at e amernphzbwecaraitpy. at e pr| or to bei ng joined together to formthe

irradiati hanper of. Fl % 15 | cut -away di nensi onal end view
of the i rﬁ@dséﬁ‘ P Xifse? ao‘fovﬁf Caf‘&tte OH%E? %6 is a perspective view of the
i rradi ati g, gHamPEaEvALd fdr$pecte ﬂ@@'&f'aﬁ@ﬁfﬂ)omrﬁelﬁ't Bf &fjlbraéferhbight assenbl y.

FIG 17 is an elevated perspective view of an enbodi nment of “a permanent
t ower sysFI&n7 if bottans perspective yigmodfitbafilient dsseantly opbKa.e kit for facilitating

a phot op i.s therapy sessjon.. FIG [ ross-sectional view of an
enbodi rrerrlﬁcb% lfﬁ%e’iﬂ% Sé’é‘?"YQQ&F&H&E%WB&S’O%@%M a UVA light assenbly,
used n s, bQWEtea? YLEIIOL vEWGr e fildl dsertfly o ERG., 0SS~ sect i onal i ew of an
enbodi nent of the c uge chanber used In the tower systemof FIG 17.

FI G 20 iElGariOed EmEmamatepmshﬁamImftbé fittéreasberatly d€ FEG.16 coupbadrtoprdssymeovi ded i n

the photoactivation chanber of FIG 18. FIG 21 is an electrical schematic
of the PRI LRI RIACS M cuit provided in the centrifuge chanber of FIG

19. 7 FIG. 11 is a front view of an irradiation chamber.

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

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

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

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

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

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

FIG. 18 is a cross-sectional view of an embodiment of the photoactivation chamber,
without a UVA light assembly, used in the tower system of FIG. 17.

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

FIG. 20 is an electrical schematic of the leak detection circuit provided in the |
photoactivation chamber of FIG. 18.

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

chamber of FIG. 19.



FIG 22 is an elevated perspective view of an enbodi nent of the fluid flow
control deck of the tower systemof FIG 17. FIG 23 is a perspective
bottom view of the control deck of FIG 22. FIG 24 is an expl oded view of
the control deck of FIG 22. FIG 25 is a top perspective view of the
control deck of FIG 22 with the cassette of FIG 2 |oaded thereon. FIG 26
is a flowhart of an enbodi nent of a photopheresis treatnent process. FIG
27 is a ddbeddisian eldvated perdpoctivieanew of an erabédimient ¢fl theviloidridaw conigd dedkn

per f ornj the trea t . process of FIG 26. FIG 28 is top perspective
Vi ew aﬁ}@ﬁﬁ%%ﬁfﬁ%ﬁfm@?ﬁap@i staltic punp. FIG 29 is a cross sectional side

Vi ew of tHYE, PP Sl GvbiiRnPlick! BihniroFiGk 3FIGS2R top per spective view
the rotor of the peristaltic punp of FIG 29. FIG 31 is a bottom

per spect iK6. 24 evanafxpidded vwoof thé cdrtE] d&k of HIG. 232 is a top view of the
peristalt] mp of FIG 28.  FI 33 is to j of. the peri st | C punp
of FIG 28GR %t@a@Fﬁae%gin%% Wi gontEel deginBf FIC, d2evighhg chispe OfglrthC'm G 34

is an elisakd ieddonschematic of the infrared communication port circuit. FIG

35 illustrates an enbodi nent of a centrifuge bow and a rotating frame.

FI G 36 iHGa26iseefiswdnal of\anembotlinhdit obaphotopheresis tr&hmektl gBoce3y. i s an expl oded
oWl of FIG 36. FIG 38 sho a_cross sectjonal _view of the

EL&W 8; tﬁﬂé 9&@ pihpRakhef 3 ed%b%ﬁrx@%&the igsflogosrcup dired 1 Rerfosmungdhe | onal

vi ew of nfeﬁ{‘é]r‘égé. 9PF ve in place with a lunen connector of the bow of
FI G 38 rgﬁton he Sllgi ne . FIG 39B shows anot her cross sectional view of a

connect i oFIGs L& évep iparspéative vidwt iin embodiment cfanpreistatiic pimp.he bowl of FI G 38.
FIG 40 shows a cross sectional view of the top core of the bow of FIG 37.
FIG 41 SHEWEO & asmrenssrioenal sige ¥igvorf theperissitic Brwp 8hK1Gpier plate of FIG 37.

FIG 42 "30 ?ﬁ %@Eg)gg%pgétﬁ%’@{%gﬂégo{oggf ﬁl%g)%riﬁfaltiglpa p@fFIEL?y 43A shows a

di nensi ona ew of ottom core an ower ate of the bow

of FIG 3HIG.Bl & a B&Bs perésecane diewstshefvadr cfIFIGS3Gect i on view of the bottom
core and a | ower Pl ate of the bow of FIL.G 43A attached together. FIG 44
shows an B PBdfeaitopiviey of di psristalis pyBP B kileof® and a | ower plate of FIG

43A. FIG. 33 is a top view of the peristaltic pump of FIG. 28 in a loading position and near the

cassette of FIG. 2.

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

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

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

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

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

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

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

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

FIG. 41 shows a dimensional view of the top core and upper plate of FIG. 37.

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

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

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

FIG. 44 shows an exploded side view of the bottom core and a lower plate of FIG. 43A.
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8 FIG 45 shows a di nmensional view of another enbodi nent of a conduit
assenbly. FIG 46 shows a dinensional view of the connection sleeve of FIG
45. FI G 47 shows a dinmensional view of one end of conduit assenbly of FIG
45. FI G 48 shows a di nensional 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 al ong

li ne XXI FIGFAﬂiash%adlmgﬁlerﬁlé{se“aommmhaqhmﬁnéw peondyi apSY-ng frame of
FIG 35 dbGie anw aﬁat&}{heﬁ o&l%%é’)@g’gﬁl{ne’%‘@fg@e %’IGa external conduit.

FIG 53 shows an ernatrve e i the cross-section

taken SiPTGlL &7 khovisth difRhsishWiew 6f dle@nd 8 cofdu aséé}nlﬁp @WI@msal ternative
enbodi nrent of the top core. FIG 55 shows an alternati ve enbodi nent of the

connect i gGsf@ehaws a dipgasiona vievaet 311 anghaendHdhg presant inyenfi@n28] Feat ures of
t he preseﬁb ventl n. ane _enbodi nent bl ood driving

equi pnment’, v%Spao %arlgrcgﬁg?glﬁﬂdlr\gggvé)%{l?mch[o%n arious devices which nmake

up the q'IGIOQ@@KHv% KhdrizoAfAflclofesec AbAR TRINGS difarchSdnakenPI G EEHR XXiNE
following witten description is outlined as follows: 1. Disposable

Phot opherld6i. §1 Klustrites €dusaisionalf vew Ob therrotatingdraflewdf FIGI 3w 1. Filter Assenbly
B. Irradigti on. Chanber C ntrifuge Bowl 1. Drjve Tube 1I. Pernmanent
Tower Sys]?[g'rggslfﬂ'ﬁb%gaé q‘{}ﬁ‘f"'cgﬁth@k{iﬁ%&aneéte“&ﬁ?mhhge Chamber C. Fluid Fl ow
Qont r ol ek 53 shdeSafdlicfaEh e BRbBERMREBARE 861 fin SRl drobsoadiiaguRey] stal tic
Punp D. ra- Red Conmuni cati on Phot opheresi s Treat nent Process
[0029] sfﬁhllm]abmﬂm{ shawn indFIGs38.ncl uded to facilitate understandi ng of the
features 191G %4 sh rese:a’]tematlve embodiment of the top core.

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

Modes for Carrying Out The Invention

[0028] Features of the present invention are embodied in the permanent blood driving
equipment, the disposable photopheresis kit, the various devices which make up the
disposable kit, and the corresponding treatment process. The following written description is
outlined as follows:

I. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Drive Tube
, II. Permanent Tower System
' A Photoactivation Chamber
B. Centrifuge Chamber
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Peristaltic Pumps
D. Infra-Red Communication
III. Photopheresis Treatment Process

[0029] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present invention and is not intended to
categorize or limit any aspect of the invention. The inventions are described and illustrated in

sufficient detail that those skilled in this art can readily make and use them. However,

various alternatives, modifications, and improvements should become readily apparent

9



|

invention. The outline is not limting of the present invention and is not
intended to categorize or limt any aspect of the invention. The inventions
are described and illustrated in sufficient detail that those skilled in
this art can readily nmake and use them However, various alternatives,

nodi fications, and i nprovenents should becone readily apparent 9 w t hout
departing fromthe spirit and scope of the invention. Specifically, while

t he i nWéRatsigpartiag fogrthe spigit prfl oepe ebihe dxtengpn.gSprcifivadlxbwBilgihe inyeatiper manent
bl ood drjve.s f {: her es| [ . Certai ects of the
nvent Pl R T s ert Rt Son BT 0T B hir SR BB e

for repHabphtgesed ferapy ReftaiRiagfectsSofthe MVeRIMIrE BotSsodImidétyardt € hpplicable to
extracorporeal blood treatnment therapy. 1. Di sposabl e Photopheresis Kit

[ 0030] kit @d sysiemswsed for eendgiingobebtherapies: swphas apliegesis ar anp@theembodyi ng
features of the Ekﬁaﬁntt iE ention. It is necessary that a new di sposabl e
steril SXtﬁCf)rpé’éea[lj e HSFER efal%(rapy session. In order to facilitate the
circulation of fluids through photopheresis kit 1000, and to treat bl ood

f 1 ui ds[cippdsablePhotophéiifKaugh, phot opheresis kit 1000 is installed in
per mnent tower system 2000 (FIG 17). The installation of photopheresis

b . . . . ; T .
phot oph e FE: P s AHE Bl SuftGEH kP T M BB Rld RS g
i rradi adveafion. Cif @HeeEsERY, thitermRivadispdsatsie B flle KilBduset €6ma4aR kitergat eshéi.dn 1195,

treatnment bag 50, and plasma collection bag 51. PhotoBheresis kit 1000
f ur t heordes kmtgﬂpélé@e gy cirgalat o pleidwids thspnghephotopberesia ditd0D canddatigatbleethnect or

ok e RB P oFORG5k 1B T 05 RS GRR ARl oo
connect2g06 (RIG. i 1 iTHe)Yin G AMAGE bf phdtoplRyéstast POUD ihe toOlet §ystene2000 gul ati on of
fluids during a photopheresis treatnent session. Al tubing is sterile

medi caldegpribe@infdetadl blewt ubi ng. Triport connectors 1192 are provided at

vari ou itions for, . i ntroductio f fluids. into .tupin if

neceas 0T Ebo@Rfercelt b d00d GpPeS e rob oty by L OF sty |

I es pecichyfbat760 RERG{ocAOsenRiT A1 25 1eMmBSatle Hith c4A0A 95 Ordtepehtdag 50 afdr awi ng whol e
bl ood from a Hatl ent and returning blood fluids to the pa§| ent .

Al t er npldsaloplleqsivntbep hbr BRotopharesislioot0Mbiurtber cogepsisesisaline ggenegtosispift e  needl e
pat i ont190 B84 818 Seulord ek BRI 1 P F suPaive b atbeuthed®in v i 11 1y 1o
Ry T Rt 1 e
i s f or mednectors to fluidly connect all devices and to route the circulation of fluids during a

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

connectors 1192 are provided at various positions for the introduction of fluids into the tubing

if necessary.

I [0032] Needle adapters 1193 and 1194 are provided for respectively connecting

photopheresis kit 1000 to needles for drawing whole blood from a patient and returning blood

fluids to the patient. Alternatively, photopheresis kit 1000 can be adapted to use a single

needle to both draw whole blood from the patient and return blood fluids to the patient.

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

blood and return blood fluids to the patient. When a patient is hooked up to photopheresis kit

1000, a closed loop system is formed.

[0033] 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

10
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[ 0033] Cassette 1100 acts both as a tube organizer and a fluid flow router.
Irradiation chanber 700 is used to expose blood fluids to UV |ight.
Centrifuge bow 10 separates whole blood into its different conponents
according to density. Treatnent bag 50 is a 1000nL three port bag. Straight
bond port 52 is used to inject a photoactivatable or photosensitive 10
compound into treatnent bag 50. Plasma collection bag 51 is 1000nL, two port
bag. Bewhpound dafe iepmanhhasy). drasi edleatienbagth isdR0BEY tye pestvaga Betthged cap

spi ke tube 5 Lch.can bhe ed.for.drai nage if necessar Phot opher esi s

T i anit ek R o T S RN o R T A

adapt egsel FoCRAMaES if tn@cd@!‘)@?.s PR&opticdtscitic 200D fhrhér @dnshribedhydrepHobid fers 1500 vi a

vent tubes 1552 and 1553 for nonitoring and controll |5n§g tg%gressures Wi t hin
9o

t ubes 13rand 5SS gyhidhearp adapegst tocPnGct toopressireniransdiases 1 Ltefihed ps

ensure t. th it 0 ting within safe pressure limts.,.Th

i vt b ViaOf odies 4553 AT B Eotherte wBGoR B R WY Geseofntinia iy, are

di scusgghebal Ot pRiche {RG. 10N MEmgsRigtiBe pREsUROREIpOEAsuRThT Mk dtithit ow [ 0034]

FIG 2 shows a top perspective view of a disposable cassette 1100 for

val vi ngperatmgmpiting safgpdessuntlingtsl iThg indiwidoalvdenesrs obphdvdpdsests kit H0dand ng a
phot op&eﬁrg{si S. treat nent sggsi on. Caslsette 1100 has housing 1101 that forns
an i nt SEHdPncionms. priscussed belowindsiail g for its various internal conponents
and tubular circuitry. Housing 1101 is preferably made of hard plastic, but

can be nmadeA0fCcANeSHI CaRtoNind Biuth PRLEr i al . Housing 1101 has side wall 1104
and top surface 1105. Side wall 1104 of housing 1101 has tabs 1102 and 1103

ext endi refrom Durin hot opher.esi s ,treat assette 1100 needs
O bo” L0 ERSZ R8T by Sikevd DR SRR bE St ow (ESI%ES st rat o i
FI G Z?umgﬁh?ﬁsariﬁ]&ﬁtramﬂ%lﬂé)l%o@h@lt I@Pﬁiobii@llﬁids%ﬁlﬁng@%ﬂb@pﬁé’r@§i§h’éﬁnﬁ%po to deck
1200. | 0035] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109,

1110, session. Gaspetrd 100G lans hopsing il 9 Ingat formnslen int¢roalcspaerethatcacts| B, cagingifar out | et
tubes 1114, 1115 116, 1117 1 and. 11 for elling. fluids.from
casset (8 VAR MG Tt et g P RO HbpanB B RarnfeBB wie Bt bot

I nt r odugldlasBBiR ¥ RED inage bt hlydaithB)y GigaNklaRHAlL HokaeSH0 had 00 walinges fluid
i nput and  output tubes fluidly coupl e cassette 1100 to a patient being

t r eat ednd wp swdhte HYSt Sedevwiall bl of hevsiog 410K hastabsollifdraedild 0k extendio®, such as
centrifu bo 10, irradi ati.on chanber 700, reat ment bag 50,

col | ect g DuTnE RO BRAE e grssciie 1ab et B geiioed BipePe J20F ¢
form a el e dydtQR ROOK s AOREPRLSRed IUFIG. S5t qthbt 1162 £&a A0B-helPORGlopPUNP t ube
| oops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of
housi ngnd d@ire dassepte dd0ktad deebd20020, 1121, 1122, 1123, and 1124 are provided

For [0035] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for
receiving fluids into cassette 1100, fluid outlet tubes 1114, 1115, 1116, 1117, 1118, and 1119
for expelling fluids from cassette 1100, and fluid inlet/outlet tube 1113 that can be used for
both introducing and expelling fluids into and out of cassette 1100. These fluid input and
output tubes fluidly couple cassette 1100 to a patient being treated, as well as the various
devices of photopheresis kit 1000, such as centrifuge bowl 10, irradiation chamber700,
treatment bag 50, plasma collection bag 51, and bags containing saline, anticoagulation fluid
to form a closed-loop extracorporeal fluid circuit (FIG. 27).

[0036] Pump tube loops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of
housing 1101. Pump tube loops 1120, 1121, 1122, 1123, and 1124 are provided for
facilitating the circulation of fluids throughout photopheresis kit 1000 during therapy. More
specifically, when cassette 1100 is secured to deck 1200 for operation, each one of said pump
tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding peristaltic
pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Peristaltic pumps 1301, 1302, 1303, 1304,
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facilitating the circulation of fluids throughout photopheresis kit 1000
during therapy. Mdre specifically, when cassette 1100 is secured to deck
1200 for operation, each one of said punp tube |oops 1120, 1121, 1122,
1123, and 1124 are | oaded into a corresponding peristaltic punp 1301,
1302, 1303, 1304, and 1305 (FIG 4). Peristaltic punps 1301, 1302,1303, 1304,
11 and 1305 drive fluid through the respective punp tube Ioogf 1120, 1121,

1122, anbB0Sgrige ﬂymrq%héhepﬁeémréﬂé«? YR & bgilpensti1df, 132122y 1123, andg £ 1 ui d
;B[ gﬁg?lﬁhﬁtagjgé‘a%&?ﬁn kdlﬁtec&QO%eQEtny%nw&%g%ﬁttﬂr%ﬁgﬁ g}ﬁ;&&ﬂ%ﬁ ﬁgg@i @goa“d

1304, anat &8&5arlys Teé &p&tﬁﬁ@daﬂd’a&kﬁﬁwd lolk&h@whd\ii1badi8s PEFdristadtid-pisps 28- 33.
[ 0037] Turnl&g now to FIG 3, cassette 1100 is shown with housing 1101 in an
expl odb¥1, 43 é303:d|304>a@§é 1305 js dispaipsedn dﬁaléhqloafe%h FoPRSie FiG 28ni%er nal

tubul anOQ?LEH]%HE now %orf*' 93 @08 S!%ert] 116@ ? hg%n (ltl.jllsijn%tllﬁ 1waﬁ1 Pxplgg‘ d 3. The

intern CIrCUI ry’1's | e di scussed

in rel ghieORortdagy &ftiflustfatidh ahd Bestifor) @k 1htelrﬁa¢&ub%$zﬁw@h1yr hbiddin BOBdiAg oned
therein and in fluid connection with inlet tube 1106, outlet tube 1114, and

one end1Q¥isagciblusfatedimdIGe aw he¢ gvgrsalraddargirtuitnpis illysitiatedrin é’i@e‘hbrhcywmlsoo

[ t. ch 1 d.it
Funct | R RSO AP B Bl nCaara TH0Nes fit SR Janp Feg ety 15
[ 0038] akdPirSR@ cdrkiedti SORRA iR Q&SuBOYRI6 é&tfb@uﬁﬂchlﬂmsa%djo%%%nd @nych &gﬁ&phas top
surface 1105, a bottom surface 1160 (F 5), and side wal Cover

1130 haﬁ)edmsllflé&arldlﬂzll dilger psSHHA P 150 ¢<mmrr$gs vgmchmhmrbéﬁfw agub4@nd 1542 of
filt nbl t d .th th |1.1104 h I it
e SR R R e e P R e

tubes goopass into the internal space of housing 1101 for connection wth
the internal tubular circuitry located therein. Only a few tube slots 1134
are | ab938t HonsingEl 191 @niprisay oovetr ihll?vﬂazrriddailse tlliwc[tmg:r 113{bbastopurfavd 1103 are

it d I t th tub ts 1134.
Cover 1005 abaudiotrtie MAMRIG Sad Sudicvath B e b s ropsmpBol B sur ace
1160 (Ehcﬁ Bfor %M%'v@ﬁl dAdhBert 1640 Ml%ﬁ%%léf %s%ﬁiéﬁl's‘m'tb{ ex(]QHéded I nto
bottom sur ace 11 f cover 1130 during its formati 0039] Base 1131 has

a pl ur diergtiroogh. Sshapdd 104dhes hpluddity oflthBE sbxstﬁlﬁdltmgllmm{t\waIat nubes.tomdet sur f ace

1136. U—shap d tuhe holders 1135 hol.d the inlet tube tl et tubes, punp
| oop t GRS, anSﬁ’PF‘P PORLLSBHIIRASS 1R Fmtemﬁlaqpafw[moaﬁm&.Slﬂﬁﬁqunvwnapace nly

a few %&hﬁ@ﬁ?erﬂﬁ' f&)ﬁ;‘.ﬂé 01-1%§§W‘;16@ated ﬁ@%bﬁcbh A& utt §18tsal 94 SreNbiERd R

crowdi ng. Preferab ped hol 5 I's provid on base 1131 at
each | #iGt3 mavwhkienenaival erbetlinguabs dH020anid| 1d03ta:dms1tmnedxopumlp wablold 04t ube

B?its (raa aé gs: 5?% hmz%e e%:) (vav1 ltl?lge s:llotslilgli1 ég\ge? l\f@) l'naslolc(():ﬂlsmw%l lef(ﬁtlr ﬁiﬁEEAll%
extending from bottom surface 1160 (FIG. 5). Occlusion bars 1162 and 1162A are preferably
molded into bottom surface 1160 of cover 1130 during its formation.

' [0039] Base 1131 has a plurality of U-shaped tube-holders 1135 extending upward from top
surface 1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, pump loop tubes,
filter assembly, and internal tubular circuitry in place. Only a few U-shaped holders 1135 are
labeled in FIG. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is
provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop
tube passes through a tube slot 1134 on side wall 1104. Male extrusions 1136 protrude from
top surface 1136 of base 1131 for mating with corresponding female holes 1161 located on
bottom surface 1160 of cover 1130 (FIG. 5). Preferably, a male protrusion 1136 is located at
or near each of the four corners of base 1130 and near filter 1500. Male protrusions 1136

mate with the female holes 1161 to form a snap-fit and secure base 1131 to cover 1130.
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top surface 1136 of base 1131 for mating with correspondi ng femal e hol es
1161 | ocated on bottom surface 1160 of cover 1130 (FIG 5). Preferably, a
mal e protrusion 1136 is |ocated at or near each of the four corners of base
1130 and near filter 1500. Male protrusions 1136 nate with the fenmal e hol es
1161 to forma snap-fit and secure base 1131 to cover 1130. 12 [0040] Base
1131 further con‘gri ses a hub 1140, Hub 1140 is a five-way tube connector

used [0948bRaseckl 3 ifwrgher goyaprises athwb 1149. Hyh 1149 kg fiye-way dibecpgnectyraped ab| v,

| e ng e K6 M oP B e AR B R P PRI Wik b B TPk R can e

used, ideate@Rkainal is@fouMdt thres ONMeasiSdsQPadaed ined b1 MDA Gub2KIA0 achsldsa 22), to
direct fluids through photopheresis kit 1000 and to and fromthe patient. In

addi t i esntrabzasupnatonovhigtbeandisrisad.dn cobsnetsmieich epmpressiethacisatqrsd3Addeddrs 1141

and Y- npector. 1142.. are ysed to obt al e desjr flexihle tubing

ot 0" 2o ledircet s BiFudl i dhe R Ky 0B 3nd B i Forh B bR Boneg 1130,
Each apditioh ® hubAA40 sappfopribRUiblesbnayctaft, aRAE Trénwadtbrs 1138 ahd@yi-ng sl ots 1139
for passing portions OF the internal tubular circuitry therethrough. An

el ongateheeipel 14 arempsdtq ebtain ¢he gosued Hexdbleriubing pathweys.of base 1131.

t 37 | d b 1131 | i i i
oo oLBR T aRefur SER S Roaba5R tor pite e B SRR PEPES 1957 1 6
| 9cat eQuRRunlassy ard dkhutOwal 1 138 Mhidy GOTRNSS RirdsA biHiBhSor R MdRA2 of deck

1200 (FIG 22)." Each aperture 1137 is sized so that a single conpression

act uat trbula@ 4B3euid¥ thegethropgh.eAd etdngated hpertgh 115Asetsoyprevidddan the fidozell so t hat
t hree compr.ession act rs, 1240Q- 1242 ext.end. therethrough. Conpression
act uat € ahonpsabent Bt ipesisd on et R G ahERitb soBRRoBHTE n 11l d
passag %&Mﬂ?l%ss%n %c:?ﬁ‘atb@ tllﬁﬁﬁihﬂ Mkﬁ'ié@ﬂ (PQF]H'. Q% eAﬁérQlEéjﬂSﬁ 9 _I&f'ééé'dl dnl k€ Of

prohibit tluid ow along a desired pat nit Is desired to have a
cert ai 11phssdigewdsh cpgnesswntahaatoird 1240- 1242 of fdeckd 2M0e(FEG h22)udlach apesture

conpression actuator 1240-1247 for that is i,n a | owered osition
Fiovovo 13 DRSf7ef 0 15t A3GEE S0 TPEF R S aioE N bR S AU NG ED: osed S0
t hat flAjJ%f{ureCﬁm %ggzé‘d's@@h&t E@Eé}ﬁﬂg%n L 6atGRAR201bAS Eart IR LSSI On act uat or

1240- 12 I's raised, extending t conpression actuator 1240-1247 through
aper t utlerdi®vigior Cahpiession actecaoprl2d@il247 arepsed icoslofodchie fahéwpdd eertaitbul ar

o ou Y 28aIeL 09 Lo ot 8e5 S0 (RS2l el SRrer PRI o s,
oo SRS N R Ay LR AR S DS
i s combloesthedthageghntie complrassibnactbator 12406 B245r foll haBpassddesranad invelowerddne
O L o tiOn However, whan it is Gesired to Rve a ceriin Hukd paseaBeway tlosed s3 That Husd °
t henselPQUYS ; p y
can not flow therethrough, the appropriate compression actuator 1240-1247 is raised,
extending the compression actuator 1240-1247 through aperture 1137 or 1157 and
compressing a portion of the flexible tubular circuitry against bottom surface 1160 (FIG. 5)
of cover 1130, thereby closing that passageway. Preferably, occlusion bars 1163 and 1173
(FIG. 5) are positioned on bottom surface 1160 to align with the compression actuators 1240-
1247 so that the portion of flexible tubing being occluded is compressed against occlusion bar
1163 or 1173. Alternatively, the occlusion bar can be omitted or located on the compression
actuators themselves.
[0042] 1t is preferable for cassette 1100 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is
provided to ensure that the disposable photopheresis kit is compatible with the blood drive
equipment into which it is being loaded, and that the photopheresis kit is capable of running

the desired treatment process. The unique identifier can also be used as a means to ensure
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[0042] It is preferable for cassette 1100 to have a unique identifier that
can communicate wth and relay information to pernmanent tower system 2000.
The unique identifier is provided to ensure that the di sposable

phot opheresis kit is conpatible with the blood drive equipnment into which
it is being | oaded, and that the photopheresis kit is capable of running
the desired treatnent process. The unique identifier can also be used as a

means that e dlispesablesphorepherenis kitiis pba etitaen piand opine pegiake kIt the dllustratgdcer t ai n

br and ke. | i 1L st he. unj que identifier |
orbod BRARC o S et iy enbthisf iy SETREEIOOD PR S IRghbE MG, o™ ' °
recei Vg cﬂfarr&cez\qgglp&i 2061 SERSRANO WRYer SYSEBM0BORA. i & DAtk lcard3AS Hadr ﬂ 1195

has both read and"wite capabilities and can store data relating to the
t r eat nboth reddeandpyritp eapabilitied and oan storedata ralating &0 the tiEheEnam thpuepyi ptefotéd er can

al so take on a vari of forns, iIncluydi , for .exapple, a m.crochip that
Nt or altrdugiG el NS S ARt BE A0 AR Ak orh? SR OF TS, iggligine. o bar
code, i : 4 for
o g nerarIeSt inRbodihe ik idhiih BRMAGoddid Aol MERTHL DDkASkd St

el evat bar qoddges senalmusdgnent ed rect angul ar shape for receiving and hol ding

o * ot Q) Eaver Baf 55 e gt botesy TP ion g Sinbrcbizroand 106 R dBed il 2
the | 61407 134 4BH]ASesToh LIl Bdgcs 373 SoufontchABc i billar VL RE defftissed. At
5% ( Hacs 7 PR pte e

| east a portion o e Internal t ar circuiltry 1s pre e of

f1 exi blard hdldiigidataldabd TPSttbahssemn1 108. @darg beed hollet 1134 lidiés éatecirtddn99in pressure
Wi t hout conprom si_n?ﬂt he hermetic integrity of the tube. Base 1131 of
casset Plca YB® apifit {if6x 2hted in FIG 4 so that the internal tubular

circui Z@ﬁ#g%@feli’ﬁ‘n L&W‘FodFIdS“'1%dt4“g.§§?t%ﬂngftu%ﬁf é&&ﬁ%g%c?fg&iéﬁaﬂt\ﬁ@e 1115 are

provid r cougting cassétte 11 0 centrifuge . More

speci f ino@lteydiscassetl et teabiea pokfidn ofthp imsrindletubwltr ¢ euityeisi preferidd) @add ofod from
cassette 1100 to centrifuge bow 10, and inlet tubes 1107 and 1108 are
r espec fieyidle plastisnbipg that canche pingheg shut hydhe exegben ok presusoyitbeitponent s and

hi gher AV s sett eqLk0 i:ng
b ougORRRI AT RIRAERPREELP of e fitR0 Bbu it chleue 4 #60 RAMuG A B9
i ncl ud&FIGf 950 exiatip liternpl tabwEs citavitipemttesviewddatlalegtibes DUIT I dCDIOB, andr any

conmbi nation thereof. The higher density conponents can include, for
exanpl eutletdubepl Jydreprovisled fuprconpling gassette 13100 teenirifuge bewbt GIG21x | vi dl y

coup! e G0RSE b PP B B RO LS P Bl

conponenéentfifdige BERIE0, and Uflétubel Al 07 bad 11084 adshedtiveagroeidé @6 e@imiggposure to
photo energy, while inlet tube 1112 is provided for returninglthe treated

| oner deweridepsib) tleel esnpamgatsand igher density blood components to cassette 1100 for
further routing through photopheresis kit 1000. The lower density blood components can

include, for example, plasma, leukocytes, platelets, buffy coat, or any combination thereof.

I The higher density components can include, for example, red blood cells. Outlet tube 1117
and inlet tube 1112 fluidly couple cassette 1100 to irradiation chamber 700. More
specifically, outlet tube 1117 is provided for delivering an untreated lower density blood
component, for example buffy coat, to irradiation chamber700 for exposure to photo energy,
while inlet tube 1112 is provided for returning the treated lower density blood component to
cassette 1100 for further routing.

[0045] Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. Outlet
tube 1116 is provided to deliver an untreated low density blood component, for example
buffy coat, to treatment bag 50. Outlet tube 1116 has hematocrit (“HCT”) sensor 1125
operably connected thereto to monitor for the introduction of a high density blood
component, such as red blood cells. HCT sensor 1125 is a photo sensor assembly and is
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cassette 1100 for further routing. [0045] Inlet tube 1111 and outl et tube
1116 couple treatnment bag 50 to cassette 1100. Qutlet tube 1116 is provided
to deliver an untreated | ow density bl ood conponent, for exanple buffy
coat, to treatnent bag 50. Qutlet tube 1116 has hematocrit ("HCT") sensor
1125 operably connected thereto to monitor for the introduction of a high

density bl ood onponent s red ood, ce HCT sensor 1125 is a
phot o é@ﬁ@i\‘ Ia}FOSHBH‘?r %S s ‘L%eCPBnélgBBIrff’rﬂbq ‘F%\IIOﬁFTCT sensor
1125 sgRdsred bi’c?JdE‘c%Hé R RiedRalin budt *ﬂ&ecﬁ'ikfaﬁ{i 'tt?efcon%ﬁé} wigdal @ed cells are

detected in outlet tube 1116 and the controller wll take the appropriate
act i onapprogriate dctibe. ]Jﬂl&t]tubfslnrlovpds'aﬂeﬁ(no rextmrthe umteeamdtlowaleasity doodlensi ty

Piet faRenTaem Seamond fet o © cosene 1104 Br i rutingd et bent 1090Rgna
antico forfegéf%c%'@l?ecog d(tBQtsaﬁlgaDXH?l)anYlE@a oaguFt é%)?g @B[jsh% i vind are

provi de Ivering sa I ne and an antl ssette 1100
for fus;ﬂk&srllﬂ()und MY It amdtdne proaided Hior. de]iOHEd salink efid Suadtbagulbe fluld® and out | et
tube 1118 COUB pl asma col l ection bag 50 to cassette 1100. More

speci f fasggtieyl] Mﬂqféﬁhfffd%tlrﬂglt%hﬂﬁﬂqe@brs a bl ood conponent, such as plasma,

to pl af{ﬂﬁe]gﬂﬂébl hic {ﬁbpqglfgnd+d?ie?ﬁfbgi”§5 Ll:plljéjﬁggﬁ]ﬁ}g%—lfe?ﬂmpg §gf, Lo el ther

delive 0 plasma co IFon rom ssette 1100 or

r et ur ncdsbetell100d MueepsEalls )outlth@be L8 @Elﬂ@rslal’blﬁécﬁﬁdmpd}ﬁhd egdhi 8N bag 51 to
cassette 1100 for further routing. Inlet tube 1106 and outlet tubes 1119
and 11Plasg.do plaspisallechiog bp&él.eht ¢UQJ}5&§ fube dA13 gan bripsedtto eithss dehives reds

[ cat oftont Sl W EhpreEft Etn e S8 rodP o P 0D SERAER 5 BOEAERERORERT . ¢ woe
1106 i thaph&lld WL pl@matiledtdsnl bag 51u@tﬁs@ateeﬂ00ﬁ@i firlitoRAf@nthia wserigeer m ned

anount of an anticoagulant fluird) fromthe atient to cassette 1100 for

out i nandedlet ribes mmmumemp@gm@aesm@tkgpecmuy, @ikt bbetlibAis 1110 | s

speci fical ed f el iverin nt.i coa nt f]yid to inlet tube

1506, | pioSi e fied Honds MR { R oA ERBS archlstitodtor ae steri 1 e
t ubi ngcoripshehR] MmddtR&tldd bHk Mtﬂeg)auéx’ﬁe LSSy | If(f6€i§ pRAdddOBAddlivesigget te 1100
has five punp tube | oops 1120, 11 1122, 1123, and 1124 for driving bl ood

f | ui dsuntgatadgilanie bload Satd apredgermaine Phod pﬁem enfiopagylant¥bod). frovn thee

f | 1 | nt b 1 d

Do it I TR A1 R B s ThalefiRT S ol OB BiktRAr a0, ue
1106 a'lﬂl@ildtsg fidaURPrdided fopdﬁﬂeﬁﬁgfaﬂb@&@ﬁgﬁlhﬂltttﬂﬁd 15 00et @boOMRNE. Meigway. Punp
Ioop tube 1120 loads into return punp 1302 and drives bl ood fluids through

filter prefgabletitht Bl cwbingistdipopibls madicali grads stdrde tubitge Hexible phastio thlwogist ube

11221 ﬂl%drﬁost preferred.
[0047] Cassette 1100 has five pump tube loops 1120, 1121, 1122, 1123, and 1124 for driving
blood fluids throughout cassette 1100 and photopheresis kit 1000. More specifically, pump
tube loop 1121 loads into whole blood pump 1301 and respectively drives whole blood in and
out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing through filter 1500
along the way. Pump loop tube 1120 loads into return pump 1302 and drives blood fluids
through filter 1500 and back to the patient via outlet tube 1114. Pump loop tube 1122 loads
into red blood cell pump 1305 and draws red blood cells from centrifuge bowl 10 and drives
them into cassette 1100 via inlet line 1108. Pump loop tube 1123 loads into anticoagulant
pump 1304 and drives an anticoagulant fluid into cassette 1100 via inlet tube 1124 and out of
cassette 1100 to via outlet tube 1119, which connects with inlet tube 1106. Pump loop tube
1124 Joads into recirculation pump 1303 and drives blood fluids, such as plasma, through

treatment bag 50 and irradiation chamber700 from cassette 1100.
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into red blood cell punp 1305 and draws red blood cells fromcentrifuge bow
10 and drives theminto cassette 1100 via inlet line 1108. Punp | oop tube
1123 |l oads into anticoagulant punp 1304 and drives an anticoagul ant fluid
into cassette 1100 via inlet tube 1124 and out of cassette 1100 to via
outlet tube 1119, which connects with inlet tube 1106. Punp | oop tube 1124

| ds nt i l.at]. d dri | d fluids, | ,

t b ougt P Bk asirinaly B 0 30 B v A Bt oe SRR HeEoHB D 1500, 15
0048 : i j : - j t

[ ] ﬁﬁ@&%@%ﬁﬁé@kﬁd@@@@ﬁ@Jan%ﬁ%%dﬂﬁ&n afmg_\feétﬁ&d yhep gfnkgggssar y to

perfor ot opher esi t therapy according to an i ment of
t he neidvedtief whihk isgdessréret] belowmntlaton wWhFEIS. i26-2Te Peristabd fuehpsvi30b-1365ati on to

FIGS. 26-27. Perjstaltic punps 1301-1305 can be operat one.at a tine or
in any SHLPRARSERIFLINS 2F R4S PRIR 208 6AMBiBaoR o} he wmpsclg*ﬁjlta}’}?gmkw th

conpr essl: .. t - I t e S Jqr vﬁ%,tshways

of photé odﬁ%rtlggﬁg%@?ﬁ){%%%g ai%é%)tr %J?ze@ 1’1?2_}0 fgkgétﬁ%afngﬂgggtdrggﬁégdﬁ gla y | ocated
on basef glidddphesdsirkit 1000. Aperureall13Timd HST7cire atatddigaltydodaed on baed 18t oper
routing, Through the use of conpression actuators 1240-1247, the fluids can

be di r alopgéhednHl rplas seniky O faclidyaBrapst rayHng hEheoygh the usepd Fi |t er

Assenbl i f i i S, 110C hthi te 1100 as

descri 6%@%%%%@1]&&1?4%&?'1?%(2? ?ﬁ‘é@ ?‘ﬂdé %lentl%l cﬂ*eﬁ%d@@ a?lg%%@ﬁ&%e erring first to
FI GS. @o@bBi@ation thetebfr 1500 is illustrated fully assenbled. Filter 1500
conprises a filter housing 1501. Filter housing 1501 is preferably
constructed of a transparent or_ translucent nedical grade plastic. However,
the invention isl nideKlenAssemBlY and filter housing 1501 can be constructed
of any material that will not contam nate blood or other fluids that are

f1 owi n§0049¢ Fdten d 50 lwhidh0i® SdrhteHiwitien céssetss Hif01S dischibed hlbame, fslillidracinnect i on
ports extruding. therefrom nanel | e bl god_[nlet port 1502, whol e bl ood
out | et dp@H{n Egg%,g-]w feging| ﬁ?tdcﬁfﬁg?ﬁo skt fﬁ@bl,k&%ﬁdllu%a@&t%&f| uid outl et
port 1 bRA" 5] 1 AL 8 /R i 0 LOBjpPorts

t hat a??%vn\r/l Ecgdi cé%ﬁtgﬁ%%%gértl% be %Fu&%ﬁ %ggﬁhg:?%eéglugﬁegéggpg%gérﬂte% l502- 1505

I especiconstiuyted obatrangparspeos tngslutittmedi& gradd piBtianHows0&, theyirventigs is1 506,
1507, 1508 and 1509-exhend i rough ports 1502, 1503, 1504 and 1505, form ng
fluid pasyeirdand fiies hoysipglSH (a8 bg gonssyeted of apy matrgiey thawilbpett i ons. [ 0051]

Por L, Eenya SIS A moglpagolg seoun e {LlLer 1900 v
U- shap¢eDS0d Filen &ossidgl B 1dfas faadhed tenntdtiddh fdris@xtrdding fhdréfeomhwansdlpg 1501 al so
has a F\)J\Eh(z)tler I;chs)cix? ﬂllelt %(1)3 lgéﬁ,e\arlllgoilg gloE)crl1 %ut?e(:)ttp%?tr?SO& treated fluid inlet port 1504, and

treated fluid outlet port 1505. Ports 1502-1505 are standard medical tubing connection ports

that allow medical tubing to be fluidly connected thereto. Ports 1502-1505 respectively

contain openings 1506, 1507, 1508 and 1509. Openings 1506, 1507, 1508 and 1509 extend

! through ports 1502, 1503, 1504 and 1505, forming fluid passageways into filter housing 1501

at the desired locations.

[0051] Ports 1502, 1503, 1504 and 1505 are also used to secure filter 1500 within cassette

1100. In doing so, ports 1502, 1503, 1504 and 1505 can engage U-shaped fasteners 1135 of

cassette 1100 (FIG. 3). Filter housing 1501 also has a protrusion 1510 extending the bottom

surface of housing floor 1518. Protrusion 1510 fits into a guide hole of base 1131 of cassette

1100 (FIG. 3).

[0052] Referring now to FIG. 8, filter 1500 is illustrated in an exploded state. Filter housing

1501 is a two-piece assembly comprising roof 1511 and base 1512. Roof 1511 is connected

to base 1512 by any means known in the art, such as ultrasonic welding, heat welding,

applying an adhesive, or by designing roof 1511 and base 1512 so that a tight fit results
16
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surface of housing floor 1518. Protrusion 1510 fits into a guide hole of
base 1131 of cassette 1100 (FIG 3). [0052] Referring nowto FIG 8, filter
1500 is illustrated in an expl oded state. Filter housing 1501 is a

t wo- pi ece assenbly conprising roof 1511 and base 1512. Roof 1511 is
connected to base 1512 by any means known in the art, such as ultrasonic
wel din heat wel di ng appl yi.ng_an adhesi ve, or by deS|gn|ng roof 1511 and
base 1B5¢vesptheriwe. éﬂVlmiEgﬂﬁkterfhptlsm&mlﬂéllile§tr|a@f1v%éérswwmeqevaésenw1y4fétqr. | ter

housi ”%or]r% 150% c'ah'bg%}tﬁé}t egﬁé?%cé cglrgﬁ‘s?aﬁﬁﬁﬁ&?ec&asse}dbﬁ housing 1501

can be el a singlep ruc I ece ssenbly [ 0053]

Base 190053 msectarmﬁg cﬁeﬁﬂ@erraépmlomdn ﬂﬁB?ex&)nﬂﬁfngpv@r@nw gtdprsafface fop
surface of housi ng floor 1518 (FIG 7). Wien base 1512 and roof 1511 are

assenblheesing Beordiyl 416 ﬂ%lwheafoatqﬂaﬂ@@ndg@cﬁdrﬂl |am1a8ﬁmble<isgzs sedaredé18 t he

bott om C roQ the filter

rousi ngt RS sGor R v bR i PP SPATRE! Dol 5L Jortife by Ly ot
di rect |cMarﬂBé‘r§w'ilﬁInWﬁ@ﬂltm%1@1 |Wﬁ6le<bhﬂiﬂfh%m$érlﬁ1%fwldfﬂl!e} EharftbaiTsey. 1517.

[ 0054] Whol e bl ood chanber 16 is a substantially L-shaped chanber having

f1 oor Thiid can pelirectly wsbemthOMGochd@nwev\hﬂﬁea@fdmc ailnmr dle 1519 and

whol | | f | ood
oiet 07T TG hieR ehnirde® b 4w B AbNoteda chigbordibe Y 151 near the
ends ofhile bgdleh@hiraSie b £ ARSI R BHIOQS1S AT Ao RHGod oh@bielehl oo

inlet hole 1519 forns a passageway with opening 1506 of inlet port 1502 so
t hat  dnétlillnstratedhinf flew 15h4.0 Whivdd lod oded holeakd @rand Bieowh e bldosrduylet hdle whol e

bl ood d h 1507 of
out ot olerhad s sbithe ends il SehiaR CRubel AT ot P8 Ber 1506,
[ 00551 hiik Sloo@ bRl 15107roRf o phaficuh3Rin Ghely 1RO eHAte: SdreYSU2g hhidoe

1521 extending upward therefrom E%evat ed ridge 1521 is rectangul ar and
fornms @ fhed careflew inty\kibote Wbed ctagber 15 g Sithlady, the méwtedrigod amtlet holelaot

illustrated odi nrent, elevated ri 1 can be on as it
orme. iERieRD s Aarrsrates S Qe e R0 oufElpt A o BB 2RSS i
the hejobt wRble BRRAREEMBEAE @t i on wal | 1513. As such, when roof 1511 and

base 1512 are assenbled, space exists between the top of elevated ridge
1521 arl@035] éi]mrtctlmnbadﬁﬂadnes Boorrkd30. Flost 152(Ehas\chtvatbdridpge 526 2&teadidg chanber

Sobar 2t O YR Sl oA St RO ASRE Do et et L 00GRL L e o
e A L 11
f or med soyored a\itfoems an eigdoskBPerimettr. The height of elevated ridge 1521 is less than the

height of chamber separation wall 1513. As such, when roof 1511 and base 1512 are

assembled, space exists between the top of elevated ridge 1521 and the bottom surface of roof

1511. Elevated ridge 1521 and chamber separation wall 1513 form a trench 1524 there

between.

[0056] In order to facilitate fluid flow through filter chamber 1517, floor 1520 of filter

chamber 1517 has treated fluid inlet hole 1522 and treated fluid outlet hole 1523. Treated

fluid inlet hole 1522 is located exterior of the perimeter formed by elevated ridge 1521 and

forms a passageway with opening 1508 of inlet port 1504 so that a fluid can flow into filter

chamber 1517 from outside filter housing 1501. Treated fluid outlet hole 1523 is located

interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening

1509 of outlet port 1505 so that a fluid can flow out of filter chamber 1517.

[0057] Filter 1500 further comprises filter element 1530. Filter element 1530 comprises

frame 1531 having filter media 1532 positioned therein. Frame 1531 has a neck 1534 that

forms a filter inlet hole 1533. Filter element 1530 is positioned in filter chamber 1517 so that
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forms a passageway with opening 1508 of inlet port 1504 so that a fluid can
flowinto filter chanber 1517 fromoutside filter housing 1501. Treated
fluid outlet hole 1523 is located interior of the perinmeter formed by

el evated ridge 1521 and forns a passageway W th opening 1509 of outlet port
1505 so that a fluid can flow out of filter chanber 1517. [0057] Filter 1500
further conprises filter element 1530. Filter elenent 1530 conprises frane

1531 hEamAdS fiisdptortesark 1a%kandnsek d phatrqunds seated peadnnlatdle 132- 3 neck 1534

t hat fil . iy r,e : i j tioned in
{11t or P OREE P35 1 Mya W Grephid hun i Sy LR 0 ook BB ke e
1534 sfie¢lotiodsthtoughhetds 152Dahd 1833tintodiler tha@ber 1617.t Branie 53 i dilter 1533 i s
aligned with treated fluid inlet hole 1522 so that incomng fluid can

B

freel yelFf’éW YR30doues a hismetc fibysth gleyated sielge A2 1 Al fluid @ﬁhTﬁé@ filten 7. Frame
1531 i i |t WM / L j 1521.
A L Pl 8517 BFSIRWoich 3802 LY FEy AR okl a8 RUBLPe e 1021,

pass t Btiofigér dhlatnber 1319 diiatrdhePhnid ourleteiold P523eikerfrhddi£1s bl Bds/a Vi @
treated fluid outlet hole 1523. Filter nedia 1532 preferably has a pore

si ze opomgpireskiapproginatelp G0dimierons . Fiktpn media 463 eanB3Rrmehobhwovar medh, of woven

nmesh, sx{chwasV vvovl(ren t§r0| yester. [0058] Filter chanmber 1517 further conprises
filterSYE "ChHEMBEY T840 wi t hin roof 1511. Filter vent chanber 1540 has gas

vent 1pgbbs] BilicRehdnbem 917 furthet Coriprises fifldr veBEERIARRr Y840 WA rodPTSl10PENS iNnto
filter vent chanber 1540 which in turn opens into filter chanber 1517, gases

t hat biilied vens chhmhérml SH) hasgasoieahb] in Hie7foomwf e doky&1G H)o Bpaupagay went 1541,

Sim | whol bl ood . ch 16. ' bl t ch 1542

¢ hi n14hepeRg iifo A bR SRARDRT 1RV BBicR T8 Bih s @ Wiek ERAmS SR aaSY 5 ot
a hol ehBegiRHES withi NG chdmbe 130T an Ed&h@e thﬁlu%ﬂ%ay%ﬁt 158RMBRKilERAINR ch in
turn opens into whol e bl ood chanber 1517, gases that build-up’in whole

bl ood Ghwdichambd 1616 apmprssa péoodi ventetmmbeni 54264 8hin[rodESl1FB®odie®nt s a t op
view of filter 00 havi ressyre sensors._1550 and 1 onnected to gas
vent s e 154% Barceal SpuoliRes Dirodh STABS BRer b6t Wil IS ERRTaiNG pressir e
tr ans dyeRiSentUhaRder B5428N80K inlarlopeds GRO MRS odLciBabey 8517, tadd i a vent

tubi ng 1552. Vent tubing 1552 fits into gas vent 1541 so aS to forma tight
fit anduséap in Bbokidedyhembent516541 escapens ganventfliS#3.er vent chanber 1540

o BRSBTS kST hEs TS s Rl 27 70
T o ORISR QTR mariET o 50 SRS AR Bl S U1
vent 15d8sducers.vBressurebinsgr 155958 corvected taugrsngntl BB via ventitwtiing §382. veéertt 1543 so
as to ftl?brirrlg fSSIZI fgtrslgntf) iggts \z/iergl(t:I lgflaslo ziisntg f(g)rrmeaS agﬂt%t and seal. Because gas vent 1541
opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the
pressure in vent tubing 1552 is the same as in filter chamber 1517. By measuring the
pressure in vent tubing 1552, pressure sensor 1550 also measures the pressure within filter
chamber 1517. Similarly, pressure sensor 1551 is connected to gas vent 1543 via vent tubing
1553. Vent tubing 1553 fits into gas vent 1543 so as to form a tight fit and seal and pressure
sensor 1551 measures the pressure within whole blood chamber 1516. Filter vent chamber
1540 and blood vent chamber 1542 extend through openings 1132 and 1133 of cassette 1100
when filter 1500 is positioned therein (FIG. 2). This allows the pressure within chambers
1516 and 1517 to be monitored while still protecting filter chamber 1500 and the fluid
connections thereto.

[0060] Pressure sensors 1550 and 1551 are coupled to controller 1554, which is a properly
programmed processor. Controller 1554 can be a main processor used to drive the entire

system or can be a separate processor coupled to a main processor. Pressure sensors 1550
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sensor 1551 neasures the pressure within whole blood chanber 1516. Filter
vent chanber 1540 and bl ood vent chanmber 1542 extend through openings 1132
and 1133 of cassette 1100 when filter 1500 is positioned therein (FIG 2).
This allows the pressure within chanbers 1516 and 1517 to be nonitored
while still protecting filter chanber 1500 and the fluid connections
thereto. [0060] Pressure sensors 1550 and 1551 are coupled to controller

1554, 9sh E91ipsodacp plspieicphoutp sipnalsieriessnistis abihe pressureseaddresbdincan be a
or oceclBitRRCSTI 3RS 1566 fipelfuci)e CORlrblt BN EMebn 3aBTu B ORABNS (oo,
pr oducBast ded fep@séntiagtipressugal thinfcbpmbse 586 hive1317. tduntpllesEssdes r eadi ngs

within chanbers 1517 and 1516 respectively. Controller 1554 receives on a
f r equeBtogtAMIBEshyith Yelues represensing desiradapspsssees tWithgn ehpenbsrebXl@raaddiSihi n chanber s

1516 apd 1517 ntroller 1554 | [ 0gr.an with val ues representing
dosi r oGORTABL I EERT R R e it Be pRERHAATTE RIS Rim iR bR BRR

cont i NYSRsAn 188 RkY dRemiiRe wREBSSHE Pred@frd rdddinzs @Rl WREinfaREAdMRE S @nSENSOr S
1550 and 1551 to determ ne whet her the i)ressure readings are within a

pr edet &pmi thedesirgd geessure fonchhmbers 51 ang l Bkés (Fantfoder Eifdbelse cawildd ind 1516.
Cont r ol 554 | led t le bl 1301, and ret

T302. © Pl tgt i Bt S Bt 1302 Yo dede S8 M Bt et Sedlsor & 1851
and 158@m KeRhifeqbh®ks 1851%nH580 QOhAINEA 559 iCRBERmdd e BReSIAnOEpectiapl € bl ood

punp 1301 and return punp 1302, thereby adjusting the flow rates through the
punps %380l bdomdl AGE1130dind s¢tirmgpurge $307, Kerebyadgsting theutow sadgsubtoughehepr essur e
wi t hi n_whol bl h er.s 1516_and filter chamber 1517 respectjvely. It
T piies by wn a0 f 1 AIRRGEs BRE n G R e ARG BT g A Bl ! g

bl 00d bR,0aRRahbRIY § 1R lief BharhBer TBIPtAbAEHAT 1t RGS f 0061]
The functoi on?I{rl]g of fi Inter e1502(l)rhd15ri ng ab(lé)lﬁo'?liphelrges|ﬁg§ talﬁiérﬁglpt)y ?éisg}u[gn w | |
now be witirsthe Sisesdrawingend tretomid bbb artl, fr@m tlanphtient is Weidteinedhaet f unct i oni ng
of filter 1 08 v%illl be described in detail with respect to draw ng whol e
bl ood PFGRPECHSYS®nt and returning a conponent of said whol e bl ood back
into t heRincAbiiRg of filidr 500 8aif8a phi¥BphREIHERBy isSssltRt i t ed.
Filter @ggg?cgﬂ‘tnge %3%8 ilrtlé congegﬂff ﬁpvm&tgﬁ éa}?!ﬁ%glt% &Ex;éﬁ‘spﬁi@lqior%?él?di ng red
bl ood dsetidssd inwblatien il FI6i$. deb.lamd 10uiWhilcctha fyncpbaingef fitter BS0Oomidl beat i on

t hereof . [0062] Wiol e bl ood p .1601 draws whol e bl ood froma patient who
is conﬂﬁﬁﬂ[lgﬁi Wefletathwith st i draleine gl b{iod f2pTha @aiient aBHFRSRTINE 4 o port 1193.
The ro i I i t: - A e of the
(e acapARe| pEARRUNAL sl ek BB PALER oSy Rl ofed I inlABORIERANEE ol
Upon béintigddFdten 1500¢antbeaisgdiin eonhectiohevivhaimestdngydthighdsdeding mdoblood

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

[0062] Whole blood pump 1601 draws whole blood from a patient who is connected to
photopheresis kit 1000 via a needle connected to port 1193. The rotational speed of whole
blood pump is set so that the pressure of the line drawing the whole blood from the patient is
at an acceptable level. Upon being drawn from the patient, the whole blood passes into
cassette 1100 via inlet tube 1106. Inlet tube 1106 is fluidly connected to inlet port 1502 of
filter 1500. The whole blood passes through opening 1506 of inlet port 1502 and into L-
shaped whole blood chamber 1516. The whole blood enters chamber 1516 through inlet hole
1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
blood spills along floor 1514 until it reaches the whole blood outlet hole (not illustrated) at
the other end of L-shaped whole blood chamber 1516. As discussed above, the whole blood
outlet whole forms a passageway with opening 1507 of outlet port 1503. The whole blood
that is within chamber 1516 flows across floor 1514, through the whole blood outlet hole,
into outlet port 1503, and out of filter 1500 through opening 1507.
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cassette 1100 via inlet tube 1106. Inlet tube 1106 is fluidly connected to
inlet port 1502 of filter 1500. The whol e bl ood passes through opening 1506
of inlet port 1502 and into L- shaped whol e bl ood chanber 1516. The whol e
bl ood enters chanber 1516 through inlet hole 1519 which is |ocated on fl oor
1514. As nore whol e bl ood enters chanber 1516, the whole blood spills along

floor 1514 until it reaches the whol e blood outlet hole (not illustrated) at
t he ot H¥63EAd thef whols hipod passh theoughovhble hiet shambard S1fsgadesibaisge trapprdve, t he

whol e bl ood tlef whole fornms a a i th ening 1507 of outl et
port - 18086 “hrfE bind] et e ke v RS AR e b Re 1658 sl B4n hcBE 11 oor
1514, GhrdaygbnttiBgs Whrkaidlaos 8l |csﬁtirh%§a8 modHoPs B pr@buR ithid BR3d and out
of filter 1500 through opening 1507. 19 [0063] As the whol e bl ood passes

t hr oughhaghizsir 4516 thoeh gbhantiebe 15336andgeeamemits harespording ppsade data to bentwitlet e bl ood
escape ;@e e gases.collect in bloog vent chanber_ 1542 and.then escgpe via
gas. venosh et OBRC Tl amaliasndby rpaB ed plestirn daacny IR FBRCAG BF S8%Hr o
Wi thi noplAgE bidda 1303 @eteBy QURRNVERE floWiGte el el widila Thiriber 151

er

correspondi ng pressure data to controller 1554. "Contr ol 1554 anal yzes

t he reard indd tybedd96r €odadlierd884 adjustebepanp ypeadjtoshsird that thp@edsurefis whol e

bl ood punp 1301, thereby adjusting the flow rate and pressure w thin chanber
1516  AAED B desifedpEesiuigaangeont rol | er 1554 adj ust the punp speed to ensure

t hat t['i‘?:o@ﬁ Ge Wh%%e: qict)%dr"@h[f[@%;gtst %r‘igﬁé thf %{&El%ﬁ&ﬁ%@%g 23083l Jhe whol e

bl ood en‘exits rough ou passes out of

casset tassdtiON 00ivaa outlek atbetldb®: THel Wholélvdoodhis tienlskpadted $ntb kempsegdy at ed i nto
conponents and/or_ treated as_described in detail below Before bein

r et ur n@Bd/phreat s depeihed in detail pelaw: digfore|bging returned tp theapatignh thipHeded bl ood
| fil U Il's al
ot oM e OH Bl oSt S el vl e Mgy, 2 o0

must be tere ering process.

t r eat e®loddl cellglalss miusithel filteed andtweilll @gﬁaﬂ@&no e béldvh fihexgly proeesNThd be@edf i nl et
port 1504. Inl et gort 1504 is fluidly connected to pqu | oop tube_ 1120. The
t r eat edluid isifed e ditey champerr 154 R sipegh apeping 1508 9f et pareldMo|lalet pap 1304 passes

1L 4 o B L SN AP 1

1530, tbughinlet hsRAS22And Passdsakfugh filtefigitet hoR 1533 filtecatenf1530d TRasses
through filter nedia 1532, Filter nmedia 1532 renpves contam nants and ot her
undesi rtieateiuit filly flter chamberd SU7 entilagspillspyer figme B534tof fer elamenf B30 i t at i ng

the rel gase. e fl uj The,. 2d | uid t hat
neses TROTrer PR 8RR nSAT PR LAGRAAH it ol SR s L €
1517 \HikdtinfedihES3eEinGREs@onfabiinmdtk d Rha\tatedretimglgerillSfdm thbsatbd gaided fl ui d

then passes into treated fluid outlet hole 1523 and out of filter 1500
t hr oughvidlsanthegams b ilyptieg the etlegsgof trapppepl gases from the treated fluid. The treated

fluid that passes through filter media 1532 gathers on floor 1520 of filter chamber 1517
within the perimeter formed by elevated ridge 1521. This treated fluid then passes into

i treated fluid outlet hole 1523 and out of filter 1500 through opening 1506 of outlet port 1502.
The treated fluid is then returned to the patient via outlet tube 1114, which is fluidly
connected to outlet port 1502. The treated fluid is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302.
[0065] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits corresponding pressure data to
controller 1554. Controller 1554 analyzes the received pressure data and compares it to the

desired pressure value and range. If necessary, controller 1554 adjusts the speed of return
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The treated fluid is then returned to the patient via outlet tube 1114,
which is fluidly connected to outlet port 1502. The treated fluid is driven
through filter chanber 1517 and outlet tube 1114 by return punp 1302.

[ 0065] Gases that are trapped in the treated fluid escape and collect in
filter vent chanber 1540 as the treated fluid flows through filter chanber
1517. These _gases then escape filter 1500 via gas vent 1541. Pressure
sensor pqrssé&g’o tharehycadsusiingdigi fleyy ste prd pressysuwishipichpmber ¥517tagd oghetridles 1517
throug?:ﬁpnt tube 1552 and transmits correspondi ng pressure data to

contro }er 1554. Controller 1554 anal yzes the received pressure data and
conpares it to the desired pressure value and range. |f necessary,
controll er BS554addfistsCharhbee speed of return 20 punp 1302, thereby adjusting
the flow rate and pressure within chanber 1517 and outlet tube 1114. B.

I rradi gig [ . - } i1 @6l -k nber 700 of
phot opmggrsﬂﬁﬁ?gf 0 gggfi‘%‘] 15‘5’? gilﬁlofl %ﬂﬂ]aﬂ?eé?drq @}#O?épglte lle% 18%& @bb%{f dgt|Qf;llr adi ation
chanmbeRéRBringsfifsotorg Ry iglinionghhmberfO@iseformel By piting@twh platdhpckom aide havi ng

a thickness of preferably about 0.06 in. to about 0.2 in., which are
pr ef er ABRSK Rl haviasa thickaesat pefesably et OWorin daspartdit in.ovhigk agavel engt h of

el ectr i .adi ati , L.avi LatLon.

oot ycaP ol cFmplidth e Bllerditadalf cBRRSAL e LANERNED Rl PHBRLRYG (e
as acr yddigiofR¥n he casadfayesliold Airhdidtion, pogeatblmtyHasBRER Osithd bst Pedtetirstly may be
enpl oyed and need not be expanded on here. [0067] The first plate 702 has a
first slhqughethes magsiglssusle avtrayliumpybeemployed.nSigijsrlyf mepplnowrmsdiadent t he
first te.702 has a first port 7 on a,first surface 712, in fluid
cpmmnlgtg?ridg}%mﬁxﬁ%e?lﬂlé’y%% ‘ﬂ egﬁ‘f"ggeceé‘pﬂqﬁd‘)ﬁﬁtges_econd surface 714 of the
first poosTeTROBrst Pﬁﬁe P02 s 3G HstRAHACT T2 2hdGAERTd dikfage P1Y. GG frefe@d The
boundary 726A preterably extends substantially perpendicular fromthe

second cebpdizmeat thedirgtiplate 7@bhlasta 3ot pay07Mfegr 2bes) surfaeg 7dAdndlypid r om t he second

o t 1 ¢ FoREiasBAGsSEP Y R s Y TRE SRR STy TR TR 7200 eng o
each  Rad 4 tdide@BodrdMy 2262 0&kniANsh ERSsAL. STHNRDURAAHDI26X pfeteAbly HA&REs The

second plate 701 has a first surface 711 and a second surface 713. In a

pr ef er seltstanéipthp pérpentticulardrase derdeqidsuefagoll 4o f doabQr 10&idegieesdcond port 730

ST S R N (I R EATEL R e
726B dehitifioRO7ZUA. €T BstbSy 7268 sAabitR e pAfBoR Al abhy/endotiannls
substantially perpendi cul ai fromthe second surface 713 (i.e. about 80-100
degr eegurtition 720A extends and contacts the boundary 726A.

[0068] The second plate 701 has a first surface 711 and a second surface 713. In a preferred

embodiment the second plate 701 preferably has a second port 730 on a first surface 711, in

fluid communications with the second surface 713. The second surface 713 of the back plate

i 701 has a raised boundary 726B defining‘an enclosure. The boundary 726B preferably

extends substantially perpendicular from the second surface 713 (i.e. about 80-100 degrees).

Extending from the second surface 713 (preferably substantially perpendicular) are raised

partitions (720B). The boundary 726B surrounds the partitions 720B. One end of each

partition 720A extends and contacts one side of boundary (726B).

[0069] The joining of the second surfaces of the first and second plates results in a fluid tight

junction between boundaries 726A and 726B thereby forming boundary 726. Partitions 720A

and 720B are also joined forming a fluid tight junction thereby forming partition 720. The

boundary 726 forms an irradiation chamber700 and together with the partitions 720 provides

a pathway 710 having channels 715 for conducting fluid. The pathway maybe serpentine,

zig-zag, or dove-tailed. Currently preferred is a serpentine pathway.
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Extending fromthe second surface 713 (preferably substantially

perpendi cul ar) 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). [0069] The joining of the second surfaces of
the first and second plates results in a fluid tight junction between

boundar 6A and 726B t hereby formng b 726. Partitions 720A and
7205, 2l S5 wfiienseiin il 8190120 kSR AT DO AT AR MOy oIS g

artiti Jofeln: id of T doathAbhi i

Foget hERAT 110 K Son R flen] 2B B R Y I, B M8l < 715

for copdu@05 ngoitletport 7306 epatidseayentiny pathsay fedis in€luid orgmangati@r with
dove-tailed. Currently g:rﬁfgerred is a serpentine pathway. 21 50070] Wth

r ef er eddlet Rost T5@f fropt pla ,and outlefi pory BY0 ibaslpplateotle dirpentdbid 8 ser penti ne
th Ll i I byf.f 0. whi t.e bl ood
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710 i s passidd thichgh eempeitineqiathenyWi10Nthe itehell pR@drt fIAQHis eétufea@nd cak@teel1 1002 and

outlet port 730 of back EI ate 701. Patient fluid is supplied fromcassette
1100 t &'14 wjestubsddi2 HJSSy il anddi.| e patisat fluid 7s dinfendyy rpeietudaiioni ppain B¥3and

7ot ur nostriedle SERREHE GO EeTL R e R 25 BELRRGRAER Py UGT Loy o

fluid iiﬁlpﬁfgmgqmgmf,omgswIha;;dimbnmhmbgﬁ@@. Sel f-shielding effects of the
cells is reduced while the cells are photoactivated bly irradiation
af

i npi ngilf¢7 1l Faghre bl Bhaywsapia 749 an¢ regeys &3P ovhighaignehe MoOplaje ©F ifadiitipar e 11 shows
pin 740,and recess 735. which align the two plates of,drradiation hamber

P or bR B o e a o P R B RE FE bl et ™ e
i mpul s eveldvah doR@nt ﬁ@lkﬂhgrbtr alidsflieMbn@ing2 dGiafig\sT tROPIEicd gy addsRietdn@ingtdn@ Pl at es
by adhesi ve bondi ng an RF welding I's nore preferred. Joining of the front

and bad¥i peldingsis mprRpreffatedi dgining afka fropfranfl backeplates by IR weldingns ofost he rai sed

partitio 720 an erineter. 725 mnim,zes. flashi nd. all for even
bopl | caTtEe s BrdeRel bR Bedmialions P2 prstdntraon i B i noi de
ser pentglg®s @&%W@Mp[ﬂ&@ti&{ ofORIE éhedgﬁotoc%ﬁbﬂ;@@ﬁ ping40 ﬁﬁ@%&‘ssﬁg_@-mfy' Kihside al so
shows a view of an irradiation chanber with axis L. Rotation of chamber 700

180 degrewentaeopathvendi Bl0Lorgiutséds oftshepentinegpatiaw ayc ik i jgura i abse sbbws laevi¢w phdi at i on

chanber. .The irradiation, cha of t res invention has .symmetry
about - dRigagatin@aaberEBAre o Reyfeorel erimbes A0 LAYHEERe Phul Ravkais o

enr i chage 8008} coRfigfifion GMtHe R¥ddMHHE chaPbst TR iAhBatl] EnaaTRE of fAE QHGBnt Nl et
port 705 of front plate 702 of irradiati on chanber700 into channel 715. The

channelinfhon hag Gesymmetdy aioubaxishamber 700 is rel atively "thin" (e.g. on the
order Sy AL HOE 10413, e TbSHENERoBRS UESheh B! LR il pRhslSE T
solution are delivered through inlet port 705 of front plate 702 of irradiation chamber700 into

channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, rhomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.
The shape of the cross section is designed for optimal irradiation of cells passing through
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize
stagnant areas of flow, other arrangements are contemplated.

[0073] The irradiation chamber 700 allows efficient activation of photoactivatable agents by
irradiation from a light array assembly, such as the PHOTOSETTE®’s two banks of UVA

lamps (758) for activation (Figure 16). The irradiation plate and UV A light assembly (759)
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area of | eukocyte rich blood to irradiation and reduce the self-shielding
effects encountered wth |ower surface areal/volune ratios. The cross
section shape of channel 715 is substantially rectangular (e.g. rectangular,
rhomboi dal or trapezoidal) which has as its long side the distance between
partition 720 and the di stance between the plates as its short side. The
shape of the cross section is designed for optimal irradiation of cells

passi ngrerdepigneshto betispthisl 2 seiting ware edge Z%lg@ﬁ@mﬁ@ dg‘aﬂwwnﬁmge dO0breferred in
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of phot:gaché ¥alofRtRitegBNHE riyst tefdrraﬂleaﬁbo@nn&ftomaalahbgbfb@hrsmes asgenbl y, such
as the PHOTOSETTE(r)'s two banks of UVA |anps (758) for activation (Figure

16) . Thsadigtioacham @Tﬁal‘fﬂsalﬂ@e&ﬁ@FWAﬂ}’ wite skl permiting facity rempyabefdhelesi gned to

ooi nt < CttePa B4 iR RGO B deited PRl S sy SR re e 5 can exi

from og{digh 2p00 tFIG8017 whd18).t he aid of gravity. In the nost preferred
enbodi nent, irradiation of both sides of the irradiation chanber takes

pl ace Ol he ixrddyatiomi chember'$ fluid pathivtayilogpsfta doinetweammate obhnnehein whishber .
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| 00Ds tiadiRfdH hinel 70B:S beRRERELS 1D BnithieRh Mk YrrekBE MeanaBhlished bl ood i

circul ated during photoactivation by UA [ight. Preferably, irradiation
chanberchzigberihas 6 b8 whamels. tMost prefdrabipicthe 1rraebat®nmheﬁb:3ahﬂS)B chaheels.r r adi ati on

chanber to channel s. Mst pr.ef.er abl. the ir t|o has 8
o o0 Figre] ¥ Bt sy et R U Eadiptis chalier! TRS cBinngl A8 REn Chaaner
The chg €1|1t¥ne7p]aﬁ1 71%%@%&&‘8 Bt Bifﬁ"ﬁ/g JtliQised Eaﬁl%ﬁ"?ﬁo Qﬁ[d %&ﬁn&t@ﬂ Tighg of

rai sed partltlon 720 and perineter 726 of the plates.

i rradi af tteplabanber of the present i nventi on can be nade fron1a

bi oco eri al C be sterilized kn net. hods su

heat | a6l e ialisianbe %I?tﬂe DrRet Tishlioh 47 e MTe e OB T 0077)
The mtrﬂﬂ&laq’fand &msy ﬁérn&gdeg he ?de'&%d's rsﬁfrﬂas%heﬁg GAANAGE ex é%ghr@laf' ng

extracorporeal treatnent o s w th el'ectromagnetic radiation (WA) to
be usedrelamldlﬂnmmredaﬂmmmdmf(EEO)patl ent (such as to induce apoptosis in the

cells ni ste he.cells into the atl nt now be di scussed.
Pref er g@&ﬁd@@ Otl IFré‘gf‘té'bg oLl usigg IW‘ﬁ‘ ng Fﬁ’e},\df%‘%’ ng G UgrYP di ment
of thi s ARhNPHs c@ls%ﬁf&@&fo’rﬁé hah! &dR 10£F}9V&§?6‘§é hide¥iGn QRIS fi TSt

adm nistered to at least a p rtlon o ood of a recipient prior to the
ext r ac gapertésich 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.
[0078] In one embodiment of this method, a photoactivatable or photosensitive compound is
first administered to at least a portion of the blood of a recipient prior to the extracorporeal

' treatment of the cells. The photoactivatable or photosensitive compound may be
administered in vivo (e.g., orally or intravenously). The photosensitive compound, when
administered in vivo may be administered orally, but also may be administered intravenously
and/or by other conventional administration routes. The oral dosage of the photosensitive
compound may be in the range of about 0.3 to about 0.7 mg/kg., more specifically, about 0.6
mg/kg.
[0079] When administered orally, the photosensitive compound may be administered at least
about one hour prior to the photopheresis treatment and no more than about three hours prior
to the photopheresis treatment. If administered intravenously, the times would be shorter.
Alternatively, the photosensitive compound may be administered prior to or
contemporaneously with exposure to ultraviolet light. The photosensitive compound may be
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treatnment of the cells. The photoactivatable or photosensitive conpound may
be admnistered in vivo (e.g., orally or intravenously). The photosensitive
conpound, when admnistered in vivo may be admi nistered orally, but also
may be adm ni stered intravenously and/or by other conventional

adm nistration routes. The oral dosage of the photosensitive conmpound may

be in the f. gbout 0.3 _.to.about 0.7 [ kg. i fically, about
06 | nifRE Oy Blpod ki e Bt Berenl aiovied s tioteat SRS Ereaibund may
be adm g 5dh&Je@ive! tﬁ@?]&oto&g%ﬂ% Qé}ﬁllgchﬂlﬂr APpdrHbn E)f)thterﬂ)?o ?cpﬂfs'f BS! S

treatment” and no nore an about three hours prior o the phot opheresis
t r eat nprocesséd usingrkmivat mehdds ot substentailly Irymotehthe erytiecywos bl the phbwattere.
Al ternatively, the photosensitive conmpound nmay be adm ni stered prior to or

cont enfUPROTRE RPN hGH bhadmigitredto;the [astiting eandied lewkeeyte frstipholng@¥nsi t i ve
Qi . . I . ti th f
CoMPOUBRNANRE AT RATIOLGRBAGA R MOGA Sl GRGRE AR | o0 ! her eof

phot os f0080] Theplaoguoisadble Ar photbscasitiod compodridanaly, ¢othedtatd 6fdoneepsopil@sessed
usi ng known_net hods to substantially renove the erythrocytes and the
phot 0ab¢ FaRableas bsingtomagleioasHisyPOn A YRtign By 88PAsHIe REIGCHOMAENSY enr i ched

| eukoc f i . I . bl ood cells conprise white bl ood
cells, ¥a£dgaet1&§1?):fé£ﬁ§§nﬂ>éflsgngtfusrﬁ’%’%g@g?ﬂff_ﬁteh ot oactivatabl e or photosensitive
conpou @8R Photbiictivh €oRipsiEnds imBaAEuds dutire st limhed ©apadbeurmis kabwdiapg to

p ;

nucl ei ¢ acids upon activation by exposure to el ectromagnetic radiation of a
pr escr PrEdleBp@E fyraequmearigs) asyvell ppseradan deriypiives sogsas theseoleserdhadva, feonpounds

may inglu t,are.n | b1g L Op...CRNP wn .a saralens (or
fur ocoﬁ%ﬁﬁ%’s‘?‘gagﬁmgﬁ 4)’%251 ’%fsgo?ngilqéﬁ' }c)i%tr ﬁ\(}aiiy%?d;uc ¥ Ig’é)%?q%g‘s’%a@g%ri bed in,
for = epyho@idsitive SomPainds bt mhy $E Lis&lid sdbstddhc® wifathe phRentinif¥ioR 1ludehe

phot oacti vatabl e or photosensitive conpounds that may be used in accordance
wi t h t bet 3¢ seldimit¢dipeproraen andcpsgerden desiyetivase8-methaxypsaralgnt 5'8psor al en and

psoral en rivatives: 8-nethoxvpsoralen:. 4.5 8- trinethylpsoralen;

5 ot noy ROy Al S s R E B oo P b e BPLRARRG1

di met hﬁilﬂéﬁyl?é&ﬂén;‘l’i'-aﬁﬁﬂdh%m)tlhw',‘84ri5ietl§rl;§sbfdl@i; ByhR&ex ph&hyl-4,5' 8-

4' - hydroxynet hyl -4, 5',8- trinethyl psoral en; 4',8-nethoxyﬁsoralen; and a
4' - ( ombgacthpipperalznok 8y methyypsdralen; and a 4'+(emehy-hpaor 2dosa), alkyled,Bidi-ng but not

limted.to 4 -(4-am no-2-oxa)butyl - 8- trijret hyl ralen. In one
enbodi ?t,llylf’ﬁ alﬁﬂb‘?@é‘gwgg)fl%%ﬁg%#ﬁ@g %d(A'?WO" W%ﬁmgﬁgé %'corrpr i ses the
psor al efme@yipyarhled e In SREdMSHiRENt( He ?ﬁbtoéé;@ft% cofapbid th@@l’ﬂﬁg belusddd) - See,
e.g., U S "Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In another
enbodi wemprisesitlee pyoraierodesivsiivd, waotaselen (hrdO) KeerusyEipribeCosond.iGA Rcer dgnce Wit h
the TnYeaty ot RRIPE 55£%¢36.460,052; and 6,420,570. Tn another embodiment, the

photosensitive compound that may be used in accordance with the invention comprises 8-

methoxypsoralen.

[0082] Methoxsalen is a naturally occurring photoactive substance found in the seed of the

Ammi majus (umbelliferae plant). It belongs to a class of compounds known as psoralens or

furocoumarins. The chemical name is 9-methoxy-7H-furo[3,2-g][1]-benzopyran-7-one. The

formulation of the drug is a sterile liquid at a concentration of 20 mcg/mL in a 10 mL vial.

See http://www.therakos.com/TherakosUS/pdf/uvadexpi.pdf. Toxicology studies of

extracorporeal photopheresis and different dosages of UVADEX® and ultraviolet light in

beagle dogs is located in the investigator’s brochure.

[0083] Next, the portion of the subject’s blood, recipient's blood, or the donor’s blood to

which the photoactive compound has been administered is treated by subjecting the portion

of the blood to photopheresis using ultraviolet light. The photopheresis treatment may be

carried out using long wavelength ultraviolet light (UVA) at a wavelength within the range of
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met hoxypsoral en. [0082] Methoxsalen is a naturally occurring photoactive
substance found in the seed of the Amm majus (unbelliferae plant). It

bel ongs to a class of conmpounds known as psoral ens or furocounarins. The
chem cal nane is 9-nethoxy-7H furo[ 3, 2-g][ 1] - benzopyran-7-one. The

formul ation of the drug is a sterile liquid at a concentration of 20 ncg/ m

inal See htt the akos. conf r her akosUS/ pdf / uvade . pdf .
Toxi cog%fgSLQ ‘\Eﬁpd’&? eSuchrar ‘Isé‘% HYHEaNOBHET g’b‘ﬁé*r‘@%rp %{H?ﬁﬁﬁ‘iﬁ) s &t e sages of
UVADEX{rhg ¢ )@J&guﬂc' ld ﬁﬁ%‘vfb'léftl hi émfng tﬂmeégieﬁesﬁ%%uhém &4 'dargda,ﬁ of

i nvestigat ure 0083 ortion of the subject bl ood,
reci pi sufficisntdenghl to dﬁhvthefommmp'les abdwdel I/orn toithe blobie phot oacti ve corrpound

has b d d by h bl ood
oot o HUBEE The Ba FRIeiReis S6H BF BEIeHOgL Y EY U EGer e ChuRbsr®D oy be
carri eﬂnﬁgﬁotb‘éc'n@&l#&% 6%818%&1{ & e?h%teﬁl'zﬁﬂé ISRy %{uil 218);{"?1}#3' ength

wthint range o arange|s not

howevebne émlbodlmemtewﬁbxytmrphwoﬁhdeas stef isecadrigal qut in T, expas diftction of the avi ol et
light during the photopheresis treatnment may have a duration of sufficient
| engt hireged pd/e%rret t@%laf‘nwb@ct agrapient] opderiog nhe Beaterbblopd onthetzeld] The

700, °F AEtE ke RhER bl R GL R R mb ¥ AP ok b BT K B 5000 (71 G

17 andsdtgéot redipieaf)or @spedi ment, when the phot opheresis step is carried out
invitro, at least a fraction of the treated blood is returned to the
subj ec{0085L&he pheipphesesisiinesss cansists ofchres Phases inelusting: Ho ther@éhe@t@pn &riri ched

| SUKOKL oy LEASHLA (8B HRRRATE iMoo e PR AR St ehsgichack (o the

subj ec nof €si s$9CRsi sts of

three EMSP&ldﬂﬁtﬁde@lﬂ the tredtpd Whe 6RJoti @IS, OThi® prodessovififé- di@%&seﬁfbéw @n
(I eukocyte-enriched), 2) irradiation of the collected buffy coat fraction,

and 3) greafenfiefgil oGen¢ratinevhale bloed ismentrifugidand sepirpted impanirifygo bews1hi Al be

and selarat anpionmiusi P o BEUP o 5360 Bt plat™d s Sty SR hi o7
bul ly ¢pah iddihat@0 M of plasnma are separated and saved for UVA

irradiation. [0086] The collected plasna and huffy coat are m xed with
hepar i 190864 Tho colidctesiatlasmen anddutiywapesc¢ mixed widh bepasivizginergalmelitandosor al i n) .

Thi 4 t hi k.. h th di.at hanb
o ¢ he UrAREXE. THGihraine strERph bl e b hson s L8 Wi ik e n ™"
phot oaghroi@f the Nr&diaiehahBlr &fthd N8It SHShEH. Zﬂ%naeia%@ehmrboom of UVA

| anps of the PHOTOSETTE(r) (FIG_ 15). PHOTOSETTE(r) UVA |anps irradiate both
si des inserted in photoactivation chamber 750 of tower system 2000 between two banks of UVA

lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides
of this UVA-transparent irradiation chamber 700, permitting exposure to ultraviolet A light,
yielding an average exposure per lymphocyte of 1-2 J/em®. Following the photoactivation

I period, the cells are removed from the irradiation chamber 700.
[0087] In a preferred embodiment of the present invention the cells are removed by the action
of gravity and any cells remaining in the chamber are displaced from the chamber with
additional fluid selected from the group consisting of saline, plasma, and combinations
thereof. For patients who are small such as children (e.g. under 30kg) or patients whose
vascular system is easily overloaded with fluids the amount of additional fluid used to was
the irradiation chamber will preferably be not more than 2X the volume of the chamber,
preferably not more than 1X the volume of the chamber, more preferably not more than 0.5X
the volume of the chamber 0.25X the volume of the chamber. The treated cells volume is

reinfused to the patient.
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of this UVA-transparent irradiation chanber 700, permtting exposure to
ultraviolet Alight, vyielding an average exposure per |ynphocyte of 1-2
J/cn2. Follow ng the photoactivation period, the cells are renoved fromthe
irradi ati on chanber 700. [0087] 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 fromthe chanber wth additional
fluid £Q098§bfeﬁa desoriptioneof iy photnphetesis gyvéms and methods, aentl,S. &atent onbi nat i ons

pat 1 on ewrliih N, B2lBo 05, P R Pores DY ety Tt bElab4 Resfenstli Sl e amount

of addiytdfQnitheih k! te HREMHAS Bnd@Stents M striicddh 1.6 Pht&Hd NERES 934 5o, pr ef erabl y be
not nore than 2X the volunme of” the chanber, preferably not nore than 1X the

vol une 5185190 ¢; THMNBRE, 4,4681166 %, 42874HbKBI8O06B21,0 K P Biblidatien Wok.une of t he
chambe . e he, ¢ er. The treated cells voJume is
ooy couly spstenh S U/ ss) PG e pre ghUGLY Bt AEeTPaTad Bhyein by

phot ophgtRsés systens and net hods, see U. S. Patent Application No.

09/ 480, 893, which is expressly incorporated herein by reference. Al so

usef ul [0A89%iThe affectiveamuvanhafd ghaaubrgy taeisaletiesred tdothd bislogic. fluRds may béNos .
5,951,509; .5,985,6914; 5,6984,887, 4,464 166; 4,6 428, 744; 4, 398 906; .

4,321, @i@%uﬁ%meda‘?tﬁ qqéé.yste%dwr@e@gu‘?%aRatevw@ﬁ%@ag% whiGh isf  whi ch

= . . ' h
ot fect PULRL PG e HETREREAS PRIGERE! Tagtta BELGHEARRn of B KTY 114 as
may be vadedsafisdassdiestsibed htletn mey fegdie anddjaytsicansf e asouhest light hebgy tdat ent

No. 6,219,584, which is entirely expressly incorporated herein by
refer er?@émlzlerfb‘“egﬁﬁmﬁﬁtd)ra‘ﬁﬁ%i cation of ECP to the various diseases described

her oi . . ‘ . i
the.t v dUPOLERRHLA e S T P e AR B @ AT EE Rind e °F Lea
i n t he phcPtkneeiag theayeahe bislopicaldluig o e paderte For eangplé,Methoealedd bi ol ogi cal

fluid to the patient. For exanple, Methoxsalen (UVADEX(r)) is utilized in
t he EcréUa/rAé%%g@ isyEtHek Buthe EC?(;FFB‘FFQSI Methoxpalempbeleng WripgroHp 8f cuppitidas

psor al %gfvnlé‘ g?oﬁﬁ&?ss. Ufife ekﬁoéﬁ?é {)&%@@Bﬁé&leﬂror%ﬁﬁég i)scE}ﬁl%é?ln%p%aSE@ﬁna@&ﬁ%Ble
undesi rabl e ects on the su ject, reciprent,; or ono such as

phot ot @Xfects oy tiy subjeldg Fedigidntcoreddnee sikh a8 paowtAiE; ondtlier psdc affesis and thei r
deconposition products. Therefore, the psoralen, psoralen derivatives, or
psor al @ssagtssHBds PITrdan prbdaiE decarppasitipmproduess. ni ereforee thei RsPrIne BSOTEIER d nmay

be remy er . s. o 8 . of .

o1 of og oear FebithgHfaH B sorith SFRE i tha RTINS R R Bl

ent i r elb¢ remperisley UN&@opae agstotss €drithdemoval of psoralen biological fluids is
described in U.S. Patent No. 6,228,995, which is entirely expressly incorporated herein by

reference.

C. Centrifuge Bowl

[0091] In a specific embodiment, the present invention relates to methods and apparatus that
separate fluid components, such as, for example, the components of a biological fluid by
density or weight. Biological fluids encompass fluids that comprise, exist in, or are used in,
or delivered to living organisms. Indeed, biological fluids may comprise bodily fluids and
their components, such as blood cells, plasma, and other fluids that comprise biological
components, including living organisms such as bacteria, cells, or other cellular components.
Biological fluids may also comprise whole blood or specific whole blood components,
including red blood cells, platelets, white blood cells, and precursor cells. In particular, it
may be desirable to remove blood from a patient for treatment, such as for example,

extracorporeal treatment. It is to be understood, however, that the present invention is
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reference. C. Centrifuge Bowl [0091] In a specific enbodi nent, the present
invention relates to nmethods and apparatus that separate fluid conponents,
such as, for exanple, the conponents of a biological fluid by density or
wei ght. Bi ol ogical fluids enconpass fluids that conprise, exist in, or are
used in, or delivered to Iiving organi snms. | ndeed, biological fluids may

npris flui ds and conponents, such as bl oqd ceIIs pl asma,
and ot i ?Pt?trqemeemgwawﬁf)?? f%ls?ldrragqseag apRASHED FBAL SH"FFE‘I"&&P‘HB e i ving

t I I
{1 o do ey e RIn e G iRl phpcle, DAE Pl h A Lop SOTRE MM R AL, 091 2
i ncl udiapparatesl maly dedudeadther, maliedl ptoetsses sithtae dbilyy] chahdtherappcplaelecur sor

cells. In particular, it my be desirable to renmove bl ood froma patient
for trSapasian andemoval, mgdiseparatinn and reevdl of ethsbsreaific Gedat Mdditionplly,itke t o be

under ot 0 IENE a3 RECREERS M ME T BBy 301 AAPL ARl B afoe Wi 1

vari OUé) cent rocessSi ng" appa e SpeciTlC exanp gl ven

her ei n nog-nm&icil yse% Oduch b, fsit ¢xatripks; ofl ad GisRBconiponedit sjepﬂau&orAmaen@eﬂeﬁet Ion
technlques and apparatus may_include other nedical processes such as

di al ysiused @rberpepat dpypntion ehoeldertot adegsenl v efifesh biphegiead or regei¢r siepar at i on and
| f t Ly, th t b
iseq ¢ onSuBlIBL S HENGEE shen Rk BRel nelelfar EhGT BE P SERY of ™ °°

non- neduiiadle HeRFial &iﬂﬁﬂhu@b‘a witlPlise§ da¢pibed h&itin iadlddink Ubid noPIRABE RS plagRay at i on.
Al'l conponents wused in the present invention shoti d not adversely affect

bi ol ogisteh as palyaasbonate; matt m@themylatm styirenghdceylpuitrile hasicylid, syesnded uses, such

as those escrlbed h rei sui t abl. e rial

compat BRIk TS sl Bl e 3Rl s 0 i R o B i o
pl ast i GigtachedusdbiRs aR@ForfAd NPIAALR: seaBANYAppraPrARCIO&dtfonal means of joining
styrene-acrylonitrile, acrylic, styrene, acrylonitrile or any other

pl ast i dhe pirtsrreaybe wsed aicludieg bwte@ehtmtﬁdma adhestvesridtrasodiccueldmgtas Rie  at t ached
together and forma fluid tight seal any appropriate conventional neans of
j oi ni ng” parts may be used including but not limted to, adhesives,

ultras qDOﬂ]Vﬁiefﬂrékgnﬂhvéﬂﬁon\fﬁé StvBEM adiaBks Jhe c@ﬁtﬁﬁf‘%%% whaV@RtdoRerltidaaisever al
advant ages over centrifuges what use %onventl onal at ham bowl . The Lat ham

bowl i H.atleen bwARThy Lathsmtessist e (REARS TS Nisgstemdras onbintletaiorichat allbsl e bl ood
{0 core, LB L5, Bou i s, oufLet gr L Ll oug Bl sermang out Ty cont
o o S O S, WL Sty 1)
coat, anydler ddchtydelinyelvesfill@g thobdwelowithyhblgftigod; @aspifimng 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

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

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

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

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

the Latham Bowl.

[0093] The bowl of the instant invention has three separate fluid conduits that can be used as

an inlet port and two outlet ports. The additional fluid conduits allows for 1) reduce patient

treatment time by having continuous spinning during the entire buffy coat collection process

without having to stop spinning the bow] for removal of accumulated red blood cells; 2) treat

small blood volume patients; by having collected red blood cells returned to patients

continuously, these patients may be more amenable to medical treatments requiring the use of
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treatment, 4) bringing the bow to rest; and 5) returning collected plasm
and red blood cells. This buffy coat collection nmethod nmay be characterized
as being "batch-like" as the volume of buffy coat required for irradiation
treatment can only be collected after several cycles of buffy coat
collection. The Iimted volunme of collected buffy coat per cycle results

fromtfg}g ccunul z%ted re‘q blfood cells renmined i sideé?g bowl . Thus the
accumu ISRy et qs tiGHonsdhereol TR exiFamO b ENAPATSSt: At DRiFfe SEHERBR a buf 1y
coat cof difteiehPbrfipiilofts!of faltidn BE LA withi T bR daf dud land-RicRagowl . | 0093]

The bowl of the instant 1 nvention has three s€éparate fluid conduits that can
be usespimsng anrotatioattinpoartd Brikk abibtygaisemratp bighsiendihyered ddbadi acelis fraétiarisd

condui ts al| fqr reduce patient treatnent tipe.b avi.ng conti nuous
spi nni ﬁamdﬁm%l%ﬁeTﬁﬁtqepfé&ﬂﬁfft%wl@@gtpr%ﬂ@é@? PB?Per&afé%ée WedHBatm s ng to
stop spiaRi t : . 5. 2) treat
ool By i Bhack e FEEBHR, oty SREHIUIGHS Sud ElicBLARful Bricies 2 1LE%
pat i entiat aleRtbstamialy ¥ree bheddlgal dedint sticirayexim cvppeed pho@phaesio medi cal

treatnments. requiring the use of 27 the buffy coat or fractions thereof such
as ext U008} berehieveHe OBisHE AR ajeardagse wth s pPurboss ol theopreseat IypRiAQ) 8hit

conpon . ! ] el gHﬁ : pncr eased
spi nni ﬁglbgdrlg&r 0 (g?ll%%%l?{a ?sr?gfbgﬁgéljﬁ?l m%@'a%i %nlhg% ? h%égfcgse%g?gct e |drélﬁergg§£%}{éy red
bl ood pekéms idveaton. oTise erhb@timedtalepicddda FIGTHE somysrives b bergafupewWowadll04, provi des
the opportunity for reduced treatnent tine for_ any nedical procedure

requi r PARSUB s 8604 rfeanes HA andl tianary wstraiet M80m Dindeatifage bowsk 104 o
substa tih?iu!i&’c&fxggléi%udp@%@L&?&mﬁ%' h&uibjfdeﬁg pf &ﬁldﬁﬁtags%mg)gﬁg&m@'}ﬂeﬁe our pose

phot ophereésis. 0 achieve the o S In accor ce w

of t hespeasadi832AEIG] 48) of snneétidindécssd 5804 ibscatbdyto dewt 10AReUpper Qedve FI GS.
35 and 36 depict specific enbodinments of the present invention. The

enbodi rh83 Lk pf eanagetion siewe SAA isepried éxexiermahgandpiy d8Aperineatd), the condui t
assenbl fr A at i restraint 918A Th ntrif.uge bow
Ton T e Al 208 RO OS 488 Bl ROBL Mula BP0 B rera e

assenbRPA&EBéw] 16NEThe Shi@varRiiicaBtid A edablésluidB00io Henpsiedd Brbugheeve 500A is
secured to bow 10A. Upper sleeve end 831A of connection sleeve 500A is

secur e@xiepabsangpit20Ade e hawldOA. Similady thipfuidreommyaiedtioas asogariiles 20A to
bow 1 qvi ding £ &4 icati f | it, 20At
povt 1R RER oADK ORI B0R B Bk SORIL 20, L001

ext er ngbndudBhA. t BV 00k dRarho M 0A @ adaptel k@bé yotdtbd Srobhd!behteaixniAat i ons
al so enabl es separated fluid conponents 810 and 820 to be renoved from bow

10A t h10A5h Referang el FIG: dachaivel 198commuises quar ovaing 194, oamectigreslegyapt ed to be

ot ot g UPLAEON R kSRR 08 Bufl ol 1064 "
be constructed of any suitable biocompatible material as previously described for the purpose
of the illustration in FIG. 36 the outer housing 100A is constructed of clear plastic so that
cores 200A and 201A are visible there through. Outer housing 100A is attached to a housing
floor 180A, which in turn comprises protrusions 150A for locking bowl 10A into a rotational
device such as rotational device 900A. Bowl 10A is preferably simplified in construction and
is easy to manufacture by molding or other known manufacturing processes, such that it may
be disposable or used for a limited number of treatments, and is most preferably capable of
containing about 125 ml of fluid, such fluid possibly being pressurized. In alternative
embodiments, the volume capacity of the bowl may vary depending upon the health of the
patient and his or her allowable extracorporeal volume. The volume capacity of the bowl
may also vary depending upon the use of the bowl or the particular treatment for which the
bowl is utilized. Additionally, to avoid contamination of biological fluids, or exposure of

persons involved in the processing operation to the fluids, the transfer operations are
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500A, top core 200A, bottom core 201A, and housing floor 180A. CQuter housing
100A may be constructed of any suitabl e bioconpatible material as

previ ously described for the purpose of the illustration in FIG 36 the
outer housing 100A is constructed of clear plastic so that cores 200A and
201A are visible there through. Quter housing 100A is attached to a housing
fl oor 180A, which in turn conprises protrusions 150A for | ocking bow 10A

i nto aPrederablysagied oyevitbin f’si?g%d:ﬂo“f Bistarm. GRasibly evesswr izpdoprefepahly fargediod

pref er sl i fi i UGt | - I nuf acture by nol di ng
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upon t e f.th tient d.chk.s,. her allo |l e .extracorporeal
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Additionally, to avoid contam nation of biological fluids, or exposure of

per sonsuifasedl 10E€Rndhousing prides J98A GO GPmg atriasyage betwsen faidisuaces hBreferablyf er
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in FIGS. 36 and 37, the outer housing 100A is ‘substantially conical having
an uppé00Adapassghrngh whildretainingisieeve Nongsi 799Ayaihichlex@enda fichnathedbady 880AISi ng
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fl ange 790A. Both sleeve flange 790A and 790B being adapted to fit within
neck 1lsséuredith bostldi0A by anyrsgitatdd Anehhe nethating for exampleua tipf grgbve, seaghtifg

Gl T ncend sgespi iR HBTRIeRLo LAty 108 L o4k oot BE U IRGH KRS Wbt cr

connectd an 15k 854 ?oé&%uﬁﬂg eRP190A. Lower housing end 190A is attached to a housing
floor 180A of greater diameter than upper end 110A. Housing floor 180A is adapted to mate
with the lower housing end 190A and provide a fluid tight seal therewith. Any conventional
means may be used to secure the lower housing end 190A to the housing floor 180A,
including but not limited to, adhesives, ultrasonic welding or RF welding. Housing floor
180A may have an indentation 185A that is used to collect denser fluid 810. The diameter of
outer housing 100A increases from upper housing end 110A to lower housing end 190A.
[0097] Outer housing 100A is adapted to rotatably connect to a rotational device 900 (FIG.
35), such as for example, a rotor drive system or a rotating bracket 910. The rotatable
connection may, for example, be a bearing that allows free rotation of bowl 10A. Outer
housing 100A preferably has a locking mechanism. The locking mechanism may be one or

more protrusions 150A designed to interact with corresponding indentations in a centrifuge
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secured to bowl 10A by any suitable neans, including for exanple, a lip,
groove, or tight fit and adhesive with a conponent of bow 10A. The outer
housi ng wal |l joins the upper housing end 110A and | ower housi ng end 190A.
Lower housing end 190A is attached to a housing floor 180A of greater

di aneter than upper end 110A. Housing floor 1SOA is adapted to mate wth
the I ower housing end 190A and provide a fluid tight seal therewith. Any
conventqAHBAT Of AR pEeTsYtaRs ipfereanRcst RRlOGkIAE MeehHR Or REHIXAIR]Y kAW N8 t o t he

convenf A or ABAASCrEYBE i B EIELAURRICT SRR ORI DG 1
el ai nor Aot AR frecn g i Ao RISl 4 KNS AP et atf on 1854 t hat

i's use098] Reteirgptto BRGSEY, olifer houstiO100Bhgndtha brdeel80af defidgtag lintBolsi Nng 100A
i ncreases from upper housing end 110A to | ower housing end 190A. [0097]

Cut er WJuBed§0A dprhich coms ang 2PbA avildityvheaheed d0AdS assewbledi d¥kan devi ce
900 (F . i tati
br ackelu 55 tbed Hids 2004 Bha SARLRRuu 0 Wi Bl G ot YRR Foutrr 0 5 1O,

al | owshéusas 1rootAab&cm$ng alvowkiallNbAum@©df Biteriod @URInty7 10A0AbdE efienall y has a
| ocki n&&gechani sm e | ocki ng mechani smmay be one or nore protrusions

150A dHM9hReferring tatfdEacild, P rRd dbrthe poieas 2HHPA perbbatiam eers 20hAzreent ri f uge
29 contai . any, ot i ttabl e interconn ki hani
equi va%@ﬁ{agﬁ%lgrm%on fér%] %J;r%gpaer%ﬁ\.’elgﬁqu Feidl %Ode ﬁ%csriiaﬂr# ; %hﬁ‘%yé)ug%s%)?eg ?)”a % |Srsn eO; key

sl ot 10104 P1%A; Bdd lowkPOS8lenReI9BA! 29GA L QhEh&es@@QAPZﬂl‘No&ﬂg?hMiﬂOOA and the
base 180A define an interior volume 710A in which cores 200A and 201A wil |

fit wheplumespf inGEaior yolamediBAad bowhdPA and foryning sepatstied vobwres220A0bmwaerd 201A
are fully within interior ne. 710A t h i 100A, i

coaxi alPrs P20y it Fht et SR S 200 i omd LA R Op EEREY g o
FI GS. 381 296A 8nsbithth cdr®201 2B Biiter }?&QﬁgQMAbCSeb%iﬁﬁb&uﬁﬁ%ONiﬁf that

substantially conical and respectively have upper core ends 205A, 206A;
out er space ofvatdrior volumg, 719A1that is hetwieomeores 200A andi2012%9 51 oeciousifigd 004:: es

200A, i al. -vol f. interi I 710A of b 10A d
for m nfNABREY ot PH5 S08F ein BikGie A anE 44 R e ADOK GoBBRsCS HRR rE el | 270
of | L 0P205K EnARAARGreAUHODS N aRlbCATY ohRHRbreliI21RN AR Y @bre0d om core

201A and outer housing 100A. Separation”vol une Ais that space o
i nt eri 310Abhving a7 0@er sunface 210 endvmser walt aafe GA0ERdd 20dweradge 2l0Rr Throusi ng

100A. 00100].. As depicted_ in Figures 40 and 41 to e _200A conprjses
upper EBREIRLIOPO AR GrehiE I (E5Ta 2Be A or i ARA 1odPREC By BBt or cor
vl T 23088 TBeQkein IS8 Ha) bomFAOANErfAlc 0419 n M (A6 2HB and | nner

wal | surface 210C and a | ower edge 210D. The dianeter of top core 200A
pr ef er 208@. iCentrelis catbd abowl ppaer axdy andeaxdcen(fgperpenidonéar] ydfoore tieneppe295A.  Upper

core endr2230sR S Rhinkn Tohhety 4814 0 Y hilen LoRIREST 81X P2 A G0 urtall G828 Yhh 2°C
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 bow] channel 410A and first
bowl channel 420A respectively. Second bow! channel 410A is a conduit that has a conduit
wall 325A that extends perpendicularly from the inner surface 481C of lumen connector
481A.
[00101] As shown on FIGS. 39B, 39A and 40, second bowl channel 410 has fluid
communication with conduit channel 760A through conduit 321A having a first end 321B
and a second end 321C that is adapted to fit into passage 325D of lumen connector 481A. In
operation conduit channel 760A of external conduit 20A has fluid communication with bowl
channel 410A. First bowl channel 420A is a second conduit that has a channel wall 401A
that extends substantially perpendicularly from inner surface 481C of the lumen connector
481A. As shown in FIGS. 39A, 39B and 40, first bowl channel 420A has fluid
communication with conduit channel 780A of external conduit 20A through hollow cylinder
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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

i .S d h | ' it th ' | |
525t FR i b ERL G S GOPLREOd R ReRRATO b ppdfle IR A ORGR, ™°
connecigpA. A8LNIERLRAD T ordentoaitier?df fePreserCiBventiin, stdndtBowb&ans bow

channel 410 has fluid communication with conduit channel 760A through
condui 41 BAlispessdgithinfirstdowd alrreel 420 nla aa dfemvtite embodiped efithe i s adapt ed

fi : e 325D of 81A. | ' dui
channoPe BN ERo g ui R I PE coORohSEh Bpod a0 meRRed it Robow
channeB2sf iy lobkf Sdrt 656 akd B Sed A0 ChirhePwaIRCANIA &RIYYPA. that has a channel

wal I 401A that extends substantially perpendicularly frominner surface
481C of00d02] | unehopainface #82A alsg has indentgtav#BIA whicproddes 8B and 40, first

bow channel. 420A has f| ui i cat | i.th [t | | 780A of
oxt or rEMRHGTO SR RG0! Vo gt PRI g eS8 ke TRGIRYNER ong
322B apfbufifSeedd 8STAl 1634 He »%q{ﬁﬁése&c&@ecﬁ by hEREP YIRS R I R PIT IR LAhe 482A.  AS

is illustrated in one enbodi nent of the present”invention, second bow
channetonnédtioh jusctibinsyf cemcion sleevefS004t anddwinerr bameetor 4804\ Chamber ZMer nat i ve

enmbodi .of the . present inyvention,i strated in FIG 53, nduit wal |
Soon g b commeisaliot vih sufiusrinasios 720A 3k M Buip tation Vol 2B et 1 naed
with c A :

I A i S S o e S L
Wien asswoval eftsecatibsepanted /il ¢camprekent 820 thyoukhibew] chamuber 7TAGAr €0ptsmalBPplA | ess

the vol unes occupi ed by hgllow cylinders 321A 322A in the connection
j unct i BEFST OB Bhfritier SYFacq 5 @PAIrALTY ahaéﬁrsc?@?{%ewﬁﬁeamsi\.froeaq@ﬁﬁ@wr740A

has fl kﬂrﬁac@%@%”ﬁéﬂﬁcg%eﬁﬁné’i‘shﬁal > en'éf tﬁ@ﬁﬁé&@@xﬂ APLON [JeRfRATAY! on vol ume

220A near roug tatio us I ndentation 3A forns a
passagewapuhizatidiizdbetweenohadepafatise eolnthe 2PAraati el Hdssagd wae fpameeltiy tB20 t hr ough
bow chanber. 740A. Optionally present on the outer surface 205B are a

pl ur al {RdgngHorgi38r s 207A whi ch extend fromthe outer surface and contact

e nWieste o8 Tyt nsien IRGED OIS et b S |
by the321AdedB22A ang béAfXxed[tO0faRHgsl 325Bmndl 308Briathe/tep sntiaxt 482At ofithe ust r at ed
'n G?limﬁ?’l%oniéttc?ﬁ&li?A d?t?c?n%illgl,s indentations 483A may form a plurality channels in the

lumen connector 481A and be adapted to form chamber 740B when connected to connection

sleeve 500A or 500B. Chamber 740B is adapted to have one or more surfaces 742A that can

mate with the male end 853A of the connection sleeve SO00A (male end 853A surrounds end

861 of external conduit 20A). To facilitate the correct orientation of the connection sleeve

500A to the lumen connector 481A the shape of the male end 853A and chamber 740B may

be nonsymmetrical or as is illustrated in FIGS 53, 54 and 55 a guide 855A may be provided

which extends from the top surface of the lumen connector 481A and is adapted to fit within

opening 857A of the sleeve flange 790A.

[00104] Referring back to Figures 40, the lower core end 295A comprises an upper

plate 299A having a top surface 298A, a bottom surface 297A, and an edge 299B that

attaches and makes direct contact with lower edge 210D of the outer core wall 210A. The

edge 299B of the upper plate 299A is adapted to be joined with lower edge 210D of outer

core wall 210A and form a fluid tight seal therewith. Extending perpendicularly from the top

surface 298A of upper plate 299A is a channel wall 402A, having an upper end 402B and a
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321A and 322A may be affixed to openings 325D and 303B in the top surface
482A of the lunen connector 481A Additionally, indentations 483A may form
a plurality channels in the [|umen connector 481A and be adapted to form
chanber 740B when connected to connection sleeve 500A or 500B. Chanber 740B
is adapted to have one or nore surfaces 742A that can mate with the male
end 853A of the connection sl eeve OA (mal e_end 853A surrounds end 861 of
ext er nAWeE gpbHH4C sushgurrongdy %E&nmgti*‘&f*g Vhigh ispupglantially; 18 thesgantss obpppese

con ”ecgf %@@k@%%rg?&%&@@ rzrlahg& %tthréﬁéh HINOEGS AL sﬁ‘x@éc% &Qﬁaﬁ@??fﬂl qp2Ahe ral e

end 85 and cha e nonsymetrical or as I1s illustrated in
FI GS 53pd tof sarfate2984A, gipipdes Simwh waly402A . pTiwveithade]l wdll 402 A istadaptad to mmet he t op
surface of the lumen caonnector. 481A and is adapted to fit within opening

857A ofvithigBannebwyld 4014 forming g Aluid taght senl ang providinglusend004. Hiighbel 40, t he

| Xel: , i ) i f
2085, SpBe RIS MY SOl A en BRE con B T IB0RTY R bR AE
di r ect tlzouphaohduit 322A.00pEnieg 3634 pRIvidek flubkcobihefic Qs fivah | luakd400Ahe edge

299B of the upper plate 299A is adapted to be joined with | ower edge 210D of

out er sepgrasiopaPlumEIZ2RAaso lhefneher discyssefl g Rirstdhoan! chameb 4294 alsgxt endi ng

perpengﬁzié”nﬁgg%oﬂ&g&f&%ﬂﬁaalgggrface 298A of upper plate 299A is a channel
, having an

wal | 4 upper end 402B and a 31 |lower end 402C and surrounds

openi ngEOSA Whi RbfeidngStalFEfie0¢ 434 | 438 dhdt4ae betedth @oreF01APGRNiprised @i @ppef9A. A
nunber of fins 403A, attached to the outside surface of channel wall 402A

and t opoggnd 30@A 2osxer couppal 241A and A lovadricorosnd 296He Bieaiesi covgavill 402A i s

d ith [.I 401 i flui i | d
o GAALR iR an SR PR AT R st A T TR o Bef st el o
Wi th cepBstidm 66BR0EA pREOAbRTine¥ERE Fdin GpREtrt cAQA06A 6 RGN c6RNAUIDER22A.

Openi n%@303A provides fluid comruni cations from |l unen 400A to separation
vol une Bpoom cege 2N alpehdsia tohenrfatiest¥dsand .2 toittogt sugiens 36Mhnhep surfea al so

surrou econd .b channel A410A. [00105] Referring to Figures 43A 43B
and 44 SR TEERT aPBl N s PEB0 ashCiiy el SUbutheb ikt SRR orc
vel | 23dfacarsd9s of awaippePEdte 8AEI266X0 AThe hebi &f 186X BasVvll dferMcBQSGBIQ an
outer surface 211B, an inner wall 211C and | ower edge 211D. The dianeter of

bot t omasdarinpenwriscel8GGhThe upnsr seréass 1868 of thepadensaran k864 Ixsalcreia anower core
end 296A. . core, 2Q1A al as. a top. su 309A and a bottom surface
5005 eiping I Bh gt rdiehtn doip B RS 8E BRI G ener a1y

ci r cul ambogidRRat sinthé ?}esm ihRatiee Nheiraled id FEs 53 Uhd @sRr 309ReaB6BN@aypREr Ccore
end 206A. The indentation 186A has an upper surface 186B and an inner

sur f ac davessEcesFaE8el) pdapterliofracnivel@6Briog and borinrridwidaypeoseall @ewndths lowesr ei n an

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

I 211A are one or more channels 305A. The top surface 309A may be horizontal or slope
upward or downward from indentation 186A. If top surface 309A slopes upward or
downward from indentation 186A to core end 206A, one skilled in the art would be able to
adjust the shapes of upper plate 299A and upper core end 295A accordingly. Channels 305A
may have an even depth through out the length of the channel 305A. However, channel
305A may slope downward or upward radially from the center. One skilled in the art would
see that if top surface 309A slopes upward or downward and channel 305A has a constant
depth, then channel 305A slopes upward or downward accordingly.
[00106] Referring to Figures 38, the bottom surface 297A of upper plate 299A is in
direct contact with the top surface area 309A of bottom core 201A when completely
assembled. This contact forms a fluid tight seal between the two surface areas forming an
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openi ng 324D whi ch extends through to the inner surface 186C. In an
alternative enbodinent of the present invention illustrated in FIG 53, the
upper surface 186B, nay al so have a recess al86D adapted to receive an
o-ring and forma fluid type seal around the |ower end of 325B of conduit
wal I 325A. Extending perpendicularly frominner surface 186C around said
opening 324D is conduit wall 324A having _ a distal end 324B. the top
surfac @pere@w%fir@mdhwdﬁmaﬁm oA wrdanngl 38PA 14spcand opReIng éﬁéﬁi K face 211B

of theg &%@f%orlﬁf efilor a té}rﬁxf%ezﬁ %ﬁ?r%gpeW%i?IIwahegQ@arE%Op surface

309A nm u mar or downwar romind on 186A.

| f top36sB bastdes BN @mmcmmmmﬁldexdmm@ thi@ghichden] 305A4and 86A to core
end 206A, one skilled in the art would be able to adjust the shapes of

upper pPetiee I AtoseHarabpeYolame 2284 (FHO% R840 dPUi B@!S;ﬂw@:ﬁ% Hews ﬂyesgh may
have a or?cglgt&ggr?r%tl 98(?&5.8&'%.{5 @l\gn@jp gassgsn[%(ﬂl Rfflr *b%w‘iﬁ %i4 R Ap lﬁ?Wfas er.

channe ope pmar |aII € cen

ski |l e@owncﬁahﬁelanoAV\ﬂuﬂdcsoosm gdaeto thiodgmhswei 365A &9% s§ﬂ>2ﬁﬁlﬁﬁ1 wiivae d or
downwar d and channel 305A has constant depth, then channel 305A sl opes

upmard289Adomnmard accordlngly [ 00106] Referrlng to Figures 38, the bottom

f 29 i th. th f
rea SAWSEE b MBRRinP L TR i R el o 3R Rb At Bt dE R ot f or e
a f1 ui dobAIRhicE AR a RPIWERR 3008, h BBHSHhASR W0EBmd RtdPage 300B2E.Q0R1MHAI 3058

fromthe i ndentation 186A to channel 305A. A second openi ng 305C from
channelfrocaotha bpeom@nrfe@ 3&0(1 dfeholower pktg 30bae pad 8 wbreo pragrusivos 301 The11A.

Th fl t dent at 186A
{ b o ROER isrelI0B S AT falthohs 3o e 1o BL e P PGT e TR BA ( FrGs. as
and 40)211Ah48 ﬁfdv‘xﬁeda B9 tighowal thbfeugh Po@ﬁ@ﬂéﬂ zionrQﬂBﬁ‘s%g 801 gAd Iswsequent | y

passes through first bova channel 420A. Fromfirst bow channel 420A fluid
800 t helatg)3R0A tscmltchlaoargmnmmardmﬁmlhydrmm gs seper(@lusoated oh Hi@ 44220A.

001077, ,Ref t d th nd 296A h |
Dot e Albstve Dyenabletiodeas e Bl At o HOF oh gD rosiendbievana out or
edge 3@59931n§ﬁ5@r”$0ﬁ9a vbiuai® ZZIT&@ Q4 BERVEH TR ﬁ%}ﬁ)@f aﬁd"ﬁodsﬁl‘gq”[oo?l ate 300

are one or nore protrusions 301A. The outer edge 300D is adapted to be
att achd@0Ao Tﬁlﬁselelumeﬂ(&i opan 2idrayimbmeatount with sapamtina [Volunk1220Aanldoperovi de a

T E O SR R AT

oS0y G e VS STl

exi st s 3B0AwWEENdLioBR0OA phsa Brs8agi3208Bdthhoaxsémg irftb dler space 220C between lower
plate 300A and housing floor 180A and a second end 320C that extends above the top surface
300B of lower plate 300A. The diameter of conduit 320A is adapted to have a tight fit with
conduit wall end 324B. The volume inside conduit walls 324A and 325A comprises a lumen
400B. The volume defined by lower plate 300A, inner surface 211C, and ceiling 253A of
bottom core 2014, excluding second bowl channel 410A, may comprise of air or a solid
material (See FIGS. 43B and 44).
[00108] In an alternative embodiment of the present invention as illustrated in FIG. 53,
support walls 405A and 407A may be optionally present. Support wall 405A extends
perpendicularly from bottom surface 309B. Support wall 407A extends perpendicularly from
the top surface 300B of lower plate 300A and connects with support wall 405A when the
bottom core 201A is assembled. Conduit wall 324A may be connected to conduit 320A to
form a fluid tight seal and conduits 324A, 320A may be fused respectively with supports

walls 405A and 407A. Additionally present extending from the bottom surface 300C of
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180A. This volume 220C is in fluid conmmunication with separation vol une
220A. Lower plate 300A may be nade of plastic or any other suitable
material. Additionally, extending substantially perpendicularly fromthe

| ower surface 300C 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 fl oor. 180A and a second end 320C t hat extends above the top

sur f aceovesginte 3904 atgene oF Froge ARRTALIon SRR b thapmateoligandndepiplions adapt ed
to havg aatight fit with conduit wall end 324B. The vol une inside conduit
wal | s gﬂx and 325A conprises a lumen 400B. The vol unme defined by | ower

pl at e 3EIAI] i nneAsswitlfbacead?y hpparamco ogé bf ordirdbB#kibfin thecirt, die weld 0A01A,

excl udi ng second bowl channel 410A, nmay conprise of air or a solid material
(See FMiEneerkg bghglanggd abogbasyr akis 1dA- a$<tce;$%glmelé%denymdd5¢ a$ Pt pr esent

i nventi j LLustr i 3 or n 0 may be
opt i oné’?ﬂlf%%ﬁggg%fs.apg‘fjog%g{reﬁ O%ﬁlta%g%%bag%?%}ﬁéf tﬂ%‘é#"%leg@l @ﬂl aéril‘éelglﬁom bott om
sur f ac408A9Bust2edRRFIGWAl | 407A extends perpendicularly from the top
surface 300B of | ower plate 300A and connects with support wall 405A when

the bd®@dM@ cor e Referrng o Bl Rphavd 10808 @dantedrl thagauex hepyingd 084 newses ed to

condui 0A farm lad ti.ght seal ondui t s A, 320A may be
fused ?Zgg‘éeaggitz\alleli&ylo\v/vme{ ﬁla{seuigg%r%ng %p%%lrl Heigte}gg‘g\’ g%ual%oéioﬁreliﬁét ?’i%%fﬁgﬁ ly present
ext endicBadifs QUL 44 cORRdcEth SKETASIDAS AR Iend A00RMRE 4D0B af: PQOAn&t®nARE Or
more orientation spacers 409A that mate within indentation 185A. [00109] As

wi | | beotatedagatherablvasiag flopnl #He obutenhiupiag 1 08Aicompiriges ieecsagst 181hen iowl | OA

il dtob | d about - axjs.11 di ngl i ght b
added 38 pifee Suf Befaetaoraes yebrd ciumasRia DYOSF Rk PR PR AR ancy g
of the shewh, 1&@9 dﬁh&g fssomg h% k@Rl prtARfdn 301U @ Bsttdn sufrtdee 3800 Pkt

Referring to F o] 10A"i s adapted so that outer housing 100A, cores
200A amoovztA; of lower plple M00A 300 Areapadt topeising|fooe 1808 AWhross semgpléd, ach 180A,

external . condui.ts and connectjion sl eeve 500A,. and | umens 400A and 400B
are 1 nngkrERT Y Ak oF dtepoyereet ongL Big WA BR: A SRRER i r “housi ng
100A cqpRki P& BEE&%%?gSﬂécﬁjlﬁORU ThhS wHeARuEY %B@sqg%\i‘% RsRed RRRASES are

shaped to fit protrusion 301A of |ower plate 30 shown, |ower plate
300A hasndwu2@A pndconnsitom EEVASGOA | top chret2004, sppelr phate 29DC tottomesire i ct

ssomol AR, e Dl WP rb o Bl b AOYB a0 AR ZRRG: |'Ouer pi at e

300A fqopdBwantight fit with recess 181A on housing floor 180A. Thus, when
outer housing 100A is rotated, external
[00111] As illustrated in FIG. 38 lumen 400A allows whole blood 800 to come into

bowl 10A via a first bowl channel 420A. First bowl channel 420A provides a passageway for
inflow of fluid 800 through lumen 400A to indention 186A and then to the separation volume
220A through channel 305A. Lumen 400A is located inside top core 200A. Lumen 400A
has a height from upper lumen end 480A and lower lumen end 402C. Lumen 400A is
formed by the connection of channel wall 401A extending from the inner surface 481C of
lumen connector 481A and channel wall 402A extending from the top surface 298A of upper
plate 299A. Channel wall 401A is supported by a plurality of fins 251A which are attached
to the inner wall surface 210C of the outer core wall 210A and inner surface 205C of the
upper core end 205A, and channel wall 402A is supported by a plurality of fins 403A (FIG.
40). It can readily be seen that height of lumen 400A can be adjusted by changing the sizes
and shapes of core 200A, channel wall 401A, channel wall 402A, conduit wall 325A, and the
height of conduit wall 324A.

[00112] As illustrated in FIG. 38,lumen 400A, from upper lumen end 480A to lower
Iumen end 402C, encloses an inner lumen 400B. Lower lumen end 402C has an opening
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conduit 20A and connection sl eeve 500A, top core 200A, upper plate 299A,
bottom core 201A, |ower plate 300A, housing floor 180A, and | unmens 400A and
400B will rotate therewith. [00111] As illustrated in FIG 38 | unen 400A
all ows whol e bl ood 800 to come into bow 10A via a first bow channel 420A
First bow channel 420A provides a passageway for inflow of fluid 800

t hrough | unen 400A to indention 186A and then to _the separation volume 220A
t hr ougROhirk is SoBwd commutnicationwitd sep aieyveluae 3204 dhyough @ npob® of_Lunen 400A
has a hej ahtaano I . Lumen 400A
IS fo‘rq‘?rﬁ{élggb:;;?f SfAh(raﬂl glgégﬁlé%t{ #%Eﬁé}gl?&@ g%ﬂe @l\?ng&%@Rhg%ﬁg %ﬁ%@ fgrgir%lt he i nner
sur f ac420181Seddhd boWlEnaeINt10at ie lockttli Anddifihboweihanadl 420 A2A tigxfoprrdieng from
the top surface 298A of upper plate 299A. Channel wall 401A is supported by
a pl urgpf?Aﬁlﬂd)fS enFlesedtberingapmumerend 480Anend totlememd02GnErrthegmors ur f ace 210C

f th t | J A and i f 2056 aof . t h d
2054, S Rl 410408 Lheiii Sy Sond Bt otoo rgmaeio REes R Pl
40) . | BoGA For'tBaEHMIVabEr SBRNschphratedTRIi® b&mga‘ménumthép &8ih Reeddiorst ed by
changi ngﬁ&he sizes and shapes of core 200A, channel wall 401A, channel wall

402A, d8%Aof howsang flgrd80Aaddcanddowl eheyinel 4104 oxtdudstfram hougeg Aoof I8IA12] As
illustrated .in FlI 8, | 400 f . 80A to | I
end 209Eoigriflsoadoad igkER Nrtiefomotsd o EBRER: s 78R oA 3Emeoiiopeni ng

34 303Apphich is in fluid conmunication with separation volume 220A through
a nunber of channel 305A. In the illustrated enbodi ment | umen 400A
conpri $§eM18] r st BefeiricghBigne 38 2o wibowrmndand2Damret luakdA4008 dllowat ed

inside fjrst.bow, channe] 4 of the t ore nd is.encl osed therein
o T RO T s PR Coer A, Rl Asoconddied Rhfvasf STUA B8 pieio AR e g o)
410A f%ﬂﬁmﬂic&é@&ﬁ@@’tﬁé’h&ﬁﬁ@%r'akl@%’inﬁ&ﬁﬁi&ﬂ HHAL) %i‘n%‘@%EP'Iﬁﬁe? _300A for

the renoval of a first separated fluid conponent 81 hat gathers in

i ndent &imarnd00B8imss aofuphausndgt 13RS CLBGK loSec cordivftent 324Brand lcodpfisesext ends
from housing flo A qf _outer housi ng 1Q0A thraugh | umen 400B and to
condut €48 Rl W s GRA8rand R ch. BRaTReeAgR A (b SR mIREERI TR qur o 38
(shown (ichB @1 ERRdLl 41082h&Dhas aRRfTlerd H IR HRAR AR ls%\éﬁarafe%ﬂdlalis‘?ﬁ’h@t t&h! s 810
to exit bowl 10A via a second bow channel 410A that provides fluid

comunificgttbowh clianneh 420A. Hoesluigvdll 325A ialsopperied dgntfat 259A habextemiss®nging 324E.
| nner unen 4 as.an er condui . nd a,lower. conduit end 324B
and coﬁ_a%qngﬂvgal?gm Soh BBl Gioosoal 584 s SER: Aimeer oA Bhichdet e 1 o o
fluid th@htar RIMAEKI0AT96A Ofuflen 400B extends beyond indentation 186A and through

bottom plate 300A. The first conduit wall 325A has an upper end 325C which has an

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

[00114] Conduit 320A provides a tight fit with lower end 324B, providing support for
second bowl channel 410A. Each bowl channel 420A and 410A may be made of any type of

flexible or rigid tubing (such as medical tubing) or other such device providing a sealed
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second bow channel 410A that has a smaller dianeter than and is separate
and distinct from first bow channel 420A. Conduit wall 325A is supported
by a fin 251A that extends through channel wall 401A and attaches to
conduit wall 325A. Unlike |lumen 400A which has one end near indentation
186A, |l umen 400B extends beyond i ndentation 186A and through bottom plate
300A. The first conduit wall, 325A has an upper _end 325C whi ch has an

openi ngasgamwabrp%ﬁélytfebp@éﬁwla%ommxswrqeérﬁgw Hewnand which preAerably can| ower end

condui 1oen a8 P SCRALIE T, BE SOt hbbnh Bl A", SR gner than

i ndentation 186A and has an opening 324D. Conduit wall 324A also has end
| ower end 324B ahd Driveshypported by a plurality of fins 252A. Lower end 324B
havi ng openi ng 325E i s adapted to connect to conduit 320A having opening

302A | aaigd neaks hiRusediCFIcH. 3 QY%H ﬁb@&&dﬁﬁ%en@?%@& ri'seiﬁaicﬁ’éﬁ &

openi ngs 325E and 302A provide fluid comruni cation between |unen 400B and
t he sphowel 1R 0@ chrtestem sleexecs00Al whieh 30@chatdorho thei firgt dnidd861 AlFOékterhhe space

220C between |l ower plate 300A and housi ng floor 180A in jurn has fluid
comrunF?f%QPitgﬂAvhat"ngsaetJb‘é‘r SR cwnah@"%z 2eacondsndut chasheh 16043 o BBV des a

tight fi i . L.di ) h |
an0n  idutichielPRia, Batyio e DEAUHNAS R AR L lon SEERELBBM FPETNEL ¢
or ri gtithnhelBi20¢), 4 sevohd dswhetdinaell 4 10AD and)) bow] cliafder 3404, dheithree poduitdi ng a

seal ed 35 passageway, possibly for pressurized or unpressurized fluid flow,
and whFrledangls afeeqqupily spaged 145 apps pod e@iab ingdiametee i gxterpy| condyit 20A (§ge si npl e

and ef {jcignt nyfacture. 1. ive Tube 011 jiJlustrated in FIGS. 39A
and 39BiC HWTRRHRTH b Grestin c et et B bt o RO BRRIC o

sl eeve 78604 fMilgtohSechid wiem Akt BHWDPcHahBel(420At fol il oRRrL Y161 8BBfRINakterngPNdui t
20A having a first conduit channel 780A, a second conduit channel 760A, and

a t hi r dondggr2@®di intachaw] QA for spmaratiqn h Stoiatly, seaohd norduitchanmdl 76OAdywdlNi cat i on
ith fi t bow h | d W h . , 410A bowl

e hanbaroEn o setand FeLEncl F10 B SRR SR eafiaRTi  fabepe bR art and

equal FonMbGHIAOA nid bxeothAcoAliC 2 U inaBOA kSEshdutl Gan@ 170N e8Hdclstb Al Y

connect to external conduit 20A and bo 10A, conduit channel 780A i s
f 1 ui dl powbehaebeeOA fdr rémeving benwond sépamated fluid@amiponent 820 droimmpow] 11Ad 800 from

ot e Ry sk S 19l o BB B B 85T
removi BEOA oh $e HRPHIEEAA dduinthnERIRRROEB7EA Bn tHid RBOROMJ SRA bdxeerkat er nal
conduit 20A. Finally, third conduit channel 770A connects to
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
i shoulder 882, 884) are a first and second bearing rings 871A and 872A. External conduit
20A, anchor sleeve 870A, and connection sleeve may be prepared from the same or different
biocompatible materials of suitable strength and flexibility for use in this type of tubing in a
centrifuge (one such preferred material is HYTREL®). The connection sleeve S00A and the
anchor sleeve 870A may be attached through any suitable means such as adhesives, welding
etc., however, for ease of manufacture it is preferred that the connection sleeve S00A and the
anchor sleeve 870A be overmolded to the external conduit 20A.
[00117] Referring to FIGS. 45, 48 and 49 anchor sleeve 870A comprises a body 877B
having a first anchor end 873A and second anchor end 874A. Anchor sleeve 870A is
attached to second conduit end 862A of external conduit 20A (preferably by overmolding)
and increases in diameter from first collar 873A to the collar 874A. Spaced distally from
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bow chanber 740A for renoving second separated fluid conponent 820 from
bow 10A. [00116] As is illustrated in FIG 45, external conduit 20A has a
connection sleeve 500A on the first end 861A and an anchor sl eeve 870A on

t he second end 862A of external conduit 20A. Optionally present between the
connection sl eeve 500A and the anchor sleeve 870A on external conduit 20A
are a first shoul der 882 and a second shoul der 884 whi ch extend

per pengficerf end 874Aris coHer 886Ac high exémds p@rpzmiaaarlchy from brdy377Bragdof @i anet er .
B i : i
et We.eﬂrs%& gﬁﬂa%?e@ rf't?a?%thg g%@u%ofggg é@gﬂ;@&%@b@ i ‘??1{’?%1% UPik98774 Present

the fir secon are a second "beari ng

rings Bafldy afitht 88 2Ad STAKB béthakbn herdlat 886A04Ad saeeicinchbeaide878A0Md aand
connection sl eeve may be prepared fromthe sane or different bioconpatible

mat er i $candiib snd $BHT extending bevond the firseaqchpr ¢ndB73dr arg gtaghgd tonths bogpe of
t ubi Nggd i £ h ial L . Th
connectT T TheCERd b 178 B¢ Rl Gt 38 IR s TP a e, r ough

any suid exdral ¥eadft 204CNTRSHSTIA M paralR] @ thg ext8ingl coldQW0ArandfH¢ ease of
manufacture it is preferred that the connection sl eeve 500A and the anchor

s| eevepBy#bIY plagedoves thtadgion whsee eonduit ghannglsy@#0A; 72, and(FGQA7 reRédsestr i ng t o
FI GS. 45, 48_and.49 h ' dy, 877B . havi first
enchor (o Sg5A i SR fodina (16”505 APhCaRE RS waRELE S PR { ached
to secopgh crr0AUint 7T80A aB5AOseRH otk SltSiAL dFARIHJF eRf3hal BERIud 20N ¥n1By

overnol ding) and increases in diameter fromfirst collar 873A to the collar
874A. Spelforsdd gindtta faildiringrhigespeed onaticen HB/iagribsparaldad Wity thg 8Gnduitwhi ch

ext ends, perpendi cul arly from bo 7B and of .a larger, .dianeter, than the
body. 83HBTGH DLYRRd M FSHOL ISR &7 $A3A PR B a5 BuS 5RPR Havi ng
first bideRDeorRitEBailat YeEn LiiRdeOkicn. BRAA .3 SREABGHRIC RN BIMiA7 S and a
second rib end 877C extendi ng beyond the first anchor end 873A are attached
t 0 t hetlizadtern® ¢FBluit20A mdbismegion hndeantiss SVicMral depents extramspettinetordignad ri ng

880A, which is also I%tta% d to external conduit 20A. The ribs 877A run
par al | 815 & thRENEAOr SR duit 20A and are preferably placed over the

regi on [omsfhc0néHhﬁecﬁ&@gl@@de%obﬁ%mp(z%%mgg)éom%n%ﬁep§1@are, eni® the

surface of e external conduit 20A (FIG . The regions where the conduit
channeB31A itdkyweY FIBfveannd 8BZAATHGR. 46 adel). Lowthdeaveteaid @32Aihasrsieeve of

external c it 20A unless reinfqQreced tend tq fail duri.ng high speed
rotati glﬁ?gq?@ggr@drq pﬂgra EYr%‘thHr%tF“S\’/ﬁIF%“ggewg’&Hd'fﬁ yize tﬁé"l‘?ﬁ%gesm Wi‘}%’d‘st he anchor
sl eeve 4804 of (RAWRNQUIARUSRALP RGO IRAL ctd U1l SWhEDIHRHoWI] 0ARS S¥%BRbRdCONdUi t

failure at high speed rotation. In one aspect, the ribs prevent the buckling
of t he flat eghtatal corydeiproddedl bynplading orrerg T Aaardumtbodys8¥Ar arct ur al el enent s

to tr aggr];lgrresgirrl]g th%%[r?rilgoyﬁlA bestitwfagnsﬁal}g% 7t98.g a%g%ggsring '18(?Xe p{)grAs'leeve 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).
[00119] Connection sleeve S00A preferably increases in diameter from upper sleeve
end 831A to lower sleeve end 832A and is overmolded to first conduit end 861A of external
conduit 20A. Connection sleeve S00A connects bowl 10A to external conduit 20A without
use of a rotatable seal, which would otherwise normally be located between bowl 10A and
connection sleeve S00A. The seal-less connection between bowl 10A and connection sleeve
500A may occur as explained above or alternatively through use of, for example, an O-ring, a
groove, or lip, grommet-type connection, welding, or a tight fit with or without adhesive in
either bowl 10A or connection sleeve S00A.
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[ 001181 Connection sl eeve 500A conprises body 830A having an upper sl eeve
end 831A and | ower sleeve end 832A (FIGS. 46 and 47). Lower sleeve end 832A
has sl eeve flange 790A and a plurality of protrusions 843A, which are sized
to engage indentations 484A on the wall surface 482Aof |unmen connector

481A. Wen the bowl 10A is assenbled, a fluid tight seal nmay be provided by

pl aci nﬁ) 0-ring 791A around body 830A and conpressing the o-ring 791A

bet wee DURGhge 790 AlusHated duEighs 4ooa 3% pleeves @wé%gdwasaémomssuafa%t ed to

b [ , ' \ 39B,

Do e WP SAELRR AR a8 pr BB A% oA Gont e RL B8, P55, o0

and i sHoadai Rehén@ohhdsidt 4818018 apluredydfiiddeatacaona83A 480 providdAor iidA of
external conduit 20A to bow channels 420A and 410A, and chanmber 740A of

bow 1ognmppsatieskesweinesparatiomelasnties 220 and bowhadrmber ft which.gntemren

connector~481A (FIGS,. 39A, and, 39B). 9 npect i |.eev 0A

prefer ) @ulgﬁgﬁn&%@ggu?r}lw&pg%@&c%%apg%gg%%ebogﬁgﬁw erg’%giéf%%ﬁﬁ?e Yover sl eeve
end 83RAnaNdoniin@\tedelP83Id addtob istiFhceUB2AUftluBAl c&fhblioP HS XL &icNAling hendui t
20A. Connection sl eeve 500A connects bow 10A to external conduit 20A

wi t houspacgeecupiedsbyrhtllgwatilliodere 321A wnhd 32240 Wl pluraliberlirstsusiorsid3Ayorbde| ocat ed
bet wee ow 10A connegti o Leeve 500A...The seal -| ess ection

ot weelroRauEA B4 o SRR i ToPacpeseasonciifey ndationtods AN RESbove or
al t er ngfal |\t ficd 492BUGMEE cSinectbPASEX ARR Bovidthg@ figdgi. @ groove, or lip,

gronmet -type connection, welding, or a tight fit wth or without adhesive in

ei t her [M2] 10A Eonuestine slee b WAckalps ©G0Are 87tefr@DdA@hit AOAI tolbesit AQAed i n
Figure 46 and 39B, sl eeve flange A has oftom surface., 847A that

cont acts il ¢tecig Sriematsontir J0R e RORL MM TS Tablieerinipeet | ght seal
Howeveiuid SR LA hrofiE Aubiad nahitboA 18 Kool 10A0sHROMidAFA ¢ hat

provi des for flui comuni cati on between separation chanmber 220A and bow
chanbercom&0ion glke edmbldassepanated flhasiscoinipenents bn#adrto batrerooved frdmbomdl kDA channel

770A. Bowl .chanber 740A.is defined by |unmen nmounting recess 851A and top
surfac rﬁ%@he’ﬁ?m;]tﬁﬁ’ﬁﬁmﬁ%#fg‘ect or 481A, excluding the space occupied by

hol | owgptabder s E3eehihl @BsHuRZI0A hdd A a‘;&[;ﬂthﬁé‘tel%fcoH§t9ﬁtrd¥§rhé’[9§w§i%ﬁ'ﬁe§ﬁ td he

bottom surface 847A of sleeve flange 790A engages and slides Int
i ndent atduoashedgddityonAn hecessiedly rigid dxaareal48adio20A wik heaapreadtfait mb81 A, t hus
providin secure

ext er ndl %gg’négtf?‘gtt‘ f hg’t ‘”t)l(g‘g%‘ztl i@‘%’)trépg i %19? gﬁeggﬂ\ég%’ggg@%gg?g‘srét loM3£RSE ondui t
i ough e g DR RS S R TR B E el 10 RS AR T8 Cohnect 1 on
al so emabinesrimgs 83l At 8124 tabakasibyrplahthatesn b Pre@&@bly ohdomovanented bearimpsbow  10A

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

[00123] FIG. 17 illustrates tower system 2000. Tower system 2000 is the permanent
(i.e., non-disposable) piece of hardware that receives the various devices of photopheresis kit
1000, such as, cassette 1100, irradiation chamber 700, and centrifuge bowl 10 (FIG. 1).
Tower system 2000 performs the valving, pumping, and overall control and drive of fluid
flow through disposable photopheresis kit 1000. Tower system 2000 performs all of the
necessary control function automatically through the use of a properly programmed
controller, for example a processor or IC circuit, coupled to all of the necessary components.

While a new disposable kit must be discarded after each photopheresis therapy session, tower
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t hrough external conduit 20A. [00122] External conduit 20A has an
approxi mately constant dianeter which helps to reduce the rigidity. An
excessively rigid external conduit 20A will heat up and fail nore quickly.
Additionally, a constant dianeter conduit is cheap/easy to nmanufacture,
al l ows easy experinentation with connection sleeve 500A and anchor sl eeve
870A sizes, _.and allows bearing rings 871A, gg AtqQ be easily slid thereon.
Pr ef er A1 280 1535hRMST ARt OBERBRIAgd OWSTIRIERY @matwmdl%%d ORsEtorRigned by

R e e e R

of any type o e tubing as nedi ca such

devi cepmgoammiingghacaemlledornsdaggng yohe of itheorfipamsnsf fl ui ds, which may be
pressuri zed into or out of a reservoir of any sort, and which preferably
can belM12dbsani doupisysicar 2000has phousing hpdngamiprer pettion 2408 pad paB123] FI G

17 1| | 43hi 300 { BUE poH 210300010 AR anXSIoRL R0, Nonderrmnent  (ie.,

non- di sposable) pie recelves € various devi ces of

phot ophgrvedadsit ki fiear IH2MditoRL2202a5 bagasostdt 2200100hatitswatiystein2000hameeile 700,
and centrifuge bow 10 %FIG. 1). Tower system 2000 perforns the val ving,

punpi ngnd eaneasilebamovebiiemaporrie rei yea bespithlgettings |Posderahhys thgHrelitsposabl e
phot opher esi Lt 100Q.  Tower stem. 200 erfor all of the necessary
ont r ol TEaN e 2L FRAF by BRGNP e RecPink afd Pl BiyeB iR anmec

cont r okdwdr.systerh 208N PbE 220 IP6FHAES p&tioR 2200°h 431 d top istirface B2V Belvih cahtrolof t he
necessary conponents. While a new di sposable kit nmust be discarded after

each pHetkoA08s ksst Blustiated iy FlEe 22i pnlt thessip (see 3G 23t bk IEH A0, ¢assaitsdd08iser and

ing T b ified f nb f
oxt 1 acPi9EH oflP EhadRLE PR hef 2Ar e 2200 o b o B RO G Puse) SF Ry oper 1
progr aBhmgtord) €o R Pl AMAI0l106ti Wb G FANGIU N aRTe b& 50 tHRr<FRIPOSEM ookk 001241

Tower system 2000 has a housing having an upper portion 2100 and a base
por t i ogaibOWcatBd gryvprere potovE2 0Pstera 2080 s@lpn2 26 thearpbsiopoigtdees 2O0Rterf@reeel s

2203 are rovided at_.or near the hottom 2202 of ortion.2200 so that
Cower -y Br s8R of B sHieh shiiSe B B0 e Retion J2A PRI GBHIFS com 1 n
hospi t &hafiBdrtAS0YFIA 185 RicaRl BehihdBod Bl AdMREMPhAAQ n@iBustiale@) ARl € about a
vertical axis to allow ease in steering and maneuvering tower system 2000.
Top 22@towudedyastewposysieon2@I000r hanging sabipe snd dicead@u bhgs, i Rrgfecabhy.tidse deck
1200, bhest iliustaated in FLG ﬁ)ﬁ built therein (see FIG22). In FIG 17,
casset 19oks81qcated og HaRe RN 2% r oI deck 1200. Base portion 2200 al so has

1 and e Nt T B 20 er e on

t oner s9etreyst2O@R008 betweny taps220l eind bptemt2202 beljnd desr 78dt Davr @bl ey e
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.
[00126] Upper portion 2100 is located atop base portion 2200. Centrifuge chamber
2101 (FIG. 19) is located in upper portion 2100 behind centrifuge chamber door 2102.
Centrifuge chamber door 2102 has a window 2103 so an operator can see in centrifuge
chamber 2101 and monitor for any problems. Window 2103 is constructed with glass thick
enough to withstand any forces that may be exerted on it from an accident during
centrifugation which can rotate the centrifuge bowl at speeds greater than 4800 RPMs.
Preferably, window 2103 is constructed of shatter-proof glass. Door 2102 is hingedly

connected to upper portion 2100 and has an automatic locking mechanism that is activated by
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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. [001251 Photoactivati on chanber 750 (FI G 18) is provided in
base portion 2200 of @ tower system 2000 between top 1 and bottom 2202
behi ndthg §pyteny sentrqbiss duryme system ppexfioy ﬁeeaﬁﬁé%iﬂ@an% 25%@ digsupsed Re¥00 and i s

provi ded, I%rdeﬁgse ﬁ%&cp{&qh@]a%l vation chanber 750 and to allow the

oper at or activation chanber 750 so that UV |ight does not
escape[00d2T t he Bmfdrahlyu,diealg 1200 is rh@:aterd&mttnp Siirfadee2204 of Bas2 postiqar 2200dedr t 0
al l ow tubes 1112, 1117 (FLG 1£ pass into 8h0t oacti vati on chanmber 750
when i Psasdhedtons pf m&'r%we?éwﬂw ilg B%waoawam as eeendingupward flogshgse The

phot oa By [ t to FIGS
16 andﬁ ‘iﬂé}m%@]’&"%‘?ﬁ%@g@r‘ﬁ%r r%%&@@%gb 'S Oa?g%v 5(?']11? ({)I% fat aésagy chcfeg %etg)n 2200.

Cent ri Eoty@] w200 thlé@iknl(lﬁh@iaush%ffdrdm@@ﬁ@b%ﬁlatbﬂatha‘Qﬁtb ceptiifgerthddhber behi nd
centrlfu e chanber door 2102 Centrifuge chanber door 2102 has a w ndow

2103 s8llHn Bipdasiansng tewsr setem 0W0ahaye @géentelﬁegﬂfé\ﬁmmmﬂaﬁa theptipebr for any

probl e cted h to vmthstand
any fo Crggx\?gﬁf%dzﬂaggng e ﬁﬁﬁg%toﬁu? %Om g%(?%ncdcéegg(i? Odup'i?ar% POt r i fugation
whi ch 2200, a@h@ﬁ@tbbﬁlgwmdm it Bg@fieRAWA sRucls RQES tBWELL0D0 Habarﬂecﬁﬁ@@ RPM.

Pr ef erablyl w ndow 2103 is constructed of shatter-proof glass. Door 2102 is

hi ngedfaptprag size and tkeouppIsdpcasomoush oD vdeabin Hospial Beprsptesndihe beigheri ng

mechani s at cti vat b temcontrol ler during system

oper at PO (s 2Pog Slial i Yisngeed ST KEE LGS Bl NI b¥acy &1 i ¢ 1
r espectrahspofring thel@acHifOdrddd e dbgsialform e sdar 1 3AMitionall R haviag deck 1yp sur face
2204 of base portion 2200 at or near the front of systemtower 2000 while

upper poa fairnharizootal posatkerewitl prgvidp Weer apefatamwitiag @lacp ¢o st davie@0d near the rear
This allo operator. e ontrol deck

7200 WA B K1, PR 4y e ol B B e o o8 885 Bedi B TP b

chambegystetd 8300 BYoIREEER & WAMRANSHHRdes Ahd OPatidas Bax@ht Bebgart i fuge chamber
2101 |n t he upper portion 2100 and having the phot oactivation chamber 750

and deekntifp@atiomprioesse portion 2200 an upright configuration is achieved.
o SRR R eSO F S B B B, cver
75D SHR ORIV Yo R0 ol Mg i Bt
havi ngasidokexa@ple, user interfaces for data entry, loading 1nstruct10ns graphics, warmngs alerts,

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

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

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

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

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

system 2000. For example, data card 1195 can be programmed to relay information so that

the system controller can ensure: (1) that the disposable photopheresis kit is compatible with

the blood drive equipment into which it is being loaded; (2) that the photopheresis kit is

capable of running the desired treatment process; (3) that the disposable photopheresis kit is

of a certain brand name or make. Data card receiving port 2001 has the necessary hardware

and circuitry to both read data from, and write data to, data card 1195. Preferably, data card

receiving port 2201 will record treatment therapy data to data card 1195. Such information

can include for example, collection times, collection volumes, treatment times, volumetric

flow rates, any alarms, malfunctions, disturbances in the process, or any other desired data.
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ina fairly horizontal position will provide the operator with a place to
set devices of photopheresis kit 1000 during the | oading of other devices,
facilitating easy |oading. Tower system 2000 is robust enough to withstand
forces and vibrations brought on by the centrifugation process. [00128] A
nmonitor 2104 is provided on centrifuge chanber door 2102 above w ndow 2103.
Moni tor 2104 has_a display area 2105 for visually displaying data to an
oper at Bledatapcardyeceiying per 2081 s proeided Pmr@nftarc%lé)y% Breaghe ﬁ)@mayywh%di ng

i nstrugct | ! i F | , e r any

pr ogr eos D sy G 0B ECH AHEyoa T e syskRRAN R, @ ophitpHaR

cont r otdngrol mBagkat @ card receiving port 2001 is provided on a side of nonitor
2104. Data card receiving port 2001 is provided to slidably receive data
card 1195 which is supplied with each dispgsabl e photopheresis kit 1000
(FIG 1). AA hbetoagiheadonshomberdier Reeadyigg IrraationChnbesr e- pr ogr ammed to store
serve a variety of data to supply to the systemcontroller of tower system
2000. H928kanpl RefedatganovarodFIGHO 56 amdh 1 §yephproactiaation ¢hiamberedSyis ilhfsoatedt i on so
that the systemcontroller can ensure: (1) that the_disposab

phot opHETess; ssctiqny CP%Q%%]@P Shambr0 5 s b fowng, quﬁ%%%'?sﬁ W80 which
it is i . Qaw)&kﬂ j | et PP L 9htidunni ng

t he deglgtplehgm!gér) atggﬁgg%?%t?g/]grsgﬂ%é? t hat ?L@S?Zg% FaIE}Fé7%hot o%%grgzétgfns Kit is
of a celidnaben 750 hawch plarabitysf aledtécal Padrecti@r portsexS8iprovideor backO0dll sk t he
necessary hardware, and circuitry to both read data from and wite data to,
data chigtricabepnnggtiondiogp7y3 argplectricaly conpledion spyrgsarftelenheal GRergy.r ecor d

treat [ . [ i apn.i ncl ude for
exanpl SroghtFaRR cRRlRr 160 SRReRA scckiln U Abrk BLEHRRL 1REIEET6), O o8 1

fl ow r &ies,fulynloadddintEphoi@dctivatiini chamberdi 30 elefrdiogledniadtst(het ilugeesd, or any
other desired data. 40 While data card receiving Porjt 2001 is provided on
noni t ofocated on cpptagtaval bS] f dAY Adighhgssprably 758 oy ae elesyical¢anpodnskith ong as it

is cou . 10 : oLler. or r rl.at |. means. A
Phot oagl[e?t\?lg%ll cghﬁ%t}%ﬁ%éﬁ??# nﬁggg"'%ﬁg ﬁogééa%iogt% ﬁgﬁ?%?gt%glrenﬁ%é@gﬁe Referring
now t osippl&d talBVANKmbS 759 bothaatiky vat bodctivhrab Brefdiablyl tiréd dleaticait ed in cross
section. Photoactivation chanmber 750 is fornmed by housing 756. Housing 756

fits GPRISFHOTHRAIE Ao Piovisied SorppchysetioblerA sapmpseidd2 ddere pesferadlya §ofA Fight (FI G

17). P {243t [ . N nnection
poris ToyBRt0Rel e sRBBRA fnhe 138 il Feh ol Bt Sn B 65 o o
el ect r 70@tanybeciastead The s@ppiPuf €lectfital@h@el td TMA RIMGISTES is Bbaiddia biy\iad | on

chanmber 750 is designed to receive UVA ['1ght assenbl ¥75759 (FIG 16). Wen

ful |y PeReddProgranpedsysiam ponttallshusngabwitcly gV Ademps 758 afe astveiad ead (not
11 ust Elg%}c?lg()ited as necessary by the controller during the photopheresis therapy session.

[00130] 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 UV A lamps 758 builds up in
photoactivation chamber 750 during a treatment therapy, this heat escapes photoactivation
chamber 750 via vent hole 757 and vent duct 760. The heat exits tower system 2000 through
tower housing hole 761 located in the rear of tower system 2000, away from the patient and
the operator.

[00131] Photoactivation chamber 750 further comprises tract 762 for receiving
irradiation chamber 700 and holding irradiation in an upright position between UV A lamps
758. Tract 762 is at or near the bottom of photoactivation chamber 750. Preferably, a leak
detector circuit 763 is provided below tract 762 to detect any fluid leaks irradiation chamber
700 during, before, or after operation. Leak detector circuit 762 has two electrodes patterned

in a U shape located on an adhesive backed flex circuit. The electrodes are designed to allow
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| ocated on contact wall 755 of UVA |ight assenbly 759 form an el ectrical
connection with electrical connection ports 753. This electrical connection
allows electrical energy to be supplied to UVA | anps 758 so that they can
be activated. Preferably, three electrical connection ports are provided
for each set of UVA |lanps 758. More preferably, UA light assenbly 759 has
two sefs of  UVA | S 758 formn . space . which irradiati on chanber 700 can
e i nebst euticab oLy st et fr Bt BRGNS D oS st erRos BORdRt  of 1 ed
by the,, IﬁE@Pagéd Yirdi QK RTRE Bitey SHEEP GOREleQddelis Hé%ﬂﬂa &)lﬁl‘!\ét%tF QwityAThamps 758
are activated an deactivated as necessary by the controller during the
phot opseidesats swher egnybeassd tacheck B Lanfingndf thwodlectidalés.i By pltosingdbelswitcht he t op
of hou%iﬁnquSG near baﬁk wal | 754 oL . phot o&c,ti vati on chanber 750. Vent hole
757 coleleuodess apehorigt e onsinopist c hhe igesatgd eirgnt them detggls kheghoftoner syst em

2000. pﬂgg@g&wmm%%w u'ix?’aﬁ@é}%/ to7ttﬁﬁie%‘dh!)&ie§ géRidgﬂvetRf? L ORGKY RE 1 on

chanbe uring a treatnent therapy, eat “escapes photoactivation
chanbelf tHS€lesticaley eretdahmged ibSanyaway, therdontimdty che€k wilhailheRtiis B gositivewer system
2000 through tower housing hole 761 | ocated in the rear of tower system

1P}

2000, B3 the elestpdesire apflamaged. oblus tasbean heqreformedbpashdieg #tvat i on

hanh ; S - ‘ o ; ot hanb
700 andHaF st pe AP ARk TR dberati8h o BRSOl Ao O e
Tract 762isiveorking @ropRelgl Lechled&edtioansiehit PEDheps tnsvad thanlesitradsdest ¢850.

Preferably, a |leak detector circuit 763 is provided belowtract 762 to
det ect uBRfficed diring WR041r¢ hetady session hepzusp e legtodetention sicuib issdnmagedr Aaf t er
oper at i . e egt i i . | rgdes patterned in a U
shape F%greral ecf%%er{g %fr(f Ogéﬁ%scﬁ%%é:%ﬁég;?* fegi) r%‘?q?%cﬁlin&ﬁ E}Tz@ el ectrodes are
designed to allow 41 for application of a short circuit to test for

di sconti nui Bi &entfiloge €hambér each el ectrode goes to an integrated circuit
while the other end of each electrode is tied to a solid-state switch. The

sol 1 d- 6ise) W { B GRNIRGrHRRnt Ryl UGIINEOF10AGR LI bdotioR ififie fbREHg 0des. By

closing the switc the el ectrodes are shorted to one anot

i nt egr af wavec systam 2080emoded.eRbtmtidingd dsvios 900 (allods icngsséiom)edpableaduses a
situatiaon equivalent to the el ectrodes getting wet ﬂi' e., ale k}). N I|f
the el 8El7iRgI&omeea 2RmeEISBIn lHehnoa)Ay Positioned srithim centijiugn sbambgri 40 4 | . Thi s
is a pesShki Lndi i : . his test can
be per o#atrtrlgﬁﬁéjggﬁg? ?%dcg{aeg ggést?tré srtgéik’r%? %‘gg'gfag‘geﬂ ﬂ(}g{llgglﬂm;ggﬁbrfo};g nor mal
oper at iratatably sensingeehdndii gel teak 106FRG.t1) oMoasing 2167 of/&eAtrifa genclidnibeg 2pdbiser | y.
Leak detectjon circuit 762 hel ps ensure that |eaks do nqot go unnoticed

dur i ng PEherably| made o upinugEsiogl Aihee Ve, 0w ToRidle M IeRtE e iET | <

?ﬁ”ﬁ? g%tgféﬁhal §lskRols h&Pbe SEABA owdh s{Eak 2060 ShAS bt bEdkbed RAUlsS Provi ded

Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00133] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is

provided in FIG. 21.

C. Fluid Flow Control Deck

[00134] FIG. 22 illustrates control deck 1200 of tower system 2000 (FIG. 17) without
a cassette 1100 loaded thereon. Control deck 1200 performs the valving and pumping so as
to drive and control fluid flow throughout photopheresis kit 1000. Preferably, deck 1200 is a

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or
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B. Centrifuge Chanber [00132] FIG 19 illustrates centrifuge chanber 2101 in
cross section with the housing of tower system 2000 renpved. Rotati onal
device 900 (also in cross-section) capable of utilizing 1-onega 2-onega
spin technology is positioned within centrifuge chanmber 2101. Rotati onal
devi ce 900 includes a rotating bracket 910 and a bow holding plate 919 for

ChanboPIES T MEna S ABHy B, PRI SAmEorBaB 1707 <Fh Bhragr ght |

sturdymggtﬁhnmﬁ%{%;g F ¥shMe 9k mat@iadt i onal systems may be used mnthln
tower system 2000 su as that described in U S. Patent No. 3,986, 442,

whi ch [0913Xpr essDyck 1200hpefiat pefistdtie pampy, wisleblend pump 1i301;, retmm pahy .

[00133 eak detection cuit 2106 is pr vided o ack of housi ng
2107. ?L(t’aFFCH%"E laden W%ﬂ’@,?@twﬂ@ém@u R lAMetnd @9&@1 awln s within

centri OfRD k
det ect %o%?dégé)cw%gﬂ%%&?‘? |Wﬁ%§? rl%oB l‘d%a%r g.g%%lé‘l?gﬁfe cl rc%h??at%r%ﬁdescr i bed
above. casettel 1400 is loadedsomine devki1200 for dpakatldﬁimﬁp wopaiutes di120-21DHextsnd pr ovi ded

in FIG 21. C. Fluid Flow Control Deck [00134] FIG 22 illustrates contro
deck 193@aa¢aﬁwaépugw%lﬁwaEﬂﬁd 5&#%9 17) without a cassette 1100 | oaded

t hereo nt r ol i drive
and com rol” flui éﬂqji%gl\?vl%t%grsggg igtggdf)l girée;g?és}mgp% %@gﬁg gj%eﬁ e deck
1200 i &n platesE20Qr Aicbybbad &né&(&gseliﬂlﬁjz 1204 I8 ahiice theheheb 1366 ﬂﬁﬁéde@ﬂngmes of tower
systen12000 via screws or 42 other securing neans, such as, for exanple,

bol t s, Hﬁ,él%ran@ilhwp@mp?%)t é\lqb‘dzblfa:%msczfeasmdéya%‘* yes ailtrasanig ePegnto or ot her
dur abl g AEAALN R TR PGPl 1093300 RSl R OB RN AR B Sl © PUTPS.

whol e ur n n

anti CO?@!@ér@B fof RiwiPthé 3iddid s ﬂicﬁﬁhany @@nggechbreﬂumhl 3ibes EKI% rmlocn @nd hr ough
plate 1202. Punps 1301-1305 are arranged on plate 1202 so that when

casset ﬂélﬂqz@mqnstorred&@é@sgme@e Heasigoto g mﬁuenfop‘éuréwblaiﬁ serpgmﬁsmblw 204 éss

1120-1124 r an r 36] Air
oo tBeatS pEliled Rftard Bl AR0 heRYTER ARRAIE R A o B air SEBORGL ™
plate deBcted Ahd S}l@téﬂb&(ﬁltx%ﬁ&s@ﬂl Sha B 6P ¥p ékgt@dh dRisprbbR €luid AW HES tA206 for
recei ving t ubes 1114, 1106, and 1119 (FI G 25). Air bubble sensor assenbly

1204 ugatengyby pededing tUé’ﬁ%lW 1106, anﬂ by mbéslgrpmwresmo @ctuams 11%_1)9 for
0 11 1 THEER LSRR WO L G OB SREESS o e %10
Tz) 8 14 t :) gmb HedigdisRdlabeeeandidtebuttiag dowh fm@: ppoRike pudhp. Hqtrbdeﬁscﬁa@@‘eﬂrblﬁs senmbl y

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.

[00137] Deck 1200 also has five compression actuators 1243-1247 and three

compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette

1100 is loaded onto deck 1200 for operation, each of compression actuators 1240-1247 are

aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can

be moved between a lowered position and a raised position. As illustrated in FIG. 22,

compression actuators 1243-1247 are in the lowered position and compression actuators

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

loaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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operably coupled and transmts data to the systemcontroller for analysis.
If an air bubble is detected, the systemcontroller will shut down
operation and prohibit fluid flowinto the patient by occluding tubes 1114,
1106, and 1109 by novi ng conpression actuators 1240- 1242 to a raised
position, thereby conpressing tubes 1114, 1106, and 1119 agai nst cassette

1100 as di scussed above and/or shutti nsq] down the appropriate punp. HCT
sensor thugle gorrespoyslipgapertpess dd 31 opkl oqnd@mvﬁﬁy;mg%%%ﬁ@ﬁtm@ms of
tube 1 - N . f h resence of
red bi S8k el GO B R RT Bk AR JleRiklo B 20k S0 L AREGBRER Y0 08

i s al spasopaviadaliy teduperd positian toiipddsivhtaduadad F24001 247aloSs te@he eibiigd | er .
Upon HCT sensor _assenbly 1205 detecti ng t he f?r esence of red blood cells in
t ube 1apsturesHd3dgad dETcaMthey deeomprpss theflexibledulipgr opri ate action, such as

st oppi app riat. r L i .one_of . co i.on uat ors
1245 1058C o " SPGBkt Pn B BaR S N b8 S HOTE BER b0 "ol 5 nas
five cga@iﬁ@sﬁit@moaswm%\sera@ﬁ&sitl&mnlegmcﬁm@ﬁ CHAPRERSS hQlatd&t1248.0r S

1240- 1242 strategically positioned on plate 1202 so that when cassette 1100

i s | oad¥4V wninslegensienty oontrodled epdeant heoiise@ alowentd iwdeganderti ofwna enethetor s

1240- 1247 , | it i t 137 d 1157.
Corr eSomrtsSiop AP 1243 30 e AR o DR Gublsh Rt SRR B 1 11 on and
a rai sgfle Bffpreésih ac‘ﬁ:ﬁdltdﬂ 124611282 RdowBreliloFraigd; the GRS ShRAPredsibHat or s

1243-1247 are in the | owered position and conpression actuators 1240-1242

ar e i nacthagorsaki2d8.d 242 gictalsoriowgdednn raised acedrdimglyp osddifiomllyapemplessiorcasset t e

1100 i | deck 120 il ] ust in.Fl G 25, i
aot vat aruaSBEed IR e pring Fded Soded ek RS et FRaBSna RSB ur s 1137
or 115 foaih, CPRR! F9%: RPN RAveP bufd £X1HRly shidH combRYsibR adhyigRed Wi th

that aperture, thereby pinching the flexibleé tube shut so that fluid can not
pass. 4011242 wikautomatically pose td the, raisedyposessy, occlating titbes 3114924006,24@ do not

ext end ough apertur 1137 and 1157 and thus do conpress the flexible
t ubi ng.ﬁ%@\f%%rf“‘@g‘ﬁﬁ_&]&cgisfgﬁnﬁ%tfﬂ%% a‘fll?&@‘-ei’?ﬁ?“tare spring retracted so that
their degdylt PRIfHiBIndw td PICP 8 ah@ 2k heeck 1960 ﬁﬂttﬁpﬁfclddé]@f%'f@rﬁss activat ed.

Conpr ession actuators 1243- 1247 are independently controlled and can be
r ai sed contralleel 2H), cylireiee aiemblyok21d nmamfdd hesembliGol3i3e peimnp wable t134F,qrusap

1240- 1242 on ther. hand are c oget her . h, when_  one
conpr 6 SETeFAble B £MGE Dol ar DLl avycanisaier TR Yot AEPetiG
conpr epRnnRY e _cﬁ’g\ﬂpfh%tzi@%P@Iraﬁly%ﬁ el RV\EE %@cés@ar? %b&%@lnﬁﬁ&ﬂﬁﬁé ngly.
Additionally, conpression actuators 1240-1242 are spfing | oaded so that
t hei r degftauite pgbeint albef ths funotionsy ent¢ractidne, deaisiomd, andasadtioanlisclitsad above t he
system | gses spovver (lzl_fur ing.at Eer a€¥ sessi on,.. conpressi on, actyators

and necessary to pertorm aphotopheresis therapy according to the present invention.

Cylinder assembly 1211 couples each of compression actuators 1240-1247 to a pneumatic

cylinder. Air ports 1212 are provided on the various elements of deck 1200 as necessary to

connect air lines to the devices and the appropriate one of manifolds 1213. As such, air can

be provided to the devices as necessary to actuate the necessary component, such as

compression valves 1240-1247. All of these functions and timing are controlled by system

controller 1210. Timing belt assembly 1217 is used to coordinate the rotation of rotating

clamps 1203. Finally, plate 1202 includes a plurality of holes 1215, 1219, 1220, 1221, and

1218 so that the various components of deck 1200 can be properly loaded into and so that

deck 1200 can be secured to tower system 2000. Specifically, pumps 1301-1305 fit into

holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly

1204 fits into hole 1219, compression actuators 1240-1247 extend through holes 1218, and

bolts extend through holes 1221 to secure deck 1200 to tower assembly 2000.
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1240-1242 wll automatically nove to the raised position, occluding tubes
1114, 1106, and 1119 and preventing fluids fromentering or |eaving the
patient. [00139] Referring nowto FIGS. 23 and 24, deck 1200 further

i ncl udes system controller 1210, cylinder assenbly 1211, nmanifold
assenblies 1213, punp cable 1215, punp notor cable 1216, and tim ng belt
assenbly 1217. stemcontrol.ler, 1210 is a properly programred integrated
circuit that isS%pgggﬁpﬁei%ﬁﬁp%ékFﬁmPﬂB necessary components of the system
to performall of the functions, interactions, decisions, and reaction

di scus¥8idllbove Refpaingaosstodi(sSt 32 prd 25 itha metbhd by privehecsrissetteHdPpsy accor di ng

to the ent _inventio i nde ssenbly, 1211 coupl es h of

conpr dSHGR e PdePB 10 L A be AR H e PR 28 B sBHomm 1215 are
provi deph@pHeRRisMBérapy Ta RO BTTEmOSt b Pedpets WoadRE oRRCRSR A2N0.t Becat@deCct air
lines to the devices and the appropriate one of manifolds 1213. As such, air

can béegpopicdsan aguathevaenp spsiera snoosposaisd mythe presentiaventivhdt isecessary

conmponent . .such as 0 ssion val ves 1240- . Al of these functions and
o ng s i Siisal TSy et Rei P i Pk 1200 andhpshis KRS M Senb y 1207
| s usegisfoRg&ORh dhtftedsiv dcRiatrd P24001 2470 cRull® Gortioh @ BPthe ¥R Rble ﬂﬁ'bfh%'li y, plate
1202 includes a plurality of holes 1215, 1219, 1220, 1221, and 218 so that

t he vacomprsssogthoflexibl tobing@egkinst 200erdd30 o€ capsaipak1i0) (Fadad Homteveratids so t hat
deck 1200. can be secured to. tower st em 2000,. Specifigcally, pu 301- 1305
e nfeguinae Sompeas wRE ey ot her mivesing Precte f oo febBg00 3

bubbl e, gel8cdlifs opsaertidrs. AR thdst gomgh% d&Hﬂeleedll%lﬁ]e &W&&éﬁb&f&a@ﬁﬂgaaggi ‘o

1240- 1247 extend through holes 121 bol ts "'extend t hrough ho
secur ecldmplogii@@banismt ower assenbly 2000. 44 1. Cassette O anpi ng Mechani sm

[ 001401 Referring nqw tq ELGS. 22 and.25, 1 t ho i ssette 1100
is | oé@éghand s&'cﬁ%fciog%cﬂ&é@kdmegm?455%6\%8@?%5?%%8%*32§%er for

syst enp%@%a LR QAlEs F208NRHRD S5 E8ASCIhRBS 2803 arkitS8! (RichdOP208uplebe
properly | oaded onto deck 1200. Because of = the conpression actuator valving

syst emasloct238areat the middletod thertep phite. | Gatehtsil@0§ atetsecwwed ppln@tli202 at hat cassette

1100 be properly secured to deck .1200 and not. shift or becone i sl odged
when CBWE? ained parians s aat i@ma%zagef&@ev them laéwe%t%@ﬁaﬁhet%@efaﬁ bl e t ubi ng

by co ' fli@xi ' i r i 1100
(FIG %)d ?ﬁl%?\%eﬂ%gw&tshlllg% a?%gt?wnéeh%%&%gl%ggt@?ﬁ t ﬁ&t%ﬁgg glgg@rggg%%ﬁ s of ease
i n | oadi22Byare dbsattee idd Obsahpwitobac HdE80r, retating ddmps b203aer B28rcaebeors. Al |

echanFEHES FOBIOPER PEROB U I15HE6) PRUAE & e o CBRUS GPREIaNBL (o deck

1200, 99&1'&1311%99111‘1&% 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).
[00142] Referring now to FIG. 23, timing belt assembly 1217 comprises timing belt
1226, torque spring housings 1224, and tension assembly 1225. Timing belt assembly 1217
coordinates the rotation of rotational clamps 1203 and 1223 so that if one is rotated, the other
also rotates in the same direction and the same amount. In other words, rotational clamps
1203 and 1223 are coupled. Tension assembly 1217 ensures that timing belt 1226 is under
sufficient tension to engage and rotate the rotational clamp 1203 or 1223 that is being
coordinated. Torque spring housings 1224 provide casings for the torque springs that torque
rotational clamps 1203 and 1223 to the closed position.
[00143] Referring back to FIGS. 22 and 25, when loading cassette 1100 onto deck
1200, cassette 1100 is placed at an angle to deck 1200 and tabs 1102 and 1103 (FIG. 2) are
aligned with catches 1208. Cassette 1100 is moved so that tabs 1102 and 1103 slidably insert

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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provided with two catches 1208 and two rotating clanps 1203 and 1223.

Catches 1208 have a slot 1228 near the mddle of the top plate. Catches
1208 are secured to plate 1202 at predeterm ned positions so that the
spaci ng between themis substantially the sanme as the spacing between tabs
1102 and 1103 on cassette 1100 (FIG 2). Rotating clanps 1203 and 1223 are

|IIust ated in a clos sition, However, rot s 1203 and 1223 can
> o B ¢gnSeSeaRT 108 LR Merhas SPORS the 3 SR PRS0 Grey r ough 1 he

aUt Oﬁaﬁdtaqloﬁﬂtcll‘ﬁﬁﬁsol‘zOQfan@ 122’315'5%1% 110266011198 bre B%Q{g%ké}‘ébd% RPRes1A08. and 1223

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

cl osedApbmtd is@appliduietovacidird bo n@settmﬂqlﬂerqtalqnek clepntjl Bppidi 23 wikbdeat i ng
clanps 12 d 1223 are |.jnked toget ass 1217 (FIG
24) . ﬁ?%ﬂ e@rﬂ”?ﬁ‘@“rﬂllﬁ“f”&g @Fégarg CastSF‘?\% %8%“& aﬁb 7 conprises
timng &% dn belA? feded G FRAKSH BAHDL 1903 ai?dZﬂzzsar@th%ng@mm@r@ws 1225.

Ti mng belt assenbly 1217 coordinates the rotation of rotational clanps
1203 apabitich? thegotatibuzt] clampsA203 snd hZHt&pdngﬂabtﬂ( foinahe fcm¢csapphedbyelm in the sane

direction and the same anpunt t her. , rotatign cl am 1203 and
1223 axoéqwaanwdfemq t@ﬁngé&@ér?{ﬂs Rositon Aashirigscopteiie 39&%@@% hepi i s
under I otational clanp 1203 or
1223 th &{k'gggggl}{rll%ﬁ %g%gt?%}%@tcggg@%rgﬁgﬂs%trdﬁ%gr gﬁrgﬁg ngs 1224 provi de casi ngs
for th@old4lque SPo rengsetchakttd bt Husfter Kot theiapy sdssivhagpempl2@roanibndP23 to t he
cl osed position. [00143] Referring back to FIGS. 22 _and 25, when | oading
casset tlamps 803andd 2dd axe roaamfo thexaneatnositipnsiheranaually ar adtomatiealgt e to deck

1200 a C 8.

Casset AR i it thieh iy Sl 3hacth LGREY b il haTagh®, |

cat chesont18r 10t @rico nathticlabopmpd 2003 anridl 22323 fnrthe bper puitidnys@detposi ti on at
this time. 45 The rear of the cassette 1100 e. the side opposite the
tabs 11H ispemaved by sipple diding andsligdingdaky 1102 élﬁéeet A ratchop08s t aps 1102
and 1103 are being inserted in catches 1108. As force is applied dowward
on cassette 1100 S%IﬁdaﬁﬁnglPeﬁsﬁﬂf&sP 3 and 1123 wll be rotated to the
open position, | om n rear of cassette 1100 to nove domnmard to a

iti | 12 t.at | cl 03 d tt
h000 | bt b Rl te?fGt s ven el SR P 09 58 e dnaeBiafn g pack ©
from ¢ g iRh6e! BRplvk idhiolieh phADSHRNL I @1E. 1)l e‘%ﬁ‘&i( pifybfie cl osed

position, |ocking cassette In place. When in ‘the ocked posi
casset Tbe dd@tiomueactivaton, tipviag Gpeatid coartimation, faod el othef 004idhs dicperisraltice

cassette 11 r the t 1 tati 1203
ond 12pema BgHS sl BRbTaR pttrele” s T Bre e P g e 1y
A OBy d 0Pl SHOREH:! hbEHclin YR B pHlaRCTmg 191 AT HRT o an

air line and system
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
1301-130S dictates which pump loop 1220-1224 will be loaded therein.

[00146) Referring now to FIGS. 28 and 29, whole blood pump 1301 is illustrated in
detail. The structure and functioning of whole blood pump will be described with the
understanding that peristaltic pumps 1302-1305 are identical. Whole blood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

[00147] Rotor 1314 is rotatably mounted within housing 1315 and is in operable
connection with drive shaft 1316 of motor 1310. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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controller 1210. Once rotational clanps 1203 and 1223 are in the open
position, cassette 1100 is renoved by sinple lifting and sliding tabs 1102
and 1103 out of catches 1208. 2. Self-Loading Peristaltic Punps [00145]
Referring to FIG 24, peristaltic punps 1301-1305 are provided on deck 1200
and are used to drive fluids through photopheresis kit 1000 (FIG. 1) al ong
desi red pat hwa The_ activation, deactivation, timng

coor di watcwﬁmpalﬁ%p abe I HEIGr hdits when iradgdfar ppEping: Poanwgsse&sm 131855 are

cont r Oééq%?ed% dive L A8 "f?Adt&‘rf 13318 359 thal'?ﬁ{e' ré{aﬁlahél%o&‘ﬁ f fotort ﬁ]%ocin e

i dentic I'n structure. acenent of eac erls altic punp

1301- 130bitand dgnbmt&aﬁ)g)dﬂv&ﬂﬁftdsw hEosfmmcidn@dir Isfllesacﬂnsrmy Icsﬂilﬁtlctetimnﬂur‘rp
1301-1305 with respect to which fluid is i ng drlven and al ong whi ch
pat hwa{fanspiisglatago t%%@%@ntﬁﬂter MHI;@@n%)owaab@ﬂlw aﬁ%ﬁwemfsatiolles%

now o EIEAERIP AR RRE Lagter P, My, Actlg%géfi&?f?‘jﬁ“’ ePBra P i e

struct piyedesired fdmﬁinamusngmof whol e bI ood punmp will be descrl bed with the
under st andi ng that peristaltic punps 1302-1305 are identical. Wole bl ood
punp 18W148las nHpesing B3I, alwgﬁhlii@ﬁna Rawingrflangg 1319 ndowang Pangpi1348éy 1312,

L L e 0 SR R C I

and i sspedifRRRY,aH is @ﬂ@ﬁ&@tth@ﬂ ghivbblf hélles Y@Z(Bél&foﬁmh mn?é 13P) ©rthrkadify
Speci ficall rotor 1314 is nDunted within curved wall 1317 of housing 1315

So as eeeAse holos withist piateyl 20t Hpusiea Oangsdddd alepanciuds i (10} o) 1014 1

ted h 314 and d
el 1 L3 PR ool 136 RARER R e D SRR S PR R punp
1301 i Bétat661313I G niEBetvReR alrbib&l dnliddweieh Gosidn kal!hbﬁt MsidetaRded for
punpi ng. Position sensor 1316 is coupled to drive shaft 1316 of notor 1310

so t hatesistrace.oPreuimatialactpator 1315nis @¢t1\ra¢ﬁtd<ﬁndﬁsaenv(amd byepnenmatic oylidleh 312

rmnitorin dr| e shaft.131 Posi t.i on sensor perably connected and
rr ans it PsRpd ke ST per LB s BrIoLA: SRoT o ! TFREHRRIS HGMRT o data.
syst errhslerlszpkdr%nnel:aﬁ an M's@})ly fin@l Whek QRS ﬁg; plied P Rumhad QylikRP activate
notor 1310 to place rotor any desired rotational position. [00148]

Housi nd312 peewhais dchietarasiends ipwvasd HgonghalmyeingJliaage 31 iorpgraised pgeitios19 i s
Vor e Spe Gty besuraree OBy rast R TYBn PRt BEor 38 StBus  np
RSP e e e e St ‘f*(‘}&"v*“af%a%é?ﬁ“t"?&@ﬁ?t‘?r E
ext end (ke 22} ¢omtrolstthe Juppdy dfcdietojasr igler bele 4321 .hat Bneumat ic

[00149] 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.

[00150] Turning now to FIGS. 30 and 31, rotor 1314 is illustrated as removed from

housing 1315 so that its components are more clearly visible. Rotor 1314 has a top surface

1323, angled guide 1324, rotor flange 1325, two guide rollers 1326, two drive rollers 1327,

and rotor floor 1328. Guide rollers 1326 and drive rollers 1327 are rotatably secured about

cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325. As s

best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses

1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are
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actuator 1313 can nove between a raised and | owered position wthout

consi derable 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 conprises air inlet hole 1321 for
connecting an air supply line. When air is supplied to pneumatic cylinder

1312, pne t{ £ actuatqgr extends rd.through ing flange 1319 to a

ai oedPROLRR: bford Biaricta, iceciales 148 ne fiote 7 pitCeru@rE Se e Phaer 1312,
pneunai iy AYebOn delifcaftifig Badn. | Nto pneumatic cylinder 1312, returning to
the | owered position. Systemcontroller 1210 (FIG 22) controls the supply

of ai r[00d5Hi r i nReferringl te FIG3129 {034 diivéoumeesdl 328 lake fr8vided fto bompiesgthe 315

contains two_.slots 1322 |y on isible). Slots 132 e l.ocated on

cobs  anzGh oy Bupp gt et Ralobato bt ruspine regiog 130y B pr ovi ded
for al i )AS §h el o | regi on
1318. lnﬁ/bwf’gg‘s:%gg%{aggpf@ "S’&#?%? ﬁ?‘gt%'t@%%?‘f%g%@ 5 etk e'?m%g{gﬂ’%s 1151
(FIG a8) foodingflnids kaofpw throbgh the 2dbep ddmnping dhugiotgionblspiSPaf rofddAB@fvillur ni ng
now to FIGS. 30 and 31, rotor_ 1314 is illustrated_ as rem)vgi from housing

131]53 sEOTF9RPnqIRElY £banss st of fhigHpw ”&‘l(’é&'ill fhe tybes | Gide rayisen 1326349 has a top
: i . i 1326,
P o Proyidid o ke fobh Ppduie fooo @OT1A BAIS Ipdedind WRe P Rt 1920

rol | er $3183prépatyealigntditiadid gyprarping e dddivionilly, goide soll3sS 0326elielp enpriopédy f | oor

1328 and a bottom surface 1329 of rotor flange 1325. As is _best illustrated
i n Fl Gloadgumpdplesloop b2k into fuhe gumpingdeaign13hf. Wahile guidegokers 3326 aifd r ecesses

1332 i - . 9 j l. ri lers 1327 fit
ar oundmcugfr?%%& %@%ﬂg}?\gmlﬁﬁl gg%%egt??rfﬁ gtrlggi?gﬁfeféztg?tgﬁéejtr@bqlé? OF \%15 %‘ t[if?ede rollers
1326 arslletse @pdrv®so & thebmie 138 hapér eddd npdranioded didvier. Mapéeigadbe Yop gui de

rollers 1326 and drive rollers 1327 are provided on rotor 1314 so as to be
in an Blafetiesidisiing gpiderelier wittponorsynmaetsic crosgsegsionpiamofiley Higdapered drj ve

roller . ' c r .POr.1 | p tube 1121
that 1 Erpad el G AL AT A LARIR AR 8t BRIG. ARe BB LBRE 1 07° L1 Ve
wal | 1800452F r ot Rotot33M fuethat @sludbocvitg 1338 Axiéndih$ eirebph itkedenterl Ggviche t ube
and forcing fluids to flow through the tube. Changing the rotational speed

of rot 4328 31esigned to ceppacbEseidlAge Jrivtehalid 3 hof mefa 13404 | uid f1 ow t hr ough

the t id i t he. i . |
tube 1000158hat < RO e SPERES a0 e HEr O dpsfipBangseBpBhinfl ghea
dur i ng 1988Ridefined¥6ih teadingletiys 1384 Ahel artediligy &§é33§5.hﬂ?h¢)teﬁﬂs pagperand | oad punp

tube loop 1121 into tube punping region 1318. Wile guide rollers 1326 are
i 11 ust Hatiag agsused phsyening that fostimgdpes $3Kbiattheelockwise dirggtionds thedorwaid t he top

plate %Ireétﬂ)% vgrﬂleq%tating 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.
[00154] Rotor 1314 also has angled guide 1324 extending upward, at an inverted
angle, from rotor flange 1325. Angled guide 1324 is provided for displacing pump loop tube
1121 toward rotor flange 1325 upon rotor 1314 being rotated in the forward direction.
Preferably, angled guide 1324 has elevated ridge 1336 running along top surface 1323 for
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.
[00155] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using

48



A b

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. [00152] Rotor 1314 further

i ncludes cavity 1328 extending through its center. Cavity 1328 is designed

how ¢ obeitss seupr IEE dolo? 18145 Fo Rl b aliTngnsiivy s Anese e 159yl ¢ "
def i neﬁac@ﬁas@et{eeﬁ%%egqgﬁe&@ﬁﬂ(ﬁi@ﬂoa@e&l bidol debl 18600 & 16335, MBR s gc,rifgf%ﬂgﬁadi ng

and trailing are used assumng that rotating rotor 1314 int W se
di r ect ravor 14 tihprefed imapasitioh scethti orgledhgulide ¥324as lavated beoweet ddldt pantien

countercl ockwi se directjon is the r wayd direction. However, fhe

i nvent HC#{' fﬁé%‘?JFt retio ket raep Yoo TEM When cassatiendBU isisrivien d¢ Bledsrice punps.
Leadi n i \V Aok I jol <l ge 1335
extendgS QS%\%an%%é ?gfng}'t %ée‘t\lg% %wgﬁédg?%g%%g%é]?%g@?%%ﬂg?J&]tg?&% an the

| eadi ngxtentiyevtBaw. arbwaidiorny 13&4lgBndusnapic avivder 1313 isriaithd loyerdgesition acapt ur i ng

and feeding punp |loop tube 1121 into tube punping region 1318 upon rotor
1314 bElhEOEotated in the forward direction. [00154] Rotor 1314 al so has

angl ed k 132 i i t : tor flange
1395 MUSEE oo Gt e T B et ocfiRd ol Bl Sien PR Ry SRR 1
t owar drétatedin the alvgewiss Arectidi.e otherfodwitd diredtivg).r ok asteel 1314 fobugest piimpr d

direction. Preferably, angled guide 1324 has el evated ridge 1336 running
al ong tuhs leap Fl2d ds aagpateddyy anglgd snideh¥dqadeiiplasys agninsp dedop purfacewEcessary.

More pr I e i d ' I r f . ' edge 1334.
001551 TPEFARE 132 e s h R phghtobfus 113} Bk W IRl eguiiB Y 4

aut onatfiasgd 1325 akOdhen adlacted BadaibidedgOrB825uae fdd ddwhwird iatddulsiureping ube
punpi ng regi on 1318. Using 48 position sensor 1311, rotor 1314 is rotated to
a | oadregiepbyBithiongihvApsnenship3ed\ guidel eolles 2226nis| provided directly aftex @penin®d when

cassett is | d i eck. . . r cifieally, rotor
Cra 1 A5a3 ddirhet d-8R9EHRRIR AERHiERAS RS oufithne e REBUIRRAY L oo
inl et @AkE iodrs 1320 Watieah 10atteld Sinldd Pbitioan 150.2dd 6hitidpoRidn0AB1 b gdmphedp cassette
1100 is secured to the deck, as is illustrated in FIG 13. Wen cassette

1100 i $ubsddt passttirongle KotsAF32 op awryed wpll ddbd @noand aheléryolusipas atgnd ar ound
rotor 1314. P i tuator 1313 is in the lowered position at this
tinme. Pﬁﬁgéﬁpﬁggédc%gz@?% 1100 is properly secured and the systemis
ready, [00U59] 1314oiaGtoniBicallehloa plitp albetkoy BR1dtde &hoRblobdd pump IBE1 f or war d
direction). As rotor 1314 rotates, punp tube |oop 1121 is contacted by

ang| ed afjei the thespy ineempleprajerdd 14 daiotied torvepasgppnsyhere eperong 1333 is
aligned with the slot 1322 through which outlet portion 1151 passes. Once aligned,

pneumatic actuator 1313 is activated and extended to the raised position, contacting and
lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in
the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

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

D. Infra-Red Communication

[00158] Referring to FIG. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR”) communication interface (not shown). The wireless IR interface
consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
1381, and IRDA transceiver port 1382. The IR communication interface is capable of both
transmitting and receiving data via IR signals from a remote computer or other device having
IR capabilities. In sending data, system controller 1210 sends serial communication data to

the IRDA protocol chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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rotor flange 1325. The portions of punp |oop tube 1121 that are dlsplaced
against rotor flange 1325 are then contacted by trailing edge 1325 and fed
downward i nto 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.
When | oaded, inlet portion 1150 and outlet portion 1151 of np | oop tube
1121 pqsisoth%cerxgmv%qa@pg infgrryation te thevteads wg| stringrd themsengds t@?wa revol utions

I i L e R e U U T R

rot or %xﬁééé ang tﬂaﬂérﬁf&ﬁﬂefh%@r&ﬁ&bﬁhﬂ@emﬁhrlﬂloﬁpﬁmsﬂﬁttér333 is aligned with the
slot 1322 t hrough which outlet portion 1151 passes. Once aligned, pneumatic

act uat 61013813 | sInar@@qw/lag daraakiodas pelneieite raseivaé by aiphetd dstentari legatectant act i ng

and Lfting outl.et t n 1151 to ht a 1335. Rot
1004 | eluantheRat o 4384 TRt Sl DESRbu B e ab G iR o i ne
edge t glediAdal daf HARERKIhAda SRIRY R IR pr B diOQD chipas8i Waktrd the RlektRgl punpi ng
region 1318 via opening 1333. D. Infra-Red Communication [00158] Referring

to Fl Gsigad is stuppad of wenterhapd@ddi(ipnabIRDA) protasbeecnitdny. The tdwnnmgcdhudes a

wirelegs infrared ("IR tio |nterface no The wirel ess
'R i B s S e e Sobr LD §Reeabs ol St § PSR RBREoN r ol Ler 1210,

| RDA pEGhRGRicatid f8fcabied circuit, 1381, and I RDA transceiver port 1382. The
| R comuni cation interface is capabl e of both transmtting and receiving
data v[M16R si gnBl sndormmatgrapniBt @nuompcrtsn 1m1erf@¢dmrtomv'syseem2000@al I R

capabil.ities. 1n sending data, emcontroller 121Q sends ser
cohmunfithiigre eSS SRion TR BE DeBIe p & Sstc QeVeh for pHoiaa. 1 ROA

Pr ot 0CQha1 ¢, Br fudfhér RAATIAHM. HANEn BIALA vﬁﬁR% aRltf %w&%pm!m 20b1tON

information to the transmt string and then sends i1t transcei ver
1382. Zfomnﬁdmtha'apylaﬁﬂlo&ommcbks td be ciednged i Thlindedatesen tAddéiamalintiB encoded

light pulses and transpmits themto a renote device via a photo transmtter.
[ 00 159f1gn=ﬁs Feael WFQH@red‘&tt%O%Fﬂ‘Qtht%l SOLIPSRENL. dikg Oofher Aifpess HPnwmisHeR o det ect or

| ocat e L hip 1382. The transceiver chip 1382 converts
t he op'?} g{blds sﬁ]ﬁh er%Hﬁ)sesq\étgrzi)cycel ectrical data and sends the data streamto

| RDA pr ot ocol ch| p 1381 where the electrical signal is stripped of control
and addliltPhotgpheteRlDA rgatmemdrbcesont ent . The remmining data is then sent to
the systemcontroller 1210 where the data streamis parsed per the

cComMUN{@AGIPN Pr REREMs tog&ﬂé&Q]ﬁ@mI DEOWRPRA I NEaffs ARe HBHAHRhEG thON

interface on tower system 2000 real
invention which includes photactivation of buffy coat, and Fig. 27, a schematic representation
of apparatus which can be employed in such an embodiment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing
blood, and needle adapter 1194 carrying another needle, for returning treated blood and other
fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant
pump 1304 is turned on, and saline actuator 1246 is opened so that the entire disposable
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bowl 10, with the
A/C pump 1304 and WB pump 1301 controlled at a 1:10 speed ratio.
[00162] When the collected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed until red cells are detected 1406 at an HCT sensor
(not shown) in the centrifuge chamber 1201 (Fig. 19). Packed red cells and buffy coat have
at this point accumulated in the spinning centrifuge bowl and are pumped out slowly at a rate,

controlled by the processor, which maintains the red cell line at the sensor interface level.
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time data relating to a therapy session can be transmtted to a renote
device for recording, analysis, or further transm ssion. Data can be sent
via IR signals to tower system 2000 to control the therapy or allow
protocols to be changed in a blinded state. Additionally, IR signals do not
interfere with other hospital equipnment, |ike other wreless transm ssion
nmet hods, such as_radi o frequenc Phot opher esi s Treat nent Process

00161 UMEREr | n5he SgEEhBRTPAIR i thetict A4BT gl InciRic BB ERoRd e
enbodi g&ﬂfzo%lﬂ{g 1408 thd &Y@B&h&ﬂm%&?ah N Mk inl?%gatcg?e%deY@ﬁv\tH?fg%&il%gH%J y coat,

and Fig. , a schematic representation of apparatus e enpl oyed
i N sucbydavelomeds wwacted 1409, 40 mdichsoimtthe fedl cdH @Omipi 1305 as tupadd afhi140dhdconnect ed
by neans of a needl e adapter 1193 carrying a needle, for drawing blood, and
need| ethedbpd Bath 1o te teeatmsat hag ahwianks Hedegnsor 1423 1sropepechbnlpwer®st ed bl ood and

ot her S ' i e “ .

ant 1 coltiREn PR et Bt i TIBE LT N EEBATRET CHP OB 1001
and 124@uafee ivpgmed as tb twiotaglubd@pioceRedrds3 Afvidesl Byuhe @0m®ss ofidtle&idni ne
actuator 1246 is opened so that the entire disposable tubing set is prined

1401 wicydless friesamp’s agwiditediiood pragess aargetsd 1590 sl erayrrequitefecyides; and s ned on

10, -wi EROYRE IR F R W By 2R AC AT i e bR ticmaisde, "
ratio. ph@di &2the Wo®Nadd e 66 deBGHuth ofp rbdrBellseAfReuSdtend Wil Hush b thet ur n

punp 1302 is set 1405 at the collection punp 1301 speed until red cells are
det ect &uffy 40® fepm meideide ki@ Themed calls @raysed to pish @ therbufiygeoat inthwdt 1201

(719, Wl ERS S Bis P oBR0 Rt Pl R PR SR

cont rolchggtddy the processor, which maintains the red cell line at the sensor
interface level. 50 [00163] The red cell punp 1305 is then set 1407 at 35%
of thel001641 puntf apthetcydd isemeedsdtdd 3] the nenttifi@e 10keElveat pathas regimedii n t he

11 t . the i I til [.| ecti | J i
C eached 1 Bné BEsRbe Sh o e Fhod e U8 56s FetaStu i B Bl 410 and
the [l hehpRaD plifip rHE uhiirRl BN ardBele0d YARL WHEAHEThRRRling 38 Levoppened by

| owering " actuator 44, and stops when the HCT sensor 11 detects 1411 red
cel | s. cyael feopihencyslecl 42 iy potuneeded, thedehirifiege HkisttraednS| 1415 hodihlgr ocessed

e oy S R Sl R L PO, b RSl 1<
oL T8 R Mot g i s 13 fpris gl o 1o
acc unulldl 2atdifdmitinid, tiepusbiraldtionpempbl¥08yand photohctomtipmEinges arbeiriisldn 10. The
red Ce|1|4f8 ?c{reéu ﬁ:lee%t i[)gric%ut%) fgregtu the Llr}tefy Qloja];tf é/algu?zﬁéd g)r/] glevgolnéroller depending on

the volume and type of disease being treated.

[00165] When the bowl 10 is empty 1419, the red cell pump 1305 is turned off 1420

and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump

1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when

photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the

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

is returned to the patient, completing the process 1425.

[00166) The anticoagulant, blood from patient, and fluid back to patient are all

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

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

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

controlled by the programmed processor in the tower.
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be detected by the effluent hematocrit (HCT) sensor, indicating that the
huffy coat has been <collected. [001641 |If another cycle is needed 1412, the
centrifuge 10 effluent path is returned 1413 to the plasma bag 51 and the
red cell punp 1305 rate is increased 1413 to the inlet punp 1301 punp rate
until red cells are detected 1414, which is the beginning of the second

cycle. other_cycle 1412 is not needed, .the centrifuge 10 is turned off
i atte ot | RSBl P RS AG A MAT S BRSO SYE BEOTIVO T at 6.
10 m/ ' | ?@Mﬁg the i f Bagog' N t he
plasnaqﬁggggg?&f red %@F%t%hﬁgggg%%ﬂyg?%ﬁis Sg#ﬁx%&f%ﬂ%ﬁﬂ%éﬁ%ﬁf%@%, t he

reci r cubditdlbargbaipe d308 dhdhidcdlizating Mty coat iratipboal evhila ceamteifuging, 1418 f or
sufficient. period to treat the bUflE%/ coat, calcul ated by the controller
€

dependiksePiBEMOrHRN R FQAEN the op prtilshe dhsied amopry; of puftycqpieslls prseepglsstedinen t he
bow 1Q 4 §ﬁ$5 | ) ' f and the

pl asma 6fé’gt 51 ds’ra%%?}a%g&%ﬁ%?%gg@ S Sggr)i %‘eﬁﬁﬁ}t@?}‘%%‘g gﬁxgi‘ té%ﬁnf ?%alﬂi ng return
punp ZXBfAonsidaa aisetbersaparaed, ck3&Pcdls chnbe edlleafcd radhePthai enuinive thedsyieh bag 51
is enpty and when _ photoactivation is conplete 1423, the treated cells are

r et ur ndtasmptg thegpatigit 3s4bs Blystratedpogess dogt-at e 700 by neans of the return punp

1302. ' S ' g ' . to the
pat i ent OIS o S et KhAS ol Bty YRR B8 AP R 805 S1bde FEIAAER 03 ¢ rom
pat i entrotaéitghl idtiod i aeltrifuge paivl EMticklse ‘@ldanerouni gl doyit 820, Aletiesiepr s 1204
and 1202, and the fluid back to t eqpatient goes through drip chanber and
filter cusDDeanyiiat hgrhpaatacgygount SHET 7a)3pdecramod HGh% i3 gemmmeuns ofiteduat or s
1240, 24 1242, 1243,. 124 245 46, and 1247 nd.t he | nning of the
pow | 10NGRbeelFPSeny b Lop B ntf éSu, TB Ame G ol CERER) B 22

[ 00167]subjeete@iPfst@onaNdlotic MtRArARRABAHUD JdAAbe nix@hizEd GAMht fQIbwmiRg ages over
prior processes and aggaratus in that the invention allow huffy coat to be

i n t he awer.| Bryevhale hved 808 & fed inte fiastbowd chapnak 420assentrifigd kovddOiect i ng

buffy coat. in,the bow while centrifudi.n epj re f t in the
pow * urtbrting at dEofRel et poE Pl Sperf SRRl MRS RULEMSBELS o 1o
W t hdr agmiong it Méved Qutveaightdpilobir prate 300. Beddd v chhiek ALy bBthirdméwet her
buffy coat fractions can al so be separated, or red cells can be collected

rat her chaanel 740 arerlosgd ahéin tithe. nThpinAsweoftwholhblopd B@ istcoatinuedantil thest r at ed
G A R e e T B TS N
" ¢l eanegy0Gishr the boRdthfof c&nAtugB2Bw 10." By @af6ving RBC" s BRRNS ! dedtrith febdigmat ocri t
count (HCT% is decreased. HCT%is the annun% of red

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%.

[00169] The elimination of batch processing and the improved yields achieved by the

current invention, have reduced the treatment time necessary to properly treat patients. For

an average sized adult, 90-100 milliliters of buffy coat/white blood cells must be captured in

order to conduct a full photopheresis treatment. In order to collect this amount of buffy

coat/white blood cells, the present invention needs to process around 1.5 liters of whole

blood. The required amount of buffy coat/white blood cells can be removed from the 1.5

liters of whole blood in about 30-45 minutes using the present invention, collecting around
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bl ood cells present per volune of buffy coat. The anpunt of tinme that buffy
coat 820 is subjected to rotational notion in centrifuge bow 10 can be
maxi m zed in the followng manner. First, whole blood 800 is fed into first
bow channel 420 as centrifuge bow 10 is rotating. As discussed above,
whol e bl ood 800 is separated into buffy coat 820 and RBC's 810 as it noves

out vvardl% atop |l ower plate 300. Second bowl channel 410 and third bow
channef0%£8 mere obihg el aounhpisihe DLy conbviriorhind cails his e Boissidg00ns s

contin er i atjon of
buffy gt@q{aﬁgggtogééatr th%%%?[{lfaetd g FE%W 1t%§180%§%1r l{ahgq%ﬂ(ﬁg?nia% cen? uge
bow 1Bompitisoe) rﬁh\élengtlﬁ@@@a&d@ tHer OWARER TS| fakigCaroonitl 90 mthuvdsao pescessl. bovvt
channel 410 only, additional volume is created for the inflow of whole

]?I ood BB %frttilqlﬁbloedn t%ﬂm@?dh%@flvemou@mi Yuffisensp/edite dlaod cels-afhonal forces
some- ol PHE XE3onP E8ls Bt ity SRS AR SofIO DA b9 ot o

t he botHapme@libje&bd td thel §epabdith pt:&ean drianay Tfor @ bttfty ¢odt/Mpnk bideaners 740 and

buffy coat 82 Thus, when third bowl channel 740 is opened, the buffy coat
820 t ha@llq@drbé/ﬁbwbta’A&aXB ip émelnd HoToet mpstaetiallydielamg %. hénpthﬁt @wstrrm e of

whol e bl oo ?%‘ 8 eé A at es tOfObeLSIf E‘%{l ?atf 8%(3 % ; 0% 10 a
st eady 81?35? Preéé%h Oy ST RIOCESy | 1{PTS LY Igs RIQRd A Oxdsr
appr oxicHmdce g sﬁﬁﬁ%n@%oﬁ%%ouff?@éﬁ%hlt@tﬁo@d el ”@hisqtypl@ill}bﬁk@sfhr&ﬁrﬁpﬁﬁﬁ' ng and

the inproved yields achieved by the current invention, "have reduced the
t r eat mennutes, vellevgiog oslar - 1590 pf tblpé@tlayam¢m0f tiathU&yt@at/ﬁbrte bland selésthefe si zed

dult, 90- ilit f buff b |1 t d
"o or BBl i R R st BFBbe 6T HOL S aRE: S Teder hasRe i cot
this agpdi¥er@ thBUlhile exgRmb/a P’ﬁérﬁl‘ﬁs lﬁh&’ tﬁ(h@aJ Ile?ulré A8 vRSRBM 152¥6NDEoN needs to
process around 1.5 liters o he reéquired anmount of buffy

coat / wimineteploseparate) tbrgcctsartretae anémm@de fhleascqm:he ama@nt bf whiteblobdwkldd @ bl ood in
about 0-45 m nut es the ent invention, collecti around 52 60%
o ror 215 ot areprIGIHED G ERIDHRT SrEO RIS 56 06 et O Ehat ar o

s ubJ ectmésettﬁnésttﬁ) nct FRARUDOPaRh B satidG: frfthl Hind Th likes GRALAVBAI D! 00d
cells have an HCT of 2% or 1Tess conpari son, one existing apparatus, the
UVAR Xi@al tirak that the paticht @0comnenitd® thosystameess 1.5 liters of whole blood to
obtain the sufficient anount of buffy coat/white blood cells. The WAR XTS
only collects around 50% of the total anmount of the buffy coat/white bl ood
cells that are subjected to the separation process. The HCT of the buffy
coat/white blood cells collected by the UVAR XTS is around, but not
substantially below, 2% Another existing apparatus, the Cobe SpectraTM by
Ganbro, nust process 10 liters of whole blood in order to collect the

sufficient anount of buffy coat/white blood cells. This typically takes
around 150
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m nutes, collecting only 10-15% of the total anount of the buffy coat/white
bl ood 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
systens require anywhere from 152 to 225 mnutes to separate, process,
treat, andyprgiddidsed fshe requisite anmount of white blood cells or buffy
coat, the present invention can performthe sane functions in |less than 70
m nutes. These tines do not include the patient preparation or prinme tine.
The times j ndi add [ nectedtothe
system 53 V\ha?@%ﬁtegllrﬁgwri %%‘Bﬂm%ﬁs}{/gg trg&)? (?galtlhg)gglcfcr% ui ds through
an ext raccmpmrlsag bl ood circuit kit corrprl SI ng. a controller a housing

havi ng t he decl§1 ol f.eceiving and controlling a cassette for directing fluid
fl ow t hrough t he k (f a centrifuge chanber within the housing; and an
infrared comrumm)amg)lnnvpxgrtbe doki fdrectetvingtane caomtlinglal cessettfor dinetisy Shiem of
claiml V\:hffI’GI n th(—;;\tei r{frared communi cation port is adapted to transmt real
time data T GFUERTES S therapy session being performed on the systemto a
renot e devi ce. aoantnmgecﬁmemt%tm }ajugith ahdir t her conprising a

phot oacti vati on chanber for receiving irradi ati on chanber of the kit in
the housing. 4.20THEr cOMEMniRAtiN l%]"rﬁofiplﬁﬂl]@rt@? ntrAerphot oact i vati on chanber is
vertically oriented. 5. The systemof claim3 further conprising a |eak
detector in the photoactivation chanber. 6. The systemof claim5 wherein
the | eak det ectThe systmef daim lyhdrein gre ipfsed sogtaymicationspastis pdaptes to granselit d st at e
switch co r

circuit co%ﬁﬁg%t%ceaa&qelgt Jg tégg}hedé{bg Sdsf Slo& mg]ﬁglpgr%@? arjgrgtehg rk(Elah R)I deljg{?gged?%lgégor
coupled to the control ler. 7. The systemof claim1l further corrpri sing a

| eak det 633[ Sen%:g tll’lf @% o gnbe - ql.OOThte system berf 7 _wherein
the | eak det ect orrprlcs% Peeré:s W@sﬁﬁﬁév&' ffbm[ ”ece'ém%'i]l d state
Swi t ch conrediites chamberbf the kitemthe Gbusidge el ectrodes, and an integrated

circuit connected to a second end of the el ectrodes, the | eak detector
coupled to the <controller. 9. The systemof claim1 further conprising

wheel s at or negg satd@bt QOS whdd€in BRUBbIREtivation chamber is vertically oriented.

5. The system of claim 3 further comprising a leak detector in the photoactivation
chamber.
6. The system of claim 5 wherein the leak detector comprises at least two U-shaped

electrodes, a solid state switch connected to a first end of the electrodes, and an integrated

circuit connected to a second end of the electrodes, the leak detector coupled to the

controller.
7. The system of claim 1 further comprising a leak detector in the centrifuge chamber.
8. The system of claim 7 wherein the leak detector comprises at least two U-shaped

electrodes, a solid state switch connected to a first end of the electrodes, and an integrated
circuit connected to a second end of the electrodes, the leak detector coupled to the

controller.

9. The system of claim 1 further comprising wheels at or near a bottom of the housing.
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54 10. The systemof claim| further conprising neans to hang a plurality of
fluid bags fromthe housing. 11. The systemof claim| wherein the
centrifuge chanber is in an upper portion of the housing and the deck is

| ocated on a top of a base portion of the housing, the centrifuge chanber
bei ng above the deck. 12. The systemof claim1l | wherein the height of the
systemis |l ess than about 60 inches. 13. The systemof claim| further
conpr i si ndOmearide systeauefrrdaimi Icfatteer gompriiingeméadetethiahg e pluralissofdivad bagswi t h t he
kit, the ntication nmeans coupled to the controller. 14. The system of
claim 13 aﬁérﬁfh&%ﬁg'neans to authenticate is a data card receiving slot
coupled to the controller. 15. The systemof claim| further conprising at

| east one gonpressi on uator, on the deck, the conpression.actuator

adapt ed 1 0 Inova PhSYSERH S Wt S T B EAHETET GV B PBR O S wher ei
when the aR&sed 4 théddeR adechtc@nQ tép 6 petidnaddhd1dudihgahaqdirirh conpr essi on
actuator is in the raisedﬁgosition, the conpression actuator will occlude a

portion dPNPERFIBEAPRVEIISHSKni t hi n the cassette by conpressing the portion
of flexible tubing against a housing of the cassette. 16. The system of
claiml| wherein the deck conprises a plate having a cassette | oading area;
at | east ofe cdtheRystasm ollaigald| wheresir b ﬁiﬂafgt oh the sy 1ies fsderdithiyg apeus 68finchese
cassette, the catch positioned on the plate adjacent to the cassette

| oadi ng area, at |east one rotating clanp rotatable between an open
position afdd a Thkestan pioddimi lofurtherisemprdizg mergs tl atfpnpoas 4 iroqeddatfiethe  pl at e

adj acent to the ca tt. Ioaﬁgn rea; wherei en the rotating clanp is in
t he open ZB%EP&F&“&%E%QEF%?g FW%”&WEH%“&S%‘ﬁﬁg ﬁ%ﬁ%??ﬂ%% the cassette from
bei ng renoved fromthe cassette |oading area; and wherein when the rotating

clamp is in the cl osed sition and the cassette |oaded onfo the cassette
| oadi ng ar@a, '?rtlu’g SPE)%P&?@'“&I%%%‘F@ﬁﬁﬁ?’isstof“i’fge”é‘é%tgéstat B AECCPEMRY O enmoved
fromthe cagsedfoehd @adbINg. area. 55

15. The system of claim 1 further comprising at least one compression actuator on the
deck, the compression actuator adapted to move between a raised position and a lowered
position, wherein when the cassette is loaded onto a cassette loading area and the
compression actuator is in the raised position, the compression actuator will occlude a portion
of flexible tubing within the cassette by compressing the portion of flexible tubing against a

housing of the cassette.

16. The system of claim 1 wherein the deck comprises a plate having a cassette loading
area; at least one catch for slidably receiving a corresponding tab of the cassette, the catch
positioned on the plate adjacent to the cassette loading area; at least one rotating clamp
rotatable between an open position and a closed position, the rotating clamp positioned on the
plate adjacent to the cassette loading area; wherein when the rotating clamp is in the open
position, the rotating clamp does not obstruct the cassette from being removed from the
cassette loading area; and wherein when the rotating clamp is in the closed position and the
cassette loaded onto the cassette loading area, the rotating clamp prohibits the cassette from

being removed from the cassette loading area.
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