METHOD FOR COLLECTI NG A DESI RED BLOOD COVPONENT AND PERFORM NG A
PHOTOPHERESI S TREATMENT Cross-Reference to Rel ated Applications 10001) This
application is a continuation-in-part application of United States Patent
Application 10/375,628, filed February 27, 2003, which clainms the benefit of

Uni ted St atMETHODWOROOLIAGTING A DESIRED BLOQDIGOVIOSENTARD fi | ed
March 4, 2002, both of which are herebﬁi ncorporated by reference in their

entireties. Techni PRREQBRMING A RHQHOBRRERBESHIDBEA esent invention
rel ates generally to nethods for separating whole blood into blood
conponents and collecting a desired bl ood conmponent, and specifically to
nmet hods of treating diseases with a q (it opheresi s treatnent. Background of
the Invention 10003) Se\edaPNIEERYh PSE ARWKANENS cquire the renoval of
bl ood f I . g ot agals t t he bl ood,
and et oo o A o R Pt A e SR LERTTRIAR AR  MThose
ext r acoapsifceddn 10/828,628)tfled Beturnarg 25y2008nwhiohrelsimk ehe/berefiowi Ugited$tard from

the patient, separating it into cr(k)@)onents, and returni ngpt he bl ood or bl ood
c onponefioyistopak Applisatipnterial Numben D/ Hhv2ie &led Mpichids 3003 dotnefeshich arenas

beconme possi.ble to, .treat a patjent’ | ood in closed-1oop processes,

retur niﬁede YHQCCBBW‘IE hysreéwcggligieg&ngfeglgg back to himin one nedical
treatnment. An exanple of such processes include external treatnent nethods
for diseases in which thererTighmedFid1QoPMECHIvehtigh €ase of | ynphocytes, such
as cutaneous T-cell |ynphonma or other diseases affecting white bl ood cells.
| n such[0982Bltspresenhanvisatiorerelates generadly ite miethods fertseparatingwhblerbdeddaohtst | i ght

in the presence of a chemical or an nti body. U travioLet, |.igh ffects the
bond noDI6H REBROEHES I ot eactester bRB snBRbieat. 1 Sestisaby HaasoRni bi (
t he met BRI G REQE SRS pRftopHLesivibadagHt es. 10004) Phot opheresis systens and
nmet hods have been proposed and used which involve separation of huffy coat

fromthe blood, addition of a photoactivatable drug, and UV irradiation of
the buffy coat before re-inf Backgronndidi¢hphiveation Extracor por eal

phot oph i y be utilized to treat nunerous di seases including.

G o 0w DTk Set rpEudite for ARGede G DA TRIYA bLbIop SORESRIeL BAEieg ¢
Scl er osis, i 1 1 d ot her
i sttty B EnbRe s JIUATHIE0M, il AATNAL B POE cofbSRaGordd, )
vwf i ~ itrecdpediineffecanThose eApreorpeties! tsaatrhents reguite spdtéros forisafely mirooingeen

roposed. a used ich 1invol separation of, blood in vari ous
Eongoneg%@g ?rom ﬁle p\g@ent, separating Ytemto omponents, and returning thetb?ooda or b?ood

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

[0004] Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Grafi-versus-Host disease, Rheumatoid
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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[ 0005] During onews=rese=—nedi cal treatnents, a centrifuge bowl, such as,
for exanple, a Lathambow, as shown in U S Patent No. 4, 303, 193,
expressly incorporated by reference in its entirety herein, is operated to
separate whole blood into red blood cells ("RBCs"), plasma, and buffy coat.

T el usr” Ao STBer i SEBRIR A B BiboR s edthgh ™
t her api e : A, esis (ECP). PCT Applications WO
97/ 3658183‘?11388@%83}]/0??2%2{?09 PR ERbLRRRRS R0 4,321, 919; 4, 398, 906;
4, 428, 74Hp0SDudngore dfthesemudiche trdfifrnispd cansfugé bowk sucicay, frekample, a
phot opheresi s, and are hereby expressly incorporated by reference in their
ent i r et yLathgobeylizashewm BpWSYBﬂﬁW‘cNeﬁ’G 3 Blorxmpssheiasoipetatas, by wéransietie bl ood
por cont aeerefBEih o RuELls SerdlioiRite BRI hed bl RBRE. bBfRar cd (o
ot her typesmAfy Wae! Ehdl 2R TBRAA K166d cdipdneh @Pa%c& light @B Bed R Lat ham

o

bow separator to collect nuch | a;g(gr vol unmes 3Cs whi |l e processing nuch
| ess whobmndtimedn fheoneditad aplemests partkiekastwel Hnwo vengvatvemgedicaldherapias kudhast he
Lat ham bow sepatator is that _th epar,ati.on pro St tedly

st opped F’Hrqc@‘fﬂ'j’gfé‘i? op %@C@écgcjn'gp%cé%‘mf @&%ﬁgwappl\ﬁ&iﬁ’pq%ﬁﬁ de of

t he bow i s by YP&Q . . ] : am
boul sepdIEPEs FRRf Rop IOt RI08 bt SRATEE T, PR S8E 6 ploP Rl EL LR
of this boydcompssadphbtophcredid)und ateherabyesprssly ncogneitddbe defbrace @ithéici ent
with respect to tinme. [0007] Prior photopheresis and apheresis systens and
met hods @BWEM y require batch processes and therefore take several hours to

treat a ' r ] I Gl SR . Of ra{,fpét, l.ood., »
f ragnment gﬁdéﬁﬂ%wg?‘n%&g%%ﬁé&ﬁssﬁ g%r@nglrmgp%}jery ig:lc‘)’}rir"ﬁﬁ%&o‘)tsdg&%nu act u?‘gﬁd’lt IS
a const arhi@bik egliéale dbout ILCEidlhE defified bd the pkkentage pPEdligcBliect@DVRhRRe
phot opheresis treatnment session. Another objective is to reduce the anount

of bl ood numher prasessise Whemeempared 0 otherttyrastof arhelpbloed senamterns, thisdughyickbp

h h i ion.. Y i.ective.
P or eace eptges RO ARG sBp bRl (iR fler Yl RBRWISCs RRUE BlackSinte?
buf fy cogbuch8éss ol o8 MoRPhe dbh&atiBito Chswer, abh§6f @aWhecIOh thé Bathiyent i on

[0008] An object of the present invention is to provide an inproved method
f or separbawi sepazatorfis thag thessgparataen prioeesd nuist be repeatbdlylstappedito femaive thd nto its

conponents. ditiqnal object Ls..ta .2 ipcrease the. effjcjency,of current
fluid seﬁ’é?lﬁﬁmg?)?@c@@%%mb{?qﬁ@b@igﬁlﬂﬂa‘? ﬂg&tei ﬁﬁ'?’rf:é% L3 a{csgy&’Epar ate out
a desi r edrea{ibraetssa Although RSN bowT QiPafaid Hak ihthh WBEme YA, tRbt@klast Of

the present invention are to treat a patient nore efficienfly, to inprove a

phot opherfdingsanst aopsing of this bowl wastes time; thus, the process is considered less efficient

with respect to time.

{0007] Prior photopheresis and apheresis systems and methods usually require batch
processes and therefore take several hours to treat a patient or to obtain a sufficient supply of
separated blood fragments. Furthermore, the systems are very complex to manufacture, It is
a constant objective to reduce the time it takes to perform a complete photopheresis treatment
session. Another objective is to reduce the amount of blood that must be drawn form a
patient and processed in closed-loop processes per photopheresis treatment session. Yet
another objective to increase the amount of white blood cell yield or obtain a cleaner cut of

buffy coat per volume of whole blood processed.

Disclosure of the Invention

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

fluid, such as blood or other biological fluid, into its components. An additiona) object is to



or to inprove a frateretr. renoval process. An additional object of the
present invention is to separate and renove targeted cells by their
specific gravity. Another object of the present invention is to elimnate
the need to performfluid separation processes in "batch” form A still

further ggpéfaﬁﬁfhgcgffg%%g‘g%ﬁ%ﬁ%‘ ﬂtﬁﬁ‘é‘éﬁa&é?gbni odeSsels BG dBAERind e RRGRREss)ivel d of

a desir nent froma flul el ng separated.” 100091 The present
i nvent i efsepatatesuttddesiradamousof e Sluaf cdniygonpnt foom ainet iy, Vet otheradhjertd of the
continuously separate fluid copponents_w thout interrupting the process to
enpty apresertiRYeNEGE AR Ue&h%lPﬂéﬁ%lﬁé‘“‘ae@é‘ﬁaﬂbtt%éfnﬁ’é’%é@gPFPP FRUSPIOCHS: pr esent

teehni oo meees B IRrEnal PR, o AR e Shic b SRR i BG HIET i cn

i's dir egtadabnd atheve tafbeiddec B0 shexific Rt ARgthehetject optiRastedent 0 its
conponent's and col |l ecting a desired bl ood conponent. Depending on the

i nt endednventan etoteliminae thesiced tb pirtoom dwdgepseattonmageesses i fajchc darm. Aed bl ood
cells, pl. , t any.conponent thereof.. The present invention i | so

i rect el duigs BiRch B! 5 PERPAGE RO 50 areqtr 45K Pty St S ad e Jurd

phot Oph%ﬁﬁbﬁerhl?fdlﬁ‘ﬁifﬁ%bé%ﬁ Lisgd |y, the present invention provides a
conti nuous”“process for whole tgl ood separation of sufficient fragnment for

phot ophe/0edsi]sTHerprasemeinvestoonasives tigr inaddquaciediafithe pher grhioy begihgaldsits t r eat nent

time for a patient. gﬁ?lg] When it js desired . to collect buffy coat from
whol e bl coptinuausly sepdats YA compopfatsyiaedt intpupimgdhe, BROCESS I FMBNRy:  provi di ng

a separ at or. havi | | l.et, ; aw ng
whol 6 bi GOETEEReD 88k o ekt lontbnet TR oRRERI ver B "Bl o
in a pregehaibtdetgraal othet DathamBow] Machiyge @Ehnedse Thkanshjeurdamindtheoagul ant

fluid; purrpiy;% the m xture of whole blood and anticoagulant fluid into the
separ at onetiyahe peesprl iByension avhiduls dereelgd phingroying dhe methadsaior eparatagivbeler e

into blogd ¢o n of . dj f,f ensi Lies; ] ] S nd red
bl oodcanPes o enareRps b sphERined Sirkd 600 sbOhE D BRr AP L o

whol e bl ppddandeaient Brodtsied blbbd cémpmiaat iag beepfyabey, redfeodiclisFagns] r ed
bl ood <cells being withdrawn at rates so as to build up buffy coat in the

separ at oer,anyemploaentahdredin fhepresauliaventiongs alse direeted atlompresingexisinge red

bl ood cel |l ei w thdrawn via the second outl ety  .and,upon_a edet er m ned
ooant  opelias of SeanbieRsT ning shP ReRRESL s iriqes SpeaBRfLy B R bt Ty
coat fr o thifonSioddes £EentOdsliroBss Wi WRSIEM M sepRati@fofueRdettgtdomeanthrt he

plasma at rates so that the buffy coat is allowed to build up within the
separ at ophotegtierdsis tgeapmentesp abko/grgateraduce hgehbopheresip repimieny time dor a patient.

of 1 1 o Doh fil PAaiF ceestt gl PERT ene ek TSRO0 oRE BBl g asheel '
ot S pE B o MR o, B el oo
outlet; drawing whole blood from a source; adding an anticoagulant fluid to the whole blood
in a predetermined ratio to form a mixture of whole blood and anticoagunlant fluid; pumping
the mixture of whole blood and anticoagulant fluid into the separator via the inlet at a
selected inlet rate; separating the mixture into blood components of different densities;
withdrawing plasma and red blood cells from the separator while continning to pump the
mixture of whole blood and anticoagulant fluid into the separator, the plasma and red blood
cells being withdrawn at rates so as to build up buffy coat in the separator, the plasma being
withdrawn via the first outlet and the red blood cells being withdrawn via the second outlet;
and upon a predetermined amount of buffy coat building up in the separator, collecting the
buffy coat from the separator.
[0011] By withdrawing the red blood cells and the plasma at rates so that the buffy coat is
allowed to build up within the separator, which 1s preferably a centrifuge bowl, the buffy coat
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exposure can be used to further separate the buffy coat into its constituent
parts, including platelets and various kinds of |eukocytes. 100121 Wen
punpi ng the m xture of whol e blood and anticoagulant fluid into the
separator, it is preferfre hat .tthe m xjure pass _through, .and be routed by,
a casseﬂst%’bﬂ‘?ﬂmdc‘&ﬁg? 8‘?’1%#’!’@%‘%’%35’&}?‘1 Wa{"trf rg”%"ﬁ&f‘%"éh%&’ﬁf"é%&kﬂ-e that the
buffy c 1564 SHlichiRBUMAPRANGHAEA RY cluhd bRl lad D@eifer dr aval
of red g%%%%mbstﬁ?ron%ct he second outIJet, thcerg?)@gcausi g tieaeérmee(}j bl ood
cel | s t graptishof beffhubdtyand eaincoeaseddhithlosé pelt pichln Additidriadlyf thisgtrolongédet as
whol e bl ood continues t nter the s%p ator.. The wi fhdrawn buffy coat can
be col | €¥pesirs paTEDE peedt eF pEpgral e ngryfcpﬁﬁ IR{OMS CORFTEBEE @atty R ediBg par at or
via an aqutl.et |1 . 1 hi jgent, the collection of buffy coat is
pref er alﬂ&%}dafs &t%ﬁh%lgh\a\%éfn@%?f%ggod cells are detected in the outlet

l'ine. Thog1y W'hem;ﬁhlfﬂr@&hé fixthleadiviegd bisod aadhiRbag it et Wid thelsbgarstesi r ed
buffy coat. ~ [00131 [n perform ngw':‘lhis method, it 1s also preferable that

only t het plpesterred thahihedixawn passitioughand dgaputed by, arnapsetty forreontroBingifhed
amount of red.blLoqgd cells ,are detected in t arator. Then, upon the

pr edet er "I’reﬂ 15 PErfefP‘éla t}mtg@daug Iq(’?{ ﬁ%?‘?qg‘”&gﬁg’é‘{ SFWr?tﬂ‘éQy separ at or,
the red GLOAHnGRENR: Withirabf SrB1BIdoHAENS EmIRDHCBAObURL, HercBY Eaithdfic O

mai nt ai n e amount of red blood cells present in the separator

appr oxi niat dlgodtdetls po pakhttbe bufifiecbat antefithe séfamt@rea tiedirstiontldt ssnohole blwodr ed

bl ood cells can be detected us'é,plg a Hemat o%}:it ser{)sor t hat . can detect a red
cel | | i neONHPESH 1A ePHE REITPATRIAIg d16 BNNATAPGERHLLY cagheapbaRedscteh & #EEHBE s bei ng
used in . t : is a

pat 1 ent , B nASE AP EoRIBRATS HEAERfpIoh CisaRULAR: . | is BB ERRREREE

processi gigiectidmoObutey cdadisgrbfeeably dibéantintied wWhempredftdsaidetls tfvadetddaal inithdrdr awn
pl asma be collected in a plasm storage ba%,_ mxed wth a prim n&bfl ui d,
and r et upwitet ling This Wimisnizgsrblaod esltsdrery bamg gnred with thedesired buldpreatct ed

inth t : h S § ) - AM
D B GTARTEEpbad  RRCRES SO Gy 2o
col | ect i gBmRg s@acator @it apréidtdrintnedesndin® offred@lldodndeils aR-detdcrddrig the ui d

m xture to the patient at a rate approxi matel‘gl\pequal to.the inlet rate.
100151 Thepsrates: Hd@ncunenghe predetermingd ameuny of fedplond selds beppg-datested inrthat nent .

In a photopheresi t : t ] r rise.injecting a
phot oact F?Pﬁ?z}t%rn eg%%%ogglcgﬁn 81 I%‘%graco #ch{gttﬁ(,a‘uidlJ ebﬁlffa t@tﬂ{;gg%t?&g%dmilﬁ?‘gﬁlhﬁfng t he
col | ect egmBufitf of rédBloodictily preont inl the @ﬁia@itbt)ﬁ appevxhinstelythé bredetfpidel er m ned
amount of ener glyhehas been transferred to the 4 collected huffy coat. In

or der t oamoesul dhehaedesermingdeamambohreddfloadeallgyan be detgeted usingd hewatoest huffy
coat, for exa e to induc optosi.S.. it 1 s ferab to recirculate the
col I ect ed*HtF 1?3610%{8088{ ceeiﬂgigtvfl@gpﬁtéen‘fenkﬁf@géﬁ%lw[ ﬁseelﬁ?r radi ati on chanber.
Bef ore t higoiig] vaRkrAthe ehetitid ¥ bei@tusédin a closed loop process where the source of the

whole blood is a patient, it is important to return fluids back to the patient during processing.

In order to achieve this, it is preferable that the withdrawn plasma be collected in a plasma
storage bag, mixed with a priming fluid, and returned to the patient when a selected amount
of plasma is collected in the plasma storage bag. It is further preferable to mix the withdrawn
red blood cells with the plasma and priming fluid mixture from the plasma collection bag and
returning the red blood cell-plasma-priming fluid mixture to the patient at a rate
approximately equal to the inlet rate.

[0015] This method can be used in connection with photopheresis treatment. In a
photopheresis treatment, the method will further comprise injecting a photoactivation
chemical into the collected buffy coat, and irradiating the collected buffy coat within an
irradiation chamber until a predetermined amount of energy has been transferred to the
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returned to the patient undergoing the photopheresis therapy, the irradi ated
buffy coat should pass through a filter. Using this nethod, enough buffy
coat can be collected and irradiated to performa full photopheresis
treatnment in | ess than about 70 m nutes. Mre preferably, the overall

t r eat neatectedpnifyscoat sk arferrio spwie thata proper arount obareyey 1s tivagfeard i the desir ed

t I t ot d.b . f h : t f

t ear nhiiTk coabiok ERamp RE6 s Saol R e ERAN At Hep g Lol B s

cent ri fAlGkrvfe@h Gareatrhélft bﬁFhﬁ@ﬂ{e iffediech dHafblefl eBefaretie YrrRtBake Budyesrits of red
cells. These red blood cells can be wthdrawn and coll ected for further

use, sratimadtd thegetientawidergoingrthpphotaeieris therapytthenmsdinted uffieetat shoubd

i tion | d, .of f or.m h ' t f,
et o0 e SR O RARRORNSI 02 coh SR IR s
sour ce, ﬁglgxlrlg@uﬁah&ke ﬁ&é’s@&?‘é&ﬁ%mﬁihl}"?s@tﬁaﬁ dbb& WGk @?&e'(g)?ef@ﬁag%eﬁn?t erm ned

ratioPg ma mxture of the whole blood and the anticoagul a | ui d;
separ abivaglltieatnnént tinreas ddss Wanlaboltl 4Sadinusesd anti coagul ant into a plurality of

bl ood conponents according to density; m Xi nﬁhg phot oacti vation chem cal
with af0916ddt mayalseibe deirwido colerd Hsed blogdresHniramths sepagatess fof piker types

phot oact., vat i ] . radiating
Phe combigaricah- TRsihe FbioAFedl s PElSRid o Mo AETRRR b (D85 o
chemi cah¢ c@hsht FREWAVIrBgided e veryphdididaingiint ot Ralld, OThdsOradl H18bd 8ds;carber ei n
the entire photopheresis treatnment is conpleted in |ess about than 70

m nut esvitivsawn pretellegtadyior findieryse; sushsp ot apsessissherapy.eat ment is  conpl et ed
i | tt 5 m tes, This . tel t i

onot opBES s vel Bk ahenR invERich 1 § el AP BB Ha P esB of
hours QfeaffRER for ARAIBilg dibdsEs. AIRSHEBE chMPribRY BAWIKIWhbRDIA GRS One

bl ood conponent can be buffy coat, a Ieukocyte, or platelets. Buffy coat is
pr ef er rsedree] addueg froanticoggulin fhndtothh evhel ood mat predeterminbd ratioxtt doren of whol e

o Spixedyeiof ol Placd i he SuBbaiiad Bl BerBana Bt SuBr A hloone 10
desi r ed, bl Agdoa & R 1irli S JTBRIGBRIBBSSérs smfcﬁﬁgtosmhﬁ%xmﬁ ma and red

#
bl ood cells are wthdrawmn frfomthe separator while contihulng punmp t he
m xt ur eplaftoastiedteondheodcah mithaat i¢asoaputha hlood tompdnénty © foie aseparabdthe The

pl asma and red bl oqod cells. are preferably w thdrawm rates so . as to build
G- hur 1 §heastvigpn dhemaen and Hsre: R Gin Hepd SRRl TEGHE R D ECBRBRRE t o
pr 3' ?Eg@frjﬂema%Eﬂ@%%ghgg%odfc%ﬁ&%ﬁem-ﬁﬁ@pHJﬁt%%aﬁén WhdriidAIOWAY Mn@nind@hd | St outl et

Il's being 5 wthdrawmn via the second ouflet. Buffy coat
i s pref eradiited cotbipationdo fapmirenth evisepatiat atird photoplreresil @¢dtmentds cympletedr a

Pt 1y cBLiess Sopt RR 7 BlgiEe| VIoEt WPt o Ehs FRPRPBFret ACSEIEAR out | ci
et NBnbibiellitf b ¥R MAALHlides? THi SR RR inBvenfhP Pt rkiGRAT can be
photopheresis treatments which usually required a treatment time of two hours or more.
[0018] In this aspect of the invention, the at least one blood component can be buffy coat, a
leukocyte, or platelets. Buffy coat 1s preferred. In performing the photopheresis treatment,
the mixture of whole blood and anticoagulant fluid is preferably pumped into a separator
having an inlet, a first outlet, and a second outlet. Because buffy coat is the desired blood
component in a photopheresis therapy session, plasma and red blood cells are withdrawn
from the separator while continuing to pump the mixture of whole blood and anticoagulant
flnid into the separator. The plasma and red blood cells are preferably withdrawn at rates so

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

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



separator by di scOMTMOTTG the withdrawal of red blood cells fromthe second
outlet while <continuing to punp in whole blood. This causes the red bl ood
cells to push the buffy coat out of the separator via the first outlet.

Buf fy coat collection is preferably stopped when red blood cells are
detected_ in the outlet ne by_a_hemat.ocrit sensgr. e collected buffy coat
is prePehdpwn w@r%?em@ow@s hBHffzﬁﬁO?tﬁ?ar&fea@asrwﬁm%g?mm pepaggtor for

b edet ot BRI ARy dhe pEBRL RN AToBRSFLLAPRSh BN, Beldif, €01 | eCt ed Dully

coat . m ned sufficient to i nduce

apopt 08l[t$019ﬂ 92 Q2pakhtes baffotoptieprsirably tel&tdmhfwomshw@ﬁﬁtc&bhmugleaﬁ gutt®d in a
cl osed-1 oop system where the patient is_also the source. Finally, instead

of sepafiaeity mﬂm@lyo@mmyct%@ta tr@aﬁ@emﬁhagy ThebnEy ceatrrapdeoleates frera ke at ed i f

desired |nt ei,r. ¢ 0 eI ukoc 021
el |y seietal PEalse SRTRBRERE SR 3 o Tiadichs Mt b SE e e 0 o oy
anot her coﬁﬁ&ﬁﬁﬁ% tPpurhP e WhvEMidoan 'mﬁu @hses&h@rdaaﬂb&ﬂcalfs 16 phdtehE by BoslQst r ed
bl ood conponen conprising: providing a separator having an inlet, a first

out | et, odtht spswatwnda hetfirgtontlat: eBuffbgcoam@l@nbn sopteferably sioppadresn raddi ng an

ant| coagyl anti Ll Sfestsied e AT 586 BF 2 neefbsrb St ol e fobeed iy bfw'igf ™
whol e blcP‘?Qflérrﬁ%gfera@idt@d)@fﬁHJnaaﬂtlrthHhﬁ'xe m,mae} DRt aa{amlaafd SmbilR o'f@hé’rg}( at a

sel ecte rate; separating t m xture 1 nto blood conmponents

di f f er eras deasirhﬂsémed/ﬁottlmdwcﬁmbmg buffly asate Thepraletdrnimaatmdunoof tleegysiepar at or
while continuing to ) 1% e mxture of whole blood and antlcoagul ant fluid
into th@r§@fﬁé’r13é§‘éfﬁ°wph@ IBAYES RROBIRYSbuf fy coat being wit hdr awn rates so

as 10 buigh o pnit ﬁﬂot%ft?ﬁgmfﬁ&hﬁxehﬂsﬁzpﬁeﬁﬁﬁﬁﬂ' Fofthed H1PcIBLAIB, ggsger}?\ljheyet coat

bej ng rawn-vi a I'rst out upon a predeter anoun

r ed bl ootie petidrs idalsd thersgurce. pF1m]1yhestsab@fmpmtmg:ohllyémfﬁymgaﬁ, e budly delieod
cells fromthe separator | a.the second outlet. This nethod allows the red
bl ood cesanderfyrthen separatsdiihdesited wup tescomPeRents such asnletelets ang lenkogyes.mim

amount - Ofoghf OEHARShu kLIS HORha LREGcBR) el BBREEIRGL 00iReq iSRRI NS

[00221 e |nven on I's descCri respec he acconpanyi ng

dr awi ngsaspemtvifele inlventiin aliieh & ethod Iofrediﬂec(lflghhlesﬁdﬂ\)\ﬁﬂéd y@nggiear at us,
assenbl i es, systens, and nethods. A 6 FIG | is a schematic representation of
an embodearenTisies: PEOViMBE dsspATalok havingan ie, 2 first gRHeto Pt sesprd phidatagipwing

enbodyi ngy (eI ULeR. Ry LR PLASENE AIEERNIAN-0Fd 18 WiiANlas) et ed

perspect| VIEW of an e asse or con I'ng fluid fl ow

in the dphzpesabined pdmtteﬁhm emlstuke bf wholEbldodlandRhfcosgulant Anidepphpsigehy i ew of
the cassette of FIG 2. 4 is atop viewof the cassette of FIG 2 with
t he covemixtareRicwhalsblosd (gwi Agficoagulant fluid into the separator via the inlet at a selected

inlet rate; separating the mixture into blood components of different densities; withdrawing
plasma and bufty coat from the separator while continuing to pump the mixture of whole
blood and anticoagulant fluid into the separator, the plasma and buffy coat being withdrawn
at rates so as to build up red blood cells in the separator, the plasma and buffy coat being
withdrawn via the first outlet; and upon a predetermined amount of red blood cells building
up in the separator, collecting the red blood cells from the separator via the second outlet.
This method allows the red blood cells to build up in the separator and be subjected to a

maximum amount of prolonged centrifugal force

Brief Description of the Drawings

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

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



internal tubular cirfMTry. FIG 5 is a bottomview of a cover of cassette
of FIG 2. FIG 6 is an elevated perspective view of an enbodi nent of a
filter assenbly. FIG 7 is bottom perspective view of the filter assenbly
of FIG 6. FIG 8 is an, exploded view of the filter assembly of FIG 6. FIG
9 is a rediiGdrispschimaicfepisatationot en pmbpdimeaboin Jispasablesit fgr useim, 10 i s

schemati g represent at.i I : . FIG 6 coupled to
pressur BﬁOtQE}%SrS?E ﬁi“’ﬁ@ﬁ&aﬁdﬁ %efgézdédéeégfFh%ﬁ)?égml%ﬁ&rsmg' front viewof an

i rradi ati omythashg releine@peﬂsged_:tﬁzeali& farl @fgidimehtla cdbRMe 8r dohigollingadi at i on
chamber of FIG 11. FIG 13 is a side transverse view of the irradiation

chanmber flnid fiow@in the gisgmsable phetopheresis kikaf FlG.dw of a section of the first
pl ate and second plate. pri to ei joined together to formthe
e R Gk thet GeeBBericl 2

irradiati a“cut - away di nensional end view

of the i rrﬁﬁj.%iis%%ﬁkmbsf thekadsétte ofIIG. 2ifR thd Goled ré’m@@éd%ﬁ(‘shb%ﬁ]g“ ew of the
irradiation chanber” of FIG 11 positioned within a WA |light assenbly. FIG
17 i s annetmyabethrpecsioct i ve vi ew of an enbodi ment of a permanent tower

system for_use in conjunction with. a dis le kit for facilitating a
phot opher eE¥& iﬁ@ﬂé‘ﬁ?ﬁgg’;@?‘l i COVEY %Caisg“i:gpg oss- sectional view of an
enbodi nent j i ; b 1Ak assenbl y,
used in thg@'o%%n;mygagﬂéfr é’p%{: %I%Q%?%EETB}%%@F%%ES- sés%:étl?&(} al view of an
enbodi ment Fof. 1 eboeent pirkprgaveiawhetheiSiet dssenttie of FIGvs. system of FIG 17,

FIG 20 is an electrical scheg}ltic of the | eak detection circuit provided in
the phot o&i@i & stanorkpiefigAtyasw ef thefidler agemply@t FJ¢. 65 an el ectrical schematic

of the | eaiydel a0l AP GLIGHLL RO Hefinb il fBgeRElG gige  chamber of FiG

19. 7 FIG an e d perspective view an enbodi rent of the fluid

f1 ow cont r giGdeis schémbtiercprsentatiorssfahe fifterds&mbly of FIG 6 2Ripiel ta ppas@pect i ve
bottomview of the control deck of FIG 22. FIG 24 is an expl oded vi ew of
t he contseobordandaRIAIELessyT. FI G 25 is a top perspective view of the

contr ol deffﬁ?fibfslaG%O‘éﬁ{%WUErg’?,p‘eag?&ﬁﬁ%o b8f FIG 2 l|loaded thereon. FIG 26

is aflow a odi opheresi s treatnment process.
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 jrradiation 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 UV A 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 27 is a schen®frc or an enbodi nent of the fluid flow circuit used in
performng the treatnent process of FIG 26. FIG 28 is top perspective

vi ew an enbodi nent of a peristaltic punp. FIG 29 is a cross sectional side
view of the peristaltic punp of FIG 28. FIG 30 is a top perspective view

the rotor pfG.thesRakicvhRl peepdtive vivhy &f 4 enddimbhtGf tRlfhiig fldwdainteMeck
perspective view of the rotor of FIG 30. FIG 32 is a top view of the

peri stalofthctpmprSYﬁ‘CIFpéFl(i97 FIG 33 is atop viewof the peristaltic punp

of FIG 28 | oadi i t,ion.and tg of FIG 2. FIG 34
is an el ecfjrci?él S?cﬂ?ésﬁg?tpvc?su(?ho?’hvéewr?f cgﬂﬁgle?ﬁ’?gr??igg port circuit. FIG
35 "'Ustfﬁi@?ﬁ@ aﬁ@hﬁﬁuwﬁtewqift& Gl BéckaF Fagwp2.and a rotating frane.

FIG 36 is I mensi onal view of the bowl of FIG 35. FIG 37 is an expl oded

vi ew of t hBIGdA isaftofFpGsp@ave Fie@ of3Be soring deckoiddss. 32 mithahebassettanwiHIG he
bowl of FIG 36 along the line XIX-XIX. FIG 39A shows a cross secti onal
vi ew of 2d0a¢shi@e15%8n sl eeve in place with a |lunmen connector of the bow of

FI G 38 al Opgs ! Aifisld ok ofeffemBaBnRiP0Fa PRAbPRIeS OStneRGbaRal view of a

connecti on eeve In place wwth a lunen connector of the of FI G 38.
FI G 40 shdi@. 20 traoshematidt ofomadmbodanemdfof theefluid flosociruitfusedim peofokmafz the G 37.
FIG 41 shows a di nensjo view of the top core and upper plate of FIG 37.
FIG 42 tsw@mntanr%ﬁi%ﬁﬂﬁ]@\ﬁr of the top core of FIG 41. FIG 43A shows a

di mensi onalFléx@ psqggpgﬂs WioL f gfaxpc%f) Sﬁlk%ﬁp plate of the bow

of FIG 37 vvs an rrensmna cro secti'on View of the bottom

core and apigwey 1504&03’8 seObioriah §db olahw @ﬁthEb&xstéliﬂé\pampatfm@ 2ngether. FIG 44
shows an expl oded side view of the bottomcore and a Iovverél ate of FIG
43A. 8 FI GIG430 igviRe Parsaesive i om Hie rotaawi Bte nenstalicr puaibeidiikeRP- of a conduit

as;enbl y. 4‘}:F§’G%I a§$(] &s@écﬂ@@%ie%@ﬂ@ﬂ&&‘f&fJ@?OCO””E‘“' on sleeve of FIG

FI G nal “vi'ew of onée en conduit assenbly of FIG

45- FIG ﬁGSBD\iESaﬁ)pdﬂlmﬁﬁt}ﬁmhstﬁltﬁ\@m{p @FIeeRor end of the present
invention. FIG 49 shows a |lateral cross-sectional view of an anchor end.
FIG 50 shdié. 33 it foponeu et hepsastaiicmuanne! Kileds &t a lpedimeaesitioaad ngagthe al ong

line XXI casset{e ofﬁ& bl | ustrates a dinensional view of the rotating frane of
FI G 35.

FIG. 34 is an electrical schematic of the infrared communication port circuit.
FIG. 35 illustrates an embodiment of a centrifuge bowl and a rotating frame.
FIG. 36 is a dimensional view of the bow] of FIG. 35.
FIG. 37 is an exploded view of the bow!] 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 F1G 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. 43 A shows a dimensional exploded view of the bottom core and a lower plate of the
bow! of FIG. 37.
FIG. 43B shows an dimensional cross section view of the bottom core and a lower plate
of the bowl of FIG. 43 A attached together.
FIG. 44 shows an exploded side view of the bottom core and a lower plate of FIG. 43A.
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FIG 52 is an enlarged view of a holder for an external conduit. FIG 53
shows an alternative enbodi nent of the bowl with the cross-section taken
simlarly to that shown in FIG 38. FIG 54 shows an alternative enbodi nent

of the top_core. FIG 55 sho | ternative. enbodi nent .of the connection
sl eeve. Wﬁbégﬁs?wwﬁﬂww%@wc‘rwgam g “P@ﬁ?g]a cpRdiilpssemBY. t he present
i nvention ui pnent, the

di sposabl e gfgggﬁglﬁgglﬂlg&ﬁ%l?]%{gm\;gﬁ%%gg%@glsgégggm}:@%qﬁake up the

di sposabl eFliG u7 shod's ahimensiomms pewdifroge end of comdtit pssembisof Hitk 480! | owi ng

witten description is_  outlined as follows: 1_ D sposabl e Photopheresis Kit
A. Casset tEICT 4 Sbﬁﬁ’ﬁ Pdﬁ@?‘h‘g"’]ﬂﬂ view ¢fiamgnchor epd pf the P)S%S%trﬂﬁl\’?m@n | rradiation

Chanber t @10%4 nent Tower System A

Phot oacti va (.532‘2 gqat ro%%%&?]lb ﬁd%- ag{)AnCh‘ge&@Fui d Fl ow Control Deck 1.
Cassette Crmnrsgo%@hwmsml ctossSetfiorabaidivtd aehtltdrahd itdkeRalgg line. XXnf r a- Red
Comruni cation I11. Photopheresis Treatnment Process CL10024 The above-outline

i s i ncl udeBlG.¢lfilustratesa emeslendtinaphiicsstainefimmaiFES. It the present

t tl f th ti d i t
| nt ended B0 208 gBERTEB TRY of b PRSP BB et OGP b v ent fon. The | nvent i ons
are descri pggl Bngholwslanlteatatide élﬂbodih'lfem StREboveH fh thelddeds-deb@GPtaRé |  ed in

this art can readily nake and use them However, various alternatives,
nmodi f i caimidardy tothat sShopmonddeni& shoul d becone readi | y apparent 9 wit hout

departing t spiriit _and sc of . t jnvention. Specifically, while
the inventt i)q(:ﬁ)r?4 o&réggrqltsgﬁav?]eq)ﬁ&ﬁg@m%{}ﬁe “Q™%i sposabl e kit and pernanent
bl ood dri vergyss &iwseih ditfhative cRBOtiARRESARE éorﬁie@ﬁ@wwfeerta' n aspects of the
invention are not so limted and are applicable to kits and systens used

for rendering other therapies, such as apheresis or any other
Modes for Carrving Out The Invention

[0023) 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:

1. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Dnive Tube
11. 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

{0024] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present mvention 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 readity apparent



extracorporeal blood treatnent therapy. 1. Di sposabl e Photopheresis Kit
[00251 FIG | illustrates di sposabl e photopheresis kit 1000 enbodyi ng
features of the present invention. It is necessary that a new di sposabl e
sterile kit be used for each therapy session. In order to facilitate the
ci r cul awvithoutafepdrting dom theapih aph sdopp b€ thesiheenition. $pebficalydwhile thedatentionod
fluids circulating therethrough, photopheresis Kkijt Q0 is installed in
per manefdes@ihed i &setfé’me’%%&?m%?‘e %*it)a%?ﬁ@n?”ﬁgf @PP%ST‘B‘T’]SHS% HSUSHHer esi s
kit 100Q. 1 S ' ' ' '

phot ophd LB Rrisf Bimpy LR & HERREhBgh i RoLs) Bhlie P aleYs apiifghle o

i rradi akitand shemsasddfor rierhg othet theeapsas| suth2S aphatesiyvabdrsy dlidra card 1195,
treatment bag 50, and plasma collection bag 51. Photopheresis kit 1000

f ur t her exsrasprosead blogditrratraeh isdayr  spi ke 1190 and anti coagul ant connect or
spi ke 1191 for respectively connecting saline and anticoagulant fluid bags

(not sh N qﬂP 1.S: kit 1000 has all the necessary tubing and
connectg\rl@lfsgg)ﬁgﬁf&i 36])2%#16%1531{ all devices and to route the circul ation of
fluids durin hot opheresi s treat pent, session. All tubing is sterile

medi cal [Qﬁléh%@ bﬁlt@tréwﬁ dispesgblephplopheresis k11800 spbodying featwenpiihe pregentt

recessal Yool R@EsFE LA HAY R QHterhs Ve woll Br i g pg fesioh. o
respect Rk Yo fueili&e the@rcufitioh @ flafde shivuh phdiOPibrésds Kieeslhtg and & tréhit Bloag whol e

bl ood froma patient and returning blood fluids to the patient.
Al t er nafluidsiojreulsting dismethwaek, phiotopheomeis kil 098 inmsistlediin permerend tavergygemneed| e

pat  ont 200GGE037F e Sahi@R & BRBheERs RIB0R P88 100 S 1 1y o

si'mul t apeQswkl ilaawivbeie bl ood and return blood fluids to the patient.
Wien a patient is hooked up to photopheresis kit 1000, a closed |oop system
i s fornde026) Rdesphexesis datt 08 tomprsessasssith 1460, gentyifegedraydli0z sradzativna | ui d

fl di at i h 700 d bl ood_§ | ui.d LTV
Rt e R e R R e R
Cconponen SnBCGMeeti ditbdes1d ehdtdpheredis Xt IDBDfuliRG cafhpriSestsafif® OHnectoh §fike POT t

bag. Straight bond port 52 is used to inject a photoactivatable or
phot oseldPP iané adtfrosgwpniaeineaierospikeckdOkdor rebpagtisely coheecting sdidesidi on bag 51

is 100oni .two por . Both tre nt b 50 | agma col | ectj.on bag 51
have a WH@‘?&”@‘%}‘E%S F‘Iﬂééh%ﬂmpﬁsﬁwg%é‘“ 1&3@313? Bﬁa&ﬁ%ﬁcﬁ%@@ th.ng and
necessarynn et APNETaeE snnkbitallR ek Uhd RRfoufcal® tir&stdySi MBAOBn 4 | ters
1555 and 1556 which are adapted to connect to pressure transducers 1550 and
1551 t o photdpderesis IEatmena seseton. Albabing55 stentromedisd grade fhaxible tutiingy Bripbrt

controlling the ssures..W t hi n. tubes. . . o
contiectors l%f are pr0v1d\é\é at various positions for the introduction of fluids into the tubing

if necessary.

[0027] 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. Altematively, 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.

[0028] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation
chamber 700 is used to expose blood fluids to UV light. Centrifuge bow! 10 separates whole
blood into its different components according to density. Treatment bag 50 is a 1000mL

three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive
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connecting the patient (FIG 10). Mnitoring the pressure hel ps ensure that
the kit is operating wthin safe pressure limts. The individual devices of
phot opheresis kit 1000, and their functioning, are discussed belowin

detail. A Cassette for ntrol]Jing Flui.d Fl ow 10 1.FIG 2 sho to

ot o e RO SNodT AR aB Shop B clHEn PSB! Fol TODBL R por TErieth. — and
spectt . ; ! t

Sons opbafflehilfag SO S hondd coReRfh Bag Hihiay EWHiIRa Bap YAk ORBE SISy ERALTH 1!

act s asusad fasdrafhageif necesanyaPhotophemsie kitd00¢ npheneorhprises iydrophétac fitterscui try.

Housing 1101 is preferably made of hard plastic,, but n be made of any
sui t abl 1555 add! 598t ehiriypre e HuPonneet ihaeesera ansdurers 1650 angh A5 31dp gt f ace

1105. I i .ha: 3 i

ther ef r 0 Vv encrbdés sz AW 3589 1ck Hknitping o Sort M PE plesitCUABINLEE,

secur ededreétaekiht4AlentqFIG.0MSr Munistbang 8eQ0essa liefpskasireithdt dsd kigised in FI G
25. Tabs 1102 and 1103 hel p position and secure cassette 1100 to deck 1200.

[ 00301 Gperatng withiromfdprsssurefimgits.nTeq indispéunl daoees of photopharess kitd908,1and, 1111,

and 1112 fq receiving fluids.into sette 1100, fluid outlet tubes 1114,
1115, 1 gﬁ“ﬂ‘ffﬂ‘“&ﬁ%&%‘?’ﬁ%ﬁ" "1‘%‘:(?%%z'xpel ling fluids fromcassette 1100,
and fluid inlet/outlet tube 1113 that can be used for both introducing and

expel I'ing fl w dgadseti®@fRThnaullingFleid¥gete 1100. These fluid input and
out put tubes fluidly couple cassette 1100 to a patient being treated, as

3 . . . 0 a | | o
bow  101005) Y352 B £ R RS BT RLRPORY Lot M ha0R el bag”
51, and phagngCand aontiolins tlknttrenft dfagiiflaids airihd albHotopRerésié feAmehosed- | oop

extracorporeal fluid circuit (FIG 27). (00311 Punp tube | oops .
11220, 112dssion2 Capsa 1188dag housing Brd jhet fpmpnasingenalspiceth@actsfas arvgsisgder 1101.

P tube | .112Q, 1121, ..112 1123 d 1124 i f
Fach! | 128 s SRt efbpions SR v iR S fE ErGtne L ob RuPEENLRhds of 000
during thaef sbsic, Mot @n tepesdefdfeal kiitabthapidanseeill @1obiR 1191 hecsaedaliq 198ck

1200 for operation, each one of said punp tube |oops 1120, 1121, 1122,
1123, aradd idpsirface 1183 d8deiwalld 184 o6 hpesipm hH Ineps pasi 02 1ani 4 10D extpnding

, , : I1ShalL ,
1302, 1308508, DppeaBRomddGafrt stiiedibf ithd PRRRTID ok 20ne
| oops  11dQowérlsddteml 3000, AslidBestahtralcidf FIG. 25PRES1 PO 0dineRFpds@ibn t her eby

driving fluid through photopheresis kit 1000 (FIG 1) as necessary. The
oper at i cmdaachracessatée 1100 todatklzMhd unl oadi ng of peristaltic punps 1301,

Fros, 2a0un gl Tontimiiali A 1de. o7 il 18 10 TS,
housh 0 HV A, sl 1100 S 5 o, S a1 01188, v 1
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 (FI1G. 27).

{0031] Pump tube loops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of
housing 1101. Pump tube loops 1120, 1121, 1122, 1123, and 1124 are provided for
facilitating the circulation of fluids throughout photopheresis kit 1000 during therapy. More
specifically, when cassette 1100 is secured to deck 1200 for operation, each one of said pump

tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding peristaltic
pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Penstaltic pumps 1301, 1302, 1303, 1304,

11



1101 is not illusfratea n F1G 3. The internal tubular circuitry is

illustrated in FIG 4 and wll be discussed in relation thereto. Cassette
1100 has filter assenbly 1500 positioned therein and in fluid connection
with inlet tube 1106, outlet tube 1114, and one end of each of punp tube

1o0b” E 1S arbein oo B e aengertve remcR ooy T 7 V2L J0dE B e oy
bel oW 4§ 4, £,65586k ehinE) BRecrof: Horep}ARIRL HAYREAGEN HRIorHERRIGADOPHE] 1130

and base ver 1130 has top s 1105, a ‘bottom surface 1160 (FIG
5), and)ypaditecessaty. [Tislopetaicarand h3@ntatis laydény anglunlda@ing efipdrigthBi guatpsal | owi ng
vent chanbers 1540 and 1542 of filter assembly 1500 to extend therethrough.
Si de walB01 1302113035134, ped 1345 s discugsed 4 datal ﬁ@gw Yith mespesivia HES: 4888 t ubes,

out | et an 0 | Qf: ' ce qof

noust ng 00T TrpE aRHIB HIGRE e 1D RAPDL TP T EH oty SBRICa e

t her ei Ng (N iRYr BaskdFillushation iddetddtionr thelinlalabdibular cirb@ry Jvithtn ByRih
nunerical crowdi ng. Tabs 1102 and 1103 are positioned on side wall 1104 so

as not 11801 istret illwsirateidtin FiGbs Theoméemal subulagimspitrynigdiustrated g Flfsi bandowds 1162

d 1162A . di ng_f b f 11680 (Fl Qccl.usiqn bars 1162
2nd 11658 dsEhesEr dp Erteiy gl (A 1100 et APishortiuy Whon peGen hkeet 3,
during izhg if ahiBddnRBetidnGRiathidase b8 lolire udenl v ahitone @hd b sltaREJum

t ube- hol'ders 1135 extending upward fromtop surface 1136. U shaped tube
hol der s tii3bopol 124 el 112 efFilten bssembdul 3k comybes veny eharhoerp 154fbast 1542i | t er

assenbly, and inter tubular circuityy in . place. I few U s d

hol der s%ﬁ%smblyllgﬁélaé‘g Wsrﬁ‘ﬁt’ﬁm@’ {Scf{‘%/f\?ﬁsie& “ﬁaﬁté‘r] P%Py‘e&%mp?ﬁﬁo Ef erably,

a U'ShaQEijO hol der 1135 is provided on base 1131 at each | ocation where an
ube;’

inlet t an outlet tube, or a punp |loop tube passes through a tube sl ot
1134 on {8038 Mehdingl 1. colfifirisesodven $13thmda36 1p3 ot Carnte 113@has toppufaef ace 1136

of base 1131 for mating wt rrespondi ng, f | e hol 161 | ocated on
bot t om skk0Peat BotarGuigece éQRFﬁ 3(nﬁ|segge ‘B%“%f@?‘%llﬁo asrpeBngs d134si on
1136 is 8 r pw and near
filter 1 Sﬁgﬁlg?lgﬁnﬁ)r“g{lg 8??5%??%%234?1%??%ﬁt%ﬂ?&g%%nng’% ol 8;&%%81 to form
a snap- fihtretrougie cSide wal9¢ 04 hasla plarainy ef tubi 3ibts 1IB4[i0QROW tBasdet 1diRs, dutlet her

conprises a hub 1140. Hubp 1140 is a fi,ve-\/\f t ube connector. used {o connect
five tubbesnpnd RRTPARCR WAFS (WS igto i prigma %ﬁacw Wsg 11 01 i eonnggsion: ur es

1137 . : N | b
1140, “hoith B Eed S 8B IBHRE BRIAE by Mo tRESIok ARl 1810 B
conj unct FIgR wbtavoiammeeisl aowdinigu dtabs $1 0240 138 %re HésiGonedn, sideowsll 1 B®t

fluids through photgpheresis kit 1000 and to and fromthe Ratient. I n
addi t i onsa # TRike mieréere ¥pthrtubs slate d 18 Eo¥ariiSOihgs eoclugiombars 110 anhbl2éy s 1141

and Y- connegl O ohlitionflf il §960 18RS BclilSo 681962 bhe ¥ & £ afe ol Btkvly

pat hways.
molded into bottom surface 1160 of cover 1130 during its formation.

[0034] 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.



[ 0036] Five aperTures TI37 are |ocated on the floor of base 1130. Each
aperture 1137 is surrounded by an aperture wall 1138 having slots 1139 for
passi ng portions of the internal tubular circuitry therethrough. An

el ongated aperture 1157 is also provided on the floor of base 1131.

ertur I
comr oo LaRT e L1 RARLENERRAS R 1. GRR 40 WaOARRILER RARRL BONcod,
| ocat edt@éblﬁaafﬁveltﬂﬁés dfohaintegnmlmﬁukarwnmn@s i’m’araaly, tatoaserizedk0r13242 of deck

1200 (FIG 22). Each aperture 1137 is sized so that a si ngl e conpression
act uat ofocated Teamay Wu@&tlﬁmﬂth‘éﬂ@?h}%@gﬁ Into kghAd 49.eHub 3749 actspyad so t hat

th t 240 124 LS t hereth

act uat o SIREBAGH DS oR D san OF Uoedh BErB R Samin B Rk Rl 1#REFEF" "
passage 295 t& Hﬁeurﬂlﬁam}outgﬁ %Hbt%f)hé‘rbéx@]éﬂt twsro hitl @ AA@rdr® tHeAfkient ahe or
prohi bi t low along a desired path. Wien it is desired to have a

certain amssagehmlbﬁbmpmpMMambrelcunmcwm ‘suth asT chenestdrs diighand Xe
conpressi on act 1240-1 47 f or, t.hat eway js in a |lowered position
However CORRFEIPT] ﬁg{g’s”ﬁ@??drte tagp thadesi adc%q?‘ﬂa@ HﬂF‘Pngﬂf"‘ﬁﬁ%% ageway closed so
that fl t uat

a 39@'364 il P?éscl‘ﬁ’:ﬁ Q? lﬁézﬂécﬁbﬁgﬂre fidag oPB&%%BO.aEQc}P%Sf?ﬂQ actuator

1240- 12 extendi ng the conpression actuator t hr ough

apertur Quﬂréﬁﬂdedrbylah&beauﬁ wajbmmémsmigg;lcas p13% foo passing puetibhseofithe etérndlul ar
circuitry against bottom surface 1160 (FlG 5# of cover, 1130, thereby
cl osi ng tubiHer geyyaghsrshropghar Ap al@pgatefé)émrm% Tisrlso preddehen thedlpor of | G 5)

are positio 0 t r.ession

act uato igﬁg‘ ‘%}%& ésoﬂl é{g{’%ﬁ%e%élgg?%eﬁllgk tgg @%F‘h CE%B%W&HW& ng occl uded
I's conpr@saresrpaicitior t24s2amoitrek 1306101 22-)1 Bpertikd BISTBs10@ted orf Bi8e

occl usion bar can be onmtted or |ocated on the conpression actuators

t hensel vid$1 tQGbQYWlthtCOHEJT%ElQﬂ ecablors ¥290-1242 oddeek 1AW0FHG. 2Ry Eagh apirtyue
i dentifigr,,.t.hat

t th d f t t
tower syl S6UER YRGS THERGa-Pirster prPCr P BIR B PR HhetPeBEac < ne
di spos abAﬁerRﬂ@iP?hﬁrs%ﬂ%o Ihalt thirSe Epratside fribi 1tzbe-1hhp@@ln gitbiwe  equi prrent
into whic i's being | oaded, and that the photopheresis kit is capable of

runni ng themﬁard@l r@@inpmwmmatmdéé@-slﬂ'ﬂ'h@ uﬁnﬁl tludosadensiudeiapd opemcaizn be
used as ans to en 13 .t t he bl.e ot opher es if.is of a
certain ‘t“ge @SHREREAGO %%q(‘é'tenf'ﬂ QLS t%ﬁ'%ﬂﬂ Ioortpﬁ@1 %‘iiﬂ lflteﬂ

dentif t:
| dent | 'ﬁa geﬁ JeiiRadagd %eﬁﬁlﬁd&%@t&ﬁa‘l@ a(d%h%n ]?a)ssigle%%o 8‘% g FI %ﬁkdllc%_ et a

data car cel vi ng port 2001 of pernmanent tower syste
card 119fowakerethoiughy thedosaprkssion aeuatapam(l-lukf;)r&mdpmagmmie imlaiewered at i ng

to the t t th f fu I T,
dent | 11 BIoTuai Heviedch Rtn 57 SEGER by vich o n d Hetogavayclopet S0 BReide, o
m crochi eaﬁmmow&efeﬂﬁwgwwmpﬁ%rmeo%ﬂasy& KRALAEA0- 10975 Egaki t 1S

| oaded, bar code, or a serial
extendmg the compression actuator ]240—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.

[0037] It is preferable for cassette 1100 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is
provided to ensure that the disposable photopheresis kit is compatible with the blood drive
equipment into which it is being loaded, and that the photopheresis kit is capable of running
the desired treatment process. The unique identifier can also be used as a means to ensure
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(00381 Cover 1130 has data card hol der 1134 for hol di ng data card 1195 (FI G
1). Data card holder 1134 conprises four elevated ridges in a segnented
rectangul ar shape for receiving and holding data card 1195 to cassette
1100. Data card holder 1134 holds data card 1195 in place via a snap-fit

(FIG  2}hat OGS YosRBlephbiopheresivkit@s &l iBrtaih ot damé bremald. elhnhe illusipatbdr
circuitry of cassette 1100 will = now be discussed. At |east a portion of the

i nt er nakexamplel tie veiquegientifier & gimbodiadzasidptaparkl 1S (FiG.cdlithatds gisertad ivta ubi ng

t hat | hed sh t ' W thaut . | Si

tho. hor ath et reag Pt Ot & BRI HGR: Sudth S0LEIGHN P Hip §ETEAOHA: O

i |1 ust r gaheha andWBite dapa@ilitiedbnd & stott damaatlatitdid BE tehthfent HeyapGPRrfbfined eved.
Inl et tubes 1107 and 1108 and outlet tube 1115 are provided for coupling

casset t dorlfifie analysint The ugubadentifier qarlatBo take. on apareety pbforis datlngingofiot | et

tube 1115 is_provide, for deliveri, |l e, pl ood fromcassette 1100  to
cent ri f G§EMBKR @GHOCQW&L?HP@P%%‘B‘E@L}% S PANIPMENL WNER 1§§i?%¢e§’r%vi de
for retyrpi ity blood conponents and hi gher density bl ood
conponelr?tagk%’gﬁglgﬁémﬁ% for further routing through photopheresis kit
1000. THeo3iglvEsvesiad3¢ hys ddtooatd holdeohEt for halding dutd canle 119D (FISx &)pDsta cpddasma,
| eukocytes, platelets, buffy coat, or, any conbination thereof. The higher

density lgécﬂﬁgdﬁéﬁpgmea'ﬁpﬁ fﬁE‘L @Ja\éa,teldr Wseé%iaﬁﬁq@enﬁ@deﬁqawaab@pp%formemg t ube
1117 [ i i i Wa)
chanber SgoRIqhe BHAEAAT TS b ackie ERID 1SE BRATLE: HOLHA: hARHAAISET o i

an untrqgg&d\,igg\gﬁép-ﬁegﬁgg)_bl ood conponent, for exanple buffy coat, to
i rradi ation chanmber700 for exposure to photo energy, while inlet tube 1112

i s provi[@039)f Beferrgmaw tgFiGie ltandal the intemal talas icirguityly of dasseitg bHdnwilk o
cassette 1100 .for further routji.ng..100401 Jnlet tube 1111 and,outl et _.tube
i he Counivios fisgussed AbHastarsiriOgar dfitemat QTR KRR BRAESD) ovt ded
to deli vfiyiGR eaifgl tHaP¥arfieNsihnedRhOOS) O RRARBA LS pletfurE¥aiiBle  huffy

HiE
coat, to trea man]t bag”50. Qutlet tube 1T16 has hematocrit ("HCT") sensor
1125 opemgpbmnisogthedtestetihiotegrioy obthatutier d¥ase 313} okcassettedd 06 i ibnstoftedainhi gh

phot o Sehor sodBEBE el GS in S SyiPiem N BaERbae Sbssdibr and L8 HET Sensor
1125 Se”&\?&le?nﬂﬁtﬁ%'a%‘px%bﬂl@@'foﬁ&utaﬁﬁg @a%@étfeqll:oﬁrto c;&iﬁﬁﬂlg@:%w@h@@ﬁmﬁqp.' s are

detected 1n outlet tube 1116 and the controller w take the appropriate
acti on. Muretpecifivalliditlei sibprld V5 chgrtovide faatdetimeritpwhole bbatdeftorh ausseien 5160y

'ni'ot ¢ ueTERbEe b 10, 500 HFGUbBaadend it JF SRty Bt el g s
ot ovi ded T ag UG AR iR ant AR Ay SR e P B s e T
for furt Rether ontingghroogh bkotppltarest kit 1000. The lower density blood components can

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

The higher density components can include, for example, red blood cells. QOutlet 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 returming the treated lower density blood component to

cassette 1100 for further routing.

[0040] Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. QOutlet

tube 1116 is provided to deliver an untreated low density blood component, for example

buffy coat, to treatment bag 50. Outlet tube 1116 has hematocnit (“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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100411 Inlet/Cutlet™tube 1113 and outlet tube 1118 coupl e plasma collection
bag 50 to cassette 1100. More specifically, outlet tube 1118 delivers a

bl ood conponent, such as plasma, to plasma collection bag 51. Inlet/Qutlet
tube 1113 can be used to either deliver red blood cells to plasma

oot 1 4 ety ol aS e SRRt BT B 188l s OB e AT RRNE Y | | P
I nl et tyhe, lMoodBellOut HakcttaibesutibldBe aNTh didlthe b@rsIRYRlB¢akeqh@ pati ent .

Specifically, outlet tube 1114 is provided to return treated bl ood, saline,
unt r eat geproproxiel acioerp oldat fube 1t b i pravided taretusn tsonwieeted lewidentitydiodd ui ds back

to the patient, .Inlet tube 1 IS _proyy QL del i.verl ntr.eat ed whol e
bl ood ( SEpenest BBt ErsHrHBcP R eSoRiar TPy bfastabiey Mt upb@ s%eR

pati ent Q di@4 4108 A UntiéRBhIBNtordks Didy (RBOIBRARIRSI s Kit
1000. {@e%@t%ﬁgw‘ﬁ%g%%peci fically I|c;rlovigded f%ﬂré/gdelgl%v(e?ﬁ\g agrj; R

ant i coagpikeyt190| ariddl 193 andlaet provided fot@6livéring sslinparef @r aticeagiatt flid tot ubi ng i s
di sposabl e nedi ca%%%rﬁ}(lje sterile tuhing. Flexible plastic tubing is the

nost pr edsetiehl 04 Eaupele thes§ehas five punp tube | oops 1120, 1121,

1122, 1 v | aTda] - e 1100 and
phot ophi‘f{g‘gﬂgﬂgyﬁlﬁgb%gé rjea\ﬂggg‘(t:lf?ﬂlugg f{/é éﬂﬁ‘g& ldtuaga’lfggg%ﬁ§§§§d oads into
whol e blageiteungD. I8bie spedificel$yp eatlettaby/1 DS dedisemstadileodbtmpbrient, angh asout  of
cassette 1100 via inlet tube 1106 and outlet tube 1115, passjng through
filter phoma, o agme pellerdion bgpdy InddPutlehibe 1343 P@h%%uqeﬁtt%emr%ﬁhvwﬁtg 1302

out 1 et e eSS plabhl SptcRoR ML fiohPfastina100: PRk il BAROEINGY) S0
and dr avgahaddbaagisald @némmﬁg 5 b basgedpMo foPfiather dfuitmg.s Iniétepe 11060

cassette 1100 via inlet line 110 Punp | oop tube 1123 loads into
ant i coagotiantlet tphespl H9owddA 4 areiopupled o apaiigdagpeaneally, optietivhed 1dddset t e

1100 via inlet t 124 . of te 110 ' tlet tube 1119,
wht on. caRRBEEL i ieRim A S o inBamEARd Bidsd chhiabs ik iindt  1'o°
reci r cul RhigReReandling Mnd wick veheatost. Thiei tse 15061 pa(sviaécamenm{ngug h

treatment bag 50 and irradiation chanber700 from cassette 1100. 15 043]
Each of pwweitet atholebloatandigeredetgusned amewntiof an eatisgagnlantcdeids fem the per f or m

the photopheresis,.tr nt .t her ccordin n. enr L t~0 e
et hod GreteRdoaecihd T RTahmirgndeafiict il Bl EORT ST oRstafl o
FI GS. 26r1§é;is BScifidafl tﬂr@vi@emsciélmﬁnga%mim@pmt fdratiarkt ane 1abeaiti me or
in any conbination. The punps 1301-1305 work in conjunction with
conpr esspreferatde that all subin15-dispaseblomgiicalcgrady siemle teinpu Flexdde plastic phingiay s
of phot ot%herey s kit 1000. Apertures 1137 and 1157 are strategically |ocated
on base P§31°8 Bﬁetg?{ﬁedt he internal tubular circuitry to facilitate proper
routing. {oﬁgﬁpe%eﬁaﬂ 0 RasGive pRRIPRIBS RioPh 1820, UaR ey 8122240231 24d 1134 '@ fihivings can
be directed al ong any pat hway or

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 loads 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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conmbi nation thereof. 1. The Filter Assenbly 100441 Filter 1500, which is

| ocated within cassette 1100 as described above, is illustrated in detail
in FIGS. 6-10. Referring first to FIGS. 6 and 7, filter 1500 is illustrated
fully assenmbled. Filter 1500 conprises a filter housi ng 1501. Filter

housi ng[008G] Each pf peresialtic pumpohdtr 1305 ee entivated pdiea ﬁ&‘f'eé?ﬁfy & perforAsthg cent

di cal L.a filt
nous| ngPReBaTerBie Fandisnl BT asechiRy 0 HFBhhmef orthé mbfhob FhiSieane 111!
bl 00d 0fn\REREH whidH idFeddridkd Bﬂ@wflh elhtieh toIFIGS! D6-2gRerist A4 pimps 1 3@1-13081si ng

1501 has four fluid connection ports extruding theref ronéﬁ nanely whol e
bl ood i nirebe pperatedB0L at pHBIEST B dntcombinaionpdie puBps 1394-b30%work | ml dinlet

1504, d d fluid 5 1502150 dar d
D o St R BhBPu i e GHO Lzl {7 B BRI PR By
connect gg h&® gﬁ‘é Bsis RAM060. 1§9&11§r§951§79a?ﬂqqt517‘é%|s¥rat Rl 1dtaRRSH 198 1 15106,
1507, 1 i) f Openi ngs 1506, 1507, 1509 extend through

ports 15(hg t&éﬁﬁcmﬁﬁﬁmu]andrdﬁt@ﬁto ﬂaaﬂlmtﬂgrobbnmodtm@s'ﬁlagegbaﬂs usebd filter
housi ng 1501 at the desjred ] ocations 461 Ports 1502, 1503, 1504 and
1505 ar @ompwsm@atwaﬁprgiéinrgz4ﬁt A i e GlSE20Y BEMNBYGY | 1 doi ng. S0,

ports 1 , and 1505 can engage U-shaped fasteners 1135 of
PR e

cassett Filter housing 1501 al so has a protru5| on 1510
extending the bottom surface of housing floor 1518. Protrusion 1510 fits
into a guide hol e bf Thadeltd¥3kemblycassette 1100 (FIG 3). [0047] Referring
nowto FIG 8, filter 1500 is illustrated in an exploded state. Filter

housi ng 1od2f'Filer PSONRLRIGS focdRASRN c£QUR 11900 deFbed BdveaRdBARReln12.
Roof 1511 i s connectéd to base 1512 by any neans known in the art, such as

ul t r asondetailisl BIGEy 6- Hﬂediefmmglfmg to Fﬁ(ﬁﬁl yamiy7, afﬂteadlﬁ%lsv]éustlateduiallylem gni ng
roof 1511 and ba % ‘:‘f%ébso t hat ht fi re t bjéé\ﬁen %‘h i

Whi | ¢ 1 i456@Rolggy E1iieg 120 domerises palter Betsipetsd tag JeUERrororabhy  er
housi ng éé.?%gg?opgu% QFc‘ht @r@éﬂ%ﬁfc@nﬂ%&ﬁ@al %Hdé%‘ldéh@ wa%vewiﬁe' inPrPioR is

assenbly Base 1512 has chanber separation wal 513 ext endi ng upward
from a teg s6Uiniisdendf{ilten bossimgyl $01omn bt@mﬁstnﬁte@ofiﬁanMaIMWﬂlﬁmz and roof

1511 are assenbl e. 1515 eparation wall 1513

cont act sWW%ﬁﬁﬂ?‘iﬂp@é@é{%& s thalpre {lgﬂng '?‘Sgﬂi’ﬂﬁé’( y chanbers within the
filter RAFIRGd Lok 5 Fl uid can
not di re@??f%ﬁ?ﬁﬂgﬁsﬂé{eﬁﬁa}]gl e bl 5%d chc%&tl%éf%ﬁgn%q??ﬁrg% iél%mel er 1517.

[00491 Waiable Hibarbitiiet part1§62,3akde bood ontlétgicattS08] tryated Shidpnkit povadBes, ahdvi ng

floor 1514. \Wol e bl ood er 6 a whol e bl.ood jnlet hol.e 1519 and
a whol e BEBedfiBigoulet PRIt ﬁ&a rEports IJSTES%- 53? re standard medical tu Ing 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.

[0046] 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 (FI1G. 3).

[0047] 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
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(not illustrated) in floor 1514. Wl e blood inlet hole 1519 and the whol e
bl ood outlet hole are located at or near the ends of the substantially
L- shaped whol e bl ood chanber 1516. \Whole bIood inlet hole 1519 fornms a

assageway w.th o that a ui.dd can fl ow
P o e e oL i SR eRing fRofss kb2 s BbRR sulimbbl Blter o o ( oot
111 ust fh%hﬁ?lg13@1eﬁxeeaﬁ&%a%\gﬁvplwetsl&ue@mmﬁﬁp&ewa@&hb port 1503 so
that fluid ¢an flow out of whole bl ood chamber 1516. [ 00501 Filter chanber

1517 h e[9048]cBJase 1522 haf¢hsorben sgparatian v@lllel\ﬁz;ii @ﬁtendmg apwailfremtagap swrfacewdwar d

ol evat dpesingdiet 1558 1G0T CWhF hiss1STh BhtboR 5 E e SSelbui B3 e 181 B e
ridge ]&%ilxar?xﬁ&slé fiin %ﬁ?%ls %&tﬁ&é‘ﬁleeb%ttbﬁl sh%@@oﬁﬂo?f!?ﬂo?&ﬂqa)?gfddmt er. The

hei ght of el evat I's less than the height of er separation
wal | 15hdmbés witioh tha/\ﬁher hoasfig Mtidle hlvdd chapberA 526 and filtasdembee 515 pace
exi sts between the top of_ elevated ridge. 1521 and the bottom surface of roof

1511. Hflniggaadof ﬂH@féIYﬂ@zi eiiger whpdsdlo &5 b opad  filtes ehambar 1547 ¢ r ench

chamberOpagl, Wip[E8Hoq eiid 151 RAEbeb i AT bhdpBh Bncrbbbrdab g b ST o 1"
hol e 15@%hoslobd eladntiskr 15U6 Hasaunvhele bihmidantbRde 131 R aided whbleltilobod sltkt holel e 1522
is located exterior of the perineter forned bsy el evated ridge 1521 and

forms anohdbsyasdyindacs 18bnWhgleldoed @ﬁet hRleciS18and thesgholg blqoﬁamtlgt Kalei d can

fl to.filt 5 d ted
flutd otfererdict e SERTRFEnh 3t lre BBl 5 gt o D005 Bhdoir sy
el evat eqyHdl&gi8od BAdt 11410 fEBmaa ?Q@ﬁ@@ﬁ&ﬁ%t}y\bﬁémwmﬁ"mlé 050204t that port
1505 so that a fluid can flow out of filter chanber 1517 @(g 052] Filter 1500

f ur t her a Qoideandtoy fnte wheledileodehamibea d516-i Jimelarly] hawtoleliaod cutlghokedsot f r ane
1531 ha

thot "Rttt forps FrsRecvaov RS Shéie By R Gelnorl | A g RS 2t nBR e 1o

filter ghasmioldbibédeRahbatis147 frame 1531 fits into trench 1524 and neck
1534 surrounds treated blood inlet hole 1522. Filter inlet hole 1533 is

al i gned[0050h Filtes ashaydbdr| 151 @ hanfleer ¥530e Fi®2 252@haselevatedcndgeip2a lenteddingn

f ly fl t I 2 1533 into filt hanmb F 1531
of i1+ 8PV e BaRem: J6 e e PR el i {dre BgRRt, TG el

fluid t?ﬁge 54 168 Sedtar duddr in BRATRAFatdbddbddihent ?E‘lcb&tb&ﬁdé@?@ﬁ&ﬂ b%fa%? smb%t pass
through friter media 1532 in order to exit filter chanber 1517 via treated

fluid osolerg asol krrmszmenmaed@pnmmraTmshggbw@dewdaslsal iplesethen e of

appr oxi 00, mcr ons t i a 1532 can for ven nesh,
20oh as PREDLET SEMpEL FoRratipnoub 3| s Sich B ot i s TRIBHSF  seo f 11 ¢ er
vent  chaghgiblekogfhcblekfitshebd@n thodol 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.

‘ [0051] 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 fiuid outiet hole 1523 is located
interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening
1509 of outlet port 1505 so that a fluid can flow out of filter chamber 1517.

{0052] Filter 1500 further comprises filter element 1530. Filter element 1530 comprises
frame 1531 having filter media 1532 positioned therein. Frame 1531 has a neck 1534 that
forms a filter inlet hole 1533. Filter element 1530 is positioned in filter chamber 1517 so that
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Filter vent chanber 1540 has gas vent 1541 in the formof a hole (FIG 9).
Because gas vent 1541 opens into filter vent chanber 1540 which in turn
opens into filter chanber 1517, gases that build-up within filter chanber
1517 can escape through gas vent 1541. Simlarly, whole blood chanber 1516

conpr i %&%é’iﬁ? ;168 hko (FRARSE4 &xﬁﬂ?ecmstu SurfRalls #84dd bIBb@afleMRIM 152hanber 1541

has gas vent 43 1n the formof a hole. Because gas vent 1543 opens into
bl ood \Rinér ialeahbler158834Qalried twithrirdatedrilwg eriet hioke 1522tsolthatbhaosing flanben 1517,

1543, 5%%&@9%1*[&’%8 nofes {388 ) 201 o e et g Fapay PRIl concor s

1550 andeaR’s30 7061 £Hemielc R Vi UMvaich e 351 LA Dl P eEs mgpsors 1550

and 15 are pre era y pressure transdu Pressure sen 50 is

connect@gmiber P87 themighlindds 1523 avé 533 mhktr]gsslﬁ&ﬁlgh\{ﬁm medishi 530 idobderta ts into
gas vent 1541 so as to foarma tight fit and _seal. Because gas vent 1541

opens | exitfiltérichambee k¥l ToHa Hseled ﬂBldﬂCPIWm kale 1523 drikieiopedia 1537 preferablyhag hanber

1517, Bt or o e on s FaF ity STEs Mgl ol Wb B Relr 1550

al so megrynLeJdvRR plyRseHre within filter chanber 1517. Simlarly, pressure
sensor 1551 is connect ed to gas vent 1543 via vent tubing 1553. Vent tubing
1553 f|t(wsah?dtegahamb@mSlM@ﬂmcwpnsﬁSffdﬁeﬁV@ttChghberrlﬁﬂﬁa’nﬂlmmﬂfléhlj pressure

3§RE°£héﬁwéwe%eta SE et B 55 LT 1 EH B 1S R G BB Shenint 1102
and 113? ;fe%§ $6th ifBtet +AQ ch¥BEr 154b 5@t chlindlm! oé;eﬁ@ﬁité firBechahitef e417, gﬁe@ 2) .

Thi s al pressure within chanbers 1516 and 1517 to be nonitored
whil e sthak buipd-ap mthxm@ltén ditaerbec haThomn €3G0 tlandgh pas vehtl 341, Rimilerly, winsle

thereto., [0Q0551 Pressure sensars. 1550, and are co ontroll er
1554, vx,hlq[?ﬁ chgmaerpmﬁé&orrgpnsmﬁ@?%m&hﬂrﬂeﬁfﬁ?%Wlﬂﬂebmo?%f‘g ﬁﬁﬁs’gde@an be a
mai n pr I r t

O oCens PAREA 1SR Bl b Wb YSu3 BIO 67 NS | BERile CRNANIBINRA ALE (o)
pr oducebﬁioeo.rtem dmlmhwtlﬁm whwgnatm-n oppnsasenviatle biodfchtinbent A9 sgases thaadi ngs

within chanbers 135%1‘?71 516 r ect i veI Cont ril | er 1554 receives on a
f r equenbuBd-upanhe §°dgl%?§‘|" raa %??F@?eﬁ?gﬁgvetnﬁ ‘b}essure Wi t hi n chanbers

1516 ang 3P 114r51 508 HR 0B FrEusdistAl ¥sai

desired preisi,:&(riggmsﬂ n Vﬁ ﬁgerr:l ?516 aﬁg%Slrs ?E%ﬁﬂ&e’c{%ﬂ
cont i nuey ghsyventsl 341emdtlisd3 p Passure eemdatsd 550 ané a5 as pfref@mbb,r msesaure sensors
1550 and 1551 to_determ ne whet her the pressure readings are within a

pr edet eﬁmﬁbwsar?gessuqersaﬂsozfHés‘b@s@ﬁ%@t togap ventr oAl Vig Rt fubing 1582, nent 516
Cont r°" é??é‘z b oS s%%pﬂs%‘i’ sh s td'ReLS tgghma@lg&l 1§933u§9gag&59i§41pu”p

1302. 3rse 1ot pressure data recefved rom pressure sensors 1551
and 155Q)peﬂs)1lﬁtd’ ﬁltérarenﬂ&ﬁﬁlhee 1p4yhirinie durh opexmhtcnﬁltérh:hambexerslct 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.

[0055] Pressure sensors 1550 and 1551 are coupled to controller 1554, which is a properly
programmed processor. Controller 1554 can be a main processor used to drive the entire

system or can be a separate processor coupled to a main processor. Pressure sensors 1550

18



whol e bl ood punp 1301 and return punp 1302, thereby adjusting the flow rates
t hrough the punps 1301 and 1301. Adjusting these flow rates in turn adjust
the pressure within whole blood chanbers 1516 and filter chanber 1517
respectively. It is in this way that the pressure wthin the |ines draw ng
and r etandn58Y phd e elatrdntlodtparsignals rppesantdtivie ©f e presimeadadihgs watlhept abl e

| evel s. [00561 The functioni ng of Clt,oiéllptﬁr 00 during a,  photopheresis therapy
sessi orfbmbrrsd§l7iad 1316 eerpediyelvn Gogpg F'o#%flde?ﬂ@.onf,ﬁ%l“e’&trﬁ COPUNYARS | e t he
functi qpi f L | ; ' i i | ct to

dr aw ngdl\%\ﬁ?)jlaga rﬁf’%éggﬁinﬁéﬁggr padtr{; \e'}%tﬁ man %{Sfﬁ?ﬁg‘i ggi?og%%%\%%{ ﬁgfdalgai d whol e

bl ood gﬁcgahﬁﬁeﬂ Wwinth viahtek espresafitirgy desired pressveat eithintchembery 516 o 151700t so
limted. Filter 1500 can be used in connection with alnost any fluid,
i ncl udi Geptradigr bP3baontyuionsly angyzes thy pIEtFUECata it reer oy OBRPTESGEMEOTSOr &

ot T endlalad35E i astelame e s B e tieh Y pd el St Rleaine Bt eq
to portgdhBe ddd@drRéahiconthaaitRad 57 hakes. BbResiRYsHY isalgilonpRdtbat the

pressure of the |line drawi ng the whole blood fromthe patient is at an
accept awhelelbdaasl purap d30bendwgtuam aump 1302 Inwespanse enthe préseuretdotagedsivdd passes

into cassette 1100 vi S. I@;ﬁ#gﬁbe Jfl 0. let tube 1106 is EI ui dl

connect Bmtﬂfe?SHTeestenB%rF?[ §£ > FQTOROLIET 135S PRgRanimst &0 pries: ﬂ}‘?a??ﬁ%jso‘? hr ough
openi n | t AR ' ; r 1516.
The wnon ORI pilB 1 0DEM SR pBE 1302 dhtreb? AdRRthe Ho e Dle R tubgTe

| ocat edpwmnp$ 1303r arkb1301. Asdjnstimg thdse flewaiatesdn &b edisistctha piessurd S4thn whelewhol e

bl ood spills_al ong _ fl oor 14 until_it reaches the whol e blood outlet hole
(not il W@ﬁﬁh?@ﬁ‘}fgéﬁhg taﬁ%%ﬁ?frr@@méﬁrdli}?’ Tﬁﬁpfﬁ%bé& \?BH%IDe‘?‘bgl WoHDaHERBEESaS 16, As
di ¢ . I f ith

| ScuSSGAGADMLSnet Bﬁmﬁ%m Rh8R8e bR 8 lantiR Pl allEn:ds RARRANGYRY W

openi ng outlet port 15037 The whol e bl oo thi'n chanber
1516 f| ayeepmbledsselsl oor 1514, through the whole bl ood outlet hole, into

outlet port 1503, and.out.qof fiLlter, 1500 through eni ng 1507, 19 [0058] As
t he whol®38 ’é’@g’gt?fr‘ﬁﬁﬁﬁg%‘g‘lr@glﬂ %Hlﬁ“@r‘?é gl‘fglz[ -SSiPRIEY nowAe ar e

trapped 4. I C T- : | ent
chanber CEE 5 R O R (A RS G SE B0 WEEE

cont i nudesiripedimndd¢ten svithresperiets siirveingivioleblobd dichin & patidne and fehGmingraough vent

t ube 1553 and transpits. corr ndj n ressure data to controller 1554,
Cont r ol ICEFPIBEN Ogﬁ%i yhole Iglﬁgfggc%épt‘pet eEI’“é@éﬂ &F 14 3% Eealgdla thepnyfatien duwst sadj ust s
t he speed.:. . of I I Lhes J : and

pr essur o EhiEEHE 1508 caf e in Lot ibl S imB 0l 5 A shel b CRLBE T,

t he punpeBfedmitethdomhalischiffiadoat, Ipdaspragssacanbmation thetgoft he desired pressure
range. [0059] The \i\:hO e bl ogd &hen Xits félter 1500 t hrough outl et port
1503 ando%%@s%"]&ho pump 1601 draws whole blood from a patient who 1s 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. Iniet tube 1106 1s {luidly connected to intet 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 outlet tube 1115. The whole blood is then separated into
conponents and/or treated as described in detail below Before being
returned to the patient, this treated fluid (i.e. treated blood or bl ood
conponents) nust be filtered. Untreated fluids such as red blood cells also
nmust be f

Lt d il bj ect to th fi ' T
tr oat ecl00bl, R e Hhilg Biona Skt b e R Pord b el e el SE3Bred vt et
port 1§1Q14tpe WHoRL b1B8d bschPO4Thdse ghded callatt EIRIBEE VAT chanbuH B4R GAR tdtRcapb20. The
treated fluid enters filter chanber 1517 through inlet hole 1522 and passes

t hr oughvikigat eenti 1948t Preskure $688r 4551 Gantipuous| yomenitors 8@(pressues withinddend f | ui d

1530, casater 116 dutay o tedsst s Pringis 8T opontB ey ettt (f cnpaliece

t hr oug hl%é.z‘ rr;[a ?é%t@f% ‘i?é@%l)(]zeg tHelrBtei VBRI rsshratd ﬁfﬁ‘]‘fﬁ&e@&?g gﬁ‘g@?@ﬁéﬁp@%’ ot her

undesire romthe treated fluid while at the aci lI'rtating

t he rel gaeBokibloddypmpl 18061 elserébyoadj tdteg thecfidve daté bnd pressihe withantledhbet 1516 t hat
passes through filter nmedia 1532 gathers on floor 1520 of filter chamnber
1517 wanhimetitiee b6 fetntiollenlpdadpist Bredpapapesd Wgasunshat the,presswre st ed 11 ui d
t hen passgs. LWnto. . 1d outlet hole 1523 and out of filter 1500
throughwdg‘é%#}%g&i%%%ﬁg%ﬁgeu{ahg% port 1502. The treated fluid is then

r et ur negpds®] tihe viaaile Blobd When exitt figter 1300ehibohgh outMtipoht 1503 fahdipdésgs ogtasnect ed to
outlet port 1502. The treated fluid is driven through filter chanber 1517

aEd outchssette la.yw \1i§pm19tytubfegm5m ?@ﬁﬁl@i@bf@pd pOhen penaked inth e@mpenentss appﬁd in
i Lnefilt. . 1540
L r eat od SGF R REAE TR SEH SR asfl, Bt b8 24k KO MTIRlent S ndied oo

filter fﬂn’i’@@.é.’h%a@@%lo}bﬁ:@ir bided borfPoR&a Y Bus 88 FiierelS ThtRARGI MHQUSEIH 28T t Or S

the pressure within filter chanber 1517 through vent tube 1552 and
transmi thdowbeallesprormist e filtexedand wilisabjegied teothe belomefiltearBgprocksat Tbe treated 554

I t.h i ved t d it to t '
ol b e S oy ERSH 181 R shi Ean 2 ieorlrs e, dERbp ST 1 METr n ©
20 punp ;1 3Q%1y boeieeled t@ginﬂﬁ YodtotubO €110, OMhd tedaCedoMd d RARESHRE chainBi saanber
1517 and outlet tube 1114. B. Irradiation Chanber [0061] FIGS. 11-16

i | 1 ust r aheovighrinldl kale b52 % amsrprsserolrosgh filot iolsh Beledisa3 kf filtendement id0aiThe
Referring first..to Fid. 11. ] i ati.on.chamber 700 d.s by | piJ ng t
Dl ates. Seared i il e pmpoos 5PN RO Fitcka® s HiFE fiepinl 388,000
0. 06 i n.\whighaPutired 1@ clePated YHREES DSEY. EThek kAT AN pa&REMrb SR R rAediR | §57. 2l

ideally transparent to the wavel ength of electromagnetic radiation. In the
case of Filter mediall&82 remeits sontemingndd andanthanatlesited sndierdals froomdhe sated flued er r ed

SN A IECT: 0 AR T o A e
fluid that passes through filter media 1532 gathers on floor 1520 of filter chamber 1517
within the perimeter formed by elevated ridge 1521. This treated fluid then passes into
treated fluid outlet hole 1523 and out of filter 1500 through opening 1506 of outlet port 1502.
The treated fluid is then returned to the patient via outlet tube 1114, which is fluidly
connected to outlet port 1502. The treated fluid 1s driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302.

[0060] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits corresponding pressure data to
controller 1554. Controller 1554 analyzes the recetved 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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[0062] The first plate 702 has a first surface 712 and a second surface 714.
In a preferred enbodinent the first plate 702 has a first port 705 on a
first surface 712, in fluid conmmunications with the second surface 714. The
second surface 714 of the first plate 702 has a.rajsed boundary 726A

def i ni nguap 1802, hsteby adipsingibe Algar mteand Argsswrayinn ghanbe 1§37 asd patlaimubeal | y
per pendi ﬂ ar fromthe second surface 714 (i.e. about 80-100 degrees).

Ext endi ﬁ@ Tomthe second surface 714 (preferably substantially

perpendi cularly) are raised partitions 720A. The boundary 726A surrounds
the partiti onp FeddfaticRChaitdr of each partition 720A extends and contacts

t he boundary 726A. [0063] The second plate 701 has a first surface 711 and a

d 1 : ' : . .
or of or b PRAICS" TG il AR iUy SRR Bt ol
comuni qadrieiRg HMtitd Fifd 1SRRandos Yhirnlea700L3 forthal iseniify 46 PRES,  fdntadndt he
back plate 701 has a ral sed boundaré 726B defining an encl osure. The

boundar ya b2k Blate bignablthickness efisfe aloret D861y tpabpat{t? vl which gem t he
second surfa 713 (i..e,.- abqut .80-100 deqgre Ext endj n romthe second
Sor noe PrafsTapy CipSist T ednatin feealty RS RIETH b R REh ol Bt T o
(720B) . IfgtiH0 URCRE ¥ask2fiRBIFHAJIOUR ik, PAVEAbDRAS hdP¥en fORR 1804 ppifegafh
partition 720A extends and contacts one side of boundary (726B). [0064] The

j oi ni ng athotgteothecmattrvissglt esacoylia mey be ewployrd. Soviderty, plany ksowesndthsisi n a
fluid tight _junction between boundarjes 72 and 726B thereby form ng
boundar yO%h'}@Bdnlgé?ﬂ bs gRRlo ?‘g'ﬂldbl};ﬁ?g n?%%%e’%a@g% %‘bﬁi?r'c’)i ned forming a fluid
tight |j | ] L d y ; an
1 adi AP OsEIc R BEY Bl 1R Al ute PR 8 LR BB EPrerRiF 2

pat hway etdbdimenthe dinstiphet 30745 o st ot BT on adirdtlsurface Teirpfuidway maybe

serpentine, zig-zag,.or dove-tai] ed, rently preferred is _a serpentine
pat hway . COIMPBIGEEs\itihthe speond g8 ook (i pgc : urfpec 714 eltha firg mlena®ber 700
conpri se NERE n as
but Ty cobts EREREPLIRy 1OL URtnd B chelbe G P bo R BT el sl sl 5
i.e., thabsanpsaliy perpemhttisvalyord e sesondsiurfane @14 Qrarabowt 20+ 106 daisteles). | nl et port

705 of f t plate 702 and | et t. 730 b | ate 701. tient fluid
o SuppFrenchediie fserer s (1 (PR TERbHND RO RIS 19509
s supp Sl _ | ;

tr eat o0 BTTaN TR e 8o B R RSO DEFRORS 20A DR of E0 112,

(FIGS. | patidlod 120X katends behdontdcts ttle beumttary #8264y recircul ati on punp 1303.
Sel f -shi el di n&heffects of the cells is reduced while the cells are

phot oact 18048k dhpyeqond plptafPhbes 3 ﬁr‘iﬂs ﬂ%f%ﬁ Tiband pseqondisuraceot 3; rlp aareferred
e oo AP 80 441 i er i PR R ATy
seal i ng @nidagenentativhskFthbk desond shifade T13p (Measecond surface 713 of the back plate
701 has a raised boundary 726B defining an enclosure. The boundary 726B preferably
extends substantially perpendicular from the second surface 713 (1.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).

[0064] The joining of the second surfaces of the first and second plates results in a fluid tight
junction between boundaries 726A and 726B thereby forming boundary 726. Partitions 720A
and 720B are also joined forming a fluid tight junction thereby forming partition 720. The
boundary 726 forms an irradiation chamber700 and together with the partitions 720 provides
a pathway 710 having channels 715 for conducting fluid. The pathway maybe serpentine,

zig-zag, or dove-tailed. Currently preferred is a serpentine pathway.
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wel di ng, sol vent wel di ng or adhesive bondi ng. Joining of the plates by
adhesi ve bonding and RF welding is nore preferred. Joining of the front and
back plates by RF welding is nost preferred as the design of the raised
partitions 720 and perineter 725 nininizes flashing and allows for even

I t f RF_ e ti 40. a 735 / be insid
22Ppla(r:1?io:qgnb§{1 s W1 Cndel rreifsB shrmb S G5 sees: =GRS 2 ol S0
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180 de axi s e original “configuration o I rradiation
chanber porf 65 o cﬁLﬁIBt poit GBO qtta,rtbﬂerpéntmb 9athwa§ emo is mrﬂwah tommxﬂn&ﬁtléﬁwwrrret ry
about aX| s L. [0067] Referring t t he | eukocyte
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long s b d0ed N EHaniapr0620 and the di stance between the
pl at es l"gslﬁg lﬁ)'orﬁtb%glpﬁe. f\'lliﬁ ﬁape of the cross section is designed for
opti mal [0066kdigire dh shéwe pinl Bl0Ead secegs T35 whigh alighérerteto plites ofivallation

serpenti ne athway 710 is preferred in order to av0| d or mnimze stagnant

areas ofchsm PWF\%P“&EH%H@%@SF@? Brascalyg armeament by BH aldingdeat immlsst i on
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UVA |ight assenmbly (7 22 are designed to be used in a setting where edge
706 is qreferredas ﬂl@vﬂﬁﬂﬁﬂ@f Hrearaiseparins T8 amdpetipiwtard 2S mpinimizes B %maandu on,

fluids enterin n ik fr t thth ad
of ulgr avia?&c) If?fg?‘}ﬁggﬁéléﬁpa%pr eg err egl%é/nb ?tﬁ%n%'zg fc}%lﬂlr’?ac1"lmz;ﬁo {e%‘zﬁzg sﬁn\égty eé?%g% I
the ir rs%ﬂieﬁﬁﬁ@lsiatﬁmmm of @ltsige Bf a8 Fertinn @athanty. ng%llrezsaﬂsolslhoﬂ%mév& by

facile renoval of th chanber. UVA |ight assenb 9 is |located within W

Ly
chanber a?ascradnfan@emmtwmbwL Bytatiomos cloanlar|768 184 Aegied 2byut aP(MESQi]VBSI'he

irradi atjon.ch nber f.l ui ath | 00 orm annels in
whi o rthe O R Retatiofoh S bRgEon 8RRk The ke el B PSR on by
UVA i gf‘ﬁhverl?foﬁfh%@?'s%mnetﬂyraﬁgﬁtadxhém chanmber 700 has between 4 to 12

channel s. Mre erab the irradiation chanmber has 6 to 8 channel s.

Most pr eﬂoeﬁ’é]bmglfﬁmrtmo |FIGSdl htlidoand ha threleukerytaersichahblood, plpe0oa,Ghd rigung 14

shous ¢ uéoh?t\l/ov%yarg dgl\llvvseré)J thg'cpue;‘ghl infef ;()jclar? %9 of ﬁor?tmfa% TOIhF ngar}!azﬂl%% c%am%gﬁ% into
channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, rhomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.
The shape of the cross section is designed for optimal irradiation of cells passing through
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize
stagnant areas of flow, other arrangements are contemplated.
[0068] The irradiation chamber 700 allows efficient activation of photoactivatable agents by
irradiation from a light array assembly, such as the PHOTOSETTE®’s two banks of UVA
lamps (758) for activation (Figure 16). The irradiation plate and UV A light assembly (759)
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serpentine pathway 710 are fornmed by the joining of raised partition 720 and
perineter 726 of the plates. [0071] The irradi ati on chanber of the present
i nvention can be nmade from a bioconpatible naterial and can be sterilized
by knowge e gﬂétFto%bCﬁke@%t @@aﬁ%@he&@dg@tm@ ofi¢RRE Ub®n@ard dddegBTOY Wi th

et hyl ene oxi (ETO . [0072] met hod of irradiating cells using
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bl ood of a remé) E BI‘I or@bo the extracorporeal treatnment of the cells.

The phot)@#‘é’@ﬂo ?ab‘ilt osensi tive conpound may be administered in vivo
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{0073] In one embodiment of this method, a photoactwatable 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

i administered in vivo (e.g., orally or intravenously). The photosensitive compound, when

administered in vivo may be administered orally, but also may be administered intravenously
and/or by other conventional administration routes. The oral dosage of the photosensitive
compound may be in the range of about 0.3 to about 0.7 mg/kg., more specifically, about 0.6
mg/kg.
(0074] When administered orally, the photosensitive compound may be administered at least
about one hour prior to the photopheresis treatment and no more than about three hours prior
to the photopheresis treatment. If administered intravenously, the times would be shorter.
Alternatively, the photosensitive compound may be administered prior to or

contemporaneously with exposure to ultraviolet light. The photosensitive compound may be
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phot osensi tive conpounds that may be used in accordance with the present
I nvention include, but are not limted to, psoralen and psoral en
derivatives; 8-nethoxypsoralen; 4,5 8- trimnethyl psoral en; 5-nethoxypsoral en;
4- et hyl psoral en; 4, 4-di nethyl psoral en; 4-5'- dinethyl psoral en;
4' - ani ns:ﬂmhisyéredltcSWhBIethlbmmfrwmnah@mf ptovidgdithatdertar st iblekydee}l8 or blood
trimet hyl psoral en 8- tho soral en; . and 4' - a-a oxa)
aly1 - iSRG PTG BTG ARGt (Y RpB oL Hrstbe

(4" aRlagséd egaﬁgp%w('? fetBods%s AR I YRty R ThOth B Rive  he
photoseﬂ |ve co at may be used conpris e psora n derivative,
anot os ab@ﬂ dd&cﬁﬁhy (iearbesadnfimstered tﬁjdmzmsmung:ﬁ)nch%lnukec)ge fractidnS.Inféat ent Nos.
6, 552, 286 469, 052 nd, 6, 420, 57 I.n her e t he
phot oseﬁ@b@qlm‘@ﬂbdhﬁblﬂﬁ’g Wﬂ%?oweb‘g’" lepd gsll &é@ﬁ?‘gbéﬁg' rl[\?ﬁeﬁlﬁ the invention

oot onc 73] THE ERGIAESPAANES: olqtEAdadE SRR by, By e BRNUTRLINE pRGNRE, 0O
pl ant) . pk kapilosasintingao ahicleis aokls apomativdtiok bPekpo3trens eleairomagmitic
furocounmarins. The chemi cal nanme is

9- et hoxadiathenfafraoprescribgflspgctiven egpytaiicicolight: The fornul ation of the drug
[ terl ' ' trati f 20 10 | S
e tp: 1/ J007e] RpbestvEontiBRs RV PRtk Botiifc. Sl ¥R as eoof
extrac OE’F Fea& &@Eé&hﬁfaﬁﬁé)sasm AigsbRleaMteridnsag 85chds thbFeXéribedan For

ul travi in beagle dogs is |located in the investigator's brochure.
[ 0078] Nexmplet hTeS FattNor, 3)?1 9iReandibpelat: Hopi 3)%719 el‘inemk@macgvmhiom or the
donor' spgl ood to which th hot actlve co H’ n_adnm ni Stelwgels

Fr oat ed BRpieSTsBe PamES faf B e Gigd b SERRUR e S EnaREteR 48

ul travi glet i @hiniteing, 15%'89}1 U\;%fa%ﬁde?ﬁhﬁ%t 8 Wtk ypS@hleheg sgut using | ong
wavel ength ultraviolet 1ight at a wavel ength wthin the range of 24
320 to Afithethyipsofided 5am1et=lmg§5psosalmt4 meﬂnyh)smglenhé,\ﬂehmlethymmralm deYel y

provi ded_as _an e lsure t rav t I ng the
bhot ophéfla@m e RN S SR OB A e - ?3 th to
del i ver, ﬁ%%ﬁ ,4' 8hBkthoxl; orlieﬁngn& £41(38c0h-3Rfho-b- oxa?saﬂgxl
photophere5| step’is carrie invitro by installing i adiation

chanber t?&&thylpsﬁomlp:hmndudmgbutmt lminwdber4' - amuio-pexajnhid, X,8wer syst em 2004

(FIGS it _and 18 In _one erdi ent, n, t he. phot opheresis step is carried
out in vtFPTeéhY %'Stor?l@%s{n e qmbadiment. @FPSH@SGI’(SP &CQHP %S]’l ?’Gl"‘ﬁ%‘b to the

subj ect, or sBi B soﬂx‘ieﬂﬁ@ﬂﬁtlvér Iﬁﬁlowshfeﬁt(g-@%) @&gs (ﬂ‘orﬁhgoﬁé&iﬁt e4q). S’{)H: .%.,
'd back’to

Ieukocyte ra.pti (as the case may be) may th adm ni st er
the subjecPaiepi Ens 6iﬁ’22fiﬁn6r469,1)0ﬂ)3ﬂ1ﬂ6 42ﬂqbloodhaneﬁxbsemb®dlmt tlonsi st s of
t hree phases i ncl udi ng the cbll egtion

photosensitive compoun]a)that may be used in accoréance with the invention comprises 8-
methoxypsoralen.

[0077] Methoxsalen is a naturally occurring photoactive substance found in the seed of the
Ammi majus (umbelliferae plant). It belongs to a class of compounds known as psoralens or
furocoumarins. The chemical name is 9-methoxy-7H-furo{3,2-g][1]-benzopyran-7-one. The
formulation of the drug is a sterile liguid at a concentration of 20 meg/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.

{0078] Next, the portion of the subject’s blood, recipient’s blood, or the donor’s blood to
which the photoactive compound has been administered is treated by subjecting the portion
of the blood to photopheresis using ultraviolet light. The photopheresis treatment may be
carried out using long wavelength ultraviolet light (UVA) at a wavelength within the range of
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bull y-cat fraction (leukocyte-enriched), 2) irradiation of the cojl cted

huffy waat fraction; and 3) rleinfusion of the treated white blood cells.
.This process will be discussed belowin greater detail. Generally, whole
‘bl ood is centrifuged and separated in centcentrifuge bow 10. A total of
approxi mately 240 ml of bully coat and 300 m of plasma are separated and
~'savedfor UVA'' ad'iation, 100811 e collected plasma and bully coat are

mi xed: ‘W th ‘heparniied normal saline and WAD R (wat er sol ubl e

3- met hox34940 1400 pm) Suthhz singe jstnat ixofting, o wemerabut 4 merely prvidedisa g examplsr ou t he

~irradi-at 700, is
inse;in ‘ |on OWer"~ s wo banks
SR P RRAREL R bR S ey ARphlA0. 06l B RRRRSS

_ of UXA ém ,_mmm%ﬁame)wmxwzénmmmEgr E(rLUVA7I08nps |
_“|rra1at il t~ars ||ra on ‘¢ha-tyber petting

| eprsuref '%E\?F"(ﬂ’%‘?ﬂwtwp '&%&E‘lﬁ;‘g SRS O ynphocyte -
- of-1-2 Sikfd Bholdadtiy Aith amficR 950 Wﬁﬁmm&ﬂs@&m%@ efi@stﬁ%& gpare removed
_‘-fromthe LT atﬁ&atlon anbélr 70 0082, I&Qa pre err?d r'rfan:él maf?'tg of the
present DM dimnent,whapdhd phofopberesisisopis chiyied bt imuiriooat least pmoige i n t he
“chanber ﬁg«ﬁ %lﬁﬁg 1 n%% lﬁ’%ﬂ %er wi th of n\ cel ;additi

o fluid se e 5 g’r eG5hd l?rﬁ'gorgf’"%al ggaﬁ%qaoggq@ nmbi nat.i ons
- thereof Eerich :MWMoﬁ(ﬁﬂSJWm@UE&nﬁﬁﬂiﬂﬂlbbdﬂﬁﬁw@edlﬂmkW@r 30kg) -or

- pati‘edt s;whase ~ vascrulnt systemis easily overloaded with fluids the anmount
_of.. addlt?‘&m% - W% 0 was the irral dt ation chamber will preferably
. be ' not, nm%_

’U

) , x!%déﬁ@ cErsidid ¥ trBR PSS, mcl\ﬂﬁ@ @%ﬁl@bﬂl&ﬁ&n gy e than I X
“t he al ume_of |the chanber, nore preferably not nore than &J X the volume of
t h[e chanb@ﬁy; QaSecimdlenboateesiched).) drediesion of theeollsctsd butly seat fractinume s

rel 1 fuseds - éys onet aeetcpiéa tﬁﬁlig%ﬁ)%gé;a&v%sqjg&t ent 1b§§mﬂfss§i %&%19/ 480, 893,

:"”phot opher'est;
‘whi ch i }s}gﬁ&m‘&&mﬂ y%&ﬂb@ﬁhﬁhb%ﬁw&nﬂﬂydm&&pmﬂémgﬂmﬁmm h&rein are
't he “met ods ste r in U t nt Nos..' 5,915

.5, 985, g1 il $ %‘g’f‘elyi‘g%ﬁ i’e‘g%ﬂéﬁﬁ% Fofplasmgagise “%e‘é%‘ gy o
"_Pub) V\B.'[IQ)‘\NQ adia¥h 97/ 36634; and WO 97/ 36581 aII of Wm ch are entirely
mexpressl y |nc rpor ated herein by j teferen (0084] 11he effectlve

* -anoint; oY plan!aeamdsbléén qoa'@rgam{eg wi éwm!ze@n%m 4ray be
~deter i njﬁrm— *C-H . I(\ts.f&@r dRibROslse AHRTEhASS Sk i awsnm%uemger'\b

.0, 219° 58 entuel y ex r ssly |ncorp0rated hérein by reférence.
I ndeed, - tthreughith invndiation chimeCpf the present inyantiopu The Teadiaben ehamber Whgisher ei n may

T eqw re -%133 g , US acuv%oﬁ M%tof%wé 'sygspentl zﬁﬂenrerg%eﬁ Rvo i)anks of UVA
.lamps rlf the PHOTOSETI’E@ (FIG. 15). PHOTOSETTE® UVA lamps madlate both sides

of s’ s ’A»Lmns*"'cr:t ifradiation sha.m‘har 700, permitting expésure 1o u]trawolet Alight, -

fored

- yleldmg an average exposure per lymphooyte of 1-2 Y/em?, Following the pimtoactxvanon

{ - permd the cells. are removed from the mwmon chamber 70

o i [0082] Ina preferred embodiment of the present invention the cells are removed by the action’

of g,r ity and any cells remaining in the chamber are displaced from the chémber w;ﬁa

_ ‘.; i ‘ ‘ﬂmd selected from the group consisting of saline, plasm& and combmmons

| 'thereof For patients who are small such as children (e.g. under 30kg) or panents whose
vasculgr gystem is easﬂy overloaded with fluids the amount of addmonal ﬂﬁxd usad t0-was

: the uradlatlon chatber will preferably be not more than 2X the volume of f‘he chamber,

u pref 1y not more than 1X the volume of the chamber, more preferably not more: than 0, SX

i ."the: volume of the chamher 0.25X the volume of the chamber, The treated cells voluzne is

':’iremﬁlsed toithe pﬂnent
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optuijizb -the treatnent process. (M3511 wthernore, the photosensitizing
agent used in the ECP process mays be renpved priorto returning the treated
.'bl ol ogl cal fluid to the patient. For eYarnple,.Mfioxsalen (UVAD X(r)) is:
Utl -1 zed in-the ECP process. Methoxsalen belong to a grotip of conpounds j
" Knoun? psor al ens. The exposure to methoxsal en or other psoral ns may cause -

undeSI rable: effects n the subject, recipient, or donor such as

hot‘ot ox t associ h oraI en and their
‘ gecorrposlhtmlsgxl g‘{ d%%@no}l%%?‘é oéhgg F‘frﬁ‘es%’% 8 aem vatives,

psoral en Apphicitipndot UWMQ@%dwﬁkﬁxstdiéiesﬂchrﬁéﬁteﬂhbﬂl t@‘% t?x‘eﬁ hggl fluid may
H-e”fern ‘ed - after. UV exposure, A process for the re psoral en B
bi ol-ogi cYperlhereipare dhe TRefaqdsiand systemg dessribezbin 4R PMtNﬁs 22351 99%, which is
ent irelysaxp

N e T Lo

[ 009
thods &WLQ ﬁé&%mv{mst/sessémrdmwaw dmmﬂymeﬁém ugg§ exanpl e,
ity he cenppé?%? , of a biological fluid by density riwei ght Bi ol ogi‘cal flui ds
‘e‘ncerrpass ds 1t hat conprise, exist to = or are used |n, or dellvfred to

C1ivi‘ng o {fdch ket é:fe?} fogd’ ui ds and-
tihei- rgcoﬂlgtwr‘]n neents sucut?bgfs“%'ﬁo ctfe‘%‘t:"lés&gﬁ s%%gan ig{%ﬁé}?ﬂ# C]AS that .
car nprseB ?‘E‘éﬁmg fé@@ﬁ@wwﬂwtﬁmﬂmm@m Ui B;Iml m@aﬂﬁmdts uﬁth&ﬁ '

blact er.i Ay ds. may a‘I so' .
conpr i, se: V\f}ﬁw@% é%ﬁ%%}dmgéllag%teegl %’eﬁ%gg gﬁ%egdh‘b g‘ﬁ“’?@’ th\b g red bI ood
cel I's,” phariaais seasemmsmbddlmm»nwﬂequumchdjhmf&qﬁe ﬁﬁélhﬁef]jgﬂtaﬁfé)ltsul ar,
_;L‘,,ntay he dgﬁmég L@ enpve bl ood froma patient for treatinent, such as for ‘
- Jexanpl e’ PR RRFSPr eatment. It is to be under stood, however, that’
the pr.es ¢M8s) metmm m&rﬁd@d&ﬂﬂmﬁ%&ﬂﬁﬁe&’h&ﬁeﬂéﬁhﬂ Ft proceSSI ng
: .alppa; atus,, .and the specitic exarrpl e given 'S, n”ehe or
“idlust raPPQ@”W S‘é%lwmmm%p&MethhmquS and

al pat aty

%] Tvg!) ] ﬁh&ﬂ | | l;:
et rtot! herapy, ﬁ%?et Lﬁg%g;ﬁg?lﬂiﬁde%sg remvaqﬁél&%dggggogﬁg%lgoﬁpogﬂo% rem:)val
. of ot her¥ RS HS@TS&,@BI%ﬁMW¢bn‘mﬂhwﬂmoﬂmpﬂme%mmnmyaMe used to
; -,]sepa.r at e

o BRIl ol BB Br e M, W

USES SUC as :

cpnponenesociaed svithrpeorilen hsd thee ﬂmhprmi@fﬁrbm I’I(hﬁﬂeﬂné\ Qe ﬁdﬁéﬁhﬁ%&ﬂeﬁf fect
‘=b1 ol-0gi c%l fl.0i ds or&rlen er them mswtgJé le for their int ended uses . such .
as. those gl ?sbgﬁpsﬂ SHiRY PHRSLH Bebhanisaingy thedinlezierl

'j-c;orrp‘atl -.m' 3 et Bfoslree A 160684 f0r 1he FanitlaNhps &Pfen to
‘plrastics;. :such as { ol ycar bonaﬂt?e thg met hacr Bf&logfb&fﬂlﬁ&?g

gt yr-eQe-_§ ‘ .P:' . S| b‘ﬂy@ 728,991 yhichs, ennxgbrra}pmly inb@mblt%@dcherearhy ot her

L8, parts of the present invention are indicated to be

}; CernmfugeBowl o i

‘. '2 ] |
“\_[0096} In g specific embodunant, the present invention relates 10 methods and apparatas that
-separat ﬂtud _components, such as, for example, the components of 8 blologr,cai flnid by
o 'densxty r'weight. Biological fluids encompass fliids that compnse e:ast m, oraré used in,

- -_or dehv red:to Hving orgamsms Indeed, biological fluids msy compnse bodﬂy fluids and
o ?Ihen' compnnents such as blood cells, plasma, and other fluids that oompnse\bwlogical
o j 'compo ‘ents including hvmg orgattisms such as bacteria, cells, or! other cellular components
| ;Blologt,al fluids may also comprise whole blood or specific whole blood: componeuts
mcludmg red blood oells plate&ets, white blood cells, and precursor cells In -particular, it
| mxy be desuable to remove blood from a patient for treatment, such as for etample
" '.;e}m*a:coi“pore.al txeaﬁnmt It is to be understoed, however, that the present mv»:nnon 18
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P

attached together and forma fluid tight seal any appropriate conventional
nmeans of joining the p may be used icluding but not limted to, adhesives,
ultrasonlc wel ding or RF weld [00&7]: The present invention has several ;
advantages ove centrlfuges what use conventional bow, The Lathambow in.
t.he’ UVAR(r) XTS "M system has one iiilet'port that alloms whol e | ood to :
cone Ento- the' bow and one outlet port that allowsi plasne aril huffy. coat
to cone ut Haying only two ports limts the volune: of huffy. coat that can:
be coilec ; e h whol e :
bl‘ood, '2)* --rrﬁ?‘r%%"y‘ﬁ%h"%‘%mﬁhf’%%&ﬁ é@&ﬁ%%&%%&%@ﬁ%g@% bul I y

coat, and mﬁﬂh' émm?h)elelyi fsr iil3tratige btﬁpbsmg()ﬂmftfsys fo0 gl séﬁ'ati%nl!éﬂﬂilgu@(ahd ect ed
fo rest

Iastna andred bl ood c t4). Oin 0] '
treat ro ) EPPRfA B’PW el “&@E“MF%?TP%%%‘?%%‘Sb@e@‘ig’tﬂﬁéﬁéﬂ%@@d as being

batch [ r I rr r eat nent:
can onl: 'y %eg co ect egl%? Eg}ragsev?aﬂrgJHtand ggl og?ﬁb%@g?hﬁ’&lls A% e&%r}t'g The
| i‘mi t.ed v;mlawm&uw&ntrmlﬂmdieededmfsf:wn@aﬁmmes(Df]'ﬂtnds ﬁm!smtluéeaw:dawnm&tﬁof S

accunurlated r bl ood_ eII e the hug..t he accur nul ef ed
r&d. bl ood ¥EFF galt“ﬁﬁgts Iaitlfﬁr %ﬁ@ieb«ﬁﬁg}ﬁqgr@n&mgﬁé&p@F@o& BRPPRE o gt
pt-e?samrixwaaﬁ@imhldlﬂomdvatsa?@ﬁ@&t hioﬂ&@,ﬁ:’hLﬂiuBgSﬂier@d&ﬂteﬁl [OS3 The

cql | ect.i Ofise@¥s: ,
bow “of:. the |nbtant mv&gél on has three separate fluid conduits that can be:

used ;as Ip fos Sheair intradad pes sichas ﬂqsa«rtegmbmearsmmlmépmaﬂm@n&:onduu ts -
M| f '

Guring: O e?tt S Eppld co"%{“’%‘bﬁ%@%?%tﬁeﬂt‘t%%‘-’é?‘ﬂm‘té‘%“*’“ﬁhﬁ?‘%*ﬂ(ﬁ’%&%ip's[‘é“t)”?

‘ sgl nni ng t:\h:hab wlycdrbonateg methyl methaargletenstyrasceatrylenirie, aoglicaitrare, 2) treat sm .

d
ARG R R e CH R B R TS A
| teat:i nemaﬁtobatt é&ﬁ%ﬂﬂ@rﬂ@ﬂmﬂfuﬁmzsbalﬁn? sppirbifiaRitohyenieRdl nidans JtskibeNS

t hereof .such’as extracorporeal ophere5| s, 3)1Setter separation of di | I
eqt. corrpoﬁmaesmbpatth%%&w btfept Igmigctpadbesres.plfrsgnie padina s RE,

t Bei Ncr eag |n S. or rotation tine and 4) the aljility to separate high
; denS| ty re lood cells fractions fromwhole blood. This icentrifuge bow
alisopr OV|[QC§§] ﬁ'h%pmmmvﬁmiotl?lﬂ-f ssveral-gvangengs Ov@mm@ WM&MW“M| cal

B R e T RN TS o;nff E
cresis. 10%339-. osiicome it thediojwé artdsoniervuther port d&ﬂdbwmﬂﬁmhhﬂd bmffstmmtetoof the
oY esent ! rc‘:\ér%re]tcut rhavmg only two ports limits the volure of buffy. cost that can. be collected per
B "cycle.-’Each eycle involves filling the buwl with whole blood; 2) Spumlng the bowt to
! ! | y '__gseparare whole blood into plasma, buffy coat, ami red blood oel]s 3) collectmg buffy coat for:
1 ) . | treaxmLm; 4) bringing the bowl to rest; and 5) returning. collncfed plasma and red blood cells;
a5 . This buﬁ'y coat collection method may be characterized ks bemg “batch—hke’ as the yolume | |
CE of bfuﬁry coat required for irradistion treatment can only be collected after severai cyclee of S
‘ < o :;_- | l‘ buﬁ‘y foat collection: The limited volume of collectad bu.ﬁf’y coat per cycle:reeults ﬁom the :
- 'saheimnﬂated red blood cells remained inside the bowl. Thus the acctnnulal;ed red blood cells
o thai can only be empuedat the end of a buffy coat collection cycle it a.n mherent lnmtauon of
i the L Bowl. L !
(o0 ] The bowt of the instant invention has three separate ﬂmd condmts that can be used as-
;' an, mlet port and two outlet ports The addmonzl fluid oondmtsa allom for 1) reduce: patient -
- . treatment time by having continuous spinning during the entire buﬁ'y cost collecnon process
| wivi;;hc ut having to stop spinning the bow! for removal of accummated red blood cells; 2) treat.
_ smal] blood volume. psments by having collected red blood celis remmad_to patients '
_ c&nﬂﬁuously, these paher:rts may be motre amenable to mad:cal neahnents ‘requmng ﬁle use of

Aors e LA ] it R i
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enbod ed and broadly described herein, FIGS. 35 and 36 depict specific
epbodi ments of the present invention. The enbodi ment depicted in FIG 33
'-‘cé)rrprlses ac inttlftlge bowl 10A, conduit assenbly" 860A, ‘frama 910A and
...-stgatlonary rejtral nt 918A. The cesprifuge bow 10A;- is ip' fl 'd
‘ctbrmunrcatl ons: With external conduit 20A of conduit asse bl y 860A, Lower-
‘skeeyei "~nd 832A (FIG 46) of connection sleeve 50®A S smured to bow 10k.
Upper sl eeve jend 831 r1 of connection sleeve 506A!is ‘secured to external
condui t 20k, u&‘mcn@@@ﬁn@méle@;@fwmsw@r@mmﬂz@mpiurmmmsa;mq@now di ng
fI uid co

_ 1 fluid

- conmmuni cg’tglldons- ena eé&ﬁ&%‘%@ Iggﬂg%ﬂp&]fg é%A %@C}}g}“m 11(1)$ea|3 Aﬂe comjwt .
.2®A t o, t hepitw otmuosmlaadnythehmmyhb mpdmmdngtfdmmaﬂbm¢callsmcmmbl es sep
“fFuid i d 8 d f bow . 10A th t |
BRI e %m&é%&%gr RSt B BT {08 £ e TR O ¢ o1
sus 11A. . tkf3Q80any RekiRial proedin BhingXufly %Wﬁ‘&@cﬁg@&ﬁ?édﬂ%&édﬂ%%?&%“s' ng

BN 1QOA conneptlon sl eeve 500A top core 200A ottom:corg and housi ng

. fkoor 180@1 @gebstantially Wep afoeibined cellpsudrsiexta mméalfph@tmhemt abl e
bi ti fOrp.t h f th
Plostroe 18 ﬂ?ﬁ%@iﬁ%ﬁ#ﬁ%&% o aF bt e IR RSt o

- plastic scmrlbb bdmi&hreaﬂyﬁdﬂmﬁlbeﬂ%!%m, arces wssnmﬁed@&esmﬁbrmedm&tsefﬁlboum ng -
100Ai's attachdto a_ﬁ@usm OA whi ch i turn, tonpris :

e | 5‘9 |“i"ﬂ§3 ésﬁﬁmb‘ﬂﬁ%ﬁéﬁm}f&geabwﬂé@ﬁch such '

prot rusi oRE
as rotati pgdui

| m%&ﬁ@%o&% étﬁ:oﬁﬁ:?fr&‘iﬁﬂﬂ{ y’kﬁ ni@ie'c&iﬁfi&gé BowOfal ructi on :
and  -i$ easy..tlo: manufacture or ot her :
' ‘rranuf achuilsg @@E@H@Q@ﬂﬁwﬂh@ﬁﬁmﬂl cmgntlsé i Cgrj\d(wamembbr%lmed:dvm a limted

BT ﬁ*ﬂﬂ?@ A(eREe) GLRBRLLISIE oA S3PARLS, Bhwt A, DBRFYRTS " 1o
) vqal urme, cam@ﬂj. Mc&h@mbm%amm&r secrerrsticntl Uﬂﬁﬁlt!ﬂ&, obh;@dcﬁﬁgmé the o
patter t. acl h%’aw?m‘?r%bo}lr’ls@%he extrﬁgoqulporeal ca\ftlxglgsu 2 The vol. L rra{ “c')r‘

~ capacity :
~the parti gghap bbﬁ?ﬁmﬂtﬁ@&ﬁhﬁmﬁ&ﬁb&eemﬁ%uﬂw joard pﬁ@&ith&an@ﬁal ly,

~ayoi d contam natii-on of biological fluids" or exposure of erso i nvol ved in -

the proces&iem _@{S’éﬁ’é@éﬁﬂﬂ@bPWbmA Lﬁwwlxﬁéﬂw@mm@pm sorabiese 2a i
pref bl ALy | d,
- preferabl yo g %Qd?ﬂ&xﬁ!ﬁeir{s‘ﬁﬁgﬂrgfﬁ% 1§ feol ¥5 ﬁl%% @ﬁ@gﬁ%&sﬁw“ ze

plgeferabl 'y Tor|me astic or simlar can .be
disposed mbman'zm @Dﬂhﬂé@nd[f@OQﬂOAsmddanmwammmmﬁu@m@ﬁmm£7 t he

465 B0y Hind § AR TOMMRA ok R oa BB BRSO
~ housi.ng 1&%4, ¥ cof 200AEbHonloA62010, dIsiag f1bHOBOAP IR h&&lﬂgllsbﬁ(inay -
| pF e\”' O_US| y) e ¢on ucted of any suitable biocompatible material as prervmusly descnbed for the purpose
o . of the: ‘Duﬁtrancn in FIG. 36 the outer housing 100A is constructed ofclear plastic sothat
I , | ":cores DA and 201A. are visible there through. Outer housing IDOA is atumhed o & housing
\ _'__;__‘.ﬂoof A, which in turn comprises protrusions 180A for lockmg bowl IOA iito a rotational
4 _-dewcé such 0 rotationa} device $00A. Bowl 10A is preferably sunphﬁed m construoﬁon and
_ L i is easy 10, mmlufactme by molding or other known manufacnumg processes such that it may

| i j,_ﬁ | be di osable or used for 2 limited number of treatments, and is most preferably capahla of :
B ini 'g about 125 ml of fluid, such fuid possxbly being presdunzed Inaltemanve

ca embotliments, the volume capacity of the bowl may vary depemimg upon the health of the

ki 1_ | anenlt and hig or her allowahle extracarporeal volume. The volume capanty of thie- bowl:

' : | mav allso vary depa\.dmg upon the use of the bowl or the partmdlar treazmmt for whlch the
| e b.owl tuﬁlmaﬂ Additionally, to avoid contamination of bmlog:cal ﬂmds Dr exposure of

o perso involved in the processing operation to the fluids, the tr;msfer opeﬁancns are
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or arty 9ther suitable nmaterial. Upper housing end 1104 has an outer surface
+110B, .inner syrface) bl OG and housing outlet 700A pI’OVI di ng a passage

_betvveen said surfaces, preferably the uOee housing will al so have a neck .
'1154 for med about the housing outlet 700A. The houbl ng outlet 700A and neck,
',11'EA are sized|to all ow body 8304 of the connectioni sl eeve; SOOA pass. :
th!(ough whil e retaini ng sl eeve flange 7904, which emends frotr the body- 8304-
of# co l'ectipn ¢l eeve 5004, In one errbodl rrent of the; present invention an ’

7, s ST Sl ABTD A ey HpAE RE  2,
A ternaﬂﬂe"’m %“3%”“ e o] “?flmﬁmg"mfﬁmgfi o “’H‘“‘? -~ 5|3 Ve “£008
slieeve ex 0 of clonnec |on sl eeve ‘
disstal - ?@ﬁg @U@W%g{é@& Eﬁgf'h t%qy%ige\yéoqs’ng n lygereabei ng

adal | . ﬁ%ﬁ%rl Réifzlg Jeﬁé‘ﬁtﬁ{',%%ﬁﬁe@hdﬁsiﬂg Waﬂgﬁﬁgfdrﬂb%% {n Legn: A flui d

;tlght seal ' I ed |n this di ment contacting body
830A and %r . @ul’wm lﬁﬂéaxmbemaﬁeotida@mpﬁgmhmﬂmmsaga listedrmreviaustyhie’ neck

1158 oy @nﬁ%@%ﬁ%ﬂ@g@ﬂ%ﬂﬂﬁf&dﬁﬁw&? e G

esive wtbu:ﬁacepmwmmnmfngw TDOA pro sgaghbetwleagsay@dukfaMI Pefdrildy Uupper
hqusi'ng " end 1110A and hou5| n end 19904@%i Li houm&gﬁqend 17004 is’
‘atita’to aﬁﬂd@ﬁ@“#‘g APy ﬂh‘iﬂﬁ S@Hﬁ%l” dTher04, ;

Housi.ng Ei I (fmb‘s QA and
provi:de alh‘ it g?]t sealqgfx%]erevmt B%n%gg%ﬁ\%dt I on ins- may e_ used to-
seécure;t héﬁﬂbﬁpm&mmghgﬁ}ehdetnm steovat frmgd BN, rvdun‘hl emtmd the tiodyg B30A ng  but -

B TN LT
810 -ﬁThe * Chie dxi: 'aibmieendh& sibeve Slangy 7P0A4md Meercasee lfmmﬂﬂmﬁnsxbg)aﬁl 1gaend 1104 -

te bw's”h'uS,i. g 0]9) Qut er housi n 4 aela ted to ntatably -
cgnnect 8% K Baﬁ‘f’é#ﬁﬁt %%&Bv‘g%]lﬂlﬂi‘é@ e'%h‘i‘ﬁg‘ﬁg“i B vention | o ory, o
(dEi ve 'SyStmimiied dn FITt §8 'a'%@coﬁﬂ@l@@@@aﬁé@%ﬁ%eﬁﬂ’iﬁérﬁ%oﬁ Simi/oft%ﬂﬁacﬁ&@”m e, L.

be a‘bearing tlhat allows free rotation of bow ter; hoes ng. 100A

- ptef er.abl ylenstmnramhtﬁ@mmﬂmw%e Hoﬁbﬂlﬁeﬁgﬂmﬂmmwwgone or .
.more protrysi.g tations .
u‘l a- Eentr i _ @?@%ﬁ%&%@f‘gé@gﬁwgﬁéﬂ\%ﬁgéﬁ ﬁf@?@g%‘%&é@ggp |Ol'.‘.k| ?\g )

nmechani smpmsvx gilLin éd$ embodimanttby ithe d-h@ mmmi@bddpcmmgnm&rmﬁmlm ofil so -

S5 Rl U e b T, SHSHE T St e s b
201A i |1 shédradrdaiowb @O, bk Qdy éistabie srhndiredinyearexahple) 4 ip, ghoooeldl Bght figores -
: ZbOA and 202{ P aersgrefmth ‘8 com;tggénrt] olf Qc}n%rllo.gr T\I{IS Ltlljtgxp ho%gxgg\ wgfl _]Gggyttgé upper housing
N g esnd 110A a.nd lower nousmg  1%0A.  Lower housing énd WDA in ntfac‘ d 62 housing
| . - ﬂobr lsﬂA of preater diameter than upper end 110A. Housing ﬂoor 180.&:5 adapted io mate
. | with ﬁ\xe lower housing end 190A and provide a fluid tight seal theremﬂm Any conventaonal
e means may be uead ta secure the lower housing end 190A to tn,é houmng ﬂoor ISOA,
. mciu g but not limitad to, adhesives, ultrasonic welding or RF weldmg nHous:ng foor
- 180 | may have an indentation 185A. that is used to collect demsfer fluid 810 The: dlameter of
» out housmg 100A mcreases from upper housing end 110A to' lower housmg end 190A.
’E [00921 Outer housing 100A is adapted to rotatably connect to- a romnonal devme 900 {F1G. -
; “ 38), sch as for example, a rotor drive system or a rotating bracket 910 "r‘he rotatable
 corm tion may, for example, be a bearing that allows free romnon of bowl 10A. Outer

| : | o hous : g IOOA prefarably has a locking mechanism. The lockmg mechamsm may be ong or

3
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bousz4 1004, occupying a coaxial volume of interior volune 710A about axis
114, .100941j eferring to FIGS. 38, 40 and 44, the top core 200A and Botton1
;core “201A arelsub 6al |y conical and respectively have uppér core ends 205A
206A out-er coJe wal I's 2104, 11A; and |ower core ends :295A, 2964. The. cores
12004, ~2014 occupy coaxi al velumof interior volume: [ 710A of bow 10A and o
'fo#n1ng sepatatlon vol unme 220A between upper d. 205A and outer wal | 210A of%’,
‘top core 2004 ind outer'wall 2114 and | ower core end-a A of bottom core

,201A and %éi:lhgﬂ X%&Qﬁﬁble%@ﬁbﬁebp&l rfﬁecﬁﬁﬁ’s?n bﬁeqlﬂ%@!ﬁmﬁﬁﬁﬁ%ﬁe
interior volunmg 710A that |s between cores 2004 and;j201A and outer housing

1004 t,: (@9 Th Agcbm@@ smwm@arcemm@msbﬂ%@lt&&lé 26)0A conpri ses

upper cor n by . out er
.core wal | e@?gﬂl '@ﬁgﬁ{‘g{r@‘g&%{@ ?@E%l@ﬂg Zﬁgw ntg%altggégd? ~3!?%2108 and
‘i nper - wal | yojuené 706 ﬂ@ﬁcmaﬁesmmagmaam)ﬁhwffdiuaao“mm&r&rasseﬁ{blédomre 2004
pref erably ncrle &?{ from upper._core end 20 th lower coree end 2954,1 -
“Upper -cor. ﬁﬁsi’@g a@%%ﬂﬁﬂg@s‘ﬁﬁ@MWI%WWE@IWSEIWWWnner surface
205C Cont il g0A! SR cdhSA! Rl bEinAeh bR loABBSTRRNGRoU ar 1y from
.upper - surflace 205 i s |unen connector 4814, Luiren .conhect or 4814 has a ...
top ur f a0 ermicig 20 FIGR, BQGQDMMahmpbomaﬂ&tsnMMmﬁﬁw[ﬂms 482A 3 al

Core ent JoBaaank ulehn i B AT ko ARERATIRAL o8O o S RalC 005

‘core -erid 2082%
respect | veszJA, gtANchddowb: whandelosAl 9962 mmﬂﬂmh@m%y@@mmlt wal |

25A that -extends. perpendicul arly fromthe jnner surface 4841C. of | unen

cohnect or ~ Yolpmesef pteriopuptumentl W\H‘?‘VBW‘FP‘@"@’QB“ °’&FR§“’!!® WAbHWeThowl
h; I g iad duit

S2AA havi PR A oy 5y 3 080 U 6004 P ROTRAL AR Bl concl
into passaigsi 'battqmmEre@ihA@cd gutemMm ﬂWAtSapmhomwlmmesmnnzl "7T60A -
fiext a '
oo o e ob R A aEs ST LGSR A OB RIRPOGE 0T,
mﬁte ¥ lj;-xt mt ]gmbe;ii&ad wagmmmmaiutm4 329(%0Afanmpnmm§pemtmgm¢eomﬂﬁﬂ:ﬁ m}‘ 2 QSAV |
-¢onn wn S anne -

hals: £ ygid %D"‘% PEM?@#@?%“EMD W@W@gg&éﬁhé’?ﬁﬁsp |t 204
‘thrr ough hokkdng Gybis ORI irder WAIBurRES2 9C2Bd alslyet cGECTI0D, md 322Cc
a apt ed. to t;- opening 303B top surface 4824. is IHUStm&WI n-.one

-enbodi ment dtﬂn > @f'@p@géﬁwmw Frably incseas s fEpth Bitier eane EicA08 erpere @dposed
o | PR SRS PR gt e
pg : ' Cmtrally located about center axis and extending pe:pandwulaﬂy from the upper |
‘ »sarface 2053 is lumen connector 481A. Lumen connactor 481A has a top surfaw 432A and
. awall surface 432E. Top sutface 4524 has & two passages 0B &nd 1351) ﬁm provide fluid
I ” éoi;rxﬂlmncatlons through the upper core end 205A with second bowl chmmel 4104 and fitst
g bm;vl?jfchannel 420A mspectwely Second bow] channet 410A 1 1§ a wnduﬁ3m1 has a conduit.
= . * wall SZSA ﬁxat sx.tends perpmdicxﬂarly from the innet surface 481C of lwnm connector
_fl:‘#sm‘ R -
40 [009) As showd on FIGS. 39B, 39A and 40, second bowl channeMlO has fluid |
i " L .f:oin:r'uumoanon thh conduit channel 760A through conduit 321A havmg & first end 321B
e : and a second end 321(: that is adapted to fit into passage 325]) of Turnen oomectcr 481A. In
B opar?non conduit chamel 760A of external conduit 2DA has ﬂ';.ud conmnmzca:hen vmh bowl
. ‘chiznnel 410A. First bowl channel 420A is a second: c(mdmt thathas achannel wall 401A
: f . ﬁm‘ thends substammly perpendicularly from inner surface 481C of the‘lumen cormector |
.. 48 As shown in- FIGS 39A, 39B and 40, first bowl channei 420A has fruid
‘ rxa umcatlon thh conduit channel 730A of external condmt ZDA through hotlow cylmder

30 i.
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325Ftai Id |lower part 325G and be fused with channel walls 401A and 4024.
[0097]: Lop surface 482A also has indentation 483A which provides fluid
cormum cations with Ohi4nber 740A, \Wen assenbl ed, chanber 740A is defi ned =
by : Iurfen mounting recess 851A | s the volumes occupied by hollow cylinders .

321A and 322A¢i n. the connecti on junctio of connectlon sl eeve SO0A and | umen: -

connect or:: 4814. Chanber 7404 has fluid conm'cation with conduit channel
77@A and W th separation vol ume 2204 near neck 1154 through indentati.on .
483A. Thus"? 59 m@wneﬂm@rymawmfem fitupeniagBO3B top Giufaer a |

separ at ed dghii dag 1404 tlonal | y present
Y on-the z;‘fsalf‘ surfgg@e& 2058 are a%awgyp &’PSSIB 86‘8?% 43“2’6% xtend .
frontithe. 410Ads digpastdipBhinding bowhttantie! DA mrmra]mmh&(éﬁ;b&@ﬁmfﬂwe upper
holisi ng: e 4 . nll.c ns bet ween 't ié separation :
volurme 228’%‘ Yﬁ%&%ﬁ@&%@eﬁ‘kﬁﬁmﬂmwﬁé 4 Fi e semensed ofa@nerpag [ 0098]

I nian=al t e326H 'jj&hmadsmpmgelﬂi@aﬁﬁﬁ,%mgfﬁh@ 1§é§ 5612 ind 55, confiws’ .
321A and éﬂ%ﬁ‘ay be affixed to openi ngs 325 3 ‘i’:‘% ‘iIn"fhe top surface
'482A of* tr{

: S“@‘Hﬁ [#8¢A also heindenpiign ﬁﬁ-tﬁna/hiciz ,prcm@e ﬂuﬁtwmmr&m smay form’ "

e s 16 4480 O P L Kb .0

fladapt ed tdSBA\I.smmammpmdrﬁyamﬁswiﬂ%aﬁsbdmwsmﬂﬁm of bge male ..end '

8534 of th ctio eve nale end 8534 surrounds en 861 of
GpnEchod, Bas 0B i CoTerE 451 Ehrcaer 404k .

EXFCI 1k c
R xﬁﬂﬂi\c hiin I d
A Bk 7OANAE RS s kdhoh I RRaRS 8%@*1%3&?%552” 54

‘958A and charrbr ,
-and;55+a. d}ﬁmgmﬂﬁm4ﬁﬁév1h@dndWQnéﬂ&&fmimsﬁpmngehfayfmphmﬁme of
th,e | .umen & apeni | 85 7A of the
Soentert aaamhesdggée% _gm_mﬁﬁ%f; Eﬁﬁeg%%@mﬁﬁgﬁ%ggﬁ;@ L sa%tee o
ca>s @83 g om
rﬂsurface 297 ;. an ed QE@S att aches. and nakes d?ni cor?ttﬁct with.
| dwer édgt f - @et%er PPP"E @Em“?ﬁélé%@@%ﬁ ¥kt he uppe pl ate

"299A1 8 adopt "daﬁoxtzeemm&ﬁ drktioh QRIneed g o34 2104 -
;agd ferm a flhid tight seal S'ﬁu’b@hereovvl th. eExtendl %)paée%é%endﬁ: ag’fy from the .

pp -pl ate 2994 is a channel wall 4024, having an upper

AN

Iﬁ%\ﬁmt g’?g@‘mupw {'ueﬁ SSE)BK% ngg%&?@%% 5 03A, o

o afficpd to opdninge 325D e:hhmalmmeltbp Afhce 4824 amm Istef ace 298A, -
Bl sk A30iorS, BRAGDS IR A0y BT R B fibon
O 'dﬂllﬂme sdapted to form chambey 7408 when connected to c'.onnectlon sleeve

i A by 9.!93 Cl'ra::nber 740R is adapted to have one.or more surfaces 742A that cat mate.
v Wlﬁi 1 male end SSSA of-the connection sleeve S00A (roale. end BSSA sm‘founds end 861 of
h exte;m# oonduit 20A). To facilitate the correct orientation of the com‘iectmh sleeve S00A to
'  connector 481A the shape of the male end 8534 mnd d:hamber 74011 may be:
sy etrical or as is illustrated in FIGS 53 S4and 558 guxde 855A may be provided
| winc ‘, extends from the top surface of the lumen commector 481A and is adapted to fit within :
peng 857A of the sleave flange 790A. ! . '
. [0099) Referring back to Figures 40, the lower core end 2984 ¢ compnses ah upper plate 209A
: ,havm a top surface 298A, a bottom surface 297A, and an edge 2998 that !a!:taches and roakes
i - direg ' conmct w:t.h Iower edge 2101) of the outer core wall 210A The edge 299 of the




in fluid. munications wth conduit channel 180A of external conduit 20A

t hrijough “‘condui-t -322A. epening 303A provides fluid communications from
Iumen 400A to se aration p volune OA as will be further discussed. First -
bogi ‘channel 420k al so surrounds second bow ; .el 410A. 100100 Ref erring to:
Fi'gur es ’*43A 43B and 44, bottom core 201A conprises an upper core en 206A, -

a out erfcore wall 211A and a |l ower core end 296A; The outer core wall 211A o

Wi ng . an’ outer surface 2118, an inner wall 211C and | ower edge 211D. The

di amet er souinde npmiey HOMwicieh euitpiiallyia FRASES: IFup J99a0r€ _end. 206A .
t ol over cor 2‘%3 E’itts core 201A al so has.atop surface 309A and a.
botit om sur A el the s esﬁ@“&ﬁfﬁﬁ}%ﬁ‘@ih%ﬂﬁﬁ%mpmer abl y

gener alty zgmcg- Todas Al lgoaih &dg@ f, the ;'
upper ‘core end POGA. The i'ndent aﬁ%&%ﬁ%@}h%é& 6%?’%%?@@%%8 and an
er surfacévai;_Afpm;ﬂ;ﬁndmm&mdmeodmglmmaeﬁmtmwmdm4mlst Herein =

al ter °ple.§§@f IR ol P DDA S LA, PRhis SR RENES conie s

t he.-upper mm aesAwmkﬂmdd&mmﬁ@ﬁﬁoai& oA BdegetatogCei ve an

o-ting and.: fdet e ,seali-around the | ower énd 0113258 of . :
condwt wel© _ 24! ‘gﬁqﬁ&gﬂf%aﬁ@ﬁ%&dﬂﬁ hoylehsamlﬂﬁ%@lsgawa@ésm perrsO

; gmullag ‘a ~s d tar end par said openi ng: ‘wit y ., having '
o the tloo surface 309A Jextez}ding fromthe |ndent ation 186A to the.
out er’. surfﬁ@llB d?ﬂfmwomes 4Bk, 43Baid 44, bottadd doe 20764 comdprises amupperchannel s

3000 (e Rt AAC I aceﬁaigg@a?%gr'@r %@&%ﬁ Thpw, o dousyuer d from N

I nﬁent ation T8GA
i ndent at | G148 canmteeswfadeznm,anmwmzn@hmmow&@dgerm txrhddme@ble to

;adj Ithe s of 299A er co 95A accord| ngl - >
‘_Chjannel is 3%3’0%%'#@23@%#% SQﬁezq%lr‘leto Hos¥eg cprogpd 2964 gh;nnel :
30B6A. Hovvewm eﬁammmsaﬂé&ﬁpw@mymmm@m\mﬁ 55l fromthe:

‘celnter One skilled jn the artwould see .. if top. surface 309A sl opes

upiard:or. gﬁa%ﬁae%m@mamasﬂ&r@mﬁmmsuha@mallqthemmnaﬁﬂm 305A |

SLEES, UPMBE PN iR R b SRl PR BB R 30, 1

'bottom Sur, ac T

' (ukr girfdve 1860N Tlor wppRtadufavd kS6B oD dﬁlxmieﬁiaﬁou Wﬁbﬂethn ahi s _ |

i St il S gk HE TR 5l R, B 07T 1O 0 12

embo"_ 'ment of the prasent invention illustrated in FIG 53, the uppe:r surface 18613 mmay also
have tecess al86D adapted to receive an o-ring and form aﬂmd type seal ,around the lower
end c-fSZSB of conduit wall 325A. Extending perpendicularly from iner surface 186C

a 'f "_ smd opemng 324D s conduit wall 324A having 2 distsl end 32411 Onﬂae fop surface

fed .  309A Jexiendmg fmm the mdentanon 1864 1o the outer surface 2111! of thd outey core wall -

it C211A are one or mote. channels 308A. The top surface 3094 may be: honztmtal or slope

ard or downward from indentation 186A. 1If top surface 309A slopes upward or

- downward from mdmtanon 1864 to core end 206A, one slalied in the art would be sble to

o B : adjusJL the shapes of upper plate 299A and upper core end 295A accordmgly Charnels 305A

_. g ; - may ve an even depth through out the length of the channel 305A Homver channel

L 305N may slope dommd or upward radially from the center.: . Ong skﬂled in the art. would

: ‘ _' ‘  if top surface 309A slo;:es upward or downward and channei 305A has a constant©
N dep . then channel 305A slopes upward or downward ax:cordmgly , '

[ﬂt’:‘lI 1. Refen'mg to Figures 38, the bottom surface 297A of upperplate 299Ais in -

; d:reét contact with the top surface area 3069A of bottom core :wlA when aompletely
. assernbled, This conitact forms a fluid tight séal between the- two surfuce areas fonmng an -
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“‘Iﬁ assenble

{ openin 305E fromthe indentation 186A to channel 3054. A sewnd opening
3D5C from char ndi 3054 is forned in the outer surface 2118 of outer core
\ial ' 2114, The opening 305E i rovides fluid commini catidns fromindentation
- I8BA’ through channel 3054 and openin 3050 to separ ation ivol ume 2204 (FI GS
;38 and 40), ‘Thus fluid 8%0 flows through condui ?channel .780A and ° o
‘ -ss.ubsequently passes through first bow channel 470A. Fromfl rst brotvl 2~ | .
" nnel..4204, f)yuid 8 then goes to through channel 305A to the separation
Vol une Wﬁ?@@ﬁﬁ]‘)m@?é\dﬁiﬁ%mj@@ﬂ@ el 304, b seoqn] opching|3056 froor e end

3

296A has ur; o! a bottom -

surface gsouter edlg %ﬁgﬁ@??@ﬁf u?%p%r Vﬁ'ﬂ%ﬁ}g ﬂ?@?ﬂ%’ge 300C of ..

 the IovverSQﬂm{rewaa(ﬂmd mmmmho%amuﬂ@hﬁ&tﬁlﬂﬁﬂ%ﬁﬁ:c]ﬁﬂ%&%%d go 300D is
adapted to be 211D of the outer core wan 2114 d

Arovi de aOIBEEJOBE gheersaaen rolEPE I IAFIESsTh BadEH Tive QRARDIPREFRGD: 180A

‘L?Y?Lsua&*“ﬁ .,a‘qﬂﬁﬁ“@{*ﬂ*ﬁm o dek B Pl AR BRnTER P

~shown .in - &Oﬂmgomomou@mmm&ﬁﬂmmmwﬁﬁmMmm 220C -
'e,xi.stsi be% geh | ower plate 3004 and housing floor i 1804. This vol ume 220C is
i flui d-"Commni cati on with separation volune 2204 Lower; plate i4. may bé '

_--fr?&de of p-[mo"lc or Refptriag heFigee 42Dk AARdhe vl o Gid 296A ks allofwer@idiendi ng
- gh - : o- endi cuslu%é%{‘ﬁ]?bro t he | ower surfape 3000 of | ower plate
| e J00Lnd apign @Z@?ﬁ“l{' Hhtendingends

" ihto the g 0| R lowbd 418 300K0 oA RS %%;91;0#19?51.&181@1% and a

| | ﬁmm
‘slecond end 320 that O xtends above the top surface ower plate .
- 3D04. TheoufFrgge 300D s adeptettotbeatiarhed to th@lla)hm eige 2t Mai/be auten g will t with

Ccondu~t  wally @ t vall d, 325A
ks sei’%iﬁ TbroAdEs gL Rarb gl Hosh SR BB FRIAAIREA,
surface 213131,Andcxc@larlm@glrﬁe%&ﬂweﬁradiﬂtytiborﬁmeen%l&ﬂhstﬁmfwmmg@econd hova

u .
(Dona) 1 Aol TSPR Bk ed b e MRS RERALABR [t 2l

(0014]

Cin FIG SEousﬁi' fﬁiépmmﬁn%ﬂhﬁ@zﬁ@%#%fb%@mﬁ@m&%@n&]gh‘g fRbesent .
- .Support wall 4054 ext ends_peep icularly from bpttom slirface 3091.

j-s?pport waBOA 1 Bhin velupeFdecC @@WBWWW mﬁepmaonv@w%@é Fo0€T of | over
- ptat-e 3004 ahkaG ];a§t&b°d} .ﬁﬂﬁx fAifOr € 2014 -

¥ ‘ ndui t ‘f’m%‘f@"tfg n%/l%ggycgc%t%ggt tb cong&ﬁ}b%t%A to formft
“fluidti glsmhsmaaliyapadpmdmdmly ﬁo@Mow@mﬂwm%ﬂos@fimalmw poendpitui t h :

slipports oAk | BadReagpRhed kA o el PR RS REG BR ey oML [ ¢ e

S N S plate 300A :nd housmg floor 130A and a second end 320C that Bﬂeﬂdg ahave o Surfm

3008 of lower plate 300A. The diameter of conduit 320A is adapted o have 2 nght fit wnh

e .@nﬂwt wall end 324B The volume inside conduit walls 324A and 325A compnses a lumen

- ¥ -"_", | 4&0!! ’I‘he volume defined by lower plate 300A, inver surface 211(’3 and ceﬂmg 2534 of
y . botto ) core 2014, exclnding second bowl channel 410A, may oompnse of air or a solid

%« misterinl (See FIGS. 43B mnd 44), | S
- g }l _ _f”_ [0010 ] In an altematwe embodiment of the present mventmn as Jllustrared i HG 53
| g T | suppo walls 405A and 4077A may be optionaily present. Suppon wall 405A extends
B _' perp lculm'ly from bottom surface 309B. Support wall 467A Nends parpendicularly from

_ | ﬂle to Burfaoe 300B of Jawer plate 300A and connects with suppott wall 405A when the

botto | gore ZUIA is assembled Conduit wall 324A may be connected to wndmt 320A to

L form fluid tight seal and conduits 3244, 3204 may be fused respecﬁvely fuith supports

-. walls M]SA and 407A. Additionally present extending from fne bottom sui'face 3000 of

..|,

2ot S Al S A gl g =




| ower | ate 300A are one or nore orientation spacers 409A that mate within
i ngent ation 1854. 10014 As will be readily apparent to one of ordinary
'shiTl:iin the ant, the bow 104 11 nGed to be bal anced about center- axis
+114., Accor di ngly, wei ghts nmaybe added as part of the device as is b
-‘-apbroprlate tolfacilitate the balancing of the bgw 104 suth as wei ght I's
EA dl” ustrateq in FIG5.11. toot 05J Referring to FIG 38 bowl 104 is.
pt ¢ ed SO tha outer housing 1004 cores 2004 and 2014, Ibvver pl ate 300A

-and upper MA a0 084 Prgnére oventRa4pacer 40P Adlat 1 mmnniﬂlin—mdenzﬂxhnand
connectlon ve 5004, and I umens 400A and 400B arérin. copnec i on and
rotate’ toge Hou5| ng floor 1804 of outer housing 100A tonprises recesse_s,'
1S1A on |t$00 .S Asaﬂﬁbem&bap@meﬁﬂesn@df&rdihmpeldliﬁmthéhfmbéwmsmn 3014 -

‘ofi’l ower pl e|300 hown, | ower ate 3 has$, y ound: prof rusi on 301A ..
on its bot O &e@éswgagwtec@gwaﬁ e TORE] WBIEhE DR B B 85 BEDA wi th

respect: to obmé eaiae id @g;fsprs&% M&ﬁnﬂa@m&ﬂg of@e 'Bgﬁﬁld)ﬁéu%h &f‘ﬁ&gms' on 301A::

'on; -t hie/bott om sfurface l'ower plate 3004 forfs ali fitiwt recess 181A
on hou5| ng 4B8A when outer housing 100A is rotated, external '

gondu VA ﬁzfnfﬁ%fe&%%?@?@ga%hlgaw{eﬁa%&Sa%%%wo@a:ﬁé%%m

bo; t om cor
ROZA tioWertpldte mm&wm 2995 howieHdon 180 Cextdfal umen 400A =

40;)9 Wi | rzonﬁi
‘al{ ows whol Io 80 to cope ‘bow , ~1 QA via a.fi r t, ﬂbowl chann
4204. . Fi r SO éﬂﬁé‘i’m@‘m mﬁ%‘sﬂ%ﬁ %ﬁﬁﬂeﬁl &% pongprtiop pog |u. d

-800 U'hriougholatTBaeid ORohding Meis B R 0F otk &G 1@%&%&*}&@@%@&1&0“
-vo ame ¢ Z29A:; trprough channel 3054, Lumen 400A'is located ihside top care

20d: A. -Lurdop:sK mdatbesarmss@h@refshw@mﬁi@owmﬁohhefm@wmémmés | umen |

end 402C e m1er sur %%ﬁg fégf%s oggp?%tﬁhgt?)n%%ﬁg\%%é%%ﬁannel

ex,t endi:ng fron ‘
»vva1| 402A andwi 'h@‘ l6werpldtéh 30Qopits osspat . lﬁﬁﬂﬂgﬂéordmr Wlmhﬂsaabm&ach Channel:

oLl 0 el BAPRA e B SRl bS] olP s MAMRER B BB
Z0SC of, t haec '.mfA@onmsﬁgmoaﬂm atéks Ol Oaler Nevking 40049 SiaRUpBERised by
ai 1p| urallty af fut's. 403A (FI G It can readily be seen:that height of .

1-uimen’ 400A C@aﬁ,_ b%“fi‘a 'ew&rfé‘ﬂﬁgm? RRre Q%élppgrﬂ!fﬂ%%ég beffork gre 2004,

channel Wa'iu F Hﬁis{n 43818020 Bsitlbineed00 A32a 400 R4l fobige  Ndi 0 qof -
condutt wal | 44 0016 7] As |IIustrat ed in FIG 38, |unan 4004, from upper
1 uirren _e:nd tb | ower 1 umen end 402C, encl oses an i-nner:’lumen 4008, Lovver,

1 e end %Mas AN QRER in FIG. 38 lumen 400A allows whole blood 800 to ooma into

| b '_ ,bo._x‘yL 10A via a first bow] channel 420A. First bow! charmel 420A prowdes apassageway for
o ;;". ‘.inﬂ‘o.%v\ of fluid 800 through lumen 400A to indention 136A andg then to- ‘ﬁgq__s_eparano_n_ volume -
L 220A/though channel 30SA.  Lumen 400A is locafed inside tbp core 200 Lumen 4004
.7 hag alhelght from upper lumen end 4804 and lower humen end 407C. Lmnan 400ATs
L. formed by the connestion of channel wall 401 extending frokn the inner surface 481C of

J i ¢ lum } CONNECtor 481A and channel well 402A extending Erom‘:he top surfa:ce 298A of upper :
' plate|299A. Channel wall 401A i s supported by a plurality of fz’ms 251A W“hlch are attached

- fo: the inner wall surface 210C of the outer core wall 210A and! mner surfane IDSC of the
P upp core end. IGSA, and channel wall 402A is suppoxted bya pluxahty of fing 403A (FIG

" . 40) It mnreadﬂy be seen that height of lumen 4004 can be adjusted by changmg the sizes.
G ‘and:ghapes of core ZOBA, channel wall 401A, channel wall 402A condmt Wall 325A and the
- haight 68 condt wll 324A. )

: - [(FGIL’?] As illustrated in FIG. 38,lumen 4004, from upper lumen end ¢30A to lower

. lum7n end 402C, encloses an inner lumen 400B. Lower Iuman end thC has an oparnng

o ;i A - . : i
e b | o
}



ad r I !l 1 3034 uhieh is in fluid conmunication with separation

:vol ume2EQA thrqugh a nunber of channel 3054, In the illustrated enbodi nent
I umen 400A conprises first bow channel 420A, Second bow :channel 410A is
Iocat ed insidelfirst bowl channel 4204: of the: topjcore 200A i s encl osed
t herel m from|umen end 480A and to |umai 4020, Fuzthernore; second: bow
i;channel A10A i Qrs. a passageway t hrough | unen 4008 from bel' ow | ower plate

3004 tr- t hgg, f rst .separated fluid c nent 810 that gathers in
‘i ndent at i on, §£Wﬁs%ﬂd’“§ m%%g @’%i? d"IB’é‘gB %ﬂﬁﬂ&h M@meeoft ends
frbm housi pgnhelesAl Mexmsmemaﬁmaﬁmﬂné%ﬁdaﬁ@g&g { yand g g

e errln gure

condU|t ch l|« 760A, of ext e conduit 204. 10010 .
(shown wit %%’ﬁﬂ@f’? Mﬁwlﬂﬁféﬁ d irsige fisst bowkchanreli 4204 oﬂhetolp&w&lo to
t bowl d J t.

exit bow 360l s%n&efeeﬁ!%ré}ﬂ%mq{ﬁﬁ&i‘ﬁi L at%“%m&%‘%‘gx‘%%emw cone

-cafion fromthT housi ng1 oor above 1n "%24E. | nner -

| umen. ooeﬂ%@dw émem@mmmmmnmmawm ¢4E and

1coﬁprises whi ch e.coneg ected in aftluid ,
“tight: manner . a{fd orm ecoﬁ&g%ﬁ@ @f@‘ﬂtg{h HW@?Gfdl anet er

than and i8S %Mgﬂndrmmﬁdndfhbmhafmél%lo@eﬂ&& uit wall
32BA i s sugport Lxg\,iﬁlqi .25 4 t hat estends through%ﬁﬂﬁﬂmﬁgﬁ?@gglA and -

attaches t8 ¢ hyzpgn; 4098 IW%@W@MG&:M&?WW@ elalr
i-ndent &t | omj,84 | unen 400B extends beyond i ndent atlon 1864 and t hrough ,
_bottom plate 300A. The first conduit wall 325A has an uppef end 325C which
~has ' an op. BWQ‘D on Bﬁmﬁ@m&%@mmmodndmmmnmuwema Aods a

-1 oW -SF . end D i t fit tightly with upper
entl 3040 ol amdseB 1P ¥ MR i O R Fione ot imiblonk s [ hPgher
1 hé\nI i -,m cﬁ%ﬂm%h&&wﬂmmﬁ@ﬁeﬁﬂﬂdﬁ 185A@P f mhl maefé also hgs-
-an ower nd . 3 and IS supporte urality. o |ns 2S2A. Lower en
3248 havi ng“%ﬁ‘ﬁﬁ&&t“‘? WPpey '&éﬁt"&&%@néaﬁm’&mﬁl AR and zowtistayi ng
apeni ng 308 tadad QAUOSEYA fes Ré&dh ection -of
'fopent ngs '3258E] and BOZﬁI’%‘J\?I dggfl ui d Q%:%dnn%ﬁ%dclgth?%}dﬂ %Q’pween aﬁ@ﬁﬂmw and

the space ssoutpesthadarnel HUd thades sodler diatheteothen argi i Isqmm‘ttﬂﬁﬂ@stﬁbte?rcmpace 220
: ﬁ%ﬁh‘é’?ﬁ& B0t oAl a0 bl S 324 G A0 bl o381 e bl o
: o . chapmeg! wall 4D1A and attaches to conduit wall 325A. Unlike Iumﬂn 40(1Azwlnch has one
; L end: near mdmnon 186A lumen 4008 extends beyond mdentanon 186A and through

rbotho plate 300A. The ﬁrst conduit wall 325A has an upper emd 328C whlch has an .

. openitlg 325D on the top surface 482A of lumen cormeclor 4814 and aiowgr end 3258
RS A :;j: s hair;n'g an opemng 325E adapted to fit tightly with.upper end 32%(3 of condmt wall 324A.

ST AR Uppef end 324C of conduit wall 324A is higher than mdentanon 1864 end! has s opening-
i ( - ‘.:.r : '3241) | Conduit wall 324A also has end lower end 324B and is supported by aplurahty of
| t . fing 252A Lower end 3248 having opening SZSE is adapted to connect tq condmt 320A
L s "havmg opening 30624 located near the center of lower plate 300A 'Ihe connecﬁon of
D . openings 325K and 302A provide fluid communication batween Iumen MB and the space

_ '_ 220C betyveen lower plate 300A md housing floor 130A. The spacezmq b__etween lower- |
© - plate 300A and hous_mg floor 180A in tumn has fluid conunmﬁcétien w:thsgparatxon volume
L [D(ii " ] " Condmt 320A provides g tight fit with lower end 3243 prowdmg support for
- i i - -secoﬂd 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 de\dce prowtimg a sealed |

3




h [00109], Conduit 320A provides a tight fit with | ower endi 3248, providing
sugport for second bow channel 410A, Each bow channel 420A and 4104 may
be inade’: of. any type of flexiblle,or rigid tubing (siuch: as iivedi cal tubi ng)

or . othen such device providing a sealed r ', 31 i -a n , pttssage ay,
poSSlny f'or. pressurized or unpressurized fluid flow and whi ch preferably
can - be:di sposaple and sterilizable, i.e, of S|nple'and eff|C|ent
namufacture 1.| Drive Tube 1001101 As illustrated in -FIGS. 39A and 398

condui t' ag vEFRAblysforproanhad o anprb@uized Bhuid fow; andelich frdakiepwm SCOA
which is attached onto the first end 861A of eztespal ¢onduit KOA having a _

finst. con@ﬂﬂt@@%ﬁhﬁéﬁ stpghmblegi %éféﬁ@l%mﬁw‘émw 60A, and a third
cohdUtt el “770A. Each conduit channel has fluid communi catlonvvlth a first
boi “ chann ch nnel 14 hivedrdgcond bow channel 416A; and a.bow chanber
140A. : The three conduit -channel are equally spaced ;120 apart and equal I n

g;(fagﬂ]gfr é@)]@ﬁf v ﬁgﬂ%ﬂ\%& P@éscon ﬁ?ﬁgaﬁg%“d@%‘i%‘xl Cﬁ@f]}‘@% connect ed:‘:- |

with fir Stbob@“A@fW@ﬂﬁécnéﬁﬂéevfeGmAmfhhdh\M Atchddbneh 5O Grst éﬂﬁmﬂﬁtﬂ'rd‘?@émal condu

szﬁl L“n;o g:g%gl qﬁ) or se ar atlon Si m égﬂ&mﬁg&gond ¢co dwt cggglnnel 762:[Aed
f1pi d. comgpent dﬁﬂ&lﬁmnnmao%mme%w@&nﬁﬁ%snmaﬁma&ﬂy, third

condwt channel -7//0A connects to er /(40A for renoving second separat ed.

f1 ui d: comsbernel42020 afseennd dawl channel pvbtmi 2 hew} ehainben 740 Aat i three eundyit 45,

external condujlt a nec d 861A and
anr anchor cg L’eﬂré%ﬁﬁ ﬁfﬁtgfysbeg‘%ﬂ‘%m@ ‘fl‘“B%’ %ﬁeﬂ“&r "@'&fﬁ@‘fﬁ 20A. '
Opt i onal | ypyor %ﬁm&mmyeoﬁrmfsgﬁwwﬁamﬁmﬂw ERWPR0 ANdndiit dagREhor sl eeve
870A external: donduit 20A are a first_ shoul der 882 and ‘a second shoul der. 884

whi-ch™ ext8PAde fipdhinosnecsrd Wik fisbhmvilishansgh @PApr ialle ving flusdop fomesmeal of a

(o o%r SLZ@%@%@?’?‘E‘?‘ A S L A

second;; bewmnit musegmdaawbcmn@lsmormmwrﬂmﬂﬂdﬁ dm;ntﬁloeeve 870A,

'zr*scgﬁ:‘z:ta%@ﬁ FARGH BP9 M P e

this t ype IQM J THOA dor remwving {cotmi ﬂpﬁbteqbﬂeifde:bmpahmmrﬂ'm bovel BAXTREL(r)) .
e ooy ! S, S0 QUG 45, conduit 204 s s oo
DR ,::gqu o the first end 861A. and an anchor sleeve 8704 on the second end 862A of external
. i conduit20A. Optionally present between the connection sleeve SOOA and the anchor sleeve
R L S‘mA n extemal condurt 204 are a first shoulder 882 mnd a second shoulder 834 whmh

E f | L pefrpenmbmaﬂ“y fom the external condvit 20A and are of a larget djameter Between

__ | LR the connscnon gleave SGOA and anchor sleeve 870A (or if present the ﬁrst and second

o o ‘shou]der 882, 884) are & first and second bearing rings 871A and 872A. Extemal conduit

i | - : 205_, Jmchor sleeve 870A, and corriection sleeve may be prepaxed from the same or different
s . bmcoil:npahble materials of suitable strenpth and flexibility for use m 'thls t;?pe of tubingina
P | ifuge (one such‘:preferred material is HYTREL®). The cor_‘mec_ﬁon sléeve"soo.& and the
3 L anch" r sleeye 870A may be attached through any suitable means such a3 adheswm welding
. - dtc;, however, for ease of manufactire it is preferred that the connectmn sieeve SPOA and the

| anchdlar sleeve 870A be overmolded to the external.conduit IBA o

- [00112] Referrmg to FIGS, 45, 48 and 49 anchor sleeve 8‘!0A oompnses 2 body 877B
 : hz! ng aiﬁ.rst anchor-end 873A and second anchor end 874A. Anchor sleeve 870A is

-hed 10 second condutt end 862A of external conduit 20A (preferably by overmolding)
‘ncreases n dmmeter from first collar 873 A to the collar 874A. Spaced distally from

d

3



anch r sl eeve 870A may be attached through any suitable neans ;such as

adheswes weldijng etc:, owever, for ease of manufacture it is preferred
t hat .t he: connect|i on sl eeve SODA and the anchor sleeve 870A be overnolded to .
t hei extérnal . ¢ nduit 20'~. [00112). Referring to FIGS. 45, 148 and 49 anchor =
st eeve’ 070A conprises a body 9778 Ita I~g a first ahchor ehd 873A and o

second’ anchor end 874A Anchor sleeve 870A is attar fed to second conduit -endi,

862A of t t . 20A f bl b | di d :

B IR Lo Al S ety Bty ST raae s ot 26

| second eafpef g et@ﬂﬁn%'ﬂoﬁfw&@ﬁﬁ@fth%cﬁ&s@&gm &ﬁﬁ%ﬁl@‘ﬂ@sﬁf from body .
77/B0 e a or

8718 and of a 8$r di et.er than the body 8 ve 8704. A
pl urality pavig ty god Waﬂuhﬁgvawﬂteumgarm mm&mxmﬂcm | ar 886A
and:- second rib ndi beyond t he
first ancho&r@&g&r]l 6&%& are aggggﬁ’%&dﬁcﬁ)ﬁéﬁng}%ﬁ"ﬂeﬁﬁ?E‘“Eedgtgg‘l‘?:h?dﬁ b ends
877(C are | 81¥B efbdn&swma’igjo&&ﬁ%geﬂkt&hahn@ - ablBGhath atlehedxt - -
corjdui t :204. Th r| %;Aﬁh l1el to.the exter'nal conduit 20A and are
oaralel deythe E@ﬁﬁ’ﬁl@lﬂémvmmW@A,, and

pr efera y! _
i s g&'ﬁﬂﬁ? o et
Tha" P ee76 2R s HA B ook R SIS R Pt a0f Bt T oo
‘conduirt ; fardmﬂ_e- ‘tdnﬂghfaﬂﬁeﬂﬁghxglﬁaieb@fbtaﬂoﬂ Hﬂﬁnglﬁﬁﬁﬁralleiﬁﬁhﬁie%ndiﬁtwem the
Poik anbrcrvaphik pBb desmaasieti b B4 BoRer ora s ons et dConnoct | on

(I?I%Gﬁs 46 aﬁ%ﬁ@g&%ﬁ%ﬂ?ﬁ%% l%ﬁ ﬁ%“gﬁ“@h\‘fiﬁ%{ fl angei
Glgndgﬂ 204 mbﬂim,rsm@mm strwmr@helanmtmomadfmuhe '

4 surface 482Aot Iurren connect or 4814: V\hen the.
‘bo \N 10471 §ass %@“’ﬁ"‘tﬁ&’%z‘%‘ugm seal may be prow ded: Py placing

"o-Fi. ng?glA[ﬂﬁm nd boﬁmnﬂaﬁxﬁsbmkmm cmn@nm bbﬁgesmxmmglﬁlxﬁpd?ebmnd” ange L
‘ ' ng,.. 1004, t.i 3] A d~s:adapted to be secured i4
byer flosve PRERoZR (08, €0 T At oerd B AA Hibalorn ol bove

> o GUARATIDA 0 Wphikiy bﬂﬁ»’ﬁﬁﬁkﬁm@h&,'xﬂﬂc\lﬁmﬁ LianDe A BQdirRgladcn: adapt$ to
, dl-‘y conneqt_condu t chann s, 7804, 7604, 770A of .external_ conduit ZOA tq

f"‘bo channi endhe WAl surpge %ﬂf%ﬂ‘rﬁﬁé‘imﬂéﬁl‘bfwwam‘ﬂ 10z gssglled| ed,
.conn COO” §| "-Eﬁgﬁfm?b@m%@&ibiﬂ&dﬂé‘&%ﬂ@?ﬁl@%ﬁﬁd&ﬁ}ﬁsé‘fbﬁs 39A" and

395) L
S sing the o.n_ng 791A between flange 799A and housing 100A Upper sleeve end-
g . SSIA iS adap‘teato be Securea 0 extemnal Guuul.ua 304, :.-vfm“g to FIG 46 39A ﬂT.ld 393

'S Iq;eve 5006,-9@
‘sl eevé ‘end- 8327
904 “ang " athlewh
i ncjenE ati QQ&B&Et

ion sleeve S00A is secured to bowl 10A by means of sleeve ﬂange 790A and i
‘: adapupd 10, ﬂmdly counect conduit channels 7804, 7604, 770A b external condmt 2040
. bowl channels 420A and 410A, and chamber 740A of bowl IOA When masembled
3 corm ttion sleeve SUDA is mounted to lumen connector 481A. (FIGS 39A and 39B).

; L {001 4} Cormectwn sleeve S00A prefembly incregses in charneter ﬁ*om upper sleeve

g | . md 831A to lower gleeve end 832A and is overmolded to-first condult end 861A of external -
E o cond t 29A Cormecnon steeve 560A connects bowl 104 to external oondmt 20A watbout
B _. ,use aTotatable seai whlch would otherwise normaily be locauad betwem bowl 16A and
e conn on sleeve 500A The seal-less connection between bowl 10A and mnnecuon sleeve
500 may occur as explamed above or aiternatively through use of, for e:.ample an O-ring, 2
o gcoqve, orlip, gronxrnet»type connection, welding, or a tight fif wath or w:thout sdhesive in -
eithér bowl 10A or bonnection sleeve SO0DA. - _ a '

i
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[ 001 4] Connection sleeve 500A preferably increases in dianeter from upper

~ sleeve end 5314 to lower sleeve end 832A and is ovennolded to first conduit
-.K.end :861A" of ' eEternaI al conduit ZOA wi t hout cond(nlt 20A Connect i on :

- eeve . 500A: cpnnects bow 10A to extern use, JJ a rotatable seat, which "
oulid ot: herwi se normal Iy be |ocated between bowl 104 and ‘ cor.er .on" sl eeve:
S§00A : The seaLlTI ess connection between bowl10A andlconnech on sleeve 1 S

300 { hr quah £ for
5 a;rpfygy fay ?ﬁg,ewg‘aﬂé*?’??m%ﬁe’%?ﬁp’w qgﬁ@m@%@roug belremitasne) di ng,

or a ti gh847A rhacts withi bb@urtfacadm b Rniedl coteétir¥gIAory agﬁ,ﬁgane?lt i on
eeve ang

sl eeve 50 0011 As i1 at e n Figure 46 and 391
790A hasb0 tgi'm s%‘f‘}"ﬁc?‘émeﬁfﬂﬁ ' %@(ﬂi‘f‘é‘&g Wﬂ?ﬂ@%ﬂﬂ%ﬁ@p@%ﬂrﬂﬁldl unen
donnect or cékﬁﬂ:&nfcﬁﬂdmhe&ﬁéan #6h cBaM m‘l)?, nnector .4$1A has a
plurality, o dent at on 4$63,k°\ t%at pr%ndgp orc‘##%‘sp%ﬁ&c %h'ﬁﬂ“ﬂat ion
bet ween sg‘iﬁ'é FORMERiS AR VI endwtehaneah 7%33@drchmﬁa¢mmeﬁnm m has
U o it e%ces*sgg%%i*ﬂ SHAR A B0 G Shnetp a%%%wﬁ&%&ééo?eié?eﬁ
~‘exel udi ngsnﬂ%'?wpwd@y@ﬁwnﬁmdby 3nM|mm Imgﬁfﬁi%@ﬁgmﬁm plurality:
-of - protrug& mﬁ?@éﬂ? *::g tt urface 847A of sleeve tlange 790A engages: -
and slii de tﬁﬂﬁ A Pt Jopee gRAeREagegpd Isgdﬁd@mmmnﬂ%mdmnnector
- 481A, thuw@ Ao I4BEB af hunffte ﬁde&to Hﬁﬁ{'ﬂ ve 5 OOA helps to
y condwt 203 ?o bo%ﬂm%g@g us fﬁ@kﬁg cornmecting external *

5-secure external
| bowl qwonﬁiemmédh@mrtmmmmw:mm .t BbvdhBAt 0 be

""c,ondwt 2 ;
) ligﬁﬁle::tefjogma 0 enagl esgsepar a% eé f%%%%‘ﬁémﬂ@ﬂ@lﬁaﬁ%é’%g%myegl :‘jrdm
. ,bow_ 10A fluld 8 m&ssuppke@hgmgh mmwﬂwzwte%wmﬁxsmaﬁ} ﬁﬁ@%ﬁfﬂlt 2gA has’
t t
A .2‘52222. ve%;@ OB o R Rl SRSk B0 bssiiyed Ao 0hore

-~ Big) _|emmhdlyom:mmonstant di aneter conduit:is: cheap/ easyto
*ninuf act’ ui‘g\i al | ows @gl experunent ation with conhection: sl eeve SO0A and
E chor: sl é} 70A §’Fti QR %mmrﬁmm dlmmmhlhelpeasl ly sli d

" thereon. han
. Const Fai hed. %?hf l r@éetltslandrggée/%%ﬁﬂ?n ﬁg%er s&g@%\%@“%%ﬁ% g@@eﬁw’f% i cond 20A
may be magecdy. Mé‘, @ﬁorfstaakﬂlbmmt enpdmiis (clmphasg&u ettt} aﬂmwag&g or other
Tsuch d icg AL for fl of- flu V\/ﬂICh rrqy
“be -pr essurgili_ze or i eSt?o psfe%ggg@gg ?h°51s fgé\%rs%’ 5’?141 Fch -
' | yearmy rimgs avchssab tebaesily iz théreora (Preferably the movemept of bearmg B
R sm 0d 8724 will be constrained by first and second shoulders 8824 ami« 884A. External
: cond ZOA may be made of any type of fiexible tubing (such as medical tuhmg) orother
. . ..such d 1ce prowdmg 8 sealed pessageway for the flow of ﬂmds‘ whxch mny be pressunzed
ST - :_mto od out of & reservoir of any sort, and which preferably can be dzsposable and stenhzable

‘ "'_;'_:H Pexlfmment Tower Systsm S J

" [00118] o FIG. 17 illustrates tower system 2000. Tower systemxmﬂﬂ ls the permanent

(e, m n-dlsposabie) plece of hardware that recewes the va.nous devlces of photopheresxs kit

| 1000 | ch as, cassette'1100, mad:anon chamber 700, and cenmﬁxge bowl 10 (FIG. 1),

L " Tow;ju system 2000 performs the valving, pumping, and overall control and‘ drive.of fluid

” ﬂow ough dmposable photopheresis kit 1000. Tower system 2000 parfonms all of the

: - necess contml ﬁmctmn artomatically through the use of apmperly prcgrammad

L S {.'qontr:} er, for example a procesgor or IC sircuit, coupled to all cf the necass‘»ary components
R Whﬂe 2 new dxsposahle kit must be discarded after each photopharems rherapy sessiom, tower

, ‘ e i




{ I 1Il. Permanent Tower System [0011%$1) FIG 17 illustrates tower system
2000. . Tower system 2000 is. the permanent (i.e., nbn-disposable) piece of
;-.har dvvare that, necei ves the various devi ces of | phot ophere5| s kit 1000,. ch -
as} cassette 1 00, irradiation chanber 700, and centrlfuge bow 10 (FI G 1) .¢°
Tower?: system 2000 perforns the valving, punping, anfl overall control ~and’
drive of flui 'd{ flow tough di sposabl e phot ophereS| s, kit 1000 Tower system .

2000 perfor eces nt r ol t| o autofmatical |y through

the use of sg‘ﬁ éperﬂsy‘s%f‘%}f %ﬁ%‘% C‘%&“W&W rlzs ddegebringy 1C 0

circuit, caupmbechiteRtray a! bloed BEEH di sposabl e
T oF ophar ooy Sopihs ‘ﬂsﬂgh?@é% D8 R |

ki1 rrust be di scarded after each phot ophereS| !
system, 200@”‘?%% tog, eantrgler a5 bw eh @g@ﬁﬁﬂmﬁ' rcogpetaptn 2000 cart be m)dl fi ed

t o perfor m nmber S5 circui £a t for exanple
‘apheresi s, g;/ groperr%ﬁﬁ)gramn fr?lzg[_:?e"lt “R‘E@?‘i%%lﬂfié‘wfd@ﬁvnéﬁﬁ Sd #P%one of
its corrpon@nm@ mm@pwmmazmyhasamp?meah@abammnMMum% Upper - =

‘poition 2100 ak base S pQ 2200, Base portion 2200 has a top 2201
and a bott &A"2: 2&‘ A fractie b???)‘B éﬁie”* “°“&G‘é?° ‘gﬁtﬁ\eﬁ SYHED 3R i modii02 of

base porti and e Msinobd Maved tRIonSKSsANIZpiss 3] asily be
m)ved from roorfn to%'rooom I'n a hospital settl ng re erﬁPb ' 'ttﬁe Irﬁont wheel s

Y g
2203 arepi \)’61‘3&15 éﬂ%ﬁémvﬁbiﬂeﬁbpwﬂmh@sﬁowwmmngaﬁﬁmummgnd

e ﬁ@%*ﬁ{‘ a5, OFegPEA8) of PG o0 ol ER Rt S0 RRRRSS 00

-'sur face 2234 ?1
flnstrited in FIG. zaamwtemmckem@m DEFIGN R cagity mbo geck

?thereln (salec
1200, | B ) 2 hook | t ed th

o 0k '°§g°%*roﬁéﬁac B B 23R Ao b o et STPeRer ef r om
Such hooks. we&ﬁ@ﬁ&dh@g@ﬁ@d@%ﬁ&%@ﬂ%&&%ﬁ%&%&@%ﬁ ubiPRpi@s their .

cohnectors
poS|t|on|ngdoe not |nt rfere wth:t ie functioning of the systen1dur|ng

therapy. B&d® B’F%fr-' FP e Wy e PR st iprhas th%pqsepningdo@mpemem)e
I ocat ed be Hﬂﬁlm g{gﬁg ivi ed.on .
t ower: -syst te’qun 2'(})0 Jré’%\gaonfg%?%%&{s?a | neEa Eﬁ\tﬂlg%' 3 {)@%3‘3%08%’%@ rab! Y, M

t h%ese “boo lcé;am - Méﬁtbasﬁncﬂq&h@nnﬂdnm Sh. Aﬂﬂlﬁcnal h@tﬂﬁlﬂit lllusﬁﬂed) are

T Qﬁéﬁaﬁ*y;Y e k& PP GL 20 00 B g Bt G5kl B35, G5nesiD 0280 751
i nge. ol kzs

: colneed eﬁiuﬁiﬁbrbamen PLOw, i on 2200 and is pr ovi sded for access t o
BL‘ES% 822% | I oponEB iR b SRt (YD Seobeeb R bt e
SUrrou ndl NGoHet{syftEm20Rb RN 1of220Sd BatdrH 2002 ek R dobirsa! b@w fsihes

L _,jj- __ ;‘ hmgeflly connected to base portion 2200 and is prov1ded for access to phaboactwanon

ERRE TR cham 1 780 and to aﬂow the operator to close photoactivation chafmber ’750 5o that UV hght

5 : f. ' doas not escape into. the surrounding during treatiment. Recess ‘?52 is provxded to allow tubes

. — 1112,; 1117 (FIG. 1) to pass into photoactwahon chamber 750 when madlétmn chamber 700

) | s Io ed and when:door 751 is closed. The photoactivation chamber is d:soussed in detml _

BRI belogy it respect to FIGS. 16 and 18, S R

i - [00121] Upper portzon 2100 is located atnp base portion | 2200 Ceninfuge chamber

I 2191 (FIG 19} is located in upper portion 2160 behind oenmﬁlge chambef door 2102.

R : Centrﬁuge chamber door 2102 has a window 2103 5o an operafor caiy see in cenmﬁlge

5 | ' 'd*.gmber 2101 and monitor for any problems. Window 2103 1s‘const'ucted with glass thick

B P U I e

SRR N 'enmigh to mﬂustand any forees that may be exerted on it from én acc1dent durmg

: ~cen trlfuganon which.can rotate the centrifuge bow! at speeds greater than 4800 RPMs,

i . Preferably, window 2103 is constructed of shatter-proof glass. | Door 2192 is hingedly
oonnLacted to uppe'r portion 2100 and has an automatic locking mechamsm that 15’ achvaled by :

3 ; ' :i



1112,11117 (FIG 1) to pass into photoactivation chanber 750 when
|rrad|at|on chamber 700 is to ed and when door 751 is closed. The

phqt oactivation| chanber is discussed in detail beldo wit h”respect ta. FIGS. .
16.;and 18. [001R11 Upper. portion 2100 is |ocated atdp base iportion "~ 2200: A
Oérftrlfuge chanber 21111 (FIG 19) is located in upper portion 2100 behind
ceﬁtrlfuge chanper door 2102. Centrifuge chanber door 2102 has a w ndow
21@3 sosan- oper tor can see n centrifuge Chain ber 2101 and nonitor for any’
prabl ems, SodiBllbrSdurif@ BRtansiepstioni Chnigiuge Shainbe£ K10166 dikkusseld delbint hst and
any. forces t hat exerte it from'on accident durifng eenti uga ion
whifch :can ma@%&éﬂ&@&%@%ﬁ%ﬁ’&oﬁ&m ‘at speeds greater thad 4800.RPMs. = - .
Pr &f e~r ablygy 2y ndovv;@é@.%mw&mmﬁ%c%agﬁ @5&@&5&%&9@5@%@%2@%@102 s,
hi hgedl’y ‘connected to upper portion 210 has an autonatic | ocking xnecl .
anirsm t- hatmasﬁ:dcﬁomvafwstemyowemﬂﬂ%whﬂwwmZmllmmdmgwwm@s‘l@m’mper ation

Centrifugé. c 210 ‘detai | jwi'th t to
o O sshanitl it i S SRR I s SR e e 6550 of
base pOft'&ﬂ:ﬁ%?@&k%ﬂ@ﬁrhl%&&ﬁwk&uﬁfﬁ&ﬂ:ﬁém%ﬁmﬁdwﬁ&o 2O iHambEOPET :

pOKtIOI’l 1100 i9 extending upward from base portion:k200 near:the rear of

f over. systmlﬁycﬂﬁlwstwqfémﬁ@%ﬁm‘@@w%%@é@ & 2208 ndbepnst | eck
1200 whi | |
' RELB el e Sl RO RN PR T R cem“v%%;%echanber_

'chanber ;
21@1 in th&@pmupnghbcqmﬁewaﬁmaalnelveﬂa%sa@mwaqﬂmwaamm amduoe&anber %60

A0f oot 250k B R B05LbRTea BBl B b BRI URL B sl o1

r edgc ed. a”@!mgn tla;ﬁvavmlemnhﬁa@wtsﬁly ihtheoto B v1eW‘i$ n&ﬁdb@ﬁmfwheﬁ}és\t,ﬁm t over
_ remal ns ow si xty.inche one view is,not opstructe enr .
t ranspgrt ¥‘H\e 3@?‘?3‘ %@Wrﬁﬁ’m‘q{dﬁ@%% havigeck 500 | v,

having dec{ﬁal’ ; Q:hdrﬁ posmbﬂ{uﬁlpﬁﬂomgﬂél Hvatﬁagmgég;d@fmc@@o he operator -

vmthaplacet_set'ewces otoheresSis kit 1 rlngvpt e | oadi ng of.

other” devi pego 1sll¢ﬁmdwlmab§/1m@aﬂpf*@herw &y:é\ta@ngm adipgr dbwet enough
t o t h'st .
(0125) SAa??%m 56005 ekl b WAL el iSRGl 27 POCESS:

witndow.y gmmmpmesmm has a display area 2105 for vi-sually displayi ng
_da‘t atoi-an tor, uch f.ort | e, ..use for d a.entry, -
| dadl ng i ng@’s‘éi} | ons Br?ilgg 15 Pﬁ?‘ﬁg’o éamg'?ﬁ ’?@858‘%&"8 VI her apy
priogriess. MMQ&M&s@mlﬁmﬁalwmrmbmydxdpwﬂm d‘athetoﬁrysmmar such '
contrgller. A ata card r iv;,79 pot 2001, is pr0|ded s std e_o

pleq b nteriagss PR ARy lpsdingypStructiphss & raeiges tvaménssoeéfstsy
: ,r(gm;' %ﬁ%}nﬂagﬂe&s WARtidoPsh0d!i &k.})upled 1o and coim'olled by the system -

S conﬂqluer A data card receiving port 2001 iz provided on a s!dé of mmntm 2104 Data card: -
- . mcelvlmg port 2001 is-provided to slidably receive data card 1195 whmh is; supphed w1th
ol . eaqh t}lspasable photopherws kit 1000 (FIG. 1). As mmuoned above dath card: 1198 can be
L pré-pfogramned fo store serve a variety of data to supply to the: systsem comroller of tower
i Systemn2000. For example datw card 1195 can be programmed to relay mfonnation so that
 - -:1; 3 thé 8) em controller can ensure: (1) that the disposable photopherasxs it |,s compatible with
' o : ﬁm b ood. dnve eqmpment into which it is being loaded; (2}. that the photopheresns kit i3
B o cap ble of ninning’ the desired treatment process, (3) that the msposable photOpheresls kit is.
: . ofa ?ertmn brand name or make. Dsta card receiving port 2001 has: the necessaxy hardware
S and rcuitry to both read data from, and write data to, data card 1198, Preferably data card
| :'vmg port 220% witl record treatment therapy dats to data caxd 1195 Such mformnucn '
can mclude for example collection times, collection volumes, teannmt t;mes volumetti¢ -

o ﬂipw raxes any alarms, malfanctions, disturbances inthe process, or any cther desired dam

noini 't or; 216% o
recelve da 5

e eEa e £

i

o et
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p———— e

each di sposabl e phot opheresis kit 1000 (FIG 1). As nentioned above, data
card. 1195 can be pro pr' ograinrned to store serve a variety of data to
supply‘to.the systemcontroller of tower systei 2000, Foriexanple, data
card 1195 can be progranmed; to relay information sb that the s em
controller can'‘ensure: (1) that the disposable photOpberasis kit i.s -
conpatrble wi.th -the blood.drive equiprment into whi¢h it is being Ioaded
(2) that the p_otopheresrs kit i's capa,olle of running the desired. -

t rieat ment § sardIpeerving partifod %1?;@‘3&5! @ ipdrdion g i sirsbadpratsdanywiiars a

dedais .
~grtain bran % , c jpecessary:
oSttt D" PR 2R s R P S i AR 30 bobbollfabocoso Y
.1195. " Pr efarmloh;ue:msdata card rev vi ngport 2201 will recor{ treatment :
therapy dat a td) data card 1195, Such information can.rJJJ3JJI'lnclude for

'eaganple col | e¢tion, tines ol l.ec n_vol nt fines, volunetrrc% _
flipg ‘rat es, yﬁa;Pg L ﬁ%q"f@?ﬂb% §Rei‘ﬁ é‘tﬁ%@% Sﬁpﬁﬁe process, or any .

other ‘desjre ldata 40 Wile at ard receiving port. 2001 is provided on 3
noni t or- leﬁnfg‘f'lt can“ﬁ@""l"é@ﬁf"e@lnégﬁmﬁéﬁ‘@ B, ghoteaseation. éﬂ”é‘?ﬁm% ehg as |t

ook outt v Aol R P RN R S rhg%é’rﬁe G0 R gen

Ref erring withinthasepa@son 2200 of taivet Systanh2M08rvehiad dmdr 76h$fﬁel7)5€?hmteamwmnt rated

oSt g 7SR S0 M Bt SRRl 2L b5 BsSERR I8  coor

751(FI G 1B)ectd "Blcﬁoﬁﬁé‘dhbﬂﬁbﬂtm 22 eci dally E&pthaao a s&irbbf@eldch‘tcﬂfen&hﬁc'[ rical

connecti on_pord|s: 753 ovid ed on Back wall ct s _al. connection :

por t's- 753, AR¥OY o éaefpctmfbwaﬂwsrléfetBmérS@@PMﬁar(FI@néﬁ)gy Phot 0.

ivation chs Baﬂ&l:ﬂ@?ﬁ%@&w&i@oﬂ&zﬁﬁb&@%&ta@iﬁm %ﬁﬁ?htﬁsﬁéﬂi (FIG 16). "
tivation chanber 750, elettrical:cont acts (not -

-V\hpn -y <1 o0&l et%nt 0 phot oa
+.1{'ust rat e&t)cat _onaommaadﬁsaewmmgm aBEnlly 7Mmlﬂghlecidsd@pmeyhmﬂ’f orm

aneel ect r f cal 4 C°t°g'2f’r‘fh§'11 1218{3% eggﬁgﬁﬁ %ﬁ&qag]ngg%fegﬁﬁ%] t‘ff@j D8 A Iarrps; .

el ectrrcal ® il
758 S0 it hatupphey td:’aﬁAhem@s:TS&mttm the?rcat by wfiipted I‘Prretbﬁbbpﬁﬂeebhﬂctncaionnect i on

ports are provided for eac re Pre A |ight .
-gsbenblay 7p ___r{%ts%qgmgflecﬁ{%eqng f%@mﬁﬂ‘i’ﬁ?ﬁag'\@ @ﬁfﬁf W adi at |gon
chanber:  7Q6kef ?i@mw&wamlmpwwlmh&l%hmmmwA lanps -

Lot ch, e oo ool el v O e ehcboean g e

coht rol er éﬁjbffe&l?%rég?ﬁnﬂ&fh@fmﬁoﬁﬁbl&rhﬂﬂé@% SWAPA&.pt?@é&atc&r%aaﬁw'e 757

i'si*proovi de housi ng” 756 néar back wa phot oacti vation
.chanber: 75@eattiyated ramn@mm hydhnesstrolier duniegithe gsoptpasis Wieraphi sessiglls out  of

LQB, *n’a%_‘k oy oﬁﬁ\%’Fr oY SRR is WGHach ithe A5 ERAAY ¥ nbdY BuckERSIST TP LI Ui | s
Fol photoacnvanon chamber 750, ‘Vent hole 757 connects to vent duct ‘?60 whlch leads out of

Lo }'5: - the back of tower system 2000. When heat generated by UVA lamps 188 bmlds up in

S , photoacn\ramn chamber 750 dunng a ireatment therapy, this he-at escapes photoacuvanon '

P ;.chamber 780 via vent hole 757 and vert duct 760, The heat exils tower sy$tem 2000 thrnugh :

) ..; tow housmg hole 761 Jocated in the rear of tower systetn 2000 away from the patlent and

- ”_.;the :::Lerator | ) .

RS . i00 6] Photoactivation chamber 750 further comprises trm 762 for recelving

o , : ':-i* “ irrs,dmtlon chamber 700 and holdmg irradigtion in an upright p@mtxon between UVA lamps

b : | 753 aTract 762 i3 at or near the bottom of photoactivation: chamber '750 Preferably, aleak

: . datec!ror cucuit 763 is provtded below tract 762 to detect any ﬂmd laaks lrradmtlon chamber
. . 700, dunng, before; or after operation, Leak detector circuit 762 has. two electrodes pattemed -_

i 2 U shape located on an adhesive backed flex cirouit. The eiectrodes are desxgned to allow

4]

F i Srm g e




phtltoactivation chanber 750 during a treatnent therapy, this hit escapes
phot oacti vati on chainber 750 via vent hole 757 and vent duct 760. The heat
exits tower systenR000 through tow housing hole 761 |ocated in the rear of
tower system 2000, away fromthe patient and A the 0 aerator. | [0017, 6]
Phot oact forappReatiohafiashor sRcihititd testrfocdisqontisetied. r@und endod caci eleegadevioeg to
irradi ati on chanber 700_and hol di r;g irradiatiqn,in an upright positiaon

bet ween awmtem*ﬁé cirpuig whilg dhe other qnd of eachrclerdngde isfieddg asghd-statpwvidactevat i on
hanb 7 t
765 o, atpietele ety be BagdREnedkol Phnsbif it e Sebybfed Y LSRR B Mlch{ B

after Opﬁfeaéle&fbde#ml@hdﬁé@fot@fe a@bthet)i The/gR gfwai dlmltehﬁpddtaﬂ@ﬁ:e@abﬂer ned in
a 1' ( shape | ocated on an adhesive backed flex circuit. The el ectrodes are

desi gned Glosing thewwitgh chgges apﬁuat@ateﬂmabﬂt ta thheleetrasics geiting et (lesta fealr). IN

di scont i |t| ach el ec/ rod es,t rated II‘CUIt
ah Lot ndt Weisl e 5f SengreiRany Fsdenr SOFrBRs Rhtck wi il aBH A aGhtih rhe
sol i d-st ca%wnttﬁh tﬁ@@le@@od&%%ﬁ% A daRBgdd. Mis €M Hah BeipkyfoRhed é&h@inﬁac&tr odes. By
closing the swmtch the electrodes are shorted to one anot her.

i nt egr at egstemrstari-up phperiditadlytdaring eogia) operati@h tesinsyrettha leald daitctmawaremt a
si tuation equi vggent to thEFﬁ( ctrodes eak) . | f

the el ect’f4de¥o H&d ?Ft\%ﬁlrc‘gﬁi&c]&%?‘? ?ﬁ??é%ﬁhgtHSQ% 1qt gPal I Thi s
I's a posif tn!néﬁced' ﬁjxln%aah'eﬂﬂrettﬁ@kﬁ B&sRhBELARE8R l@z{kedé?tgﬁmﬁ% ge sk dMg@dtﬁﬁt can

be perforned eac system start-up or periodi cal y dur 1 ng “nor nal
oper at i oreléchri@Nsehematibaff 1dakalctedt entuioMocis peaviided inGAGL 30.wor ki ng properly.
Leak detection circuit 762 helps ensure that | eaks do not go wunnoticed
during an entire thera é)é/ on because the |leak detection circuit is
danhged. An e Sepirdy gﬁ‘?fﬁ tic of |eak detector circuit 762 is provided
in FIG 20. B. Centrifuge Chanber (001271 FIG 19 illustrates centrifuge
chamber 200127]n cr oEi&. é@oﬂuaﬁmtwcmtruﬁl@ dh@mbmrﬂgl 010h crasseectiopsyitnmh2doosing
removed. I?ot at i onal ce 90

1- omega RIIARESYSEIHATWRMEVE yﬁf»tgﬁ QeSO a0 G s ﬁ?&}%ﬁ el 1172 N9

2101. R w
ol di ng A4 03 B Q%?‘5%%338‘““5*%%?39’?%89%‘2%‘169?"ﬁ“g“é}%‘éi‘mﬁ’%%%“?’%?&@1?’?

Housi ng Zﬂﬁxﬁtmﬂal devite 90U geholes abaatiRglitrackes 919 aed ebawl Joldugeplate 929 doxi num or
some ot her htWEI ur nat i , ot he i an

syst ens n‘i&’%@ Mé%cd‘“gbgtcﬁ‘lltﬁ ‘Eﬂf%ﬁwﬁ@gk‘@ﬁlﬂo U%Eé?h’z of ﬁ%“é’@&&g?’"ﬁaé %lﬁl i s
Pat ent g 4 o UlkARuhSorS6 BleCiRer YighRAQEROG RIS An Gl eAﬁ'erﬁé(nJe?% ce in

its enti rety 001281 Leak detection circuit 2106 i's provide wal |
2108 of hmidiong! }iEhs mdyebkustdvattin mwaxlsy&wnﬂﬂﬂﬂ@ﬁch&stbatdcscidxtdtmw&t ect any

ook o BT, B 0 B e SO B LA O R > 10
[00128] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is

provided in FI1G. 21.

C. Fhid Flow Control Deck

[00129] FIG. 22 illustrates control deck 1200 of tower system 2000 (FIG. 17} without
a cassette 1100 loaded thereon. Control deck 1200 performs the valving and pumping so as
to drive and control fluid flow throughout photopheresis kit 1000. Preferably, deck 1200 s a

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or

42



circuit 762 described above. An electrical schematic of |eak detection
circuit 2106 is provided in FIG 21. C Fluid Flow Control Deck 1001291
FIG 22 illustrates control deck 1200 of tower system 2000 (FIG 17) without
a cassette 1100 | oaded thereon. Control deck 1200 perfqrns _the val ving and
punpi ng SthersecurigedPsans. WH 3 der P@MPIe, Pl PREVPTPaBRy #ﬁeﬂf 1R capbemads of ki t
1000. Preferabl e | plate 1202 that is secured to
base porPﬁeglnag'?éaulg’l’%Fgﬁm'éfa)lg%@fegﬁtégggfa\%gl'screvvs or 42 other securing

means, SYGiI30RS, f ODeckxEROOIHAs fibobéristaltitpempy wholebipsd plthptl 801, 26@ncHmpe made
of steel, alum num or other durable netal or material. [00130] Deck 1200

has fi ve 1p82,iretisdudatzorppimpe 1343 enticopgdant pyppl 3040and red blnod osll pymp1i363,

1305 xCatafing (PR e s Ao L Rr s p e 3 b G pep o &
1202 so thakudipan iCREEE! drfto ddRQ 206 fbrpdRMoANhBnSIRGE tlR8Q 15011 19P6K@hd ON,

punp | oop tubes 1120-1124 extend over and around punps 1301-1305 (FIG 25).
[00131] Aiver imdodybend pnmps 138sbiS (F1G.25). and HCT sensor assenbly 1205 are

provided on plate 12Q2 i r _bubbl e. se r |y 1204 has ree trenches
D006 for PRy g Addibblestp avpobly A ad FHCT Binkor SembRc 1208 aimevdeioor
assenbl y : | i 1119
or i f1SPaAed2Ba. il BRRAL RO EEHly BRI BiRe (eHORS 1308 b e s e

liquid fluilds1ros; and 1¥1paI6i 2. thiebetible sangbr. asferhisly 1204 4sekhlfiasoaivcknedegh k@ are
noni t ored because these_ |ines Eﬁ,to the patient. Ar bubble sensqr assenbly

1204 is mpatalryesdddfd Eoaar THQ{enditisrengesinidsnsipethat wowldindipate hel er for

anal ysis. If a 48 - I k| ., Shut
doan’ operFeBEe ahT AP fyial B RRG el R IR SRS BI BL AN 6 e
1114, 110f119a0¢ mbhddrdayb camsk tigese tingy @i thapaizhti aAnbabbR46nsot 3dnibdy R 044k sed
position, thereby conpressing tubes 1114, 1106, and 1119 agai nst cassette
1100 as dopseahdy eouplpderd Gansits datate thegysganrrniidenios apysiat H g awpbubbiteris

sensor as I r el v 25 of
fube. 11160 b dugErers EuAIEP oA} 358 GokTopbiaiBh thd Phobfele SRRRER, 420 O
red bl oodpgRhi Sy bycludinAtuties 1P 11006611109 be Rfuving tIFprasiGict@aceTRYY- 1205
is al so operably coupled to and transmts _data to the systemcontroller.

Upon HCT E23stora raiseé ppsilion.tbgelieeaentesing et ldde hHQS, and LB agsinsbeasseltd s i n

tube 1116 t i | i_at '
L Lo 'S SRR R0 kb St ke LA oPARE BB P Skl 0P BHER,
1243- 124712 6%ha&ttamch 1207 erirk@ivih HOTdonpopentl 28 of @¥:1B3Ak. PRTK séid@P al so has

five conpression actuators 1243-1247 and three ]
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.

[00132] Deck 1200 also has five compression actuators 1243-1247 and three
compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette
1100 is loaded onto deck 1200 for operation, each of compression actuators 1240-1247 are
aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can
be moved between a lowered position and a raised position. As illustrated in FIG. 22,
compression actuators 1243-1247 are in the lowered position and compression actuators
1240-1242 are in the raised position. When in a raised position, and when cassette 1100 is
loaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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conpressi on actuators 1240-1242 strategically positioned on plate 1202 so
t hat when cassette 1100 is |oaded onto deck 1200 for operation, each of
conpressi on actuators 1240-1247 are aligned with correspondi ng apertures
1137 and 1157. Conpression actuators 1240-1247 can be noved between a

| ower ed {ppsighitRé caftéspandiap spertypesi 137w 118% and tamspresstthe pomiofloBfleRible tubing
conpressi on actuators 1243-1247 are in the |owered position and conpression
act uat orthat mzhgnqcmthéh@ apertyrpethergby pnchips ithe ﬂﬁ?ﬂblv\ﬁ‘é?? shit 5o that dwd cppBet | | on

and when cas 0 ded onto deck. 1 trate

conpr es sP‘E?ﬁ 3&% ?fl H%ﬂ‘?%ﬁﬂ’l’f&?é?%h%?‘“aﬁg 12& '3%#1%3& %‘?W%@H _
ap?”Ufegmpe}ﬁ% ﬁ@7]a}1%7ll§?(ﬂn@&fﬁ§'aﬁ%§mb%sﬂférﬂdxﬂﬂeﬁfbnfg' exible tubing that is
al i gned that aperture, thereby pinching the flexible tube shut so that

fluid caf00as] pas £onwresmmacmamrs b3 B2 Tps springwetreding sethet teiralefanitt or s
1240- 1247 do not extend t ures 1137 .a 1157. and t hus

conpr es SPPHEOR I5dQ |“E)‘P‘€¥ tPﬁ]B‘? 9%019&8’? “é[ﬁ%?fé’é@}e&}n PrESIpNAcRiOss 12‘%7 are
spring r i’i&f&fe?ﬂd déohgoﬂe&iﬁf‘daedhﬁoe rAes Flb%réd%n&éf)eﬂ@éﬁ% of 8nd Bothver ed

position tnl ess a t|va npression actuators 1243- 1247 are

I ndepende@idpreseiont dcolates 1246 24horbthe fodhes hand are@oepleditdgedeneAd enth, ohepne
anot her. Conpression actuators 1240-1242 on_the_other hand are coupl ed

t oget her onasompreRsionAgiHatop hedl bifdrie dawaed aictairsd dhe 0Dt ROMpLEstigher ed or

rai sed, the ot CQ sj an 2 so |lowered in
rai sed a@EtBF“t?ﬁwhﬁ‘&p Y%}Gargggﬁi Ved @o%ﬁ@é‘gﬁc’gﬁ%g@ct Ua 6°rn§ lg’z%qﬁ%?nar e
spring | %@ﬁ%rssmztdﬂmzt 8 sprinieloadtd sonRAithdiPBefult bOsiBWR b Sndvleo Bl raRed
position. Thus, if the system/|oses power during a therapy session,

conpr essipositiant Thusrifthe spstemioses powver dtumg(mtht:ﬁagﬁIS¢S§10noe@nmr@sm¢reaot@ats1@d

t t ub 19 ds.f
et er | ng 13A0ne48 A REBistEmpe fobs s Sasrbioh RETENFIERHHER 130 Fhe 20
deck 120 t i nd nbly 1211,
mani f o dqéggéﬁﬁﬁfeﬁm’%ﬂ&asﬁﬁfﬁ?ﬂe‘g e bbb o7 cabl e 1216, and

timng bdbo1Xgsenbl Befeaig nosywotldmSe ahandP4.ateck 2200 fusther imhpbs bysterpr ogr amred
I ntegrated cipcuit that .is operahly. cou e sary co ents of
the UsysKenrEIHRIPo AR 3 bRA 2] LBt TG aos e b lrs L o RUTP e d RO
reaction g {;@9{; @i'zﬁt}%@tmﬁ bafegs%aﬁalr&azﬁ@ B%tfsﬁfd&ﬁroﬁé}oltm*i?éEfdp%rl&herapy

accordi ng e present 1nvention I'i ndef assenbly 1211 couples” each of
conpr essipogratimeal iotegradidird4iiatiooperpbig woegled to i neogbeary cAmpoparts sf thé12 are

[l nes. 1 o SRETeREEET H P o BB tioB a5 TR e Lo S Wbt o
o onen BRSSP B
timng ar@ylmigt asseinbty mlmpbsmacrhmftcpnipke:ssmmmmatoﬁ trittllglbﬁl to agareemiatiy 1217
s used tc?ylﬁl?lgrr dx&l?%%)ﬁs 551162 grgtp%dlg Ti é)nf th[a (\)/gr%lllanements 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

controlier 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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clanps 1203. Finally, plate 1202 includes a plurality of holes 1215, 1219,
1220, 1221, and 1218 so that the various conponents of deck 1200 can be
properly | oaded into and so that deck 1200 can be secured to tower system
2000. Specifically, punps 1301-1305 fit into holes 1314, HCT sensor

assenbly 1205 fits 1.niCasdeat €ladng Midcharisthbl e detector assenbly 1204 fits
Into hole 1219, conpression actuators 1240-1247 extend through holes 1218,

d bol dt 2 bl
5000, a4 00T Coc, (TRERHAE 3R STIBS A bk SERHT SedlGREy SARH CRsa@HT00 AT
and 25, §55eamhigeclrvd Wik 120684t 16w b2 ARcised.| basied fansstee 20sUhotRridask

1200 wi || now be discussed. In order for system 2000 to perform a

phot ophergdiowophhmsisphsrapnssssetie 1 100Dushbstprenstlydensied oypto desk dd0dnBecasse kf 1200.
Because of the con]}l)r ession actuator .val vi ntg a@temi cor por at.gd in the
present ihR/ERTRPISSSION Acthator yalung Sysjem dpeerporaled o thg Preseif IRK T‘E‘PB»p‘ My secured
to deck ' 6548 hred afged 1906 8ns A ' tuators
1240- 124 g)g%alﬁggéﬁhgtg?%:a%%glﬂbeﬁﬁe flesfiglltgl%e t ubi nlg ben c%ﬁgg?gﬁgﬂ‘{éhe

f | exi bl e dislbiged wigai cmhpresswerachb8Gs d24( d3eicchide poichF bGheF)exitio e by t hi s
requi renment conpetes W |

ont'o_ decleompUGSEoe s b Wigpar At B aat caerieoh WERS Yodicveateg tis
or der +o TR EAHe RN RE BT 860 Br o6 AT RaBR TRSIBEN T Uil fdel

provi ded aMatrBddciRg 6pératae errdd 0.1 lbdtdhéseqonletad dchieved Bifis th2O3 deseibd@ 2dsette
Catches 1208 have a slot 1228 near the mddle of the top plate. Catches

1208 ar e cJmvpingdnechapisat e 1202 at predeterm ned positions so that the

spacing b n themis s t. lally. th t.h ' en tabs
_1102 and @%%aon ca?&%ﬁ% re{éﬁagﬁhﬁa}.gng?)g_o?&%s?é% f\@oc:tf)gﬁ%lgﬁ%gg%%bﬁ%ﬁﬁﬂ are
|1 T ustrat gdviged il SaeehtdRs 12084hd tHoWewBhg clagipal1R0y akd 293 dabRsands havs can
be rotated to an open position (not illustrated) manually or through the

aut omat i ca siot 1228 wear de middlafubatopplady) Caghes 1288taze sasyreditamiate 120%3atand 1223

are spring |l,oaded t.or que ri Ngs so s tqQ.autonmati cal return to the

ol ool podiepRarmpd o i ooRa e Bt nobVerh Mt P TR aiRLY e Sttt B fre,

clanps 12 C?@%e&?f@& @B@lidzrﬂﬁﬁqm@%kﬁ@étt@ﬂdﬂi(M@m)bﬂdtatir}%sﬁ B ¥12031ha( FI G
y

24). [0013/] "Referring nowto FIG 23, timng belt asse 17 conprises
timng bel223 d42Mystatadque chsed positousioysver 2emting sthmpsridi0d and 42 2rban/bel 225,
Timng belt assenbly 1217. coor.dinates the rotation,of rqtatjonal clanps
103 and 13283 Lo AR o ignd o Sl en il o e She i tpBalic BSUsoiHE: s ame
direction ﬁag?  HRMM.- B AW R OIS arel BHab 14N b/ and
1223 are goup %@Q@ggg on agltsgé:rlri%ﬂﬂl?anensurgrs S?ha% tim ngt%gﬁfs%%%g%?s

under sub§ tociweerhaticllyiremmt to tharglasse prsthonotiEnaddiienalooefuconadt wimgappli2®3 or

1223 that Rlofatitljleglcﬁlgnps 1203 and 1223 are linked together by timing belt assembly 1217 (FIG. 24).

[00137] Referring now to FIG. 23, timing belt assembly 1217 comprises timing belt
1226, torque spring housings 1224, and tension assembly 1225. Timing belt assernbly 1217
coordinates the rotation of rotational clamps 1203 and 1223 so that if one is rotated, the other
also rotates in the same direction and the same amount. In other words, rotational clamps
1203 and 1223 are coupled. Tension assembly 1217 ensures that timing belt 1226 is under
sufficient tension to engage and rotate the rotational clamp 1203 or 1223 that is being
coordinated. Torque spring housings 1224 provide casings for the torque springs that torque
rotational clamps 1203 and 1223 to the closed position.

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

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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coordi nated. Torque spring housings 1224 provi de casings for the torque
springs that torque rotational clanps 1203 and 1223 to the cl osed position.
[00138] Referring back to FIGS. 22 and 25, when | oading cassette 1100 onto
deck 1200, cassette 1100 is placed at an angle to deck 1200 and tabs 1102
and 1103 Tifelrear ef)thecessed 1 Wilewht bide appdsits theaih 11022m61163)lddtctss noved so
that tabs 1102 and 1103 slidably insert into_catches, 1208, Rotati onal

cl anps 120@tianal clamps B and %238 2g fahs éb%@i"sdi 103 e beipginsertedyin caiphes & ear  of

th 1100 t act
otat; ondh BrseperblipEoakiFadl b aRRRET 06 1hdfel A el 08 HEAMIERT 357 |
cat ches 14084 toAfie Bgéﬁ?ﬁos}lﬁorﬁ@%\}vﬁ@ {ROWAMES Chssehte qate@amevela,@@nwmttahl onal
clanps 1103 and 112 rotated to the open fOSItIOI’] al l owi ng the

rear of casiambeldy0eiges 12dlef otaiansalcdanmps la203|@néﬂ2 bnOned eaasdtiedd 88 islin3hisof
rotational cla n 122 ssett.e 00 t hi i tion,
the rotat ?Q?Hwnnﬁfearﬁiagmf mﬂﬂ%ﬁlogﬁﬁga%lﬁ@j%%?%#} g}#l}erfgrc]e Izedalg"bﬁ%feed by
the tor q,]% u%%hﬁg§ aﬁdlfbtﬁtebamohﬁ&&oséa podRiof! 1Rk RASEd PIV0 InGddeNVEASTEL t €
1100 in pla nin the |ocked position, cassette 1100 can resist upward

and | at er e léckrcd@@sumﬁﬂdf(%mte‘ﬁdoaeammelst:asmrdtaed later@l fafeeer t he t her apy

session is conplete,. rotational s 1203 and 1223.are rotated tq the
open posi {qoéﬁf’]el t herTOFEMGXF F3Fsgite Hdﬁgﬁt&'f %Eélpqr@y SEEFIOR Fefiomp! ‘Ftﬁtrgfal“%ﬁl s

cont rol | eft it 4203 3h 1524 4R 88auchiine coefi QURHER olfer Hpnlafy bf Aoyt o
posi ti on, AgasafidetatibhQfacHitatedby anl aby:ylsndﬁalt}mt ks douplegd tann aillindiang syadis 1102

and 1103 out of catches 1208, 2. Self-Loadi E Peristaltic Pupps [001401
Referri ngcewratlecl2ph, OB%@F%Q@F]N dappnh)3end 1223 gty ig the pRAARGHPNosASERAEK 1200

and far e “zfﬂ% Jgﬁﬂ byfz El 1818 1 FlM Qa!dﬂ 11&’19@%&5‘%*1%?%&1%5 o&%@@a&géscizoﬁ) al ong

desired p Ivati eactivation, timn

coordi nation, and all ot her funct i ons of peristaltic punps 1301-1305 are
control |l ed by syst er. cBelfiohdiapg PrAdalticPeanipst al ti ¢ punps 1301- 1305 are

i dentical in structure. However, the placenent of each peristaltic punp

1301- 1305 h
1300 1305 1Tk J8A0eth Pesad BEadeps SS0RASHS BTSN Sag o

pat hway. Bhhi ard webesdusefluide trpbmgiepimmd:plmfespém Hi0# (FIG. Duigre dekBed pdtB@Sys.

di ctates which punp |oop 1220-.1224 w be .l oaded 00141] Referring
tow £ FI (e sobaIg. SGDNHE IO UBH B AP i5nEPOTSBT0TS 2 Al I LURFO0RS SLRERRIATLE The

structure &ﬁlﬂ% IlEﬂftlbﬁg'hﬁﬂco%rom sRGP Loty Y214, %s&@é&ﬁmﬁﬁymltﬁdﬁe

under st andin at peristaltic punps 1302-1305 are identical.” Wol e bl ood
punp 1301 ibasicahmtsouctLBl GHoweert the plasememrof tadiperjstadtiopymp 1691 4138%0on 4842,

ﬁgﬁg Pﬁgl (i ach%?c}tg;{as H el reachlg’e%%ta(h?ceg‘}mp 130156 St respect%o whidh s

being driven and along which pathway. This is because the placement of peristaltic pumps
1301-1305 dictates which pump loop 1220-1224 will be loaded therein.

[00141] 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 1dentical. Whole biood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

[00142] Rotor 1314 is rotatably mounted within housing 1315 and is in operable
connection with drive shaft 1316 of motor 1310. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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[00142] Rotor 1314 is rotatably nmounted within housing 1315 and is in
operable connection with drive shaft 1316 of notor 1310. Specifically,
rotor 1314 is mounted within curved wall 1317 of housing 1315 so as to be
rotatable by notor 1310 about axis A-A. When rotor 1314 is nounted in

housi ng %3#ich am§na§1ﬁtub3118213{<1?1€1 $3pRfswerRn 16adkd forlpdirbigg) P sxitiotestnsoral3 6 131 7.
Thi s space 131138 Is the tube punpi niqsregi on of whole blood punp 1301 into 46

whi ch purgeuplsd o tuye shafb136miaotgr] 3K soshatplesrotasignalposiionminpiond314eani e on
1316 .i led to dri ft 1316 of 1310 t hat 't

ot at1 ondRopiRFd Parbur crsasrs SRATEAN BhtRa SeBt LS B8P Bt P

shaft 1316nsRsidat00 s?@@ﬁﬂfonﬁrgll& 1230 OPIET. 28] YB ¢ ei1psh e thidddda, dyERASHntlIEat a

to systemcontroller 1210 (FIG 24). By analyzing this data, "system

cont r ol | er2101&hich isalsotcoigled tsmotondpl & dan activateomotpd 1810 toariaceaotordé4 it or
1310 to place rotor 1314 in. any desired rotational position. 1001431
Housi ng 13EIesIredrqtaenalipesIion o ysi ng 1 ange 1319. Housing flange 1319 is

used to s i?uii@awhol ﬁolakiaggswmeo I hieh @ nBhsh £NAPRA 390, %ﬁkmééi%ﬁé i§22) -

More spe 1y, a bo I's extended through bolt holes 1 ousi ng

fl ange 13d&dte sé¢dureadibleybloahpayeldild tegplate 1 Bdhofdeak 200 BIG. BAusMoge f | ange
1319 al so includes a hole (not show) to, allow pneumatic actuator 1313 to
ext end thmeétfmungquolfrﬁieétqHHP thrau g baddolgs léﬁﬁtof E%‘éﬁlﬂﬁaﬂ%e 1348 tathseadily 13 can

nove between_a,rai . r I, | ' | der e. resjstance.
preamt | comenpBh SR AR hERS daheaLIts I ncRREA HEIERRO oM B o v
1312 in g@@h phainitidetias 13 th exyghtheRthruegh. oThiahole iPsieedrsd ihat padubager
1312 conprises air inlet hole 1321 for _connecting an air supply line. Wen

air is supphitet1dlP gananere etwesn 4 rérsd and Ipweredhprsitian Vithewt cansiderablzt ends
dth h hoysi 10, ' i Li Q0. i) t
e ORI ORI 014 008U ARSI B e NER, SheSEERE° 1 °

i nto pneugdy pistoaylikerdeninet $rdugh @it weOoNgr. t Pncuffatic eykidl 1903 copPhises ShRM
controller 1210 (FIG 22) controls the supply of air to air inlet hole
1321. 100halell 32} foreepnnggtingianar pphding Mjhasasissyapigdte pgemetioedindsp2 (only

isib Sl ot 2 | ted t inal | i id f
cur ved valtf 1 Bpsnege i eqabbie R AR RudH A3h A5k rBn L ISRS FBeDh PRBR 1121
(FIG  33) WRenASSeake 10 btetgbf»piwdrf@ bAgrh &R d%rﬂnd@[h&n, PhvughaSie @6tubliof adttadts HALKP
inlet portion 1150 and outlet portions 1151 (FIG 33) of punp |loop tube

1121 pass inthpoeghatit eilindeatil2, [eooning)to thelawesrdmosition. Byssm @mirgher BA0 r ot or
1314 is "wf‘-?ﬁﬁﬁrﬂgﬁ?Q%fsgﬁﬁ'lﬁ%{fgfr?@airgﬁﬁﬁmg1 15 so that its conponents are

nor e clea# ( has op surface 1323, angled guide 1324,
rotor flangedhp25, tORvediwdR 18D bEicusikhgAB15 coMatiisitne slddd 1 3325(ohBP0he viﬁﬁﬁ?.
y

rotor floor 1328. CGuide rollers 1326 and drive rollers 1327 aré rotatab

secur ed alfdets 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.
[00145] Turming 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 roliers 1327 are rotatably secured about
cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325. Asis
best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses
1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are
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cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor
flange 1325. As is best illustrated in FIG 29, cores 1330 fit into hol es
1331 of rotor floor 1328 and recesses 1332 in bottom surface 1329. QGui de
rollers 1326 and drive rollers 1327 fit around cores 1330 and can rotate

t her eabqybv]dE’d eMralpreferably goide delerl 326rand HBiv6 relieds 132Y ate proavided drerosor1327
are 47 provided. Myre preferably, guide rollers 1326 and drive rollers 1327
are provlﬁééo@ﬁtQB@émanimat!ﬂS €l be in an aI ternati ng pattern. [00146]

the. porPhlor “puRs B Ss" 2155 PR dode faff BBEAMAREE olufARIECl o,

1318 ag Z;sd}ﬁbn bhgumpnsd;pi@xbefummeﬂ 1ovedell ink3 h?neq;ammg)fegﬂo&lmsqtg@mﬁhabout
axis A t here deform ng the tube andforcmgflwdstoflowthroughthe

t ube. Cl'mmgawécuwv@drv&“al?ﬂarﬁélm@bbw Tetatescabept apas A-Ay thereby defoaspathie ey

or ovi dechegiorasp i Hebe otk UEHEE, B O Bece it fhi, « uve
punpi ng ¢ Bﬁndﬂél%&h@ﬁ%@'réﬁe afﬂﬁlﬂeﬂb»duﬁmr%] tRe Aibe Guid¥diletsan2blaye gui de
rollers 1326 hel o properly load pu | oop 1121 into tube punping

regi on 1}’3;’b8'ide\1l\ho keeygﬂledmrtntm ¢fqm$npll®25 tuheelnl Itha!lﬁlload@dnwstuhawmgmg regiohor m
Cross-section, ' erred that pl at.e t uid rol| ers be
t aper ed %%l%gropérlxa ﬁ“&%ﬂ’&ﬂ?&g e%g‘gh?f@@r}" gipige Bﬂ{eésrfﬁﬁ @rprogg ering
the to

P C{%dg’ ﬁ'rpr t%r olfl 1r21r6}nt%‘{h 111% nﬁg‘é\ﬁd{ 1313 rWH‘lé BB Holiers 1326 are

Cross-sec he t ment he ensure proper | oading
of the t uhistigtednt hating atumbﬁnpmmss-rsgct'roagltmerlprefe[r&ﬂllzia'it]thd?&mpq:rlatdaﬂmefgmdeher

i ncl udes caV|ty 1328 extendi ng through its center. §QV|t 1328 is designed
to conne& lerpboiapereflaoas t%l P‘?‘U%tc’s%WE’I@i@ BT fp OBler mster] Jonergne Refed ri ng

gg:‘Nl ;Ce)dHB%?er ‘g%%i:ﬁgag ffg%aﬁllaargﬂa tral ngjse e&%%glﬁg}?%Rgmtgér éfeadl ng

and t ralehibﬂﬂm@élﬁ huﬁaeénms pripegloadiag of diettibing nlitottbdf tub8 pdmipingtregionl ockwi se
direction is the forward direction while rotating rotor 1314 in a

count er cllQ4A se d.R@e{ 134 fugtheripclndes sty 1329 extending thregghaissgentary Eavity

I nventio L 594 LI rcl ockw se punps.
Leadi ng 383@ Sl%‘sszignf "5'1 glgv}%\?\g}%&\;%)%ag légﬁr??&fg%g@lﬁ'r ailing edge 1335
extends [opMER]d frqm:f'&ﬂ‘ifﬂlgtrmv mLHIG@ceo ahd Bbtreforfﬂaﬁg‘gleaslo%%ﬁm@llgbsr Opbaiagt he

| eadi ng ed e 1334 Leadi n ge is provide for trailing edge for capturing
and f eedllr?rg3 pudgsined &y alg n&i% 134 and gieiling sAgedg 33« dhe s iedingandr ot or

e en i A5 7% Bkl AEBLAE LGP L4 OBLARYicERrichid oD, R

angl ed g upwar an | nver omro or fl ange

1325. Angiigetienivtifle iad2dng ot N ded cbﬁ)rﬂteldlcﬁﬂbvﬁ?@l d’n@-cﬁm the earvatdeliredlail
toward rotor flange 1325 upon rqotor 1314 being rotated in the forward

di rect i orHoweyenfthe ameytloraﬁg}%ao Hunige and oan bramodifisd fpreepuntaagleckrgise pymphi ng
along t OpLealeJgae ege 31334?’ is' 8Veled 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.

[00149] Rotor 1314 also has angled guide 1324 extending upward, at an inverted
angle, from rotor flange 1325. Angled guide 1324 is provided for displacing pump loop tube
1121 toward rotor flange 1325 upon rotor 1314 being rotated in the forward direction.
Preferably, angled guide 1324 has clevated ridge 1336 runming along top surface 1323 for
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.

[00150] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using

48



manual engagenent by an operator if necessary. Mirre preferably, angled guide
1314 is |ocated forward of |eading edge 1334. [00150] Referring now to
FI GS. 28 and 33, whol e bl ood punp 1301 can automatically |oad and unl oad

punp | op t [ : | i i :
oot ti on Mg sty P 134 i oual A RO e A0 S L3 3 v
angl ed gufag@caksette V00l whenanssentas 5680 iseoddb Gniohienk ¢ 266 (RIGe 231l A otesspecididailly, ont o

deck 1200 (FIG 25). Mire specifically, rotor 1314 is preset in a position
so that awotirddldis presctana ppsitipneathabansdad wede 1334ds lqsatedbstweeninlet perdonut | et

ortion of ‘ whe | t e ck,
TR B B e A S S T S AR
punp | op fubekidded iBFIGNIE WHhek cahetel100nssdcatedrio 883 200N Surp o tude 1yt or
1313 is in the lowered position at this time. [00151] Once cassette 1100 is

properly sdendsetenmil amundisierddifs Preagtic achratar 1333 is inghe loyeenedepbsition #te
cl ockwi se_direction (i.e., the forward direction). As rotor 1314 rotates,
punp tub@lq%‘aﬁ' 1121 is contacted by angled guide 1324 and di spl aces agai nst

the top Stﬂ(ﬁ@flg of iRl Rhssth AP ié-ﬁql%geﬂy bRuRArdndIRS syitern? Wikad R oBof ¥Ry 3121

that are Spl'aced agai nst rotor nge 1325 are then contacted by trailing
edge 1325r@amdd frethe dbovkwasedlitention (ileh¢hepfompandglirecegn)oAsi8is 1814 oatgtes,queny ng

1333. A guide roller, 1326 i s, provided di tly . .after opening 1333 to
further pF%é?qwlwslﬁpPWﬁCtFﬁiéy%P gukﬂftlﬁfﬁart éplb%ﬁ%ﬁsﬁlgs he apesoriogs obunpi ng

b drive 7: : [ oty : rtion
V51 ot g lss 1538 T BSHione B Fiipp \MTtb P! 65 A< BB b oBhL]
One and aflaagd 1325wt tHenaonataated bymedimpcedpe 1828 ind fedaldwininard inve tube phBRIEP] To

automati cal |y unl oad punp tube_loop 1121 from.whol e bl god punp_1301  after
thept her apeipn 1 ¥t ,OPF%‘E‘&B:FSI‘R ﬁuéger%{leart]eg&\g{}%p’é’v iql‘-ieBﬁY aRerpeBBEni ng

passes. onddd N et Frobfy tsthon e stk BHAD S SinBite BBl FBmbEby 4
t he rai sedrinesollero1327% ONhae dadet, amlek pdriifi 1 189 mdtduelet purtibh A0S dHPurhe Ievphei ght

above trailing edge 1335. Rotor 1314 is then rotated in the
count er cl deen 19 nasy Wequebslote b3 ofpurves walhipldd dene ad ! xeyolugansee and

renove pu I rom tube punping region 1318 via opening 1333.
B3y e bt

D. Infra- ation 153] Referring to FIG 34, tower system 2000

(FIG 17) [poef2gr abl yTd autbmeticallfainlodd punp tube Bopdd21 flonmawadle(Glddd pump 1301
communi cation I nterface (not sh wreless IR interface consists of

own). The
three pri rdieythe|therapy & cOBpigte,FPIOH A%%wwe&meﬂéqeporﬂﬁmw ersng WI3gp at ed
circuit, 1 ' ' yon
ciroutt, . dintLuRRthd SR\ DEIRRGE URTcHRRH b F6n 1T8Fpd e GRRAUIGAL,
pneumatic actuator 1313 1s 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

[00153] Referring to FIG. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR”) communication interface (not shown). The wireless IR interface
consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
1381, and IRDA transceiver port 1382. The IR communication interface is capable of both
transmitting and receiving data via IR signals from a remote computer or other device having
IR capabilities. In sending data, system controller 1210 sends serial communication data to

the IRDA protoco! chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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transmtting and receiving data via IR signals froma renote conputer or
ot her device having IR capabilities. In sending data, systemcontroller
1210 sends serial conmunication data to the | RDA protocol chip 1381 to buff

t he data. | rotocaol ehi X i fdQn r

conmmuni paﬂajc???ﬁ?rﬁ 5’?1'5*% lic%t?\?r} 121 qurﬁ“g%?lﬁgg@?nﬁggés 1'r( ?tHg‘h gﬂ(ghféﬁgég%sggg)sﬂ%@gt o | RDA
transcei Vginséa@er 13822 MSaniceRer 102c0n0aEtht slethRalk @it dudd intd anoded lighat a
into encoded light pulses and transmts themto a renpte device via a photo

transmi t t pulses M@ 1EAEMIt theng b 3 Tempteiaevace YiRaghet@ tpnssiterar e recei ved by a
hot o det r. located on. t t.hansceiver _chip. 1382. .The transceiver chi
D05  cony it SAL 1,0° 18 FesSiving e RARROTINGS reitblyda ihs pilS dlfBPiGRE ot P
data str eﬁl;@tfzﬁséé%m dBiP1 7820 | THeRtaRsceBibt cHIpEII8? thfvepls @6d 6ptical lightipanal «d s

)

stripped control and additional I RDA protocol content. Thé remaining data
is then sleofichbdathend sede theodste steghingp IRD¥Opteepkchip d38hwhestthe alecinsalpar sed

per the comruni cation protocol 015 i ncor.por at i an IR .co ni cation
i nt erfacesgﬁaltléﬁg’rppgglé’?‘é‘?ﬂt god ?&fﬁﬁmnf’?lﬁ%ﬁx‘dﬁ?t&c‘?l&oﬂqﬂhgﬁ%mémtnﬂéggg{l?‘1§essi on
can be tr ' ' I 1,00 s, or further

Cr ansm ssion ek Pand fuh EORIIE T F R g PARHEEle paRRR DL, 000 1o

control tBemhlvmicapyn @rotatdlow protocols to be changed in a blinded state.

Addi ti onal lt{u’ IR signals do not interfere with other hospital e uié)mant,
li ke ot hel0@H58E| ess BY Hgemosingn TReopupunication pntgageon {9Wer sxptemn 8000 teaf |

Phot opher esi s, Tr [ . o ?9%‘ . ig, 2 a
f1 ow char "9 (ila-lg% e?%{lﬁ}é aathggﬁ%gﬁi[ngg%?r? 18? ﬁﬁszﬁ]&%&]ng)eén I ong\glx%\fl{::%fq'%rr\c Oﬁ‘ég%’

phot act i vahilgsisdr farthéntraebssionn Mdtd gan B/sentvia GRefaisGo teperaysLind000no  of
apparatus which can be enployed in such an enbodi nent, the process starts

1400 wi t h cantrplcthe gierappug dlewnaetosels iy bershanged in yblinded|state d fiditionalip3R

carrying a.needle. .for draw.n | 0Q eed) dapt.er_ 1194 car.ryi ng
anot her néé%’lag,dof%qj 1&8{%5&331/:“1"}]}1991%192% Bgalbeﬁgg’ egﬁﬂlkgtoﬁheerr l%\hlf?“rl%? #élﬂ%rgl.smgﬁl i ne bag
55 i's connggh&st, BychoRradetfRlquddcy0 and anti coagul ant bag 54 is connected by
connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagul ant
punp 1304 is turned on, and saline actuator 1246 is opened so that the
entire di JoBheyopheresipilFratraent Fracess i ned 1401 with saline 55 and

anti coagul ant 54. The centrifuge 10 is turned on 1402, and

bl ood- ant i[00EgH)| ant Refetrimmgetopstheuoiegl 2640 Rotvachinhéllestrating i gmbbdinent 8f thai t h

8o e suf? el e SPadhed SRR, b, e BoBRES v
(ot LiRghlaliniie Lok ey NOLesaSBAL nd sl ey e o
Packed redpatieht 600a0vanbtied by amats dkanseedle 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.
[00157] When the collected volume reaches 150 m] 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 cel] line at the sensor interface level.
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at this point accumulated in the spinning centrifuge bow and are punped out
slowy at a rate, <controlled by the processor, which nmaintains the red cel
line at the sensor interface |level. 50 [00158] The red cell punp 1305 is
then set 1407 at 35% of the inlet punp speed while <controlling 1408 the
rate to nHIHSE n t hdheapd o¢ll premp 356 thastset 43t SVt thevinlst RuRRD ¢d wbilF on

| | i Whi ' | 1305. |

Y ned of £yt Bnd TS ARG mehaifh QAR i\l @l 84 woRY IR cbigfian?. .

sensor 118%1& SoRPENRGedthel Q16Y, iaﬂﬁhica(pbmtwmaaélmpumFdses BREmel Off 1410 AHET
e

sensor 1125 detects 1411 red cells. "Collection cyc vol une" is defined as

t he whol ethd fuid petivtedhe tgatmentleas I ik hed1GY senser hlafbisoperedday Jowietingn

les, f | i te.bl t 50 ire.6
ol s, afruslsr Thb e Sips SPp R RETRESEE 1S aG5a aod cBlteo LulfBERlg a
g]fl flO ﬁ gdbggﬂﬁ.lé%g laleﬁnécr Atht %omnﬁédo?&s}lbfésee& Ry eP B deAW thd BuhBe FeblledtidnP

accunmul ate and push out the “buffy coat from i nside
the bow Zfcled Her exanple kvéhiwrbdoadgwdceso tapget of 3500 wheayuweduredoayclanshddd | be

coat has HS0WS IsaNpuIRGA 30k CY byl BoRd FoRying i 4iBieibdasvesd o e ¥
centrifug Sﬁgnqgg}w&m Aathe ted Jeﬁg)ggﬁs%g& éé&éélstvﬂllraagu@%%d%g (@;h gidnt he

red cell ate I's Increa to the inle punp 1 punp rate
until red vagly atfremdatide tietbolvi 19, Thbirehcells atdvesetegpashi o ties buffiecone amiatill
cycle. If another cycle 1412 is not needed, the centrifuge 10 is turned off
1415 and ibsidetectssipthe sHiluenh hemaipeid Bl sprsopungdicatymthal the butly spatibgebesn e,
10 m/hr in tI}i enbodi ment. The effluent path is directed 1416 to the

pl aspa bagcogf?e ‘he red cell punp 1305 rate is set 1417 at 75 m/mn, the

recircul atjponsgqunp 1GG3othetlcylois aaedadviat 2 ohe carfugeri® dffludie $adiis rébdd8d f or
sufficient period to treat the buffy coat, calculated by the controller

ge\?mendi ng 113 te the pasozbagplandhe Tl cedli s B3 Baiategs ﬁﬁ%%%@@.l“{?o@ﬂbﬁ)]m%en t he
10 i 141 g i 2 .1
s a5 1 OLRPp chiP FadGe Sl PR d R4 Syl 3 Sednd B aRRET

punp  1302yclheaf bRbthemcyRWI123OR0t i eded; Arctenfrffudd PRisWhARA i1 41l5a8danieag 51
is enpty and when photoactivation is conplete 1423, the treated cells are

returned 1amap 130% ard grcpagrlant pempt 1384 ap set at KYO 19ie, AR apdirdp thisempediment. punp

1302. Sali 1S used .1.n S el 1S I ned. to the
patient, cﬁﬁ%?@f’%tda atﬂﬁll(e% dyp%rrec%iegégi]@&‘é%tpf"%’%g’%?%?‘h%‘eéﬁ‘??%%%‘S%P gé?gr ff1(§c§8t from
patient, a7 iiuisdnagk therepiadul &itn paingp B303 andphotoacechtion lanps deteet®os 1204
and 1202, and the fluid back to the patient goes through drip chanber and

filter 150D418ioespifisisst pardslgo trapthe buffyzoat] gienlated dy thoepntroller dencndingon
1240, 1244, 1842, 12430 of§ibluse beAZwoAR4S, and 1247, and the spinning of the

[00160] When the bow! 10 is empty 1419, the red cell pump 1305 is turned off 1420
and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the
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.

[00161) The anticoagulant, blood from patient, and fluid back to patient are all
monitored by air detectors 1204 and 1202, and the fluid back to the patient goes through drip
chamber and filter 1500. The pumps, 1304, 1301, 1302, 1303, and 1305, the actuators 1240,
1241, 1242, 1243, 1244, 1245, 1246, and 1247, and the spinning of the bowl 10 are all

controlied by the programmed processor in the tower.
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controlled by the programmed processor in the tower. 51 [00162] The process
and rel ated apparatus have significant advantages over prior processes and
apparatus in that the invention allow huffy coat to be in the bow I onger

since ﬁ@n@dl s ar frhte%&ssdm'iﬂala&fdfa Pﬁ‘a{u@ had il@fﬁﬁtﬁﬁa@%ftégeﬁga&rﬁrfbrt he bowl

whil e ce gi ng, keeping nore coat in the bow until the desired
anount of prouéskss amhappaeatusmaha thc)inlvemcmchllopfrblefy aoet teibehin thadavgl lohgersuickect ed

huf f s, Platel et t h f fract. |
e o par ted el e g g S L e calsths PUAY Foa HL BRRR Wik SERE B Roa wi i b
pl asma t glféeﬁlﬁjcg?@gféele[?%fff%ét AetHe bW LG 1gd d&ma &fdu ufﬂy%&tﬁ&]us 'a{fe QAaRcRgen

found th he tinme that huffy coat 810 is sUbjected to

r ot at i onaprigmbivathdrawirenthe cdllgpeeddmifly cklls.yPlaleiids, deukot wes)and otltet boffy kodtf y coat
820. A "cleaner cut" neans that the hema&jocrlt count ﬁ?ﬁ% I.s decreased.
HCT% i s t frectiansean abio heegparledoRf TER FELls 3P &8 AlcciRdTathst thad rehming thymeWrh. The

2?&??%358 |lg@t$ %tpﬁllé[j{)% tﬁ9ﬂfus§gtggb§oce§s%e cted to rotational notion in

e nmaximze ‘ol l owing nmanner. First, whole

bl ood 800(4eBpd i Ntiohds tieeh fmdl thattincessingdie tiaw thﬁrbﬁufﬁyfmgestnom/lsuﬂg@cte@ to
rotating. As discussed above, whole blood 800 is separated into buffy coat

820 and RBSatonadImted 1N CeRHies howl \Aﬁr}@n@s tOPRNELWE T obbuifiecast 820.5A¢ sirganeiow

channel 410.,and thir e o i nfl ow
CP el o Bt daceas ddt oo fhataGRRBAR Sdg‘gegsfégslﬁgt%/fxgltﬁe k5 RS | 1 LS
Wi th a cogiyjaalei9 réeéntmefrfvmumm&ﬁf«} ca@tarmermduapomﬂe BRELEfY 334 82038 the
bottom of centrifuge bow 10. By renoving RBC s 810 fromcentrifuge bow 10

vi a secondubjested chenatiédnalimotion hlyceném@E{: bewihl 0 Gapl hermayimizaddadesifoflowinghe

fl f whole _bl h d .h d
ot a1 onaPBEE B toRhals PlyRnd e Bl TR Bt 528 be s BORARF 10
continues Bﬁnﬁ%t ﬁ%gascagm aBbvd, moﬁﬂﬁ‘oéd 8d@is!sbsdrate@hto BEIFY caRE2d anfl RBELY

coat 820 get p to the boftom of centrifuge bowl 10 and away from third
bow chanrgdl0 af 40mavich mmwwlhcaiap oo plark380. Serend bawt chavoel 41drandribird bawl i s

d, the huif 2 d.h HCT% |
Che i ni 1 ohaancd 788 aileied b BmS00 "Bt A Re! 0T PR iods caroret tpELBAT s20°
and RBC's Bhfatidh §6lﬁﬁﬁn2@tlgﬁﬁe@mh R@meRrRadr bhFy cyitd20near dmuftélyamcwo
wi th an approximately constant HCT% [00164] The elim nation of batch

processi ngBldngtat the hottpnmf@@nmfegﬁimveldtﬂ &oe@nbvlngﬁBCcﬂﬁlﬂeﬁmmmvmfugmbnwlh ave

d d the t t t t For
verage i butiageand voab cRgwera oy ad il fibmy i GERPRTbE BiknoReno’ st
be captur e\ﬂoba"soﬂrqjeﬂhehareeméa% cButl éZOHQQ&Hj&h&T @%ﬁmbﬁﬁ%fﬂ%@tfm Anlex@ided to

col l ect this anmount of 151’); coat/white blood cells, the present invention
needs to ppevivdss tmneoumjcmt gk bewk 1@ tominmkesto Iblab@domﬂméthee%BCFw(htﬂmmay of

huffy coat/ uhit e 18 ROy E5h's0 Galp R S TR ol SFlchfiude Bowt 10 and away fiom
third bow! 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 bload 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%.
[00164] The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
an average sized adult, 90-100 milliliters of buffy coat/white blood celis 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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liters of whole blood in about 30-45 m nutes using the present invention,
collecting around 52 60% or nore of the total anmount of the buffy
coat/white blood cells that are subjected to the separation process. The
captured buffy coat/white blood cells have an HCT of 2%or less. in

conpari sof()%enews of thetgtah ppmanaitod she hukly agerirhixablood seldssthatrase pebjedediothees to

1.5 1t f | e bl t in.t fici t .of ff
oat | whi ¢ iepargn peaiers. THREPUORAR TR g e Bldo el e i haeh on e it o
amunt of %&gﬁa&%f é’n&%t{r%?&pgﬁ’raﬁls%gmxfﬁ bies AFofné 9@hﬁﬁﬁ@,l§i tde ﬁg%%‘s? 1.5

separatio ocess. The H f the buffy coat/white blood cel ected
by t he UVARrodSvhale dladtd, obku thestifcidns emntitalfbyfipebatiwhiRdelodd otllseThexi st i ng

tus, the Cobe SpectraTM by Ganhro, muyst i t |
D1 bod 1 1 BRSR X olaIcEDERs PR 5 Tt otk T By o siecs Sbod

cells. This i cal ] j : s1kD% of
The tot al HahEHORF G UERRAUIrolRS, 18 BOLSE nE BuirgRbuRihlbod ClOT00
t he separ gbll@fedtVeRrISY ARIKTR dwiroghd) but ot sobstatially b&lvov, T sAndthertsstipgen

di scovered that while existing apparatus and systens require anywhere from
152 to 22%pparitaatthe CGobe Sepeireat &y pogust preegs 1 Glitgrsrafiwliole blopd an prslguicsi t e

t of white blopd cell t he. i '
portor m ¢ et e ERCefiCinsnf bf it cohy§ARE bided el PRTh R NG § M g0
i ncl ude t e pat i BNEcEHERAY A0 199 Of th dtalentdulieof (RBBuLfy eBa/WINiE) K186 caRHatt he

total time that the patient is connected to the system 53 Cainms Wat is
cl ai med i sre subjehtedetolthelseplaration peasehs gndihaierg aneH (J] edovioitpoddis, itkeseessi ng:

i di t 1avi i nl et fi t t] et tlet;
B i ng spEoes ot g Ao dpee S and ot el SRR S IS £t he
whol e bl O%hnh{eF% PRERE, il eRe dreh@ bhPrdifuldthBreqhisioshisuat Of whidbRob tardrand

anti coagul ant fluid; punping the m xture of whole blood and anticoagul ant
fluid intduffyeost tier presant wivantiomenni performahe semsefuaetians in Msethansileninstspar at i ng

the m xture into bl.ood copponents. of different densities; . wthdraw

bl ‘s andiss FRes 000+ FEIFRE A3 RabgS AP F1 B Phy LR S SRAHAE PR he
mxture of OYXEH#)%tﬂit%@pﬁ%tﬁ%hﬁ&ﬁﬁ%’oémésﬁs{e%.d into the separator, the

pl asma and1 uffy coat” being wthdrawn at” rates so as to build up red bl ood

cells in the separator, the plasma and buffy coat being w thdrawn via the
first outlet; and upon a predeterm ned anmount of red blood cells building up
in the separator,
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collecting the red blood cells fromthe separator via the second outlet.

Claims

What is claimed is:

1. A method of collecting a desired blood component comprising:

providing a separator having an inlet, a first outlet, and a second outlet; drawing
whole blood from a source;

adding an anticoagulant fluid to the whole blood in a predetermined ratio to form
a mixture of whole blood and anticoagulant fluid;

pumping the mixture of whole blood and anticoagulant fluid into the separator via
the inlet at a selected inlet rate;

separating the mixture into blood components of different densities;

withdrawing plasma and buffy coat from the separator while continuing to pump
the mixture of whole blood and anticoagulant fluid into the separator, the plasma and
buffy coat being withdrawn at rates so as to build up red blood cells in the separator, the
plasma and buffy coat being withdrawn via the first outlet; and

upon a predetermined amount of red blood cells building up in the separator,

collecting the red blood cells from the separator via the second outlet.
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