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
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fromthe blood, addition of BRRPEsMINREENAtIdRUY, and UV irradiation of

the buffy coat before re-infdsron to the patient. Extracorporeal
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treat a patient’s blood in closed-loop processes, returning the patient’s own treated blood

back to him in one medical treatment. An example of such processes include external
treatment methods for diseases in which there is a pathological increase of lymphocytes, such
; as cutaneous T-cell lymphoma or other diseases affecting white blood cells. In such methods,
the patient’s blood is irradiated with ultraviolet light in the presence of a chemical or an
antibody. Ultraviolet light affects the bonding between the lymphocytes and the chemical or
antibody that inhibits the metabolic processes of the lymphocytes.
[0004] Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Graft-versus-Host disease, Rheumatoid
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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Lat ham bowl , as shown in U S. Patent No. 4,303,193, expressly incorporated
by reference in its entirety herein, is operated to separate whol e bl ood
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[0007] Prior photopheresis and apheresis systems and methods usually require batch

processes and therefore take several hours to treat a patient or 1o 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 1s to reduce the amount of blood that must be drawn form a

patient and processed in closed-loop processes per photopheresis treatment session. Yet

another objective to increase the amount of white blood cell yield or obtain a cleaner cut of

buffy coat per volume of whole blood processed.

Disclosure of the Invention

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

fluid, such as blood or other biological fluid, into its components. An additional object is to
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separate and renove targeted cells by their specific gravity. Another object
of the present inventionis to elimnate the need to performfluid
separation processes in "batch" form A still further object of the present
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ant i coaginieaddd tréabnent, thealesingl Wepheamponent may bk huffu castdredddodsl asdle, plasatd, s
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O B LS comPO R e 1 Reesprotverian Futls e Al il S8R < "hei ng
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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 red blood cells from the separator while continuing to pump the
mixture of whole blood and anticoagulant fluid into the separator, the plasma and red blood
cells being withdrawn at rates so as to build up buffy coat in the separator, the plasma being
withdrawn via the first outlet and the red blood cells 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 is preferably a centrifuge bowl, the buffy coat
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pl atel ets and various kinds of |eukocytes. [00121 When punping the m xture
of whol e blood and anticoagulant fluid into the separator, it is preferred
that the m xture pass through, and be routed by, a cassette for controlling
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cell - pl asma- %I’I mng fluid mxture to the pg; 3% a rate approxinmately
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buffy coaép arzﬂ@xdthdréﬁdlc@ﬂlcﬁgs tzvhbbe:cbﬂalmexcﬁ@d tiadchyracoat a vaté bo msmnnamraarameat i on
chanber unt|I a predeterm ned anpunt of energy has beep transferred to the
4 col | ecem@uptatirgd blogd celisprgseabin g s%ﬂ%attaﬁa{oxgnbtpbr ¢ PERBSAINGE energy is
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prefer ablP® P?)t ’121%' T %&%ﬂé]{r}é étﬁﬁe %ucr)’lft ?fé{:et@%gii’(gduﬁlfs%al‘éggﬁﬁggt@@ w{elgeﬁr}gg ht§' Irnggottcpr%nt bag
and the isegsegliiat éndetdvaaibal celBafeonghinhie d:emltmgaheﬁl hself y coat is returned

to the patient undergoing the photopheresis therapy, the irradiated huffy
coat shoyP@4] When the method is being used in 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
retuming the red blood cell-plasma-priming fluid mixture to the patient at a rate
approximately equal to the inlet rate.

[6015] 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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pass through a filter. Using this nethod, enough buffy coat can be coll ected
and irradiated to performa full photopheresis treatnent in | ess than about
70 mnutes. More preferably, the overall treatnent tine is |ess than about

45 ni . ' | h | |

£ om ok b T8 SR8 55} bitel bl P kIR GHHeRRgEP

cel I's cgpfheosifirestgglelto imtuet apapeshis; it Pirefdi@ﬂh td @eieeulatetthecsllecte@ Buffiyet hod
S.

provi des a very packed anmount of red cel These red bl ood cells can be
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_ _ rowhel el e t
or evi ouS e And PR R ARRuE o T PER T 0 e L1 eatmont Li e

of two hoUIH Bryetidher dspéidhe Inventivrsisaspansd of perfoeminpveptidtopherdsite at | east
one bl ood conponent can be huffy coat, a_ |eukocyte, or Eleatel efs. Buffy
coat is tramentfagamekoraiing discasey THemshod sprerisss dravingvhglsiblood femg xt ur e
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havi ng an 1 nf I st a second out ause coat is
t he desimaduielcdast whelebiuednindithe antisbagudmah dluakisspdritargathy nigmisé ofwhglk dksd and
red blood cells are withdrawn fromthe separator while continuing to punp

the mi xtandeanBLoagdAns P sEdTally MM SQRRERFRTS 2¢qodine Ine@sitiianBaihs at or . The
| g i ' { - to build
plasma At SRR chefifldl Siftl & 1040 tﬁ@lgﬂép gsﬁ&gg)@ﬁ% bl aHixilte el 0, B!

up buffy e separator, oW n

pr ol ongeghotefiatidrigirimitNraaeé she athespdrastivod sonpdredr; avatliating thbeombingtiowut | et
and the red blood cells being 5 withdrawn via the second outlet. Buffy coat
i s pref epbibp ¢t a3t 08e bingdicoBRopay 284 pheiepgivaper chemicalyangd rgwmBi@t)e af ter  a

predet er gg}w .y Il L N T at ed
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| i ne t hain less ftout thay 70 aminetes.eMoroprfdratdgs the shtileghotopherebi ftfeytneemais can be

collected fromthe separator by discontinuing the withdrawal of red bl ood
cel | s freemplsteddn despabetdlpamy 43yminuges. This is a vastimprovement over previous

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 is 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
fluid into the separator. The plasma and red blood cells are preferably withdrawn at rates so
as to build up buffy coat in the separator, allowing the buffy coat to be exposed to prolonged

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



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. Buffy coat
collection is preferably stopped when red blood cells are detected in the
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second out | afithe srpavateigvia firsolrst Bitlsh dBRiTp Fea caligstion is prefrah]y siopaed whemted! ant

fluid tot l,e bl LR ' ' f ) f .
whol e bl ood acefire SaGeipdifioe PhTA TSRSt Seisd AU Cled bl Bbids ana
anti coagul %}EfeHHli/ dradiited WiirsePiaaaiaton Yhanbdr@nting ptedaferming@ h@BUAIHT ch&lggt
rate; separating the mxture into bl ood conponents of different densities;

wi t hdr aw nghasplees transfemiedbief thy caltestedtbudin conle Byraedatemingd araown of emeagnis t o
punp the mxtger%ﬂofglg?hoiﬁt bl.ood anﬁ) anticoagulant fluid into the separator,
the pl asma BRFTHUY PYER: LIRS ROPRWSSawn  at rates so as to build up red
bl ood cel | Swom{ MRisSPBRpALIREs trbhithelt RSHSABE fuidines dh cREENHop W itBdWAYRe Vi a
the first outlet; and upon a predeterm ned anount of red blood célls

bui | di ng utheipatieiias slepfieasoyrce. Evlallycinsisad ehteparating oolybwds dost, thebmffheells
separator via.th econd t.l.et. .This nethod allo the r bl.agod cells to
bui Id up in® Wé&%%%ﬁﬁa e&ﬂhg‘ﬁgegﬂ‘ﬂ?i}& re?f’??f’nﬁ?ts V@fﬁﬁj‘ﬁﬁ&%&ﬁﬁdﬁs&“ﬁm%nged
centrifugal [dﬂ@ﬂ{“—ﬁrﬁlly,ein &Rilé RetRd AlcollftinPraybags cEiffid 2thidhal by R on i's
described in detail wth_resg_ect_ to the acconpanyi ng draw ngs, ‘“which

i |l ustrate aspeetndfdbié myantiaf whish is amethodwod caligriingtadesiredbload coroponegy st ens,
and nethods. 6.FIG 1 .is a sche bi C. rgﬂquﬁsent tti (r‘)f‘ﬁ of (ﬂn enbgdiﬁen of. a
di sposabl e RPPPROPEREVIE baEaIn Lruee et i) AT andshonds seond orlel trving
present i nvembicWeodibin LsdufcedBdd@hedRbRoRSiISRETlil Y theivy¥1Ohl08d iffbodi ment

of a cassette for controlling fluid flow I'n the di sposabl e photopheresis

kit of FIG piede®eimined ritep tgrfomn pinvdbge of wholsfoladseandzanticoagulant fiFidcpumping|te 4
: ?\t 2r ;glp ;/Lgﬁvr@;e %:Ilh \?%lﬁ??)f(ieptdta%d %ticﬁ!a@ular%t %1% r}n‘ttor]ﬁe: sce%\érezftorrvef%\éellqle?gtda sse?e%\tlgdng

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.
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.



e ——

FIG 5 is a bottomview of a cover of cassette of FIG 2. FIG 6 is an
el evated perspective view of an enbodinent of a filter assenbly. FIG 7 is
bott om perspective view of the filter assenblé of FIG 6. FIG 8 is an
expl oded vi eWlIGk ltihe sthemaic igpreesntatipned apembodiment of a dispesablekitfor pserispect i ve
view of the filter ,agsenhly of, Fl 6. F 10 is. schematic representation
of the fil PE?tOB]%%rS% T8 %Plagdyglggsﬂmeg&k &? pﬁ?ségélﬂy%nqwgensors and a data
processor. F'cﬁc.%zlis!aﬁ e@evfafegrﬁersyshaweqaevaefaﬂéraﬁdcﬁﬁaleﬁtrbfcmsﬁéaa-foerol éoﬂa%%l_s a

i na is a

side longitu " view of the irradiation chanber of FIG 11. F
si de transvyeidfowiirthedispdsabiephapbtreankthbilfarl.of FIG 11 FIG 14 is a

cut-away view of a secti f.the.first pl d the second plate prior to
bei ng j oi ned}fkﬁgé’_t‘ﬁé?"l 69‘31%358?{1%@4‘? ?aéﬁ‘?tg‘tq%ﬁ(}ganber of FIG 11. FIG 15 is
a cut-avay digpigy @@%%%mv ¥f @Wcssetd S5 F1G. Miﬁmeeo@é??ém@éedoind%h@mﬂgl- FI G

16 is a perspective view of the irradiation chanber of FIG 11 posi ti oned
within a UMArdal ghulassenidtyy. FIG 17 is an el evated perspective view of an

enbodi ment of _a per mgnhent tower, syste for u [n, conjunction with a
di sposabl e ki FI§-oyisrRqtiont 3{efvrfg‘ad’%ﬁﬁro‘?r?§ﬁ§§§ﬁ%§?€1¢-&er apy session. FIG 18 is

a cross-secti 9@&?@@%@&{@&%@% o? b ERSRRLPEEL hgéﬁdsg}n@g&”ﬁer :

W t hout a UVA ed 1n the tower systemo . FIG 19

i's a cross-segidonglbotiogipaipativenbadininfiltafasidntblg efFIG.fdige chamber used in
the tower systemof FIG 17. FIG 20 is an electrical schematic of the |eak
det ection ci r EG18 jsrangxpiaded yienat the iienassembbaidiGehanber of FIG 18. FIG

21 is an el ectrical sch i c..of the e I cuit provided in the
centrifuge ctﬁ?ﬁb%s ao eaﬁ%&ﬁe%@% ‘}leglDétﬁgélt%satsge%%el?%g%ﬁper spective view of
an enpodi nent pof;. 1R sthethstid fepisanmiomdf thefiker el of BYE! 6 sotpl@NoPresthie:

17. FIG 23 is a perspective bottomview of the control deck of FIG 22.
FIG 24 is snsaxphdddaiagiressss t he control deck of FIG 22. FIG 25 is a top

per spective vﬁ&F?EStJ?ﬁ%Oﬁq;}é\{/gkﬁcﬁﬁari#f‘onlzchgnbglz with the cassette of FIG 2

| oaded t hereon: is a of "an efbodi nent of a phot opheresis
treat ment progessi? il dsidelbnighudinslohenar ihe ighdiatioeshetieronFI®f11the fluid flow

circuit used in performng the o

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

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

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

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

FIG. 17 is an elevated perspective view of an embodiment of a permanent tower system

[' for use in conjunction with a disposable kit for facilitating a photopheresis therapy session.

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

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

FIG. 20 is an electrical schematic of the leak detection circuit provided in the
photoactivation chamber of F1G. 18.

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

chamber of FIG. 19.



treatment process of FIG 26. FIG 28 is top perspective view 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 of

the peristalt geGPaR &feldvafed ;%&pectﬁ'e@leva of iiserabédifdeana ke SPRIAIdW Eonttod Weeld
the rotor of FIG 30. FIG 32 is a top view of the peristaltic punp of FIG

28. FIG 33fitge wwaysystewwidlGt he peristaltic punp of FIG 28 in a | oading

position and r cassette of FIG ectrical
schematic of ﬁ‘g ?:}h’fsraal?eéﬁPCEBW fPeLY ey P ercto“& afﬁktosfﬁél 35 illustrates
an enbodi ment gk @z% ngdﬂ%vw\d)ftﬁélgoxﬁrdl@%é%émg pame. FIG 36 is a

di nensi onal view of the bowl of FIG 35. FIG 37 is an expl oded view of the

bow of FIG 34G.F 3 a ®p pstpeddiva viswosBthseottradnizkk of Bl(.GR witkethswassetié of FIG. 36
along the line XIX-XIX. FIG 39A shows a cross sectional view of a
connecti on %1‘@9%"11353% ace with a lunmen connector of the bow of FIG 38

along the 1ingy¥Xyekd %ﬂo@%ﬁ&% ailﬂ@;ﬁ of 5 PR6to gﬁ&%ﬁ?&@émb\éhﬁ!i‘oe%ss

connection sl eéve in ace wth a connect FI G 38.
FI G 40 shows FIGc2Désa sehemiatioal an/embwquenﬂnf thofluiddiev oifrcutitiesed anperfidmithgxhe37 .
FIG 41 shows a di nensi 33%5}&3 ew of the top core and upper plate of FIG 37.
FI G 42 shoWeateeBbRroseis 0{? ‘the top core of FIG 41. FIG 43A shows a

di nensi onal Ie:i%bogggs gohg’g??’éﬁ %Q,%ltlgﬂ;b &%n@@aﬁ&%& ﬁ’lln te of the bow

of FIG 37. |msnS|ona Cross s I on of the bottom

core and a | owalG. pbas & croef sdctiendigitle vidw Efﬁepéﬁ@samctmnmfm@ges her. FIG 44
shows an expl oded side view of the bottomcore and a | ower plate of FIG
43A. 8 FIG 48GRBvSa eranammest shdew ihewtgrofdhrpserstalinpyap #RIG.9. a condui t

el t I f FIG
35 PG a7 sl A GE MR EnRiRagh e Ry ¥ B (UM Cecenbl y of FIG

45. FIG 48 Sm&zasdwﬁ%ﬂswmﬁ&iepﬁrﬁmmfpm aﬁEl@rZSend of the present
invention. FIG 49 shows a | ateral cross-sectional view of an_anchor end.

FIG 50 shows BlGhaddiisatarayiewod ke pesistaltimpumy pell61284R adpadieg pesilion andaieaniheng

line XXI. FIG,k 51 i:gfhtﬁstrates a dinmensional view of the rotating frame of
FIG 35. Fl&asseyepl enl arged view of a holder for an external conduit.

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

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

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

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

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

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 bow] of FIG 38.

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

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

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

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

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

FIG. 44 shows an exploded side view of the bottom core and a lower plate of FIG. 43A.

B
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FIG 53 shows an alternative enbodi nent of the bowl with the cross-section
taken simlarly to that showmm in FIG 38. FIG 54 shows an alternative
enbodi ment of the top core. FIG 55 shows an alternative enbodi ment of the
connection sl . . Vi [ . Feaf ures of

t he present iﬁ@é% iSIC}%/&g(r?lzmﬁe18 %‘&?@8‘%?"2% éthgggmrr%dr?\éﬁgﬁ tbq?gcg‘%g%rﬁlgéﬁsﬁlglgfy‘

equi prent,  t hergliss RAGHE halinbediapnh eleasifthKtdnnettlvn steve 0OFIGlds, ces whi ch make
up the disposable kit, and the corresponding treatnent process. The

fol | owi ng w i FiGed7¢bswsiaptimensional visut of aneend of eqsidniwgsembly of EKpdabl e

Phot opheresis_Kit A, Cassette.fon Controlli Fl.ui.d Flow . 1. Filter Assenbly
B I radiati oREASHIENS SQmesip il PIFRco il nchit s Of themighent Mvention: mmnent
Tower Syst em Aot Batsiaaiet 0rdshasitRhal Vew GER frichgadChanber C. Fluid Fl ow
Control Deck 1. Cassette C anping Mechanism 2. Self-Loading Peristaltic
Punps D. | nf FEG.RécshGusrahvrzantabeross-sectionad viephelransinsharrend ttakentaldgdines$ X1

[ 0024] The ab -qQutline is.included.to faciljtate und i ng of the
features of tﬁﬁpﬁe‘@@ﬁ?a e:?%glmx(gﬁgl%\gog elrf’ﬁg%gaﬁ’&o(%ﬁﬁﬁ]fng of the
present i nvengi@nso38Uniehldnedd Vi @R dedideP for@AleR@ATal 86ndit. | i Nt any aspect of
the invention. The inventions are described and illustrated in sufficient
detai|l that t RGeS 3sdhiowisea alternahive embodioent ofghelbdw! with éheamrdssussetiomhaken
However, various al ternati.v%ﬁ gré)difications, and i nprovenents shoul d
become r eadimjlarhpipthatthoymin Gu departing fromthe spirit and scope of the
i nvention. Spegdfd » anMMehBitily D EmbBY SNt 8F%he b scribed in the context of
a di sposabl e %f? %ﬁﬂ-lolﬁ%gra%mngnt 1bI 01(1)13 dlﬁ%}e sygt@n%?or use in photopheresis
t her apy, cert #l@. Hsgestssancdltetia¢ive embndinomt af the natnestioh sleeteed and are
applicable to kits and systens used for rendering other therapies, such as

apheresis or any other extr %gsofr(,?%arp¢igg%&rﬂ%tﬁgﬁtié§erapy.

[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:

I. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Dnive Tube
II. Permanent Tower System
A Photoactivation Chamber
B. Centrifuge Chamber
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Peristaltic Pumps
D. Infra-Red Communication
II1. Photopheresis Treatment Process

[0024] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present invention and is not intended to
categorize or limit any aspect of the invention. The inventions are described and illustrated in

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

various alternatives, modifications, and improvements should become readily apparent
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1. Disposabl e Photopheresis Kit [0025] FIG 1 illustrates disposable

phot opheresis kit 1000 enbodying features of the present invention. It is
necessary that a new di sposable sterile kit be used for each therapy
session. In_order to faciljtate the circulation, of fluids thraough . .
phot opher e¥iithor} depeping framdhe spint-angdisconefdhe mvgntn. cﬁneeﬁcaltlmﬁﬂn%eﬁb? BVRRIRIY h,
phot opher egj [ LSl |+ } Fl G
17y “the i Rsdesplibed iR ponpREr R dBledl RELERGRntR $Rlodie et 1001 b

described ipRoR@hérickis bedrapy, bR BipeBof dretinvasion ald fiot 50 Gthirdrapaiagegppliogietd e
1100, centrifuge bow 10, irradiation chanber700, hematocrit sensor 1125,
removabl e dits and aystema used for maderng othedhasapies sach # aphsesic or pay. pibeh bag 51.

Phot ophere%iﬁfra%%h?{égl?%?é%%%%%%&@ggﬁ?%fes sal i ne connector spike 1190 and

ant i coagul respectively connecting saline and
anticoagul ant fluid bags (not shown). Photopheresis kit 1000 has all the
necessary qubbm@ogﬂgepﬁaﬁpn@tgggﬁto fluidly connect all devices and to route
the circulation of fluids during a photopheresis treatnment session. Al

L1 1 SHFEAAGTTIERL S Gt A 010 RS RARRE T R

are provid vari ous positirons urds in

tubing if ineasidaalyis neO82aty thivadkcs distapitie stefdiled3t nuked TOeaah ehapapavseskosh. figr
respectively connecting photopheresis kit 1000 to needl es for draw nbgi whol e
0

bl ood fr omcidgrdpifagititatmigre cewlabomef tiidodroughyrhgtopheresis &itd 90D eand to treat biood

o both ar A OHErEBRACHER Eatith ol A KEARATR ARl R i e b8 oREFT ©

patient. HpgeYEIG. V)l e meedlabok of phdtoptetdsty kit wecpEystdne 2080 4si ty to
si mul t aneously draw whol e blood and return blood fluids to the patient.

When a pat i ¢aseripest inglstealdbalp+ o phot opheresis kit 1000, a closed | oop system

1 ow r out er (00F, BTERTGRICIR 100 AebigitrLatsaR Al ShuBhaeRb IO ARt o Ly

light. Centglaiee7duonbmiQcsefasatiasswembeablblisadaidti®s] irsatthichf €S and
conmponents according to densitﬁé&t Tr eat ment bq&.SO is a 1000nL three port
bag. Strai ghlashenellestips bag St sPhetepharesig kit $040 furthebeqrapiisey salis|cenmgctor spike

PRl oSl | A ORI KO b LT B9 T SRS Bl b 1 22, L,

have a hi ngggdiceagulamifitd bagandBsholing hPEABpIReesidtsie d06Phashlth® agdsiary tubing and
necessary. Photopheresis kit 1000 further conprises hydrophobic filters

1555 and 156@mgpioshiofhadlysaprestall devermdtio renip fhesdipulatiop oA yidsesing 850 and
oo D g0, PR 00 ol O R g
Moni tori ng téeepfops F1M2eart prdvsdedns witodstpabitione fd¢ithe irtroduction 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 1o the patient. Alternatively, photopheresis kit 1000 can be adapted to use a single
needle to both draw whole blood from the patient and return blood fluids to the patient.
However, a two needle kit is preferred because of the ability to simultaneously draw whole
blood and return blood fluids to the patient. When a patient is hooked up to photopheresis kit
1000, a closed loop system is formed.
[0028] Cassette 1100 acts both as a tube organizer and a fluid flow router. Iradiation
chamber 700 is used to expose blood fluids to UV light. Centrifuge bowl 10 separates whole

blood into its different components according to density. Treatment bag 50 is a 1000mL

three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive

10



operating within safe pressure Iimts. The individual devices
of phot opheresis kit 1000, and their functioning, are discussed belowin
detail. A Cassette for Controlling Fluid Flow [0029] FIG 2 shows a top

perspective view.of a _di I t : . i I nd
controlli n§°1%‘ﬂ%“1}‘+‘o‘%°n%%{‘%§$‘5‘%gc?§d%ﬁ%ﬁ‘5 éﬂaﬁ@%@%%ﬁa%g@oﬁp e%%ﬁbswp?%g??r@nt
sessi on. Cagsiichebdol 90 ahbplakiny séiRgtidd Bdg S hidvelaiingedasapispike mitd) S35WARE chibé
acts as a casing for its various internal conponents and tubular circuitry.

Housi B? 110gedi for gradmaged bngcepatie Rhotonhafealsmﬁalélﬁﬂ@ﬁﬂlmtcomﬁsw}ﬁdmobw Hkeys
. e et ;
T105 s de 198 P e8P Shichabeflalia e omeEte ety iisnsd % 1530 dud dRSFHEARES

theref rom By fa0/cat RibeS PSALAHRASISS3 6 eRbARiing £de8AkblEngd BHBRAEE WithiPibes
secured to deck 1200 of tower system 2000, as is best illustrated in FIG

25. Tabs 1t6@neatidg fHOmatient (Flgokht Menitonng theprgssarchalpeensorelthatche bitdeck 1200.
[ 0030] Cassette 1100.has. fluid i.nlet .t ubes .1106, 1107, .1108, 11Q9 10
1111 ana® Poumting iR ete pTyTT PV Ge Thi T uaid Sy bos dhpotemtires st 100" i es
1114, 1115, &P‘%l ctiﬁﬂiﬁ%aré}li]sgmss@d’gelér@]i&detfaﬂf expelling fluids fromcassette
1100, and fﬁlw iI'nl et foutl et tube 1113 that can be used for both

introducing and expelling fluids into and out of cassette 1100. These fluid
i nput and out pud. Cabsegte fonCatitsllogiphnl Hawsette 1100 to a patient being
treated, as well as the various devices of photopheresis kit 1000, such as

centrifuge (9] Fig. 2i showd adbp pRsRATOGIWAT A disgoRailTeMsetRan (8Ctor pélaﬁlg? t
0

col l ection bag 51, and ba%s contai ning saline, anticoagulation flui
form a cl ogehpingypndxoengelbnp dresnovenmant ¢f blopd fiuids(duriag aphptopheess repnmgmt t ube

| oops,; 1120, 1121 122.1 and 112 rotrude fromside wall . 1104 of .

nous: g 110Eu R ease TR a8 THEL AL 15 oh HbRarHate nmatdie flsing fro
for facilijabdridds ifiemal dompotth Bn@tubhladicHBuitrdyr eleabingtl 101 ¢S SehesRs hiadk bt
1000 during therapy. Mdre specifically, when cassette 1100 is secured to

deck 1200 flurd plastiatbubean kemhdoeianyrsugatiy rigishipaterigh dlowsaps1 10ides sidemall THoA2,

1303, 1304, g 196 CRre: SHE AP SHERRR, ROCR GRS i HR x> T

and 1305 drjngabhii Qulihs 2 iBRopREesieaaRBehty Bastetil toohR el sbdid tddek 1200
1122, 1123, and 1124 in a predeterm ned direction, thereby driving fluid

t hr ough phoefdpiver systean R080, 29 GhesHilastrated ina E1Gedde skabsyl 102 and dP& alp position

automatic | oadi ng and un in ristaltic punps 1301, 1302, 1303,
1304, and 1 ef’@"e(ﬁﬁsfﬁgég@ﬂon&ﬁg?%@ﬁ bel ow with respect to FIGS. 28-33.

[0032] Tur n'lumgopg\éésfeﬁe 168 had, Me@fsatthes1108, 11975 hrog) 1009, 110 UBINYarddl Pl 2i fr an
expl oded state. For ease of illustration and description, the internal

t ubul ar ci r seeiving finidhinte passeliend 001@d quiletiybes 111ds1 14, d416,A20 T 148, ankl119

internal tubular it el o Zashlde o0 nlil iffeGourte ARL 1115'that can be used for

both introducing and expelling fluids into and out of cassette 1100. These fluid input and
output tubes fluidly couple cassette 1100 to a patient being treated, as well as the various
devices of photopheresis kit 1000, such as centrifuge bowl 10, irradiation chamber700,
treatment bag 50, plasma collection bag 51, and bags containing saline, anticoagulation fluid
to form a closed-loop extracorporeal fluid circuit (FIG. 27).

[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). Peristaltic pumps 1301, 1302, 1303, 1304,

11



be discussed in relation thereto. Cassette 1100 has filter assenbly 1500
positioned therein and in fluid connection with inlet tube 1106, outl et
tube 1114, and one end of each of punp tube |oops 1120 and 1121. Filter
assenbly 1500 conprises vent chanbers 1540 and 1542. Filter assenbly 1500,
and its fuandild®s dgye flsiddheugh seedespeciae pirhp hibe doepaild B0,rid2peli22t b1 23| a8l

Cop_ sur 1 acd 124 PO el TR, Berehy i piicvig)ronasstorberesiy ks Kb PG ey
1130 has op H&%g%%?2Th@8€er§t1@t§aﬁd%tcﬁﬁitﬁ%£kﬁn%§x(ﬂj}:§e u@gm% e}éﬂaﬁh@mﬂiﬂéﬂ of

filter asse to extend therethrough has a urality
of tube sl qBel IIJIM lmhllﬁowanﬂdm‘hisehscmdaésn detail below wmlh)mpecarWFIﬁﬁrQSI-mp

tubes to pass into the interna space .of housi nq@%thl for onnectlon W t h
the i nt er ndP032) pHrBMEAOMCIG; KT E'y34 @é%ﬁtédw%% PN Vi) Douginegdld i%éﬂ§¥w9¢ed1134

posi t | oned e Fohgteiffh T UERERGA, ofe Yol R B pbdet 5
Cover 1130 119$ i9&& HaitRmediarfGl3 62handerhdl6dbulacsitcitey RGllistaredinrIGna sud wate
1160 (FIG 5). CQcclusion bars 1162 and 1162A are preferabl nol ded into

bot t om sur ftechscusgd lafrelewéﬂwemi@ocmafﬁtitmblQﬂt}@sﬁéﬁeﬁ&&smhly 1598 popitiaedetheredl has

a plurality aped tuberhol 4Y rdfro p surface
2156 O shoamddn Dy SHE R HASORiE AR oboo ki E & s cag of 8%"3’5 fp

| 0oop tubes, ypf g ggﬁm@ﬁ;ﬂmﬂ ahé abf&ﬁd]{z‘%ﬁd ﬁges%ﬁtcc%mhwrsusmhﬁ&ﬁs4zoﬂl y
a few U shaped holders 1135 are |abeled in Fl to avoid nuneri cal

crowdi ng. Priltbeasatrhily 100, atddpsefinttivinleg, isidis@isies] lprd@wldmtbvomtbawedﬂlﬁ Fias.
each | ocation where an inlet tube, an outlet tube, or a punp |loop tube
passes thr OQl'éﬂ a tube slot 1134 on side wall 1104. Ml e extrusions 1136

protrude fr G‘%S]tlfguﬁiéﬁ?@ﬁc&ﬂﬁ@se@ﬁod@i%@%ﬁﬁbﬁs@ﬁl@t CBGerWlehﬁQ(oE:‘%}ﬁ%Q{égi) ng

femal e hol e | ocated on  bottom surface cover 1130
Pr ef er abl y, 1H)5mabettpmaurfass b60FEG. 5)sandoside wdll dfl 04.0Coverdd 3@ hehoprhirigad 183D ur

Che f onal o 79 6 denaqyng grah chathers A0 eadsa B fhénsSedbly 13081 &g, 112
the femal e a 24 r 1130.
12 [00351 B@%Fetﬂr%ﬁ’%h f ek Bei 199 ?f g gﬁltrggg%?t@o%ﬂs@ots Iy t%la%@vat tggmlgﬂrtﬁﬁes\ﬁ@«uet

t ube connec use t o connect of the inter
circuitry. fibed, andlpln;np lbdip‘ mbemmqratsunmmblﬂténmﬂ epacbméhmmhmhlm fancomiecticund

three of the tubes Ie i nto. b 114 Hub 40 act centr Ilzed
j unction whP&h ﬂaedwt% ar%lw“tt@ﬁpaﬂe@ q&ﬁelw Q%%fﬁw s aawf gled In
1240-1247  ¢ft G 12&bid ﬁlﬁnawaﬁ%wfdkﬂgt dsabk i 02 gl PGS 8eR8EiEsh& & Lidd QAR 17204 to

and fromthe patient. In ditio o hub 1140, appropriate tube connectors,
such as T-cenmemitas sntdriert vatintub(e slotsririddt ﬁ}ov&ﬂmo s ecclsgdn barsAl62and 1 he2 A

? ﬁzl ; ?go]; | gé)l(tgxlacixg‘tg lfr%@'g ot ﬁur tlk& gﬁﬁég ?f)gcl%glon g{selsi6% %1315 1?328,4 la%cp%gt%gab?)?
molded into bottom surface 1160 of cover 1130 dunng 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 intemnal 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 comers of base 1130 and near filter 1500. Male protrusions 1136

mate with the female holes 1161 to form a snap-fit and secure base 1131 to cover 1130,
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surrounded by an aperture wall 1138 having slots 1139 for passing portions
of the internal tubular circuitry therethrough. An el ongated aperture 1157
is also provided on the floor of base 1131. Apertures 1137 are | ocated on

base 1131 to align w cqrrespondi n essi tors 1243- 1247 of
deck 1200 (#9%3) %ﬁ?"iﬁ f&o R%stiag‘ ﬁﬁi’&teﬁ lbii]ﬁg ‘Tl‘fﬂyf e&Pt%"ft%“F?ﬁ
conpressi o 1137
ol e odo Ppibfeet fiteubedBr e dhoftal ok dfaiind Ff‘f?ﬁ@ﬁ%ﬂt‘@@%ﬁe@@?%ﬁm

t her et hr ougfcateddpait bid suridiing thiee of thedulss 1¢ddate ihtorlad HdlpHhdsl a0 sattagat or s

1240- 1242 can extend therethrough. Conpression actuators 1240-1247 are used
to cl ose/ ocenhinalized m@ac@wenvlaéh £ tnz useq,uN GORTHRG N WY coTBpTessiRn petRateT240-UB4T ar

oat e wnen (CT e reafifibigh b GurPnoRiedledls bucloddad | ha 088 Raleh) IS can
f1ow ther etjagaisho th‘i130%bﬂﬁﬁa%ﬁu@&&diﬁ%ﬁbrslﬁ&ﬁ'aiWorﬁ]@étofshﬁulFﬁﬂ&%ﬁgeV\/ay i s

in alowered position However, when it is desired to have a certain fluid
passageway wnnswor k2t h!@tusﬁfﬂ tr ebtaip ake desired flexiblettabiag Iﬁﬂtb&t@ﬁs the appropriate

et uator 1A0054BRYE e g PTGt ey D5 oe 60 PR e aBeRS liﬁ‘wmon

of the flexgu?,{]%naiﬁ?Wﬁt asdriurdiivall 1 18@RAvISS sl%tltlgﬂ@ﬁagﬁﬁgpé%i@gs ()ﬂh@lgé?ﬂd of

cover 1130 ere cl osing that passageway. Preferably, occlusion bars
and 1173 (fubfar 5i)‘ctﬁh‘9 thgosthtdughe Ancrorzated apersure 162 islA&Oprowidelioghevlodr ctfhe

conpr essi on actuators 1240- 1247 so that th ortion qf erX|bIe t ubi ng
bei ng occl uersg L131.cApprwss A Lggil %tedd@cqaﬁ%ibﬁ 19 align paHncostespanding

Conpr ousi oncompiE e febdplsIRa8a24F 8PS D (FIRE 221 NIERLE 118710 188ued o basp
to have a upizue alh@ﬁmt:th‘ ¢omipredsidn awantae h2d0 242 of denktmom(iﬂG @RpyEichfapeitaei on

to permanent tower system 2000. The uni que identifi Is provided to ensure

that the di $b¥sigsized 598136aﬁétgé%t%nmﬁt&qnsacewtﬁsé@ﬁ%tlé“mmettﬁ%d Bresderongh.ve
equi prent T Ahoriifd'1387 id sib Bkt 830fEres a8 aldldord DRCPIABARNRLERYS KIt TS

capabl e of nni ng esire treat nt process e uni que | entifier can
al so be USedleaahmuglia@smpeesmﬁumatoi@l14!0@124t7hee wsedposhist/eceinds aphgreaeRaiki t
is of a certain brand nane ke. In the il|ustrated exanple,_the unique

i dentifier fyidpasersewgynel @atr&e@awbqlfggmﬂm orflex g facifitaty ﬁrs]érpb@a fluad How
dat a car d re EI Vlcfglr(pcg];a%h 2 an %%gl%qgﬁlj%l f% Q@Q{alﬁég%g%é@rgog)gg% ﬁ‘tat %Zl} a?ai%?;a

card 1195 h4d" te capabi I es an Jara re

to the treatfigenthetetieodghy tmard‘nﬁ;frndm dearatdruy0-d 2an &nthatpassiigewdisjie lowered
identifier can also take on a vari et%@of forms, including, for exanp

m crochi p t RasItiphteweNes Whemt isHissiurdiodaye peertan fuidhpasagmay clossd g that ﬁmd
| oaded, d
ol der” 152 PSRl R EpL L PHBEH: PR Gho 20l ekt

extending the compression actuator 1240-1247 through aperture 1137 or 1157 and
compressing a portion of the flexible tubular circuitry against bottom surface 1160 (FIG. 5)
of cover 1130, thereby closing that passageway. Preferably, occlusion bars 1163 and 1173
(FIG. 5) are positioned on bottom surface 1160 to align with the compression actuators 1240-
1247 so that the portion of flexible tubing being occluded is compressed against occlusion bar
1163 or 1173. Alternatively, the occlusion bar can be omitted or located on the compression
actuators themselves.

[0037] 1t is preferable for cassette 1100 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is
provided to ensure that the disposable photopheresis kit is compatible with the blood drive
equipment into which it is being loaded, and that the photopheresis kit is capable of running
the desired treatment process. The unique identifier can also be used as a means to ensure
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hol der 1134 conprises four elevated ridges in a segnented rectangul ar shape
for receiving and holding data card 1195 to cassette 1100. Data card hol der
1134 holds data card 1195 in place via a snap-fit (FIG 2). [0039]

Referring now,.t o..Fl I : J e ' | t tte
1100 vi |1 IR SPuSRAebisbBBndest BE 4 S hilRthithe & b, BREYIERRES
circuitry kgaRpRf @eabliguerfagrifiet is dnitendiddlae dptaastd T1ISUBPIG.R)tthatis iRertddEinp nched

shut by the exertion of pressure w thout conprom sing the hernmetic integrity
of the tubdataRagbrergiyingyort 08 cafinsrmangnt towver pysipsn LAQEEIGH17)F Rata gard d 19 has

the internal ,tubular circuitny. _can b | eyl 4 1 nd 1108 and
outlet t ubgo@lrf?)‘&lé?‘iwﬁp%gﬁ'p&éﬁmlﬁgsndc%z??psﬁrﬁ\é%gé%]g@qe éo tkggg%}é@éﬁ?@gfpﬁéﬁ”ﬁ

10 (FIG 1350r AR GnRSiS] The ahighe idMEfigtcah YRS tdikldn 4 SarfbPNT f8mb Ahcld@hkVRE NY
whol e bl ood from casSette 110 to centrifuge bow 10, and inlet tubés 1107
and 1108 argampkpeaticreehip thatanietketsiwith thetblradi dityeaequipowet whem thetkit isloeded, a
conponent s _and hi %her d nsitbyé bl ood conponents to cassette 1100 for further
routing t haUEPHSADE SPREMIEIPET kit 1000. The | ower density bl ood conponents

can incl uﬂﬁ?#&%o&i‘ Q%ga%ﬂt@&g@ Qofd@i"i(fﬁyﬁ?ﬁoldm 0l &kd ll%’%‘g}gg}; ??g{?ata%rdany

conbi nati o reof . | gher density conponerits can I n
exanpl e, r damblddrddsdd cemprses@uod devatedrdgbd fiva sepnubnted rettangiar shape forrededhig

coupl e cassette 1100 to iyradiation c r 700. e_.specifically, outlet
Cubb 1117 andgoblnadaacard ORI shoRy DOy A esrd dONsra1 ands d5ja 6rdga 58 in
conponent, for ax > oat, to irradiation chanber700 for exposure to
phot o enerd{’?ce‘aﬂlglrgg£geﬁf)§lb¥a )e 1112 is provided for returning the treated

| ower densi[py3$) RERIBRMENENFIGS 1 Mdsis tetigtednbOMbhitr ciromitrh@f cagufié TEN0 WAI040]
Inlet tube 1111 and outlet tube 1116 couple treatnment bag 50 to cassette

1100. ( Qut | etow beBiscussed Aslegstparien eiothe aitemal tubplay sirquatsy tspretsrabliemete of

1176 has heanbea e R e aihe dada el bf EOAERbCARI P i, L o

moni t or  f or cdrisrohiin® thediehaBtiomtariny ghthd angi Basdll DIDof @:esEpea 00 is iHlusthatédin’ ed
bl ood cells. HCT sensor 1125 is a photo sensor assenbly and is 14 o&erabl y
coupl ed to BlGdmortbat the inteyngl tybplansircpitpscanditagenedielndetitilng 1409 aad 1108 ande

controller r l.oo | r [ : t he
control ler ‘ﬁ??‘tbgﬁgls RE &gg@re !ég?r%é’ﬁ %ﬁfaéfa%%eﬁg 1;@;)3@&@3}6%}@%%&'}@?% dai)‘ded to
return the ypké q%mballgymﬁﬂﬁib_%mbs RQaovide farQRENENd WHd Ik bEsddRath chaettd 1000
cassette 1100 for further routing. Inlet tubes 1109 and 1110 are

respect i vel tp ceotrifage bewk ), and snletiubesdd 02 and d 48§ encapspestival v grovidegfor (eieming a

h i i kes.1190 and 119 i ded for deljveri L d
a0 ant | coaglvkEeRy bl o Umaele e pRbEr PRt B TIRiE KT Rl Ent
[0041] I nl efirfet Fitink WReudH pRotaptbresis kie1 060U DEheldh8r aanshl ®1ddasmifihosehts 84t | On

bag 50 to
include, for example, plasma, leukocytes, platelets, buffy coat, or any combination thereof’

The higher density components can include, for example, red blood cells. Qutlet 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 trradiation chamber700 for exposure to photo energy,
while inlet tube 1112 is provided for returning the treated lower density blood component to
cassette 1100 for further routing.
{0040} Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. Outlet
tube 1116 is provided to deliver an untreated low density blood component, for example
buffy coat, to treatment bag 50. Outlet tube 1116 has hematocrit (“HCT”) sensor 1125
operably connected thereto to monitor for the introduction of a high density blood
component, such as red blood cells. HCT sensor 1125 is a photo sensor assembly and is
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cassette 1100. 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 collection bag
51 fromcassette 1100 or return the blood conmponent(s) that build up in

pl asma coldpembipeoupded Bia eantipdles IECE sanson 112§ sends ¢ Hetectiomusignag o thalcentrallepe

1106 and outle ubges ,1119 114 are tie cifically,
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cassette 1100 for routi and tqqeat nt thin 1@ her SIS kit 1000.
Qut et ¢ ubkl 1 0mraspecyl ey 1P oo aBd AR isoe SRR AR B DAER (B PRSAL IR ant

fluid to 'sgaélges ltl%fépajl% ah& alle o £ 8 bferih eamgél Andtﬂ%ﬂte%deg%#%g t?lHﬁ’ist@bl e

medi cal sterile tu eX| e plasti ng I's
preferred cds@&t%ahooefssﬁiﬁlerMﬁgmefpwmpunp tube | oops 1120, 1121, 1122,
1123, and 1124 for driving ood fluids throughout cassette 1100 and

phot opher e041kInletiQutdet tWEﬁ' bll@pi@é PRileidrps II&WHP etrigsEna %@6“1@312‘139 ¥4@s into

whol e bl ood 0 r d

Casset (o 10507 1 00y MR pRARERE bR bt Y S PR sl o
filter 150f1a5@h QB%lidﬂrﬂa chtlaumag 3100plet/TaetliBO 11 TRes berus@d EcéitHen dBliwep rdd302
and drives blood fluids through filter 1500 and back to the patient via
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1100 via inlet tube 1124 and out of cassette 1100 to via outlet tube 1119,

whi ch conneodwded tohefumt teatedibleod,1s8kne, Roirpatedblood gomponeamsy tiegted dloadt o

{reat nont. OEPBRPEn AT A HE DO ndhe Bruss ErehEaElSTE aRiie Tor a5 GRE)
Each of p%hﬁéﬂéd wol%méd (3@ hptaRberAfifedamt duitbesh Whitla ADAERTRALNr A fper form

the photopheresis treatnent therapy according to an e di ment” of the
met hod of tphtemte smette 1 Hiefor rantingland reatmedbwathinggwtdpdienasisiknt Hil0atGwlet tube

FI GS. 26-27. P t 1305 b
in any conti ﬁ%’?ﬁrg&?%m @B@g@afgﬁg&i’% W)g ?‘ioﬁgulglg‘r#ﬂhg? |IOGFW% A?ﬁé fts
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on base 113He maktoprgferted. i nternal tubular circuitry to facilitate proper

N ok s S5 TR oA LA 1L 342 84 and PR ASng "
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.



1. The Filter Assenbly [00441 Filter 1500, which is |ocated wthin 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 assenbled. Filter
1500 conprises a filter housi ng 1501. Filter housing 1501 is preferably

const r uct ef®043) Badhr afpapatadiin pusnps 1394 <308 eraactiseipd whegpecgesapy wpearformpthowever
th t t ed d,.f b t t d
of “any maueieRersin wpen By sl e & srGUinaR o iiapeRhd PRUREREERLr o
f1ow ng tﬂ%geﬁtmwﬁnh if @%ﬁaecﬁbélé@ﬁn F@Mﬁjnﬂg FIGOLaPE Peidtald 5%\.\rﬁp§P3U1 j50N

ports extruding therefrom nanel whol e bl ood inlet port 1502," whol e bl ood
out | et poranltedsherated atest & time dr imdnytcopibintatios 0T he purdps 13&1&134}5 workiiol out | et

Fhat i??iquiﬁéﬁ%@ﬁ{? PP BT ARG BiFeL o e R o B s
1507 1s0ae Lo Bt PERA0T DRoc ik 113700 1 ARl R O RER oRIR EE,

fluid passamgm@mmﬁﬂ tflbdlmemrchnqsmrfgclﬁﬁ&]propér rottingd eRirowegh theasd oHns. [ 00461
Ports 1502 03, 1504 and 1505 are so used to secure filter 1500 within
cassette qupfesﬂilﬂn aetuagrss240plgdt sthe %@215 cpn 98 dirggiedalang anypahway oengage

U- shaped fast %%éofof cassette 1100 (FIG 3). Filter housing 1501 also
has a prot Ferg Blr'ﬁ‘ ‘I% extending the bottom surface of housing floor 1518.
Protrusion 1510 fits into a guide hole of base 1131 of cassette 1100 (FIG
3). [00471 Referring INoThé Bilfek Bssénblfyi | ter 1500 is illustrated in an

expl oded state. Filter housing 1501 is a two-piece assenbly conprising roof

o1l and 3geiad Hifer ﬁ%fwﬁémsfoaatggwg@m ﬁagset{eqlﬁﬁﬁgdés%ﬂge&)%o%@ylsnﬁl?sﬁ%hlﬁr]ﬁvm

in the art, h as ‘ul'trasonic we at wel ding, app ng an adhesi ve,
or by desi @giafldnFOGE. 4-301 Refdrihasiest IGFIGS © dndan, fitet 1500tis ﬂllistrlaﬁﬂlﬂ]lﬂ)s 16
between the two. Wiile filter housing 1501 is illustrated as t wo- pi ece
assenbl y, fassemdied. Hedtst hPlioomprisgha gge@i“ﬂ%’é‘ﬁ 130, ﬁﬁ’!eéh%‘i‘%ﬁoqlr‘ﬁ@fﬁﬁébb’r a

mul ti-piece a I
oxt endl ng. SRR o a GRREbu A EnaRC B G BB plsSFE HGHE A, R achilfyis
base 1512 apelsd ﬁﬁﬁteﬁﬂdﬁ&&ﬁh@&ﬁg@ﬂ%dm beporstiuted ef iblmatesit] thaewiiEfiot

separation wall 1513 contacts the bottom surface of roof 1511, formng two
chanber s vmcpmammﬁ@biqoritOéuoth%@sudsghatmﬂ@wmgdb@"e@%er 1516 and filter

A e T S

L- shaped chardhiebldsavhlegpdrt 0802, Wbl bloWihohtéet Pbaad0s hesatadr{lui8 etyrst BS04) ahE
bl ood inlet hol e-1519 and a whol e bl ood outlet hale (not |IIustrated) in

fl oor 1514.traates| fuidoytel How ]é"toshé’loéts 15921 80jarestandprg] I@ed‘%@dn@&@wxecw 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 (FIG. 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

16



—— —

are located at or near the ends of the substantially L-shaped whol e bl ood
chanber 1516. Whole blood inlet hole 1519 forns a passageway W th openi ng
1506 of inlet port 1502 so that a fluid can flow into whol e bl ood chanber

1516. S M@tk G onohige Bhaaduahl 1561 RONRLERANS althbitdcakaming duy @

passageway W th opening 1507 of outfet port 1503 so th flurd can flow out
of whol e bharthgctstivan besither { GFIOpiekt btheture baabmiti-pietd assembly.oor 1520.
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ridge 1521,f ghanfiies sépaadtionhieall T8I3Qohtaofs thdbsten sig€pabitdodn SN/ fordingIwoAs
such, when roof 1511 and base 1512 are assenbl ed, space exists between the

top of el ectnelkrs ithin ths filtenhepsirnge wheletbdoadsehamberl Bk anddflier ehamberdi5dVat ed

id 1521_an h t] I 513 f 1524 th

bet voen. - BOSA pa OiaRtrety Basabien iole PREE P Rf R Tshd BRI b OE e
1517, fl 00&0034??_6%% hlddd@hambBarsghs 4 ddkidasti L%aglsaﬂl dhbitiber havirgd 16 1514522
and treated fluid outlet hole 1523. Treated fluid inlet hole 1522 is
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i t, Lng.150 f 4.l -1, 1504 t fluid f

passageney L Spenk S0,ASOR el T AZKN SR LI S0 PR

out! et ol Grefiged it el Bl enlifib bt HnsRhibMCLAREMIPLRS bRIIRMaeR] sga! ed

ridge 1521 an ornms a passageway W th opening outlet port 1505 so
that a fl uiwthelabldddanieohbledB19 ifdrinara pabsugbeay ¥ith dpefiig3206 bf inlee poitIB02 boittaner

conprises filter element 1530, Filter ele ng, 1530 conpri.s f frame 1531
havi ng fi | @etuigaen Howsnte Wenls plogAsbaphe légﬁ W‘ifﬁg‘/s 1@3\111(?455 Oé’dr?é‘ﬁﬁt hajgmot
forms a :‘i'-f}ﬁgtrak{ah?cgmﬁ% %5}% Bl %né]gqgﬁ%f&m bt 180355 bR plriht er
chamber 151756 a 1 I?afsr e _yL :Hloﬁjl tsTinto trencr? 1&?9 andﬁneck élggfl
surrounds tgueaf etolelbdesl ¢haider hillee 1522. Filter inlet hole 1533 is aligned
ith t ted fluid inlet hole 1522 th ' ' luid | f ly fl
Uhr ough: noll8eStdRerghambentst s Toor 1510, dHaf 0 Tas plcviles rden 3521 Srending or
I t 1530 ' ' k4N ' : '

ontera 11 e [Redhichf! BEhbGY de MSH I TeAUATH sl t9siigdimele, Whifh Bl Al
filter medi p?dgéafﬁl ligreotadgiilat i the Hlustrhted embodinsmhelevhiel Hidged 521 eai Belay sHage

outlet hole 1523. Filter media 1532 preferabl,é_‘éhas a qE)o_re si ze of
appr oxi mat efoyloppas itifermsn enplosedperiraeiera hedwighi of plevated pdae d521isvess thandthe

such as woven : 3 [ e 7 yses filter

vont ohanoeie GLgg VT sepddiinud 15RL, RYAMAner kot B RRIRIL 86E |1

1541 in t heask@hmie®fspacdedists béthEen fe.tofBef dosttedridge/ B3 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 fluid outlet hole 1523 is located
interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening
1509 of outlet port 1505 so that a flwid 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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1541 opens into filter vent chanmber 1540 which in turn opens into filter
chanber 1517, gases that build-up within filter chanber 1517 can escape
t hrough gas vent 1541. Simlarly, whole blood chanber 1516 conprises bl ood
vent chanber 1542 within roof 1511. Blood vent chanber 1541 has gas vent

1543 in t hg,fenss phitaini®irenchBeSeause neksl 53dstrdidis teped dldodtialet hbledg2y.ent
chanmber 1542 which in turn opens into whal e bl ood chanber 1517, gases that

bui | d- up i Rilieholles helodBLisakpesd with geatethlaiddalsbhelp 4 5Fhse thahincomnm flyidomn 1

FIG 10 is.a.t vi.ew qf. f,i i85 1 ' f d 1551
connect ed edv gy (e ndte 12 433 D BRCRERDN Bt 1908 113080805 20
pref er abl y RERAEIEF fokia A TSHEAIST! WAlleslewtal A@RSIB211 2G0Mhid tRarness Blert 0 gas
vent 1541 via vent tubing 1552. Vent tubing 1552 fits into gas vent 1541 so

as to fornmharhbeyn517 ithronghihsleal 522Bwd$33 mymtpase througufilterapedis 1532 m dril¢riter
vent chanber, 1540 which_ ip turn o S, I fil nber,. , the
pressure i ﬁxkf/@af’r ehaprbeg l§£’é§1aitgea{eﬁ&ﬂ.g%g@ﬁeigoﬂer}tsﬁfﬂ ? g IWQ%@EEEQFabES/haS a
measurin . ] ' |
Teasur eot RS ALEPHGtNPINg HILRLRY Fiinc LESHMGR TDAR O,

sensor 155%yédisasopevengicdgested. gas vent 1543 via vent tubing 1553. Vent tubing

1553 fits into gas vent 1543 so as to forma tight fit and seal and pressure
sensor 155109834 @§h@wéerp}%1§sﬁqrtéervﬁomwe%1&ré’em Jeabgh Lpfiewithinrgof ]Fﬁ[illt er

hnd 1133 of Mt SRA0RRbeE ) SRS VERYSITin AT E £RCICHBIS A EAREy v P2
This al | ony S'Em@{)&{sQﬁﬁiJﬁRer\MehmmmbhﬁMWhicﬁ51’Lﬁ1naapbn];5ﬂ13 fiiter RarBai 1507 thses

while still protecting filter chanber 1500 and the fluid connectjions
t hereto. [ObaHpilprpssithia Hienshamber 3647 erveseamtheugh gasperdd Sob Suniarby, wapele

1554, 'which.is o roar r - 554 can _be a
i pr oceddent Bl SSi rorRP G BT el HEGRRE 342 PR o tnde plp S Ut

Processor CauphedisdMa iusHs ferl1988 SHOE forti 655hG1e. BROARE $aslhal 154Bopdid irth51
produce el ectrical. output signals representative of the pressure readi ngs

wi thin cheibet sent Shamberd 548 réucteingum: apeas into ehalertipodehanirn 18EE @psesshain a
frequent Ogti“;]_ ptté)iﬁf‘%rﬁf Bﬁ’%ﬁggﬂ%ﬁéﬁé%%ra’?%%%%{}%éaﬁ%eﬁrl%ﬁure w t hin chanbers

1516 and 1 progra val'ues’ representing

desired pre@asdjeRIaMIDhs B iehasReTsilkb 15008 ik préssurdntée 1680 addPsE1 connected

continuously analyzes the i)ressure data it receives frompressure sensors
1550 and 156%kat venied 84 ikl 33e thessuretrengore b¥Wrandri64d iapg)predareblyiprassure a

predeterm ned range ,fromthe hred pressure for nbers 1517 1516.
Cont rol | er " HEsAEE et iarf B0 Sl BT B E500 VEncr P sr o VAR
1302. In regpRRsiSsh Gitd Hifo PAsORht | $4100) A& 1h Esiéd yﬁght fhtr DD sBAIC Beldh@se AN §H1154P51
and 1550, controller 15547is géogramred to control the speed of ~ whol e bl ood

punp 1301 aopkns attafiltepuens chaober k548 mdbsh indpmsapieng inte &ilter hamber 4517, Hhough t he
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
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punps 1301 and 1301. Adjusting these flowrates in turn adjust the pressure
wi thin whole blood chanbers 1516 and filter chanber 1517 respectively. It
is inthis way that the pressure wthin the |lines drawi ng and returning
blood to and fromthe patient is naintained at acceptable |evels. [0056]
The funct i;aai1B881 pfodu'cbtelﬂttrmﬁomtﬂmrsigmglsaemhmmiveroéﬁi@redsmreapgdismiiﬂdn wil |
now be discussed in relation to FIGS nd 10. Wiile the functioning
of filter chapbesylSt7sad 1346 sssperdiyeivn Cd’é‘i!fallFTW Hegea\ss OB fFreauantARicARIRMOYE

bl 00d {1 08t lesBithd 6L VAL Anin HIBAENE1R n3 B51h Y01 9584 fack

into the rea e Tnventiron i s no

Filter 15Qfogamma wittdalues epresemingatesittd ﬁre@dulﬂm\irlﬂaﬂ)chéxhbl&rdlsuﬂﬁimv’lg red
bl ood cells, white blood cells, buffy coat, q,\ﬂi)%asna or a conbi nation

t her eof . [mﬁm]llewawécmtmuﬁmwlxmihcmrawr 2 B Tefehed fombpRessuBRansers who

I S connect hereS| S .kt 1000 v eed e_connect t o rt 1193.
The rot at (19801234 3385 S POGRERE Srbinse Bpmens Re el BB i B T st iSobfingt e
line drawifg,tfesukelierbdserdof fRMbeRa Natah@N’16.SCortrolfen 185 BRI Bplavs! -

Upon being drawn fromthe patient, the whole bl ood passes into cassette

1100 vi a iwhet biaddepuripd301 ancbltetmrmpmnmleall bﬂfespmndeyo ?hommssuredataaemmedt port
1502 of filter 1500. The hr ou h o 15 i nl et
port 1502 B/ RrATSBra Sensefs ) ggf %% 4a5 Dok &?ﬂ%‘iogqtﬂ of
enters ch I 514.
As nore who gletlﬂjr oso%dgpe grggpc (ﬂlngltm B 136?%12&\%%%?@&%@&%%@%#&2 ﬂglbg% | oor
1514 unti | pirhps e301hasi 1304. \M‘d}hmnglthmd flowt datss itntire adjust the ptessire atithil) whble t he

ot her end of L-shaped whol e ;zl ood chanber. 1516.. As gl_sc sed above, the
whol e bl oobloog gharaberatlS @ apd filigr chaphesky)dasPeRiYHY o éﬁm@ml‘smth@fthsmqsgtre

1503. fl
POt 120, TR IR P s R R MO0 SRR LaR il i oRe 1 oor
of filter Q&QQtabwleugh openi ng 1507. 19 [0058] As t he vvhol e bl ood passes

t hrough whol e bl ood chanmber 1516, gases that are trapped in the _whole bl ood
escape. Thi156}The sunctionme ofifiitep|l WHIR: 2 RhpiemisFesy Qraahaesmervw@s?@afp@ vi a

VL S LA, 5 L

within blo rough ven ransm

cor r espondijagripe® ssdetail datharespecriorirawing &vhold bbéd ficana patidne and fevinagal yzes
the received pressure data and if necessary adjusts the speed of whole
bl ood punp campenent épaifywhelg bleed barkiipe the awl%@@eralﬁaﬁ trratedls thednygntiap is votdber

152 20 okl 178 S O Shac 3500 Al ARSI R

bl 0ood t hen cend, bhifeiid®T celBOBuffhdcay Plasaisl bes cpabinaibthetsnd passes out of

cassette 1100 via outlet tube 1115. The whole blood is then separated into

conponent s [0057] Whole blood pump 1601 draws whole blood from a patient who is connected to
photopheresis kit 1000 via a needle connected to port 1193. The rotational speed of whole
blood pump is set so that the pressure of the line drawing the whole blood from the patient is
at an acceptable level. Upon being drawn from the patient, the whole blood passes into
cassette 1100 via inlet tube 1106. Iniet tube 1106 is fluidly connected to inlet port 1502 of
filter 1500. The whole blood passes through opening 1506 of inlet port 1502 and into L-
shaped whole blood chamber 1516. The whole blood enters chamber 1516 through inlet hole
1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
blood spills along floor 1514 until it reaches the whole blood outlet hole (not illustrated) at
the other end of L-shaped whole blood chamber 1516. As discussed above, the whole blood
outlet whole forms a passageway with opening 1507 of outlet port 1503. The whole blood
that is within chamber 1516 flows across floor 1514, through the whole blood outlet hole,
into outlet port 1503, and out of filter 1500 through opening 1507.
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and/ or treated as described in detail below. Before being returned to the

patient, this treated fluid (i.e. treated blood or blood conponents) nust

be filtered. Untreated fluids such as red blood cells also nust be filtered
and will subjected to the below filtering process. The treated fluid is fed
into filt e'[oashfm&he WbTe B106@paEesaRRER WhdRASosd clianltrt 1916, lsadda @at aberripeRor t
1504 is fluidly connected to punp |oop tube 1120. The treated fluid enters
filter chairbie wisAdg blooHcatagh. Eﬁﬁmgammllq@mbbﬁd vpeishambent 2gmdithen eacapa| et

hol e 1533 of filte enent 1530, treated fluid fills filter.chanber
1915 o1 Viagasyient LA PreepsdRuns 1951 S FROETY il the Basute WRbisroIpEY
secured to thfigh 187 ubel{E53lane Huthifd eUritpARREDIcRAUENa i

nmedi a 1532.01?&@%;%?6%%%??1§I§§u¢eern%ves cont alm' nantss and ot hgr uihlgﬁedsli:élgfé)uer
rr?t erial sdflssm beﬁtrb}iﬁdﬁéd ahhlyzesd Jh?Tdcbige(hpresSme éaareléd iafﬂebd:ssayialdjpstshhe spdedase
of trappe ases fromthe treate id, The _treate uid that passes
through fi of sojeload PuD lagfﬂé?@bxsaéjflwwﬁ 9 Boyy rate apd Wéﬁurer’fﬁﬁ% chamher 1516
within the I (A Thi i.d. t hen
bassee | nt GRS pHEEREE 11 P8 et S ARy Iy Sicbd o] eprd hEAHE Broshate |00
openi ng 15QGitiah tieiddsered prosturé 5ige. The treated fluid is then returned to the
patient via outlet tube 1114, which_is fl uidl connected to outl et Eort

1502. The t[P8581cthe whelg blepdthen exitsitiies 4590 W@ggéw%lﬁ%nﬁfbﬁoﬁsapﬂ nasees oglef et

b b h d
10 escapessant 1a0p Pty b g £ Fhe PRI B0 oBhGebdBORRio Pubblets 7 o
f1ows throughydrittdafid o6 aestried bddtail BllowE FAsR DelrREBuaSAAD ehd pdtiedf, thid By a

gas vent 1541. Pressure sensor 1550 continuously nonitors the pressure

Wi t hi 2 fi | fhed (bhareeted blendrortheasligghnpasents) miget beddtereth dUntreateshilnids such as red
di d gl | er 1554 ler 1554 |
the rooel veatef ESBAR mIRE Mo AR L Plect ¥ e Solot Pliehe poBter Oy hiead

and range. #;4RefRASARY lter€ARhBE 15aN tHoh iniksd B508NT iBleESst 0604 Stk Bort 4804
punp 1302, t]&ereby adjusting the flow r%l%gpdgﬁ? pressure within changer 1517

and out | et ishedly tonzected, topuppdicap rube 18A&nbbe trped ipidrness filter damber 4817 at e

i di ati h h h ' Bt ' t gi f ' i rst
to Fig. 11, ANl PR REABLPROE LB iee THY hel He e pleeBlisE usy
and a backyplial fuidamis @it chithb&NS19 uatil RESTIS 6! fYardd P381 &F fiferielbmdn® 160Ut
0.2 in., which are preferably conprised of a material ideally transparent

to the wavelvhithtih sedurasl toclevetedgiveeils21 r Ah¢ ticdtethfluidrpasses thravgh Hltetinediausal.et
A radi ation__pol ycar ate has been fqund st preferred. altho ot her .
mat or al s SEUR HESHR T ER e R Berpray Bte SBP TS ARG A OO o
bondi ng may ,/aQe GfMHeQuae f@c{jﬁtaﬂﬁ%ﬁ%)fr}@ka&%ﬁ%ﬁﬁ&ﬂ%e@?oﬂﬁhg tlrgﬁtel@@l%ld.mﬁ‘e kst

plate 702 has a first surface and a second surface . In a preferred
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 is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302.

[0060] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits corresponding pressure data to
controller 1554. Controller 1554 analyzes the received pressure data and compares it to the

desired pressure value and range. If necessary, controller 1554 adjusts the speed of return
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enbodi ment the first plate 702 has a first port 705 on a first surface 712,
in fluid communications with the second surface 714. The second surface 714
of the first plate 702 has a raised boundary 726A defining an encl osure.
The boundary 726A preferably extends substantially perpendicular fromthe
second sur pamp 1302, thereby adjusting 8o flopUrattcagd peesyure vEltie aamiper {150 Frand eutdes twlred
surface 71% égreferably substantially perpendicularly) are raised

partitions A The boundary 726A surrounds the partitions 720A. One end of
each partition 720A extends and contacts the boundary 726A. [00631 The
second pl ate 70R hpsaddatfon'CHlanthef f ace 711 and a second surface 713. In a
preferred enbodi nent the second plate 701 preferably has a second port 730

Ola® The® sdBita a6 Thasifusie SRR HaARH A plolednb: s KGR0 3 i
726B def i nipnger#Rg g6l 18 Fig. 61, HA8iaB6H CHBAder TOPB fofedds Blining 8%é BRES, a front and

substantially perpendicular fromthe second surface 713 (7.e. about 80-100
degrees). aackpittabaving mthitkneseafqrdfesabiy aswat 0.06 id.gr ebeutdh? yn.subishare i al | y

Fhe: part |  IFHETP ORI IR 048 Tk P HARTRRT <o 76 R e R | R BBHPRICS
one side Ofraggﬂ&s!aﬁymé (28Rt RAR4IA B}ﬁaﬁcﬂ, ﬂélggarﬁ&#té‘ﬁasslfe%ﬂffgurﬂ;rﬁg%@?éeﬁéd
n pl 1d tight et ween

the first and second ates results in a junction
boundari es althGéginothe7RaBriksanebys fcoyliv mey boemplyyd.7RtnildPhy, riahy knswi 2bthodand

720B I j oi ned f ' fluid tight | t] t hereby f i

e o S on g St o g T oy Torm ng
together W iphediPnoist hial P Hhed MUQUHIGSTI ParRd Q0B SHRCDINANS £HARIRLS 715
or conducting f1uid. e pathway nmaybe serpentine, ZziQg-zag, Or

dove-t ai | edemKadimentthy fipst el=¢ 76Xhdss frsSEorpPOB dme fipa shvieoe. 7121 i HQA85] Wth
reference to FIG 11 and 12, irradiation chanber700 conprises a serpentine
pat hway 710camgnugisinnstyiythe seqoad surpesi 4. dibeseeendyrfage Thbef the fifmiplate Bbod

cells, frominlet . i e nid.n at hway
790 15 1 n i aseh Rty P20 i bn BRIbsule T adtina B ATHRIGIMDERR
outl et portsubd@neillpsseKerlialld (Y theRatoreidurfabaITTH (i%. alsdiiRBDi 100 depBt)cassette
1100 to inlet port 705 via outlet tube 1117. After photoactivation and

passi ng t hr Bxigndiaa fisanthesecqndisufase 7rgpreferablyrsubstaptiad pesprndiquigrly) e raised
t dt f 1 i j | T ti t
RLned L OpGaRR, T PR el e SRR R G 20D B |

cell's i s repifigen MOA extchas af doataetsahpboimiant 7268.ed by irradiation
i mpi ngi ng upon both sides of irradiation chanber700. [0066] Figure 11 shows
pi n 740 and[00é3k3be yxondpiath T hagr finsesurfpse Pl henda sgcond sudace 118n In eipasfomed

prior to being j.0in t.oget:her, LR a seal.l r e | di n heat

ol se wertog b e RERIRe o BretgRbivd: I BRERE o T R 1 B

by adhesi ve npnenitumbations with the second surface 713. The second 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 (i.e. about 80-100 degrees).
Extending from the second surface 713 (preferably substantially perpendicular) are raised
partitions (720B). The boundary 726B surrounds the partitions 720B. One end of each
partition 720A extends and contacts one side of boundary (726B).

[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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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
perimeter 725 mnimzes flashing and allows for even application of RF
energy. Locations of pin 740 and recess 735 may be inside serpentine

pat hway 71fogs] Witisicdarende BERIGEN! hitel Natridiaion/cHAmbEi W0 compristsSOsepatite a vi ew
of an irradiation chanber with axis L. Rotation of chanber 700 180 de

about axi spithyay @t fcprrf@ndmtgigrmnemidhmﬁ,@mlm Mfwoat prewhite blgiod cels fronsi

The irradiati h b
(00671 pk 25 Frghped et izab e MG Sty BABN a0 b e BV IHichufe B d
pl asma, angg r;ioﬁ\moﬁﬁimw@m@mﬁd&iﬂev&r@dsﬁafwsagﬁat@m. PRIt AiG@ i9f ront

plate 702 i'rradi ati on chanber 700 into channel 715. The channel 715 in
t he irradi aippbied floanbassate0l 109 to eiletriore?05 via hutﬂle‘t tiglee, Ijl7ouﬁﬁdﬂ@hotmacifwatioﬁ and

tely.0.04" di st bet t. d
oo sur t sewingaheweemeniaytave LT B R Ermnidis et & Biste 11
sel f-shi el dinfeehlai2 /PR a2, The blhid VBl 1§%ngfﬁ§%cﬁ%61‘é%h‘§&n{a?gbﬂg?s-

The cross section shap e substanti rectangul ar

r ect angul aSelfrshiziding dﬁﬂect@ bf theaphe 3irddiced while théeedls ase pliotodctingted diy digadidtion

di stance between partition 720 .and the distance between the plates as its

short si delmpm@gﬁ?&ﬁéo& sidpgeoldpradiatianehamier . desi gned for opti nmal

irradiatio | nt.i_n
801?66] g;?%l%rg 1@%@3\599 '}Hﬂ%gr?'ecegé]%é? 'x@oi'uc?ljaﬁ Y]\h:tl)v% ate§ bP aglaggg

pat hway 71 érre order to avoi Phi Ze agnhan

flow, ot herchanhp@gRires beinglieinedrigempt at£xdalif Daef]getient bykﬁdmam rhe@hﬂxliﬂw
700 allows efficient activation of photoactivatable e})?ent S 3/}5&' rradl ation

froma |ighteldingzspivent welsding ogaﬂélﬁsxa%bwcbnavmwwfraer atgs R Sondingromnd

abmty (oSSR s BB LA (b o el ek bR AR B BFS Bl W ™

oriented doyeraged amé d%ﬁi@ﬁ o?@}?e ral26d PhsitiRYEI0and! perinitié nsuﬁmrﬁize@ﬂashiﬁgms
entering input port 705 can exit fromoutlet port 730 with the aid o

gravity. | rallowe fm@n;@ppln@hpe@f Efrmgraye diocatignsadipin 74hansk repess (738§ mmbe!sbeaﬁSIdthe

irradi ati on cha ake urrenII ing facil
rovar of ermeinerbREy TIRPSRRE SL R bt 1D, Fiuh 2o e Vi

750 of per %ﬁﬂﬂ@mﬁ&‘!‘@l‘iamﬁdt&hﬂfﬁx?@goR@thi@ﬁof ¢ifarabet 10D - 18D @8Rk aﬁbﬁ% axis’ @?iv@é' on
chanber's fluid pathway | oops to formtwo or nore channels in which

| eukocyt e- ghe pngmdl ¢si draut@n@if i@md@ﬁomghmmiy:rpﬁbp ozetiation ¢hambioy oUia ptasepitt .
Preferably,. 31'3 EJTZ : 700 ]Eas between 4 to 12 channels. More
pr ef er abl y,'® Y‘ﬂﬁlo?‘ Ade STBIY as 6 to 8 channels. Mst preferably,

the irradi agoey) N@Eﬁﬁ@toﬂﬂ@SBIPh@nﬁlﬁi% thd ROK&dy1d-Erftthed BrbodlpIsms hd Piifing

vi ews of the |rrad| ation chanber. The channels 715 of serpentine pa hvvay
710 are f orsviutionyare Heliyessdnthrepgbfinlebpere d0peaf frontindate 792 of nthddasionmbamber708 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, thomboidal 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
jrradiation 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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of the plates. [0071] The irradiation chanber of the present invention can
be made from a bioconpatible material and can be sterilized by known

nmet hods such as heating, radiation exposure or treatnment with ethylene

oxi de_(ETOke del9ed 1oTBEudER NG derfiiy WhERUIRL MOGisCRchfea AT iR ITOn
chanber 70 urfng extracorporeal™ treatinent of cells wth el ectromagnetic
radi ation geii)upwarde Intedoniantatioe, fluidaentemg mpueporp#5 emtex{tftarh oatettpori 3duce
apoptosis in the cells and adm nister,the cells into fhe pati nt.% will now
be di scusswith the aidafapyn H@%Mpg Profere %rnwjlm%lwﬁlat@né&}bp  sifiespfde | n
one enbodi s ' | llfeﬁﬂ . L4 onpound
Is first maﬁﬁ)@tégge BF};‘[&%HP%%%O?IPQ&%@ t\{ilﬁcglrﬁet of 't eftgﬁ%gagﬂg? %6$dé§?g%ent
prior to tggnedr’ ADVALEheadsemblyer9iERicatedl withén U ¢immbEh 5P bDpaamahéntab il e or

phot osensitive con&ound may be administered in vivo (e.g., orally or
i nt r avenousysyym 200@ (PKaY-dd@nd1®)i ve conpound, when adninistered in vivo may

be admi ni |1 y. ..but. al b i ni int Ly, .and/
by ot her o LSS ettty PR s pamPALIo0hE IS ok BN Skl i WikH
phot osensi {igukGSiRentichedBYooaes tifculdied damgepithoRBouiobyBUVA REAUPréeribly,

mg/ kg., nore specifically, about 0.6 ng/kg. [0074] Wen adm nistered

oral |y, théerahaiosdrsiter 780 bambeean 4riny] 2ochaguels.nMore prederably) thadradiatiout one
hour prior o the phot eresi s, treatpen nd. nq. nore. t han .abqut three hours
orior " to ehembridieB o PRl SMONERE TR SR ATEh ShEAGHHEs BAOELIA. t he
times woul go@ﬁ]ﬁ?g&rfeqm-sho&kb@m@&y HekY of B GrRIMASANRbe. VeLcAIRANRY15BY be
adm ni stered prior to or contenporaneously with exposure to ultraviol et

| i ght. The sphehtisepahtvay 81¢ areforme byathe hpening > azipedpativore @2 andperineettrl 726d or
a fraction thereof provided that the target blood cells or blood conponents
receive thé’frble‘cRIGE?éﬂsitive conpound. A portion of the blood could first be
processed yghpg KOO ROREmbA oF WRSIradthi AEMISFIRR il S5 MR ERLRN

t he phot oat@?.{/‘g co\rﬁ%gﬁﬁg may t‘ﬁeon rg%hi ni stlered to tﬁ% reﬂs‘ul tll ng %ﬁ??ched
| eukocyt e fraetialand can beserilieedbogkment methods biochad heetings rabatpm expondre be bl ood
cells, specifically, T-cells., The phot oactivatabl e or photosensitive
conmpound & ,at’PPPtt"l‘FéhEtQé’]é“Bf’X‘g%gézéioraI ens, be capable of binding to
nucl ei ¢ aci ' kO o' Gl "Rol) At i f a
preser  bed 10GLr Pl Aello ¥iihihicth e HRSBURE kAR BHRARBIIN Aing A BonpBiall
may i ncl udearedndéntasfeenovithicidctrothagmticaadiptiemn VY A avbe ased ip o tedaenent(odra
furocoumarins) as well as, psoralen derivgﬁives such as th?se described in

for exanplRabey (guclpgg to ‘ﬂﬂ)‘%ceéPfﬂ?i?l@ yothg salls pnd adpypustegehe e @9@971_159P3“Fﬁ9 will’
phot oacti val ab}.e gﬁfzussB@.OPfé?ﬁﬁt?]lgttﬁé’&llﬁ HRRUNAA veRAlitd @Y Pe used in accordance

wi th, the present T nvention Include,
[0073] In one embodiment of this method, a photoactivatable or photosensitive compound is

first administered to at least a portion of the blood of a recipient prior to the extracorporeal
treatment of the cells. The photoactivatable or photosensitive compound may be

f 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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but are not limted to, psoralen and psoral en derivatives;

8- net hoxypsoral en; 4,5'8- trinethyl psoral en; 5-nethoxypsoral en;

4- et hyl psoral en; 4, 4-di net hyl psoral en; 4-5'- di net hyl psoral en;

4' -am nonet hyl -4,5"' ,8-trimet hyl psoral en; 4'-hydroxynethyl-4,5", 8-

trimet hyl ps@nlifered 4o vholeblood yps fraalotrtherasibravided (hanthg arget Hloocdlsay blood
aI kyl -4,5",8- trinethyl psoralen, including but not limted to

- (4- am noempm)mywsm%ph@oseﬁsmmqm%@ér & roition of the blosgiserld st be ¢ he

228% osal enpfaseus] s e HheiBYs 3T ERERO LIRS AN BRE e ftniaNs:
6, 552, 286, gé&cﬂ%& tﬁaﬂb@aﬂrﬁﬁns@?& toltHe RRALAE enfiHRA WukBEte ffabSon. In one

phot osensi t IV ound that nmay be used in accordance with the invention
conpri ses Smbrféhlhmytbsdmﬂmmm ¢QOFTTsE Wstehdeehtadls, spscificaliy, Cl“r-eﬁllsy occurring
phot oacti ve substan%g f oun seed .of the elliferae

i.nt
olant). It MS&J@@ t%FCHV%Ié@CBFBI&%ﬂ%BﬁH&C%HB%? ooy, S ndtate Slegpme psoratens,

furocoumar i

0" et howy- TEPRIEAY of BN rOERR dots pon activation by exposure p clectromegnetic, g
is a sterikgiihtistibfa presaritdrpeditungte oulohvidlet ligy/ m_ ina 10 nL vi aI See
http://ww.t her akos. com Ther akosUS/ pdf / uvadexpi E Toxi col ogy. studi es of
ext r acor po r{@%ﬂﬁ] ;ﬁw@ﬁﬁéﬁ £QMROYKla ﬂ@ﬁ)’flfl‘"ékl@‘htb“ﬂ§§z§}@ BmHPWAmppyndéd@mwn as

00781 Nex oot (o FraiuRFpREA o R abE oL B RPN Rl
donor's bl eeambR, Ui B4, Nbe4 meaﬁfdlws BRANNOUNFINAE. lﬂdﬁdﬁlvﬁﬁaBreQﬁ‘ i's
treated by subjecting the portion of the blood to phot opheresi s usi ng

ul travi ol etpuot@h:nsnmmeorpmndpﬁmt @@N@em%mrﬁémrdm vigh the presepdinyentionghelyde,

| wavel h ult | h h f
24 320, 1 E‘twgt i g paar €l ind e iR m%bws%sﬂ”- ey
provi ded ASyiL R FERAI8N; 5 M&Wm@ meullylﬁsa;\é; &, al4- dhhﬂmyhswd} 4-he

phot opher eS| S treatnment may duration uf £ ci | engt h to del i ver,
for exanpl edimztinypsotalen; J‘V-@mmﬁh}é -4of’ domlmﬂthylPWQndlﬂbhmmm@twt-ﬁé 8step is

d t t b d hanb
2et] vat | on EREIBAPIOTAGTA R hanaRorel Shard & el event pred AR 18): 11
one em di mep ;mttwisgbrsﬂaﬁ 13131%&@%( A 1inB4ER 4-84-6RiNd-2dxphityl A, gt ro, at | east

d fraction o treated flood is returned to the subject, recipient, or
donor. The trineahy@psdrklend lroond ¢rebadimantethe pélntusensuli\anoamoluedthaarmy(m sad t he

be) b d d
R bl e R b S
collectton gs BadiCnee @§sémwm Osh SAHEPEHIBSTY. | NEBiner Ehbbainagit,ahd on of

the coll ecte ycoat fraction
photosen51t1ve compound that may be used in accordance with the invention comprises 8-

methoxypsoralen.

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

di scussed below in greater detail, Cenerally, whole blood is centrifuged
and separated in centrifYige bow 10. A total of approximately 240 m of :
bully:coat and 300 m of plasnaiare separated and saved for | NA

irradiration.- [0081) the collected plasma and buffy coat are mixed W|th
hepariniregd normal saline and UVA D X(r). (water soluble

8- met hoxypsoralin), This mixture flows in a 1,4 mmthick layer &0410 the
er adi at i on ammtdiﬂrm Smbammcthmwh@wverrh@nsme@mgpwdﬂ@wamlvoo i S

inseitel in g&gw@%ﬁgﬁ%&ﬁ@%ﬂ&%&%&@%@% anps

banks of. . UV $

i rradiat e: bmﬂic" emhm‘datnsr f%ﬁM&WutlltZﬂGﬁﬂtﬁa@ﬁboﬂhaﬂber 700, pertmrhng
exposure to ultravi.ole A I1 average e

| ynphocyt.e i ' EIPW Srfﬁx'lﬁﬁé’ d‘?%n@fﬁﬂﬁé‘?‘g%ﬁr P?E)‘b““ﬁ)%@ocel |'s

bmvar@%m%m ehﬁa%%ai%a 182 00b PAL gsgjgﬁt dRY In

are- rem)ved,;? ?ﬁé
enbodl ment o resent I nvention the cells are rempve e actlon of
g ', ty ard angembo whemthe ghatepheresis stop isnarriediost igivis, adeast 4 frastionloEthehanber

W|th addi t -f 0 fi ~and
D o BB k@?ﬂ%&?@g@%%ﬂ@ EHaibt e euBEbnpTon Bh 7R,
under  30KQ) efick 'ﬁmﬁaéﬁe%tﬂmﬁ (asvBks €igb Fhay bé)yﬁévemﬂﬁeﬁaﬁnétyre@umklt@&ﬁed W th
f l'ui ds- the  anpunt|. of . add| ional fluid used to was uraation chanber wll
pref eraply l%b-‘ﬁ‘ﬁ*t- ie8h PRAOSX t he vol ume of the chamber, the dt 4 .
preef erably thepﬁé\}@?be;e‘l spRGoe¥oHiIRs t}n‘ebghﬁgﬁﬁﬁlﬁﬂm mqmeedan@&l%ﬁai%y not

more than. 0 5X ol lume of the chanber 25X t he vol'une:of .the ¢ arrber
The t{eat ed ngmmﬂwoqﬂ@mm@dzliaaﬁeﬂmfuﬂ@rmﬂﬂed[m@atrfam‘m -

d ¢ - tent
Aot bt 1 on ST ity B9 GRS GRS ol S A
reference, .@rwerdumﬁf menm mkaleé)l¢ddes captrifogial ahd depmyatddensentiifige bdvddoi & _
U.S aterk No 1, 509; 5,98 464.1166: -4:428, 744;

4, 395{31 806 ﬁ@bﬂf}@& i&@ﬁeﬁ?*ﬁ&@/ 338‘?8/\519%?1%%@%% B5y% D581,

aII ‘of mmcm% gﬁgﬂdhely expressly ntorpgr*ed herein by . referene. 10M jj

a ef fect Ve amount -of | i ght ener hat is deljvered ta t he bi olo ics] -
f 1 ui ds jiay. ueoslzd;._-. mq%dgas eRas arg mpvedy wifthop eraniead o Ry %@nds

Pat ent .(wﬂ&ﬁcl??]lés mg&bmlﬁrmm D698 BV P i ARk Byl bY

referen’Céf. ":,I’E'nde;'e‘ , -the a cation o to the variousJseases descri bed

her ei n ety i thrpy V&Bana@d}qmm Oﬂfhetph@ﬂém@ntlmbfmeﬂ@fmaﬂ@ﬁéh@}b%am Hptin i
t he tr eat rrent e%re G eﬁ%’wacuvahon chambet 750 of tower syster 2000 between wor banks of UVA

| .lamps éfthe PHOTOSETTE® (FI1G. 15). PHOTOSETTE® UVA lnmps u'radmie both sides
: o‘ﬂm JVn'u anqurcrzt irradiation chamber 700 , permitting e:gpésure 10 ultmvmlet A light,

It

_,n. ' ._yleldmé an average e\;posure per lymphocyte of 1—2 Jem?, Followmg the photoachvanon
( -,'pmud the cells.are removed from the irradiation chamber 700.
8 : ?57[0032] Ina preferred: embodxmmt of the present invention the cells are removed by the action’
. :of gr : ',ty and any cells remaining in the chamber are displaced from the chémbex wnh
N _ tional fluid selected from the group. consisting of saline, plm and oombmanons
Lo | »ﬂlereof For panents who are small such ag children (e.g. under sekg) or pahem whose
:  vpscular gystem is easily overloaded with fluids the amount of addmonal ﬂthd used t0-Was
} ‘-the uradistmn chamber will preferably be not more than 2X the volume of the chamber,
.‘ ) pref 1y not more than 1X the volume of the chamber, more preferably nm more than 0. SX
. B the volume of the chamber 0.25X the volume of the chamber, The treatad cells volume is

B remﬁssed toithe panent
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[0085] Il urthernore, the photosensitizing agent used in the ECP process
nayt_?e”re_r_rp\_/ed prior to returning the treated biological fluid to the

pat ilent. : For exanple,.Methoxsalen t ~ (UVAD X(r)) is utilized in the ECP
pr odess “Met hoxsal en beI ong to a;group of conpounds known psoral ens. The

expésure to nethoxsal en or other psoral Ens may cause ‘undesirable effects on_'__

thessubject reC|p|ent or donor such as phototoxicity or other toxic
efchts ass nd eir deconpos roducts, Therefore,
t hep5or al eﬂ gpra e5n5! iﬁ’%ﬁf’gg‘?ﬁ ol b Yﬁ'gg‘ﬁaﬁé@%‘b@sfﬁ?l b Bateotiuct s that

may remain Arpph&n&obNbl @91481)3893]‘ i»vmlchhsrmp}resé&em& XRAZUr e.

f
pro ess for I epoval 50| al en bi ol ogi ca f UI efFﬁbéf(?éfe{é!}(wgadescr| bed
i nU: S.- Pat B'T'FE[‘% .WB”Q%’Q dsipd tytems déﬁﬁ“b?detrl}] %MSHbyﬂth,éﬁsporat ed

her eﬂ n by $opebEs: i a odi.nme the
pregent inventio ?e@g{sgz {We#gtk?%ﬁ *and %%dp%rﬁa?agleﬂ?a?&fjgﬁéﬁﬂﬂ?xﬁ%? ui
conponents, %@&ma& fmf“@(%ﬁﬁ%l  dlih whiviiaesénfitely &lpreds) 'l&b%rﬁéi'hafélﬁ’bﬁ
denS| ty )r ; é 1t Biological fluids enconpass fluids- onpri'se, ‘exi st
lor ‘ate used 1h or deliv zed to living organi sm; I ndeed bi ol ogi cal

f I uilds: may Mpmefmﬂvd M‘iﬂw’ﬂ@@%gyimﬁ'lsrdeﬁ%mi]ﬁ)%?bmﬁlglgg fﬁﬁ %B'P‘?}'qu cel | .s B

pl asna - ‘and 0t her Ul ui ds that conpnsebi 0l ogi ca cou>po
| iviing orgaﬁ?‘%‘ﬁj e NsHnede matbody and wmmmmmsehmmousawmmmm S

Bi ol‘ogical § 5 r, s i fic ‘ ood
corrponents Eﬁt#%l udi nq"%&g-p@? Wﬁﬁv}%’gﬁ“ g‘]‘%ﬂ’g ﬂ‘%\ﬁﬂpﬁ‘éﬂ“ﬁPB%B , and .
precur sor. cemi&msﬂmdm&aemmaymwm&u@ﬁﬁf&%@mﬁ&nﬁmﬁmﬁ from
a paZtlent* for,. %ﬁ}? nt ?uch as for exanple, extraco real“itreatnent. It is -
50 %@@FF ' the present invention is 26 .adaptable to :

to he tinder
mk,u@abhmwfwﬁmsﬁmwﬁ%@m% ﬁm@’ggfédov?%exarrpl e

use w th: va[ﬁﬂ@ﬂ]s
gi ve herejn I2S, rely for illustratlve purposes usses

separ at PRYHA ﬁﬁ’@g‘gé V%ﬂ%\? aipd fluidrfe thedatient. hE@rmdee,a’Methoxmleﬁses such

' kysi s 4 TYR B |‘ d t
g?\d Irgrr)lgviatl (%?' her’ speci % | Cﬂ%gﬁg?écxsﬁﬁ?%o%%él% Qnﬁf\f’gggf%r‘]"?ﬂ?i‘g alr gnl O-n
may “be usedknavisg

L .
T corne Tt e et Lol oS Bl B st & O b i oot

bi olfogi cal fdsotiated edthipesrelen aidheir devoBipbiind Rodveks, tf'ﬂ&bfmé ’H&e‘%ﬁ&%ﬂ UskErilenSUCh
as -tthose" deaﬂ‘ﬁgd made of any sui t abl e"'ni aterl al
corrpatl bI e IS'e

here @E‘?’ d may, be.

Qr pfe weil ATAdHET thati ey, Femain inthe bmivmaéﬂundonsy
IOI as% ics; "‘ne remc: veil after UV e:qjosure A process for the removal of psoralan bxologxcal ﬂwds is
o _}fdascmb : n, U S. Patert-No. 6,228,995, which is entirely expressly mcorporgted herem by

I

CcntnfugeBowl ' | ‘ o

‘ ,{0086} Ii_n a specific embodmwnt, the present invention relates 1o methdds and appsratus that
:separat ﬂmd ‘cOIponents, such as, for example, the components of a b1ologtcal fhuid by
' dens;ty or weight. Biological fluids encompass flisids that compnse. BXISt m, orarg used in,
~or dehv ered to living orgamsms Indeed, biclogical fluids may cornpnse hodﬂy fluids and
o | _t.h.eil‘ _;:ompnnents such as blood cells, plasma, and other fluids thzrt compnse bm]ogical

- ) compo rents, including hvmg organisms such as bacteria, calls, or, other cellular components

e SR e e Dy e e L

S | ‘B'ioldfgz ﬂwds roay also comprise whole blood or specific whole blood: components
- _ mclud1 g red blood cells, platelets, white blood cells, and precursor cells In parhcular, it
ma:y be desu'able to remove blood ﬁom a patient for treatment, such as for E'\Lample

‘_.exm;:oiporenl t:rem:mmt Ttis to be understoed, however, that the present mvennon is

%

s pspraiens. o Thpeaxpospoet rofthdkkalkénds omeapsorafaismd@ causehubidesiatte ety of



such ; asl)ol yearbonate, nethyl nethacrylate, styrene,acrylonitrile. acrylic
styrene Acrylomtrile or any other plastic, Were parts of the present

i nvention are i:n icated to be gttarlte together and forma fluid tight seal
any appri apri ate gonventional neans of joining the parrs. may: be used

i ncludi ng but nof limted to, adhesives, ultrasonic welding or RF wel din i $

(0087] - The present invention has several advantages bver. centri fuges what
use }ConventlonaI% bowl, The Lathan bow in the UAR(r)XTS M éystem has and .

bl i} Q¥Swa &@Mq% QBB I
;)ortettﬁg[ta%&b ® M&lﬁ“f o atr ggﬁ%&atﬁ?@ncpﬁ% onl y%&gm s

tasma add huf Havr n

ports

limts the mﬁu clgfis marelwfocab;smapumam b@ﬂmouﬂeeﬁﬂdtt'swarahm edlquu&eanti cycle -

el o bl B #bﬂfﬁﬁ e Syt e S i B ichicfond Mgl o g

huf fy coat &eperatibh el MirovalddndbepeioRGnd PandvaMIf ottRr §pRSific cl" Alfiromally, the

rnlng colle plastid anid-red blood cells; be characterized as belng "bat ch

|i ke" as -t hpregesf taventionpay e wedio sepATHte St ROperef Aaids Mmmdba@wtvan@q of r ed
for irradi ahi b as0e Qq%%%?&a}h Reof f&&d ﬂ&&ﬁ&@@%ﬁﬁ% %ﬁr gk,
une per

but ti"y {oat- collection, |mte :
cycl‘eresul taseﬂmm tpeesaaanvmmbmbdldrmdadﬁemelg a&&tibﬁlmg&nﬁﬂnﬂdarmdd&aﬂﬁe bow .

i i I@?t@ S A R P B e

Bowk:. {' [tl gifiple e d? Q¥npibld With maeaﬁbadrmﬁm 1hélﬂd1h§5buft Hﬁt%m%sﬁi%i% fluid

conqwts 't hat ca be used as aniné&l }port and two oufl et ports

addijt i anal = pudhiag pelyasbpnase arthyhaethgery
havi; ng “cont: wﬁ
V\nth }ut .. hav

bl odd gel | s atté:

AR 8 ﬁ&wgﬁh&%m B Bt relenf BRbaER USRI ANORROCESS

- Irng th renova accunu 3 red
; t@amex{mﬁrfom aﬂhda@mmﬂmmambpMcsnvmonﬂqumhmgct ed

bl o7 o i ey B ekl Ebig Bl B ot Bidion ISP R Y. 0 ©

or fracttonsml' -eof such as extracorporeal photopher.e5|s 3) better

separati-on of: diff eat conponent s of actions of cells wthin the buIIy
coaf? due: to[mlzmﬁf”é"ﬁ%”é@"e ﬁ‘ﬁ? ?‘{Yﬁﬁ?ﬁe&ﬁvﬁrlwwﬂmﬂlﬁ‘e%ﬁqw

separ ate; hi’ oY TSR PRAIGR e U ART KITS PcysibQiak ¥l et 9&%@&9@5 _Th' S

cent’rlfuge bow “Jal so - provides the Oﬁ portunity for r4duced: tireatnment

f or tany: qredivdele Howbedame inte theitowh gn foyﬂ@@attﬂmd&wsmﬂ@m@nééuﬁmaé@t ed

R e M S o e 11

t he pur pos e og»ﬂet Eeamryehahva}vmﬂﬂmglthmbavdmth whole blood; 2) spmning the bowl to
. j‘;separa whole blood i intto plasma, buffy coat, and red blood cells 3) colleCtmg buffy coat for’
G | treatm i, 4) bringing the bowl 1o rest; and 5) returning coll ecfed, plasma :md red biood cells, -
T}ns buffy coat collection method may be characterized us bemg “bitch- hke” as the volume
" of buﬁ:v coat required for irradiation treatment can only be collected aﬁer serveral cyclec of
buffy toat collection. The limited volume of collected buffy cuat per cycle:resxﬂts from the
'aceuﬁ‘uﬁated red blood cells remained inside the bowl. Thus the anct!rmalaj;ed red blood cells.
" thatcan only be emptied at the end of & buffy coat collection cycle is-an mherent limitation of
i the L Bowl. | : .'
- [00 ] The bowl of the instant invention has three separate ﬂl.lld condmts tha’t o be used as:
: an: uﬂet pert and two:outlet ports. - The additional fluid condmts. allows for 1) reduce patient
. tréatment time by having continuous spinning during the entire buﬂ'v coat col!ecnon process

_ thh ut havmg to stop gpinning the bow! for removal of accumulated red iﬁlood cells; 2) treat.
: small blood volume panems by havmg collected red blod cells remmad to panents |
copti suously, these patlents may be more mmznahle to medical’ treaiments ‘reqmmxg the use of

atf)styr@wp@mlermmgrswmmnt time by .
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enbed ed and broadly described herein, FIGS. 35 and 36 depict specific
enbodi nents of the presen invention. The enbodi nent depicted in FIG 35
corrpﬁl sesia centrifuge bow |DA; condui assenbly 960A, frame 910A and

statonary-restraint 918A Tece4trifuge bow IDA is in fl: qi .conmuni catlons

vmthfexternal_ condui't 20A of conduit assenbly 860A Lower ‘slieeve nd 832A -

(FI Gt 46)7 of connection sleeve 500A is secured 'to bO\M 1614-* Upper sl eeve £

end 83 A of conpection sleeve SO0A is secured to external condwt 20A,

connéct i-ng t#@‘%@%‘ﬂ Aagians fereof such gspxtrepptpensel prféphﬁdﬁﬁgﬁbﬁﬁﬂoﬁepmﬂm :

cormunl catlo eﬁlﬁ F‘w db%%%ﬂ c%’e Wg‘g%%%ﬁuér@%&bna condui t |

commini ¢ati ons_en
20A t.o the b Arro&mnl‘aamlmdﬂhﬁas abilityitd separstahiph dmtmjomé'bhnlodoelhrfmbhm sep

b SeRC R AR o0, TR e DTG Dal SRR ot iy R BRASES .

cond: X. 20A :

axis T11A * ( Qlby Bszf:ﬁédidanﬁrowhﬁ fexuinfy b aﬂ@:ﬁn@ﬁﬁ@bbm@@ﬁemﬁaﬁm ng
100A; .conhectj on pl eeve S%D ﬁ‘g core 20 bottom core 2014, and housi ng
B 7aa bl

f1.00f 180A. - @ﬁ‘éﬁe O%Ee}éso‘uﬁliécﬁfgﬁc%iﬁ PIetEBlEESSHSi oconpat i bl e
matei*lal E@é! n FIG"
36 't he outerp‘ ou %?8‘%2:% Qag%n{é‘?‘ﬁj&é@?j&%mﬁ“@%’ (l[’tlz}%[é%%hﬁ?hﬁﬂaéores
00A and- 201A emrbedie m&hmadlhdweribéﬁrtmwybl’mﬂ as ah@ﬁ&dw&ﬁﬁmmhaﬂﬁmﬁe@ﬁko a -
housiing = f1 oor 18DA, rn ri,se trusi,ons 150 cking -
bow 10A 1 nt reseTgeNER PO of b SxbyiEmemt drriedi FSE oSS srabaBi Ba "Son

i s preferabl yopdiipifdnity 860A C&zﬂfetmmtawﬁmwﬂﬂ:y rbsiraR 9180 'ﬂﬂ:’”ﬂé&ﬁﬁi rbewbmA

nol difng -of ot her. known rranuf acturing processes, such that it imay d{

osablie or.:usdsEfHHd OmmERIERIPns wih axterypl @a@a&mf@nwmm@m pL@VQ?r ably:

S?gggﬁfl gfed in-, @ [fat er nmgégﬁﬂwﬁéﬁlé&b% vgaﬂ%&lﬂg%ﬁg’gl ty O%(pe?ﬁl .bowt

may \(ary depemdlsfi  of cimnediien kleavs 500Ais severed praddtezmmil camimtlle, arnéuting el owabl e
extracor pore ume, capaci the bow: . ma H’%I SO var, '
Gapead: o, upderiL i 208 o By Tha BR ettt SRt B R e,
the 1. is; u.twﬂﬁaﬂnﬁmtmmhammmmmwe@m f5id300 B sapplisd dhregghcal

fluids. :or exposu er sol iol ved in the &pocessu ng operatlon to the

fluids, .the t%ﬁ%iﬂémd@ﬁégﬁé?ﬂ@r@ wh LA pRimilerly this duid pommymsioRdlsomeblgs t hin a
seal €4 F1.oW SUsLelm: 1RSSbenfl @9 BPH beRiRh el B0lnbol P10 rlgh ook bl o

pI astilc oF 'simlar material "which can be disposed of after each use. (0091]

i s ikl usttat eepnilwit 20AcSBowil tnendFramea $1BASer aseptrd tpherrgtatedmmund catrn axia Al aI by
fsa;‘sﬁ'mzﬁng@s@:.. SEgAPHCHEE 1K 00 A Al MU M e
t hose pI ast i CS)D]QJ pasbrq 20Ow), dotelny ore zmhgand/housmg floor ISOA Outerh ing 100A may
‘. A _be cor ._ ucted of any suitable biocompatible material as prmously descnbed for the purpote
‘ - 'f of the }Hustranon in FIG. 36 the outer housing 100A is constructed of cléar plastic s0° that
o ; ' " cores 200A and 201A are visible there through. Outer housing lﬂUA is attm:hed fo a housing
C : - -floor. 188 jMA, which mtum compriges protrusions 180A for lockmg bow! 10A info s rotational
' : _ demcﬁ such: ‘a8 rotaﬁona} device 300A. Bowl 10A is preferably sunphﬂed m construction and
o is easito manufacture by molding or other known manufacmrmg proc&eses such that it may
L | be disposable or used for g limited number of treatments, and is most prefembly capahla of ¢
e ; ‘:g about 125 ol of fluid, such fluid poss1bly being pr&edunzed Inaltemanve

v 'ments, the volume capaczty of the bowl may vary dependmg upon ﬁw health of the
T p and his or her allowable extracorporegl volume. The volume oapa:nty of thie bowl
mav also vaxy depmdmg upon the use of the bowl or the pamctﬂar treatmmt for whxch the
: | - bowl unhzev:!. Aﬂdmonally to avoid contamination of bmlogxcal ﬂmds or exposure of
, | persm:s involved i in the processing operation to the fluids, the trmfer opezzaﬁons are

8




then suitable material. Upper housing end 1104 has an outer surface 110B,

inner surface 110C and housing outlet 700A providing a passage between said
suf ages’ -‘Preéferalhly the upper housing will also have a neck, 115A forned

about the housi'ng outlet 700A. The housing outl et 700A and heck 11SA are 5
S|zeﬂ to: al l ow'bddy 830A of trite connection sleeve 5004 pass through mhlle b
retatnlng sl eeve flange 7904, which extends fro4n the!body 8304 of co ' %
ectibn sl eeve SODA, In one enbodi ment of the present {nvendion an p-ring

791A may - bgy %}ﬁbl%m*ﬂ%&\ﬁ@%ﬂﬁﬁ?@ séaiﬁ%"w Jsti@B Zx@@%r%&\%ﬂe@@?ﬁmﬁbﬁff&ﬁﬁd boC of

t he. hou5|ng -en toeis-eaflud t|g I'n an
al t €y nat i ve flexily .'lmcenshrdmmﬂenquén@rm badiwwe«imﬁaﬂer chmse Fi G 53, a second

sl eeve flan B e, S, .f t 30A.0f .co sl.eeve | SOOB
di stal to tg@ﬁf ‘ ﬁﬁqﬁgﬁi&“% %ﬂ‘ﬁgg%%%%“#’f’ 5’%{@50‘5 ‘g’ﬁ‘%’% “BFHg tort
wi t hi n. neckhddind apbe&aém Rd 104, ADLAr hbgmghellgen: qhd &l&%h&siﬂg@hﬂ seal is
prowledlnthlj glment by the o-ring contactin

830A. and"i nri&P usingH0A;may; hesnags) p@ﬂwg(s@has%fwlaﬂﬁc%wmmwha neck
115k Howevery Litgdle fhRANC t%%&éﬂg Efd 11RA Bl oier s*anrmée 108, erany:

sui tiabl e neans; |'ncl udi ng f.or exanpl e, I’ p, g oove,: or -tight fit carve

with a conpaw%k:mmd\mngouﬂh@ﬂ@atmﬁmgpngaMBMehma%sm“fwesuﬁmamusI ng

and .a~h an housi n 904, L rhomi.n

r oot, sat tad lalso‘o’av”‘%f:?gglfﬁl g’ﬁ’ﬂ%@"&%ﬁﬁ%‘ﬁ%%ﬁé%‘&t Fa& upper :
end 1104 Hopeifidi oﬁ%ﬂ%&%&ﬁlﬂiﬁ%@ﬁeﬂ&a!lBﬁ%od;V\Bm&f}th@odnﬁH&BnEI@éﬁ' ng end
190A and providefa fluid.tight seal therewith. Arty conventij nal meankl -y -

be {sed to . %.pmmmwhlmgmw%aeﬂgm ?%tmch@mﬂhg

i ncliudiing. b A Elliﬁﬁ\ﬂe:ﬂ!

3Hou [ nggf I gtct;r 180 dﬂ]ég@@ﬁb@% gﬁﬂlﬁ n§ at | on k that 1 s use ec
denger k-t uded .._edtmwe@ thersleeve fbnge%mdmmo@mm ing mﬂrﬂ@ﬁper
housi n end 1OA )
et og § o' S b Pob s DAHERRG BB i femad T 8@’8@ OB AR E
for: exarrpl e, illastrate dniFKiB?&sﬁ@ﬂ@hbwﬂaxgem@mdf)lfmm b(ﬂj!ﬁ%ﬂbﬂcdmﬁaﬁ?ﬂgl e
cox:etion ma exa t all_ows e n of bow
104 !_,, Quter if%ﬂ‘"sg'#q t@‘i’ﬁ%‘?"é’? B’F%? aéqlﬁb@ﬁ"ﬁ& i?gﬁ a%ﬁgm‘?ﬁ)cki ng
mechani sm. Meyalied R ifnin Rk 1BAGhS yma%&é@ﬁu%ebmt&ﬂw@f@ iwi th

cor nespondl ng ‘i gdentations :in acentrif uge a container-il or any other
sui table i ntpeexiderhiadhs. gmbbtbmtrb’ mmgb@msm\@nd mmﬂmwﬁ@f '

g Sl the housmg end 110A adjacent to the neck 115A. However, oorinecuon sleeve SDDA can be |

' 'securqd to.bowl 10A by Bny suitable meaus, including for e;:mple, a hp, groove or tight fit
| and ac!heswe with-a compOnent of bowl 10A. The outer houmng wall Jems the upper housmg
- snd 1 10A and lower nousmg end 130A, Lower housing ¢nd 1'10& ;s atfadhad to°a housing
. - ﬂoor 180.4. of greater diameter than upper end 110A. Housmg floox ISOA:IS adapted to mate
. - vm:h ﬁLe lower housing end 190A and provide a fluid tight seal therewnh .&my conventional
R means may be used to secure the lower housing end 1904 to mé housmg ﬂoor ISOA,

B LA

S mcludmg but not limited to, adbesives, ultrasonic welding or RF welding; 3Housmg ﬂoor
e 180 A may have m indentation 185A. that is used to colleet de:n.ser ﬂmd 810 The diameter of
o out housmg 100A increases from upper housing end 110A to lowec housmg end 190A.
5 [0092] Outer housing 100A is adapted to rotatably connect to- a romnonal dewce 900 FIG.
e 5)> 1ch as for example, 2 rotor drive system or a rotating bracket 910 The rotatible

. A ' ,,'on may, for example, be a bearing that allows free rotatmn of bowl 10A. Outer

, | * ] - houé. g IOOA prefarably has a locking mechanism, The iockmg mechamsm may be one or
o Y o more proimsxons 1504 desxg:ned to interact with oorrespondmg indentanons ina. canmfuge
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art. Th$ | ocking mechani sm nmay al so conprise a key slot 160 (FI G 51) 100931
ed' efring to Fl G 37, outer housing 100A and the base 180A deene, an interi or
val ugre 710Ain . lich cores 200A and 201A will fit when bow 10A is

assefmbl ed. When| fully: a5 enbled, cores 200A and 201A are fully within :

i nt eri of vol-une. 710A of outer ho 100A, occupying a coaxial volume of

I nt er‘l or vol une 710A about antis 11A, [0094 R] eferring to -l GS. 38, 40 and
44, the: top core- 200A and bottom core 201A are sub ~ti al-ly coni cal and :
respectivel yg Yot eitBRAAteROBALHGébkin g%@cﬁém@% Feqobvhlent kndWhin th 1A
and tower? core er ds 295A, . 296A. The cores 200 201A ®ccugy €oaxial vol um of

i nteti.of vol: WSWYMW@PW%éb&F@Lm% I ume 220A bet ween
uppet d. 205 03%51 fX and

| ower: core A[e A %Pﬁﬁﬁ §§‘ﬁ%§ge?ig°‘§@h%ﬁ§%§ngﬁ\%ﬁﬁ§{’,§, %ﬁﬁ ‘h{en epar at i on
vol ufre 220A vefuth#)At0A Fpsliel cored 2004t i ROTA will finehah b mwﬁs dssohibBddVaERnCOr es

e op oot o U3 RtsoblsE B Rdnd 200 kA bR R SF oA PR 200

41 tpp core bﬁg‘
bRk 00ASRuEhd s ShIA voliife Qﬂh@ﬁoﬂbﬂﬁé"ﬁm%&ﬁ AAMIA, an outer

are j oi ned
surface 210C and a., |ower:edge 2101). The

surface 210E and i nner wa
diarh of t opl0884] Refering s BIGH: 38140 mﬁ#ébgbﬂwfﬂéﬂﬁ&mmmﬂﬁaﬁlm ib | ower

o Shone o hen RGeS P R% Fh AL TR SAERRE, L ERRLITD oY

an. i n ner ns ur -
1A hendUupper cofd bndy 29520 386 A STHe v zom—nmcm@rcc kéaxidlumen

I1!

—%

Per. pendl cuI azicm;f;
tor’ 481A hash_t f f 4Bl | fit
AR T e e R A A m?@ﬁﬁ” n
through the hklib%? cmmmu?&%mmoﬁﬁg%ﬁmwm@mwlzﬁiiﬂ%@m&b&ét J,

| ‘bot h&daanet 420A respectively. Second bowl channel I~ a

condur ti 't haendRB6Acofhoticim core 2044 and gm@m 1%0@95@?%?‘@!@@13% iy ¥ om t he
n rf G

IBSZQ{r 33};\ aﬁg?pfgg ; Secoﬁ%ﬂ%%ﬂanne 5%%13'}1 resﬁ ([iag &)g?)ﬂnér%@u‘)%?gg@fso lﬁbE‘E

co Qdﬁh teg gag rmgsyéﬁ.ﬁdfﬁiﬁmmigt:rmgmﬂmf%?dWchmePGWea?d RSN @

se Q a e i nt o

cotat gbt gr 4%’1” '?rﬁm%bg#‘g%ﬁwgb‘w&%qy 8%%&“}3&@23@991?1% %}e?oﬁga Eizgﬁ&ut 20A

has if | i d COg&RHﬁ% &ﬁéﬁmmmms%d itGIBEWRA B A0 (Tt 2o aligect18DnEhe 420A i s,

a seecond ‘con t has a channe] wall 461A that tends ssubstantially
per gendi cul ad jaghetor oftopragEs 209 Arprefetably dncrpases f q%&mmegm OWELBOTAEIS hown

in FIGS 31_9A'29§§ 3@9& B erli268A RO WmFHRNDEkn4 LB 205H it Qx inmer surface

5 5"-" g zogcl Cmtrally located about center axis and extending perpandjc:ularly t‘rom the upper
) ‘-s-ufg:ace 205B i is !umen connector 481A. Lumen connector 481A has h top surface 482A and
. a'v'.‘;all surface 432B: Top surface 482 A hias two passages 303R: a_nrl 114') ﬂ:ai m‘owde fluid
T '- cormumications through the upper core end 205A with sebond bowl channel 410A and first
o boivl‘”‘channel 420A respectwely Second bow! channel 410A i 1;5 a wnduﬁ3mx has a conduit -
i , ' 'wail 325A that axtend.s perpmdwlﬂarly from the inner surfaace 481C of lumen connector
S mJ N

P o ] s shown on FIGS. 398, 39A and 40, second bow chizitsel 410 has fluid |
1 : ) ‘co ication w1th conduit channel 760A through conduit 321A havmg afirst end 321B
PN i second end 321C that is adapted to fit into passage 37'5]) of lumen wmmr 4814 Tn
o op»arl on conduit charmel 760A of externsl conduit 20A has ﬂmd connmnncat:on with bowi
- Chﬂnhel 410A. Firstbowl channel 420A is a second wnclmt thathas 8 ehﬁnnelwall 401A
‘ : ﬁmt ?x{eﬁdg gubgtannally perpendwtﬂaﬂy from inner surface. 481C of the*lumen cormector
: 48 . As shown in FIGS 39A, 39B and 40, first howl channei 420A ha§ fhuid -
- i N o umcatton with condult channel 780A of external condmt ZOA tbmugh hollow cylmder

k
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CO unication with conduit channel 780A of external conduit 204 through

hol l.ow cylinder i 30 r - 1. 322A h~~ing a first end 322B and a second end
322G adap‘t ed to fitopeniing 303E top surface 4824 is illustrated in one
errbodt nent of the present invention second Bow channel 410Ai s di sposed
Wit hi.n f| r.st- bowl channel 420k In an alternative enbodi ment of the present’ .¢:
|nve~nt|on lllustrat ed in FIG 53, conduit wall 375A nmay be conposed of upper #°
part? ~USE lower part 3230 ‘and be fused with channel walls.4014 and 402A.
[ 00111 “Top 3224 _gmm aldsSa2Basd b petond atdi 130C48ted il bpenimddBsof hustace

conmuni cat i \ er 140 ssenbl ed, chanber, 14Q4. is defined
by lumen m)gﬁén lg‘gi? ?ﬂe?m@dﬁfﬁ@?%?‘ﬁ%%%’ﬁﬁ%wm WiGheeY i nder s
3211A -and' aﬂﬂnﬁmg Eﬁx@mmtbm chirlhol4 304, qﬁmsami&ae&ab af\vethe00A and
| unen connect or. 481A. Chanber, 740A has fluid _conm cationw tth conduit

channel 770RFesd W’@H}éﬁfﬁ@@ iRG SPuerdiibwall Fsdy makacompess of HpRay ghrt

i ndentat i ony ?@M@ t a,ség El&rngg for the rentival
of Sseco sepgﬁ@g 1 d coﬁpag‘%ggt %ﬁh rougﬂ?gﬁf&%ﬁ%&# 9404. Optionally

present. .on[#098) Top mrrfasedSZicHsiB tndentation 4434 which yrwﬂessﬂmdemmrﬁﬁw&mm ch

AR BRI T e e e S e S e A

vol Une 220AgEiAl 1dshBRASRARS WEcap fe%%swbvam.b&s umandomﬁ&%eb{mﬁ 'n an

al ter nat i ve"enbodi nent |IIustrat ed in jnd 55, conduits 321A and , .

I3224 agbe africsk oﬁ@nemmlsig@e@%mmmemrmA cﬁehambﬂlf'éd@éhﬁsﬂmdoflthe
n.g g
cﬁanzel gomg‘%‘m fjérér%ﬁr?é%géfaltnﬁ'g@w%ﬂ%qand%Q@M&?@l{ﬁﬂg%orm a g;a7l4'([)é
wheﬁ gonnectlesA' ; “'ginn:cimmmnﬂssézte@ﬁﬂ mdﬁ%nn%ﬁm?pn@ewmﬁathgs?dmpt ed
7424 ' )
B oo Rk R a3 it B BER TR Prsrhl T TRl wafns|

t he connectl
condui t: 204 u;ér%ﬁifhdetzﬂss st W1 GALH RF bpadsrk 2072 WhiRh efbnd RO BRI 10 ifick
1 he?l connector 481A the shape of  the nal e and 853A and.

| edve 5004 t
ihSn%Er 140 v ,ﬁ%?dmféﬁm‘fﬂéaﬂlftﬁ okihe upper housingrepd d M fopopyresfiuids 54 and 55
i crﬂrbgﬁve@?gxe oAb oﬁ)ﬁ?ﬁﬂfé%zé Qﬁﬂ{hlg &s@d@g@&' "fﬂr&ﬁ@ @ thet e

a, gu1de 855
%0 IAana 1's-adapt’e t he sl eeve
'GMQ‘MRef erring back to Fi gures 40 ithe IOV\er core end 295A :

S o ih oDy R P AR A6 G, 3395 it ?‘%ﬁr“%ffﬁ?eedge -'-s;. .
210@ Of 1 he 32249 -ﬂWﬂﬁMhb opehiXigs 3THW and>303BAY Bis tof sxtrfaeemmeo{pheamlmeﬁ99A i s -
adapted 10 b oo’ WhobonSh, B985 20 Mo Ohu il Gty b 196 Wb
s f :-con:nec'tor 481A and be adapted to form chamber 7408 when connected to. eom:ecuon sleeve '
can A .L, Z00R; Chamber 7408 is aﬂnnted to-have one-or more mufanes '742A that can mate-
s Lwit"fa the raale end 853A of the connection sleeve 500A (male end 8834 surrounds end 861 of
L ; extgmftl conduit 20A). To facilifate the correct orientation of the cmmectmh slaeve SO0A 3.
i g :ﬁlefhﬂlnen connector 481A the shape of the male end 853A and é;hamber 7403 may be:
\ ‘ . nonsymmemual or as is iltustrated tn FIGS 53, 54 and 55 2 guxd'e BSSA may be provided

| ‘j . whmiJ extends from ﬂae top surface of the lumen connector 481 t\ and is adapted io fit within

9 ” . ? [0{}9#] Re:femng back to Figures 40, the lower core end 295A compnsas ah upper plate 2997
AR : havm a top surface 298A, a bottam surface 297A, and an edge 29913 that rattanhas and makes’
P4 - dir contact with lower edge 210D of the outer core wall ZIOA The edge 2998 of the '
. S _up'p_e plate 2994 is edapted to be joined with lower edge 2101] of outer aare wall 210A and
g ? foﬁ; a flnd tight < seal therewith. Extending pérpendicularly fram the top’s wurface 298A of .
g upf;ér piate 299A 158 cha:mel wall 402ZA, havmg &1 upper end 4023 and a iower end 402C
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forma fluid tight seal therewth. Extendi ng perpendicularly fromthe top
sutfhce.2984. of upp plate 2994 is a channel wall 4024., having an upper
end 402E-and Sl ower end 402C 31 and sort ands opening 303A which is
substantrally in the center of upper plate 2994. A nunber f fins 4034, .
attathed t0 the outside surface of channel wall 402A and top surface - 29%A,
S~ Fgarts lurren wal | 4024. The channel wall 402.1 is adapted to matesw t_h
channel  .#wall 40 A fortning a fluid tight seal and providing | unen 4004.

First yow CHARNE mﬂi@@gedtﬁ%w&%huﬂﬁsﬁbﬂ%hlg}%'tﬁﬁﬁm 16 biugpendsth boghagnel  780A
of external’ cond 2 rough condui t eni h%ﬂ303/¥ provi des fluid

commiuni cat i. @‘loéh%fé}iﬁﬁ%&m‘ﬁm urt her

[00500° e J’tﬂr‘?\gjﬁ%‘%@@‘s’%’i OB ogands, RE8RA% e il 0

upperr corewdhr_ﬁﬂ ﬁﬁﬁﬂun@fhﬂﬂdght&ﬂlend\@johldﬁiglﬂnamﬂ% IRimelﬁovﬂ@hﬂmdrﬂoﬂ%A ‘The ..

ouler core Soll A VIng, S CRl Sl g e o e vl 2L

Ioworedge Pl d X
from upper Pk &ﬂo%@é@ﬁ‘fm&&fn%&ﬁékh@&%m 21 Q0ORY Q3o @l SO has

a top sur-f ace 30PA and a bottom surface 3098, Top&urfiaee - 3094 as .

ani rgdent atrmlmlisﬁl)&p?édlebm rgkssassed. | WW@MWWIMBSWWFPPCPM center
of ..t:he: sur%‘e S e%l%{'e upper core end 2064. The i ndent atrson 1864 has an
uppér surfa 5 an erjurface 186C. The upper surface 1868 of the

| ndznt ati onjghis

g has Réfemgms Bigureo pRAT#IEIRA BY, hottumrwmmemampmeaughpgm t he

i Nnn&r surface 18 . In an alt tive,.enkKio ' t he & rese .

i nvéntion i g@ﬁ@i&ﬂﬁ%ﬂg}wegmrp (5'her‘?ﬁ§9 have
Iacg al%Dzﬁﬂ@ﬁ%&@oarémrﬁ&nmnommﬁ@uantiliceimow@rwgezubeﬂmﬂhnwxound .
the:l'ower: ado 325

of conduit wall 32SA Extending per&endr cul arly from
i nner suf f aEb oqee RO1A prefesably Dovpases frair uppergore snd 246 coghd206As ai d

?Pgml ?ﬁegrzﬁgeh? .‘%FB%MOMSE %r%urﬂggcg%ﬁwwut& c%rggd\lrrglgl ilh
3L3£?d ‘°Wa PRI R P G AN T Mt L

the:art Woulyds peira %mh@elﬁdl Uhe hbp a@h@a@hmamémmonnmwﬁ&emnd upper :
core. end 295k ,cco |ng Channel s 305A nmay | save an@i\éen depth through o
out ¢t he : Fengpmﬁ}g ] dersuchioibeciprgr sukdes ABRE- | Ingmatethalyes| ope '

dowawar d, or gr%ext ﬁ@@%ﬂ@n&&%@m@@@ mbrewam sl albgul d

e thr ft1op sur ace opes upward or_downward and- Channel 305Ahas a
con$t ant:  dépve ajecesiodSEn ataptetl 1308AvS EOPESS ansidarm admdfopiriselaound derlopergl y,
[OOtll Refer

(001 1 Rt iy B VS 06 5l B o1 © 2904
i R a_rouml said opening 324D is conduit wall 3244 having 2 distal end 3248 On the top susface - .
g | . 309A extmdmg from ﬂw indentation 1864 1o the outer surface 21113 of ‘rhd outer core wall
- ; . : 211A [are one or more. channels 305A. The top surface 309A may be: honzcmtal or slope
G up‘i;va:ti or downward from indentation 186A. If top surface 309A slopes upward or
. do{rm"ward from indentation 186A to core end 206A, one slcﬂled in the art would be sble to
- adiusﬂr the shapes of uppe:r plate 299A and upper core end 295A aowrdmgly Channels 305A
o may haye an even depth through out the length of the channel 305A However channel
S e 305A! may slope dovmward or upward radially from the center.’ One skﬂled in the art would:
ok see ﬁu:t 1f top surface 30D A slopes upward or downward and charmd 305A hasa constant
© depth, then channel 3084 slopes upward or downward accordmgly _ :f ' .
[001‘ 1. Referrmg 1o Figures 38, the bottom surface 297.4. of uppenplate 299Asin
G dired: contact w1th the top surface area 309A of bottom core ZGIA when comp}etely
i Bssexlnbled This comact forms a fluid tight séal between the: mro su:face mas fonmng an -
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direct contact with the top surface area 309A of bottom core 201A when
conpletely. asset'rtbled, This contact forns a fluid tight seal between the
two surface treas farnrng an 32 openin' 3058 fromthe! i ndentati on 186A to
channel . .3054. A second opening 305C from chxnt 1305A'is forted in the outer
surface 21111 of outer core wall 2114. The openi ng 3058 i frovides fluid
connunrcatrons fromindentation 186A through channel 305A and openhn 305C

to separatiogp %j@%ﬂﬁ@ﬁm oo md“’%ggé’g‘elﬂ?ﬁ%ué m%bSFSOO | OV\frs t hr ough

c. i ndui : channel* T80A and subsequent y pas

chanhel ' 47, 2@mnnglr3gfAsig fosmﬁMWOWsuﬁ‘%BlmloﬂbLﬁeﬁQﬂ: WQPZ]IQO%P. gen?@ ough
channel 305A?ﬁ§h#£%d§se@r§9§0' on_vol umfr .., 10010. Refefrin Fi gures -
43A and 44 wer Hﬁ's‘“ FHG%FB% ar@ghcmnzmosmm has a
top surface 3B 30500 kgmuien s ndi |
frompa bbot t em: surEace Sng of t%gleag%r(ﬁg?ate 4@%%%@2‘?

p(rj oty gill (Iza)nsf gy mﬁﬁ};psglsaﬁapm%dim(bohﬁckgbﬁ@q%eﬂ p@,ln; ﬁ!r@t | ower
edge! 0 rqvide id: tight sea .
therevvrth Pgéfmﬁb%#ggsza Gve ﬁousr fl ]D% T@bﬂmﬁegé\@ ﬁl’%fieéa’gﬁw\i%umﬁrcul ar -

and Furves u&ﬂa’kd radially fromits center(ill ustrated"in Flb 44) .
Alterntrvely O) r p te 30%1Fcan eflat As shown in FI G 3$ ‘when
positioned a[)ove: hou q{erlnpg 15 3%%%%1M@@@¢2%mMMMeﬂMr

pl at’e SODA aB@bA)dwisdt Bs bh@PsurfadSihdn @m%ﬁggﬁh '
conmiuni | catro% A) h separ atronavol urrea-g%tg)gy Lower - a’toéteggj&&% Hlenfinge of :
plastic- or. aR§MoRhRAtosYS ﬁ@féhqlaWBIManAhdgtmeq:mﬁhus@nswlA The. :
subst. antial | avevile I r a | oner: plate -
300A s a coﬁ‘gm 1 262%4[& e@%ﬁ:ﬁiﬁﬁ%@#@@oﬁ c{g 2ﬁ’cﬁ§g'gﬁ°‘t’tﬁra°(°r%‘% nds into
t he sgacedzgm&_ endyreride @ﬁgﬁd qglgpdealtrhereﬂm I&!Sdmh@l%bf V%%ugﬂgﬂoml amc;i,le@
second en ! nds, above t rface i | ower plate
3004. The drﬁlnet- § é&% ﬁ“‘l CUzYs Jip rﬁa&rﬁ%&yér’éo%smoau&wmmm 4rA}th
condo t, wal | Aberda Ioﬂdn«prmmman b5 flae AZQRGHE fn PG i@wﬁ&%sggrged
corrprrses a Jumen, Of% oI urre defined by | owe at'e - |nner :
a8 E(ﬂ‘z Cissists betwern | %‘@?EWZ(SQEA Ee&b#uamgrﬂgosecond

surface 2110"°% ..
bOW'r channel 1811141 ‘Muﬁ@m%xﬁhdﬁf A B and
s cei@ﬂt‘ﬁ“eh esle rﬂvorilﬁgeeeznzt%ﬁon 3%?

44) ;[ 00104] an aI ter natrve enbodi nent
i} u?st rated P : Smrrmm4mb¢memmmmw;mm

e Supmg : ngsﬁéég S perpen |cu ar Iﬂ#%ngefﬁ@g}agﬁ‘g%a@gg %r‘%gag]e

3098: . .Support -wal
| ower . plate 3290 Muﬁamm ﬁustemdsawmt eamaidh mmsmmzamembailb@e:cor e

201A is asseg{g{e : A%R H smg 1 Afl ﬁ\n sYaconﬁ CS) gM %’rafd Bx;te%dsc gb%gg ’Irhte tr%zs?lffaéeo
o 530013 if lower plate SDOA The diameter of conduit 320A i is adaptad to have a Ught fit with-
g T .cond t wall end 3243 The volume inside conduit walls 324A and 325A compnses a lumen-
E '_[_ ' ;‘4003 {3 'I‘he volume deﬁned by lower plate 300A, inner surface 21 1C, and c‘eﬂmg 253A of
- botto core 2014, excludmg second bowl channel 410A, may compnse of ar or a solid
¢ matefial (See FIGS. 43B and 44), o -,
= [0010 ]°  Inan alternative embodiment of the present mventmn as ﬂlustrated inFIG. 53
' suppo walls 405A and 4D7A: may be optionally present. Suppon wall 4DSA extends
T ‘_perp 1cularlv from botton surface 309B. Support wall 407A e\'tends perpendicularly from -
o i the; ‘tof surface 3008 of lower plate 300A and connects with support ivall 405A when the
2 R botto'_  gore 201A is assembled. Conduit wall 324A may be connected to ;mndun 320A to
) : form' ﬂuid tight seal and conduite 324A, 320A may be fused respec’uvely Wlth supports
B ; 3 4054 and 407A. Additionally presen* extending from ﬂv.- buttom suiface 300(3 of




formfluid tight seal and conduits 3244, 3204 may be fused respectively with
supperts walls 4434 and 4074: Additionally present extendi ng fromthe

bot t om surface 3
spacers 409A thaa mate wiithl o indentation 1854. [00104] As:will. be
readi. | y- apparent
needfto be bal
added as parﬁ
the bow 10A !
FI G4 38; bova1sle.‘

to one of ordinary skill in the arty the bOV\A 1OA will
nced about center axis 11A. Accordingly, wei ght s maybe-

th vice as is a riate t i itat the baIanC|ng of 5
s SO b o S QRS s P RASER o PR gt 0
i s adapted so that outer housing 10€)A cores 200A and

20145 -ower pl at @ 300A and_.upper.. pl ate 299A housi ng, fl oor 18*A, external
condi Fts- 20A[ 4% onnedsiak! %t@é@kﬁ@@@ﬂttoamﬁ%ﬁgwﬂm&amﬂmb@

| n. COnnec e} . M Hrle) ck&ggﬁ &Q@]t 5
100A: -conpri sg‘é’ﬁ?é%"e{é’?& 18%&%%2%&?%1?%81 19 4 gltyhe @E’?@?&E@ E!‘:ét(rﬁ(gﬁ%'s"ﬂaped
to fjt- protrlﬁ e84 83 tsfappmnmtepm M1btat}!0@alba1msmgstlﬁﬂwbpwl mwesuehIaaWelgBDOA has

roundl’ pratrus . i ottom surface OOC to restri.ct . inov eat of
| owef..plate: é&g& ﬁagé%g (‘i#’b

si ngl e protr yed195) 301 ARRRmidd1e FIG! 380 BawlW0AMS & fed's@‘ﬁﬁfoﬂéﬂ{d&s (bl eores
ali ght fiit me[th {%ﬁecess 1814 on housj ng roor@1304 Ttsus,: v\%n g&ter

housi ng. 1004 m?Ar ALy 10&%@%?”“’%6@‘FWK@P&%@@M%QMA%W@%@A .to.p

corei 2004, u Ploat et gmﬁ . |
f1 oof+- 1804, gﬁ urre%sﬁgé& a&ﬁgléeg %'Fdrot ate . tﬁﬁﬁ%@%?‘%%aﬂg R
il u'tst rated lrntaﬁl | m Honging AO0ASBA ob eteniiousing WNPotrayrive easseend@lA onids bow
HAv;aaflr t boy Fi [0, ageway for
i nf | oyof F 1 ui BB g § AR 0tare %#ﬂjﬁ@%ﬁﬂoﬁﬁﬁﬁﬁnﬁ@g’g% Wt % & che
sepaf |0‘2A¥2hdl__: 1o&aﬂ¢tmoozamrr]nhmpumﬂmh fton&!ﬂm onhtslrmﬂotﬂ@%ce So(bmmﬂctd I|n5| de *
| et ond doseovaums ame e s Byt revae rnuShe Deo:iPBn s papet aoun
ext endi ng’ f r Azt BRMIBIE SO B B Borki Gufiloe of W jlate AL EHAE 5 A At A Channel
wal | 7 402A extendt n&fromthe top surface 298A of uppet plate 2994 Channel

wali fh401A i s recaspdBlaan busipyfloor A30A. yThye, when ouirshousingii a&@t&éﬁ@tm
t o>t'hl Al
Crt hee. ool R shEREE L 04 SredBF, Rkl Gl O € i

surface 2 056’00 :

t ,‘|mlpiayeﬂmﬁuh@5¢m0(mmm¥rm wo@ammwﬂym seen that
‘@LA can be adjusted by changing the sizes and napes of. o
“Wwal | 4014, channel wall (402A, condiii t1 wai i 325A, and the o
: As 111ustrated1nHG 38 lumen 400A allows whele bloodsoo to come info

- ;bowi DA via a first. bowl channel 420A. First bowl channel 420A provtdEs apassageway for
. mﬂow of fluid 800 throunh lurnen 400A to indention 186A and1 then to tha separition volume o
L ' -ZZDAI I.hrough channel 305A. Lumen 400A is located inside tbp ¢Ore. MA Lumen 400A
has a eight from upper Iumen end 480A and Jower lumen end HOZC Lunwn 400A s
 for : by the connection of chﬂnnel wall 401A extending frotn the inner. surface 481C of .
 Jum  connector 481A and channel wall 402A extending ﬂomthe top mnfane 298A of upper
plate|299A Channel wall 401A is supported by-a plarality of fins 251A whlch are attached |
S (F th mner wall surf&ce 210C of the outer core wall 210A and’ mner su:faoe ZOSC of the
u;ip core end 2054, and channel wall 402A is supported by & plumhty cr!" fins 403A (FIG.
40); ¥t can readﬂy be seen that height of lumen 400A can be adjtmted by changmb g the sizes
o ;‘ ‘ and:;fhapes of core ZDOA, channel wall 401A, channel wall 402A condmt Wall 325A and the -
0 height ot conduit wall 324A. o
[(!01%7] As illustrated in FIG. 33 Jumen 400A, fom upper lumen end d&)A o lcwar
lumen end 402C, enclosas an lnner lumen 400B. Lower lumen end 402("': has an opemng

ey et

Frrie e S
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OCof t .s i r lower Plate 300A are one or fnore orientation

to housing floor 1884. Wen ; asserrbl ed, each =
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hei gi kt of conduit wall 3244. [0.0117f As illustrated in FIG 38,1 wnen 4004,
from upper lumen end 480A to |ower |am end 402C, encloses an inner |unen
4008;; Lower: | umen end 4020 has an opening 34 303A hieh is |n fluid

conmuni cation with separation vol ume 2i OA through a nunber of channel 305A.
In the illustrated enbodi ment | unen 400A conprises fi st bova channel . :
420A, Se’cond bog channel ‘410A is located inside first bow ! -cannel 420A of

t He: 't op . ‘cor- A IS@EEIEJ osed t %ﬁ@?h%gt%%ﬁgngggﬁg M&WF&%F’&&

4020 Further
| unen 4008 f granmélabon, umﬂerlruahmmma&trmﬁ@eroogrmmghse@h:ﬁbéwr gpar at ed

fl d 910 t t'h dent L f-h | [ 180A.
Socond bt T rSeeond BowdRindiel K10 lavkiar irsids i bow chaumel 43HA of hedon Rotse ng
100A t hr dugh ‘16 8028 hetdin §ORMhin SRARE, m{fé%n%& 4@@5@&“9 dui t -

20A, 510011 BE Reflerri ng Fi gure 38 (shown wt con er .

| ur ri.en 400Bseamndhew] channsl 4104dforms dp@&gﬂaﬂﬁ@uﬂnlmtﬁbﬁonﬂl&kwh&mﬂmcond
bow 3 channel-ydhl

A i frp_ﬂthe si.ng ftoor
above indent at| -g%f%géigggﬁg%’%ﬁh@%ﬁ% @6‘5" figE ‘;ﬁ%%e‘ff conduit
and 825C° andlm Mmg@odmmmrﬂéo@rd@waammmmmmmﬂ flooMEBAS 324A
and 325A ‘Whi c{].;a connect e%rl n.afluid tlght manner and form second bow

: Bigh bimgnA00B ap Brroaft shgnnsh el A plextamel gonduitnct
om- i channel 420A. Conduit wall 3254 is:supported by a fin
251Afr-;tr._ha ,;"-.e.x_'terj-d through <cltnn wall 401A and' attaches to condui t wall.

325"A! Unl Men 4oRsermingFigura3fs(Shave wishet wndwamcapmnermam 400BnSowd 00E

ggtn g’f;dts ﬁrfragzsé_..hrsm &ﬁ@@\vﬁ{ﬂ@%%&%ﬁdbﬁwwi ié&ﬁ;‘ﬁ‘ow%g}ﬂd rst

as .an upper ea d has™an ~open on the
top §t rf-ace . 4@gm ,',ﬁumrfmmdmrhnamﬂgﬁoo#@hﬂermdwandmmn tera»d 4N dndet t g
an, openr ng- 3 SE 4y

ed to fit condui t wal |
3244;- Upper. e g E%BPP&GFWH@ A%"éﬁﬁ‘?&*‘ﬁ? ﬁﬁﬁrﬁmm FF5186A
and has an opgslEd) 'u%ﬂizmm:mméh&8%@&%&%@@@:%:@%&248 and
is supported by a plurality of fins 2524: Lower end,  324B havi:ng  openi.ng USE

i s adapt ed t eecenmhewh chennel BHMAhet fpo @ Ameliy diamstes ghan pndis3ensmte proBCHERR t he
ConL P OF | YRR i AR, By RS SOl
| ovief 'pl at e~ soaaglawdl mi,&;mdgmbd:lmmto co8duit walhizSap dirdike OGS0 Mydvch lmvene }
Dot ?oﬁ‘, 33;’@@&1 DShhBSn F8 b 08 BB eftd sSSUNERIBE 6 B b S
i o platz 300A. The ﬁrst conduit wall 325A has an upper end 325C winch has an .
S g 3251) on the tcp surface 482A of lumen conttector’ 481A and aiow,er end 3ZSB
o hav;ng an opemng 325E adapted to fit tightly with upper end 3ﬁC of condmt wall 324A
. ' Uppen} end 324C of condmt wall 3MA is higher than mdentanon IBGA and hasr an openmg
b | 3241) 1 Condmt wall 324A also has end lower end 3248 and is supported by | plurahty of |
) .ﬁns ZSZA Lower end 324B having opening 325K is adapted. to connect td oondmt 320A
L .havmg opening 302A locajed near the center of lower plate SOOA The cormacnon of
S opemrixgs I25E and 302A provide fluid commumcation batween lumen 4(}0}3 and the space
o : zzqc_between lower plate 300A and housing floor 180A. The space 220(3 between lower
. p_la:te .mOA and housmg floor 1804 in tum has fluid conunumcatwn with sepraranon volume
i ,;'22;14\ . ; o4
. ‘;' - [001 ] " Conduit 320A provides 2 txght fit with lower end 3243, prowdmg suppert for
_ - | secomi bowl channel 4104, Each bowl channe] 4204 and 410A mey be made of any type of
n : ﬂe:ukrle or rigid tubing (such a8 medical tubing) or other such device provtdmg 8 sealed
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[00109{{ ] Conduit 320A provides a tight fit with | ower end-324%, providi ng
support. for second) bow dimel 4104. Each bowl channel 420A and 4i OA may
be ‘nade’ of ° any Aype of fle,ule.or rigid tubing (such as nedi cal tubing) or
ot:her - sugh deV|c providing a sealed 3d } passageay, possibly for
pressurlzed or unpressurlzed fluid flow, and which preferably can be: .
di sposable and. sterilizable, i,e., of sinple and eff|C|ent manuf acture. 1,
Dr.i'vie Tube [OO%Qfl As illustrated in FIGS. 39A and 39B, conduit assenbly

800A 1S att 1,*%??5& ched
ontcl t he: flp?gtagen %%\wé%‘ f%g{egérn ?QME%@?Z%!A&E%%\ES&Q con}guﬁﬁ1
channel. 78(hedlspommmd%hl@,iehafﬂmplemd)ﬂﬁicmmafd conduit el 7704,
Each condui t- chahnel has fI ui d conmunication with a first b channel .-
4204, & second b)W| clh 04, and a bow chanber 740A. The three conduit -~
charinel, dre equal | spaced TL apart and equal in diameter iin external '

bony 104 dohfH} ch%aﬁvm}% Fid oS S “Ghe B £ R any ™

channel. 42%&1«1&&%é&wwﬁnfsieuvedstﬁmvmpma&ﬁ@ﬁmmeqﬁa@m 8604t b&&rﬁalbOVV'
104 if or’ separ ati. #&% Simlarly, second conduit chai n “760A fil ui dl cormec

to- second having a fyst pesrdut hanpelT§0A; ¢ speongleds t@éﬂﬁﬁlm L érdent -
810! f : h I .
onie i Sh° AR o Lahn em%?l??ﬂ@éc%oﬂn‘%*s“é%g?é‘gﬂe‘ﬁ*ﬁ%& conponent

770A conhec o

820.;: f rom bdmhné.l 20A, mdtﬁnhpmhmehdllﬂAsmdath@dvl Elmmfbe (74045, Thisdhee cadduitondui t *
e, ﬁeﬁﬁé‘ei;c%'eé %S%ﬁeﬁ%‘“ D oot e b B g BB 8L o °V°
D e | poPRRSUCHhBIBHRR U SR aath | a.““é‘g%gﬁﬁ“ BRSNS, cblfaay 32”?' |
per pendi cul 'é%ﬂ%/ldfﬂ“@ﬂ%Y gormeeted with first bowbshanmeb420:4 for inflewirg ﬂilld ﬁmbf@crm extemalt er |
o R AR P R b
rings B871A" acmﬂ BisecorEdtosy pizinnel i Olaifor remﬁvang firshaspanated et Bt Sth -
ot o0 LS TPL ARG SR, By bR Trdi, ¢
t ubi ng- in ab@wl(‘ daebeUT0 AR EfefRd seRhé Eepaiatddsﬂukﬁfﬂaﬁﬁoﬁm) 320 e boohtoxt i | on
e 200k R A SR R TR T R L
manuf act ur eghda b e ﬁ%t%ﬂ 8614 191 ol DiBhGARBROITOAonThERYMISAPASAEE beidnal anch 1
sl eeve 870A be overnol ded to the external conduit 204, [ Of 112] Referring to
FI- Gs 45 - 4gorainit 208. Lndiovallygiresenidetyiean tlwﬁpmacb@mﬂ%@veéw gizhe anchior sleeve
' L S'TOA at external conduxt 20A are a first shoulder 882 and a second shoulder 884 which
. perpenmcmar‘y from the cxtemal conduit 20A and pre of a larget djameter Beatween
i d the comwctmn sieeve K00A and anchor sleeve 870A (or if present the firsi énd second
ﬂ _“ ) . 'shoulder 882 884) are & first and second beanng rings 871A and 872A. Extemal conduit
BN : ‘mﬁ,,.hnchor sleeve: 8'70A and conmfection sleeve may be- prepared from tha same or diffarent -
s .}bxcco mpatible materials of suitable strength and flexibility for use m “thls t;?pe of tubmg ina
_ ,: ..,: .' cermiﬁlge (one such preferred material is HYTREL®), The cnnnecnon sleeVe 5004 and the
. ,_ ‘- anch sleeve 870A may be attached through any suiisble means such 23 adhwves welding
| estc . however, for ease of menufachure it is preferred that the connecnon sleeve SD0A and the
o anch r gleeve 870A be overmolded to the external conduit 20A . '
I | .';; : [00112] Refernng s} FIGS. 45, 48 and 49 anchor sleeve B‘IUA conmnses abody 877B
s havmg ! first anchorend 873A and second anchor end 8744 Anclmr sleeve 870A is
i 1ed 10 second conduit end 8624 of external conduit 20A (preferably by ovezmoldmb)
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am A,

having a first anchor end 873A and second anchor end 8744 Anchor sleeve 8104
is. attacked to second conduit end 862A of external conduit 20A (preferably
by oyenrl ol di ng) and ncreases in dianeter fromfist collar: 873A to the.

col'l ar 87‘44 Spaced distally from36 } second enld-~ 874A is a,collar 886A, .
whi ch extiends ‘peripendi cul arly from body 71B and of a llarger di pmreter than

t he.'body: 87711 of the anchor sleeve 870A. A plurali ty of ri bs 877A having
,d fl rst.rib end 18778 between the col | ar 886A and second atjehor end &73A
and ah 3ecom?]ﬁd)emlrﬂﬁd 4477 Ccallar 886K, vohidinyends g nﬁmﬁlgﬂyﬁﬂmfh@d m&a:wﬁar eb '
attace to,the .no L1 / 0|n t ther by a
R R e K T e U Sh AT ST
paral | e t Ohdvily £ RiseFBRhd BTIBNbhcolAheARUudBEA oBE %&&tﬂm@h&ﬁm&\fﬁé the
regl!on where candui t  channel s 760A, 7hOA, and $04, are closest to the

sul'rf ace ‘of secpad: h?@#ﬁ'ﬁﬂcmmgtbem% r&m@wmm&ggw@wbedmah |
condm t cha Srev i, 7 t: ter of.
ext e!r nal - congﬁ#‘t{%‘%%"]%"s‘g‘ﬁ” rei n%g?@é%}g %ﬂefﬁfﬁhﬁ%rl .“Bq‘ﬁ’?‘%ﬁ?@%ﬁ%“ ation. -
Ha\émg Agi bstcpadé1 ebnduit 204 Hlélecxbmﬂmﬁﬁﬁmhﬁelnnﬂaelmgeﬁmﬂcdnﬁmmmﬁ)gesl feevle s
end 873A"provi degre rcerrlient to thi | O rev condui tf.ail we

at ‘hi.gh spe@fff‘l"é &Pi‘aﬁﬁio oviep, g Fegicys ?“’“ﬁh‘éw Z@&ré”h &%m FeBf the
condui t. 20A¢4 ﬁeghﬁewwe%ﬁa@c@eﬁt S6A &t*[t;USé)U rﬂb r%uﬁﬁ%h% tﬁé’;nh&xﬁf Gisgheld he -
t or si: onal stress. | i'e anchor sleeve 870k '} 100 Connect i'on sl eeve 500A -

congrises. bd o ', .AWé\?’ﬂ%ﬂ@ml%%&mgpe@dédmef@?ﬁmmmw%ﬂnd 832A
Fl 46 al a2 h and a .
g)l ucﬁl ity ? profru t&ﬁ%?ﬁ?@ﬁ%@%@ﬁ%@ho& zed % atgﬁgéem?'ent a@lons 484A

t he iwal ] --, s urch sA3PoAvlftie anvisor steevenendt8GBA $Rivikies Whﬁ"mcmlzlmt lwothis régidn arsd

assé | ed, “a fI1|d e rovi ded b a round -
oy’ 5304 aREVERR OGRS g e TN R

" Upper. 17l 884f %ﬁhm%:ﬁﬂﬁ’@fe@{oh'aﬂ@a&@@s&ﬂhﬁdl@l@iﬁ@m§%nﬂﬁrm@w&6ﬁlt0
bevvh 1 DAY by means of sleeve flange 790A and is adapt' *d toifluidly connect -
con%\wt ‘¢hareisgd iwonchor slgave 8708A Of ext er nal condui tt 20A to bowl channel's
420A and: 41 and ch : ‘ & &d on -
st edve: S(aOA%'11 bunt e alﬁﬁ‘%ﬁ%@%ﬁ%ﬁ%&%@fﬁp ?ii—l‘l}‘iclﬁ A JCS 398) [001 41
Oon“rﬁectl en ‘SBeA _msm@feedﬁm&mﬁi&@a@déﬂ Mf&ﬁb@@renﬂ%?ﬁb@rﬂﬁev%l eeve

e T e

' é wuﬂtsbﬁwe 482Aof 1umen cormector 481A. When the bowl 10A is assembled,

SR 7-._331 A 1:‘ adap‘teﬂm be secured to extemal conduit 204, 'Qefefrt“g to FIG 46 394 ‘”‘ﬁ 398, .

0] ion sleave SO0A is secured fo bow! 104 by means of sleeve ﬂange ’790A and i
' adapttpd t0 ﬂmd.ly connect conduit channels 780A, 7604, 770A bf extemal condmt 20410
| bowl dmannels 4204 and 416A, and chamber 7404 of bow! IOA - When assembled
- conn cuon sleeve SOUA is mountad to lumen connector 481A (FIGS 39A and 398).
| [Dﬂl 4} Connectlon sleeve S00A preferably increases in dxameter ﬁ‘cm upper sleeVB
L emd &BlA 1o lower sle.eve end 832A and is overmolded to first ccndmt end 861A of axtemal
. " condiiit20A. Comnection sleeve S00A connects bowl 10A to extemal condmt 204 withiot -
:: use f a-Totatable seal whlch would otherwise normaily be locamd between bowl 10A and
P com on sleeve S-OBA The seal-less connection between bowl 10A and mnnecuon sleeve:
, 500 may occur as axplmned above or alternatively through use of,’ for emmple an O-ring,'2 -
S gque, or lip, gmnnhet-type cornection, welding, or a tight- ﬁt Wlﬂl or vnthout adhésive in
s mthe;r bowl 10A or vormection sleeve S0DA. . ? o 'ff '
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use if a. rotatable seal, which would otherwi se normally be | ocated between
bow 10A and p co onsleeve- 500A. The seal -l ess connection between bow 10A
and\.connectlon sl eeve 5004 may occur as explalned above or; alternatively
threugh use-of ; for ea anple; an O-ring, a g-ve, HEN gronvhet type
connectlon wel di ng, ors tight fit with or wthout adheswe in .eith4r bow
14A" or connectl% sl eeve 500A. 37 [0611 As illustrat ed I n Fllgure 46 and 39B, .
sl eeve fang A haspg g%t urfa A hat cont acts With top surface .
482A of: Iurre ect or 2 AaEe;ﬁg%; ‘gée%“figﬁ - Sdeeap 1 mﬂﬁﬂ\%&éﬂsabmlﬂamect or

481A has’ a pS4tAathiat gontktsiwithao &hfaamswﬁ&f cONHARS Al 1k
zfi catlon be ween s]e arati-on p&*nber 220,&&%% bow ¢ #ber s gﬁgn\ﬁﬁ?
turn het F*E& TREEPS Avhﬂsnpbtsﬂmﬁmwmpmmmpﬁmsmhaﬁ@er

R e TN e o '

Iurren connect or_¥481A, exclud sSpace pccu
and (322A, A ¥Bi ?qrgmwcmﬁm smdmtmmx tBowl chainber 7484 GitAnf by S| eeve

fl ange 790A RBRAGSIH s 484A on the walll 's 482E
of - l:umen. conneet.or, -1 hus pr owﬁ %g” 4@%ﬁﬁs“ﬁq‘“¥%‘ﬂf féomﬂgdhﬁ o
o 'eﬁbmxme«,umummn@mzm% pl@Bprokions 443 éulbu' dly =

sl eéve 500A $patq

connectl ng ‘extern % fﬁﬁ bow 10A. Thi's fl udid.connot | on e | es

f1 uiid 8b0 t 0 PET SRy EMPH@smdsh@em deoni@ﬂAonﬂae
débdsngnmngﬁgghn@ﬁw fl uiid conponents b,

820ito -be reppved fiom bow 10A ro exf ern %&31359 [00117] External

Si mil aKI Y, tﬁﬂ]is ]
iy
_(I:_ﬁndwt 30? 03181 apframmpdiian slegvedi®RAthalps msmthﬂ %Hoftm uj&duge P
e i gi di tyy, Al ui wi |l I¥ heat up an
faili m)r e qtll}l c.» W&ﬁﬁ# oﬁgfgmgm &?prﬁfﬁnﬁlegﬁé&ﬁwm @ablpeeap/ easy
t o renuf act uihdd BQO lml\'msupplmﬂ mﬁﬁmem@ﬁﬂzqn bW mn I‘B?ﬁh gﬁg ggye 500A .

and }anchor ‘sl eeve!' 87PA -si and l,ows bearin rings 871A Ato be -

- Ranis 8Pf’lps Fﬁﬂbi%gﬁ? %@”Hﬁ%mﬁs 81 820da be rrnge@ﬁhmbawalmzA will -
Wbl eﬂbﬁﬁ}o@ﬂﬁﬁtmond shoul ders 882A and;,. 884A External cond -
Aty Be nade -of - any type of flexible tubing (such a9 medical tubi ng) or -
ot har . such pr oVB% "Fﬁj éd’ﬂﬁ)%mdﬁf@om&mdmmchhﬂpm

i ch pes oy SIGRBLELRS. an LB O bR SRRl e S8 b

?ﬁ;"r ﬁQnELffTﬁiAS? _‘ i 5 Additi 0y | Bohsttt@ianieTeri cohduitis elfeam/edso vemamifsies) 20RPessy OVEr
Les vt Q? et el RGBOE Wnoedle Fckie 108 0BRSSl BF el e 1100
i rr adi &t i on, waking AngsA0A, BTEA toebwlondilyTolid thebon Perkifly @s mdlvlaqut of bearings |
G i ‘:871A and 872A will be constrained by first and second shouldem 882A m'n:il 8844, Extemnal -
cond ZBA may be made of any type of flexible tubing (sue.h as medical tubmg) or other
. _sich device prov:dmg a sealed passageway for the flow of ﬂmds' whzch may be pressurized,
3 i"_mto orl out of areservou' of any sort, and which preferably can be djsposabie and sterilizable.
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;:]I Peimanent Tower System

.-{00118] - FIG. 17 illustrates tower system 2080. Tower system 2000 ls the permanent
- (i.e., ne n-disposable) piece of hardware that receives the various dewces of‘ photopheresxs kit
‘ mop ch as, cassette 1100, irradiation chamber 700, and ceninﬁ_\ge bowl 10 (FIG. 1).
: ' _ ” TQ?"VJU system 2000 performs the valving, pumping, and overall control and‘ drive.of fluid
. ﬂow ﬁu'ough disposable photopheresis kit 1000. Tower system 2000 perfomm all of the
‘ fhgc,g}:ss cont:rol functmn atomatically through the use of 8 proper]y programmad

o corftre er, for example a processor or IC eircuit, coupled to all of the necassary componenrs
. Whileanew djsposable kit must be discarded after each photopherms therapy sedsion, tower-
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Tower system 2000 performs the valving, punping, and overall control and

drive of fluid flow though disposabl e photopheresis kit 1000. Tower system
2000! performs al I| of the necessarycontrol function aUtonatlcaI l'y through:

t he use: of apraperly pro!lanmed eortfro , for exanple a proce_ssor or IC :
ci rcuity, “coupl ed'to all of the necessary conponents. {Wiile a new di sposabl e
kit imust “’be- discarded after each photopheresis therapyise53|pn tower 1 as .
systerr{ZOOO IS @&over and over again. Tower system 2000 tan, be nmodified =
to performa® sﬁqﬂ‘rﬁ SV EE e aEam. BPwersysEndind carbeasadifedto pérformaxanpl e %,

h b h
o it ?Linpoﬁ%%%’ TEbaeoflel iobd SRENAGA, GO Bhedls B REER Dopor

porti on:2100p
a bottom 220%%0 ; eIs 203 are ovi d at. or near the boton, 2202 of base
portj on. 2200 FiThat "t OORF @ ESW%WQHBPI@Q@%M@d@mved

f 1 om r oom t 0 pbiet m&ﬁe&%hﬁﬁﬁéh%zﬁi%&é%z@ee“ ng&g%iéﬁ}ée' 2203 .

are plvotable ab t a vertical axis to allow ease in
maneuvering PG abyiAcanine botm JYI2 of bese peftidp 2360 pnﬂ”@tmziﬂﬁﬁm:arﬁobﬁe

tsﬁ(ra]; gfﬁ (Zggg FI q 1%0&[ ﬁ%w&cassﬁﬁt H%%?ém 5%%3@'11 e%%‘ﬁt lr)g: ! E:Ieck'

1200. ..Base pmlpaz@zmpwmblemasutmml(muo alld;n@a‘sé ms@é&xng gﬁi 50 ering
C nnect OI‘S on treat nt t ere I‘OIT]
Sgch hooks &%\ IP EQM%EP@%P‘E &b w@& npssenitlei r
100! beist185tia8idEn FYG. 10, SilietibAREEORGD). ;nm %ﬁgﬂ%kng

p05|tron| ng' ded
therapy "Base pofti ore2200 has photoactivation cltam
| ocat ed behi 1 %tomtro Agrk 1209 Brseipodion zm)alsqhalsbgmhs&mced)ummm ortothepr gvi

ed. ‘on tower cg ﬁqug B0 53

' Pr ef erabl y, - the 00 %Bar%ﬁ?@cat ed&%ﬁid%ﬁ%g%q‘b‘ P%g@%%l@%o %B%Oks

Phot.oact i:vat icamb haﬂbiamyme(oﬁ]tﬁveﬂssstem 2008 so\lbroked thmr ﬁbmwﬂg:ﬁéas@nﬁt iR2Gereof

tovve'szystemZ ween t. 2201 ottom, 2202 be dq 751 Door 751
ihr| gel | . 8‘ ﬁlé‘ oéléngt(g%ge%’éte oﬁ‘f“l"%ﬁ“”iﬁbo ?fﬁ(?of@ng:’ “P%FPW‘J ess to

phot ‘oacti vatch eﬁ;hm (FIEY 18)19&tedn@hing dedrl78Yy AB&LOREREIK (nok 91u§t¥@§l§ are

phot {vact ivat i on %anber 730 sq thgs W Ili g@:{‘ does not escape into. the
sur rioundi:ng: @EAVIGRY onrtewerFesem 2p0. splinering gptireagiian hassoRrefarndy thesa 12, E

1117 (FI1 G 1pob@ "(p P i on chanber 750 when i rradiation
chanber 700 -0& a?@&'éatb : pr&ggét%l i's closed. The phot éactlvatlon -

chartber. i:s dl[%ﬂﬁked |Bhﬂmwwonbbmmﬁm(f;ﬂ@sHQmprovldéd-‘mm:ﬂbﬁloamm&
[00%211. :_.9pp%w&%§§b&890&1&)&w5§t&toﬁ)5ﬁh€a§d%§o{fnEftﬁeneﬁl%criﬁgornf!vlzg Jrspani il fuge

chanber
T _:_hlr,i;gelﬁly connected to base portion 2200 and js provided for access to phcﬁoacnvanon

o d:\gmbar 780 and to al]ow the operator to close photoactivation chmber ’750 50 that UV light
o = does not. escspe into. the surrounding during treatinent, Recess 72 i prowded to allow tubes -
0 - - - 1112,| 1114 (FIG. 1) tp pass into photoactivation chamber 750 when 1rrad1éuon chamber 700
= | I8 {o_' &d and 'when' door 751 is closed. The phawacnvmon chamber is dxscussed in detail
ey belo..f witls respect to FIGS. 16 and 18, o '1‘

B | [06121] Upper pomon 2100 is located atop base portion ; 2200 Cenfhmﬁlge chamber
i - 2101 I(FIG 19) is located in upper portion 2100 behind cem:nfuge chambef door 2102.
RO Cenmfuge chamber’ door 2102 has 3 window 2103 50 an operator can see’ {n cenmfuge

= S _ er 2101 and monitor for any problems. Window 2103 is) constucted with glass thick

] | .. - ) enougl to withstand ary- forces that may be exerted on it from : an acc1dent dunng
) L cent'r:fugahon which can rotate the centrifuge bowl at speeds greater than 4800 RPMS

P - P:{esérsh}v window 2103 is constructed of shatter-proof glass. Door 2102 ishingedly
R | connected t0 upper portion 2100 and has an automatic locking mechamsm ﬁm‘c 18 acuvaxed by :

39 - ‘.i
.

s@copunmer@?bjzaﬁﬁgmgBaﬁeommrcbmpmeaﬁoo has a top 2201 and -



21P1(FIG .19) is located in upper portion 2100 behind centrifuge chanbet
door 2102. Centrifuge chanber door 2102 has a w ndow 2103 so an operator
can see N centrifuge catan~ber 2101 and nonitor for: any probl-emns. VVndow/ .
2103 is, constru teh with-glass thick enouti to mnthstand any forces that Ao
may-: he exerted .on it froman accident during centthgatron whi ch can rotate
t he centrrfuge bow at speeds g' eater than 4800 RPMs,: | is 'Prefdrabtq
mnndow12103 s cOnstructed of shatter-proof glass. Ebbr 2102 i s hingedly

ot eé"b%“g'a%‘-"ﬁ%“*ﬂﬁ@f 8408 0 5anl, RURARL 66 K100 MRERRATRL N2
Centiri fuge mhmote mﬂtmspem‘reﬂ@sl@d below in nore detail wth respect to .
E'a?e éirttﬁﬁéééé e OPERERR Y RE B AR S OB R SR

portion 210Qadr oD §ysteRViR 4 J000RHIRSEper BOrtibh 910020 kB RIMy &d%:dﬁéﬁb&’e t ower

systiem 2000. Thr , allows the oPerator easy access to :. control eek 1200.

whi‘tie . si oul- peitien mn@ﬂh@rl‘Wﬁ@ r Thig aliayes thejopesater dassiageess &hanber

210%. y desi oIN] Eﬁﬂ 101 in’
t he’ tupper port l'paltkglm‘&mggﬁmvr ngg%%%&ﬁ%goac I vat %%Ar%sg‘ﬁ bergxi)@&“%nd deck
1260 in baseltﬂor ym:gnﬁl%ﬁﬁwaﬂwhemrz?ﬂtgmhamth‘ércgmfagachmbsrmmmdgpe@\sdsuch
systemtower 200 a.re 0 a reduce
anount ‘of vEPTRBRL %Ed&tﬂt"&ﬁ ﬁ@&? ‘(?ﬁgft*fzf’@m?’ﬁz"%ﬂm’gét&% %RRKB‘PH 2000
remdi ns bel‘opog la%hyn%ﬂ@&ﬁguﬁﬂtohwchﬁﬂﬂ VASRWCH, Sysbea m%ﬁwm%ﬁ@raaﬁ@éa 2
transpgrti n% t hel machi ne_around t he hospital formthé rear. iAdditionall y
qumy& t sjzp

havifng: dock tﬂir%nmrférﬂeémgr@gptr%whwlwsp@tﬂwaéaﬂ@hﬁhebezimoﬁr with &
a pl ce to '§§'ﬁtten “BH’E q@;! heylipadiopng of other -
devi +fac Iatrng easy s %%oﬂs%@cﬂﬁsko&@p&e Egm utﬁr S robust enough -
to Wthstanﬁaﬁqunrgmmmwmourdnhemmmm Ad@malbnhgwﬁgdmkrl@ﬁtess o
f 00121) A nonj Lo 104 oVi d d_on ntri o] Zl 2 above

wi. ndow: 2103 '&f i % Jﬂsﬁ Stio Wi 3f°s"bq°§€e%q’e§g° igﬁe%,fegg% i splaying
Flatgt roan omma _ 1§Idt3t00061811néh Wlmﬂmfﬁﬂlmeﬂl , Bictiitdtag @saylloddinga t’ﬁw&ﬂtry,
oadi ng i nstructi i C vvarn al e era or therapy -
progr ess; : VS P%ﬁlg?‘QP é’tf@ r%ﬁiﬂﬁﬁ“ﬂ@”&ﬁ”‘lﬁ@@%‘ﬁ% ‘
contr ol ler . oAnips &aﬁ,@c&gcer Vi ng port 2001 is pra:”'ded onja side of. -
nrohi't oi - '2104.” Data card, recei .w ng port 2001 is. .provided. to slidabl Yy

recei ve dat. 7:{0%\ A4 1148 mpition2104 lgﬂmdﬂéﬁlﬂ ngbﬂ'@sb%’&ﬁl erondaer esi s

ki, t 1000 (F|2(f03 ]}‘Monﬁir mw&gplwwlﬁ?@hﬁ%ﬂdtgﬁ%ﬁz&@a@% operatar, such

co sy for example, user mterf‘arses for data entry, loading mstructmns gxaphms, warnings, alerts
: J o  therapy data, or therapy progress. Monitor 2104 is coupled o and comrened by the system -
B com:re ﬂer Adais. cs‘ud receiving port 2001 iz provided on s mdé of momtor 2104- Data’ card:,
o 'recemmg port 2001 is provided to shdably receive data card 1195 w!nch isi supphed wﬁh
each ﬁhsposable photopherems kit 1000 (FIG. 1). As merruoned above dzth card 1195 can be
ST pr&pfagrannned fo store serve a variely of data to supply to the: system cohtroller oftower

i : o syste 2000, For example, data card 1195 can be programmed to relay mformatmn so that

‘ 3 the system controller can ensure: (1) that the disposable phOIOphE'.I‘B‘S!S kit i IS compstible with

AR the b ood. drive eqmpment into which it is being loaded; (2). that the photopheresxs kit i3

: r:ap le of nifming the desired treatment process; (3) that the dlsposable photopheres:s kitis

: . ofii ?ertmn brand name or make, Data card receiving port 2001 has the 1 necessany hardware
o arid Gircuitry to both read data from, and write data to, data card 1195 Preferably datacard

: | repemng port 2201 wrll record treatment therapy data to data csrd 1195 Sueh information

Ccm mclude for ercam;:le collection times, collection volurnes, treannmt ttmes volumetri¢ -

e ; ) ﬂow rates, any alarms, malfuncttons disturbances in'the process or any crther degtred data :
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pro-p~ograrnmed to store serve a variety of data to supply to the system
contyoller of tower systeesnn 2000. For exanple, data card 1195 can be
progwanUned torelay information so that the sSIIstentcontrpIIer can .
ensur.e:: (:1) .t hat 1t he di sposabl e phot opheresis kit is conpatlble with the
bl oad. ..dri ve equtpnent into which it is being |loaded;:(2) that the S
photppbereS|s ki capabl e of mmng the desired, treatnent process;. (3)

that! the dis | e phot opheresis kit |s of s ~ertsin brand: nane or make
Dat a card r e@&’?‘?% HQFF"WPW? pePriadedanmeninn 3 Iait can beigeated mywier

bot hi r ead da&:@mﬁﬁﬁf’ étﬂ@hddfsbf[ g@iﬁs&ﬂ ‘”@%‘?ﬁiﬁapy aﬁmo'? g%f@ﬁ%ﬁgedata

car dt reeving port - 0141 recor treat ata to 1145
Suofh [ nformﬁﬁ@hmBMn "))include for exanple, collection ti hes col | ection
vol uires; ‘treatmiit times, volunetric flo rates, any aI armns, < mal functions/

di’ sturbances in tlne %t%%ﬁﬁ’?ﬁon% ﬁ@éavu?%eﬂaﬁ@?%n : be 40 Wile dfata -

car di .r écei vi ng pq)rt I'S provi on noni can:i be |l ocated

oty ol or oG oY A ERR8RR 0r1 & 1 PR St 0 2 YR

Chanper for ﬁi&@@ssudmnl Ph&Bhonb AR CERAPR I50 [sQPimed by hB@t:fgr'rssnmtoﬂ% 75 ffi GS. 16 ™
and 18 - phot oactilvati oh chanber 50 is illustrated”  inicrosi Section Photo: -

actiyation c WO%ZMW%Ww&ﬁB@dW%ﬂH@ V@GPﬁ@@@ﬂVWOﬂhl n

ﬁgtsg;ag?r :[t/Ia;)POﬂ %{‘Iat F%W%ﬁhg%%%%r% qgﬁ%fﬁ#r 1-Ca I&ﬁbnnec I on ports

753 provi dedEbeetd alodonuexitibn P&tk 7535t@ai¢um:ally ocmpt@dma telacﬁ‘iﬁﬂeaergy

electrical |y, oule toa ctrlca atlon
chanber * 750. PEOIGLY ?‘g’éé Vges‘gﬂet gt %ﬁ@%‘%gg%?@@; )" When
fully: loadedm b tahmcxtnb\pabuom-emﬁhb&m eRdcBTREl dofifakts (v LRek sted) N Ot
|IIUistrated)‘ l'ogat ed .on contact wal | 755 of WA |ightiassenbly 759 fgbm an
electrical céfies QFGW‘WW 7§$8€Wﬁclwm SSHAE T AbRpeR e Conngrongliget 1 cal

connecti on alj #»66 RS ngQIeP:ﬁcat%Hﬂl%ﬁ ;ﬁub@slak’é}nt@mégymeso t hat

they, can be actlu\{.at ed. Pre three*electric conneon; ports are -
pr ovi ded “f or sepplind eV éfianps T!érqgéha‘iﬂ'@y wnb@cpvmcbrmﬁbnyblque icalasserni ~'y -

759 has two ser .f p%\](é« 3%?%‘3"7‘15‘% %1% ;&iggg, slgggga hg&ebi\&%ggn%@%gg&anber

700cdn bé i-nsert

4ontirgol 1 edby stdgm mmmmmmvmmmﬁssjmmmm _ rfediptivarcharobdrer

using -a.’ s$wit 7 ai o d ted a ssar ntt ol | er

durrlfng ‘t he’ p&Q’P %@%@dt ﬁ@?%’t‘ﬁl}l ?glég@f'% %@1@&%2 F%Féy%g&}%%ﬁ Vi ded

in. the:fop Ofped stfrfed\@aterhiR o bR biing Sdvith, UPhoLane YV ok acivatehanber

750.: Vent: hol'e 7{13 connects to vent d ct 760 |cg Iea S. out olfag t het back
up,in

of tovver systdéﬁﬁﬂze@éﬂswmé’ét HFEREP é‘H“‘Eﬁyﬂ’ t
' S '-fOOlZ#i Vent hole 757 is provided in the top of housing 756 near bagk wall 784 of

: * S .photoacuvmon chamber "1%0. “Vent hole 787 connects to veat duct 760 whtch lends out of
i { i . : .t.he back of tower system 2000. When heat generated by UVA Iamps 758 bmlds up in
ERFR phétoacﬁvaﬂon chiamber 750 during a tregtment therzpy, this hest escapes photoacnvanon N

: ;_chamber 780 via vent hole 757 md vert duct 760, The heat exis tower system 2000 through
. ) tow housmo hole 761 Jocated in the rear of tower systemn 2000 awav from the patxent and
o jt‘heoperator . A {

; : [00 6] Photoactivation chamber 750 further compnses tract 762 for recavmg -

Lowe irradmtton chamber 700 and holding irradiation in an upright pasmon between UVA lamps _
758 tTIaCt 762 i3 at ot near the bottom of photoactivation chamber 750 Preferably, a leak

-1 R e e

700 durmg, before or aﬂBr operation. Leak detector circuit 762 has two electrodee pattemed
ina U shape located on an adhesive backed flex circuit. The elecn'odes are demgned to a]low
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a—

phdt oactivati on chanber 750 during a treatnent therapy, this heat escapes
phot oaeti vati on chg[nber 750 via vent hole 757 and vent duct 760. The heat
exits tower sy3tem 2000 through tower} housing hole 761. |ocated, in the
rear of tower system 2000, away fromthe patient and the operator. [00161
Phot oact i vfiriapplicitimnindra shea cirawit teetestdongisdoptisuities cOng 6l dfmach electrodengpes to

irradi ati on ¢chanber, 700. a ol ding i,rradiation  in an upright position

bet ween UVAR Fréﬁﬁét"'dﬁgﬁ‘.“t’f‘&'gléghe?%‘&eﬁ cnd of eggh %%OdF %tl%épﬁéﬁﬂgﬁtagﬁwwhm i on
chanber 750.:: i i J i :d gact
762 to det it aale 3yt BenEaiio AELAIGPborinhitlol nE s SRt (Y ERRn Rk

af t er oper #id Qectrddeskredshbred troneianocthiet. Tielintegmtédrronitahér dedess hatshemned i n

a U shape | ocated on an adhesive backed flex circuit, The el ectrodes are
desi gned t &lesingihe switch Gauses g situafionsquiyalent torbs eleelydesgetting web €ire.fapleak). IN

di sconti nuit} e - r t A Ahegh at it.cuit
Wi e the. of EResiilesrRe dine GG FL 8RY B8 FolRRy el Pl Al S8 SR rBR .
sol i d- st at endvitiophthatahe blectusdd atendt Aeskgddo ITHOREY dadiveypedbrihfibeth 8id Ades. By
closing the switch the electrodes are shorted to one another. The

i nt egr at ed sp$temustart-upenpereadiestly duniag sponal operatiens fensatedhatipakedetectiop egcuait

i i i.val I . 1 [ leak). IN If
The ol et r dB0dt HPBteRDREn: Feartraast offut iR e Sha B R gp Thi o
i s a positiygotitdadivemiadRntiRathelap s@kRE beOARS tHRIeak Rlte FRARALEt is[dinSagb@SAncan

be perforned each tine at systemstart-up or periodically during nornal
operati on tebeotmsisehentadic off éeak ddercec cironit 192 is pravidedop RIS, ¥dr ki ng properly.
Leak detection circuit 762 hel ps ensure that |eaks do not go unnoticed

duri ng an enti rg%t ?;er%% s§§si€n because the | eak detection circuit is
damaged. An el ect CRRIMECHENRY ¢ of | eak detector circuit 762 is provi ded
in FIG 20. B. Centrifuge Chanber [001271 FIG 19 illustrates centrifuge
chanber 21d901%]cr os sFIggéPiIB‘#ﬁths sertpdugeshamher 21 ip sypss segponeavitipthe dousing

N “Rotat i onal : " . o SIS
s 2 RUEIB TSR P BubM BEAESo AT B bereBe Rl Sl ' "
2101.  Rot gjtjip; 1-6ﬁ%g£2-&%alsPﬁalte@lﬁaslo%yﬁsnp@ditﬁmawiﬁﬁheéntﬁ e%llélﬂnéﬁer%l\dl.

hol ding plate 919 for  rotatably securing centrifuge bow 1
Housi ng 21Rotefionsédevirs dbinchdabe rotatirgzibracket B @ ped aboy! heldmgarlata Slriforum or

some ot her || wei ght . sturdy .netal.. t.ernati.vel ot-her ..rotational .
Syst o Nomyw%% aﬁwmmﬁe@“@3@%@#-2&%&8& :}gﬁ 9%%@@;:5% fHoniss
at en . 1 d MemeESrRoRR hIgB e : &gl A A In
its enti ret]};r.e [0%1281e Lgak cIi]et ec?i on é]?(errcl%?t eg 66 ti syprotvi ded Oflt &E%II

2108 of housiatignalisystems meaibedesed gt thamtoayer syatem 2008 spch asrtbatidgseribed indt®ct any

| eaks withipn . c ri,f ow-10 or t ._connecti.ng .tubes.during. processing.
Leak det ect THFRAYG B 2o8hich’s St RBamt oI Ry iice WP LAISES:
[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 bow! 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is
provided in FIG. 21.

C. Fluid Flow Control Deck

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

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or
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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 I on. f o] I\

purmpi ng. scPHE ey fifsahel S0, (PR, B ke dp BBl PIRe 1P e bR,
1000. Pr ef ggabllmislgfkorlolRé dusebde me@par@bterigll ate 1202 that is secured to
base portion 2200 of tower sKstem 2000 via screws or 42 other securing

nmeans, sucl®013@, for Degkdg@hasgiaveperisaliicpumgs, whelgbicodmummpel 3o reteapum® nade
of steel, um nu or ot her,.durabl e al_or tenial. 0130 1200
s T1ve HU el Rt (303 o S BB 1308 <R o pinb R Brp Sy 5
recircul at (ﬁﬁl%rn,r 1a81202 0 RAHpA NBORYFOS 43 @k Gn'iste 120D aRt Whay np
1305 ext e% i&}lg hréﬁ%ﬁpgl ate 1201:21'1fp Punps 1301- 1%%ﬂarneﬁa$r anged on BI&gte
1202 so t hedssetteck 00cadezsed ontpideok i 300 padperaen, pudediop ibes 1 B30- bl exténdn,

punp | oop tubes 1120-1124 e d around punps 1301-1305 (FIG 25).
[001311 Al PV%@BBIa@WpSaé?S%W%{I%Zggnd HCT sensor assenbly 1205 are

rovi ded te 1 |
P06 Tor ¢ BRIBIFLE { ARELUBE OHRMSaRaIa04 SRERTH, onsdf echifhy Y PO fre phOAAED

assenbly 13f)4iats €202 Airdmibblecersoe agygmbly 120drhiat dired wareched 1206 foi #426ivigaibasl 19
for differences in density that would indicate the i)resence of air 1n the

liquid fl ullétdAdPeeand 1 IASETGE ) nAidubbls sgasor pessEI 1204 useppliragonic energytar e
nmoni t ored because,th l4+ARS | er ' ssenbly
1204 s ofrR 6Tt B8R 1 o BB acrhl U AL BRI WD T
anal ysi s. {pf'eséﬂibeadﬂaixbhhhbé Hquid fluititeeielly pissingshat@muphntlubbd Br14ni i b6, shat
down operation and prohibit fluid flowinto the patient by occludin% t ubes
1114, ' 1106 113 aremmonitespd ResAupgthetsmhiies £8ite Hepatignl SHE bubhlgsensoygssergbly 1284 ded
position, ther conpfr | i tte
1700 as. i SBEEBRrSBB AN hE RER o b Sl PO 00 RS 53 T BB
sensor asseRRkied, thé@9stBmscontreNatwilldBt ddwn seaion @ prcHibk ANRPNEWtintb kRS Of
tube 1116. HCT sensor assenbly 1205 nonitors tube 1116 for the presence of
red bl ood etitrs byyocgbiding mbepHddot! i end t109dnsmeVinECIMpEssion agwstondl340: 205

is al | d. d ' ntroller.
Uon Hor2aaadid a SRS, B SRR g 1R 3114, 1008, SEHTTERRN e |
tube 1116, 110@ 28 HREtEEeE APdVeInde sMhttihg Hawe thdwppadiTabiinih EHAI! defBor ABHRLIAS

stoppi ng the appropriate punp or_ activating one of conpression actuators
1243- 1247, 1205 snepengh 1307 for tsreivinedigh compenent 1825 pHtybg 211G TIEOPIAl SO has

five compr easssseimqbr]yq(ibéI %;[o%t%rsll%ég’ 1 111?64f%r %%dprgs%geeof 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 controiler 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 pdbiouighthexeriresppadiBg apgsiyesstl1di or hEST and pompsess dhg ppritpisof foxible tubing

ot bat o s hags et S s fibe dfeblphding PTex e RBL st 1Y ARG R o
and when cassehifenid A loWerddRER™n WHnSreRis atRRbra$240-1281 doid Exiend MhiGu s,

conpressi on actuators 1240-1247 will extend 43 through the correspondi ng
aper t ur es aptRidresri137%5nd 4487 ewhthnede cathpreprothe iflokibésf tupingxi bl e tubing that is
aligned with that aperture,.there | nchi the. fl exi ble tube.shut,.sp that
fluPa can WBE3nase” ChimbcssionanboR B2 re oine EetelsEscl PRind ol <
1240- 1247 (o c G¥ bR ABred PRSLLY bERss kA Fa@Bd A, i
conpr ess tﬁ%lt e1>s<?%< e t&%megg [Qrgo?ggg}gﬁégﬁpsr%%si%n actﬁgtegfﬁggf%@gﬁ?g%#%re
spring retIxntadisizptidentlyventroltbdfaadcén bposietlirdowersd tralependent of drfecanotheer ed
position unless activated. Conpression actuators 1243- 1247 are

i ndependentpyipessicRFcuatpra et b bid 2 thpieghand) 86%?‘&364 togethen dehsuchs Whek
anot her. Conpressi - ] ﬂgﬁ | ed

t oget her. %engow,%és\?\ﬁe%&ﬁ%{ﬁlte%@ﬁ%zr%gg%lﬂog%?eggﬁga{ggdr’cﬂ&%ﬁ%?1 Cij;’Mslﬁ F%ﬁdéf ed or

rai sed, thg.teithRr 2400120 8156 iowWerediatrbiséDice ofdirdly.l Adaitnelly compresned in
rai sed accordi ngl Addi tionally, conpression actuators 1240-1242 are

spring | oagkdaters 1%124'4&12(4&@? spreyededded 5o dhat their Jedaulbpaspins is & meEe futhssaised

Conpr ess oRoEoT B T Y ST AERC o P iR Al e s Gh AR R e
position, @g4d-ysiNill tixematidal mdvkds thenked padiflon/tRIENbEST ] Ui 65 afd o

entering or leaving the patient. 100134] Referring now to FIGS. 23 and 24,
deck 1200 19 wet pienentingdinidy Somentesiogor aving thopdiengy| i nder assenbly 1211,

ifold i . 15, bl.e, 1216, and
(i ng. bel 106198bnoty Rk &R EHGS, 27 i 2 408, R Rl e BB iemDy amred
i nt egrat ed csﬁtmwrtum,aetyli}qaercaemy Y2 PR wRinedid &séﬂmims,sﬁ\iﬁé% BANIP DB (R

the systemto performall of the functions, interactions, ci sions, and

reacti on dinstosebl: BJéyend amihgrheltassanbly 1 81°pebyssermeantpvibar d gh@ issspropether apy
according to the priesent . inventi.on. l.inder .a ly 1211 coupl es each of
conpressi o Rrogremted .r‘gteg'?zf‘él- crsyy thag lsaoﬁ@&%ﬁ?qp&eét%ﬁgg%ﬁs ’?ar}/lf?mB‘g'?FInis ﬂéﬁ% ‘are
provi ded oRyiha (¥ 3EHBHS aB b RMufictivhs d8kkaclidhy) da6isidagand 2EttibA diseRRBEhowd I
lines to the devices and the agéor opriate one of manifolds 1213. As such, air

can be pr anideckssarythperfervi ¢ photaghenesteiberapy aceprdivgdathe nrpsenhivyessar. y
conponent, ch as ¢ ression val yves 1240-1247. I t functions and
Crm g ar e ClenrseBbR 2T Ebdles Bhar stamsast fenplors fR 0l T s Beumgic 17
i's used to LA DAt foktd B2 120k EbtoHle@lontBE MidH8 elements of deck 1200 as necessary to

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

be provided to the devices as necessary to actuate the necessary component, such as
compression valves 1240-1247. Ali of these functions and timing are controlled by system
controller 1210. Timing belt assembly 1217 is used to coordinate the rotation of rotating
clamps 1203. Finally, plate 1202 includes a plurality of holes 1215, 1219, 1220, 1221, and
1218 so that the various components of deck 1200 can be properly loaded into and so that
deck 1200 can be secured to tower system 2000. Specifically, pumps 1301-1305 fit into
holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly
1204 fits into hole 1219, compression actuators 1240-1247 extend through holes 1218, and
bolts extend through holes 1221 to secure deck 1200 to tower assembly 2000.
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R

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 intoChskie CRADingMeclemidnl e det ect or assenbly 1204 fits
into hole 1219, conpression actuators 1240-1247 extend through holes 1218,
and  bol tsng&;;d t hrrayginBab®So ¥239. 220.RIEBUR HaRKd B2 MRichRabeuen1gpaenbl y
2000. 44 1. ssette. O anmpi ng Mechani sm [00135] Referring now to FIGS. 22
and 25, thpaded hatlsdepradhiocleck devillenoiv BOdisenssddo dd edddeader syetenr 200tto pedokn

1200 wi | | be_di s, d. | f t 0Q0,t f
phot opher caPRowRBFER s stoetei gl iR bE KRy e ot T Persere af200.

Because of ,; t ' : ' t ' E i.n the

pr esent in(tlhee n{bﬁdﬁgﬁéﬁﬁﬁﬁﬁp@?@]@%{(ﬁﬁg{tcggjgg%é%?letﬁ%%% é%ggg’ﬁﬁf secured
to deck 12@@paadvaoiat siusétte H00e peoperlydeairetipaitchh200 estmmtahit arbeecteat or s
1240- 1247 occlude portions of the flexible tubin% by _conPressin t he
f1exibl e t dislodged gehensompsiasion petyatops 124044 oscludeportionget the flekbiftpbing tni s
requi renent conpet ' . e I i | .1100
onto deok E20Beang ENbEPIeITAE RN 8RR AT 0be ARG TN OER, 09, ERTREL Bid
achi eved byedlienhet evmpeasswithast GRFeEdAs ofdaserin lBQdiHE@kb@Et'téSm{)O[&l@d-a&]k 1200
order to facilitate clanping of cassette 1100 to deck 1200, deck 1200 is
provi ded wian redusingenender apys AH®f these goalaticrghiey edhby thedeBvadescibaBeassette
Catches 1208 have a,sl.ot 1228 near the mddle of the top plate. Catches
1208 are s&CAPRBEMFPEEME: 1202 at  predetermi ned positions so that the
spacing betpgeipit hem InSor8ars tamith@!diamiing of ed¥BetRSI 10080 dedarA00YdRRI100ks t abs
1102 and 1103 on cassette 1100 (FIG . Rotating clanps 1203 and 1223 are
i | | ustrat ecprovided wiithswe cptsbes 1208 anfidwe veteting demps A0k andhii? 31 Abtchen d24PR3ecan

be rotated to open, posi,td 0 ot illustrat manual | y . or h the
aut ot i ¢ a?cftHQIta]taﬁg cg¥ mlﬂhlggﬁg}%%p B!ﬂtff' n@%tf:}.’esagbgﬂens_é’m&rféﬁ?)gla%li d 1223
are spring |.oadethiRyd bEiGR s8 Midt RSspading BEtwieen HénPIERUb Ak A1y tRE ke 4Ot he

cl osed posi‘tion when additional torque s not being applied.” Rotating

cl anps 1203%pacidg b2G&eartabs| 110 eud 1 tifeerhesssdite HOR(REG.08] Rotatiwgrebinpsii203 apd| G
24) . [00137].Referrjng.,r | G.. 23,..tining belt 1 i

i ng. bel +122 a8 S loPrlpaist: ivesb ot g BERS AN ad€ Lat e
Tim ng bel tro?a‘iéﬂébirﬁ’op%iﬁ%)?)sitiﬁﬁ)?ﬁcﬁiil'l\i%'hﬁfed} haniQlyadritRrbugh (HeOluddrhanadcnehidfR? a

1203 and 1223 so that one is rotated, the other also rotates in the sane
directi on amtutratic sghmedeanBotating clampsHaN3 and 4223 aretspungivatiedbaimgue p2dgs smd

1223 are coupled. Tensjon assenbly 1217 .ensures t timng.belt 1226 j.s
indor - suf TFUPGHIORBEIBRFHED 1R RSO SR pRUTPBAIAPToghs nosihg PabE or
1223 that ig§,f8hP8lamps 1203 and 1223 are linked together by timing belt assembly 1217 (FIG. 24).

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

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

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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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 (TFhé&rea?pf theecaswitied A0l (ivei. the sidet apipesiteltho 8ibs Ca8% and E108) oontasgs noved so

clanps 1205 asAL DR 200 4 BRI ISR BTl e ﬁagiﬁé’%ﬁe wadradibea, o
th t t t
r ote af ?gﬁgl hglféxjcg(i)s éﬂfdgedangﬁl i‘% Eggggﬁtggg ﬁ??blg’?agr? 110 arlgﬂg“é’ﬁ?% ﬁ% rﬂ{a 28 ;Sn

catches 1 1Qﬁated As tHewpea positiapdlloadngitenvarod cassetteakld8tto encive @ownmatdtoi onal
clanps 1103 and 1123 will be rotated to the_open pasition, allow ng the

rear of c?sgstm@bi@weﬁigﬁsrﬂ@% of srtAvRa clempa 1205 #1d 1234 &wsﬁﬁqse%blsﬂﬂl@mﬂm
he rotati BREROR fadi e bl 130850 FARTRERE RO R s B e, 1,

the torqueygRés séﬁﬂd réQtc Rk Bt ddded beslﬁdnps@ﬁhrtgo@lsiem@ 1 00 dEKabD WashGit e

1100 in pl ace. en in the |ocked position, cassette 1100 can resist upward
and Iateralthef hmkaisposﬁt@mg@qsetr@llrtwrmuee&;sis@mdeatmm@raéfmreﬁ;s t he t herapy

session is co ete, rotational 1203.and 1223 are r

open posi til Bwr@ht her t%mqwefaﬁeﬂﬁhmqr § hgrapy ReRSisnds F@nﬁlg af‘%ﬁtﬁmial
facilitate t [ em
controll er%l%% gc%d?gtb g%ﬁt&ﬁoa%g 1 Ogﬁgﬁd&%%%g{ag&log%?ﬁgﬁ gé%iir?

posi tion, casseltierrotatiGiOisifsciliamivigdarbair sylnﬂblethhh it towpjeditocansdir Hmengldtsgzb&nﬂloz

and 1103 out of catches 1208. 2. Self eristaltic Punps [00140]
Ref erring teoniplisr 1240. Dnceaetatipnal cmtﬁﬁg 15?@56%%“1&089? BRI caweite 1200

and af e used g3 fbhaieaithdlsicliH £l Ol ORGCT AR ﬁdﬁ]ha%ﬁp&éagdhﬁs 13d.2! ong

desired pathways ation atron, timn

coordi nation, and all other functions of peristaltic punps 1301-1305 are
controlled by syst em 2orfteifol dadding] PérBtaliRePumpal ti ¢ punps 1301- 1305 are

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

1301-1305 1200r:cliffd RUAG, bh td S 13080088
1301- 1305 tﬁ&?]espectﬁg{egﬁ%l?,cfﬁé}f uﬁ%&fldgg @%&1 rlvteanggndﬁg@{élﬁg%n% 1200

pat hway. Thirsl drs ub@i:tauh'ieretfhledsqdhmghwhmopherpas k}i 1800 (FHGo lpplong d480kd p@06vays.

di ctates which pu 1220-1224 w 1|  be Ioa ed t 00141] .Referring
now to. I s aARoD SR RAHARER O B8 s DTPaen; T Al s ons e parstalig o
structure Iaﬁgn{,ﬁmw L2505 Ge eantmfeh% t&ys&eﬁ dauffanwﬂzhob%ﬁﬁﬁml ﬁ%%wé Ooare

under st and at peristaltic purrps 1302-1305 are identi cal
punp 1301 hﬁﬁnncmbimsmibﬁilr@ Hossiver, the Hacesent 4Bdath ppmialmummpcm&lnm% oh3ik2k
neumati c actuator 1313, rotor 14 (best ill n FIG 30),. and. .
ﬁou5| ng 13 15200 dictates the funct?on of eacl?{ perlstaltlc pump 1%%% 1%? w1th respect to w?-dch ?lugd 18
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 identical. Whole blood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

[00142] Rotor 1314 is rotatably mounted within housing 1315 and is in operable
connection with drive shaft 1316 of motor 1310. Specificaily, 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 13#hichauaRaoep h3l 12Li(EIG Befiwoeenrodded fd3dhdnping Positie sensad 131634.7.

This space 1318 is the tubeh?urrpi ng regi on of whole blood punp 1301 into 46
whi ch punpcdupld todisiveshaft 13H of matey 131¢ sp taptdhe ratalinngl pesttignefypiey 13bbsan bon

1316 i | ed. t o dri t. : : hat .t
"ot ati onal pBLref Y ek S B, PO PRASTL A AR B (ot e G
shaft 1316t-rarf’sﬁ§t'stda@mtos§@&ﬁf coh®rbller ISZIOIQBI@.QM?/. BORAAGEAE tiag datal §RRENEEroef 2
to systemcontroller 1210 (FIG 24). By analyzing this data, sSystem

cont r ol | er 121 dichuisiadde dosipkedso motard3a8, can apitaty mesrd31¢ tmplaee tojent 131dvn or
1310 to pl ace rotgr 1?14 in.fany desired rotational position. 1001431
Housi ng 133% 455 rofafiompl POSIARsi ng 1 ange 1319. Housing flange 1319 is
used to SefiHgs ol e thhRRG mmsﬁa&udeea%a&iﬁ%haﬂ Pi19de8dus El§19 &2) -
More specifically, a bolt is extended through bolt holes 1320 of" housi ng
f1 ange 1318sddaotsbaraditioje blendagep A3l &® plate ARO2 pf deck 1200 2FIGIA23. Mpré | ange

1319 al so i ncludes a  hole (not  sho o .al eumati.c actuator. 1313 to
ext end t hepRacHI@UYna bqiﬁpsse)q%g]dgdit ox‘éﬁ%lgét %@%@ﬁ%@w flang 13&9(5‘?371@53 can
nove bet ween L ai - e ' : Lder hSt ance.
Proumati o SpisPSEIIRPIG AL AGHS e ¥l AL L Res dOANS oloRBh 3 201
1312 i n aapbwiphBumblieactamoel313ho enghd thveetusaglofl Thistholdlseizetiso that phéurskaic

1312 conprises air inlet hole 1321 for connecting _an air supply line. Wen
air is suppgpieer d31hruumars beteigen agrised and lowersd position withevt romsidemhlcends

upward thr usgy : . . LAl ' Al L C to
be. suppl 1 cdTE Re L PP at  SREnG N3 0atinaRlund DRIy prlBRC LIRS

i Nt o pneungs h pisedt-iike gland&tBrougke thenne 0 ait. OPhdiendtiRvstiaderd3d R icopris&yt @et
controller 1210 (FIG 22) controls_ the supply of air to air inlet hole
1321. [ 001Aale 1324 ercomuertingaaipsuppbiing gWhen Bir ionipalied torpisusiage sylisier (only
one vi si bl Slots,.1322 are |ocate tanti gl I ng.si,des..of
curved wal ﬁ)aléﬁeugagg ggtﬁt%g’&?%&%ﬁ’?%\rﬁ)@é%}é?’é}&g?‘ﬁ?ﬁn éi’;?p rrtrs{)) a}%bsﬁdpﬁﬁgoﬁ'lﬂ
(FIG 33) twhapss cédsbotd bmpplieidionthen@ticoy1ibddtl 312MphcnsddRGctuated rkiYactPBHER
inlet portion 1150 and outl et Joortlons 1151 (FIG 33) of punp loop tube

13

1121 pass tihtogumghmalieeylindep 33121 pgumsie tpihhiomgretanesitionr| Sostengeoniradles1214 ot or

1314 is ill r-ate ﬁm | so that its conponents are
nore cl ear I(yﬁé'i sbﬁg%t?&ﬁgféﬁﬁg’l# as aia}qtf%%oﬂ%ﬁﬁ%ge 1323, angl ed gui de 1324,
rotor flangeofddd5, twOwgsedsaaliriglyef ko 1315Wonthinisevorsidts @852 {ohdy one WBiBle).

rotor floor 1328. CGuide rollers 1326 and drive raollers 1327 are rotatably
secur ed abdilets 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.

100145] Turning now to FIGS. 30 and 31, rotor 1314 is illustrated as removed from
housing 1315 so that its components are more clearly visible. Rotor 1314 has a top surface
1323, angled guide 1324, rotor flange 1325, two guide rollers 1326, two drive rollers 1327,
and rotor floor 1328. Guide rollers 1326 and drive rollers 1327 are rotatably secured about
cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325. As is
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. Qi de
rollers 1326 and drive rollers 1327 fit around cores 1330 and can rotate
t her eaboutproRded. eMabt preferallygeridrerollors 1326 an@daveralersdd2d e/ provisied @ngotps2 7

are 47 prqvi ded. re preferabl uide rollers 1326 and drive rollers 1327
are prpvid§a4éﬂa?B%%#”1%§§&n¥%n5§h?%nbe in an alternating pattern. [00146]
Referri ng_[b@ld‘s}] GS. 2RcpRshgb FIEK! YRad Pl 1, AFiSe Io1Rfs B2 26 BMIvERA th QomPRRE B%S
the portion of punp | oop tube 1121 that is |oaded into tube punping region

1318 agai mttisthef pump labp tobe tlXIvhat isddated Buytuss pnowping region 1338 agaisstahout
axis A-A, thereby deform the t and forcin luids to,flow through the
tube. Charigsifigof farve w_giﬂlﬁﬂ&as %%fg@qéfm‘iageﬁ&g"%ﬂ% {&ﬁﬂ‘ CTERY ?%JQB@HE%H“@E
change t e, fi3hfify aldddis'nbhankchBn Bdlhd, g%h%ngkgg thErhSGorTaPsieRh B1 Ik a1 Sl

provi ded t6 Keep e portion of “punp 1121 that Iis | oaded 1 nto tube
punpi ng r egirRBpontddy chaperthyrad offhad fidwr thrugsghuhgpiubg. GAdktrbllemdBLg aregui de
rollers 1326 help to properly |oad pu tube | oop 1121 .into tube punping
regi on 131sovided tekean be ppoional gumpieomiube 1121 that 1sdpaded AatoRake MENRING K m

_ - , - - . H b
apor ed- sol 48 mgpelyaRirEd ubEphiphg, ARt MfulfolbRY AR 'Rpdhe  0°
the top pjoali BumpSithd Foob121 @itb dﬂ)eryﬁlﬂpzﬁn%l\ggidﬂ 13180 WK BEEE totlers 1326 are

cross-sectional profile. The tapered enbodi ment hel ps ensure proper | oading
of the tubillgtritad os hindng abaifpuppiosy secaignohis prefooed Mat fasttop plasiaf the guider

i ncludes cayjty, 1328 extendi throwgh its center. .Cayit 1328 i s .designed
o connect FTRRe FgEa o0 auft i< Rt bk besritat L puckSiticno T AR rRabE R ng
now to Fl 32quidedioPer WithA§OnRMnAReNE1d8s-de2tidnal @pfileNTh i s

defi ned b?ﬁ}gteﬁgglgfkﬁg ggclllée 133121 z;nd antrai | ing edge 13%%. The te?nﬁla’?%%gadi ng

and trail embodinentibelgs exmempropenlpading of heitulyng otte theltgheipimpmgacgibockwi se
direction s t forvward i,rection ile.ro jng rotor 1314 in a :
count er cl o_twgﬁ di rﬁ’t‘?rolr?qf‘ﬁ’ﬁ}ﬁeé ‘?%ﬁ&%ﬁ&%f%c?ﬁgﬂﬁmg %@é‘s,cef'ﬁé Cavity

I nvention '1§2§f3§tde§1%nédfHéo%ﬂcéﬁgtoi;%ﬁ‘lm_d?%'sﬁhﬁ‘i.}f@éfﬁ@tb?tlgi@.' ockwi se punps.

Leadi ng edge 1334 i's bevel ed downward into opening 1333. Trailing edge 1335
ext ends upd48)] f r omRefaringmowite FAGE. HF andoirotht Hamge 128 peing A333.t Openinge

| eadi ng ed 334.. Leadi .ed i royide.for trailld edge for. capturing
and f eedi nggfyﬁ}ﬁfleﬁ%‘ggyﬁggadﬂgz%eer}?agf‘ﬁ%égaﬂﬂ?ﬁpﬁdﬁﬁﬁgg?@he T%T%{eﬁﬂ%’ﬁ a%t or
1314 being yaf teduidd dshanfn@rmanstathg Riél 14 ih ARLAGLKWIeS Birectidhds MeIBr g
angl ed guide 1324 extending upward, at an inverted angle, fromrotor flange
1325. Angl ditectiindehilStating motasuB i ih 4 countiérsloklawisn dirpetinn is dagoreviaed diré@ion.
toward rotqr flange 1325. upon 14 bei,n forward

di rect i on. HOS¥¥ERBHImyent Fé‘a{ %’Eﬁ%ﬁ@%"%&’sﬂq@{’@bg@ g% Clrofqatﬁgﬁ‘i%k@ﬁsq g

al ong top ucLhREeddS?P4d 8beveled 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 elevated ridge 1336 running along top surface 1323 for
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.
j00150] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using
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manual engagenent by an operator if necessary. Mire 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 tube. 1121 | f i: ' ' :
position §§ﬁ§5¥”¥%¥¥ﬁ5?%5§g¥3§§i%’PgﬂgﬁPE@Q%%@%pégﬁ%gg?%g%gggu |g%1% g?%“
angl ed gui glg. 334t 100 whac@s&ae 3200 R 184RQ ontredeck 4268 (FIG. 230 0Miose $peaidrgllpnt o
deck 1200 (FIG 25). More specifically, rotor 1314 is preset in a position
so that anmtad3jdisipresdin ajposition ae that pralegide K24 is fepataddietwaensolehpertiont | et

portion 11 of .pu | o , en cas e.1100 i ured to, t eck,

as is illu fﬁﬂa‘"t”gd)“irﬁr%t ?‘?’%BnJl@.%l#@ﬂn%E’?Bé?%%wﬁﬁﬁaﬁsg&es curdd® Ed.dt(?g'ﬁe %2%0
punp | op tybe jhirhtedaiFRGAS3. OWREn 3t PLIDs EQuRId th3bdk 11E BiRbi16p AbeUaLOr
1313 is in the lowered position at this tine. 1001511 Once cassette 1100 is
properly secaedschvanend mousy siteml 314. Poaeipatio astuntoridla i$ & the tnvearedipositiorhat

cl ockwi se direction (i.e., the forward direction). As rotor 1314 rotates,
punp tubeﬂll%%eilZl is contacted by angl ed guide 1324 and di spl aces agai nst
the top su of 1 I : i f ] 121
that are dwsoé(lgg]ced agcgfcgg?ésrkg?g@%? %gbﬁggp‘%@gé&aé@q?ﬁg#t%%5%?%20 y@'fglr“la}jsl i ng
edge 1325 anshel edthdaiovkarist dindctot (iks, thelfipivagl direetionn ASibEortldnduglatesprimmg
1333. A guide roller 1326 is %r ovided directly after openin 1333 to
further propwsripgp bbal isicentagted by apelsd swiderP 4 aadbdisplanss agginshiafen surfee glinpi ng

by drive rollers : I t §10, . |. rtion
1151 of puf°l ﬁ?}bge]ﬁéée Tﬁ%@“&’%@??ﬁ‘?h@% t‘slpgﬁsill@iégrgglsgu&g%gé%’g‘ gk
One and a Hmhfe 132604 theanonaicted byarlit édrefl1825 und faididWisvdrd Bito Subel AHRE To
automati cal | y unl oad punp tube | oop 1121 from whol e bl ood punp 1301 after

t he t her apyegien t3Hptheough apsning 13334 A gnidotolieetP26gs areyidadidirnstlyaBercopsping ng
1333 is al.i d.with the.slot..1322 t.hrough-which outle rtion 1151
passes. onddSaF st propfuldidy B8 ribibg HhinIbe BuRinerbeBer o Pusbiieon < o0
the rai sed pRIiSISH13ELWaeh ididediflet pdriibh 1950d QltlePPbitionn 1518 phifip Jodpei gt
above trailing edge 1335. Rotor 1314 is then rotated in the

count er cl odkle s 1diasethrough slatadid?hef quredd wally1 3y Onvandabalf revobmioas ereand
renove punp 00p tub 1 fromtube punping region 1318 via opening 1333.
D. Infra- Rﬁewﬁﬂﬁ%gﬁﬁaiﬁef’g%ﬂ Referring to FIG 34, tower system 2000
(FIG 17) posigably T@ﬁﬁtbﬁl@ﬁeﬂhrylmm _Pxﬁlp’\ﬂub@ldi‘)ﬁslllszffcﬁ\rﬁ Qahofe B156d pump 1301

comuni cation interface (not shown). The wireless IR interface consists of
t hree pri meafier Sledherapy Is compleien rotomtl 3 b isaptateito a posiwnpylare epsning 1 By iat ed

i it, 1381, nd | R i . t, 1382, | R i gati
IC:,]{ glrj:c ace i 1ggs$gr?}ﬂéh%ﬁé\ogﬂq}slﬁ>%lgl\{ %Jhl&locl;uﬂeg' por%on-mg] passgso. "SR & Pgn'e&),n

pneumatic actuator 1313 is activated and extended to the raised position, contacting and

lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in
the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

loop tube 1121 from tube pumping region 1318 via opening 1333.

D. Infra-Red Communication

[00153] Referring to FIG. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR”) communication interface (not shown). The wireless IR interface
consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
1381, and IRDA transceiver port 1382. The IR communication interface is capable of both
transmitting and receiving data via IR signals from a remote computer or other device having
IR capabilities. In sending data, system controller 1210 sends serial communication data to

the IRDA protocol chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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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

the data. 3B Qa6ekicalminfdthiddtone dahdhiPiahy dal hendeh@nthoRls

comuni catTon Information to the transmt string and then sends it to | RDA
t ranscei vegarnkd@rer MH8Mshransceivel BIR2 conmertsths elebtzicall tearsmitaizta intaersoiied Hglita
into encoded light pulses and transpmts themto a renpte device via a photo

transmit t epulsgsgmdsvansmys s lq3 Frpaadeyics 12 g RpolojiangBEeEr ¢ recei ved by a
A ; I ¢ . e . i
P 111 C1 i réepwlngi%@atta,rm%gs@&@ affYeBeitettisy o tito UERRRE Mctfe i P

1382 conve he optica pul se o elect a and sends t

dat a st r eafReltfankddPferohif 1882, THeitandc@Bler vhipri882 benekte che dptivial lightgpoies ts
stripped of control and additional |RDA protocol content. The renmining data
is then senattrical dateard sandpihegita Brepayto piRtace! ¢hip 138% whekertbe ghertsicplar sed

er the communi.cation tocol . i ratl . i;cation
Pnt erface 3@@6&5%@%5 gﬁ?’g@génﬁl é(gq%c?r?all In@éﬁqgt%@l%gﬁ ﬁg%@%%@ﬁ% d&ssion
can be trapsRisth@d thOsiene BBEIRE Y2 MBwhee thedu®s stidath is pareliyel the or further
transm ssion. Data can be sent via IR signals to tower system 2000 to

control theomtmmapyionpretptadw protocols to be changed in a blinded state.
rfere.with.other hospital

Addi ti | | i | d t i i ,
(ke ot har Q155 ese. EHEAOLB: an B iR hition it ie Ao oMet SYpsta 06 et
Phot opher el 5. JhSALIRIY 1o ARG8T sdsSidh 28l bEGhRitt8dtd LA Hevile frJecofdingd

flow chart illustrating an enbodi nent of the invention which includes

phot act i vathaysieforHufther teamamjssamd DHEtgcandi, seat we AR signals to éprerssystent 2000 to of
apparat us which can be enployed jn suc n enbodi nenf,. the process.starts
1300 'wi tn Sonaibemergno i ace bioRyS he EfrEet Top BB el oryS,
carrying a | toffERW ROt it AiARRH e AR ifelded WnGRTs YR N
anot her neesg%gg O?Jt?léfﬂ?ni nlg St)reat eg1 %%gol and ofher freagne%{lés}ﬁss'}é{li ne bag
55 i s connegdtReishynchannedibdreqb&®y. and anti coagul ant bag 54 is connected by

connector 1191. Actuators 1240, 1241, and 1242 are opened, anti coagul ant
punp 1304 is turned on,,and sallj ne actuator 1246 is opened so that the
entire di spBsBBYEPherEHs AFFAmEntILoesss ned 1401 with saline 55 and

anticoagul ant 54. The centrifuge 10 is turned on 1402, and ]

bl ood- ant i dothfllant nRefeuing togetpentp &dg. 2603 flow chad ildestating ag embedimeng of thiet h

[00157] whdRvenod LI By Bree PSR AL RO B inaig: 27 nSBRGuiTontrepation,

106 ot an BT By L P ean sy Ting ehhepar rrap 0gaaars o)

Packed red matiehis6Mnmnbedtéd by oxanhedeneedle adapter 1193 cgarrying aneedle, for drawingg '
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, anticoaguiant
pump 1304 is turned on, and saline actuator 1246 is opened so that the entire disposabie
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bowl 10, with the
A/C pump 1304 and WB pump 1301 controlled at a 1:10 speed ratio.
[00157] When the collected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed until red cells are detected 1406 at an HCT sensor
(not shown) in the centrifuge chamber 1201 (Fig. 19). Packed red cells and buffy coat have

at this point accumulated in the spinning centrifuge bowl and are pumped out slowly at a rate,

controlled by the processor, which maintains the red cell line at the sensor interface level.
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at this point accumulated in the spinning centrifuge bow and are punped out
slowy at a rate, <controlled by the processor, which maintains the red cell
line at the sensor interface |level. 50 [00158] The red cell punp 1305 is

rate to maioeh i ne Lo edeehBump BRI RECH Al nihses Sfihe et Mo resotisn
I I .S
U ned of f T EEdHOF b Al Rhattl (0 PR at teinkafhop £ el B Ttne Rty

sensor 112%ytle veheneis leyciedidoy, ragwhmhtpmttohe reA4411 pamg Bﬂﬁpstmtﬂmlmff a1 0HEE
sensor 1125 det ects 1411 red ceL CoII & ion Cﬁ?ﬁéis vol u is defined as

the whol e BhoBuidnadk ke dreaiment pagpQ yiadhe i Trsusey Penedpy lysrisg

cycles, for t Y,

cvel oo, and AR RNAR ARl PEA°GRGr 1310 Q0 Rk sARPRATIECLRENGE Bulle
1410 to be Wphhveserfihc@m ﬂlb@thMlb@@f;rot@ssédlﬁrm\Mwm)itﬂle nigtbecef doliREHGh
off, red cells will accunul ate and w ush out the huffy coat frominside

the bow 1Gyclpisefor egamplelaswhitebloedproress ;wgﬁ o J500 e wmquléq)épyelm apgi ¢ be

coat has bkt i veERt of FORrEa i ATE ER B 0mun gl £8DAERe eftertq fom bt
centrifuge lﬂnagleﬁ{ fol tHe BbwP aldthe Sed @Hlltﬁdi‘t?ﬂoff %&&H&vﬂl%cﬁxh@ﬁx@a&ﬁgﬂﬁﬂusﬁ%@t fnae

red cell p O5 rate is increased 13 to the inlet punp 1301 punp rate
until red cleiffsceat éodemssiedhle toraldl0. \iFieohd pdlstaneutfégpmnstngutdhe bukfy seatcandlwﬂl

cycle. If another cl.e 12 is n the S r off
1415 and i nP% e‘“ﬁ?f% l]“fﬁ)e%ﬁ P Demet oéﬂgéﬁﬂﬁ)rﬁen%nlﬂ x3 ag Lhﬂgg?é)(“fé'tc

10 m/hr i n%c; gqenbodi ment. The effluent path is directed 1416 to the

pl asma bag f the red cell punp 1305 rate is set 1417 at 75 m/mn, the
recir cuI ati (m)lﬁm]’rp 13 0B3ammtictr phae (satetedc.chlftldht}iea:npmfagaelﬁ cfﬂnentpmthlsjréﬂlﬂaeﬂor
sufficient er| od to tre

t | ated b ntroller
dependi ng o#d13 tadhe Blagma 3&51@9 %dﬂ‘ﬁg@ggg?%gﬁée 5y %@Q%f%l%wlwtm t he
bow 10 is hé
pl asma bag g@ﬂ%ﬁ%gmgggt%)f%ﬁﬂ °3%l3%‘°’eﬁ:d%t°§%tg Egltl %r\x/mm%qhegg%lon%gr%%e%&tﬁur n
punp 1302. cydie Ifeinuther pymie14120R nbsndeded) ek cdntrifid@ 20 wdveameadhef Mhﬁsm&i inkg 51
is enpty and when

toactivation is . conplete 3, t reated c Is are
ret ur ned 14pumpd3phénf§attféﬁgulﬁmdmm§304mr"§ﬁ% attﬁ%’%wﬁégﬁgf@ ingthig Gme obunp

1302. Salin ot hg 1 Sumbt he

patient, co%{gE{fl}!%gp?%glﬁlg%essﬂﬁg%%ﬁg%?% la%The ngr}t%lggga u 1l3t)§g§t el e%rom

patient, and417 ai b mdaln,tthe mtrmdmhompmmallwi" arziphotoeaetivityoraliampd atestatredsn1 204

and 1202 and the fluid back, to th& ent goes, through drip chanber and
1

filter 150014%horsutfsient pgnod tojtoesi [coggalculairg byihs contples depppditecon
1240, 1241mﬁ]fo‘}3mejaﬁélt?ype%‘§eas]:%%ﬁtgtil%ﬂe@i. and 1247, and the spinning of the

bowl 10 are"a
[00160] When the bowl 10 is empty 1419, the red cell pump 1305 is turned off 1420

and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turmed 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
meonitored 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 [001621 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 | onger
since redigagsl)s ar e ThRipigeess arenidd El#yﬂhﬂaﬁls(h@{(é dgtifiogt hdvdtagee aiver pridrhe bowl
whil e centrlfuglng, keepi ng nore huf coat in the bow until the desired
amount of frotésgescaont apparatys @rtbatdtw memtm allomi Tyt @awwbﬁ:dnéha bk Insgasincect ed

buf f |1 P | | euk h f |
bo. supar avd cels et AT RHEE el b soital HepRR mabls RGN BnEn vt n
plasma to { | ﬁcﬁgbf‘é‘ﬁuﬁ chd1n tHel e LAt Ble BERRE SMoUAES bul§tbasdellstardi@siicbRan

found that sing the tine that buffy coat 810 is subjected to
rot ati onal ﬂ@ttbomhdrawmgﬂlﬁfculwmﬁdwffmllm Blathdets, leukoeytagrand wther bifflyebaty coat

820. A"’ cleaner cut” ans th t th g cn{;l ihﬁ (V% is d creasgd

HCT% i st hEackansisen glsor RSP BB AOTCER £ osied Taet AN GtuRipg hest it The

armount of t ted to rotational nmotion in
blaiiRatd e SUtichy ac @Bt Rad gaﬁmc%%bdo%e

centri fuge e maximze following nmanner. First, whole

bl ood 800 k(g)]fﬁgp | Nt gt hag'isden fowld thinanereasidPie amecthatbuffyugat $1ns smecmd to
rotating. di scussed above, whol e blood 800 i s separated |nto buf f coat
820 and RB@tstiorgl mation ip caafidaseomldPansidsa ocdeqnsmt sf hufsy sops 8280 Aoy

channel 410 and thiys T nf | ow
of whol o brane G BEMmaGR e HORA %sd(eél”%rg%tqu ACToR Ik Byt mF‘h| | ed

Wi th a compiatdefs piseftuicr ¥ok@a ofd@fyneat. TH”eeanicQﬁht andmBBEt Huffg teaiB2@ris t he
bott om of centrlfuge bow 10. By renovi ng RBC s 810 fromcentrifuge bow 10

vi a second shigetted ttsamt@momimo@ﬁnw cendrafuee opwl l%mhﬁemmgrruz@anéhle fadloving

|nflow of whol e | ood n 820 .i. ed to
rotati onal ‘?"lﬂ“@%slp Bﬁl%g)} edﬁ%@ds f%ﬂpfg@r ggo»?ll ‘ﬁiﬁéﬁf?}@ﬁ’ﬁ%ﬁb
continues tQfghahe dls%QE@deao‘PéWvIBm}ﬁo@misﬁ@ﬁarﬁ@& inth Butfy 2B RESLO dhdBE 3
coat 820 get purfled to the bottom of centrifu uge bow 10 and away from third

bow chan neﬂlomﬁx muﬂesrmﬁwyrdé}o@tpp $ower plate 300.wheaond biowd clannke! 4Hbandethird bowi s

d, th t 820 CT% |
Cheni 1 ow hameel g0 P Biatintso The Fes b e RaUSHEouls Spnumen SPBL e 5h0°
and RBC s %%garaﬁloﬁ arhe 203t alI6@WithheconfcdiRm dribate P/Béb@ﬂsifﬂ @apuﬁ:pr &%RB&@

wi th an approxi rrate y constant HCT% [001641 The elim nation of batch
processi ng aimdlehhmelhwpm/@&eyirﬁ"umb@drﬁﬂe\&)dreb}owwm $thr0mrmamfugmbovbﬂav e

vorace i sMivigacond beo thumel 110 Py eadifinabidbeat GReRRou b iy SbvheR st
be capt ur ed,j,n; 66 Q?Jmtecem etbu?f,y foghd smgk@@@&e@ﬁi @tz&foﬁ@tﬁ% forl dh hGRkqt O

collect this amount of hut coat/white bl oo | s, the present 1nvention
needs to prggReDlainoundls detﬁnfulge bow! b0 coivlues taaiotrdel . sofficef tpRBCA8 Hhihatmapf

hufty coat /l\)/\g]‘tlr;p%eg llI(I) gl(lj f)(/: gcl)zllt%ZB agr(-]:t ;g)lﬁle[iei\gnhveebottom g% cen?ni%gc bow! 10 and away from

third bow] channel 74¢ and buffy coat 820. Thus, when third bowl channel 740 is opened,

the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT%.

{00164] The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
an average sized adult, 90-100 milliliters of buffy coat/white blood cells must be captured in
order to conduct a full photopheresis treatment. In order to collect this amount of buffy
coat/white blood cells, the present invention needs to process around 1.5 liters of whole
blood. The required amount of buffy coat/white blood cells can be removed from the 1.5
liters of whole blood in about 30-45 minutes using the present invention, collecting around
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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 huffy coat/white blood cells have an HCT of 2% or less. In

conpar i sorg0%pemexé ef thegomppaourt ws thetthiéfylgoarwhinshloedikells thateamshbjerted odhes to

oot/ ahi 1 sepation pecess T anRREuhee Sl e plack Bl AR T GEET P enlesst db ol
amount of éol?ﬁpzmé,&fl yor%ﬁég{tis/tfg?iagﬁ : 0afe ERIAR X Tih Blke@irBuid! 90 AERLs fo%rb%él%s 1.5

separati on" process. H € buffy coat/white blood cells ‘collected
by the UVARex$Is wisolabinoddo obtain the tsufficiest amouralof pufip coat/wiBtoblémbtdisr Taxi sti ng

apparatus, the Cobe Spectran" by Ganbro, nust process 10 liters, of ol e

bl ood in oU¥AR KIS enyicebects prouid, 9ot él"r?tto‘é‘iﬁﬂﬂ?m@ﬁ&}?‘\‘(%@ EH MR Plaodsels d

cells. Thi icall S \ i | - A5% of

the total DRbiRcoReecs B RhalarphpRe, Th UG oL FPbLE oA od B

t he separ atijpRtdartacHs VAR TS W fgur) bhiGht sibsaidally Bdlow s ,Aﬂdthé?&iisﬁﬁ%n
rom

di scovered that while existing apparatus and systens require anywhere
152 to 225appuratus,dke Cobe Spentut e by Sragthsa.gnust peagess e pholeblopdin erdei i t e

Dor1 o m 1 hESHeeh iR F paq it pLELI dhef 9Bl plol B AL oD R 4f g, 50
i ncl ude t hﬁiﬁg& eRNeRIRRAMIALDQABYNG1 (RE W8 abiciBt of tHebiffiesatiidieaRbsd QllsYhdthe

total time that the patient is connected to the system 53 Clains Wat is

cl ai med i sarelsubjectedithdle sefparatioh pudciessg amd krysng autbllod dbewrdYon dhus, didmsibesi ng:
provi di ng a.separ ator ving.an inlet, first outlet nd S nd tlet;
G i g WHSPEBr OB PR A RUBE Rttty s e B Farh 54 1 223 he

whol e bl oo ﬁt@éeﬁgﬁa&@wdagg et it fefhefig e reﬁ]lui@itétaﬂfoﬁnf)&fm% Klobd eqe @nd
ant i coagul ant fc ui d; punping the mxture of whole blood and anti coagul ant

f1 uid intobulfy coatptregiresent inyventidrecanrpesformtheasagm] fwnetenhs im legs thant’7;migetsar at i ng
the m xture_into bl god c.onﬁgn nt s .of diffarent densi.tiei' W t hdr.awi n

pl asma and hsse BIREHEC BRY NENAR Jif Ratent R pRar o O RGP timsy Cat‘?)?]‘ﬂﬁ e
m xture of : to I i into the separator, the

pl asma anéwraie){g%g%%ﬁ%c@%ga%eﬂoﬁg&g\%&ttﬁ%ea%“at rates so as to build up buffy

coat in the separator, the plasm being withdrawmn via the first outlet and
the red blood cells being withdrawmn via the second outlet; and
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upon a predeterm ned anount of buffy coat building up in the separator,

collecting the buffy coat fromthe separator; further conpr
a photoactivation chemcal into the collected buffy coat;

the collected buffy coat within an irradi ati on chanber unti
predet ermi ned anount of energy has been transferred to the
coat. 2. The nethod of claim| wherein the step of irradiat

I sing: injecting
and irradiating

| a

col l ected buffy

ing the buffy

coat conprises recirculating the collected buffy coat between a treatnent

bag and the irradiation chanber. 3. The nethod of claiml further
conprising: passing the irradi ated bufClaimsat through a filter; and
returning t irradi ated buffy coat to the source. 4. The nethod of claim3

wher ei n overdl? ISSYAREMEnt tine is | ess than about 70 ninut

es. 54 5. The

met hod of claim4 wherein the overall treatnent tine is | ess than about 45

m nutes. 6. The nethod of claim3 wherein the filter is wt
for controlling 1fA miethof|opwolleggng a desired blood component comprising;

hin a cassette

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 red blood cells from the separator while continuing to

pump the mixture of whole blood and anticoagulant fluid into the separator, the plasma

and red blood cells being withdrawn at rates so as to build up buffy coat in the separator,

the plasma being withdrawn via the first outlet and the red blood cells 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;

further comprising: injecting a photoactivation chemical into the collected bufty

coat; and irradiating the collected buffy coat within an irradiation chamber until a

predetermined amount of energy has been transferred to the collected buffy coat.

2. The method of claim | wherein the step of irradiating the buffy coat comprises

recirculating the collected buffy coat between a treatment bag and the irradiation

chamber.

3. The method of claim 1 further comprising: passing the irradiated butfy coat

through a filter; and returning the irradiated buffy coat to the source.

4. The method of claim 3 wherein overall treatment time is less than about 70

minutes.
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5. The method of claim 4 wherein the overall treatment time is less than about 45

minutes.

6. The method of claim 3 wherein the filter is within a cassette for controlling
fluid flow.
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