METHOD FOR COLLECTI NG A DESI RED BLOOD COVPONENT AND PERFORM NG A
PHOTOPHERESI S TREATMENT Cross-Reference to Rel ated Applications [0001] This
application is a continuation-in-part application of United States Patent
Application 10/375,628, filed February 27, 2003, which clainms the benefit of
United Stataggr mm@mm@hmAmsﬁ@:nmmms:ommi%mfI | ed
March 4, 2002, oth of which are hereby incorporated by reference in their
entireties. Techni cREERFRGRMING ARHOTOFHERESISAREATMENTesent i nvention
rel ates generally to nethods for separating whole blood into blood
conponents and collecting a desired bl ood conmponent, and specifically to
nmet hods of treating di seases vm t h a phot ophereS| s treatnent. Background of
the Invention [0003] Sev&rass-Relexencs Aippligationsequi re t he renoval of

and-r et VSRR Bl BE R ES Rl ﬁ%%%imgm?%vﬁlgahwﬂi AR P | Trose

ext r acorggfiestont YORSUSIBRR! HledF@Yhiaby 37, 2008Bwhieh clagheihd befoM\dMhitelISeads f rom
the patient, separating it into corrponents and returning the blood or blood

corrponerRrewslonalH@pﬂlaatlcmnﬁcnammnbdn@é@\lréﬁ&eﬁbd Murzch ¢32002chethof svhidht arhas
becone |b| eto é{)eat I@égnt s.bl.ood in closed-loop processes,
returni Héncﬁéﬁqr%‘ﬁ grﬁfﬁﬁn SHBI8EEF back to himin one nedical

treatnment. An exanple of such processes include external treatnent nethods

for diseases in which thereTe%hﬁ;cBﬁFﬂm ngl!hQthélﬂﬂgease of | ynphocytes, such
as cutaneous T-cell |ynpho ng white bl ood ceI | s.
| n such [06802)0d®, preseheinpattioantlages lglamaillymmethadt fat egpavitinig wﬁcﬂe bBobdled | i ght
in the presence of a chenical or nt i body UItr(ia\w o] et ght affects the

bondi ng BerdasipongRts pRhplelRee d ssiEpdtieocaeHonstt gnd spegy wslchagp ERPdS ohi bi t s
t he net Eﬁ%e)é es. [0004] Phot opheresis systens and
nmet hods A %\}gggfegé%giﬁgggéﬁ to?ﬂgre%}ge E:h i nvol ve separation of buffy coat
fromthe bl ood, addition of a photoactivatable drug, and UV irradiation of
the buffy coat before re-infuBackpround bfthedhvention Ext r acor por eal

phot opher esi s Y be utiljzed to treat nunerous, di seases including .
G af t - vel0893-S5ysral Heamgnts fordiseasateanye theremovel of blesd fgera epapentapropessing ¢

ai seasest At S5blete R Ry bPRE wfia, pfH SRR RO MG cubiBRe P, "

i ncl udi n@eﬂpmereffeéphﬂfoee emmq:toem tremehenBirbQdfe dygremsdbsaufélgesmeviggosed and
used which involve separation of blood into various conponents
blood from the patient, separating it into components, and returning the blood or blood

components to the patient. With the advance of medical sciences, it has become possible to
treat a patient’s blood in closed-loop processes, returning the patient’s own treated blood
back to him in one medical treatment. An example of such processes include external
treatment methods for diseases in which there is a pathological increase of lymphocytes, such
: as cutaneous T-cell lymphoma or other diseases affecting-white blood cells. In such methods,
| the patient's blood is irradiated with ultraviolet light in the presence of a chemical or an
antibody. Ultraviolet light affects the bonding between the lymphocytes and the chemical or
antibody that inhibits the metabolic processes of the lymphocytes.
[0004] Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Graft-versus-Host disease, Rheumatoid
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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[ 00051 During one of these nedical treatnents, a centrifuge bow, such as,
for exanple, a Lathambow, as shown in U S Patent No. 4, 303, 193,
expressly incorporated by reference in its entirety herein, is operated to
separate whole blood into red blood cells ("RBCs"), plasma, and buffy coat.
The Lat hineludiong cansera Apthersdiscspstpos et mebpds kaveralsofgen propossdemdwsetiwhish  some
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t her api e¥VelyereRATaliqnL ol blpod I9IR VAIOUN FIPRMIESesi s (ECP). PCT Applications WO
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| ess whol e blood fromthe donor patient. However, a jor drawback to the
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time; thus, the process is considered |less efficient
with respetitetsto time. 100071 Prior photopheresis and apheresis systens and

nmet hods uysu y .require hatch . processes and_.therefore tak eyeral _hours to
reat o jottos kb b Gebaics BFT Ferned BUgsb Glockmr aPaC B gt
fragment %hiﬁﬁi@%ﬁéﬂ@rra%ou@f@o.sﬁé}ﬁ’ésde%rn@d ¥EMhY gew%ﬂa éof&flmeué&é‘&wr sthd 1S
a constant objectivé to reduce the tine it takes t0 performa conplete

phot ophemagibsr proeessee NWhes esrapaed tofsthetigpesalfjvaute bleod sepacatomdihéschigngieahount
of bl ood that nust

be d f tient d ' | d- | ¢
o1 ocessesnLEs (A FUARIIE PR BRI ioECTBEd) TEeT YERTeR RIS BB IEBHcTe D
| e . . :
but 1y codt adRE e Boal Rehfng BRd ihch, MG e nPabrtByPalt WL DL on

100081 Arboslhjs&titator is tiue they separation proeessinoust bs rdpeatpdlystappedito fempvevied net hod
fluid, such as blood or other biologjcal fluid, intoits

for separating a ] [
conponentrick _a?-%@%iiﬂiq Ragma ergedbey fill thhegnside phitedand Ct”?ﬂgméfaf‘ibéicbﬁli@ﬁ”of current
B R o S
t he filling and emptying of this bow] wastes time; thus, the process is considered less efficient
with respect to time.
[0007] Prior photopheresis and apheresis systems and methods usually require batch
processes and therefore take several hours to treat a patient or to obtain a sufficient supply of
separated blood fragments. Furthermore, the systems are very complex to manufacture. It is
a constant objective to reduce the time it takes to perform a complete photopheresis treatment
session. Another objective is to reduce the amount of blood that must be drawn form a
patient and processed in closed-loop processes per photopheresis treatment session. Yet
another objective to increase the amount of white blood cell yield or obtain a cleaner cut of

buffy coat per volume of whole blood processed.

Disclosure of the Invention

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

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



present invention are to treat a patient nore efficiently, to inprove a
phot opheresis process, or to inprove a platelet renoval process. An
addi ti onal object of the present invention is to separate and renove

targeted cells by their specific gravity. Another object of the present
i nvent i ocreaserthe Effjcaney OB Ot Haidreparatien Fropesses dfcgeéaag Hhei tHAC PecsesaBkes in

"bat ch" form A |
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interr up@ntmgnpme@rm@el@gremvelrmpgﬁsa A@@ﬁ@lfmnalg@ngv\f the pEeserd apxeation isdpar at ed
conponent n e r SSin and
otner Lathaasrren g LR RLod bR Mt BB S pynoliRl St JFERs e o

by the phresfith ik by&fthinait MOh& tb §e1%ﬁ@ﬂhﬂ%eﬁéramm@yésm ih "BatBet fopds A Or
separating whole blood into its conponents and collecting a desired bl ood
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I nventi oh provi des cont 1 nuous process bl ood” sepdrati on of
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phot opheresis treatnment time for a, patient 10010] Wien it is desired to
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ant i coaguleely thlprésdnt invermtimnwhotleishlieord at m;aopmgdled mBﬁhde?ﬁbr lsqialra:tuigawffo)e m a
m xture of whol e bl ood and anti coagul ant f| ui ing_ the m xture of

whol e bl 8lead e 1tssEMPERgI Atk colleeting 4 ¢rsyed hl@%@ﬁlapamt Pieaerxdﬁw emihet at a
sel ect edyh Bloh o ffn IRPALAES Bbok BBt hi AR ABC 1 AIBEN et S Blna,

di f f er ent nt%fle Sitl aw ng p Sha . and | 'ood

separ at or %y doglpmeﬁﬂ theret Tie fpeseEnt lkention iy falsb ﬂll@éteﬁ\fﬁﬂhﬁ)r@hﬁ%exﬁtﬂﬁg
anticoagul ant fluid into the separator, the plasma and red blood <cells
bei ng w tisthodaal H@atmtfb%f:agf@ usEEmholRheIgsis phesimes, Snsaically, ttlheeprw@ar at or, the

pl asma benlvg 8{1% ﬁxﬁ'lofxpfrocégssf%r &H&le%ﬁoo%@gaﬁr ﬁor[ gpsu?i&%% fP EE.II: P v

wi t hdr awi i a secon mned anpun

coat bui pHotOpheaisid Redthentsepatag@atly mﬁhbeﬂfelpngtdpherembufeﬁtmemoﬁmefmmpétf@t
separator. 10011] By withdraw_n @ﬁ%@t he red blood cells and the plasna at rates

so that 1¥d0bY¥hep lbtﬁétemrr%d toglleshduity sopiulrem whelaplond.the Hyeatigrainansespeshi ch
|s preferabl %@Pd%&%ﬁjﬁ hg opﬂm 'a §e9$rapéffha¥1 g%ﬂtlnlef)’ al fitst oLﬁgﬂe? %ni? 9 séc%nhhe

centri fugsa’f CeE O separ or a prélonged perio
outlet; drawing whole blood from a source; adding an anticoagulant fluid to the who]e 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 flmid 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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Increasing the tine which the buffy coat is subjected to centrifugal force
yields a cleaner fraction of buffy coat and an increased white bl ood cel
yield. Additionally, this prolonged exposure can be used to further
separate the buffy coat into its constituent parts, |nclud|ng pl atel ets and
vari ous ikswkiected td thelcsntyifieasl foremafihe separater fans Pglanged peniad fdime. whol e bl ood
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[0014] 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
returning the red blood cell-plasma-priming fluid mixture to the patient at a rate
approximately equal to the inlet rate.

[0015] This method can be used in connection with photopheresis treatment. In a
photopheresis treatment, the method will further comprise injecting a photoactivation
chemical into the collected buffy coat, and irradiating the collected buffy coat within an
irradiation chamber until a predetermined amount of energy has been transferred to the
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collected buffy coat. In order to ensure that a proper anount of energy is
transferred to the buffy coat, for exanple to induce apoptosis, it is
preferable to recirculate the collected buffy coat between a treatnent bag
and the irradiation chanber. Before the irradiated buffy coat is returned
to the walleaent bafferaiolmerdente saRbe S @mEencs amRERt i gnerglss ranstreditedhebuf f y

be-col | ShpsoRRIP AR fics <bstt Parotefe I koeBEnaRIBY Shetldumpeiy™) "
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of whol e bl ood and anticoaqulant fluid is preferably punped into a separator
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the desi rﬁ‘@g u‘s%gg?n Sho’ﬁ?%g%% the z?tef%a% ?xﬁ] nss Sé onen? %ﬁ%ases '0“?135, f‘sma and

red bl ool rawn e separ g punp
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completed in less about than 45 minutes. This is a vast improvement 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 s 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



wi thdrawn via the second outlet. Buffy coat is preferably collected fromthe
separator for irradiation only after a predeterm ned anount of buffy coat
builds up therein. [0019] The separated buffy coat is preferably collected
fromthe separator through an outlet Iline that is fluidly connected to a
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centrif ugde! erlg%fig i IOUFSEs eGIPg F“b?lm%fp 5@%“%?‘5‘3\1}% l'g’&?l?]})ng'ﬁbai nvention is
descr i bepredeteﬂﬁfr@alratm folYorf 8 RE& turd efm@le%mrm%e&gqrﬁm S pum ?
illustrate an enbodi nent of the i1nventive apparatus, asse 8 st ens,

and net hadsture &f whale bIbo!dsmd asttdragalanciluid pmteﬁhme@madm vod tfmnnlehhadaeleetw of a

di sposabl e kit for use
P 1rﬁct 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 celis 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 Deseription 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.



phot opheresi s therapy enbodying features of the present invention. FIG 2 is
an el evated perspective view of an enbodi nent of a cassette for controlling
fluid flow in the disposabl e photopheresis kit of FIG 1. FIG 3 is an

expl oded VFRW Dfs 4 sihematic aipraentitidnl 68 anzmboliment of & depbsableliefur afe inhe
cassette of FIG 2 with the cover renmoved and showing internal tubular

ci rcui t rphotapheress therapy pabeding feayresrofsheproeant Bveptiisette of FIG 2. FIG 6

2 2 ot £ o b G BARRRGd oSt Vi Br AT ERBLERhL s plde S oSRRiE | <
expl odedyi ewoh thb@ishbidbs piRssimeikit kifof FIG 16. FIG 9 is a rear perspective

view of the filter assenbly of FIG 6. FIG 10 is schematic representation
of the fil Fé6. issuntipjodsdl visveof the casspiteef f16. Br essure sensors and a data

processor. .11 is.a frgnt view i rradiation chanmbe FLG 12 is a
B e T ongi i hina paifset AwatE il al G vk Bl egrmBred Ashoniits ‘1 1s
si de trapsvensgheMm@iry.he irradiation chamber of FIG 11 FIG 14 is a
cut-away view of a sectiion of the first plate and the second plate prior to
bei ng j oi nddIGt Hired hettorh vidwooia ¢dver of caastittatof §iGchanber of FIG 11. FIG 15 is
a cut-away dinensi oqal %Pd vi ew of, the% irradiation cg nber of FIG 11. FIG
16 is a perfdGebis Frelgyaicy Berspesve Yiew fiapicavodmasnbef 2 fiterqsgembly. nositi oned
within a I : i rspective view of an
enbodi ment Lﬁé 'gll%génr@?légljtgp‘%%]\xgFiegy%ft]tg%ﬁﬁ?lgdésﬁé@ﬁ%%gg'ﬁuncti on with a

di sposabl e HGt 8fivsn Eadodddidew nfthe fikotophehasiRIG ber apy session. FIG 18 is

a cross-sectional view of an epbodinent of the photoactivation chanber,
without a IR Pigareanpesnentiye virseef the Mtprassembly dfdbetn of FIG 17. FIG 19

iS a Cross- } I i rj used in
thé tower }?gjgEl{()aﬁr’%ﬁ'%cihex}@?@!%e%%s@r&@?%kh?@ﬂ%rﬂ&é ﬁé@ rolcfca 'géﬁ’gﬁrr%cﬂa?i(%?ﬁrtehe | eak
det ect i OBerigbisGuitlta qatoptodedor. N t he photoactivation chamber of FIG 18. FIG

21 is an electrical schematic of the | eak detection circuit provided in the
centrif uge Flghahies flopt pewof ay irradigtjon chambels an el evat ed perspective vi ew of

an enbodi mal_rib ?E ié Q?idfe Ilc%ﬂg?tuzlfngl\’\(rig\g%tflﬁ?el irrqgﬁhon chamber of FIG. 11.

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

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

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

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

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

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

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

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

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

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

chamber of FIG. 19.



of the tower systemof FIG 17. FIG 23 is a perspective bottomview of the
control deck of FIG 22. FIG 24 is an exploded view of the control deck of
FIG 22. FIG 25 is a top perspective view of the control deck of FIG 22

embodi mont P12 ri g et ARESTRL AP AT Bhodbthedithd By A0YEIA bR °C,

an enbodiMgditovrlr siftemfdf#id, fi.ow circuit used in perform ng the treatnent
process of FIG 26. FIG 28 is top perspective view an enbodi nent of a

peri stal ti F1@uddpis a pargpectiee hattom wews theeomtroha¢cksifddGyv2bw of the peristaltic
punp of FI 28,. FIG ,30.is a r spect i vhew the rotor of the
peristalti ?Igu 1541 eﬁ‘Pk‘i%e%_@Sl.ew ﬁt@fc%&rqﬁ@ec} %‘g'ﬁpo perspective view of the
rotor of Figgs 80is FoPperBedtive ¥idwPBr the @¥htRll debieoPRIG. 30 MitH the REEBHOEF FICG  28.
FIG 33 is atop viewof the peristaltic punp of FIG 28 in a |oading

posi ti or2 hadeddwreanhe cassette of FIG 2. FIG 34 is an electrical

schematic of the.infrared communi gation.port circuit. FIG 35 illustrates
o onhot mBG: 68 s BRRETTY G0 HRRINAHS 052 PhYaPhHES featment Tepests 5 | 3 o

di mensi onalgypi - Qﬁ"l Q@ nog et thd ffuid W re@t r@g% k f the
bow of FlI Elésg.ﬂ‘%gh 3§ S oa\l/vs ngt@g?ggs sectlﬁ%'él)lna0 wénéw OLEé(tE)L %ﬁﬁﬁ@h |G 36
al ong t hgedtinest pfoXesXloRFIGR6G. 39A shows a cross sectional view of a
connection sleeve in place, with a |upen connector of the bow of FIG 38

al ong the IH1Ge2&% ORPESPEYBEIHINAN EREPHBIENLAIFSRETSILLG BHBP- vi ew of a
connect on #2848 4 Bobl Atfoh HaeJic BPMe pEOUBRE LR Ar FiBPOW OF FI G 38.
0 e top core of t

FIG 40 sh a Cross sectional view e bowl of FIG 37.

FIG 41 shgws. 306 fepIetspattiveivesw die fole of tie poiselthnsimppeFIcRiat e of FIG  37.
FIG 42 shows a bottomview of the top core of FIG 41. FIG 43A shows a
di frensi onal F16x gl dxieBotiqnapergpecting Visst olothe E3pol®- 301 ower plate of the bow

o, £, L 55 £ PR R e g afepsgascet Lon i o the bl com
shows an expideds 5 tdpevivw eftiefpetibrlthaingmoIG: 2818 a dodddyssoshicat@d earthE:
A8 cassette of FIG. 2.
FIG. 34 is an electrical schematic of the infrared communication port circuit.
FIG. 35 illustrates an embodiment of a centrifuge bow] and a rotating frame.
FIG. 36 is a dimensional view of the bowl of FIG. 35.
FIG. 37 is an exploded view of the bowl] of FIG. 36.
FIG. 38 shows a cross sectional view of the bow] of FIG. 36 along the line XIX-XIX.
FIG. 39A shows a cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38 along the line XX.
FIG. 39B shows another cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38.
FIG. 40 shows a cross sectional view of the top core of the bowl of FIG. 37.
FIG. 41 shows a dimensional view of the top core and upper plate of F1G. 37.
FIG. 42 shows a bottom view of the top core of FIG. 41.
FIG. 43 A shows a dimensional exploded view of the bottom core and a lower plate of the
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. 43 A attached together.
FIG. 44 shows an exploded side view of the bottom core and a lower plate of FIG. 43A.

g



FI G 45 shows a dinensional view of another enbodi mrent of a conduit
assenbly. FIG 46 shows a dinensional view of the connection sleeve of FIG
45. FI G 47 shows a dinmensional view of one end of conduit assenbly of FIG

45. FI G 48 shows a dinensional view of an anchor end of the gr esent

i nvent i on. FIGr|45 shews griimsnsaonah yiswof anpthisscmbodimertaf agoadinibassgmdlinchor end.
FIG 50 sh hor end taken al on
\ ?ﬁ? é% s@@% O h3hsi eag%r“e d&%é Q&ﬁ‘xect}’dnes‘{\ée% ofﬁ{cﬁ'lfs g

line XXI. ustra I mensi onal View o e rotating frame of

FI G 35. FF(&. Akhowsanligehangedicw efvnefend ohedndelt akembiyofRiG®M3al condui t .
FIG 53 shows an alternative enbodi nent of the bowl with the cross-section
taken si nFlGr48showstatimensiond view of ag anghor epd of e pressaliaventical t er nat i ve

enbodi nment t op al t tive enbodi ment of the

connect i oan(if} J@h\fsg"ows ‘a‘%&ae’?mﬁé %Crnroyl ng%{&rﬁ]clhf)ﬁé‘@at ion [0023] Features of
the presentydsedHomamn: iR oftabadiegciiond RRWIETMBMERSr dAl @A&ndldng 1@ XXI.

equi pment, the di sposabl e photopheresis kit, the various devices which nmake

up the di FiGsHbillastates aém@mmalooweréﬂmmahgg framaton?‘éﬁﬁ ¥r.ocess. The

fol |l owi ng en des i.on i.s ned as fol I 1. Disposable

Phot ophereg&é #% ¥ 2R e“?‘fé%"%te e 01{8rh° h’é"f‘lef‘ﬁﬂ’ar‘: I ow 1. Filter Assenbly
B. Irradi atF'IGnSﬁ}Im% a]l@maﬁ@@&'hb&diﬁﬁn{?’@f%e Bow Wity ﬂaerf@s seulon faREranent

Tower System A Photoactivation Chanber B. Centrifuge Chanber C. Fluid Fl ow
Cont rol doedlkrlito tBassemman®@lanps.ng Mechanism 2. Sel f-Loading Peristaltic

Punps D. Infra-Red Co nicatio Phot opheresi s Treatment Process
[ 0024] The QQO%SWSI epgtlvF.eanaéwepb‘3$t§efqpqoaﬁe under st andi ng of the

featur es OfrrNes AREN altchibiPR brBOdimthP oMt biiRction ebvel 1 M ting of the

pr {esent [ nvent I on IS not 1Inten

Modes for Carrying Out The Invention
[0023] Features of the present invention are embodied in the permanent blood driving

equipment, the disposable photopheresis kit, the various devices which make up the
disposable kit, and the corresponding treatment process. The following written description is
outlined as follows:

1. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Drive Tube
I1. Permanent Tower System
A Photoactivation Chamber
" B. Centrifuge Chamber
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Penstaltic Pumps
D. Infra-Red Communication
III. Photopheresis Treatment Process

[0024] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present 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



categorize or limt any aspect of the invention. The inventions are
described and illustrated in sufficient detail that those skilled in this
art can readily nake and use them However, various alternatives,

nodi fications, and i nprovenents should becone readily apparent 9 w t hout
depart i mgthonodepaitamgsipomithe spmut andopepeaff thdhimventicantSpecific8pg oitiledhd inyentwni | e

the invention Js described i.n th ontext of a. djsposabl e kit. and.per nanent
bl od 484 ssoayed DT Srmtedat pAPRIGIeORh e H Bap it leg rEe sverm fadeck s of ¢ he
| nventi Hofbficild tl%?aﬂ#é?%r%a?rgas%@&s %Eﬁle‘?ﬂ@nﬁﬁﬁmeﬁ&t Qo likdided aﬁﬁgrresa\bﬁﬁ&iﬁe fsed

for renderihg other t S, such as apheresis or any ot

ext r acorkjte aadkydxmouset featenderingtdieer lperapids, silsgsaphbress Bhatygpther esi s Ki t
100251 FIG 1 illuystrates di sposabl e photopheresis kit 1000 enbodyi ng

f eat ur e§XHFCQrH‘éT%¢L€§ Feat?‘ﬁ@téﬁ?rfi . It is necessary that a new di sposabl e
sterile kit be used for each therapy session. In order to facilitate the

circul atlj Oﬁi#fosiﬂléli’tﬁﬁgéﬁgrﬁ'rimitphm opheresis kit 1000, and to treat bl ood

fluids circulfating et hrough, photopheresis kit 1000 is installed in
per manent r. system 2000 I 17). The jnstallation of phgtopheresis
bt 1000008 R s Shapoestns MioterbissiSol (R ol ineedist of e paspent
Phot oph kS Kipd i cASSAld Serdil @S i ;

i rradi a’? f‘gﬁitﬁghgﬁgég%%i}?%ﬁ%? g@rdl%?asenso? 1125‘?&%5%‘{{5%%&%%\@@ S(gzs(aglroél ' ELQS,
t r eat nendrddrag faddlitatentle ciptidstiom afdluidscthromgh pagtopherefRh kit d PO rand it triat thld@00
further caonprises, sali n&é(;:onnect or, spi ke 0. and anti coagul ant connect or

9 :
spi ke 11fbuds grculgmgdberetharughephiierhergsy ké‘aW]q]QéS Hpstplled ip perggemtdeversysiel bags
(not sh ) p i i | J: . i and
connect gir,”s%t(gf@'ﬁttﬁd ?@E %%%a?ilg{é{)ﬁ %fﬂ%go v?gegg’ ]Jétnlt téﬂ@&ﬁ?éﬁ{yﬁtgﬁ%’%@ﬂf ation of
f1 Ui ds ddestrisedan dptadittefdver esi s treat ment session. Al tubing is sterile
medi cal @r ade flexible tubing. Triport caonnectors 1192 are provided at

vari ous [9823¢k Plmiephesssis bl §00:commpiises Gssedie 1400 gatnfigebewlel ¢, imadiggion; 1
) i f
necessary,, .1 A0456] ndESALG sgﬂ%?ﬁ?? réﬁé’@abg{ga%%g 1398 @éagl?é!é@%gg rsﬂ{jand

respectivel'y conhecti ng opheérési's to hee rawi ng whol e

bl ood frgladma pelldcaon bansl.r Blidisptengisiionido futthérd®mipyisthealipatbiitctor spike
Al ternatively, photopheresis kit 1000 can be adapted to use a single needle
to bot h Hi%andiistiecaghbbaticanngsirt ke b 1det raspertvetysoanentisgsakingands to t he

Ol 1 TSR bR REHL S Lo hARESS] FOORE e el e *°
When a pedrineetors 6 fluddik eonnept dlbdphicdsapd es ssitsthicirculdO®of Auidk deegk 4 oop system
is formed. [00281 Cassette 1100 acts both as a _tube organizer and a fluid
f1 ow r oubltophergsisdreatmesy session. All tubing is sterile medical grade flexible tubing. Triport

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

if necessary.

[0027] Needle adapters 1193 and 1194 are provided for respectively connecting

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

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

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

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

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

1000, a closed loop system is formed.

[0028] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation

chamber 700 is used to expose blood fluids to UV light. Centrifuge 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



chanmber 700 is used to expose blood fluids to LV Iight. Centrifuge bow 10
separates whole blood into its different conponents according to density.
Treatment bag 50 is a 1000nL three port bag. Straight bond port 52 is used

bag. 50 CPRREHH 0 MERTEOLoAY. BIRTE FR60M ks ior SO e b5 BSBront  bag
>0 and Fﬁlegﬁ{@t 559)%565&&@%&9901@%&&%% 8 Hﬁ%ﬂn%ﬁ%aﬁ@fk@tﬁ% whichRhg Pe can be
ral na | nec It 10

used for essary. Photopheresis O further conprises
hydr ophalbédfot dtdimage if A&eSsagn dPhbEphersisddit H06 fardlxptcenhptisesdydrptibbicdilmressur e

oo 1955 SRR St G R sk [SB0aRR raG W |
patient ;G ah\?e% tuthP Ph4 P4 %58 b Iﬂﬁﬁﬁﬂﬁ%h%g%olgﬁgﬂ{e rte;galtesmgm&begs
ThHe i ndi vi dual

operating within safe pressure [Imts. evices o0

phot ophebasdctinkithe p0ieat (FAGA10)t Momitokingahe pressugs helpeerduieahsishekived ow i n
detail. A Cassette for Controlling Fluid Flow [00291 FIG 2 shows a top
per spectdppating sxithen safe graspue hmits: das shvidual devicesof vhgtanhsssis kit P9Pnand and

control 'th%ﬁgfggﬁ?ﬁ%ﬁ%%ﬁﬁc Js%ﬂ)éi&g Hfllﬁ%ﬁs during a photopheresis treatnent
e S

sessi on. as housi ng "that fornms an internal space that
acts as a casing for its various internal conmponents and tubular circuitry.

Housi ng 1101 A s QaestiefabContisiiiteg Kifid Flawd pl astic, but can be nade of any
suitably rigid material. Housing 1101 has side wall 1104 and top surface

H05. S hadats, 3460t BobeiRacdBlAS diaktarld 020 Y8 etsRd o

therefr I'ng a pho resis treatnent, cassette 11 needs~to be
secur ed gumnpieglend20ftroltifig timveovesyesit efibld0d Binidasiuriag hehbtophéress rraitednt n FI G
25, Tabs 1102 and 1103 eI% position and secure cassette 1100 to deck 1200.
100301 CsseR-t easeidD s haiang O hadigEes 31 meemalpace thaists wggsing for

1110, 111, 4 ] f LA L AS N : | utl et
ubes 11t B Erterigh Rmpc €6 w4 fular ciEul CERUEARATHE R phifhapr Wb |
casset t ehald plistigbvat Edrbedmadd eftahguhitaily trighiemateisl. tHiatsingatl 0 dasi side wiadiri 1080t h

I ntroduci ng and expel Ling, fl S ;ﬂr}to and O‘i{ of cassette 1100. These fluid

id
| nput. anend tepewiecelifss Sideurall 1104 housingd L0t b taasobl (2gng 1303 FiiendiBe; ng

t t ed, I ' ' ' ' 0 h
centr iR Dfing BB (ERCS SN0 B Sekishd B 13061 o
col | ecti gftotagsyslem 2000, bagbestdtitstraredin EHG.i2%e, Tabsll i 6D aghi H3itelp positish to

forma cl osed-1 oop extracor oreg{k fluid circuit (FIG 27). [0031] Punp tube
| oops 1121 sequrprasseto b1Qhiogeck 1200124 protrude from side wall 1104 of

R i L R T S A e
1000 dur teagivinpehadyintdbessette 1100, fluid outlet tubes 1114, 1115, 1116, 1117, 1118, and 1119
for expelling fluids from cassette 1100, and fluid inlet/outlet tube 1113 that can be used for
both introducing and expelling fluids into and out of cassette 1100. These fluid input and
output tubes fluidly couple cassette 1100 to a patient being treated, as well as the various
devices of photopheresis kit 1000, such as centrifuge bow] 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



specifically, when cassette 1100 is secured to deck 1200 for operation, each
one of said punp tube |loops 1120, 1121, 1122, 1123, and 1124 are | oaded
into a corresponding peristaltic punp 1301, 1302,1303, 1304, and 1305 (FI G
4). Peristaltic punps 1301, 1302,1303, 1304, 11 and 1305 drive fluid

t hr ough ahé @302 dpee flindshysugh theubeperivegymp tibe laops 1120,1321,11923, 1123dand1 124 in a

predeternined direction, thereby driving fluid through photophe i It
000 ( FERH g biedSRimien dhgSichn et the i ot R Porer s R (BiC

unl oadi 5t ®hé berBEEHS: 1388ng 4RO odkfifor i

di scussggalg)frl\e(%gag?l @iﬁéelgev{/ W t hdrailgg%aéltc to rll—% GS. 2?3-3 . ][%gig?gt]iq%ﬂ% ng now
to FI G 1301 c362e1363, 1304) and 130Diandiscusded rodetaih pelowodith respect explGRIE8-33st at e.

ot o bk e 8 HENY SERge HRbLR e Bre bR DRk oy
cireurt "sard ok leh e3¢ Al @ iibA ?l!fd Gschpthd (i i&y]{emémb%%euéﬁ&g yifhi Rbiingn

t hereto. ssette 1100 has filter assenbly 1500 positionéd therein~and in

fluid cannges harillusttaed inlFEG. 3.ubke id6al tomtlhedirduitheis Ihistrated inl Fihet amowilf each
of punp_ tube loagps 1120 and 1121. Fjilter senbly 1500 conprises vent
93135%%9 letlg&’

chanber $eidsysseddn 1ejatpon thesetq. (asgeticetid T asseh BRBbeRsd thereln s

di d ,i. i i t } - i 1101
Comor s chaf st pe Bt RSP olifer Flic 114 ke e BPlackU A8 1
bot t om supé Rees 1180arid1131. Filterandnl¢de50eddmpried verfohanbérd 384(hasi 1Hagni ngs

1132 and 1133 for allow ng vent chanbers 1540 and 1542 of filter_assenbly
1500 to lék@rememblwéﬁéﬂmi@uéﬁun@oww discpsend 1p detal] bgloyy with ggspest te HHaSs| ot s
1134 to 6a_llb‘ow the inlet tubes, outlet tubes, and punp | oop tubes to pass
into the internal space of housing 1101 for connection with the internal

t ubul ar POBZUHbHsIng ODHE &ehprises edver 1030 yhdsbdsewl 3UbEowr a1 30 Ads3ép atidadeabel ed in
FIG 3 to avoid nunerical crowding. Tabs 1102 and 1103 are posjtioned on
si de wal 11083@hotters sgefageokl 60dFIGrtSar andrsadavelh 11 9 Cavesd 30 havopennged 132130 has

oec usi a3 DA o RBRneEL 1RO LRDLLITUR AR b LR SRR 1 e
1160 of gersroddB0Sideiialld 104 hiad HpRwilitg6f b QRA] 113296 alldWkhdRget dulitls UWbdlet t y Of

U shaped tube-hol ders 1135 extendi ng upward fromtop, surface 1136, U shaped
t ube hol tibess and pEmAdPeP twhes topags ntquthe dntemat snace p{pasingoll P fompnedias

filter as | 2 | r I I CH ' . I f.ew.

U shapedwﬂﬁ F}%e%%e@g]gi@%%&?{éﬁgﬁgﬁé%eﬁg 6513{ %feﬁ\jtg?%@l%ﬁsr}elﬁagg %B?lgévﬂ} ng.

Pr ef er abFyG. 3a0Wdveilanatrital dewdibE3 T abs 1 poDandE3aime postorklidh side wathd4cat i on
where an inlet tube, an_out]et tube, or a oop .tube Easses t hrough a

, unp | .
t ube sl 0% asUBY ttefeaR Wik tibeslots 114 E%@@tlﬁégiphaﬁgcqu barod Feddand H6aA t op

surface 130nRf sBRSoubhdurkaRE 1980 16 %), BoARLbFBRETTbE tnd FIBYALPrErabhP?

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

[0034] Base 1131 has a plurality of U-shaped tube-holders 1135 extending upward from top
surface 1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, pump loop tubes,
filter assembly, and internal tubular circuitry in place. Only a few U-shaped holders 1135 are
labeled in FIG. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is
provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop
tube passes through a tube slot 1134 on side wall 1104. Male extrusions 1136 protrude from
top surface 1136 of base 1131 for mating with corresponding female holes 1161 located on
bottom surface 1160 of cover 1130 (FIG. 5). Preferably, a male protrusion 1136 is located at
or near each of the four 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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bottom surface 1160 of cover 1130 (FIG 5). Preferably, a male protrusion
1136 is located at or near each of the four corners of base 1130 and near
filter 1500. Male protrusions 1136 mate with the fenale holes 1161 to form
a snap-fit and secur ase 1131 to cover 1130. 12 [0035] Base 1131 further
conpr i 480331 Hiase 11311).?“ peampreses 8 hpb ”%-%ﬁ@c}é aé_ﬁﬁﬁ%‘]&f B‘ge Gewector ¥seonnect

1 Vet ubgSoect Ao LBECONRL it tRM BhnE) Gty YorofREBI L iBRE ¥per HESALARGL L ur €S

1137 are oca near ‘and surroun ree-o t'ibes ng 1'nto hub
1140. Hybcalddfkanahd siasound tioeadf ik ivbed ldadingtintorhubtildd. Eab 1140 useds ai n
conjunction with conpression actuators 1240-1247 (FIG 22), to _direct
fluids tchp@liged prrstiopndydssag bejused, obermretion WatirompesstiaReachiators Ag40-1247

and v- “QEIG e iR AP LRAl B fobiBES RR1AG6 Bkt AR IepdfERR TS 1

pat hway $,qaltR336hubil¥20,appropHae subeldfinédiérs) RehaeT-@hntdiersil1apan®y-base 1130.
Each aperture 1137 is surrounded by an aperture wall 1138 having slots 1139

for pasgiongeqter Hiddnareaised toeobtain dherflghired Hpxablgtuting pathweys-t her et hr ough.  An

roer b ur d00RISEE perRi 1] B8, PRl oY WS B b 1B el podBRE TS
conpr es sdueiuadddiif &1 SpehafSwAPH3HaviiRCdiod 2099 {drp@ssidedortiORESHtHE Sdrh@/ 1S

| ocated on base 1131 to align with conpression actuators 1240-1242 of deck
1200 ( FltGbulapyircuiiay thesgibrongh.eAn tlik@gated ap¢riveel 137 tstedso providad be thedbppref si on

t uat 1243-1247 d.th th t 1157 i i d t hat
hr o6 oohF 4141 oAPSBTRL] bYToHS Iopad 51 Bese i to AR Whér BN Compr essi on
act uat or g, 1. 44Qs 124t {u RS m&lﬁqlza-goflvdee}% 9506 1022 PNEL BREE 1 £257 Lsabdhted drthle

passageways of the internal tubular circuitry 1n order to facilitate or

pr ohi bi t1¥3tubaligh sith caimpnessmnaetiatopsi] 3k 1242\Widack 1200(Fes22)eEacb aparuae a
certain sage n so, that fluid ca er et hrough, .t he

conpr ess légiz\é\gg%ﬁ%&ﬁ]@glffﬂwpfﬁﬁmf] ﬁ‘ﬁ‘t“af%lgéé{%&\%@ca}"sﬁitﬂ]datgg@%?‘é@' posi tion
However, apbielreirl sy & GRS oSt el 8BMBpRsG6H hdhdiofs12d- 1022 2a0eyRYg ¢l osed so
that fl ul can not flow therethrough, the appropriate conpression actuator
1240- 124fhefethroagls edompressiem ditnggorsi240-d2p7 exsised taclbseivaiude24d-op2d ¢ertdin ough

Pt gk Ree oo R e RIRLSTR R B oy Pl b 5B Bl By
cl osi ng Bl'ilﬂ%g RSRAGENRYWHER RSy o RER Hir@th ;bﬁgasge%g%gamgo ikt Auia( GG 5)

are positio on bottom surface 1160 to align wth th onpr essi on
act uat or §ow2uGethtgh, e cotnpressing aptoator d2db1247 foxithut passapéway isdn adovoared uded

[ d ' t l. usi 1163 or 1173. At [ I t
boct usr oROBE™ CRveEh St b g gu e bie s AT iR SRS SloseEad g
thenmsel veg, n({}mﬂhe}éthrbﬁg}ﬂ&ﬁé zt?pﬁﬁ(mr?até QImsressiit 4RuatdO 400 24V rsddNi que

identifier that can comuni cateée
extending the compression actnator 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] It is preferable for cassette 1100 to have a unique 1dentifier 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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with and relay informati on to permanent tower system 2000. The uni que
identifier is provided to ensure that the disposabl e photopheresis kit is
conpatible with the blood drive equipnent into which it is being | oaded,

pat n d drive _ :
or ocese. g BRPLERIERTRNMeRek s OZREHFn Blond HARE OFmak O PR AR 51

t hat t heedn§gsedhsiqgpdideppfigriesmboditd ad datDiard 1193 (RAGN2 Pthanid iferted o make. | n
the illustrated exanple, the unique identifier is enbodied as data card

1195 ( FIdata ggrdirepsiving PPt 2801 afipermapent e syded 2080 871 dd). pBrta cagioll 9§has
3 . (E : d
bt oototh PRl and P E T b ics G oot fbre IR R1AERE fo bl R defi8d

per f or meghr flit@fe dndlyslse TRANYGieSdentifier cin Astetakelent vii@y of fsinil Heldakefan a
variety of forns, including, for exanple, a mcrochip that interacts with

t he bl ooekathile:e reiguoqbimetint trsacts with the blped duveieaipraent péhendlelkit isdpadedser i al
nunber . é;oc?éa‘l’ Cover. 1113(1D has data card holder 1134 for holding data card
1195 (FI¢&Y ® B SFE T %ol der 1134 conprises four elevated ridges in a

segnent efbofsﬁgt%@&ui 130 hab aiRe chAMhold% 81l ¥4 Rt@ hoRtisk Hah dirdq198(RAIC:aY.dDdthLard ©
cassette 1100. Data card hol der 1134 holds data card 1195 in place via a

snap- f i t h¢lBexd 13g8)conjpaBedfoureleeated ridgasonasegrientsl rectangalarshaph doriracedving|

tubular cirgcuitry, of c te 1100 w !l now he. di ed. At le a
portion 6"?‘{ Pﬂgln@ﬂa@%‘ﬁfﬁo@ﬁ?sew ?M'tpi‘/taic dg}oééjeéigg‘?;oﬁﬁ&l@ta&?rda]fsllbéﬁ bl e
pl astic Eﬁgéoﬁatg?ﬁf,_fﬁmd)_Q)pi nched shut by the exertion of pressure w thout
conprom Sing the hernetic integrity of the tube. Base 1131 of cassette 1100

is illus{00a9kRefamringh@y tet FHGS thand 4, tiee interee] tatiuldndinghisry aficassette 1300cwill be
viewed. Inlet fubes 1107 and 1108 d. outle ube 1115 ar rovi ded _f or
coup! | ng PRSI OB oL ROTIPR DT egBRal Bbplf Body s RisTes U BEE PEal |y,
outlet t ﬂggigﬁgwcﬁli@hgm%aﬁ leée ?ﬁl%ést%{ pemeneteioll?prksbiewigRaset te 1100

to centri , and I n tubes 1107 and 1108 are respectively
provi de toemproatisingitimpheametioweegritg of theyuld. ddabe d ddb ofierstateai®Ohs Jhstratedinsi t y

bl ood co nents to cassett 100 f.or further ,royti t hr qugh ot opheresi s
i 1000 G150 Gl ihetungiel oBIES b G BB Viewedn TiFiiEbesd 0T ag 10081 o
plasma, LgH&GHd £S5 4t BloRidRldSor &Y fnge e28Lite PF00ADYemprtY %‘“’129 (giety.lr@.of The

hi gher density conponehts can I nclude, for exanple, rec? bl o Qut | et
t ube 111Moraspedfidadly, outhet bt 1215 iaprdiyle douddlieenngs whbledbldddfomaassertadi@d i on

O O e b Sk H N BE ekl S Sisig " "0
o A RO bR ol ST e e 111
casset t e firli®d réwingfthrongle photophérags kit 1000. The lower density blood components can

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

The higher density components can include, for example, red blood cells. Outlet tube 1117

and inlet tube 1112 fluidly couple cassette 1100 to irradiation chamber 700. More

specifically, outlet tube 1117 is provided for delivering an untreated lower density blood
component, for example buffy coat, to irradiation chamber700 for exposure to photo energy,
while inlet tube 1112 is provided for returning the treated lower density blood component to
cassette 1100 for further routing.

[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 1s a photo sensor assembly and is
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[0040] Inlet tube 1111 and outlet tube 1116 couple treatnent bag 50 to
cassette 1100. Qutlet tube 1116 is provided to deliver an untreated | ow
density bl ood conponent, for exanple buffy coat, to treatnent bag 50.

Qutl et tube 1116 has hematocrit ("HCT") sensor 1125 operably connected

t her et 0 operabbnidupled tora doneollert LTI sdnisamnl 135 sandsi detebtins signaltb dlxdcontrotiponent |

14" opior aHHep red BipoacPelssis deFvtsAoR Pt e 4B aed Roeaso gl ke oction
[ |t h I ol : - k: t tub
1196 andBplaRafntiet 1e by LS BrRR e Rl ng pRe RNl BTG 1011

i s provigahohentrfdritieatnint bag SEricdsetio W] 0@ figifihdriroathg. dakRpabenl 109 M
treatment bag 50 to cassette 1100 for further routing. Inlet tubes 1109 and

1110 ar d118spersspecsivelyoeonnecteddd atseline el antisozgydpnd Alorags ges et shavan aipe bags
t sh ' ' 1190 and 1, and.. i ded f ljyeri i
g an Shikes 0130 BR A KT et BV el 587 o b SRl S A A Bt 50 0 Tre ™ | "

pat i ent .. LQ043] ob BefuhBeit loBling (8R8e AAkA.and outlet tube 1118 couple pl asma
collection bag 50 to cassette 1100. Mire specifically, outlet tube 1118

del i ver s[04 1| Inted/utlep orveril 13 sutonties tubgl1d38aouplo plakms walletiohdeg 50to bag 51.
Inlet/Qutlet tub 13 can.be used t i r.deliver red blood cells to

pl asna ch‘IS‘Feététlilgﬁ- %’i@eﬁﬁe‘w%ﬁ?’c‘&’é}%f“&?ﬂ%g‘ﬂb"rersr%P]BP?: CORROMNGSHE Brponent ()
t hat bui [ I kN C f .

rout i ng. PPiife CpRERRRUEAlonaE SE PRl (b 33T s pecplo b diviFed
pat i ent . biSp@eélfs toPldsyna liettan Haglsd fichi dadsette Prodvirdeisint tebdodroontporaited

bl ood, saline, untreated bl ood conponents, treated bl ood .  conponents, and

ot her f | thatfauilsbukin Ragmrcqliseiantag J1p casselin 190 fs fughep repfinge dniebiube d19&/er i ng

unt'r eat ed I e ] . . [ lL,apt fluid)
f rom t heand SifleEPef 3119, AR R 4PLEGRbRATH Ml Bl SheciRbafl o RN

phot ophep@sidedké Fetd@Qfsatddulbd@t, silinkeuntichidd Hisodaampdrear| irvated Bebded for
delivering an anticoagulant fluid to inlet tube 1106. It is preferable that

al | tubi eqnpenedisspssebrellydabackito grenpsicnt: dplet tbedBPHdp prrvided ralehvering c

tubing is  th t.preferred. .[0042] .Cassette 11 a IV u t ube | oops
1120, 1 yresiiphots bR G £ et BReipta sGRR 1S g e Rl D BTG

casset t epd{PioAdsddieqt1 00 a6ty dddt treh@Rbht WIS phb@shéresiakit 1 00RUORt etltithe | 0op
1121 | oads i nto whol e blood punp 1301 and respectively drives whole blood in

and out 1bF9 sapsuficalyronded woridahearing apanticorpuiand flyis toetnlet i 1065 It ipassi ng

h h fil 500, al. .h . P | , 1120, 1 gads, i :
punp. 1opreiacka al Brigh el mfkalendy Retlh Sy g MR Rtk it
patient H’leam%’éfé)i'eﬁ'érréd*.'be 1114. Punp loop tube 1122 loads into red blood cell

punp 1305 an raws red blood cells fromcentrifuge bow 10 and drives
[0042] Cassette 1100 has five pump tube loops 1120, 1121, 1122, 1123, and 1124 for driving

blood fluids throughout cassette 1100 and photopheresis kit 1000. More specifically, pump
tube loop 1121 loads into whole blood pump 1301 and respectively drives whole blood in and
out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing through filter 1500
along the way. Pump loop tube 1120 loads into return pump 1302 and drives blood fluids
through filter 1500 and back to the patient via outlet tube 1114. Pump loop tube 1122 loads
into red blood cell pump 1305 and draws red blood cells from centrifuge bowl 10 and drives
them into cassette 1100 via inlet line 1108. Pump loop tube 1123 loads into anticoagulant
pump 1304 and drives an anticoagulant fluid into cassette 1100 via inlet tube 1124 and out of
cassette 1100 to via outlet tube 1119, which connects with inlet tube 1106. Pump loop tube
1124 loads into recirculation pump 1303 and drives blood fluids, such as plasma, through
treatment bag 50 and irradiation chamber700 from cassette 1100.
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theminto cassette 1100 via inlet [ine 1108. Punp | oop tube 1123 | oads into
anti coagul ant punp 1304 and drives an anticoagulant fluid into cassette
1100 via inlet tube 1124 and out of <cassette 1100 to via outlet tube 1119,
whi ch connects with inlet tube 1106. Punp | oop tube 1124 |oads into

reci r cul[6@43g rEaphrqf peagaltia pamps ﬂ%@ellﬂﬁmd aﬂNﬂthdSNheSlu@heSa@ym asuierm ther ough
treat men b nd |rrg9|at|on er?Elg{j/l seth_g,l 15 [ 00431
Each of rz‘fF‘ls ’E?a%% ei%fc‘i%" &1 SUPPUEeR ¢ LG BFRT per f or m
the 9{;\0&@%%@ israﬁeeémaboetokxﬁmeumaﬁ&m@sn96129 parQube PuARet 30f-156%

nmet hod o e present invention which is described belowin reI ation to

FI GS. 2@aR®Be oﬁen'ateﬂmietatatlmﬁmsn my)aom'&@ﬁuoma'fhebmrrmséﬁ&l-éaﬁi)mﬂam atinme or
in any conbi nation., The punps 1301- rk.in junctiqn wit

Conpr &5 SORNNSHER HBSTPRESIOn 2aHai0Es (AW i Sorghely agﬁlwé@agwwmys

of phota A t | ocat ed
on base Jff]’glff%% rg%tk #g)%lﬁan @912%1{::!;”1 ular lg?%geu%;ga?g lcam9fl§a(%:a:E |(t§g|%a§@g?%lper
rout i ng.alddy B Giteirdatubakr oi‘rcultrgaltmfaeﬂﬁmtepr@et wating STH4h fiddige of he fl ui ds can
be directed al ong any path vvay nbi natign thereof 1. The Filter Assenbly
[ 0044] RompsessionoRptuapis dR49-4 4%&%@&(‘%%@%@&%@!% Y POthNRY s cr i bed
above, |s |Il%h®otg&%gf|n detail in FIGS. 6-10. Referring first to FIGS. 6
and 7, iSillustrated fully assenbled. Filter 1500 conprises a
filter hou5| ng 1501. Filter housing 1501 is preferably constructed of a
transparent or trans|Teilteredemdly gr ade plastic. However, the invention is
not so limted and filter housing 1501 can be constructed of any materi al

that wil : i
t her et hr@ﬁ)gﬁf F'itgg?lgi ’:!-EI i %erS %Cgﬁgl ‘ﬁéhl{iégg%%%iswfogﬁrd%%iegag%‘rnelh%ﬁlpgﬁat%dolrn
extrudi n@etalmafﬂf@szrmmamabmngm te RIGB06l anch? eiltepa 500 ik5Dastravddofutiybl ood out | et

port 1503, treated fluid inlet 1J’ 1504, and treated flujd out]et port
1505. Porssembisdp Filinsd 500 goraprses afHterbansing 130 Filierdonsiag d pBhisqupierably hat

al | ow gy %ﬁ-hctw BF B%kahahfhs bf thékaegﬁtqg&gga%g%dggﬂsﬂgo?ggg@as mkert3s

respecti vel contai n openi ngs 150 Openi ngs

1507, 154& s@ﬂﬂmléiDﬁ'ndeﬁdteelhdusmgllsmgctanﬂmrcbﬂstﬁﬁ:&ﬂ of &Y MatdkB0 hanmdll 1605, for mi ng
f1uid passagewa s into filter using 1501 at the desired | ocations. [00461
Ports 15egntamigiy bleeher %fh%! Q‘B@%t gt e dlodang, hetsthrguglecure filter 1500 within

CS et 100Dt B hes PG Ot o S B JBRRCAESESE |
has a prahbletilond kbt @oaxsendiinge blvedbatlitgort k03 acgedflulddnki pert 150Qnd518.
Protrusi ‘(L)rgatgdS rlegid]c cin;[tlset ]I:oc?rg (1)5(?5. uorgsel 5?)(2)I 1650(5) farebsatlasneda}dlr?’édl?‘,;l tﬁgliz?;g}u?ectlon 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
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1100 (FIG 3). [0047] Referring nowto FIG 8, filter 1500 is illustrated in
an exploded state. Filter housing 1501 is a two-piece assenbly conprising
roof 1511 and base 1512. Roof 1511 is connected to base 1512 by any neans

known | t he S oV i i ng an
adnes vEEtgen B trel PR b aRE T 0L BBtk Alf3be it B FORIS T
resul t spdiGiket smeaintR@ith¥oa sikfie pRcé btrichire 0 W shuNg-pided dsdemblly.| ustrated as a
two- pi ece assenbly, filter housing 1501 can be either a single piece

st r uct uf@048} BaseriBk2 hqgu@wbqﬁ@amqp wald b expsiingrvoard rone i toparfagepfar at i on

I o oRowiae A0 TS RHETA, MiTrss PRa R0 ard R4S R Shna sy L 2

separ at bPEh;M@Jelr sé;%}é?ncﬁﬂ%lﬂﬁl% dolifacRRahé 96&0?15‘56&:&@ oPfodrasii ]féljrﬁmﬁftQ mng two
chanbers wthin e filter housing, whole blood chamber 1516 a ilter

chanber ci&iters whihin ﬂhecﬁelter haisirg, wholel bloghsmnibetr ¥Erandi{dies chambet 16h2nber 1516
and filter chanbe [ 0049 o] e 00 16|sas stantially
L- shaped A 47baet 5\? aa@b@&ycqg@;\ﬁe é’}ﬁﬂg @“&f%ggwﬁ'ﬂég a whol e

bl ood i \s1HaTato] I {11%, lzahed) in
fl oor Q@b]{)@h@gbﬁ%& Igltsliﬁg% 5515519 g%t‘tsﬁép ooé‘l‘%h eltsqlr‘\ol e are
| ocat ed Whole bldvdahammber rsmslas)h who&: ilobd trmstthnhd 1519Land taamﬂe hlood eutiétdnit
chanber 1516. Whol e bl ood inlet hole 151 assageway W th opem ng

1506 of (nwlaustw@dr) in Hogr kY4 Yikole hlopd inlgt 1@9&%1$19owd| ¢ ¥hafedeodeslsy @lﬁarrber

1516. Si rl I
passage:i&r‘t;ln O\RFIF%(%I enﬁeia}:]%%fgggljﬁﬁ go‘ﬂ# An%tdlpge s‘ﬁi}é%g@holé L tc@?ﬁlggglg&ﬁrf | ow out
of whol eyhbeetbdd AR 4316 forhBQ5AksdptWhewithhasiiag 1864 61 hag pbhasn2 158t

Fl oor 1520 has el evated rid extending upward therefrom Elevated

e
(i Hge 18afiuig san Gewanigoriale h}%edﬁbmeréséérﬁ%mﬂ%}y, bl blced il hqaqca@@ 1521

IS recta n_the |IIustra n be any
shape. . SUoRED Smieppiadah SARPEERG 50T Bhov s BRSO & JRF b I o
ridge 1534ofﬁmbgaﬁmkh@mnﬂﬁelsmElght of chanber separation wall 1513 As
such, when roof 1511 and base 1512 are assenbl ed, space exists between the

t op of dPBSHtEiHerchagwen 5317 b dlopn &S Kbt itleen K20thas elewated sidge 192 axterming at ed

d 1521 nbe [l .151 t h. 15
et %e %@%e SIFeTy Fied S8 gk Poa Rirkctpriies s By itimeees A0S Bl
1517, 11960 1522% l%EtaﬁFl!llhleﬁ] the NRERAEd tibédinast, ll&ateddidgeuisol ta 6 a:%ﬂd_hﬁpéwﬂ
and treated fiuid outfTet hole 1523. Treated fluid inlet hole 1527 is

| ocat ed sexbeg agit fwrmstah@npbstrdmetﬂo rihecheight of elevatediridzel 4521115 Jess diregh thé or s a
Ipﬁf ga? Ie\(\ﬁ%ght otf cha eerxl'lsg a ?0918wa { lélqll. efgs PU%EI:[ wﬁgnofé:o??Shhgﬁd l‘;jlas]:a llgifi ar%an flow
assembled, space exists between the top of elevated ridge 1521 and the bottom surface of roof

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

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

[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 1s positioned in filter chamber 1517 so that
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chanber 1517 fromoutside filter housing 1501. Treated fluid outlet hole
1523 is located interior of the perineter fornmed by el evated ridge 1521 and
forms a passageway with opening 1509 of outlet port 1505 so that a fluid
can flow out of filter chanber 1517. 10052] Filter 1500 further conprises

filter gxgeﬁsﬁl Ea3fito fkdchars 26 hedRedk 1%53@1119&%5 hefed bfdoameﬂ‘éﬁélm“ ng filter
nmedia 1 ositioned therein. Frane 1531 has a neck 1534 that forns a

filter Fﬂdeetnldetdiodae 15333is aHgmetdemletreat@ﬂulﬁBﬂat licde pB2A goi thatadcomingifluidcarc hanber
1517 so that 17 fr 15 fi | nt neck 534 surrounds

t r eat edTBFIYS9W WF%"E 1%2 Eiif,_«H] k“g(}{" t‘Fﬂ g‘ﬁmﬁ él?s%éam%l EFrvm th
treat edelﬁl&%{éfjl égzig)hnpglh%?gl%%it%ﬂ# afﬁaté 11341 f | 1@118 ht efltre ] er]c | ow

t hr ough into ter C rrber Frame of filter

el ement cHbmkr 161 Tehraugtelioted 1522fantd 1683 musl mat}echg‘ni filgse niel?dl 1538 ih ordetitel t hat
enters filter chanmber 1517 through holes 1522 and 1533 nust pass through
filter setififendrmbecnldktiya ticated élklidt oytlet bele 18k nbidier msdia 1333 prerférabbrdlas Bui d

appr oxi ARG Sowelsil Sty R ek Rl iRt 2 AR R RS Bl

such as gaVvaRvpRnYRYester. [ 0053] Filter chanber 1517 further conprises f||ter
vent chanber 1540 within roof 1511. Filter vent chanber 1540 has gas vent
1541 i n[@088] fFoltancbambehlfild fqmnqacompnsge@my@ntgégmbernltsmmn@pﬁrléll nto

filt t ch 1 whi ch ' mber 1517

that buf Bpru‘énﬁa%bﬁr AR eBt x50 5% I PR E0H ok Bl T Sug RREREY e 1
Sim Farlg w@aqlsqntotm&?%ﬁ%msér 153B6vIG NS thEESpeRl RAE fiNENEhFNRIPST7, é

Wi t hin roo 11, Biood vent chanber 1541 has gas vent 1543 in tR& form of

a pol e. iBabaildapgethiv éilter dubdep pBiiscanrescapehroogh gasttent msmbesmmg wholeh in

turn opens into whole blood c hat in mhole
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vi ew of 1 to gas
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vents 1 1543. "Pressure sensors 1550 and 1551 are pr pressure
t r ansduddemsl v@l elmhee 1§4hwbichlib B@mniopensantverh@d bicvdghsmbent Slﬂ5gdses'ﬂ'at vent

tubi ng 1552. Vent 1552fi s into gas vent 41 so as to forma tight
fit and bsddiup lBéfY",l'%?Lll% Oa‘égh ﬁé.ian??ﬁ@?f’s 1?&?%‘@?%%}1' vent chanber 1540

whi ch | ohsA 1%@?@%&%%% 'orﬁrt mmmn@%e?ssuﬁe%nsopgﬁﬁmﬁfs@,l\es&&ectéab! ng

1552 is ‘the’'sane as 1n {er chanber By measuring the pressure in
vent t uhbiggs &Rl 541 2eldSd8. Pessswoe saérsbfs HSOanda&SLaeprefeeabby pesaure Wi t hin

filter chanber 1517. Sim|l argé ressu e sensor 14551 i s caonnected to gas
vent 15483mgdueetse ressits sggsor 1558@1s %ﬂ%ct% 838 veriokd #.Vﬂaqumtt@l@w%n‘{erﬁs43 so

as 10 f Qg kg fhid e 0norah B tdigo‘i@%@ R SRS Qo) 1 BLaIE AN G 1541

pressure W h| n ter vent cha
opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the

pressure in vent tubing 1552 is the same as in filter chamber 1517. By measuring the
pressure in vent tubing 1552, pressure sensor 1550 also measures the pressure within filter
chamber 1517. Similarly, pressure sensor 1551 is connected to gas vent 1543 via vent tubing
1553. Vent tubing 1553 fits into gas vent 1543 so as to form a tight fit and seal and pressure
sensor 1551 measures the pressure within whole blood chamber 1516. Filter vent chamber
1540 and blood vent chamber 1542 extend through openings 1132 and 1133 of cassette 1100
when filter 1500 is positioned therein (FIG. 2). This allows the pressure within chambers
1516 and 1517 to be monitored while still protecting filter chamber 1500 and the fluid
connections thereto.

[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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1540 and bl ood vent chanber 1542 extend through openings 1132 and 1133 of
cassette 1100 when filter 1500 is positioned therein (FIG 2). This allows
the pressure within chanbers 1516 and 1517 to be nonitored while stil
protecting filter chanber 1500 and the fluid connections thereto. [0055]

Pr essur g dSe953 rodudtilectiich] bbipilt dgmlceprkatative T o predsufy reddings withinch i s a
properly progranmed glocessor. Controller 1554 can be a main processor used
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to wholwolKle6d pumip 138D indireturn @lnprl 392in fSPéhse kathegpspomsealataaetdieedor essur e
data received from pressure sensors 1551 and 1550, caontroller 1554 is
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chanber guhhi G3enand 1301er Aghampanest b faesAe Qirh \diugt the pressurk Hithivi whyry t hat
the preSsure within the |lines draw ng7 and returning blood to and fromthe

pat i ent bicodmhambeisridd 6 and fiecembsr 5Yreanestivelpobias inmthés wandet baipregswe

R O A T s

descri bgge.dyhpitefeails. W th respect to drawi ng whol e bl ood froma patient and
returning g conponent of said whole blood back into the patient after it is
t r eat ed [0056 Theviantticsing of friter 1800 dyring a plptophereses thempp sesstontyallmoadbs n

ti i th al most fluid, i dj d..bl.ood, -cel i.te bl ood
ol e, 1bitnsFet dafel Ao daes, ) b, 30 MET WHplcdfe BREHSUPE PE6ES 1ol tsr ood punp
1601 dr ascriMeglise draR 9 ﬁe@ﬁ&@o&ﬁ&m@twwmé)biosdwe?w&th@d rdditatmpher esi s kit

1000 via a needl e connected to port 1193. The rotational speed of whole
bl ood puomposerseif said whrde blohé baskastathe pafient laget it pretreptedniiregnydntionhohat sbl ood

Lo (G, el S!S B EEEERR b B RO IR e S 15
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[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. Inlet tube 1106 is fluidly connected to inlet port 1502 of
filter 1500. The whole blood passes through opening 1506 of inlet port 1502 and into L-
shaped whole blood chamber 1516. The whole blood enters chamber 1516 through inlet hole
1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
blood spills along floor 1514 until it reaches the whole blood outlet hole (not illustrated) at
the other end of L-shaped whole blood chamber 1516. As discussed above, the whole blood
outlet whole forms a passageway with opening 1507 of outlet port 1503. The whole blood
that is within chamber 1516 flows across floor 1514, through the whole blood outlet hole,
into outlet port 1503, and out of filter 1500 through opening 1507.
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filter 1500. The whol e bl ood passes through opening 1506 of inlet port 1502
and into L- shaped whol e bl ood chanber 1516. The whol e bl ood enters chanber
1516 through inlet hole 1519 which is |ocated on floor 1514. As nore whol e
bl ood enters chanber 1516, the whole blood spills along floor 1514 until it

hes | d of
L ChapolPURRLPEhE AP oditas i 1Rl 8, WGl o R O byt s i g0 ©

out | et whidkevifold bipod epape.afbeva\gastsichllapenblogd ¥&0 ZhahbenkS4@tang dthen ek&4. The
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Pressure sensor 1551 continuously nonitors the pressure w.thin bl ood
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1106. Control |l er 1554 adjust the pu speed to ensure that the pressure is
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treated reated bl ood or bl oo mponents) nust be filtered.
Unt r eat efthid KiLe. dieated bloodr bémbd dolnpoderds)l thsst &k $idtereds tUriireafed| fhedeshchrsirad | |

bj d bel fil i ) h d . fluid.i di
PiThor lanbestls psp st b e g0 vl T8 a 0 1o e bED N BieringsgCest i BE TedFd 1504
is flui dﬂl%i%@féﬁ%%@ﬁte} Chiba 15@%&%&%&%@-1slib%fhﬂae};o?@ls‘dwimeﬁ%r@ﬁéoi ilter

chanber through inlet hole 15 d passes through filter 1nlet hole
1533 of ikifluidly cetrecedtto paBP lodihimbe § 12ht Bk trdataddflfifl lehters filt¢rehambentsd7 1517

EFlteivLu et anegole 15 et dvorsh gl B3l of e flemenicly” ;”fd °
el evat ed™: tedvoreh _ _
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gases frwhichhesdcnedttedichhtad didgd hE2 1. r'Bet techtedf fluid gasshathroagsiertthediaybdZ.i | t er
medi a 1532 gat her n floor 1520 of filter chanber 1517 _within th

peri net eFilEbReEd 187 EreQs saniamiggatsiand ptheppndesired spalensls fom e éﬁ?aﬁsg&l&- into
of out 1 ot BB ek ARS AR, P hed dope o T ne e R, RSB 7
out | et t fibid thdtiphssendtirotgh Sltdrimedla ¥532 gathers on floor 1520 of filter chamber 1517

within the perimeter formed by elevated ndge 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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connected to outlet port 1502. The treated fluid is driven through filter
chanber 1517 and outlet tube 1114 by return punp 1302. [00601 Gases that
are trapped in the treated fluid escape and collect in filter vent chanber
1540 as the treated fluid flows through filter chanber 1517. These gases

t hen escapap 1302, eheretiyb@ijusting thpafow eat¢ addbgressuRe withunrchambes byl 7mbdutlet tube
continuously nonitors the pressure within filter chanber 1517 through vent
tube 155P134nd transnits correspondi ng pressure data to controller 1554,
Control |l er 1554 anal yzes the received pressure data and conpares it to the

desired pressygr Ty B nge. |If necessary, controller 1554 adjusts the
speed of ret u?h%églapﬁnrrg %&B% thereby adjusting the flow rate and pressure

wi t hin chanbe 7 outlet tube . 1114 . lrradi atian nbey [.00611
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and a second surface 714. In a preferred enbodinment the first plate 702 has
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80- 100 degrees). Extending fromthe second surface 714 (preferably
subst ant icanmoneatipesdith theasekbyd sarface @l 4 ethe seaond surtacs 772 0Athe Tiret dataT62r y

726A surrounds the rtit.ions_720A. e end_ of . eac i tion 720A ext ends
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[0063} The second plate 701 has a first surface 711 and a second surface 713. In a preferred
embodiment the second plate 701 preferably has a second port 730 on a first surface 711, in
fluid communications with the second surface 713. The second surface 713 of the back plate
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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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 t her eby
f or m ng[gags YA ref@enceRBMIG | PAR A2 Qdadialf chaRBe0@ c@:hﬁﬂséscﬂ feastnfigg M ng a
fluid tlght junction thereby form ng partition 720. The boundary 726 forns
an i rraﬂathWapﬁilQﬁam@Bdmmgamdemdb@d lsa¢h whuff}tmt prawhite blond CﬂEOﬁpmuletles a

pat hway 71 ch 715 for cond fI U The at h
serpentp?f'é%g 2}51?%50%356 éﬁ? STP e ?V«?Pft lspIPJP“éq u§1° @Wﬁntl ne
pat hmyml&ipoh%%f i Bla&@m SRR 130 éfﬂbaela Blale?701. rpa@féhﬁﬂmarﬂs chanber 700
conpri ses serpentine’ pathway 710 for conducting patient fluid, such as
huf fy cegiplied fioim tasséttecdd0de irlet, poitr Wi vimbetiet tyberll 17.08 fteo pbmtbhcﬂtvapom and7 30,

I .e., the serpentine path 710_jis in flui nication with inlet port
705 of pa-*@mgt oxeh szn@?ﬁp%m%? 105 Betren flengtﬁd 15 rgtusnerye cagssite BHO0 £ | yi d

suPplth LEATIERPRISS 1499, KR At aperi szé}w Refilibhn bURE13¢5:

After |vat|o and rou serpentine

treat ed S@ﬂishﬁmmé kffeds bﬁthl‘eQEBH meeﬂuced omsls didezlid i&QJhowaatlvaib@by irtddeatibh 12
(FIGS. 1 and 4). The patient fluid is driven by recirculation punp 1303.
Sel f - shimmpaiging wendethssiges effimadiationschambes®ced whil e the cel I's are
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seal i ng arrangenent b%lu F wel di ng, heat inpulse weldin vent wel di ng or

adhesi veVdidJng,l sotyeng weldingporopdhesiee ponding Jlﬁwlﬁgihfé@ﬁ\p&t@d?wadhgslmhonm awgl di ng
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of pin 740 and recess 735 maybe inside serpéntine pathway 710 or oJutside of

ser pent iallewpdtrtevay apli-atipn QliRE chetglys d-osatows oApwi A aoid reeass 735 ey e iiside

chanber with, axi ation,of .chamber 7 d axis. L ves
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Referring to FIGS. 11, 13, and 16, the |eukocyte enric asma, and

pri m ng thsomglnalmmnﬁgeraden Df/é}eedadthmQ‘tamhtct eThpuradiatios Obﬁmbcmftth@pESmﬂOZ of

i rradi at.i on ch r700 | to chan eI 715. The channel 715 in the irradiation
chanber 7BYERUEN é"f rytah? WaXP-g. on the order of appr oxi mately 0. 04"
as di st fgﬁi‘—ﬁ; t&‘P‘PGB' it 83 ﬂd“l@'iﬁé% KR e?ﬁl%ﬂédl';l%@ 1 iggA of
Ieukocyﬁgﬁﬁ?ﬁé gd to Irradi gﬁlon and ]#e l).ld(%; the self- gph ?ﬁg"%@? tts

encount eso@udion are delivered through inlet port 705 of front plate 702 of irradiation chamber‘700 into
channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, rhomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.
The shape of the cross section is designed for optimal irradiation of cells passing through
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize
stagnant areas of flow, other arrangements are contemplated.
[0068] The irradiation chamber 700 allows efficient activation of photoactivatable agents by
irradiation from a light array assembly, such as the PHOTOSETTE®’s two banks of UVA
lamps (758) for activation (Figure 16). The irradiation plate and UV A light assembly (759)
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with | ower surface areal/volune ratios. The cross section shape of channel
715 is substantially rectangular (e.g. rectangular, rhonboidal or
trapezoidal) which has as its long side the distance between partition 720

and <"t RARRRE R HEA b RERL BhER AR TbEisRhlcatotlRnard B leRR7 Ol 1 De
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The nethod of irradiating cells using irradiation chanmber 700 during

ext r acortprstaent witl ehylsanoxide BEP)-s with el ectromagnetic radiation (UVA) to

extr acor _ with ele etic 1 (v
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of this nethod, a photoactivatable_ or photosensitive conpound is first
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[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

{ 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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admnistered in vivo (e.g., orally or intravenously). The photosensitive
conpound, when adm nistered in vivo nay be admnistered orally, but also
may be adm ni stered intravenously and/or by other conventional

adm nistration routes. The oral dosage of the photosensitive conmpound nmaybe
i n the panGsstékdadodioldbldod or afimuionQhétesfpréngded thot the sppgativloaiddlly or Blvodt 0. 6
ng/ kg. [0074] When administered orally, the photosensitive conpoynd nmay be
admi ni stenpeneats regaive theplvinserpey arompoypd.-of nogianf theBlogp kewlddirst ber eat nent
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conpri seg.BPart Nox GBS H8666,469,052; and 6,420,570. In another embodiment, the
photosensitive 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 mcg/mL in a 10 mL vial.
See http://www.therakos.com/TherakosUS/pdffuvadexpi.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 uitraviolet 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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[0077] Methoxsalen is a naturally occurring photoactive substance found in
the seed of the Amm mmjus (unbelliferae plant). It belongs to a class of
conpounds. known as psoral ens or furocounmarins. The chemical name is :

9- net hoxy- 7H-furo[ 3, 2-g] [ 1] - benzopyran-7-one. The farnmul ation of the drug
is a'sterile liquid at a concentration of 20 ncg/nLin:a 10 nL vial. ~See
http: [ £ www. t her akos. coml Ther akosUS/ pdf / uvadexpi . pdf . Toxi col ogy studies of
extracorporeal phot opheresis and different dosages of \UVADEX(r) and '

ul travi ol386 td-40girm.i Suchinaangeds uio disiting, howeves dul inmerely pmwési ssgatepartyde.br ochur e

LO0TE NSt ol BB 6B S SHBUERE PR, o | 1°

treated tam‘ B} enih ROJdIYE, RATekichple, a@f:uttltl?.l/&hh@@aet&buﬂho'f opheresis using
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of uus | v’A-u anslmrc::t irradiation cha.mbar 700, ner.rruttmg egpésure 10. u]tmwolet A light
: l'meldmg an average exposure per lymphooyte of 1-2 Jem?, Foﬂowmg the pimtoacmranon
(. period,the cells are removed from the irradiation chamber 700:
: '[0082] Ina preferred: embodjment of the present invention the cells are reinoved by the action’
e -_:ofgr : 'ty and any cells remaining in the chamber are displaced from the chambe.r with
on floid selected from the group consisting of saline, p}asm& and combmsmons
- thereof For pahents who are small such as children (e g under SOkg) or panents whose
CE vasculLI system is easily overloaded with fluids the amount of addl‘aonal ﬂthd used 0 Was
e Ethe uradt.cmon chamber will pret'erably be not more than 2X the volume of the chamber '
= . pref " ly not more than 1X the volume of the chamber, more pxeferably npt more . than 0, SX
the. vo?ume of the c.lmmher 0.25X the volume of the chamber, Tha treated cel]s volume s

| remﬁtse:d to; the panent.
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of this VA-transparent nzd' anon chanber 700, permtting exposureto
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,-[0086] In & specific embodlmant, the present invention relates to methﬂds and apparstus that
L ':separate fluid components, such as, for example, the components of a btologtca.l fluid by

'; : deuszty pr welghi' Biological fluids encompass fluids that comprise. exlst m, or are used m,
-or dahvéred to living orgamsms Indeed, biological fluids may compnse bodﬂy fluids and
meu ,g:omponents such as blood cells, plasma, and other fluids that compnse blo]og:cal
o _' ’clbnﬁcnents including hvmg organisms such as bacteria, cells, or other ceIlular compommts |
- N Bmlogu.al fluids may als0 comprise whole blood or specific whole blood componeuts

o I mcludm g red blood cells platelets, white blood cells, and precursor cells In' parhcular it

| may Be desuable to remove blood ﬁ'om a patient for treatment, SuCh as for etample
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be tane ed after W exposure, A process for the renpval of psoralen
bi.ol.ogi.cal fluids is described in US, Patent No, 6,228,995, which is
entrrely expr.e sly. i ncorporated herein by , refere C Centrifuge Bow " [ 0086]
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come ot Havmg only twg ports limits the volume of buffy. coat that can’ be collected per

L «“cycle Eanb eycle involves filling the bowl with whole blood; 2) spmning the bowl to

‘ " ﬁ,- 'j,;separa whole blood mto plasma, buffy coat, ami red blood cells 3) collectmg buffy coax for:
'y _ trwtm i, 4) bringing the bowl to rest, and &) 'e*t.rrmu cel‘er:fed plasirna and red blood cells, -
i coat collectmn method may be characterized as bemg “batch-hké’ as’ the volume
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| : :buif“ll'y.:,oai collection. The limited volume of collected buffy coat per cyclerreemts from the

- accurruﬂated red blood cells remained inside the bowl. Thus the accmula.trad red blood cells
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bow . The Latham bow in the UVAR(r) XTS M system has one |ine[ port that

‘aIIows whole. lood to cone into the bowl and one outlet port that.allows

Upi asmaiand bufir coat to cone ut.: Having only tWtb ports:limts the vol une -
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re 0od-ce £ na (0] une Iren Vi n ‘
- cql I ect ed J "(98 nc«-:TIILkI13 83 {‘E?dg‘égdg “EI&?BE‘TS %ﬁ‘ég gtlents :
may be’ mr@n@ﬁts@ SEDATRSh N 0A Ia@@d‘tmﬁﬁtysesfnsmvsmmm%ﬁ@e séwtfme Isuf)y'

coat or fr actlons thereof such as extracorporeal photopheresis; I'e -

~.separationsi mmmpn%wmw@wmécqﬂcm@t@mmb V1 8604 tImvwrthe bulIy' .
codt due t ani | eparate
- hitgh- denS| kﬂ rb‘é?,ﬁgﬁﬁ_g rac@ﬁ)én%% ron%s\?\slﬁ%ré)%?’&gl ST L"ﬁgg{:%%tgl fuge -
' Prgtcllvl a1| SO epded Meﬁodnhamompleaﬂmﬂﬂbkys We?tbchxmmﬂwlﬁaitgmmm mer any L
ica procedure r coat,.fr I ons- t.0 be ect om

pati ents e cuE A ta B A pERicine idicamBuCg €O el o
- corpora phohnbebapica. TROE Mtﬁu@ﬁ@mﬁh@sﬂmmme@ pRGRae With the -

“purpose of the present Jnvention; as _enbodi ed andbr oa Iy descri bed herein, -

FEGS.. 35 mngtscta@ptt@%éwe.bﬂwbl%b%mlmm@ f5nd poramumisaerstalsorppalies on. The
“eibodi ment. denkeagd cblggg.kﬁa 530 aRPERh 5@&@9@&5&'&%@@%@% acondui t) |-

assenb] y | Trame stationary restraint 918A. Jhe centrifuge bova
vl 19t dnd EsmaidiBA @setadented todenetated ar20m BhtetautiliA. assenbly

C10A s I\/[ttﬂ)?:ﬁ
i iy NCTNCE e
~external Qsmﬂumb c32/2008, BBn €0r@2014€ and housing floor 190A. Outer housing 100A may |
| . be constructed of any suitable biocompatible material as prekusly descnbed for the purpose.
 ofthe Iluqtratlcn in FIG. 36 the outer housing 100A. is constructed of clear plastic so that
i , " cores 200A and 201A are visible there through, Outer housing lﬂBA is attached to 4 housmg
| 'ﬂoor IwA, which i in wm compriges protrusions 130A for lockmg bowl IOA ifto 8- rotaﬁrmal
c e dmcé such 88 rotaﬁonal device 900A, Bowl 104 is preferably sunphﬁed m oonstrucucrn and
py is easy 10 manufacture by moldmg or other known manufactum;g processes suc.h that it may’
 be chs%osab]e or used fora limited nurober of freatments, and is most preferably capahle of -
inin g about 125 ml of fluid, such fluid possibly being pr&séﬁriiéd. Iﬁ{hlte_rnat-ive
oo . ‘ 'ments, the volume capacity of the bowl may vary dependmg upon the health of the-
- p ek and his orher allowable extracorporeal volume. The volume cnpmty of the bowl
: - mav also vary depa’tdmg upon the use of the bowl or the pamcdlar trealmmt for which the |
| . | - bo_wl tuﬁhzed Aﬂdmonally to avoid contamination of bzologlcal ﬂmds or ex;posure of
o o ', perso involved in the processing operation to the fluids, the trmsfer opet?ahcns are
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exte conduit 20A to bow 10A and providing fluid conmmuneations from edema)
scondui t; . 20A to bow 10A. The fluid comunications enables fluid 800 to be
3su5ppl i 6d t hrou h ~external conduit 20A to the bow 10A Similarly this fluid
.comd -uni cationg' al so enables separ fluid conponenbs 810 and 820 to be - i
o ehnved fromb w 10A through external .cond 20A. BOV\A 10A and frame 910A .
arie: adapt ed to be rotated Found. center axis 11A. /10090) ‘Referring to FIG Y -
_36 “bow 10A conpri ses outer housing {100A, connectiion sleeve S00A, top
care 200Aprefe pwnaﬂmt%ﬁﬁaaalddﬁowsyﬂgnfﬁommy iiﬁﬁh&nzéa,l rafer:tbv,ummgi gi00A may:
be co cte Sui | 0cO] t| bl e..mat eri reviiously described -
far the pﬂ?’ﬂolyg ﬂg% sh'@‘ ’WE?T“? ﬁm}lhqu-qu’se% L‘W ‘l‘S@T thousing 100A is
~canstruct grlopf &t Ralludiefa b FIGR0 36 h@em ﬁ@ro@fera&ﬁngr:dox%ﬁbman &dritag there
through CQuter: housi ng 100A is attachéd to a .housin fl oor. 180A, which in

turn conphiwis m#m@agn%t%mputpﬁmm@w%m& 4 lawer hwuring end onal j
devi ce. oUehRo0IR iR TboA B8 -BR00 BRIAGDR o MERE R Y Gl 1 ed i1

cdnstruction: g o
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R |sted pr.evi-ousl y ith or ani/ 7ten sujtable materia Upper hqu5| ng. end 1104 -
has an ourdapte fo i pithinmeek 115 resimo-frge] %édt@raw fhg Bgtsealis7oos
prov1d|ng VIR SRS DSl oNReR: f RftastingRod S5 rRORIEYsI Ng Wl
al so have: go;n ck ?’%54 1orrred aglgut e hougl ng out] et 7 04 Theld‘(ﬁoum ng

outliet: 70@m1a£dngmlm35ijm tg ﬂ@@dclq YAl |meeb@d9oﬁamnslﬁe\ter$@%mbu i on
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fir- om f:he
_-present. i lamia iesive amth-arcnmgoﬁé&fléf WIGMeﬂmwdwom&wwmuﬂh@nge

. 7904 and. { ”5‘? oA M B fouSiy 2la LA, "R4SL.50E et A i artached to a housing
o R ﬂoor 180A of greater diameter than upper end 110A. Housing ﬂoor ISOA as: adapted to mate
" '5';-(. _ - with ﬁLe Iower housing end 190A and provide a fluid tight seal ﬂIBIEWIth. Any conventnonal
E , '_ means may be usad to secure the lower housing end 190A 1o thé housmg qaor ISOA, _
- ; mclu?mg but not hrmtad to, adhesives, ultrasonic welding or RF welding, JHousmg floor
o 180A
- out housmg 100A mcreases from upper housing end 110A to lower housmg end 190A.
i [0092] Cuter housin,g 100A is adapted to rotatably connect to a romnonal devxce 900 {FIG. :
. ), ach as for example a rotor drive system or a rotating bracket 910, ’Fhe rotatable
‘ CE ‘ ; ,'on may, for example, be a bearing that allows free rotﬁtxon of bowl 104, Outar ‘
' . - hous : g 100A preferably has a locking mechamsm The lockmg mechamsm may be one or
T more promzslom ISOA demgned to interact with corrmpondmg indentatsons ina. oemmﬁ)ge

may have an indetstion 185A that is used to collect dens,er ﬂmd 810 The dlameter of
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to ens e a fluid tight seal is provided. In an alternative enbodi nent of the
present. invention. ill in FIG 53, a second sleeve flange 7908 extends from
-t'hg- body 60A:of connection sleeve j500E distal to the: sleeve flange 7904
“Bot'h sleeve flénge 790A an~ 790B being adap to fit within neck 115A ‘and o
_retal n.o-ring 791A therebetween. A fluid tightseal js -provi~ed.in this G
enbodl nrent by the o-ring contacting body 830A and n’\ter surface 110C ‘of th@:
“hot si ng end’ 11 4 adj acent to the neck 11SA However,: connection sl eeve: 5004 o
can be s@m‘;:r@nybﬁwsuﬁ%bymmeamrtoahhgmﬁmxsmmaqthﬁnagndmm@eanple a

b er oo g e B S5iEe B U SRR e houerng ond

‘out er. hou

190A." Lowjeossp i £0FIG. 370 0uteshontihg ] 0020shd!tRe Fasd 080N ffine bh Ofrior! B0A of
'_.great er di apet: r' than upgﬁgr end 1104. Housing or 1SOQA I's adapted to nmate
‘Wiith tie |V61H§t_e res 8004 and P Aowill fis when bald 0Aiigserkied. Wher ewi th Any

convent. oy ]!é%ﬁo A0 wiRATR: B96 Ui hE VRPN RGN 1904 0

‘tHe housing. 'V%‘}Pr esi'vés, ‘ultrasonic = -
. wel di.ng orhboRe ngcﬂp?wasom@alfvblume ofﬁﬁnmyolhaaélmwondmﬂm on 3854 that

| oused b KA b 4 5 B TR LA v o BUERE 10555,

)

,Odter ‘houssiibgs '_cd@@ﬁﬂb@datv@lﬂt@%@ﬁ@&%r@@ﬂ@@ﬁ%fmﬁﬁ d&&%ﬁ%& device
","900 (FFG 32 cg@for eé_gﬁp a rotor drive sy stemér a rotating L
brlacket Qfé gore gngk 2234 i 296A nape Corer 200 AatiA0 ey wardlar i ng that |

al ows fr.qg) ‘%ttr@ého?fmt%ea%&%m@abgrand rtgpamg@ Phﬁfe%ﬁ@%gw a

: IQckl ng rrecham sm. The | ocki ng nmechani sm nmay .
prQt r usi orpPEEDA Zﬂ%ragdteluert‘wﬂlﬂﬂ&@mp BMEtWOAcand estpmwdl htjAl amdéwweitcomns in

-ﬁgﬁt;;: Ly z_u. SERIE e, 0 S B 008, Sl OUAB ORI "% o,
S S LA e S bl

e ) MAm&eqéxﬁecﬂsyddt& codelviRilire 10 81 Biel cker o il 270QA of outer.
ho'* 1E)OA occu jyi'ng a coaxial_volume of interiaor volume 710%%0 t axis 114,

116094 “ef erheving ap uter susfacadiOBnd ipner wall syree 2HIE adradovasiss: om cor e

201A-are  gubul A 2064;
o e
-_'f prm ng s

thp core. AR f AR AR U5 LR P W e 210 o
- S Asurface 205B is lumen connector 481A. Lumen connector 481A hasa top, sm'face 4824 amd
. a'wall surface 4828, Top surface 4824 has two passages 03B! n_nd 12.513 ﬂm nnmde fluid
‘ P cottq:ﬂtmucanons through the upper core end 205A with set:ond bowi cha.rmei 410A and first
! ) | - bowl L:bnnnsl 420A raspecnvely Second bowl channel 410A i 15 a condurt‘tbat hss & conduit
e wall SZSA that extends perpendicularly from the invier surface 481C of lumm connector
S T, " 10098] As shown on | FIGS. 398, 39A and 40, second bowi chatipet 410 has fluid |

o L : .coimmlmcauon with conduit channel 760A throngh conduit 321A havmg & first end 321B
| o and :: 2 second end 321(: thai is adapted to fit into passage 325D of 1umern oonnector 481A. In
K | opar ] on conduit channel 760A of extemnal conduit 20A has ﬂwd conmmmcactlon with bowi
. - chan sl 410A. First bowl channel 420A is & second condutt that has ) ohénnel wall 4014
; . :_ - - that: tﬁ:rtends substamzally perpendicularly from inner surface 481C of tha luman cormectnr .
N 43 . As shown inFIGS, 39A, 39B and 40, first bow! channel ¢20Ah88ﬂu1d |
oy | o e w unication with condutt channel 7BOA of external condmt ZOA through hollow cylmder
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end ~ A of bottom core 201A and outer housing 1004. Separation volume 220A
I.s; t hat - space of interior volume 710A that is between cores 200A and 201A
‘And - outer - hou5|ng '1004. 4 (0095] As depicted in Figures 40 and 41 top core -

200A * conprlses upper core.end2054 and a lower'., re end 2954 that are . ﬁ‘ :
j.6i ned*by-outer core wal.| :2104. The outer Dore wall 2104 bavjn4j an outer o

-sur.face 210B.and-inner wal| surface 210C and t |ower edge 210D. The . U
ditai “neer: of" op core 2004 preferably increases fron1upper core end 2054 to :

| aner cor¥dAl Aaﬁfﬁﬁﬁ@i’ e sseepraond 3G papedin ikepsning IR Wp saifacace 2058
acid-an i ppal ANififGfated Indne! en%ﬁﬁﬂeaiémémﬁﬂv&lae}ﬂt &Jﬁagm @hsy and :

“ext endi ng ‘per pendi cularly fromt upper sw 2 connector 4814.

Lumen ¢ onhdd B mﬁwﬁthmﬂmbwbdmmlé@@ummmwmmmm{dhe 4S7B. Top.

a7 aee SRR BREEA GO ool 7 e B i ar_;d |

fiirst: bOMSFE i L bt 32506 midinpfecddiwit] ranBbwalihtidvibd dbzinel 410A is a -
L COF | dm t; .t hat has c'@ggul t ﬁlg%méﬁé%ﬁ(még%g\%ggl culc?er LY, f,_romﬂ(tglglcg“%er GS
on FI

syrface’ 4 !

39B, 39A mcxg?nbe?w &hﬂﬁ‘@wﬂ%@?@%mﬁhﬁeﬁb gg?zeﬂn&g i i th

cgndui t chan 760A through -condui t 3214 hatng . a fil ‘ and second

=.L$r;m‘iﬁ.e2 %ﬁ%ﬁrw %ﬁ%sﬁbe%ﬁf%ﬁﬁ vaf%ﬂ%h‘ﬁe 10 , !
Ié-- F %erﬁggg{ﬁ%wéa%ﬁkgéx slu n conneg"gr%“?1 lshovvn

A Léhdaensbd AGHABH génezmeﬂgfou meﬁdm&ﬁmt @G&mmgwgaﬂ hol 1 ow
--‘tcyl i nder t B 224 in Irst, end 22D and ,a second end 322C adapted to

_(f H ~openi ‘pythe ,wr_atsfyc% éaphlsﬂéw of sppeers 407 Aowhish extend froghibe eWOM ANt of
' A H&é‘fﬁﬁkWthlnfaSt
; ﬁiq 420 %Qgﬁr al ternggggg&h%g%mrﬁ’ﬁ%l&ﬁ lngégh%r esent: nvtntion

nifdiigns Bdweancheiseperation vol@as70Aaanditee masmcfomﬁhyﬁber part .

O r%gg%SZSG and be fused with channel wal | §; 401Aand 4024.

- [0 op St 2A al so has indentation 483A v\/m ch provides fluid. ;
. ;gpmrmn ca{mpmmamammmmwluwm mﬁmﬁB,@u gnd 54 doeduiE B2 BAissd def | ned

R0 ERCEs el 1o 8 HOTRS QSIS Pl B 11 nders

éon_{mctor 431A. Addmona]ly, indentations 483A may form & plurahty chafmels inthe Jumen -

: icohileétor 481A =nd be adapted to form chamber 7408 when oonnected fo wnnec:non sieeve __

L -.,QGA ?r £ooR,; Cha.t.nbpr 740R is adapted 10-have one o more surfaces '742A that canmate

RS w1th the male end 853A of the connection sleave 500A {male. end BSSA sm'ounds end 861 of ‘

'extomkl conduﬂ 204); To facilitate the correot orientation of the connectmh sleeve S00A to -
theﬂuﬁxen connector 4814 the shape of the male end 853A and é:hambcr 7-"0]1 may be:

nonsy netrical or as is illustrated in FIGS 53, 54 and 55 a gu:de BSSA may be provided -

.. winch éxtends from ﬁ:e top surface of the lumen connector 481A and 18 adapted to fit within

 opéiing $57A of the sléeve flange 790A. | =

R [0099] Refemng back to Figures 40, the lower core end 295A compnm ah upper plate 299A B

Ty havm% 3 top surface 298A, & bottom surface 297A, and an edge 2993 that ;attanhas end makes.

R - direct oontact W1th lower edge 210D of the outer ¢core wall ZIOA_ The edge 2998 of the |

. ’ : S uppe plate 2994 is adapted to be joined with lower edge 21011 of outer core wall 210A and

. s K ‘T fo}r; & fhuid tight s seal therewxfn Extending perpendiculasly frem the top s mrfaze 298A of .

SRR i plate 299A s  channel wall 4024, havmg an upper end 4021; wnd 4 1ower end 402C
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junctio of connection. sleeve 500A and | unmen connector 4814. Chanber 740A

hag. fl.uid: commcation with conduit channel 770A and wi th separation vol une
2204 near ‘neck. 115A through indentation 483A. Thus indentation 4834 forms -
a' passageway for the renpval of sego separated fluid conponent 820 through‘-
bow €hanber ;7404. Optionally present on tie. uter surface 205E are a '
pl ural iity of spacers 207A which extend fromthe outer surface and co the
|nner ‘surface 110C of the upper housing end 11o* to ensurel,fluid contn

' cati ons hmtm% ﬁ@mﬁp&ﬁ%h@uﬂﬁﬁﬁﬁﬁtﬂ@&nﬁhﬁf%@ﬁﬁ%w tRred bythe:

ons 483A @}’ e‘g ve enbodl ment illustrated jn FIGS. 53, 54 .
a*%"&fﬁ em&si HRIRET 9 @WP’G’@MWQ‘W@M 3038 in

and 55,:
the 1on Smdeatyd il usin WIS he cRRAIBH s A \ORRkln it ntat'ons_g

483A . may: form. _-pIurallty cha eels int and be
-adapt ed t el 404A &rmings lﬁd@@n&h@m«bpmmdmgdmmrmmbmc&mﬁdmAWO* fYr:

5000:" .ha 40 Ve nor e, surf, S that can .
ate it e SRR EaRfe A ol Rin RSB0l RS, SEOLPEREIRR :
8534, stjttbzﬁAt _ emg:ﬂBAt;gﬁwdeseﬂmdammt mﬁ@ﬂl dmﬁogngolﬁhenm i I@!%qufbcs:ebdrﬁtﬁhe the so1d
correct’ ori.en nect i eeve '0 e+l " connect or

t nle shape! ?}’flmF gb“grﬁf {e‘PFdﬁ§§'§ bow! ghamel A2 Arplsorsurtaunds ggpnbr as is
E I{I usttat §§lw[l BP1me. 54 and 55 ‘a gui de 855A may be prow ided vvhltlextends

fromtbe top-'s'rface of the |umen connector 491A artd IS adapted to fit . .
wift-hisn.. - SVA Referriog ¢ Egutes 434138 2184, boftad chre RO1.& compripebacippo . Fi gures s

"sqrfagg '2833? ,a%tomsﬁace%éiﬁfaﬁ b RSl PR e R TS hoh

et g mﬂﬁgﬁ“mm’é’m 'ﬁ“bgmutmmwwg@ﬁFﬂMd?ﬁ%ﬂ& ) dg}e .
ot t e (S S, a to be W it ower e or .
YtRRCoT A o0 aS e oo cels 3 S0 v H oo i i

“outer cor

“pér pendi cabms yeofer20WA tafie. hﬁp@m@umffaﬁ@oﬁ&% Qﬁomoﬂim&eaﬂ)@nz%ﬁ\sdr&é@ channel
402B: and 8 | ower end .402C.and surr ~unds

el | 4024 |ng an upper engv
‘opening. 3 BQE‘H“‘?@"%‘G‘E) 186h{nreieradlyicanarslly ciewlen substantig) jethe gener a6 theom A -

gggb 1(.'a (r)p sur ac haﬁ :.“?E%g%?&s Iﬁm%ﬁvﬁéﬁgﬁ%éﬁé% c&ﬁgﬁ%}%ég%ﬁs

adapt ed tm&mmmuﬁmﬁ&ﬁﬁeﬂhewachMQﬁWmdﬂmdm bistthessimbn and
P -_d 0 r.st nnel 42 rmunl cations with. -
‘condui’ Erg?ég ‘%‘%#W&E’ﬁ%‘fghg%ﬁ‘& @&&H 322A. ening .
fsasA provml___"‘ j_‘ﬁabmdﬂmnwm@dnumﬁlué&mmmmss Mphmﬁm m.@jﬂalso\/m une - -
e fur %r di &f ssed. Fi rst Q ea?A aI ur rounds
rgﬁ eig adapt recewean 0~ nng fozm afTux aroun e lower -

f "_ smd opemng .wiﬁ is conduit wall 324A having 2 distsl end 324!! Omhe top surface

: ‘ may ve an even depth through out the length of the channel MSA However charmel
R wsm'may slope dowmward or upward radiaily from the center.. . Ong, slﬂﬂed in the art. would
o ?7._ ' '_ see tha:t if top surface 3094 slopes upward or downward and channei 305A hasg constant
E then channel SOSA slopes upward or downward acwrdmg,ly _j. . '
I [001 1] - Referrmg 1o Figures 38, the bottom surface 297A of upper piate 299A1isin
Ta dxr contact with the top surface area 309A of bottom core ZﬁlA when oompletely

mbled, This oontact forms 2 ﬂmd tight seal between the two surface areas formmg an -
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32

!
H
4
1

; |
' - IR

!



]3|nner ‘sur

[ 00100 Referring to Figures 43A 4313 and 44, bottom core 201A coniprises an
upper careen 206A, a outer core wall 211A and a lower core end 29A, The

- quterycore wall J~ 211A having an outer surface 2118, an inner wall 211C '

- and Iomdr edge 211A. Tice dianeter of bottom corg .201A preferably |ncreases
;'hron1upper core end 206A to |ower core end 296A. Botton1core 201A al so has
,-altop surface 309A and a bottom surface 3098. Top surface 309A as an g

o The " nnipd0sAtor n ot ke brens SO ronE b ool ok, or' <1
upper ‘sur éﬁ@.ﬁwﬁ } R du 5o 2 BPLF oufer Bon x'dl%ﬁrz:gbsa ?ﬁ&gpcﬁﬁx § of the

indentation: 1 a&t-herein an openin Whi ch o ext en to the
roeiée. fluid Lemmpnicdtives fermiindentation 186vtethlt0ugtf chatwel ﬁﬂi&mﬁd‘ i nvention

atapt o6 ﬁgﬂ#&gf"‘ég  eeatslin YRRG 2R RGS Rd o] i bR s B BB s
and' * of 328Rdek G%HQWBDA%& kub3 %ﬁ@%&%%%ﬁﬂ%@hﬁ@ﬂiﬂa%@mﬁ:ﬂner
- 'surface 1860 dI’O sal é&enl ng I.)) |s co duit wall! 324A having a distal End

3148, .n diraga shewnel HEA dereBEpém voBBR to the '

opter surg?@g 211E of t he outer core wall 211A are one or nmore channels =
-305A. ‘Th surface 309A may be horizontal or sliope upw or downward from °
' + ndent at i (0ol 6A IRefempgmm’lgmeettm&ﬂ g thp devan povarend lﬂﬁAdbamIomr@lm om

~ihdentati end Skl| e art le to
) ad]. the, S‘M g Wﬁﬁ%ﬁ%g@ “&lﬁﬁeg?"“?oﬁ"g Sk “ﬁé\@ﬁé‘g ﬁ?&"ﬁgl y.

- Channel s ; eﬁﬁwmwmmmiﬁlﬁ@mm@%ﬁﬂﬁorh%Mmﬁwm Teannel . .
305A ‘However | channel - 305, i may sl ope downward.or *u ward radially fromthe -

. cent er Oﬁ@tﬂé @W.W@@rmwm%@we%al&w EUBDYE ¥Pbpes upward-
o (downwaggh @ mﬁ@% Qﬁlﬂugq%ﬂ@stf\%gﬁﬂ?sf nedjéﬁveﬁﬁﬁﬂl %@Pm%w sl opes -

: upvvard or dowp accor 1 11 erri-ng to. kFrgures 3 the bottom
~surface 2$m W eirgpiiztapd Mﬁupma&dlyﬁmﬁsmﬁwlhwﬂﬁﬁen 44Yr f ace area
309A of b

: | T f h
fluid tig teg' __Yé?%g?\x%éiw &8% g%%sl'%?ggagﬁ o??nqﬁmgﬁ ﬁoﬁ&f'%&%@% ogcrarrﬁ a. a
3058 f I omhblign 'ﬂt&iﬁﬂ%lml&ﬁﬁaommﬁmmmplmdehmlﬂ@mOSC from:

“chann. SOSA i s If r‘r’gg@"f%zh& %gm surfa Fﬁ%’" g%eé}}uf’g%%%? rléﬁ\gh-rh'e

Uopenlng
“chamnif 3 mﬁdmﬁsﬁ@orsﬁpaﬂﬁﬁlﬁlﬂbwﬁimbﬁﬁl 20 cpRICExteiingand  40) .

‘Tal us fI ui-d” sill OI‘ntngs throu%r
' S substannaliy perpendmtﬂarly om the lower surface 300C of lower pIate SOBA is a condutt

_ - _320A Condmt 320A has a first end 3201 that extends into the space ZZOC between lower |
o f‘ plate %A and housmg floor 180A and a second end 320C that extends above the top surface :
e f‘faoon ¢ lower plate 300A. The diameter of conduit 320A is adapted 1o have a tight fit with-
E .‘ c.ond tWall end. 324B The volume inside conduit walls 324A and 325A compnsa alumen
- 14 ' 4(}03 { The volumeé deﬁned by lower plate 3004, inver surface 211C and oeﬁlng 253& °f
AL ST bono core 201 A, excluding second bowl channel 4104, may o compnse ofanr or a solid
L (See FIGS. 43B and 44). - -
 ; [0010 ] Inan alternative embodiment of the present mventmn as ﬂluslrawd i FiG 53
" suppo walls 405A and 407 A may be optionally present. SUPPOIT wall 4“53'\ extends
L0 perpe dicularly fromm bottom surface 309B. Support wall 407A Mdﬂ PBTPmdic‘“laﬂy from
: . : , ' ihe top gurface 300B of lower plate 300A and connects with support wall 405A when the
i _ bottom core ZOIA 18 assmnbled Conduit wall 324A may be coﬁnected to fmdu!t 320A 10
5 foroya fluid tight seal and conduits 3244, 320A may be fused réspectively/with supports
o ,‘wal_lt_ls 40SA and 407A. Addltlonaﬂy present extending from the bottdm suffase 3000 of




condui channel 7804 and subsequently passes through first bowel channel

. 4204. Fromfirst bow c rnel 4204, fluid 800 then goes to t hr ough channel
3054 :t0 the separation volume 2204. 10010 ] Referrl ng to-iFigures 43A and
_-,.44J the lower tore end 2964. has a | ower plate '3004hick :has atop surface :
—'SGOB a bottom surface 300C and outer edge 300D: EXtendl ng frome bottom e
;surface 300C of the | ower plate 300 are one or Chore pr ot riusi ons 3014, The '
‘oudter. . ge 300&) is adapted to be attached to the | dwer edge 211D of: the "
out er. cor elowat 236 200A ack greay inbes arichiatibnispaba0oReahit HitewaMhifimiesl L oned

above’ hous* Tloor 1SOA, lower plate 300A is ci rcul ar and curves upward
rgdialty 10 ts center'(lllustratedln FIG 44). Alternatlvely | ower -
“pliate 3004[00ge4ibe | Rtwifibes apﬁh&kféonégfwﬂ g pousm
_floor 180A, . a vol.ume 220C exi sts between | ower Iate ou3| ng floor
- 1804.. This frio. @W&qmiedw@anA@armr@&wwaghmdmﬂ a!rns\pamurre
220A. Lowe £t

B g AR AR S e

~Additionally,

‘| ower Surf#0SA: ,tmfmlrmés plate 300A is a condwt 3204.Condui t -320A has. a
fiir'st éend -t hat t he, space 220C betiween l.ower - plate 13 3
DOA and- ho@é? floc}f)t( aFLr{g" gsi%’b ’éﬁmwaﬁte’é‘m%ﬂ%m@t he. top

surface SRR kld 09UCTonRt Ak 3808 4nd J@Qﬁ%ﬁﬁ%@ﬁ&@ 3@@3%%355 adapt ed

“t@ ‘hgve a tight firt wth " condu t wa inside conduit ' -
vval ls 324 tdansdonpract e sleeve 0k, and Doxieds Mmﬁmnm&iﬂe&mmbnhudl over

--pl’ate 3004, ELE h ng: ofi . '
: excl udr ng: stﬁt@ gétg }-fo ﬁiﬁﬁﬁé&ﬂ%}‘%ﬁ@ﬁo ok i@%?@ﬁfﬁsﬁiggm% rratenhl
-(S\Gj{e FL GS, tog 3t | ,dndlﬂbesede%ﬂe@bréah&};ﬁdtﬁﬂtiﬁbﬁ@idn\ﬁﬂllsrﬁggﬂw ﬁge%gAtb@ prgsent
i hventi on as: |  ‘ust r.at n_Fl 5 su wall s {405A and 4074 may be
opt.i onal |'y*PE %@@de}!@ lﬁé’tc’ﬂ?mlsé‘iﬁ”ﬁﬁw fresivot t om

- surface 30@bver Q%EV bt 3604 I HI surface
, 3®OB ~of Iovve‘; -pl at e 38%\% and cg’rllﬂr?terc \fmﬁuﬁguggﬁ%ﬁ%wﬁ V\Egnéat . botto
core 201A fisgl ﬁ@@wpﬁ@lm&slbpﬁ%mlﬂmfm@lomlﬁew&hfmwe gmdﬁtmhduut 320A

| E gs pzagf: |mv e{%&hﬁgi% gg?)‘%‘%?‘?ﬂ"%? ??‘F“P nﬂﬂjs’a‘a?fﬁi)é%“&ﬁglgl lt%%ﬁarﬁfagrﬁlﬂ;%g?%t t end| ng
fromt hebod;dnd 20A fead eori@Bion afecBRU0A\WRD cbmmﬁaﬁyﬁe@ﬂﬁe 090 GbttoDcere
_0%' ient at ’ Oﬂns' %gérsﬁla%eo%g tr}o\.lsmrrai{t:»or %& hlmrxld uga%gsn a%g 40&& mfllll rotate
thereivith - 4
.[osm's]  As 1llustrated in FIG. 38 huthen 400A allows whole blogd soo to come into
| bowl hOA viaa first bowl channel 420A. First bow] channel 420A prtmdes apassageway for
T _ix.1ﬂ,ow of ﬂmd 800 throunh humen 400A to indention 186A and then to the separanon volume o
- 22DA/through channel 305A.  Lumen 400A is located inside tbp core 200A. Lumen 4004
( ' | has a he:ght from upper lumen end 480A and lower lumen end KDZC. Lmnen 4004 is o
S for ,‘ by the connection of .channel wall 4014 extending fmin the inned surface 481C of

- lum connectnr 481A and channel wall 402A extending from the 10p wrfane 298A of upper

T R plate .299,& Channel wall 401A is supported by a plurality of ﬁns 251A whlch are artax:hed
- : L R t0’ the inner wail surfice 210C of the outer core wall 210A and’ mner surﬁgoe :ZOSC of the ‘
7005 uppef core end 208A, and channel wall 402A is supported by @ plurality of fins 4034 FIG.

S 40): Ttean readily be seen that height of lumen 400A can be ad]usted by changing the sizes
e a.nds.‘]hapes of core ?ﬁﬁA, channel wa]l 401A, channel wall 402A condmt Wall 325A and the- o
- heipht _ofconduztwall 324A. : L -ti . o
_ f *‘,i_ [001&)7] - As illisstrated in FIG. 38 lumen 400A, from upper lumen emd 480A to- Iower |
E luan and 402C enclosas an mner iumen 400B. Lower lumau end 402(1‘ has an opsmng |
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[0010j As will be readily apparent to one of ordinary skill in the art, the
.bowl. |0OA w ]t need to be bal anced about center axis 11A Accordingly,

qu ghts maybe -Edded as part of the evice as is appropriate to facilitate + .-
‘the bal:anci ng of the bow |0A such as wei ght 4084.. tstrated in FIG 53. 1001 -
i )‘Refe ing to FIG 38, bow 10A is adapted so that outer _housi ng 1004, T

- cores ©200A Iapd 2014, | ower plate 300A and upper pI ate 2994 housi ng floor

.T18QN éxt l.i,.condujt.s 20A and, connection sl eeve '500A, :and | umens 400A ano
4008 -ar ef ?‘ﬁggo‘#ﬁ ]tslubh aﬁ’él“m‘ﬁ‘f’ﬁ%"é Wﬂ'@éﬁ%@ﬁonvmmmf\ﬂhrpngh ABGubeodf outer

hausi‘ng lQﬁénr@!DMA Sﬁﬁhélﬁﬁm%nﬂa%fn% 5?40&&@};@5‘%"1? Sbgsﬁaz%éesses are -

shaped to fit protrusion-301A of | ower pl ate 300A
has round 4&% rseﬁqnérb%’b&m4i19$19tio¢ataﬂmmdﬁrﬁradﬂw}ﬂ%nélf420£%fﬂ1b%p by ent of

-Iomer I at housi r 804 assenbl ed, each .
. sifngl. eppro??usr on%@ &?ﬁg‘)ﬂg‘ﬂ‘f“ﬁ?ﬁ ‘ﬂ%ﬂ V%IE eswm forms L

al,i ght frtsemﬂhowlé!mddlﬂﬁﬁdrﬁs@ afdpeaf ehrbil %mérﬁ%n Mlﬁ)ﬂir
- hqusing: 1 %s rout eglaqfé;%gr na:@ cond?{lt ﬁAA and. co%%gg%]?on S geve SCDA

topcore gargest fgsremponent 369 thabgmherpinandenaoon, housr ng _

|f : Fggt rj}g?ggs?n FIG 38 1 urrenagl%gA al l%ﬁrﬁpﬁpﬂtﬁ%@gh‘f%‘o% hoAs bow .

| OA viia.a fof YT browing d8eA tepughdemen 400Bsind hovdndaib canndl 7404 41 @raviidesig
¥ passagewa)b Ahor. intlo + of fluid 800 through |unen:400A to indention 186A :i -
andt--t'hen 1o’ the separatron vol ume 229 ~ through, 'channel 3054. Lunen. 400A

n s} 1 ocat ed00198] de tﬁpfenﬂrgd-‘iﬁﬁ@@& (shbmﬁltﬂ&ﬂﬁondﬂﬁngéﬁﬁhgm.rmgﬁ 0BERGE | unen:
“end 480A° aﬁjbll-o S tﬁge JifOZC Lunen 400A is fornby the connection of -
. Chanmel tleal H§>§ mg’ow MWWEWQB?M darehe WABagroridesfiwie connect or

ot

: 4é 1A and chal ,, 26 Frord Jalt of upper ..
“platel 299A Chnncgl vva?l %fgﬁﬁgﬂsdp&g%ﬁlec y a %uré?gﬁge%%%?ﬁﬁ% 2514 vdai ch
are atracH@aﬁl@Rhwmmermdmtmsmm«mmmmmsmn aal @mpabds 210A and

Lt S Al M R i 2t o

supported

_”hel ght, of s 20 moﬁ:Dﬂﬂn?:elﬁlﬂlﬁeﬂﬁdhaﬁ&Tseﬂlll&w]mfmmaﬁgnaﬁ léesnd sdof )
core’ 2004 n 4014 c annel’ w 4024, condaitl%wall13254, and the

héigl of (%"ﬁ ?w %'0 @%I‘?ﬂ@??‘%ﬂdé’d{ﬂ N4 MW@HOH@4 from.

,___f,tiraper | Ur nQBaSRDwABH A o ANGes to' déﬁmpﬁmsﬁ%% i ﬁln%%u a(gnsg ohe!MEN 400B. _j' -
ower | unmen ‘end 402C has. an openin fs in I urd communi cati-on - .
.' 'WI th. S"eparea@ P% indsniatien 186dq lum gl et rbg@ndmrdmmon I86A and through
P A SR bot’tom plate 300A The ﬁrst conduit wall 325A hag an upper end 325C whlch has an
= | :j' ] g 325D on the tOp surface 482A of lumen cormector 481A md alower end 3258
o . f s ha\qng an Opemng 325E adapted to fit tightly with upper end 32“4(3 of condmt wall 324A.
' J B " Uppen’ end 324C of oondmt wall 324A is higher than mdenumm 186A and has an opcnmg
i ( - '3241) 1 Condr.ut wall 324A also has end lower end 324B and i is supportead by aplumhty of
L fing 252A Lower end 324B having opening 325K is adapted to connect to conduit 320A
;,‘“‘haVlnf' opening 302A locaiad near the center of lower plate 300A The connacnon of
- openmgs 325E and 302A provide fluid commumication batween lumen AGOB and the space
‘ 229(:‘- between lower plate 300A md housing floor 130A. The space 22{}0 between lower-

‘;ooA and housmg floor 180A in tum has fluid communication with sBparailon volume

' _:_F',;z;zﬁa B .
) - - [061(),9} ‘ Condmt 320A provides a nght fit with lower end 3241! prcmdmg support for

i : ffseccnd bowl channe} 410A. Each bowl channel 4204 and 410A mzy be made of any Wpe of
o ﬂemqle,cr ng;d tubmg (such as medical tublpg) or other such device_,.prow‘dmg a sealed
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ehannel305A, In the illustrated enbodi ment | unen 400A conprises first bow
_-_chann,el . 420A, Second bowl channel 410A is located inside first bow

channe:L420A of lt he: top core 2004 i rid is enclosed therein fromlumen end-.
‘480A and to I'ufre 402C, Furthernore, second bow channel 4104 forms a s
j passageway thrbugh | umen 400E from bel ow | ower plate -3004 Fpmthe renoval
of! a fjirst separated fluid conponent no that gat herls it, ishdentation : 185A :
1oq*f hou5| ng flpor 1804. Second bow channel 410A ext: ends firom housi ng. fl oor.
1804 of dyppessibly &aﬂpnesmhz@hgmpmmnzad(ﬂiﬂ fow dnd whish griferalshesmel © 760A <

o$ext: ent ondyi t Referr ure 38 (shown ‘W t hout - condui t
3210).. ﬁh‘?éﬁ : ﬂﬁ%ﬁl#?%&g b fsipp 15|an gn% BHCUE oxit. bowl 104 via a _

second bovvl ch annel 410A that i rovides fluid cor net cat |4on fromthe v
hausi- ng f1 oor bove. i Dgestlei on 1854 t openi ng ~24E. Inner: lumi OOB has an
upper. condui t lend '325C and .a | ower conduitiend 3240 and dorrprl ses two duit :

walls 32449 ﬂmg 325%%@1@@%@@&@@3@ c@nidtubs@mblymAmased%d form
a

~seconn’ bow nnel 410A that has .a snaller dianeter than:iand is separate

and di st.i booel-1pAgra copneadion slggye SORAMhich MM&M@PM $&3Af - gaprenl pported

by aln hﬁ?& eﬂ&@l t 0
'cc)ndwt w?%ﬁﬁng rfﬁ‘g&%d&ﬁgﬁ%ﬁ@%’ﬁ# as og%e en @ﬁylhd nta |r%n 1864
1 amen 400:Bnﬁnt = “ se} (72394 Bachnubeduridhinmme] hﬁ&hnchmhmm:muglhmtbaﬁrmbowl ate 300A.
‘The f| rst con

iR i AT T T e

haV) ng ancfﬁse g&e@im at kid hmhaﬂamawmwﬁﬁ%mﬁmm@e of conduit
‘wal | 324A  Upper %%g&{?; 4C of (?gndw teqvval 3244 1| s ihi gher ;t han I(gr%(ejent ation

186A and| B&s:5gx \Ub@rﬂmgly CEENELt 1o G@@mhmldmaMA SRbavd 164, donduitghdnicbwer end
. 324B and n A r aving
obenl ng 3@ 1S a&t%&g d coﬂ%@(&:‘%&lcpﬁmd ”%%@@Q“mhg@@mﬁ%ﬁg“@om
ggggt eddn?gugA m«:ﬂgbewl IﬂAfmmmapbmt;hnﬂWsedﬁhémﬁdmdwwgg&Aﬂuﬁbﬁras gs .
: an I ovi cation n e space -
~2p0C (bet%é‘&‘?F‘-‘f) |b8PE“WX%f%ﬁ'§?‘W$%%P“T€§g&‘Hfﬁ%P atr;ée]iozzoo i
bet ween | Gym wﬁl(ﬁ&ﬁito Axtoragl dﬂﬁ&lﬁi;m fnmzxgig, ﬂaﬂﬂ)é%nldggrcthneMaeAfcgmm to .
Tpgnt | oo mnbdAok s emannd %c%&fwwateééa{wfnp?@%%ao@o@apéﬁé'nnEF
4104, Eacpso‘ Chwgmﬁ@%arﬁeﬂ%nﬁm&ﬁdmm&a%aemwaﬁsl&ﬁm flexit le
bi (such as nedi cal tubing) or.other such .devi ceproviding a - .

.' gzalr Ieg] Sa%g 'gﬁ'iaﬁrs‘f god 8¢ 1 gndfmranmslseﬂeuﬂi'% 08 I‘helﬁﬁ?mé%fbﬁz extemel f | ow,
' __and Wh' ¢ hcﬁpnd %ﬁb bf)tl&?arﬁy present batweeu the connection sleeve SOOA and fhe anchor sleeve 1
. o ; 870A n external ccndurt 20A arc a first shoulder 882 and a second shoulder 834 which |
| ;5-.-_',' ' B : emencj perpenmuluﬁi"y from the external conduit 20A and are of o larget d;ameter Between
o o the connectwn slesve 500A and anchor sleeve §70A (or zfpresem the ﬁrst and second
o _{ _ . ishoulder 882 884) are & first and second beamg rings 871A and 87ZA. Extemal copduit .
i S .-;._20,&, Jmchor sleeve 8704, and comiectxon sleeve may be prepared from tha same or different -
i .‘:,-bloco lmpanhle materials of suitable strength and flexibility for use in ﬂus type of tubmg ina-
= : ceijn'iﬁxge (one such preferred material is HYTREL@) The connwnon sleeve SOGA nd the
‘ s anéhcr sleeve 870A may be attached through any suitable means suoh as adheswes welding
i etc, owever, for ease of manufacture it i is preferred that the connecnon sleeve BDOA snd the
: :. - anchér sleeve $70A be overmolded to the external conduit 204 j o
v {(_l;ﬂl,llZ]. Referrmg 16 FIGS. 45, 48 and 49 anchor sleeve STOA coxrqms&e ) body 8778
. . havmg a first anchor end 873A and second anchor end 874A. Anchor sieeve 870A is
- 3 él;-.'.. 'axf;ached to second condu:t end 8624 of external conduit 204 (prafembly by ovennoldmg)

& I ":md mcmases n dlameter from first collar 873A to the collar 874A Spaoed dlstally from
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be disposable and sterilizable, i.e., of sinple and efficient manufacture.
“1.7Drive Tube [[00110] As illustrated in FIGS. 39A and 39B,.. conduit assenbly
8604 jst attached to bow . 10 via connection sleeve 500A whlch is attached
1on§o the first.jend 8614 of external conduit OA hav1ng a furst conduit .
‘channel? 7804, second conduit channel 7604, and a third ‘conduit el 7704;
"Each- condU|t channel has fluid comunication-with a fifst..bow channel - "
42DA, - a secon lbowd channel 4104, and a_bow chamber 7404 Whe three condU|t
chsnriej cencsedA7 4 ispeollatB8iAg Whishentendipemsndicul WW@‘PTHMSE# TBrndf er nal

condui t. 2Qdak e - 20A and
“bow- 104, * cond |tm€%§§1b%$g%ﬁ%~ﬂé ?{Kﬁ& [égg%:so’fr?%ec%%d vmt rgstAbova ‘

;chpn?el 4beying ﬁrsmbmmmhrewmeem@ouarmmm }annw&'t?'&ﬁﬂdal nto bow -'..
.104 .
o seﬁénég%%ﬁ;%% BCUiy bt F A SR R RRA f Bl conrest S
f r t I tsm Ib ?&emﬁgibraghs STk oA Aogafberiay 4 ying S80AL dh@?:ibhhgtmblﬁﬂnel t 7;%
.??E”meﬁoim el ot 4. T& mﬁﬁ‘”' R Graf Y ecagn g zemﬁiar@%?%ﬂ?{‘eh has
fferatl E%Eed?@@ ?ééo%&m?ﬂ%g,lﬁoﬁnﬁﬂ‘aﬁ’d‘ [ are 8704 on. -
g of exte naI _

- a ‘connect |
condui | t flonally présent et ween

the secontd end
tHe connett thesiréice efithe 5O8malamond it AddGoF0)s ﬂ'bexﬂgmnswbﬂ‘e thee:m‘hmn&hnnebndw t

s, SRR B0 B RN R D Bl nerer.

 Between - rdigfordedtedts fil datimeMeh Red raidnaHating riBd eeale) ﬁﬁl&)é«e(wmdmtf pr esent

ot He fi Fst and ksecon shoul der 8 e first d i seco bearl n
- Tings gmémmi R Ui e R BT A PR SRR 9.

. CONNECt | ORreRbAR ¥shd e%mrs gebdirbid, o SAIR &&,tﬁbzﬁﬁs%@.@ﬁ:ﬂ:@bm@éﬂ bl'e "
';"materlals of °'S ltabestren andeeX|b|I|tyfor useinithis. type of -
..t Gbirigs i n the extanesh eomini RO i s regign m@taseﬁmwwmm)ww wewenakt i on

3sleeve 50@&

" medns such %ss?g%gﬁcho?ﬁ%ehr(%&eeve 870A may be attached t hr ough any sui tablle

s esives etc.,. wever, foriease of manuf acture it
5 prteferr ed [wla ‘the Com:eettmstaavesﬂmammﬁmm badrgdssm\ehavmgcahmppslsbe\mnﬂmA be .

SN ot SehahR aed gt RN s 28 o 0 i L Sl AL SR 4§nd4373‘A |
Rk Stm e ot e e
i h di’ anet AB4iionibg el urdase ARAY) @%’g’t@“’?%@ “? yﬁﬁﬁ'”%gﬁwe‘g S&F%F’g}efi’y from: |
38 1y . .aﬂmd ngh: seal may! be provided by placing o-ring 791A around body SSBA and
» , compx%essmg the o—nng 791A between flange 790A and housing: IDOA Upper sleeve end-
‘;831A is adapted to be secured to extemnal conduit 204, Refefnng 0 FIG 46 39A and 3913
- co,_' ettion sleave SOGA is secured fo bowl 10A by means of sleeve ﬂange '?BOA and is
_ 'adapm to fuidly commest condvit channels 7804, 7604, T70A pf exiernsl conduit 20A to
T .bowl channels 420A and 410A, and chamber 740A of bowl IOA When assemb}ed
3 conn ction sleeve SOBA is mounted to 1umen connector 481A (FIGS 39A and 39B).
" : [001 4} Connectlon sleeve S300A preferably inereases in dlameter from upper sleeve
‘ : mgl -8?1.&. to lower sleeve end 832A and is overmolded to first pondmt end 861A of artsrnal
o condmt ?A]A Commegtion steeve 5004 commects bow! 10A to extemal condmt 20A wnhout
; : use of aTotatable seai whmh would otherwise normallv be located betwem bowl 16A and
v b&mpcnon sleeve S(H}A The seal-less connection between bowl 10A and oonnectlon sleeve .
- 500 may oceur as explamed above or altemaﬁvely through use of, for emmple an O-ring'a -
gor.we, or lip, groxmnetvtype connection, welding, or a tight ﬁt w:th or mﬁwut adhesxve in

: l exthﬁr bowl IOA or oonnecuon sleeve SODA, ‘ L ' 4

R
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second d 874A is a collar 886A which extends perpendicularly frombody :977%
and of a Iarger dr eter than the body 877E of the anchor sl eeve 870A. A '
. plurality of- iri bs 877A having.6 fust rib end 877B between the collar 386A -
"and: second ar‘}chor end $73A and a second, rtbend:877C extendi ng beyond t He.
fl rst anchor end 873A re attached to the body 81778 ~1{I'he second rib ends .

: 8775 are JOI ﬂ together by a ring 880A, whi (r:]h |s,al so aftached to e)c<lt
et 11 co” RPHE A eBR o o il 1t ke St o g

1t 80A; ar!at'ml mmmthb@mmmfﬂm@wdﬂahmwﬂmgt WIG SO,
- The regions; where the:, conduit channels  760A, 170A and:i789A are cl.osest to

‘the out3|%%wé1%ﬁﬂpﬂwe@¥f@ﬁﬁ#5 & Bluint ofdleniationdRA theriphredes Sl fail |
duri ng hi @i RGGHoR Bk MpliRiT\Datublr22BAAY bl thiulertrab8, $ARH Y furg ChaNA S

. beyond the anbhor sleeve provi es rein cement’ to this region and
prevcen, amawdwmwmommmpgmugpmekwm iBomwl chamben24tasisdefinedtoie; ribs

e W&&%ﬁ“ﬁ%ﬁ%ﬁh‘?ﬁ%@@ B EsThalt B8, SbaRaBl
| ‘[832}11,23’3“@& e by ol B0 indrpd e md32d. KMl of P ERsloEION caligsve and

eve end 832A (FLGS, 46 and 47). iLower. sl eeve -end 83 A has
sl eeve fPat ‘@%-% m%ﬂ’igﬁm engages and sle ‘%@AEW%@“@PZM to:
- engage ndg ¥ 860m 3,3@@,1431 ua{igﬁgmﬂg& #ien :connect or 481A.
- \When: t:he. bow- 1‘%%%% g@seﬁ% $}§ ?w sefP‘ may be provided by

ﬁpl dci ng olﬂﬂﬂlﬁj 791A0mnmbmgmsmpammmmmtmmgwm bet vveen: |

R 296, " TR B auRL s by sRRLML BV FOF ThERlgtomeltin S8 00 10
~2.to"ion’ ﬂiﬁd@hﬂmﬂ ppl&d&h@ugledﬂémalt hoxénlmtéwnA htbjaowbmmm%ﬁmaﬂ?}edueﬂmﬂa/r&gef 7”90A
al : P, L condui els o] S
Rion 450 s sgRATHL A GORESTEDS & S M o ah oeaib iR 7408 or
M&Lﬁﬂdﬁmyn coon sl eeve 500A is'nounted to | umen

tor 431A (Z 1 GS.39A : and 39B). [001 41 Connection sieeve 500A v
or ef erabl Wfﬁih f eas cExtermal gPRGHIL Z0A has snppmIpEmaislyconstant Spgetes BRchEe DB fer S| eeve

Sha 83&%2@@? o QU Bt e SRR R U opblctBnBlore SO0 1T

Wit hout - qsieklff Adlditioosiht aMmmeémamMmmuh@pbm@m\efmqenﬁlow ews | ocated

b fbgh“’eiBAb%' B o SRBRyE SRUERET B AR B ARRE BTN ot

ternati \beh% trhfg@smmmmmd be Easily amaxmm mefea@bnymmgnmmqu of bearings

: _871A and 872A will be constrained by first and second shoulder& SSZA and' 8844, External
':'kcond ZOA may be'made of any type of flexible tubing (such as medxcal tubmg) or other

,_ :‘:‘:i-such d 1ce prowdmg a sealed passageway for the flow of ﬂmds‘ whxch may be pressunzed
N flmto oﬁout of areservo;r of m’f&’ sort, and which preferably can be d]spOSBblE and Ste'ﬂmble ”

l

AII Permanent Tower System

, 5 '\” h '
- o {uous] R PIG 17 illustrates tower system 2000, Tower system 2000 is the pennanmt
e k ' @ e, nt n-d.\sposable) p1eue of hardware that receives the vanous devmes of photopheresxs kit
S ] '. 1000 such as, cassette'1100, irradiation chmnber 700, and centnfuge bowl 10 (FIG. 1).
g E = Tower system 2000 performs the valving, pumping, and overall control and‘ drive of fluid
e ﬂow ﬁ,mugh digpossble photopheresis kit 1000. Tower system 1000 perfotms all of the
o : " necessary control funcuon automstically through the use of a P"’p"‘ﬂy programmed |
| cgn;;mper, for example 2 processor or IC circuit, coupled to alf Ofﬂle nmessary GOHIPOW“S |
s i Whﬂe anew dlsposable kit must be discarded aﬁer each photopharais thera,py sesswn, tower.
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groove, or lip, gromet-type connection, welding, or atight fit with or

W thout adhesive in either bow |0A or connection sleeve SODA. S7 [0011 }
~As. i1l lustrat edi in Figure 46 and 39B, sleeve flange, 790A ‘has'a bottom
surface 847A|That contacts with top surface 482A of Iurren connect or 481A
:fprm ng. a ti'ght seal. However, |unen connector 48l1A has a plurality of
inhdentation-483A that ptovides for fluid, comuni cat i'on 1bet ween separ at ion
--chanber 220A -and bowl chanber 740*, whi ch in turn - has fil uid comunicati on
wi t h condsysters ROd{his usedmyar andwer Mewewamﬂ@ﬂﬂjmhe@@dtﬁpdmmmum ing”

recess 85]]&1]@ éwjg d| ng the
‘space - occupiiel tegﬁ we\%v&gﬁﬂoﬁﬁce?ers anfgp%g%ke%khmﬁ?fggypﬁég f protrusions
BA3A: on' t Ipeogrs gshﬁdoau'ellﬁ@’hy diangihg enras 6fliRRgRPHRAA engages and sI ides into
i‘hdentiat i C@f €4A o;lil t he Iz%ﬁﬂgrfam 482E, of | unen ct or 1A, *us
- pfovidingl ‘tl ht . f i EVEEERIER %@3@“5‘5@)‘7’5\? e ext er nal
conduit 204 Waés%omahhmmsla%wmwmmmem sqmt 20A to:
bow - 10A; Th| - fluidconnection enabl'es fluid 8 to be supplied. thfough

ekt ernal adtat oomRat e betipm 28020t beserpertion| 2300 tﬂmﬁ‘@f toyer sy gem s tiobile al so

o) co SRR BTN b RS THRI R BR 1  01

“hf o). ext ernal’ '
const ant 2203 wb biviotablel gbsuttaoverticaldnao tltway bdsgintitdeying dnd iapassingel y rigid -

T SRR b i e ) S RGeS R, e,

~ entat i'on: gk I RRNBRE NS RFYS, ﬁoﬁeﬁw@e&z@cemc m)em@?@&mm and-

- all ows: bée n~irings 871A 872A to be easil lid thereon.iPreferably t he

' 'mﬁvenent ‘deadsé gptogatro 9mw2§ﬂdBasmmnlzmesmlmé@ﬁlﬁ.maﬂtﬁymd)retoﬂwnd seconci
shéul ders Eﬁﬁg e of .
flexible.t %‘ﬁ% ﬁﬁx‘é@imﬁﬁ &F}&t u%@ﬁ?dor otéﬁmsggac n&f %2"%%‘/‘% é!ong a .
_seal ed passad itmyteﬂmywﬂmdﬂtowemrstémamso lw(rg astthﬂrmgcskuempgéeswptmm:ﬁere into

B s L g s o

LI ustrat e:&axhéwsoft’m e8) 136881 beﬁﬁM/leorS?ﬂt Qﬁ&;ﬁ@ﬂ@ﬁoél@@d@ﬁlmai)tme (i.e.
n- dlsposabl ). pi'ece of. hardware that receives the vario &s devi ces '

;of photiopheesfal grsowengygigm W&@W@WWB&W&&% &’rfﬁ&lﬂ&ﬁ%eF 100,

'and centrl F‘%&P 210PVes system 2000 perfopns the val ving,
punpi ng, ﬂg veraﬁe&con rive of fluid f] ow thrbugh di sposable ©

phot opher e@ﬂ&fﬁl t 1@@&0&% meﬁﬁwﬁ@ bOris prowigedin|bassportiea 2200 of
toWer system 2000 between top 2201 and bottom 2202 behind door 751 Door 75145

. tunge y connected to base portlon 2200 and is provided for access to phot:oactwanon

. i',: cham e1. 750 and to allow the operator to close photoactivation chamber '?50 50 that uv h,ght

R S does not- escape into. the sunnundmg during treatment Recess 752 is provxded to allow tubes

i 11131117 (FIG. 1) t pass into photoactivation chambes 750 when irradidtion chamber 700

i ) d ol {ow:led and when:door 751 i closed. The photoactivation chambef 1s dlscussed in detzul -
e be!;qurwtth respectto FIGS. 16 and 18, ' : ' B

. [0012 1} Upper poruon 2100 is located atop base portion , 2200 Centnfuge chamber

| | 2101 (FIG. 19) is located in upper portion 2100 behind centnﬁlga chambet door 2102.

B o Cantuﬁlge chamber door 2102 has 8 window 2103 50 operator cat see gn centnfuge |

' - : chmqber 2101 and mcmtﬂr for any problems. Window 2103 i 1s. constmcted with glass thtck |

, ) _‘ » . enough to withstand any forces that may be exerted on it from an acctdent dunng '

.‘ - :,' . ceﬁt'rtfuganon which. can rotate the centrifuge bowl at speeds greater than 4800 RPMs

| . . | ) Plfefexrah}v window 2103 is constructed of shatter-proof glass. :Door. 2192 15 hmgedly ‘

R ‘ connected o upper portlon 2100 and has en automatic locking mechamsm ﬁlﬂt i achvated by .
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uecess control function automatically through the use of a properly
prpgranned contro, for exanple a processor or ICcircuit, coupled to all of
‘the neéessary onponents Wile a new disposabl e kit mnust ‘be di scarded after
each ‘phot opheresis therapy session, tower syste 2000 i's -used over and :
over ‘agai n. Tower system 2000 cdrt be rodified to perfOrn1a nunb of
e%tracorporeal bl ood circuit treatnents, for exanple aphere5|s by properly
priogr-aim.ng the controller or by changlng some of its conponents. [0011]

Tover Sy sthe ey ortasietduniy syugn bgaritivg. @onttfipe thaniier picars did@Reddion base

pdl"tIO') 2200 'Iﬁe@ﬁ“&grtlon Zﬁ)c? has a top 2201 and :a bottom 2202. Weel s :
2203 :are mpﬂ’?f\? respeRdRFIG A& bott om. 2202 of base portion 2200 so that:
tQWEf sysmnﬁooo IefeRBlyl Seckangl fé%bafé&%h'tdﬁ sﬁﬁ'ad&‘ﬁ@ﬂoﬂs@%érﬁ&ﬂiﬂ%awpm ina
'hospltal settiing. Pref erably, the front wheel 2203 are prvotable about a -

vertical wpeer thetfronnbd syardeedt| mw& uprgr arraomwwmm@g upmﬂrfro,nsbsm 2000.

Top 2201 of ort on 2200 has .a r cont ol -deck .
200, best™} ‘F?‘bg e Fpafpro “’E’z‘ygtﬁ‘atiﬁ@’ts#&%%" 5?‘? 510 pr G 115
;.,Cassette A0} ek momwﬁmgmﬁmwlym&ngl&@@paa@smm&éb@mfag@&mb&o has
zhwoks (not i | [lustrated), or other connectors, to_hang: plasna col I ection bag

'51 and. trefilrdivrdepigning cowassystam 30 tahevs thepREfuge.chamberddd 8t Bdhevnsher e on
ot th
T inet one RERRASRR SRAIRUARE AT GYTSSOR o hRRRIERIA (1 2

~ fénctioni he systemduring t

phot oactlwm. um@hmﬂﬁgenanms@a(ﬂﬂe‘@d &}H%Wamdcwwmwmedm Addi ti enal

2 aflkﬁe( ggggogé rj&jcoaglflle@n&f %nges&%(ﬁgf ablalilu,%l??%e@@tﬁ é%gg -h%lrhetc@ng ngn

——

. upgerdpor Eyecami RBEO20H0COHAY b%w&m@oh&heamﬂmmhamasnaﬁmmﬁtﬁwﬁbﬂ) is o
provided. in base por n 2200 st.em 2000 bet ween:{ o and - i

| bE)t t oM 225?’55 @1 d'B‘?fS" é)g‘!?rh ‘\é'ylf\é“ﬂﬁlr?ﬁe d@@ﬂ%ﬁ' Wﬁl&p‘t?zﬁgé’@ portion
2200: and.- j5y d#&dnﬁlqrosﬁeﬁams Md?hﬂ%?&%?%ﬁg%eto@é@d@vﬁés £0 and to -
'atlowthe ope ator to closepooactlvalon chanpber 750 sp that UVI|ght

~does: i | oBkot is kit 1080 deyingghe loatingipirihar deviery, meﬁqaémsa‘oww i s

provi ded ’ ‘Im 7 I activation
. chanber 7?@;‘ en. |l%l;ga% %%%%% %%ﬁ o edﬁgrltllgﬁv\ﬁeg%s oor 751 is .
Sl osed T o m@oml on chanber is discussed in detai II ‘belo with

~ respect t &S 2 .0p basé 3

~.por tien i Zoo: nt r| g“%%lohgse%g%gi%ﬁ%ﬁn&%fwm%gcaitle%lab‘)%‘“ﬁ'gd portion

K 2_100 behi atiox tnliwrlzgmhﬂsardﬂdptayaclmdﬂﬂ&fo@msual@eimpmymwmmmgrcthoz has

a wi.ndow 21Q3|s r at an see in centrifuge - eckher; 2101 ‘and ponitor .

fior ‘any . pF’bg a@d?ﬁb\ﬂ‘“ﬁ%@%‘% 'sdmcm'ﬂ?ﬁ@l‘ge‘ﬂ t%\cg?#‘sg o5 WERRES AR 1§ o
-V\ﬂ thstand: dﬁaﬂ[&ﬁﬁqﬁﬁ}aﬁm% Deorfirses #0986k QRplel ﬂmrﬁbﬂfomgy%&wmdurl ng -

S = _'_ _;_L_' . comrqﬁer Auauaca*uu receiving port 2001 iz provided on a mds‘- nf‘momtar 2104 Datacard. -

- : ' - ’mcelv'mg port 2001 is provided to shdably receive data card 1195 whmh s supphed vath

L ;eaqh dxsposabla photopheresis kit 1000 (FIG. 1) As merrtmned abave, datb card 1195 can be

: G pre-pTograImned to store serve a variety of data to supply to the system comrol]er of tower

N o syst 2000 For exampla data card 1198 can be programmed to relay mfomanon so that
RIS ‘:.l-i . the s, em controller i can ensure: (1) that the disposable photopheras:s kit i lS compstible with |
R ﬂm b ood dnve eqmpmem into which it is being loaded; (2). that the photopheresrs k1t is
g cap le of ninning the desired treatment process; (3) that the dlsposable photopheresxs kit is-
o . of ?erlmn brand ngme or make. Data card receiving port 2001 has the necessary hardware

o ' and 4 cuitry to both read data from, and write data to, data card 1195 Preferahly dam card |
. , " _"vmg port 2201 wﬂl record treatment therapy data to data card 1195 Such mformnnon |
- can. nclude for example col]ection times, collecuon volumes treaimmt nmes volumetric -
| rates any alarms, malfunction, disturbances inthe procees or any Gther demred data
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centrifggation which can rotate the centrifuge bow at speeds gteaterthan
4800 RPMs.  Preferably, w ndow 2103 is constructed of shatter-proof glass.
Door.. 2102 is: ingedly to ed to upper portion 2100 and -hasian automatic
'l@cklng Mechani smthat is activated by the systen1¢ontro||er during systen1
operation Centrlfuge charnb?r 2101 is discussed below ininore detail with®
respect to Fl G ~19. )00122)[ Preferably, deck 1200;is Iocated on top surface
2204 of base jortlon 2200 at or  .near th front of systen1tomer 2000 while

upper. por.t¥ 4’@0%%%?1@?‘?@ dpRiarided ormewtor 24k flicambolgentedamywhee rear of
tQ)WE‘I‘ SYSHER | I eek
1200 vvh?ll e sl‘nm%negg@lﬁla ?%ﬁﬁg@%ge at or ‘g’%ggrssf’ﬁ@ %@P@Hﬁ@uge &

- chanmber Ztlmhmeayﬁ desi gni ng tovver system 2000 to have thé centrifuge
: chan‘oer 2101 ||n the upper portion+2100 and havingithe photoactivation

- chanber 150 an At f t
DYk Asagﬂtﬁ%%ﬂéf‘gQW% emi%ﬁ&%@‘r b e 1A Ron Bl 071 0N 0L Znh"” ! f __
takes ‘u d t of tal - fk Th ht of
17 syst D ol 50 AR iRk o ﬁ%h%ﬁ%‘é"’%’“%ﬁ%ﬁb%ﬁg& Sipeed' o i

obSt Nl et e R SobiicH PR it RBETS0: DAL ) Hollind 950 IcRbin pEgA N 1 ear.
Addi t i ‘onal. Ié’m(haw ng deck 1200 in a !Qj% hori zont al |(£l sition wi'l| provide the-

- oper at or Wiithip basp peden 20 towks syt 2 mﬂdo@‘r‘féé &), f@@mamwong t he

|90 19 ClonghblF e S A9 il B0 TRk p e 0 2000 1o

cent ndi ga 3 ‘mscuo@(@erts 758 aroelatocally toupled te apmmze afealbcmabaaalgyl fuge - :
chanber d 2 02 ab . Moni 04 h area 2105
for vi. suaﬁ’?’? q}‘?ﬂ" E‘)WS%@F l}\g{‘l@ﬁzé %fyoﬁ?%@éﬁl user

i nt‘erfacesvvﬁaf ’l@d&r\i&ﬁoyphotdaaﬁummml@a&:cagmmhtsc(ﬁotﬂu@&md)gs alerts,
P3 ‘dat-a, "or -t Herapy. progress. Mnitor 2104 1s coupl‘ d to-and controlled by

-t he- systeﬁi’ tesrangsoptart veall 75K of BiVA kel asseuably 7RY R Wr’? eptyioal cpgnegtion with geg on"a
‘sl-dd- of IRl ded to

‘ sI idably r eceqve@%%‘ Eg&% ’%4311‘5 el s%'sl%fg% eﬁﬁgaaiﬁehéafgd?gsabl e

' phot opher espicdite UVI0RMpETSES so]:t)mtﬂmsr cmeht’emtm@dd Etbfembly, ‘theactelectricdl 1195 can be
pr.e p ograrrh 0. 5k9 var i t system :
Db Dot Pe e b AP RLF BRI 255y FUBRY oAy Vot om
- pgﬁogramrech.»:.ﬁam pVWNQBMﬁmmpsmfom@pmmmm?mmm ensure:
= ) that:th psabl.e_phot o % tibl h ood -dri ve_' .
. efui prent ?‘ﬁt a)ﬁ}"é‘f'ftth Tﬁ% ‘B’@Fn‘gr gd’n @%c' %3 ?%BR@%Q%% kit is
caps:. Tte JQE @wﬁwmﬁl@@sﬁwm&omm@ m&chpwgmps(m afehaivatddand!i sposabl’e
pﬁotopher g Ki't “a ~ertzin prand name, or make, -Data.card receiving

Cpbrt2001 dm%h‘*lﬂﬁ!d ﬂﬁéema’r iy thesentalier dugingithe photgphesssis dhepaRy s6i%8at a 1 rom and
R iine 32&3*’?2#&2?%23%3 [fhad o8 prfeh 3 B0 oo B s lsrbiiRdiracer | 2201
S photoacnvahon chamber 750 ‘Vent hole 787 connects to vent duct 760: whlch leads out of :
{ ( I:: 2 the back of tower sysieth 2000, When heat generated by UVA lamps 758 buﬂds up in
| . ‘ phdtoacﬁvahon chamber 750 during 8 treatment therapy, this heat escapes photoacuvanon .

: . chaml?er 7%0 via vent: lwle 7587 and vent duct 760. The heat exxts tower syStemﬁooo thmugh

_‘tow housing hole 761 locaied in the rear of tower systemn 2000 away from tHe pahent and

L *the :gmtor : L -.i o
Ry ' [00 6] Photoactwanon chamber 750 further compnses tract 762 for recewmg -
| : irraletcon chamber 700 and holdmg irradistion in an vpright pr.»smon between UVA lamps '
s 758. Tract 762 ig gt or near the bottom of photoacuvanon chamber 150 Preferably, 2 leak
ER .. .' datectnr c1rcuit 763 is provxded below tract 762 to detect any ﬂmd leaks lrradiauon chamber

L . TQD during, before, or after operation. Leak detector circuit 762 has two electrodes patterned -

E ina U shape located on an adhesive backed flex circuit. The electrodes are dESlgned 0 allow :
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clude for exanple, collection tines, collection volunes, treatnent tines,
volunetric can-in flo rates, any alarns, malfunctions, disturbances in the
process, or any other desired data. ! 40 Wile data card receiving port
2001 is provided on nonitor 2104; it can be | ocated anywhere on towr

syst em 24Q@pHeatioand aasboitcirtsit toteg ferdisntingtisy sSDpaemicofleach tlettrate gich ey
appropriate control] neans. A. Photoactivation Chanber for Receiving

Irradi aéft ﬁﬁe@ﬁ@ﬁ‘&éfﬁmﬁ @@11162129 othgrread of sachrrdestiode s tigg, to poligntaigswitch. The

phot oact, | N,

Phot oact?V va%{fi%%v@ﬁ% er ;‘g HO%h %Jr%g%&ﬁ&ﬁﬂ%agﬁlﬁ%ﬁ%ﬁd%ws}? ﬂgsnfgéh efsl“fltsCh

wi t hi n Basdedifvdes are sB3AE tbforie(hnmheﬁysﬁeamegfh@éﬂ diﬁmmnhxmmcts?&é shért G 17).
phot oactivation dunb fr 750 has a plurality of electrical connection ports

753 pr ofileseg the sHalch carges aﬁsmnon@nwalem taItheelpeteader geitipg et (1753 laaly. IN

chanber THs TR HimPer ARy yBv s S i s B s SRR apod 'yé’” When|
y | oadeghdipfiRnRhattR@elettydies are M@%Q%edﬁi%s ©htagh be pato el &eh finld@

illustrated) |ocatec] on contact wa 755 of UVA I'i ght assenbly 759 form an
el ect ri cyitemotareup pbpemdudallydusng npumat operetion wrengaretthat 16k deTedvitisn elrewit r i cal

t | 1 | P to h liedt A | 758 t hat
Chey oarioBds HemRebwgerpr Pl Ciron ctpa i IR elbrecBrleh s dOgR €8 are
provi de%ﬁgeﬁce‘ﬂ%ﬁ &h eﬁﬁreWé*abﬁE’&%&oﬁ%@cau@@fh@ ]g)afk'%fe?éctlaﬁk}fcm%a}ﬂ g@& AfSsem

ly. 759 stwose nps 758 formng a space which in-adiition
chanber elethiical safhchmtlcnsﬁmakddtecfﬁhelr&upmzylscpfovedlﬁcmrﬁlﬁalo energy to UVA | anps
758 is control |l ed by the properly programred systemcontroller using a

swi.t ch. 58 ctivated and deaet ated as necessary by the
cohtrol |l er dllﬁ ﬁﬁn‘t'ﬁ\ég ﬂ&%‘ﬁ?ﬁerem s therapy session [00121 Vent hole 757 is
provided in the top of housing 756 near back wall 754 of phatollactivation
chamber [P8127]Vent IEJ@ &9 7histraten entrifugeshemher 210d tin 78Gs sdvtioh Withetlis housingf  t he

back of tower heat ener 758 ds up in
phdt oactqf\}%t‘f’?roﬁ?(¥ re’?’@ﬁ%?‘?tﬁﬁm}f‘l Fast ﬁfe‘ﬁ@l?ﬁafﬁ’ﬁ? Se‘i %“ﬂ?ﬁ? scapes
phot Oactdtﬂﬁmgmomeg@megz SPntbAn¥RIBY iFdRiofRd WAl Yaifdecharib& 2100 heat
exits tower sy3tern2000 through tow housing hole 761 |ocated in the rear of
t ower syRdtetiordd0eviceaRyintiudes 2 tmsatpg iragket ah(bland hbowl hddiagplate PUD k6]

RN TN L R e e

Eﬁ; \An/te)gp ﬂl#%%azllﬁgﬁlz%dg}g%fuﬁhgﬁﬂ%ggmb%tﬁ lightwegHt, i@ yRadthio rmaafmm%tw%ﬁ{e& vation
rotational systems may be used within tower system 2000 such as that described in U.S.
Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00128] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is

provided in FIG. 21.

C. Fluid Flow Control Deck

[00129} FIG. 22 1llustrates control deck 1200 of tower system 2000 (FIG. 17) without
a cassette 1100 loaded thereon. Control deck 1200 performs the valving and pumping so as
to drive and control fluid flow throughout photopheresis kit 1000. Preferably, deck 1200 is a

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or
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detector circuit 763 is provided belowtract 762 to detect any fluid | eaks
i rradi ati on chanber 700 during, before, or after operation. Leak detector
circuit 761 has two el ectrodes patterned in a 11 shape |ocated on an
adhesi ve backed flex circuit.. The e] ectrodes ar des'h,?neg éo al | ow eic;f 1.
for appPhERISCBANSMEANSFYFR a% f4r SrPPlecdQ s RUEGF CH ' dP0% e beahestla of
each el rode.: S | Lrcuit while the other end of each
el ect roglgéli’ gsﬂqfrllnglgﬁf 8f§hg%r%@g{a25§%aftéig 1.' The solid-state switch can be

used to[eh8ok for Daktli200hbyfief paristalitd motpsoodsle bByodohumsp T3P, betusguingh  t he
el ectrodes are shorted to one another. The integrated circuit then detects
t he shod302, regirsalatpnorepsi08cmticaaaidant gupddQd,apd redblogd celhpump 182

| d ' (0B pd. ] | d i
oy vy XenEng Iiel lad 1ad pofhs 81 30 brelalrah 48 A 10HE S0 EWABIROCC |0
the el eghdsOfles1 (U R 16&ted darp@eR 12000fcr opestios dnpdodsifoes TEZD-eR b at

system start-up or periodically during normal operation to ensure that |eak
det ect i omerzndcuound ;enps B0Lek3Rb Blpr2dper | y. Leak detection circuit 762 hel ps

because DA eak oAFeaBgHchspt B I8 A0 BE T nSotan bty 2P breiebied o
| eak detoﬁfpgé?é igi}fl.ﬂ&iirtbu%gl% defisoP B8 203 Hak @Ié@f?inc%es 204 foi FIQR/ ﬁ‘%ﬁ@s\% h

1001271 ustrates centrifuge chanber 2101 in cross seé
t he houdilng, 1166, A1 95¥F$E €2h) 2 Bidbubblaseasbr aRendily 204 usde vlirasoiO@ndrgy o i n

OS] OMERNIAE (W 130ht 0P S AL AGRITSEDIcs 1n AGTsap R AL 108 | ncl udes
i 1 TEEDAS .
cantr § R sipi o R AN el BibsBleherctiobany Tune ) TG 366 ("9

pr éf er abl1y 9 aRARoATort bEtausambese lnsgoad HerpatieghtAiebabtile saisor shgermplyal204 is

Al ternativel Y other rotational systens may be used within tower system
2000 suctperebly eruplehurhtimaats dateisthe spgemroniplerfongplysmp 1f appisfpubkle is

e q a NS 20 ' Lok
orect; e IR BB PEE Rk MiE AR B Faddh doHrBRbL il nowdBIRE] M
det ect i iatichtititbdclrii®btubes Pridy 1t ahd1 TSt BCinoding coapkesivhtabiuatoreTiqo-f uge

bow 10 or the connecting tubes during processi ng. Leak detection circuit
2106 is §243re peaised msntwk%lw&bg@pmpre%ingéuhqs 1754 1dB6candoldd 9 pgainst capgette

| i cal ic of | d i ' it 2106 ] ided in.,FlG 21.
G Fi ui of 10038 AESRsE By s STUBFL 1Ptn B AR BrhE. BRI RS asishoibG0 o7
t ower sygio8Rag @efic F103 fol feceiingIOOT compbidt 212801400 11 padHE T fegsgon. Contr ol

deck 1200 perfornms the valving and punping so as
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a

photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits
data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red
blood cells in tube 1116, the system controller will take the appropriate action, such as
stopping the appropriate pump or activating one of compression actuators 1243-1247, to stop
fluid flow through tube 1116.

[00132] Deck 1200 also has five compression actuators 1243-1247 and three
compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette
1100 is loaded onto deck 1200 for operation, each of compression actuators 1240-1247 are
aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can
be moved between a lowered position and a raised position. As illustrated in FIG. 22,
compression actuators 1243-1247 are in the lowered position and compression actuators
1240-1242 are in the raised position. When in a raised position, and when cassette 1100 is
loaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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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 42 other securing neans,
such, as, for exanple, bolts, nuts, or clanps. Plate 1202 can be nade of
st eel , thiamghthmgoroespording apfutuzds|1d 3ver &1 57Toandreempresa the paybasof flexsble tu@op has

ot r cdhais aheps i Sis abfies. B bRk R 8 e otk S gt SR e 7t o
1305 gsg{sﬁgtdm\%ﬁ ih MO GRredl RE ok AdtprEdiRScibalbls 1201 Areicid aRead teBug at e

1202 s en cassette 1100 is | oaded onto deck 1200 for operatton,
punp | capertutdsdd 37 5201132 ancethugdalcompress theflexibtainbingunps 1301- 1305 (FI G 25).

00131] Air_bubbl r _assenbl d_HCT | 5
provi delfO1BH ol at EOTRGF CRA BG4 3SRAL G SRESEATY SLoOAAIGt R8BI anches

1206 f C Vi : 1 '
assonbl IS0 [ B AR Jokistd postd o up el oSy s 1170

nergy to nonitor t
for di f{Ereaearlcpendbatigicoptrdlledtandvoan be ramdid ¢ ddveercd endepersieanefonefanaiher.i n t he
liquid fluids normally Passi n% t her et hr ough. Tub?s 1114, 1106, and 1119 are
moni t or Gampesssigs actuRse] 340042 95 the othgehapgiare rrupled o |4 SEhsHheassenbl v
1204 is__operabl ) - t C ol ler for
anal ysi ane qm%{ﬁs%?lf&gﬁ%ﬁrfleﬁpgﬁ%g@geé%cﬁl? %‘ge%;%e:%@éﬁtc?’g “gélblrgfo\%vi |1 shut
down opgétaktbRn 2204 242 @b 41kd 1oherdddnfrhiest dcabmlingie. Aﬂ&itﬂoﬁﬂlﬂy,bymgﬁ&‘siuﬁi ng tubes
1114, 1106, and 1109 by novi ng conpression actuators 1240- 1242 to a raised
posi t i onctuathesrl@¥P-12dAprespsingdoades se thed their defaydt posiHionTs lomgyaiotbe rasegset t e

1100 as_di.scus t r ' CT
sensorBSNEI §us: 308 Fustlif |3k il Wbl Gl iR BB 02

t ube 113840-1EaR SanaQbmaBcSEThdwE td 2braised bbetion,tasbdinkltbbdsan 14 hE1 08 gsence of
red blood cells by using a photoelectric sensor. HCT sensor assenbly 1205

i s al solbpeambprgveding fagds Bom sateripng o5 leaviag thepationb t he system control | er.

Upon H nbly 1205 ting t d blood cells i

tobe TR <R RE P PR FITS A 00 BEOT AR B B Shchas”

st oppi NGohiQ1RRRI ®RVIIAIS aBitiIbIPI2 G hianabid@ sl 128 9 ings 40061 215, gaatn?r S
a

1243-1247, to stop "fluid flow through tube 1116. [001321 Deck 120 so has
five compriessmblnl 26t ant wnmgiheltssembity 334 t Firséen cenrgleed 210is aqgoperhor s

1240- 1242 strateqi,cal osi t.i oned o | at 2 so. that when cassette 1100
o oaabatgea Rt st ona B P SRl R SRRl relRP e S
1240- 124ys1@th Qo paifbii 616l oMb Fuscdioh§ Sineridiiogs, apdsibie, @fid 1dadondedshad above,
Conpr essi on acPuat ors 1240-1247 can be noved between a | owered position and

a rai sednpaosidassasy to perfarm aphatephseesistherapy aceprding to the present invention.

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

=y

cylinder. Air ports 1212 are provided on the various elements of deck 1200 as necessary to
connect air lines to the devices and the appropriate one of manifolds 1213. As such, air can
be provided to the devices as necessary to actuate the necessary component, such as
compression valves 1240-1247. All of these functions and timing are controlled by system
controller 1210. Timing belt assembly 1217 is used to coordinate the rotation of rotating
clamps 1203. Finally, plate 1202 includes a plurality of holes 1215, 1219, 1220, 1221, and
1218 so that the various components of deck 1200 can be properly loaded into and so that
deck 1200 can be secured to tower system 2000. Specifically, pumps 1301-1305 fit into
holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly
1204 fits into hole 1219, compression actuators 1240-1247 extend through holes 1218, and
bolts extend through holes 1221 to secure deck 1200 to tower assembly 2000.
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conpressi on actuators 1243-1247 are in the |owered position and conpression
actuators 1240-1242 are in the raised position. Wien in a raised position,
and when cassette 1100 is |oaded onto deck 1200 as illustrated in FI G 25,
conpressi on actuators 1240-1247 will extend 43 through the correspondi ng
apertures 1137 or 1115%sfiel CrmpmeRechdifisnportion of flexible tubing that is
aligned with that aperture, thereby pinching the flexible tube shut so that

fluid . \When | L '
1240- 1500381 ot * FReteibEri e FHES AL FI{E, BT Ry SHTR SR e A ko
CoNpr es$,4408 ahd sadubb®iotdek 1200 VPR3 be BROREES SInWd T RNE2000A3 pbatrm ar e

spring retracted so that their default positionis to nove to the |owered
posi t i on photopheresisttherapy dasseitarbtManing e grapgdy doaded pn@-degle 4204 r Because of

i nd dent | irolled and be.r ai . d_.i.nd dent of
anot hor Uhe CSASFENR BFTUSER (AI'BE S8 PP B BE DESH VRGNl B coup oa

t oget herh{nﬁ'éﬁgt%ﬁ Bt cHd3eRe 1%%@%&@%%&% ardrtiono Q@(flﬁ)dtjs%ﬂ?oxi b%cb@\efer ed or

rai sed, er two conpres actuators 1240-1242 are also lowered in
rai sed angedgidnghen cohtjaedsionrratuaiors t2¥01 B sicolude acttioat of the XkAibid bthgde

spring | oaded so that their default positiog Is to nﬁv){g o.the raised
posi t i orcompiessing;the flgeibletubiagpeyag copendd 0 gfirsagteal 1AL Kéyy?’)s@é’é‘feaﬁf,s this

conpressi on_actuat or | ti '

os 11 e g pisn S T tod s BHGCRbaRLL CaSBUELIG P uldh B0,
ent eri NGn@lred RV SYeritbeerd@rti AMtof théd® k34l alRelchievtdby el BéscBbelSasaeitt 24,
deck 1200 further includes system controller 1210, cylinder assenbly 1211,

mani f ol dclespiegphécbgnsmi3, punp cabl e 1215, punp notor cable 1216, and

timng b ssenb 217.. System control i perly. r.ogr anmed

i nt egr at @hi%(ﬁ rcui t}J{?{é?r]lf’gacatgiea%?’?mg%SgFAesgétEe(])]zlt%ﬁéo ﬁ%@‘elgé@r geci(olrﬁg@ﬁsént s of

the syﬁgrsmdwmrmrda&a 1208 &HQWB‘#G@ﬁh%’&SmpE N263 acd 12235 .CAark 1208 Faveand

reaction di scussed above and necessa% o performa phot ogherem s t herapy
)

accor di ngslool 228enepr teaniddiersf gt top plate. yatchesd208 sxeeseonngd 1@ plateckiP3laés each of
conpressi on act.uators,.1240- 7 to.a pneumatic .cylinder. Ar ports 1212 are
pr ovi ded’YSﬁ‘Ft?‘F?Bn. P?%%%“SéPé&ﬂﬁ'%esspa?ma@EWfﬁ%‘&“&E %bgg%gaé%}ﬁ% Fn?%%snﬁgct air
lines t Osﬁﬁags@{g%gt@&%%a&rﬂ 02R8d 2P3 SPEA3ER 1106 (PIG. BN Rfo@c{tﬂ,?ﬁﬁ%lm apHch, air

can be d to the devices as necessary to actuate cessary
conponent223site Hluatrated amp closed positical. Vdewavzngoteng clanips 1303 ahd 22X camdtei ons and

L NG PR oLl e B oA ol hobh sl AZA0 Tyl g, Beld Sospnily 1217
1202 neRaRE platel Kol SNSRI L a elglEen L1
deck 1208s toantdmeativelly retuimito theolesed pysitionmed @ddiBpedlithiqualid yot bpingpeppliad 1- 1305
fieint ORotating clamps 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 stidably insert

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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hol es 1314, HCT sensor assenbly 1205 fits into hole 1220, air bubble
detector assenbly 1204 fits into hole 1219, conpression actuators 1240-1247
extend through holes 1218, and bolts extend through holes 1221 to secure
deck 1200 to tower assenbly 2000. 44 1. Cassette. O anping Mechani sm [ 00135]
Ref er r i rMthevesy dfahéLassett Pl (Mr(ile. 2he silbeppusith et thlys MR ahd ¢ 283)atohtacts100 i s

| oaded and secured to deck 1200 w |l now be discussed. In order for system

2000 t o rpatipnalplarapphf3opd2dd as tabm 41 Goynd A3 ai baang meerted igcalshest idiSer | y

| oaded to deck 1200, B f | | Vi t
| meor porat £6°% PRI EERARR b Af0E PGSR LARRE SRR, 2V 100
be prop&plaeSRaHE Bfer Posittak allAfRg AcreBOSL cakieltt 1000 RagevEdowiivwir@desd when
conpression actuators 1240- 1247 occl ude portions of the flexible tubing by

conpr esspasijiontheldw dsdegss $2310ef ratptianalicksnpsd@ 0@ and 1243. dPnegpassette d 100 0n (HEE G
3). However, this  requirene 0 wi th the desired goals ,of,ease in
bad o Readion, e oS SETELI03 2B 8 28 etk ol B ke SPsR B8 %A1 o
these g \ Proesd SO kN :
mechani gtr%# egsgiilggfﬁi?n Oraggcﬁtgﬁgg?ﬁﬂtﬁgﬁﬁ%f& ]gang?%gﬂ%ggtigggg{]? gﬁé %'18\6hetnomdeck
1200, dethlk 1dc%@0 positiopycassetted 108 tin rewwst upptard esd hROE farvds.t wo rotating cl anps

1203 and 1223. Catches 1208 have _ _a ﬁl ot 1228 near the mddle of the top
pl ate. C#0d3Ys 120d0dpmoveeasFdle 11A0 glter tae thrmapy session 1 gemplels. Aedtiprali t i ons so

bet ween (ARE° 110 AR IS Aol T BURPLARR A Al Rap TR il B "0
and 1223 umnfaticlrbtasivh & Rdilitiedby hosie dylpakt tHaols.cobipled ¥esin aif (iha bhdgystdnanps

1203 and 1223 can be_ rotated to an open position gnot il lustrated) manually
or t hr ougintraler k2t rfarsecrotadionaltalampso¥203 ang 422haneiin theapen depitiorsasseitag cl anps

5 _ . _ _
return ¢ bR e Suanby Aol RRRE AR S AAE RS 1002 BRFLER fSrbReRR®appt i e

Rotating clanps 1203 and 1223 are linked together by timng belt assenbly

1217 (FIG 24). [@018d}-LBedigg Pergaldo®uinpsFI G 23, timi ng belt assenbly 1217
conprises timng belt 1226, torque spring housings 1224, and tension

otati onOApL o RSk BES IR bkl pufiBO LR GRs BV Rl Ba0g,
rotates wd he@isedredmive fwité thiiowphchhotphersis kimBOALFIG.N ) alongrdeviesdisathways.

rotational clanps 1203 and 1223 are coupl.ed, Tension assenmbly 1217 ensures
that ti mihgagiéyationpdagctivatigngwmings speed cGaordingtims prshall sthenfmghonsnf pegstaltis t he

rotatio n%@%ﬁ%'} oA Ogrgg,faedt%fg%gq i tfdfer LAY qieﬂ@t%ﬁgip s4461 -Slr@g)% g?el onal

housi ngs provi de casings f rque springs t rque
cl anps 12@atisa1dn d@adute0 Hdveevet,abeplapandrit ofBach peristaltic pump 1301-1305 on deck

1200 dictates the function of each peristaltic pump 1301-1305 with respect to which fluid is

being driven and along which pathway. This is because the placement of penstaltic 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. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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[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 (FIG 2) are aligned with catches 1208. Cassette 1100 is noved so
t hat tabs 1102 and 1103 slidably insert into catches 1208. Rotati onal
clanps 43 ﬂa%%%u@éﬁzurmt@%s%w&nneﬁeuweﬁ piHip lhg Poéltlaﬁserﬂ; )& jsear of
t he cassett 1100 . the side’opposite the tabs 1102 and 1103) contacts
rot at i ooapled @wndrivelsh@f 1ah6lofl2aGr 4310 stb&aﬂ.th@ﬁatatrrﬂam@x%tum ef ﬂomrrlgm osebé ed i n

cat ches 1108 As force .appl j ed downward on sette rotati onal
cl anps WEDHoRAbYIBOD BN dSrws Sﬁ%%ﬂék%d’%wpﬁsn% b@gpﬁ%ﬁv conmegiesl Ard t he

f 1 of
N e R L Lt T G
the rot a!zlmrmhcmsadmsf;oh;&a teRbidrA33 05k iadgvdiamiotdnen tdglatersier Byialined by

the torque springs and rotate back to the closed position, |ocking cassette
1100 i napy desiredwpiationa] posiien| ocked position, cassette 1100 can resist upward

d | at I T 1 {
cessi on 0893k mr eoto PR D sR8 SRR R USR8 T el P Flrd B dFIER e
open pogkid férbe@\h’éWolé@]%bl@bhﬁﬁp%l@tﬂﬁlﬁ%tl'zﬂ@bf&eck JA00 QPRSI 22)r M@kion is
facilitated by an air cylinder that i1s coupled to an air |line and system

cont r ol Ispecifi&illy, a Boltes exderaled dinalllg}clbtﬁhlmlem cdhdugiag ﬁalageellﬂﬁ to Wlereadibn
position, cassette 1100 is r ved Si | i f |d|ng tabs 1102
and 1103ngtae hodesouithin a‘iég‘?? JUSERR %L%Bégf 418‘3%}0 ‘%‘{;gP?’PEE é& 401

Referri t k 1200
and ar e%glg{ggmt ﬁap@écetu 53 q’%) tﬁ?%g&h p ot og e?ggfhg ?e[(ﬁ S&regég“%gpgx&nﬁﬁal ong
desi r ed apafatordBs3 carl hﬁvabétweaxi B ﬁensedmdddawmﬁ position imithogt casisiderhble

cobrdination, and all .other functions of peristalti nps .1301- 1305 are
cont r ol ITesistagees \PaeamateATHaeT B34 &@waiﬁérap ldaalqta‘féteﬁ@wﬂgﬂemeﬁc ¢gisien] 312

i dentic 8& a &,Est(c?lﬁéc &8 %5‘8{ tlé%%‘ggl\eflﬂ{e’usg Ia?a PREIERR m&é’rclﬁlﬁ%ﬁh@h?% tdqu'Pél! mp

1301-13 tes the unction of each peris

1301- 13GRieM 31 foespertti®andit adpply ling) Waen b@nmpghed/erpmdlaab @fymnd/&!ﬂl Ch
pathway. This is because the placenent of perjistaltic gqu nps 1301-1305
di ct at esl31Ri pieupwiip abBater eouisupmvardiliroughdiqusngdlenga 3 1Y 10,2 1aired poditimef er r i ng

Tt o Lo RRE 1o sub PR AR SRind s 12 pp ddsbbRicl Bl alr BrgcPR i . ™

under st gRg puiaat cﬂﬁ{deﬂ@di r@uIRiHEPB tﬂ@%ei&p;%s&tcﬁx i Siefen eatitrolléh 2| bl ood
punp 1301 has notor 1310, position sensor 1311, pneunatic cylinder 1312,

pneunat | €1GciA)aopirols thesuppbrefair tozmgniebkale 1321.ustrated in FIG 30), and
housi ng ﬂ?ﬁi%ér [ 001A2), 51317 %f'ho&saﬁgofﬁ%%h&mts?&s %if'tonly? 81?554/191%1%315

and is i abl e
Slots 1322 are located on substantially opposing sides of curved wall 1317. Slots 1322 are

provided for allowing pump loop tube 1121 (FIG. 33) to pass into tube pumping region 1318.
More specifically, pump inlet portion 1150 and outlet portions 1151 (FIG. 33) of pump loop
tube 1121 pass through slots 1322.

[00145] Turning now to FIGS. 30 and 31, rotor 1314 is iliustrated 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. Asis
best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses
1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are
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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. Wien rotor 1314 is nmounted in housing 1315, a
space 1318 exists between rotor 1314 and curved wall 1317. This space 1318
I's the frabidepuNire prefeabhn goitle véilzkel 386amnd dpivrapol k30132 dre pAfvidddi ot p | oop
tube 1121 (FIG 33) fits when | oaded for punping. Position sensor 1316 is
coupl edl 314 sgrasye bs iman alegngingipaliger 1310 so that the rotational position of
rotor 1314 can be el hi Of i ' .. Pasitign sensor
1311 isﬁ’i?b%‘ﬁabl y Refiting %dﬁg;nsgxgg}r?g%g’mr{@q%@%rgyg%ﬁ%gg’%%‘?}ng%dgﬁf?j‘f’f"e”? 10
(FIG gﬁanioﬁﬁfamkjm bt 31 that i8 loAlys irondeuagihEregichABA8 aghingththé S al so
coupled to notor 1310, can activate notor 1310 to place rotor 1314 in any
desi r edinswieaf curvat wadlsi31i7@s roteoblldvtagsabpupxisA A dheeby defotning the Wdasi ng
flange 1319. .Housi f4 ange 1319 1 ed.to,secure whol | god ...1310 to
bl at o 18piogmG oIS e s O Bt 1 (bl iR el et ! LHEPUR deo

t hrough, sgoﬁtﬁh%ﬁ/ charg: @t rhieupnmg fdveesuchiAdnive. Gueadiky 138§9a0e hol es
within plate 1202 Housing flange 1319 al so i ncludes a hole (not shown) to
al | ow pprwvideditc kaet thatporidi3dfPuimp losp trbd 11 Ak thet ksrloadgd. inbitibe prohping segiozed so
t hat pneunatic

acfuat.or 1313 can npye.between. a rais nd | owered position
ut thoot TEDREioaRael Gred P e PamBEE. PHUGHSTEY. SRdSmIBH Tas T oREer7i: od and

deactiv 11121 Gt BEES, ' | SR dni; Fgﬂp; t.hrough the
use of g%a(ra?)u e@pgﬁ!@ cyfliqnt ér lélféﬁ%%ﬂqgéc{hs?s@éir :Ten%lgtggrcg% e f:gz#éfor
connect fjingtrared ak hasing plupifoim erosibanioa] it id refempp thae the top pleciofihe guiigl | nder
1312, pneumatic actuator extends upward through houysing flange 1319 to a

rai sed poars bolgperofiiass ie foreReshatmst seeeispits eufer diapkEind epE@ b inder 1312,

néumat i r i LGe:Cy i [ turning to
Phe. T onelaffestl e ReC AR A hont Dhn RISUTRS Sekardle. ThE ek L7 0100, |
of air tembabimdnihelps bndvee p3Pér loddiAg 44 the@ubivg tntvahd tubd pumpinghregishng 1315
contains two slots 1322 _(onIP]/ one vi si bl e?l. Slots 1322 are | ocated on
subst antP®47) oppd¥ateigl Biddughgringudescavinal 328 edonding hreughdtsxeniee Cayityi ded
for all qu U 0 | G t |t ube punping region
13ne- | NSrER TR RER ATt th o dye b 1918B3RARO.'E PorTi ons' 1150
(FI G 33domi8] punp Refapingtnabeo FIGS. Boamd 31 rowgflasgaiias obanidg 1689165dnidsr ni ng
now to FIGS. 30 and 31, rotor 1314 is illustrated as renoved from housing

1315 so 13B3is defined bypderdingedged 33d pad a tiadingedge 4333 e Thistos leading ands a t op
f 323 i fl. i L] 1326,
two dr Ve ire S S e koing FADETyl R8P icRRse R S el Blgh® 1200

rol | ers diR2iorwhilé tairmbioyora8e4i e s caliertlockwise direction is the rearward direction.

However, the invention is not so limited and can be modified for counterclockwise pumps.

D}

Leading edge 1334 is beveled downward into opening 1333. Trailing edge 1335 extends
upward from the top surface of rotor flange 1325 higher than the leading edge 1334. Leading
edge is provide for trailing edge for capturing and feeding pump loop tube 1121 into tube
pumping region 1318 upon rotor 1314 being rotated in the forward direction.

[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.

[00150] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using
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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. Cui de

|1 1326 d dri [ . 1327 fit d c 1330 d I.at
¢ her oabdesitiopsgrsr 4811, rooRd i doiaied o &l @dipeRgstion Shses anelerbovids T waboy
47 | . ¥ i | | 1327
are RLO 5'5&% IIW%eQ gg%sﬁ@ﬂao is g&a'gé@oﬁte de&¢ f%ogﬁ]%%?%ﬁé. gkgﬁ%;;%ﬁh{:%{ﬁ .

are provided on rotor So as t e ln an a at i 6]

Ref er ri ngtor 93 SprestPirpmnposition s thmengied|gaide 1822 7s lacsted betwiedr thlétporiomr ess
the portion of punp | oop tube 1121 that is |oaded into tube punping region
1318 agdilAfund putiet postierel K1 of punedogmi 1211vhen cagseitts1d PO 1535equred tarthedieglbout
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change theerddbPeroindfdrétindl ot w3141 Pagiatibactutiee 13134536 tHedblversd pbdkdnak e
provided to keep the portion of punp |oop tube 1121 that is | oaded into tube

punpi ng thisgiroh 1318 properly aligned during punping. Additionally, guide

N hel |y ool 0ad t ube | 1121 into tub i
" ogi on_ 1RUBStn OBl 8%t 1100 & R mies Rt B ne S o LA o
Cross- S%ttdtéH‘intth& clo%kx@{s%fd%étﬁ%ﬁr(‘i.aﬁhetfﬂﬁvér&’Hir@é‘tﬁin?. Ak r&(0f 1 914 deated, %ﬂggr s be

tapered so as to cone to a s per edge near i1ts’outer dianeter ring
the top tupkddop 123 us tontaatedbgarighesl guodd E¥24vant fdisplaves agamstte top surface of

cross-sectional profile. The tapered enhodi nent hel ps ensure proper | oading
of the tmrrfbangﬁﬁéﬁ-h@?mo WW@B?‘B’&.“”SG‘?A?F Cﬁaalaffedla:gmsm her

i ncl udes Vi 4t i b i t I i si gned
o conneliiirdogs e R ERRAROSy IRl el LSt (B4 oo i ioingii obipig” P
now t o Fegin 31 8amdudR opemn®13¥3. adgeideasllepfidé iprd3idad didpelyi afger op@dng i s

defi ned bi/ a | eading edge 1334 and_a trailing edge 1335. The terns | eading
and tral333g fartherpsereriynsitiondhe Whing wilhe tvhs MSIRIRg ehpmber foR ENRING BK Wi se

e L L R R

i nvent i ofybeq 12PpassQhtouph bloth ¥32d of anrvee watldi3i 7 e Onk and adulftrevalhsiswirs e punps.
Leadi ng edge 1334 is bevel ed downward into opening 1333. Trailing edge 1335

ext ends neqsied taiffllydaad e teipe.surf ace of rotor flange 1325 higher than the

| eadi ng 334. lLeading. i rovi.dg fo raili for uring
and feedf‘ﬂgga np |3§§“?° %lciﬁg%%%(?gg?g&bﬁﬁ%ﬁrip} %lg%'gg%gﬁg)%g PHB’(P@& or
1314 bei pertRt Blefsdyi i céiipleferorar TB1diis atite@ b a pORGAPWhBReiPenihg1433kis0 has
angl ed gui de 1324 extendi ntgmupwar d, at an inverted angle, fromrotor flange

1325. Angligntdgutiude 5824 322 theeush wigh patletposinabhi pagsesp Oneo pligngde 1121

toward 1ot ot £l ange, 1337, UPRRvERA ha SbdadiSh B FOALSSbR LBkt 1y @
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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Preferably, angled guide 1324 has el evated ridge 1336 running along top
surface 1323 for manual engagenent by an operator if necessary. More
preferably, angled guide 1314 is |located forward of |eading edge 1334.

00150]. Ref i v to FlI . 28 d 33, whole bl d .13
it onat B4 IOKET CPRRATRO ST D TG A i AR A EBA | ube
punpi ng [ 0di o0 4383, Trisedv 39%5&\}53@ ﬂ?eeaéc%?all mit 85@intb3hdoded ég,@& ated to

a | oadi ng position where angl ed gul 1324 w ace cassette 1100 when
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pass throu dlots 1322 of curved wa 1317. One~an revolutions are
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| oop 1121 from who] e bl ood punp,13Q1l, after the therapy is conplete, rotor
1314 is 7ienals da npbmépr%é%Wﬂt#m%ﬁe$1%tabﬁfaﬂplﬁaltagl%ﬂtggr WHEIES NS he sl ot

1322 thr%%g%gﬁag%wﬁa%%i on 1151 passes. Once aligned, pneunatic

act uat or i's activated' and extended to the raised position, contacting
and lifting outlet portion 1151 to a height above trailing edge 1335. Rotor
1314 i s therhotsphetesit TroatntehePwoesst er cl ockwi se direction, causing trailing
edge to 1335 to contact and renove punp |oop tube 1121 from tube punping

regi on 1@})@5&] a Op?&ifé}ﬂnéﬁ%%bhe?tﬁ 12@1‘ 16N GO UREEAOM J&Mﬁkm&ﬁfﬁﬁ% ring

to FIG , tower system 2 17) preferably further includes

Wi r el essinvefitien eich'ihgtdesqdwiastivatmmi dfbuiiytcont, andFignd?, astvhemptic Mpeesantatbess
'R inter fo? acpeparatus which can be employed in such an embediment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing
blood, and needle adapter 1194 carrying another needle, for returning treated blood and other
fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant
pump 1304 is tumned on, and saline actuator 1246 is opened so that the entire disposable
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bowl 10, with the
A/C pump 1304 and WB pump 1301 controlled at a 1:10 speed ratio.

[00157] When the coliected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed unti] 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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consists of three primary el enments, systemcontroller 1210, | RDA protocol
integrated circuit, 1381, and | RDA transceiver port 1382. The IR

comuni cation interface is capable of both transmtting and receiving data
via IR signals froma renote conputer or other device having IR

capabi | i[00Es8] | n sEheiedgel pump 1§9§ﬁsethmsahtlm'7 hte?S%ﬁﬂ(heémlnd;surﬁpspe&H while
communi cation data to the | RDA roto gqciq Euff the data | RDA
pr ot oco|coesﬁpbmgéé@Sa%%ateat@dmmt@ahﬂﬂe a%l hneai %w&er ResvebuntthiRg eol

| nf or mat | o ?slfgg@%?ri‘ﬁ)9 %Whﬁ% epaor&ﬂ hORA SR 1t30§?s élﬁ?é;ﬁ oﬂ" i’ﬂf | ver

1382. Trcé’ﬁ onver I ca P t coded

light pyé ﬂﬁfd ﬁam 1é thenfedirhént bAES0 Vi the H@msteﬁsdimm dﬁeﬁec&b? llﬁlié?mtgr ansmi tter.
1001541 In receiving data, IR data pul ses are received ﬁ Ehoto det ect or
Bp“

| ocat ed aztnaterhi@4dy @mhsi@pwhemm HcmsorﬂﬂéStdﬁ@ﬁtgdéil/éqd gldztionaydet s

h | ds th d
| Roa_br orgur” BiHesPHAaS handhol bIRES hiokRierd ifer ARRER e rafbephEeeTist R iont £ o
and addi ¢,.pRafor LR RIOWRIEDH 06O PR ESS tarfE 1S 0B inie) ahife 6 eyclamﬂd gent to

the syst m controller 1210 where the data streamis parsed per
comuni c§00ahispratlome lof 2 @Ml 58/4tiByhélabrodeoatiiinigg anl41R te bmdahvered from the

interface on to stem 2000.real el atl to, a._thera sessi on
can be tpatieghiot negowﬁ the et cel ]dél&’m:%ttfffrgs C?@c‘ﬁ‘rl c,quu agq]g}d,\g]l]spus ouf thet her
transm s fs VI

cont rol DY peabpich ielfc BP0 Fhelrt SHRNBE Secdlo pAUFbLHEFHR, 0 nd Qi

Addi ti ongg BMeeté(Rby ﬂiegafﬂhandemmbm MET¥ sena)rwnﬂlmanﬁ@ﬂfat thepiffyaloatishs ivpeent

| i ke other wireless transm ssion nethods, such as radio frequency. M
Phot ophee@kictedTr eat nent Pr ocess 1001561 Referri ng together to Fig. 26, a

photact IAESH "5t Bt B PRARLERNt %) gl e LAYl G
appar at ug41¥ioahe 9&@mb€ba§81)|aﬁd’ﬂﬁ remcaumhnpimsesrmaisnﬁmasea ha1promessetst ar t s
1400 with a patient 600 connected means of a needl e adapter 1193

carryi ngpamnééﬂl eumpdatedmaweﬁgells)ar@d@tecwﬁd 4hdeuhish isdhp beginning o1 thersepondy

h | h | b
55°1 o cofidt Bampffer SLLIT phbERRE bt APEARRE B3 Bhned BB URIRRE o by
connect o guﬂﬂ;%m AR uﬁwagulaﬁ%mplﬁm ar@ 8l all RAD pit€ 10RETRAN (8 ehbBamiknant

punp 1304 is turned on, and saline actuator 1246 is opened so that the
entire diTepefhtsntpath u.ﬂoth@t@elt‘llﬁﬁo mlpmmathlSlvwheheé atll pempd I@Mdate is set

h f
bl oo antHEbagT P S (e o mpme b es FaEr PR erasomed 28, i ¢
the A Ciaygrorkafittian feBl UL éh%%f@%hf ehlcfktedtbyahd cdfraiRe Athendingn

the volume and type of disease being treated.

{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 retun pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the
plate 700 by means of the return pump 1302. Saline is used to rinse the system and the rinse
is returned to the patient, completing the process 1425.

[00161] The anticoagulant, blood from patient, and fluid back to patient are all
monitored by air detectors 1204 and 1202, and the fluid back to the patient goes through drip
chamber and filter 1500. The pumps, 1304, 1301, 1302, 1303, and 1303, the actuators 1240,
1241, 1242, 1243, 1244, 1245, 1246, and 1247, and the spinning of the bow! 10 are all

controlled by the programmed processor in the tower.
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[ 001571 When the coll ected volunme reaches 150 ml 1404, the return punp 1302
Is set 1405 at the collection punp 1301 speed until red cells are detected
1406 at an HCT sensor (not shown) in the centrifuge chanber 1201 (Fig. 19).

Packed - I'ls f 5&9@ khaa\L/E | ' in the

spi nni n&ﬁﬂg ri fuglg%ﬁgg\%es%n aira(ta p ﬁ%rgg}scl)ta?é %E@\%‘@haat ar tgg),tlsld%%dr%trol | ed by
the pr Ogl%‘é%%és anhispurias i @hnGe idventi@talel buffy dvat witbetinghsensbiongdtsaictace

| evel . 50 [00158] The red cell punp 1305 is then set 1407 at 35% of the

i nl et pradredlp ercbaing deawncefh whak cprsting beffy seat imthe bow] wdillgcantifegiag.cel | |ine

t the [nterf I it oLt h I ' d. 1409,
o ehd 5 Yo e SELE LR Bl IR PR,
L0, pHEEHRYIm ORI ST B Pl Acoyeosnadul spting, |

" Col | ectiactiomsywahealsots seperatadsonted celdscandetchBeapioiatheb than detprioeg twedwithr get
di vi ded by the nunber of c%ection c%fl es, for exanple a white bl ood
pr ocess Plagmgde s Patabanthe HstAled Brocesei%cl es, and so 1500/6 is a vol ume

of 250 ¥t h i-nLl ; ' ; he
pati ent w%mt%e bmhgsn%e? g@@gatégﬁeﬁ%nﬁ% eilﬁeflh%tg)él@eﬁ%ﬁ{sstvﬁsl%g}gfg@g% ate and
W I | pughtafbtial iistionnin fceytrifometbowl dfhyiiglds altcledner boivbf Biiffy ddet 826.d Acklldancar e

used to push out the huffy coat and wi|ll _be detected. b}; t he eff| uent

henat ocront” roesoF)thasdhe Bematpere connt (RET Rats depeaseds HE Tep i the amopataf red o) | ect ed.
00159 f th j o L : I th i
ot ur ned oot PRseSes ol HHHRE cbacTme A EBE ik WIS iRy Shad G PALD 1S

i ncr easeglyibdda 14 fothtiéhal flotibn iPeeRerifigd bowlPcandeemanibiizedriadhe Rlllowig €
detected 1414, which is the beginning of the second cycle. If another cycle

1412 i s mameneBdgdwhelsdleaiq if dedeintofitssbawirdhaend 20 ageentrfvgeiband 0 ipunp

1301 and anti | ant 130 . at _KVO.rate, 10 ] i
emboc naAEingTAs dreRReaAPOTR, it Hhea 864 isdeadiaet 0 Bpsd Bo Bt G’ e
red cel LS]WHQR H308 duiverdipatsg lowdrplate 300.75edvhd Bowl clidh@el AU drdthid bew] punp

1303 and photoactivation |anps are turned on 1418 for sufficient period to
treat thehahmd] 790eoatlpsedat dus hmed Thy infirev ebwhelslblead §Mye samtinpednntit the vol une

The 1 o0 seamrp N URsOR0 S AT B Ssomtingh ol Raty £E ke B Sn I REG b1 1 e
1421 by gxwapaae%haﬁltarceﬁ@ﬂﬂgeatstﬁmmtmnmiﬁgekym MOmJe%%flégJ‘l?o\ﬁlet urn

punp 1302 is turned off 1422 when the plasma bag 51 is enpty and when

phot oact 1(eitisecondhond eharareb4 1ogy, addionabealenic ce¢reated fer theinflovedf wholé to t he
N TEREE Lk RO, O MERENT P L JEES I
the pr Ocﬁeﬁ'ﬁnd]o%%&e. As centrifuge bowl 10 continues to rotate, some of the RBC’s 810 that may

be trapped in buffy coat 820 get pulled to the bottom of centrifuge bowl 10 and away from

third bow! channel 740 and buffy coat 820. Thus, when third bow! 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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[ 00161] The anticoagul ant, blood from patient, and fluid back to patient are
all nonitored by air detectors 1204 and 1202, and the fluid back to the
patient goes through drip chanber and filter 1500. The punps, 1304, 1301,
1302, 1303, and 1305, the actuators 1240, 1241, 1242, 1243, 1244, 1245,
1246, agg¥latdierearfdhé teealspionni sfghebuffheodoite bibodrcellathiat areanbjected eglthey t he
programed processor in the tower. 51 1001621 procesg: and rel ated

. T
appar at separaiina pIpeRsst (188 AEPtIET ARITY Ged/ i blond ‘E?thﬁYeo%bg d <Ol v onlssar Bt us in

that the invention . cpat j O I.,Sij red
Lorl o FemBT. e RSO ittt BRIV ARDETS RaedSrdiBl o0 AR o8 RS 1 £
cent ri f ygd-08f whsReHlbodtoaYt &in ihef fu¥fici@atamionnt dfbulffywoatwhitd bloba celfsiTied anount

of huffy coat cells are collected prri or to withdrawi ng the collected huffy
cel I's. RMNaABIXTS onjyeegliseistarannd 3A% oftthe fotd gmopntefdhe buffneeatoviyteddpodealls be

separated, or red cells can be collec h t returni th W th

pl asna ﬁlaf‘tta S éqoltceq‘:&o tﬁ% setq%alﬁpp PUSE %’a:@g %@82@5 bggigsc.o g‘{%éli%gﬁ%oﬁ nglﬂs]as been
found t hgijed@fpfaf DYARKTS igErobfidbubibiflsuba@aatall belows 294 bAREHEdexi fing
rotational notion in centrlT[Auge bow 10 yields a "cleaner cut" of buffy coat

820. A "apparatveythediabe Speetna thybambre, mustpreesss 10 bisume! whwdsdloodsn duter tased.
HCT% i s the anpu of red .bl.pod cel .present ..per. vol u of . buffy coat. The
ot GPIEst a8 PHeeL T 9L Py S i BRI eu8 T gt nOk Bt 1
centrifuge : XL Ri i A X LLgdahol e
b oot saaT S ol LIEE BN BF B fotaParh iy L PIC BTG ondBRREloof bEIR! that

r ot at i Ngare Asbjelitatusthe depivation, prodess, and haodg 80 Bl(TSofsdpat 2e d hustiohdslfeby coat

820 and RBC's 810 as.it .noves outwardly atop l.ower plate 300, S nd bow
Channol dIXDVERd A THIASHPE CRRAREF NGBS AU ARer e ozd0 ohe. | it ow
of “whol ' i i i ' illed
o th e CBHuRRde Bk, 0SS TR B b e R R HERHTE bl b0 e
bot t om dfuffyesuat,ithepestiduhvetGon Byn peeformi thg sdRBEcBIG ih Aemtltaitd mimgs. bowl 10

vi a second bow channel g{%o onl%/i, addi tj,onal volunme i.s created for th
i nfl ow ofheggsmes dginohMchisls thpetieRbPTsRITalRR YdPTHIS free ugags ipdicalggplydbed to

rotatio . L f time. As centrifuge bow 10
continug@hggg%gﬁéf&?bgﬁﬁg o(ﬁgﬁggHggﬁékgﬁ%&that may be trapped in huffy
coat 820 get pulled to the bottom of centrifuge bow 10 and away from third
bow channel 740 and huffy coat 820. Thus, when third bow channel 740 is
opened, the huffy coat 820 that is renoved has a | ower 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
wi th an approxi mately constant HCT% [00164] The elim nation of batch
processing and the inproved yields achi eved by the
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current invention, have reduced the treatnent tine necessary to properly
treat patients. For an average sized adult, 90-100 mlliliters of huffy
coat/white blood cells nust be captured in order to conduct a ful

phot opheresis treatnent. In order to collect this anount of huffy
coat/white blood cells, the present invention needs to process around 1.5
liters of ol.e Dblood. The required anount of huffy coat/white blood cells
can be renbyaYsFRBAG4Ae 1.5 liters of whole blood in about 30-45 m nutes
using the present invention, collecting around 52 60% or nore of the total
anount of the buffy coat/white blood cells that are subjected to the

separ at i onl.pr océgrethathef epllpetingadderingd floesbenmipanenteonipoisigcel | s have an HCT of
2% or less. In __conparis exi st aratus AR t.akes
around 00 mi nuREE HB s S e? Mol f siPL3RATBEL S & oo BFl Arebif

suf fi ci ent whste blvod forhaifduycesoat / white bl ood cells. The UVAR XTS only
col l ects around 50% of the total anmount of the buffy coat/white blood cells

that are subj ecaddingtay antigoagulont Huid 4o therghale Bloodipa predetsrmingd ratigrtp Jorm
coat/ whi te, bl 4NVAR XTS is around, but not
substanti a?P‘;l/’agrgIOg\?\\/{hb%%lgﬁn%ﬁﬁ%%ﬁgogg?ﬂgﬁﬁdwappar atus, the Cobe SpectraTM by
Ganbro, nust prpomgssg he nhiktuer sf wiolwwbhivbé aid aridoagulon dieid intw the ségaeatdr vihe
sufficient ar:rqunt of hg{; fni%coat/mhi te blood cells. This typically takes
around 150theAFIFH 83Cleel R Fg only 10-15% of the total anount of the buffy
coat/white bl 0odpsslibeEalnrdif ARl GRiRA:A0f fiftekfPatRidcon process, and
havi ng an HCT of "about 2% Thus, 1t has 'been discovered that while existing
appar at us and syihdawingerjasmacarahsediidoas ¢ealls frobd thet sep@2@Br wihileutossinwiog separ at e,

process, treat, and reinfuse the. reguisite,amuni. of white blood cells or
LT Ty coat PUibh e Ruirg ot oG biPen Bl R nE e et JRE PR oo
than 70 m g4 @8 bloodREBEbdihFRShEQwWAQL ratddGbUs € BliR WRAbIBNE0aP (EMa kéfat 6T, OF
prime time. The tines indicate only the total tine that the patient is

: ! . Y € A

connect ed the Hlasmadipingeyvithdrawqyyia the Jirgt| oxtlpteandithe rad blpodvellsdeingf withsrawatt i ng a
desired bl ggqhecs% Qinoql@ltet.%g&’rpri sing: providing a separator having an inlet, a
first outlet, and a secdnd outlet; drawing whole blood froma source;
addi ng an anti copgubapredétbrmited aniohst Wwh dugfybbendbuilding mpetletley sépredor atio to
form a mxture of whgle blood and anticoagul ant fluid; punping the m xture
of whol e bF@W‘%‘HGQH&VE%MWF SRR i nto the separator via the inlet at
a selected inlet rate; separating the mxture into bl ood conponents of
different densities;

2. The method of claim 1 wherein the step of collecting the buffy coat from the

separator comprises discontinuing the withdrawal of red blood cells from the second
outlet, thereby causing the red blood cells to push the buffy coat out of the separator via

the first outlet.

3. The method of claim 2 further comprising collecting the withdrawn buffy coat in
a treatment bag.
4. The method of claim 2 further comprising discontinuing the collecting of buffy

coat when red blood cells are detected in an outlet line fluidly connected to the first

outlet.
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wi t hdrawi ng plasma and red blood cells fromthe separator while continuing
to punp the mxture 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 plasm being w thdrawn via the
first outlet and the red blood cells being withdrawn via the second outl et;
and upon a predeterm ned ampunt of buffy coat building up in the separator,

r

col I ecting-t he bbg mpthedaf olaignl phgregi fhigrsiapop!l wihdrawmeplasmagansk red) blegd) |
wherein t Walek ] - npri ses
discontinB%Hg%?Ebg&fﬁﬁ%%gﬁg?ﬂgykggﬁmg%%ﬁgg%ghﬂéé%g%%Q?Hgﬁggg%ﬂ &%u et,

t her eby cahsifirgt tutlet met] bl medeterelihal armopusdf tedeblbed feyllc amt deedtedfin tiee

SoPan o 1 ket FRSOTEE oA e T R 1 70

claim?2 fLgebi}ﬁ{or,%@m&évﬁhggedjbﬁvﬁ@@El'lsnﬁ'bxﬂghé %aﬁﬂir'a@_ﬁtrht@%o% 1) Halntain @2t When
red blood cells ‘are deteCted in an outlet |line fluidly connected to the
first outdnequnt 54 r&l biphe cels prgsendfin gheaseprratontab ppproximate]y thepprstetouminet awi ng
pl asma and red, blood cells fromthe separator conprises: wthdrawi ng only
t he pl asme P t he separator via the first outlet until a predeterm ned
anount of red blood cells are detected in the separator; and upon the

predeterm ned anount of red bl ood cells being detected in the separator,
wi t hdr awi n r edThs @eod of cleim Sowhemsia the peadsieoningd amoprt @f tsd blepdt @llsig nt ai n

the anoun r I §$- esent in the separator at approximately the
predetermérlleé%iedalﬁgl&%[l%%g{t lteélrsrgﬂt" hod of claim5 wherein the predeterm ned
anount of red blood cells is detected using a.henmatocrit sensor. 7. The
net hod of claim1 whereip the ?W&}ep'Of unpi.ng the mxture into the separator

punmp
conprises passi hif PeBohPiclaire! MiFGinghe step aEBERRIBE thermixgHE ite thefgPaHBl d f1 ow
before the ] t : : i rther
conpri si ngcoggqrf%éép %ﬁ%@ttﬁé%\lb&{ﬁﬁ%rﬁgé\v?g;hg%%ﬁs%t%dfoggﬁrtg@hﬁgﬁu%g&@eﬁgé ﬂf(l) claim
1 wher ei n mirgurseutecethe separapat i ent, a whol e bl ood storage bag, or a bl ood
donor, and wherein the separator is a centrifuge bow. 55

8. The method of claim | further comprising collecting the withdraw red blood cells.

9. The method of claim 1 wherein the source is a patient, a whole blood storage bag,

or a blood donor, and wherein the separator is a centrifuge bowl.
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