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

kits. Backgr oundONTR@E SYSHEM KOR/ DRUPINGEIHIS THROWGH AN or di sease
require the renoval of RXDRACORPOREXL BLOODCIREEEIng the one or nore
conponents of the blood, and return of the processed conponents for a

t herapeutic effect. Those extracorporeal treatnents require systens for
safely renoving blood fromthe patient, separating it into conponents, and
returning the bl ood or bl oqichfieMIGIAGIIhé InveldGopat i ent. Wth the advance
of medical sciences, it haS becone possible to (reat a patient's blood in
cl osed{00H) Thivosenies relpes gensrally torike Hieldog pystemeolin diiviagdbedsghewah apack to

himin opne nedigal treatnpent,. An.e | e of su ro e external
tr eat meATRrERHBY Do Tah Lt soEIRTB a5y RlspBUBE G BERISTANREET P ance of
| ynphoGgyh@siling Baid fles tzol §pésable eftrdcotpoiginBIvad eircit kiéy. di seases affecting
white blood cells. In such nethods, the patient's blood is irradiated with
ultraviolet light in the presence of a chemcal or an antibody.

Utraviolet Iight affects tackgroundofithe Inventione | ynphocytes and the

chem c i - nhi i ' f :
ymphoduR02) SeaRH ARz e dibethdivd B8 Rl oL DB ARERRRDS pricsing <o
and usaeahk vl @momcompenensegfahablood, anfl régufif of thoptocéssedicarhporghtsddr a addi ti on

of a photoact.ivatable drug, and éi\:/ i rradi atjon of tg)e b [f coat before
-1 i USRS efind: PRI ecERORALIBATB A BN fYyes BEsdelypoRBE.L | i zed
to trea&m&&lﬂ?&h%@pa@feﬁ@@%@%mg%iﬂw Aehganadd -8 rStsTAPRE bilicieR BoodRNeunat oi d

Arthritis, Progressive tematic Sclerosis, Juvenile Onset Diabetes,
| nf | anToeirpoye@otacthe pDicne aWithatheladitahes ofdnedioal esicndrat it hasehechma ghssible the

T-cel | white blood.cel | mediated, includi _Apher esi
ana mer ot PHpE SR 1 Sore iR BLEhsana” it (R raR Koyl BARERAY on or

bl ood inakR to/iifd Rlshe GREIRANGRItTen] OV anfilelof dueR ptdcksseapRBideekengy st ens and
nmet hods have al so been proposed and used which involve separation of blood

i nt o verdanent eesthnsis dondiseasasdn athich thereds 4 patbglogiepkinpranssiaf dyaplpeyies) wichg
systems, Wil G0 R3mEcdi Hp‘ﬁggﬁa ok pﬁa@ﬁ’l‘s’éa%&é #Fe%ﬁﬂ% white BP% -ceﬁ&' RsubReRRAE! esi s
and apahere5|s sys? ere Pand “Nethods - usta y require batch processes and

t her ef ahepitahes Blewvé isdkradiated 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.

[0003] Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Graft-versus-Host disease, Rheumatoid
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
including cancer. Apheresis systems and methods have also been proposed and used which
involve separation of blood into various components.

[0004] Additionally, apheresis systems and methods have also been proposed and used which
involve separation of blood into various components, and also involve systems pumping and
valving systems which are difficult to manufacture or operate. Prior photopheresis and

apheresis systems and methods usually require batch processes and therefore take several
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| hours to treat a patient or to obtain a sufficient supply of separated

bl ood conponents. Furthernore, the systens are very conplex to

manuf acture, especially the fluid flow controllers and val ving systens.

[ 0005] In known phot opheresis systens, a disposable kit is provided that is
| oaded into a permanent piece of hardware. The di sposable kit contain
conpl exhcutdxbn@at HpdtichSorus @btaima aeficignt dapplydfistpiratsd blwoderdmbomnkd he vari ous

devices_included in the kit, such as a centri fu%e bff(-)lg" n,dod'lrradi ation
chanberFurigpmers, the systamyare very @EIPlSrPimanuiactre,copenialycihe ﬁ'{jl ¥¥d 1 uids.

Known -&5&8?&9%‘?"4“&5?5?&&6& contain a cassette, or other controller
mechani sm for [1n

contro g the flow of blood fluids throughout the
di sposdBes]kintknawd phatophatedis gystetisea gaposable. kiGs pposddal that ik idadediinto aised onl y

once and nust be replaced or. di spos after _.each tregtnent sessjon. In
por f or e PIESt AENTIRiEC dBe dis ?ﬁé‘g%l"t“_ GaniaR HERICE f0iRs {hat ﬁ%ﬁ@ 54 m a
cl osed-|,0aPnsiUs iedRd 1R t\Rnbas des R ide8Sn ffe Kif) Sud é&%ﬂ&if@g%cﬁl%ﬁ

| oaded 1 nto a pernmanent piece of equi pment used to drive bl ood ui ds
t hr oughoadiatibrecttinhposal Iveridist bags farele b e mgyandon celléctiag bthodtfhads. Feravement

bl ood dr.i ve temdrives the blood fluid hrough the . kit's f.|ui,d

circuit Vosfta%g%ﬁ gﬂk‘r\'b%'ftab‘é? fratiese %?%Efoco&?rfob?rn@e 1@%0%8%01@8%#}}%' decks
for recgiwbfBlob BukRAFShE R UL Ak didpesMiSBPaRPlondFoTetHeDatibit. WigRALHIAY for a
bl ood treatment process, an operator nmust properly load the cassette into

t he dedutsaneiuiedanly dnse andhsrsdleateplosedydr disposed aftar gach weptinent sggsinmodni at e

positions. It is vital that thg.cassett d. pro and be able
o novaerisapinag et IR CRRERS TS e B R et R o b oo

Ki t beifg thoaslRslis ds¥ices dfehe Gisparapie kit dad Padedinto/a pgntyieitPiace Sf equipathtl e
with the blood driving systemand capable of carrying out the |ntended

t r eat neyfed to-dara/dpod flpds thrgeshoyt the disppublediibadisgesiriyn Qe loadsdydbe i ng goal s

of redugj ' . ' G h SR S0 to reduce
oper at arorandq? BSoERIvE oo 81 GRS Elcfl Aok TRichEh WERICNERRSAAS ) Dt “Very
real adi0aosleKrRewn parnphedtdpduel drbiiteg SyRmaiavaooltebl decks|for ieteiving the emwsette

manuf acturing conpl exity, manuf acturi % osts, and tubi n(ﬁ;ﬁvm'thi n the

di _sppsa‘P)fItEe disposg cassetie InpieRazigs f%‘i/‘éﬂ' gt UEHBCELRIPCTF A FEFEC'CBYDI ex bl ood
dri vi “9%@3«?{85@3%&' Gsdefie ARG AR B 1oRd ﬁﬁdotﬂér'd\éwalgs SiBE RITifBRAGS Nt S

per mane 'e equi pnrent, whereas a new sterile disposable kit nust be
used eagfpropria pdsitons. Hiis piva alit ¢hephastettp e lasded ptapedy anéneli tefableuotmened

expensi ye. .o mnuf agture, LRl all Yol e diah Y AOPRdn PRIBLL SheRghani s
permanent blood driving system is compatible with the blood driving system and capable of
carrying out the intended treatment. However, these goals must be balanced with the
competing goals of reducing the complexity of cassette clamping mechanisms so as to reduce
operator loading errors and reducing kit loading time.

[0007] Another very real advancement in photopheresis systems would result if the size,
manufacturing complexity, manufacturing costs, and tubing within the disposable kit could
be reduced, even at the cost of a more complex blood driving system. This is because the
blood driving system represents permanent reusable equipment, whereas a new sterile
disposable kit must be used each time. Known disposable photopheresis kits are difficult and
expensive to manufacture, especially the valving and pumping mechanisms within the
cassette.

[0008] The size of existing permanent blood driving systems is another issue. Known blood
driving systems are bulky and have a very large footprint, taking up valuable hospital floor



[ 0008] The size of existing permanent bl ood driving systens is another

I ssue. Known bl ood driving systens are bul ky and have a very | arge
footprint, taking up valuable hospital floor 2 space. Thus, the above goals
must be achi eved whil e maintaining, preferably reducing, the footprint of
t he permanent bl ood driving system [0009] Another deficiency in existing
bl ood dpacei Mhus Yk sHoke igalk kist bel avhleived while matraining] pefeablgredueingi the r eal
time data during a treatnent. |If a problemarises during the treatnent,
ei t her foetpantnfdhs permangnt blpod deingsyeeMed and/ or not hi ng can be done unti |

at e E[Qa)cgg "AfREE %ﬁCigﬁ(}gﬁn eisti tgg@ %E sTEm&isRhQP thabiiity to\bnihetiem ¢ hat

can bo nmuni cate r t1 nme da urinig a treatnment and respond if
necess ar yeceive dedl aimenjatd during a teakméntmif adprobleqy @ises datimgethe tpatoeas sithef 0010]

Addi ti onal | prior photopheresis and apheresis syste and net hads usual ly
Feaui r ahe Brablent b B8 deionied b whiBins Sha e et o FoRr CRGMeR o Lusat
pati ent;.0f o.fi0s S Al1BoPd b E%sg&f[i'hhgt Wt?g&%ﬁlﬁlﬁ%ﬁ{ﬂ%&ﬁ%n@ epsladsmgaents. It

is a constant object to re _ 0 performa conplete
phot opheamsding and reapdrelrié sécestarnewtdusninpate s feahtim@dotihg a trodffrest piosesso r educe

th f bl t hat t. be.d for, tient d i
o1 osoa Poin Adgimedis ahoRhbEinuRLheRE R sibih o Lioe @b Bo307 e nor
obj ect Ha&hiﬂ%e%??& hRrIhRUiMe dé(feral’ﬁﬂuﬁ‘fto\t}fhégpgp%%nk oYiotlbthif & seffic@inh a

cl eaner cut® of buffy coat per volune o | | ood processed. Still
anot hersupply of sepiasatedbblpedifragmente & dsa eonstaat elegs|te saduge Bsdises wtadgs Wl t h naki ng

t he di sposabl e ki sed.. Disclosure.o | nyent i 0 jects
and. ot HEBRBAR A goflete i ipneRisB s APl d:ind il Shothet ohides G308

di r ect qfe @hoRf OIBRRAthd IARHbEIdiawn Tarms ¥ phismit ahdpropéstdhdordilsomnd apheresi s
to provide | ess conplex, easier to manufacture, and a continuous process

for sepmipessies penphatophieresisdrratment sepviont Yebanatherobjsshio ingreass theagpentafy
. e . ! . .
ot ov G bEPEIFbialor BBcait Ay Rior oG oAty vbBnNR R0 S A7

Kit. Thgoddsted rseillugiongr abjeadsriredudealie ooty andlcoimplexity assbclatealwitim chakingvi ng at
| east one tab protruding froma housing of the cassette. The deck is
desi gnéHefitﬁpos&BiedWSé'é%, quick, and reliable |oading of the cassette
t hrough the use a new cassette clanping nmechanism In this aspect, the deck

conprises: a controller; a plitGodddbfthednvemfsett e | 0oading area; at |east
one catch for slidably recei'ving a corresponding tab of the cassette, the

cat ch 0811]i Breselobjncts hed pharsaramptaecthe prasentinvantioseThe presendiitngntipels;, at

| east O(ﬂleected at permanent blood driving systems for photopheresis and apheresis to provide less
complex, easier to manufacture, and a continuous process for separation of sufficient
fragment for treatment so as to greatly reduce the treatment time.
[0012] The invention, in one aspect, is an improved deck for driving fluids through an
extracorporeal blood circuit Kit. The kit including a cassette for controlling fluid flow and
having at least one tab protruding from a housing of the cassette. The deck is designed to
allow easy, quick, and reliable loading of the cassette through the use a new cassette
clamping mechanism. In this aspect, the deck comprises: a controller; a plate having a
cassette loading area; at least one catch for slidably receiving a corresponding tab of the
cassette, the catch positioned on the plate adjacent to the cassette loading area; at least one
rotating clamp rotatable between an open position and a closed position, the rotating clamp
positioned on the plate adjacent to the cassette loading area; wherein when the rotating clamp
is in the open position, the rotating clamp does not obstruct the cassette from being removed

from the cassette loading area; and wherein when the rotating clamp is in the closed position
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rotating clanp rotatable between an open position and a cl osed position,
the rotating clanp positioned on the plate adjacent to the cassette

| oadi ng area; wherein when the rotating clanp is in the open position, the
rotating clanp does not obstruct the cassette from being renoved fromthe
cassette | oading area; and wherein when the rotating clanp is in the closed
posi t i and theanasketth doadad emtbitlke ¢asmﬂedoanﬁng)aremehmmmlgtm;®pmhﬂxjpsaheea t he

rotati n cl app rohibits ipe gassette] om bei ng renoved fromthe cassette
| oadi ng %?FE% rofﬁl?fﬁreﬂo"? e perapiie P‘I‘f[i’t‘g #H& rotating clanps rotate about
an axi goe1%}i isgmréf&%fcflﬂﬁt'tﬁé lloyann%%im%&w Mout £ &il R RYGbasRiaQf the plate.

It is further preferable that the rotating clanps be spring |oaded so as
t o ret werpendictlaetocd wpsurfpesif theopiaweh dris rflotlwr poficrable that ¢he rotatiog clapmisibed and

t hat the,roai nal cla erabl | e b timng belt . so,that
rot at i GAV®$ “ﬁfa‘?‘i)sroo"’csaff’lr‘?‘f telkglé‘in“ag P§° ‘g g{;?%'isr? LiRpied #pd hes and
tWo 1 OtRd¢ itOrofdtRARS 1AM sn&sépeﬁb@)f&“f dq)yat[lm\%eu%aqﬁhtrr&haéﬁ HalFlopdtiagi | |
pref erably have an an Ii) |"'edge that al'l ows the cassette to be | owered

ont o t ldampesis emrémlat@dd Pngmangamcatcheé anfl swe ratptingeclamps s anest pigfereblenps are

I ti h | ] t f
bei ng ARLUGEREh ifdiesioge Sl i GRS b CRAR ALl BF e BRaRTbEE Lo
i n the |6lvoeadnaté EAsedtic IBRIIAE Mol oPie\Wiae while tienomting Bhngisaseih disseiit | ons can
be facilitated by pneunatic cylinders. [0015] Wen_the above clamn

mechanipssitios. Jheenglediledge willialsg projibitibe é@sﬁ%“ecf&‘hm%lqua’é%fbfm@rfb%‘?‘isﬁ@%deck by
al i gnl qg%&lll‘?%eﬁl‘%gglefﬁ)ﬁ] %ﬁuﬁ%ﬁﬁﬁ@ég{e‘r’]ﬂﬁﬁﬁg&d E:‘ﬁ@ﬁs O&kloﬂ%gl!v)éﬁ O t(h;éihng the

t abs eca ette ovvnvva
casset taadlchned p@uﬁﬂsrsa:anasfdchﬁateday@ﬁéﬂrﬁatics:yhndmd downwar d agai nst the

rotating cla the rotating clanps are rotated to the open Si t
al | owi 1ﬂeng%§§@bévﬁ‘3%én%%wnt‘ﬁ@°§%ﬁé’ﬂ 3 deglye? CaYgRUA C?‘F]Eg&igg‘iet te is

bel ow t§ bi[r ﬁl‘fjggﬁﬁgaste%s P it dabQ e WA e §£lé‘rfésbﬁﬁil§b BIQn&%gctheﬁﬁﬂ

position ?OCkI sette onto the cassette |oading area.. When this
happensintothe c:askmi dnd pressingabe Cwsamrdweld/aod ontcrmlwe@swmblldmdmgaarﬁ@t astheg cl anps

are noved to.t pe stlon ter treat men lete or until th
oper at ceeies i Riabey asuos e sSiang gbPRdte rofyFedRasioy e toraiale sy
oper at Qfpefpbéifion hl'ib\*/lﬁ@@id’&ﬁeh@ t& ARFEbéIBwanRE anged leﬂ%e ethbﬁ tRMasseltd 1 6]
Tur ni ng now to other élenments of the inventive dec Is preferred that

t he dedielew the angheddedges, Itbfasxtatmg@lmﬁpﬁmeg bmkrroal@qqlasedrpoa!@aptl@dm&ihﬁnve

et e e R RS TRy R e A5 SRR

t he raigeekdaasil tHeGBiatih) ClaBPYAfABSVed o &fd dHrh @osivibh laftélQﬁdaudéntas comipleror
until the operator does so manually. This setup provides little or no chance for operator error
in loading the cassette and is time efficient.
[0016] Turning now to other elements of the inventive deck, it is preferred that the deck also
have at least one compression actuator adapted to move between a raised position and a
lowered position. When the cassette is loaded onto the cassette loading area, and the
compression actuator is in thé raised position, the compression actuator will occlude a portion
of flexible tubing within the cassette by compressing the portion of flexible tubing against a
housing of the cassette. As such, the compression actuators act as valves to control and direct
fluid flow through desired fluid passageways of the kit. There are preferably eight
compression actuators.
[0017] It is further that at least one of the compression actuators be spring loaded so as to
return the compression actuator to the raised position when force is not applied and that at
least one compression actuator be spring retracted so as to return the compression actuator to
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of flexible tubing within the cassette by conpressing the portion of

fl exi ble tubing against a housing of the cassette. As such, the
conpression actuators act as valves to control and direct fluid flow

t hrough desired fluid passageways of the kit. There are preferably eight
conpression actuators. [0017] It is further that at |east one of the
conpr estbe toweed pesitomswhan fopeiingotiappbietl Moregueferably,abamarkthiag thrempr essi on

actuator to the raised,position wh fqrce. is pot applied.and, that at
least CHRRIGTERACEIRRS Wht i spRneRadst andposidope o gt S0 8 WBERE n ¢ he

CONPr eSgisite 3 IoHAIYNtS fhe AsseliC10aAMRTR%, MRk OfiMh BRI drbgidaot appl i ed.

More preferably, the deck has three conpression actuators that are spring
| oaded aohehtqre sretdlignediwish potienp bbflexible tuting witharthe cassetsssibut are cenrleowded ont o

the casgettfe. loadin rea,, the three spring | oaded conpression actuators
are Rty £RRSGR: TSRS e Fortabbiiten sty ofi b ror ol Ga2 aBber Ul o o
connect @gir nthveReht Betw&nah® Riwedit and THREEpIIMIAR 1€ IRAIASLHON iR elél prefdriedcan be
coupl ed to one another so that their novenment between the | owered and

rai sed thasthe deskshavs five spraprestieniactpatons shat asospping frefracted andipgsitioned gedk have
five CONRESSTNRR L alonSi0Rka3nG AOLIAM I GhIRELRT AHBRShELOUSH on the

plate s hat When a cassette I's atling area, the

five coxspuiabssafinlighed with poRichk 6f AtAiblaeabiig Withfiothe casetedo 4slte bk bk td ubi ng
within the cassette so as to be able to route fluids throughout the kit.
[0018] toyte fhids Brraugbaytdbgkiti t s npst preferable that the deck have an air

bubbl e [ -t ' i r ryi ng
fluids @gigrr:l}fj&fpra 8«?#3,9%%ftelﬁ{r%%ﬁga}%é&lﬁg@gggﬁ{ﬁvg ah%ﬂ@ﬁbgrﬁ E)e%fo[ﬁe cassette
| oadi ngadaped to Waaitot thbesanfrthdkib Haeadeumeing fluithite ahd fram @patienbwhéd the i1t wi | |
take the necessary actions to prqohibit flow of fl ui o and fromthe

pat i entC.aSée[ﬂeea@rd g Ehecagiefs foarling a&’r"’ef‘&ﬁ%!b\?‘ﬁ 3 bl defecie elghig anair
peri st afyfyhfe, RUAR tRY tﬁEﬁEEesstaﬂ{ bdi@ns &fg—%ﬁﬂﬁmdwoamnss & £ thh aid daribmg f1 ui ds
through the kit. The peristaltic pu wll conprise a rotor rotatably
mount ed[08b®Thedackival akwipssfemblyhase aglelst wne perastaltic peaipwejakers o theundi ng at

| east a portion.of the rotor Aan ornti,ng . ube i ng region between the
otor iR dSHE ek R e A bRk Wit F, DG RlATR A SAL SRR o1 e
for progi@ssiadlymeiiad Si5cbt B¥otdr ali® Ahoibink WRYIRG a8ACA SHall fuerotindivga Wal | ;
the rotor conprising a flange above the housing and an angled guide

ext endi legst appadian ditegroterant [fermyag £ sibedivappingieapniigbveesdhe sionandithgy t owar d
N e
and f eekbopof tubing fpaihrsothe tutdved grallnthe rdédecomprising a flange above the housing and

an angled guide extending npward from the flange for displacing the loop of tubing toward

the flange upon the rotor being rotated in a forward direction; the flange having an opening

with a leading edge and a trailing edge for capturing and feeding the loop of tubing into the

tube pumping region upon the rotor being rotated in the forward direction; and wherein the

trailing edge is higher than the leading edge. Most preferably, five peristaltic pumps are

provided.

[0020] A hematocrit sensor for monitoring a tube of the kit that leads to a treatment bag for

the presence of red blood cells is also preferably provided. The hematocrit sensor can be

coupled to the controller to control the peristaltic pump that drives fluid into the tube that

leads into the treatment bag.

[0021] In another aspect, the invention is a system for driving blood fluids through a

disposable kit comprising: a housing having the deck described above; a centrifuge chamber

within the housing; and an infrared communication port coupled to the controller. Preferably,
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t ube punping regi on upon the rotor being rotated in the forward direction;
and wherein the trailing edge is higher than the | eadi ng edge. Most
preferably, five peristaltic punps are provided. [0020] A hematocrit
sensor for nonitoring a tube of the kit that leads to a treatnent bag for
the presence of red blood cells is also preferably provided. The henmatocrit
sensor thaimfiared copupingchtion pofids atapted dd frensmibreabimne dhtatrblatipeto sthatapyc punp
that drives fluid into,the tube that |eads. in t he treat.nent . [0021]
| anot TR ERertofngd P e TSR 1 8 ram SPRiner BRMUR SATGUBEUR Phdisto

t hr oughiligw tHé SRRERR) KR dbld toRMPIrhRhiiCindde QS AYin YN (ife Slgndefkarfigscr | bed
above; a centrifuge chanber wthin the housing; and an infrared

communipseaesowithent distwhingdle weatmpet. control ler. Preferably, 5 the infrared

conmuni ' okt is adapie o.transmt real ti ata relating tp a

t her ap}ﬁﬁg«; ggll‘%nﬁlﬁ éysrsﬁegm bsezﬁagg:ﬂé%b%ﬁse?ﬁ I APLon ets'SqE aﬁgqust, éheasé'\%eeg‘f”lf nfrared
comMunifgRkdredmphid & phd@Sacti@hticiéHah®e S8 rexBlving AfirdbiaBoh Ghdbdr of iRNGM t and
receive data in real tine during a treatnent process w thout disturbing

t he tr daembatoactiabon rhampas cambe wgryealy qrienieda dt is anare prederable ghat gleak
nes ! , _ ! ; _
Phot onciiec 2y Be iR prolicBoR Bhber and Wi W IcBOTREC S ooprisesat 1 ¢

The phdénamic Uahased eldvasiey; acalid fiste saitth caineyted to & Ak dnd bf the leadées,
preferable that a_ | eak detector be provided in the photoactivation chanber
and t h3pdepantegraled queubedsmeetatin 4 sesandyend ofdhg elegtigsiess Thalsak deleelet Bodes, a

i d . ad. i 1tk d
soll %Eg%)@d Rk ﬁg‘ntﬁﬂﬂ:ﬁeﬁtﬁﬂllf ﬂrﬁeiﬂré&?agﬂgﬁap% ?1}1'{?1%@}%%? ﬁét@&gﬁﬁlso b%n an

i nt egr at circuit connected to a secon ectrodes. The | eak
det ect qrovided inobpiamtiifuge themteontrol ler. It is still further preferable that

im | k detect I b Lded in, t centrif, hanber. [0023
A moand 1R P auPentelig et WENEI cero oS Rsciv o PRCRRY | 5 al S0

pr ef er aRbdded Ptk d9de@N ThE Quihditicaiidn HREnsAY EORIMI ©ahd &hiBRASTRSmEMR, €d to
the controller. The neans to authenticate can be a data card receiving

sl ot . [a0Uenlicascapdie adaba ¢red reespyang slott he i nvention is a bl ood diving system

havi ng right tower canf.igur.ation that.reduces .the footpri of the
oyt om 0024 iy & ol Biper d BlipShtiB i bibnf finioE 3R fad g ARAPigbRowR e
syst emcohfigura@sithasedudds @R Tob@hiness thé s Rase, seeihk ivaliable Wokgtad flbeikspab@Vvi ng a

deck for receiving and controlling a cassette tor directing fluid flow
t hr ougHn tHgemwpedimegt, thesystempwik Gogprise:-cieantiellery g basgrpproncleaing 2 ife chanber

Wi thin h‘ﬁbﬁ‘lglﬁ%@l{ f(ﬂqgéeii\gﬂg an% @o(hitx%ﬂintgmecassette for directing fluid flow through the kit;
an upper portion atop the top; and a centrifuge chamber within the upper portion. Placing the
centrifuge chamber above the deck reduces the footprint of the system and provide a working
platform for the operator to place objects on.

[0025] When adapted to be used for photopheresis treatments, the system will have a
photoactivation chamber in the base portion for receiving an irradiation chamber of the kit.
The photoactivation chamber will be preferably vertically oriented and have a leak detector
[0026] The system is provided with wheels for mobility and is preferably designed to have a
height of the system is less than about 60 inches so as not to obstruct visibility during

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

Brief Description of the Drawings

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

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




centrifuge chanber above the deck reduces the footprint of the system and
provide a working platformfor the operator to place objects on. [0025]
When adapted to be used for photopheresis treatnments, the systemw || have
a photoactivation chanber in the base portion for receiving an irradiation
chanmber of the kit, The photoactivation chanber will be preferably

verti cal | FlGarliie atselebnaatid répresenaatibe ak adembodiment ¢fQ0HAGbsdHe ks yatismin s provi ded

wi t h wheel s, for, bilit nd i s preferably designed to have a height of
the sydheippheresigherapy B8 fepiiesehids PESeHdNYRIoRy obstruct visibility
during gy ns JAGRVEGLEBAshrivE DRwHSHERUCAMGR oPh BXsERS oMk bfrallibe Of t he
features di scugsed a ovg. %érélug% %GSCI’I %ﬁt@g o?ﬁ{)héeégrsaw 3936[6057% The

i nvent ifbnid flewde serdifpodable plieoptieresis Kihofil6péct to t he acconpanyi ng dr awi ngs,

which ill rate an enbodi ment. of the | tive apparatus, assenblies,
syst ens, Eﬁ% 3n'§taﬂ8§&1‘?deélW%O?Fhei‘:?“&“%etgﬁt c representation of an

enbodi mengi®f4 3 adbp Pieaaltife ddslert OF FUSE2 With tRNQVEPRAIREN nd fiRFaRy embodyi ng
features of the present invention. FIG 2 is an el evated perspective view

of an éntooul wbnlar oifcwlrgassette for controlling fluid flowin the

di sposabl topheresi.s kit of FLG El I s an expl oded view of the
cassette E“&Eﬁéa%ﬁﬁoﬁlvﬁfwﬁkfgov r?t%“@?][@v?f(g&}t%e cassette of FIG 2 with the
cover renpiRae idaf eRRXGH Perspdoiile ViR oft daishbidiriét ©8 b Filtér askérdablyd i s a bottom
view of a cover of cassette of FIG 2. FIG 6 is_an el evated perspective

vi ew of aHl@nbisdptemmerpediveiviavept the Sitabasyembly|oEFIG. 6.5 bot t om per specti ve

vi ew of t fdlter K . | & an expl oded view of the
filter asEi;Grqu lﬁtagfxgﬁ%ed%#%ﬁ?&e @%rg?sgnfb& ar“ﬁgr' §'pect ive view of the filter
assenbl y PIG.RliGa réar petsPectiV@ viesy sCihe fidei asseaplyed#Gaé.i on of the filter

assenbly of FIG 6 coupled to gres ure. sensors and a data processor. FIG
| 1 is a FIGn0iypermstic mpreseriaionmel Bn Tikrnapenbiyef £1G1&coupled tojpigssure

| ongi t udj Rl .\ EMePbrokf8ol. r radi ati on chanber of FIG 11. FIG 13 is a side
transverse v"lmewe({)yif E’Oe&??r'adi ation chanmber of FIG |1 | FIG 14 is a

cut - away ¥IG@w 1af adropeeieivar aofirrsdiaticni ahatmbpt. at e and t he second plate prior to
being ] of PRd 195 R ol Vit e i A3uhoe i@ BP i ™ & 11
FIG. 13 is a side transverse view of the irradiation chamber of FIG. 11
FIG. 14 is a cut-away view of a section of the first plate and the second plate prior to
being joined together to form the irradiation chamber of FIG. 11.
FIG. 15 is a cut-away dimensional end view of the irradiation chamber of FIG. 11.
FIG. 16 is a perspective view of the irradiation chamber of FIG. 11 positioned within a
UVA light assembly.
FIG. 17 is an elevated perspective view of an embodiment of a permanent tower system
for use in conjunction with a disposable kit for facilitating a photopheresis therapy session.
FIG. 18 is a cross-sectional view of an embodiment of the photoactivation chamber,
without a UVA light assembly, used in the tower system of FIG. 17.
FIG. 19 is a cross-sectional view of an embodiment of the centrifuge chamber used in the
tower system of FIG. 17.
FIG. 20 is an electrical schematic of the leak detection circuit provided in the |
photoactivation chamber of FIG. 18.
FIG. 21 is an electrical schematic of the leak detection circuit provided in the centrifuge
chamber of FIG. 19.




FIG 15 is a cut-away di mensional end view of the irradiation chanber of
FIG 11. FIG 16 is a perspective view of the irradiation chanber of FIG
| | positioned within a UVA light assenbly. FIG 17 is an el evated
perspective view of an enbodi nent of a pernmanent tower system for use in
conjunction with a disposable kit for facilitating a photopheresis therapy
sessi on. FK§G2 i4 8n tlevated perspective viewdlaneinbyddfiendof thelfbud flewtcoofrolt deek

phot oact. vati on chamb it hout a UVA |ight assenbly, used in the tower
syst emo(gilh‘%f)&er ﬁ"f&“ﬁ?@qgﬁi s a cross-sectional view of an enbodi nent of

the centr Ff@os i@ﬂ?eﬁséctiuégeu&ﬁﬁﬁéwcfﬂm@wﬁtraxe_éa@amfcﬁbg 17. FIG 20 is an
el ectrical schematic of the |eak detection circuit provided in the

phot oact i ¥H#.i28rs amexplededoficw pfahe rentrelidgck oiFIGE 22n el ectrical schematic of
t he | eak t.ion circuit pr.ovided in. t e Lflge..,. chanber o G 19.
R & 25 R Bt Rt el RN of i solih{ifes S RTG ARSIt IR he REFIG o o

fl ow calbhddd tHeedn. of the tower systemof FIG 17. FIG 23 is a perspective
bottom vi ew of the control deck of FIG 22. FIG 24 is an expl oded vi ew of
t he cont r BIG.&8dk a fiowehat oban embpadimeny of @ photopperseip dgatenenyprogessw of t he

control d f. Fl . W . . . FI G
26 is a f%ﬁé?? s@enﬁaﬁc‘é’fn%% |ﬁ%‘%ﬁﬁ(@?&gh‘gﬂg{dofg(#]vg‘?lé%llﬁts&st%?grg?%%&r@g ogess.
FI G 27rdagment pedressadfikiGog6.an enbodi ment of the fluid flow circuit used in

per form n%{éhe_ treatment process of FIG 26. FIG 28 is top perspective
vi ew an eflf6di8te P REFSPECIHETYigY an embogiment of peuistalide pump. ¢y oss sect i onal

si de vi ewg ' IGidAUWiRy LG h& a top perspective
vi ew t he rgg"oirghg lat Sg%pcgrblhésltg éﬂ%t i C gﬂmng p??‘“ﬁﬂ%&l’“%gﬂi%t §'31 is a bottom
per spect i ¥E:\30asva odp perspecitaviewfthdslotar o¥¢he peri@alt82pursp aof Fith 29i ew of t he

oF Fi G 2B e PR REepRs ol ER P PG otset e of FIG 2. FIa 34
i's an el eglcsi3pak a 36 ABRI thdperisRid SR EIIEE @RTTUNI cat i on port circuit.

FIG. 33 is a top view of the peristaltic pump of FIG. 28 in a loading position and near the
cassette of FIG. 2.

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

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

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

FIG. 37 is an exploded view of the bow! of FIG. 36.

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

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

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

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

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

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

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

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

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

8




FIG 35 illustrates an enbodi ment of a centrifuge bow and a rotating
frame. FIG 36 is a dinensional view of the bowl of FIG 35. FIG 37 is an
expl oded view of the bowl of FIG 36. FIG 38 shows a cross sectional view
of the bowl of FIG 36 along the line Xl X-XI X FI G 39A shows a cross
sectional view of a connection sleeve in place with a lumen connector of

t he bow BIG.ABEha8s aldonepsidnel viewef xpotherrimhodiaat oh o wendwitoiskamblyr oss

secti onal i f a cgonnection sleeve in place wt Lunen connector of
She bow B @8 aRhw a BRRGSGHACHeR of HeobletoBSRelt PG BY o0« ho fon cor o of
the bow PBIG.Ml7Ghowd a diferdSiondllvieh @Bn@erfli SRBRIGNAsembRVWFHIGL #8 top core and

upper plate of FIG 37. FIG 42 shows a bottomview of the top core of
FI G 4 1.FK.d8 shaws a donensipngl view of amanchex phbefchie presentatventenbot t om core and

2 | 0uer  Dligt 000l L0E 1o DM Bl G il G an 8B40V an i mensi onal or oss

section view of mcore and a | ower plate of the bowl of FIG 43A

attached FHyeOxhows khérizeidal shawse@ionapéwdedn andher sncwukaf albhgliBoXXam cor e
and a lower plate of FIG 43A. 8 FIG 45 shows a dinensional view of

anot her eflSodil Hdwitrags aglimpnyional vigwad the tptating frameef HGods: a di nensi onal vi ew

of the co Is a di nensi onal view of
one end o co%tr%dlgj)?? éllg??é%&& @aﬁﬂl@f%g#%xﬁ@%gga@hom a di nensi onal view
of an anchI. Brstowt an hiterpateeeniboidinenn bf e bowFx@h tHOcoboyeEtian takerr al
cross-sec#igﬂal vi ew of gﬁ}gnchor end. FIG 50 shows a horizontal

cr oss- SHRHAHHQ thayisRowR {0 BIS-2fichor end taken al ong 1ine XX . FIG 51

|11 ustrat pfs 344hoRD G MGhaWeRPARLIrhdR of Medbp Bstef rame of FIG 35, FIG 52 is
an enlarged view of a holder for an external conduit. FIG 53 shows an

al t er nat i VK3.&54tsbdwvsremalterhativeenibodimenit ohthelvennactiss slsewt. i on taken sinmilarly
to that shown in FIG 38. FIG 54 shows an alternative enbodi nent of the

top core. FIG 55 shows ﬁ@lalﬁer@q} '.i\l/le di vnt .0f the connection sl eeve.
Modes for Carrying Qut A—FM%% of the present

I nvent i[0028] TRakRatitiecpredent SeBn R embodibdcthe peimangnt 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:

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

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

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

various alternatives, modifications, and improvements should become readily apparent
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equi pnrent, the disposabl e photopheresis. kit, the various devices which
make up the disposable kit, and the correspondi ng treatnent process. The
following witten descriptionis outlined as follows: 1. D sposable

Phot opheresis. Kit A Cassette for Controlling Fluid Flow 1. Filter
Assenbly B. Irradiation Chanber C. Centrifuge Bow 1. Drive Tube 11.

Per manavitholbdepart@gSramths sphristand sedpe af thenin@niwbe Spedficaloynwhilé thganGintioher C.

Fluid El trol Deck 1 t e.d anpi hani 2. Sel f - Loadi
per | st &1 RETRELTR e G3Hta:PF 4 SRSy aols AT BRI 11pod SiLH BBIsaY L HSE T eat ment
Pr oces phb@pR&tsid heraph QeeraRispédieof the invehtisieate nBt {cAlehlted aideartBpiRIcabRAEI Ng Of

the features of theﬁ‘gresent ~invention. The outline is not limting of the
pr esentkits an@sistegis usad fargendsring pthenthempias. sushiae gplrarests granyjother any aspect of

the i ”‘é?ﬁé‘{oﬁléﬁ{em?ooi(gﬂf’ﬁ%%%én?ﬂ%{ rye described and illustrated in sufficient

det ai | 0se sKi IS art can readily make and use them
However, various alternatives, nodifications, and inprovenents should
becone Ir ebikpbsabhiitat@hereis Wit hout departing fromthe spirit and scope of
the invention. Specifically, while the invention is described in the

cont extjoed0] F16! §ARSAREEdKHIsaBIRShBRPAEEE kit RDOPEMBSdyE: RARFQBIIN pdt i N
phot opheresi s therapy, certain aspects of the inverition are not so limted

and ar engogbi.cHiy recessarykthatsa movddispeseblastenidekit bonseddntieach therapyressiohdn api es,
TN N T N
phot opifRii®&sdiulatihg HRAAhSTE PhbdPhdreal kit 2600Fs iﬁﬁﬁleﬂﬁﬁ?@ﬁhﬁanehﬂ%%i §@fkm It 1S
eoeT o ol (10, 15). g instaliation of photopharesis kit 1000 into tower system 3000 15 7

described in detail below.

[0031] Photopheresis kit 1000 comprises cassette 1100, centrifuge bowl 10, irradiation

chamber700, hematocrit sensor 1125, removable data card 1195, treatment bag 50, and

plasma collection bag 51. Photopheresis kit 1000 further comprises saline connector spike

1190 and anticoagulant connector spike 1191 for respectively connecting saline and

anticoagulant fluid bags (not shown). Photopheresis kit 1000 has all the necessary tubing and

connectors to fluidly connect all devices and to route the circulation of fluids during a

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

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

if necessary.

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

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

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

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

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

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

1000, a closed loop system is formed.

[0033] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation

chamber 700 is used to expose blood fluids to UV light. Centrifuge bowl 10 separates whole

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

three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive
10




order to facilitate the circulation of fluids through photopheresis kit
1000, and to treat blood fluids circulating therethrough, photopheresis
kit 1000 is installed in permanent tower system 2000 (FIG 17). The
installation of photopheresis kit 1000 into tower system 2000 is described
in detail below [0031] Photopheresis kit 1000 conprises cassette 1100,
cent ri feoppowaliintolifgatinentddg §0i Brasme loalkdntion ®dg Shent00mli twapmtag. Bk,

renovabl e data card 95, treatnent 50, .an | asma,caqll ection .bag 51.
Phot o pHEREEL 18 50 ngpsta HlER Iy S 2ITEF <o MBS TP ST 480
ant i coggel AP HrARRBACIREssaR Fho Hére§19kitﬂmﬁﬁiﬂey@érﬁpﬁ@@ng@&gﬁm@ﬂlt&@e and
anti coagul ant fluid bags (not shown). Photopheresis kit 1000 has all the

necessdb§5 anb 135§ winich arcodapied by eonnect fiv predsuye trampdaears 4550 aul/155d o filer t o

route t circul ati f £l uj duri.ng a hot opher.esi s treat nent .session.
A E oSl Slacret @bb T5sanit 1555 oy i fing apPESHERIEGE bRshF R TRR ESETS) <
1192 arc@mﬁHcﬁM% fRbadbnt (BIG.003. PR%ithiRNthe (pddssird @eipdlenQitel tat fie kafisf | ui ds into
the tubing if necessary. [0032] Needl e adapters 1193 and 1194 are provided

for respeEtingsithincsefmpreisurlimish of ypindividiial deiges ph photpphasesipikie 1090, uamgr awi ng
whol e fr . t ing blood fluids to the patient.
Al terng%gggﬁ"ﬁﬁgng%tage%g&géﬁd?%‘{ﬁﬁ%ﬁ)@'cgn be adapted to use a gi nlgl e

needl e to both draw whole blood fromthe patient and return blood fluids to
t he patient .A. Easewefor Controlbing&adld Eldw t is preferred because of the ability
to sinultaneously draw whole blood and return blood fluids to the patient.

When a [m'f]q:‘lgivghm pé&péaivew‘@mai@?és%biéicbsse&é)@ﬂm fr vhieaRd | oop

systemis fornmed. [0033] Cassette 1100 acts both as a tube organizer and a
fluid fouewing andeontiollingdthe moyemenstod pieod thods dusinggarhotephesegisdesatmmendd f | ui ds

componghitons e 0F Bact ik O FRAL PR e ab o0l g 4 osllg 08" 077

bag. Stitsaiagibis iatenthi peMmbofeats sduskdart drcuitiye HoBing 00 acpreferiAP herde bf
phot osensitive 10 conpound into treatnment bag 50. Plasma col|ection bag 51

i s 1000¥d plamicpbytcan hg madsohany ylabbyeteid pterab Hewsing hiHehas sideeali H¥pag 51
rove 2 AUOERGRED . Sl YR TR S ob s sreR RO RGR,
1555 anterfsbifi. \Bhiriny agphetoptieresie tretmenprassete 1100mecedsiorte secand dudekd20650 and
Lo o a3 K e R A ot St TR AL G
Moni t ordpAQediREcREGRSM00 thaldrsi2epsure that the kit is

[0035] Cassctte 1100 has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for

receiving fluids into cassette 1100, fluid outlet tubes 1114, 1115, 1116, 1117, 1118, and 1119

for expelling fluids from cassette 1100, and fluid inlet/outlet tube 1113 that can be used for

both introducing and expelling fluids into and out of cassette 1100. These fluid input and

output tubes fluidly couple cassette 1100 to a patient being treated, as well as the various

devices of photopheresis kit 1000, such as centrifuge bowl 10, irradiation chamber700,

treatment bag 50, plasma collection bag 51, and bags containing saline, anticoagulation fluid

to form a closed-loop extracorporeal fluid circuit (FIG. 27).

f0036] Pump tube loops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of

housing 1101. Pump tube loops 1120, 1121, 1122, 1123, and 1124 are provided for

facilitating the circulation of fluids throughout photopheresis kit 1000 during therapy. More

specifically, when cassette 1100 is secured to deck 1200 for operation, each one of said pump

tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding peristaltic

pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Peristaltic pumps 1301, 1302, 1303, 1304,
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operating within safe pressure limts. The individual devices of

phot opheresis kit 1000, and their functioning, are discussed below in
detail. A Cassette for Controlling Fluid Flow [0034] FIG 2 shows a top
perspective view of a disposable cassette 1100 for val ving, punping, and
controlling the novenment of blood fluids during a photopheresis treatnent
sessi orand dri veefluid G ohgtsthh aespeatye pLOD tubloopot 19, ak2E, 1122,1dR3.spdce t hat

acts a ca5| n for yari i pt.ern t nd .t

N S T e N e AR R SR s <
nmade ofy aﬂuec%sya?abtne dpeitidn AR Sftbatic tdadmiR@d h&%dlmgsnfﬁbﬁ@aiw@ghmﬁim and
top sur ace 110 Side wal|l 1104 of housing 1101 has tabs 1102 and 1103

ext endil3fl, 1382, EX03oM0dpend KYSas gensspshiardstatldelove withwpipecidaddebt 28-33.00 needs

to be | Lustrated in
b 2003 ke 56 fo QD cRsed 0 i MR AR R0 B LA BERlcplotdiBl" £ ek
1200. [s&@3%hr &as s)etlhﬁtrﬁi&(hnhaﬁsd‘ripubd, the lr&émhlubmﬁarlclﬂﬁltryl\izﬁﬁm hbkéigg 1109,

1110, 1111, and 1112 receiving fluids into cassette 1100, fluid outlet
tubes 119kis @iﬁ@st@tﬂ@l Flﬁﬁv The intginahhuler gigcuitry s Wysieated w16 diaad Wil om

casset i g0 Ao et PLLBHE L0 ARt IS PISARREpUPRB T | ot

i ntroducing and ex el s 1nto and out o sette ese fluid
i nput andin ﬂunﬁpnhnetcubesvmhlmlediu}ae t bl loetletastxel ¥1d, driiDéhetend af padh eipuntpei ng

treated, th ous evi.ces of hot oph Si s t such as
cent i fER§aS Bwin? St L Pl e ehl S Fopprises veRligh Ffsﬁég sl ?%!0%
col | ectgimpd a%b‘i}lswﬁnd)ﬁgﬁmeeéﬂlﬁg '?é. BigeRld IH%etaﬂrHelcﬁ@a&H'réstpb&rto to

forma closed-1o0op extracorporeal fluid circuit (FIG 27). [0036] Purrp t ube
| oops Bil®, 1121, 1122, 1123, and 1124 protrude fromside wall 1104 of

h be | 11 1 1124 ded
Pous! Mo o R S8R SprebdTad S et 031 R A st 2L
1000 dunoss BdieaPRitfacdPI60 (FIGED), hadCadd Wall S Ca%saI3@hdsldienings $e31red to
deck 1200 for operation, each one of said punp tube quﬁg 1120, 1121,

1122, End313%fu allowingzent ¢homwers hsﬂﬂanélé@ﬁé“slmﬁ@ﬁeﬁ@lx)ﬁ iogxtend  punp

1301, 3 I 02,
T303,  Sggronly sigk A el d By b loh R Al YRR kiR b0
| oops 1dRA, antilpinp 1bdg tibed ic2hss Bitdltheidtddhal spade pf KelRingr 110D €6k chinhettionon,

t her eby dr|V|ng fluid through photopheresis kit 100

necessarih thepucgmbylanrraey gsiesiicren. Qaly higwathe &!ﬁésgllalg’ﬂ ﬁgel%bﬁgfm staltic
nggz Ctﬁtégi @ Qés%qggurﬁ%@él crbaithg. 3Fits 180PadS1 @355 5855l ofl &1 WalPRl@W Wi th
so as not to interfere with tube slots 1134. Cover 1130 has occlusion bars 1162 and 1162A
extending from bottom surface 1160 (FIG. 5). Occlusion bars 1162 and 1162A are preferably
molded into bottom surface 1160 of cover 1130 during its formation.
[0039] Base 1131 has a plurality of U-shaped tube-holders 1135 extending upward from top
surface 1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, pump loop tubes,
filter assembly, and internal tubular circuitry in place. Only a few U-shaped holders 1135 are
labeled in F1G. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is
provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop
tube passes through a tube slot 1134 on side wall 1104. Male extrusions 1136 protrude from
top surface 1136 of base 1131 for mating with corresponding female holes 1161 located on
bottom surface 1160 of cover 1130 (FIG. 5). Preferably, a male protrusion 1136 is located at
or near each of the four corners of base 1130 and near filter 1500. Male protrusions 1136

mate with the female holes 1161 to form a snap-fit and secure base 1131 to cover 1130.
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[ 00371 Turning nowto FIG 3, cassette 1100 is shown with housing 1101 in

an exploded state. For ease of illustration and description, the internal
tubular circuitry within housing 1101 is not illustrated in FIG 3. The
internal tubular circuitry is illustrated in FIG 4 and will be discussed

inrelation thereto. Cassette 1100 has filter assenbly 1500 positioned
t her ei H0048h Basm1¥Ifughermempeisesonhubi 1140; Hubi11dlhea fivee/ayduhe conneatdraused 14,

and one_end of.each of. pu e . loops, 1120 and 1121. Filter senbly 1500
ooy | S E0ne il e R BBhend 1R 338G Plespfye ek apeihS AT AR
funct i asdafed, nehSardl suerds8Ethréd b dRS @bks IRRLIAXIHG hitb | BADEGEL 1 RI0RdctsSs a 6- 10.
[ 0038] Housing 1101 cogﬁrl ses cover 1130 and base 1131. Cover 1130 has top

sur f ac&entialiged junctien wbiehsap bevsed] mgonpumridn with campressige agipatprs12d9-1243 er

1130 h [ r .OWM 40, and 1542
of 11 1EIC 228 shltect ity (St piblopitesl LiP YOSt Wt G HBRIRF Badenf il

pl ur al iatyitioh td hiktel BI0Qiprdprdde tube ablmedtold) eudhdseli-cdrnbesrs 4 la@ldl Y-t ubes, and
punp | oop tubes to pass into the internal space of housing 1101 for

connecPpectopilifl. arpused te phiain thedenirgd flexibla fubing prdRYEd therein. Only a few
Lube sl HibRhtiel 3997 86 13dhcdidnhe AolorBiel P19 B GALrfrE 2189 9. Tabs

1102 a positioned on si SO as not to Iinterfere with
t ube slsotreuriied by aftapaturd $A0 1138 hadcg sieisdl 3B forpaidin? pamidnd dB6BAinternalendi ng

frombottom surface 1160 (FI.G 5). cl usi ars 1162 and 1162A are
pr ef er_é‘bt? %P%F&&E?fﬁéabo“@gt Mrﬁl%‘{ﬁ@ﬁgc%@eﬂrﬁgqéflséimmi‘f%oﬂﬁﬁ riof 5
for mat iggQe 113903ertBRS 132 3L 16@Fd Al f131 % 8 n%i&%ﬁ%ﬁ’p&n'dﬁ%‘ hol ders 1135
extending upward fromtop surface 1136. U shaped tube holders 1135 hold

t he i nlcemptastien actoutorsck248124% of daekyd 200 IIG. 2B sAperfure 1857 isdowmtrdl on baaad

i nt er ngl buylar circuitry in plac W, ed,.h rs 1135 are
| el od 13h e s fsittrktoon An e ToadTade ft S L0R ARG P2 Ea BB

hol der 13335 difedRbalt dethg®cdi@issivhdttatora 28129 adn dxendBEBthddughn| et t ube,
an outlet tube, or a(g;gg | oop tube passes throu354a tube slot 1134 on

si de wanertuneold 57 sise aidhisa sompmesipn actpage 1240rh242 spn eiendace 1136 of

b 1 ; " :
pot ¢ om LeiepvglTy FBteitiol oERRGRIPAPIAT a8l o NIl any 3581 S o1
1136 i fluidpatagways obthe itarhalaabilandirdulisy inauderco Fatlitate @ phadisit fididGleand near

filter 1500. Male protrusions 1136 mate with the female holes 1161 to form
a snap-4ong affsgireckeath.o Wheadt is desired 4o baxpe certpmopasyazevay 2pgn 48ar fluid gan yr ¢ her

Corpe R SeMiplt G SHpro ty AMFLIRYLS WRFPSQIMSBT S fnte
aper t urpesitibd ITowever, when it is desired to have a certain fluid passageway closed so that fluid
can not flow therethrough, the appropriate compression actuator 1240-1247 is raised,
extending the compression actuator 1240-1247 through aperture 1137 or 1157 and
compressing a portion of the flexible tubular circuitry against bottom surface 1160 (FIG. 5)
of cover 1130, thereby closing that passageway. Preferably, occlusion bars 1163 and 1173
(FIG. 5) are positioned on bottom surface 1160 to align with the compression actuators 1240-
1247 so that the portion of flexible tubing being occluded is compressed against occlusion bar
1163 or 1173. Alternatively, the occlusion bar can be omitted or located on the compression
actuators themselves.
[0042] It is preferable for cassette 1104 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is

provided to ensure that the disposable photopheresis kit is compatible with the blood drive

equipment into which it is being loaded, and that the photopheresis kit is capable of running

the desired treatment process. The unique identifier can also be used as a means to ensure
13




| ocat ed near and surround three of the tubes |leading into hub 1140. Hub
1140 acts as a centralized junction which can be used, in conjunction with
conpressi on actuators 1240-1247 (FIG 22), to direct fluids through

phot opheresis kit 1000 and to and fromthe patient. In addition to hub
1140, appropriate tube connectors, such as T-connectors 1141 and Y-

con necttgfﬂ thel disposable phelepharesivkit &iaf atdagaigdsindovhnid @xidiee I thw ilgstpagdway's.
[0041] Five,apertures.,1137 are.located on t I f, base 1130. Each

per t uregaiipisPELh L Sacntinde B efpodi® s R o Yiar (PR 28 el ¥ Resrelaie 330 1 or
passi NGapQdakd RRSIviHg 001 108 pealancAtUBWEATys@hd 2000L(FYG 18! Slafy QWO 1195 Hhs

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

Aper t urbosh read andyweitq eapabilitiesorndisas storel data redatiig) tg thesfreatmentrtherspiopeifarged

[ ooat ed b nE SIS En e Bl R PN FELOn bvalbo Sl bt Bl or ' Geck

1200 ( FeixénpR2) mikaciip ape idteraets withfe bloos daedeqiiphbatwlienIheRit & l6ad6ar SSi on
actuat or 1243-1247 can extend therethrough. Aperture 1157 is sized so that
three dBRPYLEsST DIFTRERYEPHSr s 1240- 1242 can extend therethrough. Conpression

B oot J0an Aile! 130 5 QiR A PadISEATEIAE aRA Lad0s 01 3) "paludild!

passage e i nterna clircul I'norder to ate or
pr ohi biltolder #i 34 ¢dnoprisesfomn glesatee sidgeadn patpmentb®rectangilar shape F@dedeivihgve a

certain S e open_so that fluid can flow therethrough, the
conpr e<eH GAIGEE gk et 1398 orcmaipte 4100 3¢t garkaldart 34 boidh daciuichids in
Posi ti GiladdQNEY Slap-iMIBIG.IY). 1 s desired to have a certain fluid passageway

closed so that flui can not flow therethrough, the appropriate
conpr ed804] Referoap opw o FOG32Uand 4 theainteenh! tubekareidiing oflcesseerbtssillon

actuator 1240-1247 through aperture.1137, 0 157 and. coppr.essi portion
of 't he Howels Giiely AIPHER pBRE of ok e Bl o Y isoeleioteadel B of
cover IJi3hle giaaicerbmngltmicmgbé piathdishaeEENR ¥xeribf bE pRRUYe wRkiShUSI On bars
1163 and 1173 (FIG 5) are positioned on bottomsurface 1160 to align with

t he corfePPsamismedke bermsks intoargy of the ubeo Rased13hef qeosettic dA0® s lngsitesl is t ubi ng

bei ng I ' I cl.usion r or .

Al ter ngﬁlﬁ;\?g%&# ﬁquocc aﬁéllﬁgﬂu glg@lfgg%mb%e:e %%&%(?e%l?%rt u‘?e(%)gl g&’ean do#q%ﬁaéld
conpr essitlenubatiifadre providedifectonpling (40421100 té Senprifiize bawl €0 {(IG. ¢assette
1100 tq have a_unjique identifier that can copmunicate wth and rela

i nf or neYlPEPEG iRt fuibedds isprevidrforstsvermevhiole amifﬁéﬁ?m@rll@o@y |
P s g Mo SO IOPETLGES R ol oAl
phot opHewesdensiky blopd cempaiehs apfl highendengity blveddesipoechts raatseead 190 firess. The
uni que fiulqger}tr&];tgn%rthgo%gh %Lgtgp etesis l%(tjl&ﬁ). Orhedower ée%si%rr] 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

compenent, for example buffy coat, to irradiation chamber700 for exposure to photo energy,

while inlet tube 1112 is provided for returning the treated lower density blood component to

cassette 1100 for further routing.

[0045] Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. Outlet

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

buffy coat, to treatment bag 50. Outlet tube 1116 has hematocrit (“HCT”) sensor 1125

operably connected thereto to monitor for the introduction of a high density blood

component, such as red blood cells. HCT sensor 1125 is a photo sensor assembly and is

14




13 that the disposabl e photopheresis kit is of a certain brand nanme or

make. In the illustrated exanple, the unique identifier is enbodied as
data card 1195 (FIG 2) that is inserted into data card receiving port
2001 of permanent tower system 2000 (FIG 17). Data card 1195 has both

read and wite capabilities and can store data relating to the treatnent
t her apppgrablyconpled td @torftmllar eH@ﬁ aeysor %125rs¢edmd@ra@1qncmal fd e centrollgr so t ake

on a vai et f fo cro hat i nteracts
W th tﬁvé] Bi o@ %‘ﬁ gﬁq O%Hgtnmt’%%ﬁ?aﬂr};@ﬁge fonég’ll rwgp ag%li “code, or a
serial a gt@?ﬁﬂte aa&%:ﬁlecai%eﬂlmﬁq)r@ﬂaedi@tratuﬁamé uhgtsled lohddhsitpbldeal di ng dat a
card 11 FIG 1). Data card holder 1134 conprises four elevated ridges

in a sEOMPARGY frpébtf@ﬁgmténag §ﬂéﬂb‘éﬂsf>ftﬁe lrlﬁﬂéw\filﬁber T8RN g dnket ﬂﬁ)eaﬂ%‘) ¥k d 1195

= snap J11{ Eerented gt REY Sfhe RSB U ey 730, /iy 20 1 @
t ubul arpikes T190nyd 1891 a&S&etpﬁ'@ndeH}Br Wélivering ealineandiaf anscaguladt fllidast a

portion of the internal tubular circuitry is preferably made of flexible
pl astha%SG‘lS?}r’émt fepfurtigproying fnbpeatisnkut by the exertion of pressure without

Comrozgtﬂﬁit eg{)@%@&g%ngs'aﬂasg{ it Oﬁlh*&‘éuéllla’:aﬁntsglg%ﬁﬁec%ﬁ%a Spggssette 1100

is ill so t e I nter ar C|rc Itry can be
Vi ewed cadsattel 100U Mere shcificably, m%tlmndllﬁdelﬁ\&ts 4 blloed tdrhpomeme speloas ded f or

[ i te 1100 ¢t f f [y,
Co Pt M. Dol Beny, THeyOystiths Thisicas br Bt tp ok RDEGPA S 1 0f
to centpidddufts ﬁp;%srﬂ@eolﬁa%d Lt | ﬁaﬁ%ﬁss&mﬁm rét&ﬁﬁhé'bﬁ)oﬁ%%ﬁ%hédf@b y

provide for returning a |ower density blood conponents and higher density
bl ood d¢eatpoilénp sn plesmasdlsctien hagfl toeassefte illlmefor fusther reptingr dalgttube 1106

phot ophere5| 0., ower ns It one l.ncl ude,

Por. oxanpandt sy HI mig PR el daipFnatn” BFeifCHRAPEM X IashE! nac on
t her eof, owa’&aﬂohetqhﬁﬂfembw sEIHEDMAsAtedl Wad domspondas, treatedtasd! e, red bl ood
cells. OJtIet tube 1117 and inlet tube 1112 fl uj dly couple cassette 1100

to irr&emapnds. epdatber flyigebadkye ehe pavient: finieptuby | ll%tsméwd%@r delivering
pr OV' d%ﬂbézggd Qﬁbfe‘ﬁ%dd"@n@&g%pé{eﬁﬁﬁsﬂﬁlnn@@;o;ggqgiéé&églﬁ’ﬂaﬁ%ld @0 ﬁ@“t for

coat all on cha Xposur e ot o energy,
whu | e ipatieit té cizsetfcllIDOIfor outing steldrdaanent etithim plgopesesiyidal GH). I(mwmt tubensi ty

bl ood conponent. to. cassette 1100 for furthe ut.i ng 4 I n| et tube
1111 aﬂdngt&%l’é‘t'lﬁﬁ‘}li’epf?‘ilf @B@ﬁl%ermg@ataﬁamaga%tﬁ dite, lelggelgﬁioﬁlbeﬁ Qut | et
tube 1 leﬂeaﬁle%é-’t‘é'll%ﬁné & (ﬁ?ﬂdsé{tﬁé nﬁﬁxcﬁﬂéxﬁ&’@ét@x‘ﬁe 't%geﬁﬁkfb)/e ﬂh&&%&ag&onent '

for exanp
the most preferred.

[0047] Cassette 1100 has five pump tube loops 1120, 1121, 1122, 1123, and 1124 for driving
blood fluids throughout cassette 1100 and photopheresis kit 1000. More specifically, pump
tube loop 1121 loads into whole blood pump 1301 and respectively drives whole blood in and
out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing through filter 1500
along the way. Pump loop tube 1120 loads into return pump 1302 and drives blood fluids
through filter 1500 and back to the patient via outlet tube 1114. Pump loop tube 1122 loads
into red blood cell pump 1305 and draws red blood cells from centrifuge bow! 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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buffy coat, to treatnment bag 50. Qutlet tube 1116 has hematocrit ("HCT")
sensor 1125 operably connected thereto to nonitor for the introduction of
a high density blood conponent, such as red blood cells. HCT sensor 1125
is a photo sensor assenbly and is 14 operably coupled to a controller. HCT

sensor 1125 sends a detection signal to the controller when red bl ood
cel | s #0048t Eaciofeperisialtinpunens 130bd 305 a6 agtivatehwhemneaesianeto performitkte t he

appr opr. acti I t _tube 1 11 |s ov1de r eated | ow
Gons: L yhSPBAac Bmb i Blaby Repfhde ol RGN of el Bt ol A€ gL B, 107
r out i N@avehiibieiwhichiedesdAGKY tssly uiLﬂeldihoart@FI@s REC 7. iRdristabii esisca301a3e5sal i ne

and anti coagul ant storage bags (not shown) via spikes 1190 and 1191 and
are pr 6o beoparged ges aadimegr Bany sembinatian Bk PeapigldM k308 warkin o cassette

1100 f 13 d
1100 { Qb S SR TR GRSl SN Eled A2 2
speci f iof phd)ty?hew;ﬁd kit mmbeqpbhm&saem uid 5157 4ot @tmiegmamdnemed oisbase 1431 pl as ma,

to plasma col]ection bag 51. Inlet/Qutlet tube 1113 can be used to either
del i verlangdhe wfespal tebul ?§‘$E‘J‘%I‘%%“€@IW‘§@EF‘BW“B&IJ ighthsiesette 1100 or

[ et U N cbRiBrdliBR S ATRADADILE. hd Nitss Bl belaitddd high aBRldyast i on bag 51 to

cassette urt routi ng. t tube 110 d out’l et tubes 1119
and 11témbimaticwthetead to a patient. SpeC|ficaIIy, outlet tube 1114 is

provi ded to return treated bl ood, saline, untreated bl ood conponents,
treated bl ood nﬁgh and ?ther fluids back to the patient. Inlet tube
1106 i s prOV|ded f FUANCAEY unt reat ed whol e bl ood (and a pr edet er ni ned
anount of an_ anticoagul ant fl uid) fron1th§(ufat|ent to cassette 1100 for

rout i nd0%49d Hilies 600w lvh isHpertqshwitipasseds 5106 as desraibed ebeyeets ilpgraicding i s
speci Al i¥ FGS A 16 IRERIHAISMETHIOS. 8and k23500 Rfluddaldhuhp 1Nl et tube

1106. It 1s preferab ubing 18 |sposa e nedi cal “grade sterile
t ubi ng.asdehdbitédo | Falter K500 icomprikdsradfilies hotdimg b¥Ht Fitafhensieg 150DB47¢feBhbset t e

1100 has five tube | oops 1120, 1 11 and . 1124 f.or .drivin
bl ood PR PR SumRHe: Q6 Barsi catmEh o ek Gt e FObERoR IHE RO oy ¢

speci T igeald NmitBd BRI ﬁftéi%u&nﬁ? R501lckh Be%ﬂardcmd%fwﬂ? hfudH P Bt RUMROt1 301 and
respectively drives whole bfood in and out of cassette 1100 via inlet tube

1106 ardniamihase blogder athesfluidatset arg flOMﬂnm@lhrethrbtl@ 1500 al ong the way. Punp

R T
1122 | ogele blobd mlétqfdmblsogdwmé bloeu Batldt3yot ma ¢ 40N 1A Gnlbi mﬁdlﬂﬂl gd from
centrifuge bow 10 and driv

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

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

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

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

at the desired locations.

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

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

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

surface of housing floor 1518. Protrusion 1519 fits into a guide hole of base 1131 of cassette

1100 (FIG. 3).

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

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

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

applying an adhesive, or by designing roof 1511 and base 1512 so that a tight fit results
16



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
recircul ati on punp 1303 and drives bl ood fluids, such as plasma, through
treat rréathqyagllest@f%ﬁﬂhxl¢ filieri houbiog 150hist Bustae:dfasortwospeestasseniipdiltet 5 [ 0048]

Each f | 1301- 1305 f
the pRobapk P e A plepE Ryl BF ikl Bl RS RRERE ment of “the

met hod [misst] m%s@wmms chafib@nRtpLRio AN 151 SeslindgsvRe o 4 tbp'satfaéd m to
FIGS. 26-27. Peristaltic punps 1301-1305 can be operated one at a tine or

i n any heusipg Haei B8 (FKa DuNgenbase 1530md weefid 514 afﬁt:%ﬁﬁ?ﬂ]ﬂéd»l top syifach 1515
d th
of Dot SR Ao A TYEbALS G A LR ASPE (GRRE R PP\ MY

| ocat e¢hambdraebthinldé filat D(lil@ldgh@hblﬁ%ﬁfdﬂl&ihélhibbﬂﬂfﬁ and ikt thiambe@ 16BLi i tate
proper routing. Through the use of conpression actuators 1240-1247, the

f1 ui ds Fdwd %n%h44@&%5%&&6%%&&5}10&#114%%@&& ddHpandiltes shamberd§d7. 1. The
Filter 6@%@ £ e 1100
as desc!rl 579 g‘%ob%%}smlﬁﬁ ul?f[i ?isf%%bﬁfr%(fﬂlﬂg;[% ;%ﬁ%b?%gé’i‘l—%mfg fﬁ%ﬁ girgr'i ng
first tvhéle G&odahanUerﬂ,Slﬁhhs 2whafs®loddsinlet holetl529 end & wihble bloasbeutiet hole Fil ter
1500 cq ses ter u Filte ing 1501 is preferably
constr G%é “%rl’awg) It ‘?‘ng}gilgf Wfl?? lgl 3‘?111:,‘11 f‘?tfsr]rgd'f’ the ‘ﬁ&‘ﬁﬂélﬂ?fié’é‘pF@“’lqﬁomver
the i nveiobABd hior fe&tt the endsl PSRRIy IL- @ﬁaan wolwbléé@éhaﬁﬁ&r S1gonstruct ed
of any material that not contam nate bl ood or other fluids that are

f1 owi ngV htbiebhlorlnmlaglmle ﬂ@t?sﬁo}‘mr;a passagevaysvitlyopsding 16 of anlet fdrul W2sonhact i on
ports e

refr n I .bl.oqd inl et re, 1 ol e bl ood
out | et lP C%@% Pé@p@éﬂlpﬁ){ﬁ%ﬁf m&wﬂf’g&ih ﬁaleﬂﬁ %?@%%F?]\é\qﬁ‘)tout | et
port 1508sraRay formé 2QdsshpOPaykkh & 1507 & Gubal pdrtiB03%0GRATRE EQIRRT t S
that allow nedical tubing to be |UI dly connect ed thereto. Ports 1502-1505

r espectouyef yhole blpedichamberdiSds 1506, 1507, 1508 and 1509. Openi ngs 15086,

1507. 36%&?;3[ chﬁQl%b&Xlﬁ? ﬂas ?Qgrﬁg?'@er b iSﬂ(ﬁQa% f%%’%%ﬁ djg? quf‘@ﬂeﬂtﬁgé '

formn passageways | nto ou5| ng he désrre
| ocat i apsvard thérefrbmPdilewatddbiidge 162035 reﬂ:ﬁﬁgulandldlfﬁﬂﬁs Aperimtsn Whéld clevatsécur e

filter 150 fthin cassette  1100. In doin ports 1 1503, 1504 and
1505 cahigeaaﬁg@ resta eIz fedHEiRIed embsdpgit, clevadd Tidge 1531 can be any shipe

so long as it forms an enclosed perimeter. The height of elevated ridge 1521 is less than the
height of chamber separation wall 1513. As such, when roof 1511 and base 1512 are
assembled, space exists between the top of elevated ridge 1521 and the bottom surface of roof
1511. Elevated ridge 1521 and chamber separation wall 1513 form a trench 1524 there
between.
[0056] In order to facilitate fluid flow through filter chamber 1517, floor 1520 of filter
chamber 1517 has treated fluid inlet hole 1522 and treated fluid outlet hole 1523. Treated
fluid inlet hole 1522 is located exterior of the perimeter formed by elevated ridge 1521 and
forms a passageway with opening 1508 of inlet port 1504 so that a fluid can flow into filter
chamber 1517 from outside filter housing 1501. Treated fluid outlet hole 1523 is located
interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening
1509 of outlet port 1505 so that a fluid can flow out of filter chamber 1517.
[0057] Filter 1500 further comprises filter element 1530. Filter element 1530 comprises
frame 1531 having filter media 1532 positioned therein. Frame 1531 has a neck 1534 that
forms a filter inlet hole 1533. Filter clement 1530 is positioned in filter chamber 1517 so that
17
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cassette 1100 (FIG 3). Filter housing 1501 al so has a protrusion 1510
extendi ng the bottom surface of housing floor 1518. Protrusion 1510 fits
into a guide hole of base 1131 of cassette 1100 (FIG 3). [0052] Referring
nowto FIG 8, filter 1500 is illustrated in an exploded state. Filter
housing 1501 is a two-piece assenbly conprising roof 1511 and base 1512.
Roof 151amnd B3 dHninte wencht 528 asd nddk1i53d yumenndstmated binwdrinienheltd522.t | such as

| t i C . ' . | di VAR ' . b i gni
Yoot - 2aiérHE! BhE 53T HighS il Seod B Bt 1Ry e BEREE WieinBlmib T vt v
Wi | e ffidelyeflow @160 gtohol&O0522 ankt i 3B ini @fiRe hamber ¥817PIFe&fle 883N il ter
housi ng 1501 can be either a single piece structure or a nulti-piece

assenblejemgny 353 fopns a hemmeticigvidnelenpiad ridgsdS31i ol fwigl rhat sntgrséidtesndi ng

and r oo ARt BB AR, foa 138 utd PRL AR ek Mo 108EBPRT i

1513 camitdilies clidisbeb 051700 $tehtea ClRidduticondle 1523,, Fillter mkdig 1592 prefdrablpdasawi t hi n
the filter housing, whole blood chanber 1516 and filter chanmber 1517.
Fl ui d @%F Her ofappEximitely200 misrans e Filigh sicdiah 538 gar he frsered o6 vovemenesh.| t er

chanber 7 ol e bl ood chanber 1516 is a substantially L-shaped
chamersuﬁg%ﬁﬁav#ﬂ%i}@tfgL. Whol e bl ood chanber 1516 has a whol e bl ood

i nl et HO058)HBIG chamiber 13 Iferther oodposes fidter hent eharhbertl S40 Muthin o€d315.n f 1 oor
1514. ole blqgod. in hol e 151 d t he whal I utlet hole are

" ocai ec i VR TS HEOMRG 85 fert RSALIgIE S Aty (s Gl PbeE D R
chambery skp bens iMBT 1R RERRHa BS540 Ynehlin ton PEASindd ﬂﬁér%ﬁ%ll‘i@ms&*ﬂ sepeni ng

1506 of inlet port 1502 so that a fluid can flow into whole blood chanmber
1516. Shatibuddiup withe filttiothemibeo b 7aan estap direughngss vent 15441 Sandat)y, fwdwohs a

passag ith o I ng 1507 .of outl et por 503. so fluid can fl ow
out of %%jl C\yaﬂ'ﬂ%%gﬁgﬁgﬁﬁ’é‘f’esl%‘i%q vﬁ"&)ﬁ%"gﬁ'tp !IH%W“@W&&B%{?'T}SEOW&“\*I oor 1520.
Fl oor lhg@béas4ehay adsedni 15436n #2brifoF @ Mdich Bechinvahsvédasal bpdhs ilbevat ed
ridge 1521 is rectangglar and fornms a perineter. ile elevated ridge 1521

i s recttdoshiveat chamben 8543 which imtugr|opans detp dhele bleod chanther A Hh@ases2hatcan be

any sh } | r . The hei ght of
el evat :Ugﬁfli@grel%%lﬁlégd %hé@%ﬁ%f}%aﬁ%%ﬁé?%@#ﬁﬁsggber separation wal l
1513. AB038)HIG. Wi thp ofewlSflfiltaan 0@ hsdEng prtRsued sens@s 188Mhatll 5Hp@anected St s

between the to f elevated ridge 1521 _and the bottom surface of roof
1511, HP EIRYHE }ﬁo"agfadiﬁi BrsepuEseRpp léﬁba}dalcﬁ%ﬁrwferqtdmrqswm a trench

1524 1 heh&dudbR! We&Bure sensor 1550 is connected to gas vent 1541 via vent tubing 1552, Vent
tubing 1552 fits into gas vent 1541 so as to form a tight fit and seal. Because gas vent 1541
opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the
pressure in vent tubing 1552 is the same as in filter chamber 1517. By measuring the
pressure in vent tubing 1552, pressure sensor 1550 also measures the pressure within filter
chamber 1517. Similarly, pressure sensor 1551 is connected to gas vent 1543 via vent tubing
1553. Vent tubing 1553 fits into gas vent 1543 so as to form a tight fit and seal and pressure
sensor 1551 measures the pressure within whole blood chamber 1516. Filter vent chamber
1540 and blood vent chamber 1542 extend through openings 1132 and 1133 of cassette 1100
when filter 1500 is positioned therein (FIG. 2). This allows the pressure within chambers
1516 and 1517 to be monitored while still protecting filter chamber 1500 and the fluid
connections thereto.

{0060] Pressure sensors 1550 and 1551 are coupled to controller 1554, which is a properly

programmed processor. Controller 1554 can be a main processor used to drive the entire

system or can be a separate processor coupled to a main processor. Pressure sensors 1550
18




[0056] In order to facilitate fluid flow through filter chanmber 1517, fl oor
1520 of filter <chanber 1517 has treated fluid inlet hole 1522 and treated
fluid outlet hole 1523. Treated fluid inlet hole 1522 is |ocated exterior
of the perineter forned by elevated ridge 1521 and forns a passageway with
opening 1508 of inlet port 1504 so that a fluid can flowinto filter
chanberand 3351 progneecalectiichd ofiiput sgnatorepresentdtb@lof the prassad feladings withinet hol e

Lo, S Ba T8 Wt oSt B Bed LT B R Bl o 2
flui d cagisGhavemedenig filelpr@bure Mamnethabibkrs 191600411567 E6hurdiRPGsE4)1st her

conprises filter elenment 1530. Filter element 1530 conprises frame 1531
havi ng Pregramegaithavaliss zepsessntingdnsired pesssires withisiehambas 1hb6and HIgk 1534
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conprises filter vent ch wi thin roof "1511." Filter vent chanber
1540 hddoagachambens 18861 and filtertvhambemi 57 resphctively. At G in$his Wy ¢bal slee prassureent

1541 opens. i.nto filter vent chanber 1540 ich in.turn apens.into filter
chamberga e 1hes e iig A o ufiAE Bodto AP e PRlismh haRRERd o escape

t hr oughc@ptab¥eRbeld541. Sinmlarly, whole blood chamber 1516 conprises bl ood
vent chanber 1542 within roof 1511. Blood vent chanber 1541 has gas vent
1543 i 10@41d Thedmacsioningies fikier Bdvsing gphotapheresis R ranyesnssiomwdl ny bod vent
chanber,. Leh. | opens; 1Nt | C 1. ases that
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FI G 1@ech@ibad ingetyil @ivh@éspbitlid arawihg hbR\WIng! o sispatients@d seumiddH0 and 1551
connected to gas . vents 1541 and 1543. Pressure sensors 1550 and 1551 are
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cells, white blood cells, buffy coat, plasma, or a combination thereof.

[0062] Whole blood pump 1601 draws whole blood from a patient who is connected to

photopheresis kit 1600 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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opens into filter vent chanber 1540 which in turn opens into filter chanber
1517, the pressure in vent tubing 1552 is the sane as in filter chanber
1517. By neasuring the pressure in vent tubing 1552, pressure sensor 1550
al so neasures the pressure within filter chanber 1517. Simlarly, pressure
sensor 1551 is connected to gas vent 1543 via vent tubing 1553. Vent

t ubi ng [€66Y Al the whnted)lgraispasmtthrbﬁngholed:doddxﬁambm BS16, gles fhat a@nchppanl and

ressur.e n agpres the pressure with 0 bl god chanber
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receives on a or continuous basis data representing the pressure
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rates through the punps 1301 and 130 dj ustin ese flowrates In turn
adj ust is Huidpr congegted ) nummlom bibe 1180.08he Uhaiedaﬂwsl enBrefilerdchimbeet51Thanber

1517 r I I S t ha h W t hi he, |l i nes
ar awi ng SE [ i 152 BAhO R e oA i ke e
accept akhed/flvefiBs ﬁIt&QﬁiIhbél’ﬂﬁlﬂ whdL it OFill everffrand 1331 oF $0Rr eldieRO1 530,
photophere5|s t herapy session will now be _discussed in relation to FIGS.
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while at the same facilitating the release of trapped gases from the treated fluid. The treated
fluid that passes through filter media 1532 gathers on floor 1520 of filter chamber 1517
within the perimeter formed by elevated ridge 1521. This treated fluid then passes into
treated fluid outlet hole 1523 and out of filter 1500 through opening 1506 of outlet port 1502.
The treated fluid is then returned to the patient via outlet tube 1114, which is fluidly
connected to outlet port 1502. The treated fluid is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302,

[0065] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits corresponding pressure data to
controller 1554. Controller 1554 analyzes the received pressure data and compares it to the

desired pressure value and range. If necessary, controller 1554 adjusts the speed of return
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conponent of said whole blood back into the patient after it is treated,
the invention is not so limted. Filter 1500 can be used in connection
with alnmost any fluid, including red blood cells, white blood cells, buffy
coat, plasma, or a conbination thereof. [0062] Wole blood punp 1601 draws
whol e blood froma patient who is connected to photopheresis kit 1000 via
a need| puwpdded teatehyadputing thicdlw TEteandprassuonaithinpbenbef 1517 ahé outidtaatst punp
is set ifgfhat the pressure of the line drawi ng the whole blood fromthe
pati ent " at an acceptable | evel. Upon being drawn fromthe patient, the
whol e bl ood passes into cassette 1100 via inlet tube 1106. Inlet tube 1106
I's fluidly cBnrgadiedod Chamhegt port 1502 of filter 1500. The whol e bl ood
passes through opening 1506 of inlet port 1502 and into L- shaped whol e

bl ood c 6% . ..t . L..nl et hol e
1576 whlRgor G A1 B P8R Shafber T G S Bherk RS R B0 SR G L o
1516, t Refewiing frst tol Kig.dl 15 pirddiagioalchagbdrl7@®is famel bynjoiding two plarbesfrofiandhol e
bl ood outlet hole (not .i]Jlustrated) at the other end of L-shaped whol e
bl ood cf mf@igggﬁéhﬁ#@%%géﬁﬁgﬁ%%$%@“¥H§6%thébﬁﬂéﬁﬁ"%dﬂﬂﬂé@emhoIe f or ns
a passa \ | ; t hat

p Bﬁ%%l%bﬁpﬁ&%rﬁf'&?n&é@ﬂ i@ang %%&Pf& théa%('éelef{%ﬁ or’ﬁghﬁ%@%éﬁgf .
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gases 1 HoUED et Shalelils ek fslROpE Y EBoReE n it Say i BEORL .

bl 0od vefbonahathey bel&ifiRlogetlaridRBd ASCRAS padded dara/ent 1543. Pressure sensor
1551 continuously nonitors the pressure within blood chanber 1516 through

vent t ulf¥W67EThe Brstiplarcat{2hias ¢ fiewspdagsHdiand apeeandundactai . tlo agueferred | er

1554. I es .t r ved pressure ta.and if necessary
adjustgaghéﬂéggggéﬁgép ﬂghéﬁﬁﬁgoﬁﬁﬁﬁﬁ§ﬁ§é6T1ﬁ?ﬁ%?§697ggfﬁ§PFﬂg the fl ow
rate ancorunesisatichswiththe sebadafact 714, ThOskcond eirficylTe4 b O firtignhe goper 1554

* adj ust the punp speed to ensure that the pressure is. _within the desired

pr essur Basaaised bpunsiem) 72eaedsliningangrsinguien die deprdary 7264 prefeablytertendy h
| : i be 1115. Th
outl et s%nﬁ%ﬁf’%ﬁ@:d%?ﬁ ¢nPHk sQlond SATEAA (i]:&gaﬁglytgg;b— m(ge%gﬁgf € €

whol e bl oo separated 1 nto conponents as descri bed
i n det aEktehding fronBbt secwnt) surfigrer7dd (prefedatil p sutizeanpally perpendiduil arly)raeatatdd f 1 ui d

Such asPRORC PIAIG Tetoind: JERRERRHR i Rarei e a0 KInCSOTLEDa (o tho
bel ow f pdrigbh MEDAEAEKELnd EBBabts BRIRANGd Ly UREAI s fed into filter chamber 1517
t hrough openi ng 1508 of inlet port 15047 Inlet port 1504

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

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

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

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

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

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

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

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

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

Jjunction 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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is fluidly connected to punp |oop tube 1120. The treated fluid enters
filter chanmber 1517 through inlet hole 1522 and passes through filter
inlet hole 1533 of filter element 1530. The treated fluid fills filter
chanber 1517 until it spills over frame 1531 of filter elenent 1530, which
I's secured to elevated ridge 1521. The treated fluid passes through filter
medi a 16920] Wiih referenee th BIGL33 2nd d Apivradiatiom clzambreai0scoamutised hsarpemiesi r ed

terials f t .ed flujd . whi t..th facilitati t
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preferably about 0.06 in. to about 0.2 in., which are preferably conprised

of a madlrwsdior epeapplication of B&reaatgyt d.otitionamd pindid@tand ofceed TIT meyrhgimsidec
radiation. l.n t ca of ul.traviolet. A radiatl . pol.ycar bhonat e .has .been
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need not be expanded on here. [0067] The first plate 702 has a first

sur f acethe prigiahicopfigueatinn of thefigadiatiarychambery, Pheciradiagign chambsdiofrthetpressat i r st

plate 702.h85 tﬁs@ﬁ?ﬁmﬁﬁ—&t‘ab&ﬁ%ﬁma first surface 712, in fluid
[0072] Referring to FIGS. 11, 13, and 16, the leukocyte enriched blood, plasma, and priming
solution are delivered through inlet port 708 of front plate 702 of irradiation chamber700 into
channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, thomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.
The shape of the cross section is designed for optimal irradiation of cells passing through
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize

stagnant areas of flow, other arrangements are contemplated.

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

lamps (758) for activation (Figure 16). The irradiation plate and UVA light assembly (759)
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comuni cations with the second surface 714. The second surface 714 of the
first plate 702 has a raised boundary 726A defining an encl osure. The
boundary 726A preferably extends substantially perpendicular fromthe
second surface 714 (i.e. about 80-100 degrees). Extending fromthe second
surface 714 (preferably substantially perpendicularly) are raised

partiti amslesigaed toPrasaburdatting Adtie edgerbnsieri¢rhed gaviwird ang ed@0M7 One end
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referencfe to FIG 11 and 12, irradiation chanber700 conprises a serpentine
pat hvvay PRS- conduct i ng patlent fluid, such as bully coat or white bl ood
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TP, 1 0008 o136 1 o SRR 8959 L
now be discussed. Preferably the cells treated will be white cells.
[0078] In one embodiment of this method, a photoactivatable or photosensitive compound is
first administered to at least a portion of the blood of a recipient prior to the extracorporeal
treatment of the cells. The photoactivatable or photosensitive compound may be
administered in vivo (e.g., orally or intravenously). The photosensitive compound, when
administered in vivo may be administered orally, but also may be administered intravenously
and/or by other conventional administration routes. The oral dosage of the photosensitive
compound may be in the range of about 0.3 to about 0.7 mg/kg., more specifically, about 0.6
mg/kg.
[0079] When administered orally, the photosensitive compound may be administered at least
about one hour prior to the photopheresis treatment and no more than about three hours prior
to the photopheresis treatment. If administered intravenously, the times would be shorter.
Alternatively, the photosensitive compound may be administered prior to or
contemporaneously with exposure to ultraviolet light. The photosensitive compound may be
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chanber prior to being joined together in a sealing arrangenent by RF
wel di ng, heat inpulse welding, solvent welding or adhesive bondi ng.
Joining of the plates by adhesive bonding and RF welding is nore
preferred. Joining of the front and back plates by RF welding is nost
preferred as the design of the raised partitions 720 and perinmeter 725
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whi ch  U.S. Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In another embodiment, the
photosensitive compound that may be used in accordance with the invention comprises 8-
methoxypsoralen.
[0082] Methoxsalen is a naturally occurring photoactive substance found in the seed of the
Ammi majus (umbelliferae plant). It belongs to a class of compounds known as psoralens or
furocoumarins. The chemical name is 9-methoxy-7H-furo[3,2-g][1]-benzopyran-7-one. The
formulation of the drug is a sterile liquid at a concentration of 20 meg/mL in a 10 mL vial.
See http://www.therakos.com/TherakosUS/pdf/fuvadexpi.pdf. Toxicology studies of
extracorporeal photopheresis and different dosages of UVADEX® and ultraviolet light in
beagle dogs is located in the investigator’s brochure.
[0083] Next, the portion of the subject’s blood, recipient's blood, or the donor’s blood to
which the photoactive compound has been administered is treated by subjecting the portion
of the blood to photopheresis using ultraviolet light. The photopheresis treatment may be
carried out using long wavelength ultraviolet light (UVA) at a wavelength within the range of
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t he | eukocyl e-enriched blood is circul ated during photoactivation by UVA
light. Preferably, irradiation chanber 700 has between 4 to 12 channels.
More preferably, the irradiation chanber has 6 to 8 channels. Mbst
preferably, the irradiation chanber has 8 channels. [00751 Figure 14 shows
cut-away views of the irradiation chanber. The channels 715 of serpentine
pat hway>20710 469 ent. diuchd rimgetihigot lonitingghowfeverbeeis murely iprdvadedZz3Anaramprr i net er

726 of.,the plates. [Q076]. . The .irradiation chanber of the present Invention
can be %océ‘pg‘?%ﬁoa“lH%‘HB]ﬁh%%tft{hHPEg therPé‘P@*’B%‘lwéHSa%t pay S dyraien e known
met hodSsusfitiéht Ahelte@ldeder, fod Lk AhbRIAREPPIWG™Rb thelfiGaH. TNt Wi th ethyl ene
oxi de (ETO). [§0771 The nethod of irradiating cells using irradiation

chanberl Therphatppbsresia stop procasadd out i aitroehyt insthlliog lifradistidnchambet TONagnet i ¢

di ati. UVA) .. b d h f ' h
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[00781 In one enbodi ment of this nmethod, a photoactivatable or
phot os dFffafedibleodds pywinad 1¢ the sabjees: regipianhios denerd The teratet dbisid o tipowr¢atash of t he

bl ood of . LI | h 1. h Ils.
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Vi vo ( eubject, fdcilidnt, diidohdt. r avenousl y) . The photosensitive conpound, when
adm ni Stpﬁ# ed in vivo may be adm nistered orally, but also may be
admi ni JM¥ dThemhpioplerstis precessr@nsists Bf theserphasesdnsludinzohdhe eellectivmefat i on

tes. Lt in th
of - abour Tyl BT Roc.Coen B0 PERRANEL S ine SRR ¥ost Bl gy kg, " "0
[ 0079] adHi S reanfivsioh of dreactardadHite, blddieceROThIs @isdets Wil BOdpQIdEd teRyw be

adm ni stered, at, | east . about one hour prior to the photopheresis treatnent
and no SreAte defrily (SFB‘B{?EIYt yihels binodris C%Uilf(%rged sl separaipddn sprHEfuggibew A@adnent .
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t he photosensitive conpound nay be a ni ster prior
cont enddY Anwedigtion.wi t h exposure to ultraviolet light. The photosensitive

or ovi g0 e Wt e e LA i R DRSS e
phot os ey ADEXD qHaRe YsldbleA-Bethbk fRoRlin}. "Ehib hizadrCR dinfd 1.8 tmﬂ??nic]@fag&es sed
usi ng known net hods to substantially renove the erythrocytes and the
phot oadhiough thedrradiatien chagnbenelthe presentiimventien.ehe isradiation ebarhbar7§0einr i ched
leu kOCleS%nE& ?nclgﬂo(?&ctil/ﬂio?lnc%ambcr 750 of tower system 2000 between two banks of UVA

lamps of the PHOTOSETTE® (FIG. 15). PHOTOSETTE® UVA lamps irradiate both sides

of this UVA-transparent irradiation chamber 700, permitting exposure to ultraviolet A light,

yielding an average exposure per lymphocyte of 1-2 J/em?. Following the photoactivation

period, the cells are removed from the irradiation chamber 700.

[0087] In a preferred embodiment of the present invention the cells are removed by the action

of gravity and any cells remaining in the chamber are displaced from the chamber with

additional fluid selected from the group consisting of saline, plasma, and combinations

thereof. For patients who are small such as children (e.g. under 30kg) or patients whose

vascular system is easily overloaded with fluids the amount of additional fluid used to was

the irradiation chamber will preferably be not more than 2X the volume of the chamber,

preferably not more than 1X the volume of the chamber, more preferably not more than 0.5X

the volume of the chamber 0.25X the volume of the chamber. The treated cells volume is

reinfused to the patient.




enbodi nent, the blood cells conprise white blood cells, specifically,
T-cells. [0080] The photoactivatabl e or photosensitive conpound may, in the
case of sone psoralens, be capable of binding to nucleic acids upon
activation by exposure to electromagnetic radiation of a prescribed
spectrum e.g., ultraviolet light. 10081] Photoactive conpounds may

i ncl ude[00881 Ferradasortipticnniftsguildrgphoophgresis sigstdomommd rAsthodsS sedll SNPate e
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al kyl - 4@8913%‘1 ¢ffaptive gmenrirof |hg?;t, energyl thatiindelivgredtotthd binagemw! floids may be

4' - (4- ap.nQ--2- - 'Lo8- trinethyl pso . ln o dient, the
phot os eﬁ%%éeeﬁié?r%%{é xdcf ﬂﬁﬁ%ﬁ“%‘%@%& %%b dB Eﬁ '&psaéeé“ ﬁﬁ’e Eé& gggg’e‘ﬁhmh 15

der i vat entizcly aRplessp i orpoBt&PheréiOdl teferdnoé. Pindeddd REOApPlicstdh of BRP todhd-» U S.
Patent Nos. 6,552, 286;, 469, 052; and 6, 420,570. In another enbodi nent, the
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phot os etious diseasshilesaribed hesein sy Beitssancadjystmeni o thermeount phlighteneigydnt i on
conpri S@lﬁin%-zc ﬁﬁtﬁgﬁﬂ&ﬁ?f&kﬁf" [ 0082] Met hoxsalen is a naturally occurring

phot oact’i ve substance found in the seed of the Amm nmjus (unbelliferae
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o o por Sl S, REEE Bt S5 i Db TR o«
bl ood, sEodikted dan%é@ehIaﬁe@lxetimecwabsémémoam.%ﬁér&fbge,Wm& BesrakRfen

adm nistered is treated by subjecting the portion of the bl ood"to
phot ophdivaties,@r prgralgn desomppsition prghects thabmai otnagih én dsibiologiealtfimdmayay be

carrie ' I | e It raviol et |jght A) at vel engt h
w thi o YpmolBd BB OHihet b B gy g it Hiosiiet ReidR s
howev erdestritiediis n®rRatgnt Plood 208,895 swiidch BRI Eexpressly incorporated herein by

reference.

C. Centrifuge Bowl

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

extracorporeal treatment. It is to be understood, however, that the present invention is
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The exposure to ultraviolet |light during the photopheresis treatnent may
have a duration of sufficient length to deliver, for exanple, about 1-2
J/icnm2 to the blood. [00841 The phot opheresis step is carried out in vitro
by installing irradiation chanber 700 into photoactivation chanber 750 of
permanent tower system 2000 (FIGS. 17 and 18). In one embodi ment, when the
phot opheslapebls te nspwitks vargusicentrifugal pmcadsingmppahtdsmﬁltth@sﬁdgﬁﬁtdx@ﬂq‘gﬁﬂ‘ t he 4
treated .bl ood .is returpned to the subject, recipient, or donor. The treate
bl ood " FH! f‘_f‘PéSa‘PBH’PY Belisradrs I&ER%%yt Qiher yies iferfhe separationdebeiqyayamk) may
then bexpgahninsdyanaddbamks hedith roq(%%%@&ct ,asrﬁzﬁyag,%p&g?@é;aﬂgmgtﬁlet 00851 The

phot opheresi s process consists o0f three phases’inclu e collection
of a bgpdrgtiorpand emarali and sehaatiocytdremuvaloif@ther sgicifia cedldi MHMng]ﬂj\;Azﬁe
col l ected buffy coat fraction and rei nf.usi on of the treated ite
bl ood dET Rt ey SR sepp@iEpids bes bt BB incl ot R af
Gener al doxi-mydiedl @sdl QRH ak Sfof &nip1E, WRIeRd FRG é&ﬁ?&rﬁh@ﬁghﬁtiﬁf&nkgl'cgﬁggnmw 10.
f 00 of plas

A total of approximately 240 mi of buffy coat and ma are

separ atised Ehe peeserd inventionshwuid netddutrsedy affp@ O80agiTH dluids dreetded themasma and

buf f . e 1] w th, heparinized normal .saline and . UVA wat er
sol u%l %1@?%%%%§gP§F¢%qsegﬁF@ ?ﬁztﬁ?ifrdgsﬁnrﬁ)gﬂ/z‘efer‘fl @d?r:nay Wﬁg{;ﬁ‘m} ayer
t hr oughsuititde infatcdidl edrhSutibl Witk 6¢es Absdribed BEREEREILHMY ERitin@NLEmIBE td plaadsat i on
chanber 700, is inserted in photoactivation chanber 750 of tower system

2000 bevgkanpalygrbonates mgthylmathacrylgig stys¢net acsylprigiiesETiEatyRNG  15) .

PHOTGOS ;I;E(@ gg;:@ I l.a sledes f this. UA-tran rent

i rradi Eit-gl on lﬁé:ﬁ{)e %%—Iﬁ%glr:m t ePeoné)ﬁesxoggﬁgeLﬁrg&P E)lnﬁf?tfoé\ﬁr‘af%ﬁcai&latpg)ﬁt ,

yi el di rgtactedavgtizeg ané fprosufleidpizht seahphiapptapriafe conRedtobhPmears @t ljsiningg t he
photoacﬁi vation eriod, the cells are renoved fromthe irradiation

chanbertheBHts HEoeeysefl includipg bumog mifed by iadesstves rulirarenisvealding of RFent i on t he

cel I s ag&adinenoved by the action of gravity and any cells remaining in the
chanber are displaced fromthe chanber with additional fluid selected from
t he gr dd@92]dieipstsenignuéntivahiznseveral advantagesnovet oediiifiges ohat usekenentiondor

tients wh | | h ' ) wJ. under 30kg) or patients whose
D T B 37 8 AR T ol s B s o
fluid usiege blRod@Scorhditd the BEWAAAPSCAREDES Wal AldWsSI&HAPAN ﬁﬁ?fg’l%%ﬁt@m e than

2X the volune of the chanber, preferably not nore than I'X the vol ume of
t he cha&eBeout.ndpwungprlydwatports Hoits il eoleme of buffycoat Hat vl bmeoliséted lper chanber

?h§5§atcgglﬁ¥gamycﬂ intvgl%esc Hﬁ‘irrrltg)%é boka\ewiEhr %ﬁéi%%l&o%l; &)Ssp\llr?nlirlljg eib%wl to I nfused to
separate whole blood into plasma, buffy coat, and red blood cells; 3) collecting buffy coat for
treatment, 4) bringing the bow! to rest; and 5) returning collected plasma and red blood cells.
This buffy coat collection method may be characterized as being “batch-like” as the volume
of buffy coat required for irradiation treatment can only be collected after several cycles of
buffy coat collection. The limited volume of collected buffy coat per cycle results from the
accumulated red blood cells remained inside the bowl. Thus the accumulated red blood cells
that can only be emptied at the end of a buffy coat collection cycle is an inherent limitation of
the Latham Bowl.

[0093] The bowl of the instant invention has three separate fluid conduits that can be used as
an inlet port and two outlet ports. The additional fluid conduits allows for 1) reduce patient
treatment time by having continuous spinning during the entire buffy coat collection process
without having to stop spinning the bow! for removal of accumulated red blood cells; 2) treat
small blood volume patients; by having collected red blood cells returned to patients
continuously, these patients may be more amenable to medical treatments requiring the use of
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25 [ 00881 For a description of simlar photopheresis systens and net hods,

see U. S. Patent Application No. 09/480,893, which is expressly

i ncorporated herein by reference. Also wuseful herein are the nethods and
systens described in U S. Patent Nos. 5,951,509; 5,985,914;.

5,984, 887, 4, 464, 166; 4,428, 744; 4,398,906; 4,321,919; PCT Publication Nos.
WO 97/ 3b6Buffy eont ondadtitind B58dof sa¢H asufxtraborpbreal ghossphieresisy 3 Ebeneesephigtion
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toxic gfrésentiaverainnodhakmboidinidht deidtad RIFI@IG5 hRprsdacRiREssd haw facduct s.
Therefore, the psoralen, psoralen derivatives, or psoral en deconposition
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in US Patent ich is entirety expr o
i ncor polavedndBI2A (F10y 46y afconmmrten sieveEA isfse@eedBoWon] 1041 Upper deseeci fi c

enbodi ne h resent .inv lon relates to nethods and apparatus that
separ :'a.te(g(q %Plﬁ&cﬁ’?ﬁ gl,ﬁfghﬁlgt‘;ve%%ﬁ 13, securegto gxtemal gondul20As ppsiseimsthsr a

bi 01 09ick@mal biihdbit20A GBI UHACIA YRS Hing T PLAGIfifkaldr b SRCAIPARIuA | Ul dS
t hat conprise, exist in, or are used |ﬁ, or delivered to ['1ving organisns.
| ndeed,208i tolbogil d8A. Thaiflusl craymenmingsians enddeh fluid B0 talse supglied ihgcinrglhcorrpolnent s,
such as_phl ood cell | as d other fluids, that conpris I ol ogi ca
corrpone‘:'ﬁ(%g?a?lc%% uﬁtoq%ﬁggltﬁ?/gﬁ‘ﬁl ﬁﬂ‘ga %%ﬁlyéﬁéﬂ%&%‘:%ﬁ[@’f‘%‘ﬁt ns ASe|eRabley ot per

cel | ul aepEaeM AR dotnponBit9 B OWaSEE20 o WedemBR b BoGP TDA it5BuyhOltEmil 00d or
speci fic whol e bl oocFOcorrponents, i ncluding red blood cells, platelets,

whi t e BBt 204 Bowh A gnd frams 3104 ard adapied tp he rotated around center axis 11A.
[0095] Referring to FIG. 36, bowl 10A comprises outer housing 100A, connection sleeve

S00A, top core 200A, bottom core 201A, and housing floor 180A. Outer housing 100A may

be constructed of any suitable biocompatible material as previously described for the purpose
of the illustration in FIG. 36 the outer housing 100A is constructed of clear plastic so that
cores 200A and 201A are visible there through. Outer housing 100A is attached to a housing
floor 180A, which in turn comprises protrusions 150A for locking bowl 10A into a rotational
device such as rotational device 900A. Bow! 10A is preferably simplified in construction and
is easy to manufacture by molding or other known manufacturing processes, such that it may
be disposable or used for a limited number of treatments, and is most preferably capable of
containing about 125 ml of fluid, such fluid possibly being pressurized. In alternative
embodiments, the volume capacity of the bowl may vary depending upon the health of the
patient and his or her allowable extracorporeal volume. The volume capacity of the bowl
may also vary depending upon the use of the bow! or the particular treatment for which the
bowl is utilized. Additionally, to avoid contamination of biclogical fluids, or exposure of
persons involved in the processing operation to the fluids, the transfer operations are
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may be desirable to renove blood froma patient for treatnment, such as for
exanpl e, extracorporeal treatnent. It is to be understood, however, that
the present invention is 26 adaptable to use with various centrifugal
processi ng apparatus, and the specific exanple given herein is nerely for
Il lustrative purposes. O her uses for the separation techni ques and

appar at masfcmbflylcanieddmt ofthiera seeldd Chow PERAE PESTHIS pelsiszcd] Fbitpdbly formed of
atelet. separation and renoval, and separation and renoval
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results fromthe accunul atéd red s‘rennl ne
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condui t and fidksiv@withQ cefiRdnét of bowl 10A. The outer housing wall joins the upper housing
end 110A and lower housing end 190A.  Lower housing end 190A is attached to a housing
floor 180A of greater diameter than upper end 110A. Housing floor 180A is adapted to mate
with the lower housing end 190A and provide a fluid tight seal therewith. Any conventional
means may be used to secure the lower housing end 190A to the housing floor 180A,
including but not limited to, adhesives, ultrasonic welding or RF welding. Housing floor
180A may have an indentation 185A that is used to collect denser fluid 810. The diameter of
outer housing 100A increases from upper housing end 110A to lower housing end 190A.
[0097] Outer housing 100A is adapted to rotatably connect to a rotational device 900 (FIG.
35), such as for example, a rotor drive system or a rotating bracket 910. The rotatable
connection may, for example, be a bearing that allows free rotation of bowl 10A. Outer
housing 100A preferably has a locking mechanism. The locking mechanism may be one or

more protrusions 150A designed to interact with corresponding indentations in a centrifuge
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an inlet port and two outlet ports. The additional fluid conduits allows
for 1) reduce patient treatnent tine by having continuous spinning during
the entire buffy coat collection process wthout having to stop spinning
the bowl for renoval of accunulated red blood cells; 2) treat small bl ood
vol ume patients; by having collected red blood cells returned to patients
cont i nwountgingr ot nythqrsnitaide mtarennnbet ardeckirgmediahsnt ar eqediateat knovasintkat s

requiring.th se of ,27.the buffy coat qr fragtj t hereof such as
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Lower Vveusmssof dnerigyohine-{18A ofghovdl0Agmddermiag sepasaiing wobine 220A betwicel t o
bow 1 I ' | ed to
externa %‘ongzpts}ifgg}sﬁtg{)mgﬁ ?‘%@fﬁl’e&%g@é ﬁ?o@%ﬁ\gﬁl%f’%%‘? (F)bvieg\%y llrelOA and
pr ovi diend 296 A iofl bottrmuonc 281 Acind ofireo howstrige 00,  Sxpachtioh voRose 228Abiswhat 10A. The

fluid comunications en eg flyid 800 to su | ed through . exjernal
condui PPSORT {0 _ %ﬁl%}%ﬁwwowﬁ 20037 G018 3 e vsirg R,

enabl egooepar at od debidtcd if ﬁld&ﬁQoﬁﬂére%ﬁAt&n%@isE@ﬁBb\é%brE tAgn bowl  10A
t hrough external conduit 20A. Bow 10A and frane 910A are adapted to be

r ot at e208Agodd lewencore end 295A1that ar¢ JieslbyRaftaraciayall 316A Jhelsitertyont waldA

bot tomeA b a6 Ak Ciie Aum SRERREL b sk Aorcnd g Rk gD pfe

const r Widneslerdf 1yors B00A pheferlablgGadtpats Rbf uppkeddrabn®20INA sVlodkstoredrgCr i bed
for the gurpose of the illustration in FI 36 the outer housing 100A is

const r ¥@84d Uppersasa end POk plso semprisgs an edice surbago 03B @nd an mngr surfacgi bl e t here

EhrOu9QOS@:’t@éanﬂg%&&djaggﬁlc{gBE&??%i? Fe t&rﬁiiﬁ%gw l;larytﬁ&lh HEher Wi ch 0

urn conprises protrusions I'ng oaro I onal
devi ce sadade 208Briohadnsvaheciend8iA. I00nen ddandctdO81Ashqanade swlbicy 482Aahdf i ed i n
constr %C\Erailllosrglrt%gg 482B. Top surface 482A has two passages 303B and 325D that provide fluid
communications through the upper core end 205A with second bowl channel 410A and first
bowl channel 420A respectively. Second bowl channel 410A is a conduit that has a conduit
wall 325A that extends perpendicularly from the inner surface 481C of lumen connector
481A.
[00101] As shown on FIGS. 39B, 39A and 40, second bowl channel 410 has fluid
communication with conduit channel 760A through conduit 321A having a first end 321B
and a second end 321C that is adapted to fit into passage 325D of lumen connector 481A. In
operation conduit channel 760A of external conduit 20A has fluid communication with bowl

channel 410A.. First bowl channel 4204 is a second conduit that has a channel wall 401A

that extends substantially perpendicularly from inner surface 481C of the lumen connector

481A. As shown in FIGS. 39A, 39B and 40, first bowl channel 420A has fluid

communication with conduit channel 780A of external conduit 20A through hollow cylinder
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I's easy to manufacture by nolding or other known manufacturing processes,
such that it may be disposable or used for a limted nunber of treatnents,
and is nost preferably capable of containing about 125 mi of fluid, such
fluid possibly being pressurized. In alternative enbodinments, the volune
capacity of the bow may vary dependi ng upon the health of the patient and
his or 32éA havingweliisecndd22Baud poresid end|332€ .addfted wofitopenimz393Bttyp efrficke bowl

may al s ary dependi upon t he use the bowl aqr the particul ar

U vat moeAr o (rEHE RN B RmbpGmehf of b reso terBmispiproto v changel

cont am410Aii9BisPseRivah@fifRbow] dHafiel 420A SXP RS Midnfive dRfodRAcht bPMR! ved in the
processing operation to the fluids, the transfer operations are 28

pr ef er ds¢spniciarention ilbustratgdtim FHG.203s eeridait Walb}25dymayp e coopsset of uppeepsar i zed,

pref er fornmed of exi.bl l.astic or .siml ma | al which can be
di spos??kigfamgh%ef p@%gﬁg{}sagd%[ag’b%gf ’&ﬁsc agnﬁll“faﬁéf‘%éaaﬁhi% GS. 36 and 37,
t he out[ee102pusi NTopAGadesd8ALA{AMsiAddnYatiof ASSAl whibiapiodilied AluldPPer housi ng
end 110A, an _outer housing wall 120A and a | ower housing end 190A. Cuter

housi ngomgomiGaignyhwithglambsr 740As W ll,el‘l(3§%ﬁ§1!i‘bf€{5|l‘, champber Eﬂéﬂi’@ defgnadi byt lonhen )
i . ' ial. U i 110A
uter *dibling iy ¥ Adk R he SR b BBUYY s RGeS 327A M 335 BHEG, 750"

passageohmictioe junsdbrdofSsonhestion sleeve 5608 bhd/ lunteheobitedr 4804S iTHAmMMet 140 so have
a neck 11%A, f or med about the housing outlet 700A. The housing outlet 700A
and nedws fluflcemmunicatipg withgoasiyip Ghanseh/ 7840mdoyith separainnae AeRsae  500A

to pas Il ; D ' romthe
body 5354 | 57P Cutibr fad R Rn TR, 3G ki s e e BRI

i nvent iremowah 0bsaconds sef@dafednfyid compomene B2@ thrdaaghvieer] chivabal déke Opasgdly790A
and inner surface 110C.of housi ng end 110 0 epsure fluid tight
coa] | rspaABE cuhsurizoe b a RuRHhet R 20 PRETkESE o i Mison
||| ust rspéfeed dnd cohctaBe iiﬁ‘lexsﬁﬁﬁeglfd@%Yﬁlefulpﬁé}Qﬁ)uZi%g@n@’ﬂ@ﬂ@écﬁsﬁlﬁﬁﬂﬁiﬁe body
830A of connection sleeve 500B distal to the sl eeve flange 790A. Both

sl eeve comampucarionybesweeibe Bepasitiog voluazp220A aral the passagdway fooudd Uyltha and

retai nir?d%%%n@ t herebetween. A fluid tight seal is provided in this
enbodi ren ar)y i O-ring contacting body 830A and inner surface 110C of

the hoyeoreg) end 1d@hakehabeimbodihdif iMRGkted IPRIGSIBACILAnd SDRBRGLIsON Sl eeve
500A can be secured to bow 10A by any suitable nmeans, including for

exanpl S214 anf 3224y ke, afred togipenings 325 handadiMksingbe Wprshrfacetidoplthe of bow
L0n eSS SEP RS KB BRSPS 00RO B
180A oflumereadmmectdr 4814 and bdalapieq pe foranchaibeA740BOwhemgornkeaed tol@&dhedtibonadapt ed
to mat esleeve 500A or S00B. Chamber 740B is adapted to have one or more surfaces 742A that can

mate with the male end 853A of the connection sleeve S00A (male end 853A surrounds end

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

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

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

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

opening 857A of the sleeve flange 790A.

[60104] Referring back to Figures 40, the lower core end 295A comprises an upper

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

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

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

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

surface 298A of upper plate 299A is a channel wall 402A, having an upper end 402B and a
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with the | ower housing end 190A and provide a fluid tight seal therewth.
Any conventional nmeans may be used to secure the | ower housing end 190A to
t he housing floor 180A, including but not Iimted to, adhesives,
ultrasonic welding or RF wel ding. Housing floor 180A may have an

I ndentation 185A that is used to collect denser fluid 810. The dianeter of
out er Howei eng 403CAndsurrewsis ©péming B0 evhidhos subagpneiatly inl B8 ctmted afpehousi ng

d 190A. 97 t ousi 100A.i s adapted to rotatably connect to a
Fotat ditie 24987 Almagls® o Nt A0 it 15 & i Ksuier of BePrestd WBA e system
or a r Qindhb@irREasyss, sAporisTiifeh %ﬁ%@h\% Th%%ﬁﬂﬁﬁi bvﬁﬂ45§)(’i§s %dr?gte%gﬁ%@, be a

bearing that allows free rotation of bo . Quter hou
pr ef er awitlychiaapelwallliAniprmingraaliiid tightReal dndqcovidingdemem#90A nEystthewdne or

nore protrusi . L50A. designed to interacgt. with r.espondi I nde tions
T 5 b eah i i ERhERTE s St B R el dontur Ak g
mechanitbough c@mitmngntoﬂénmgmm flrl?ﬂdesaﬂlﬁid cOMEInRGKbAYHRC Nan 4006 al so
conprise a key slot 160 (FI 5 1). [0098] Referring to FIG 37, outer

housi ngepamonayiume 20 g& wilbbofugides discussed. st bowl chanhel 420X b i n whi ch

cores i bd en bow 10A is assenbled. Wien fully
assenbl gg@@é%%%%@(?%ﬁ%@“ﬁ&?%&re fully within interior volune 710A of
outer [00L05]ng 1Referriag cBigufts 4AACHIX hid 44, BoUdEr ke 200 EdAPriee h WBpef L0A

about axis 11A.  [0099] Referring to FIGS. 3 8, 40 and 44, the top core
200A arf@rsitiZ9ie d PRep pare vall Zd 1Aandalawer eare gnd2¥Aalhanierespelli vel y have

upper GHig ﬁogg_aa hﬁ” 539%221355@ iéng%r@alm“éan@l]o%r F&g’%ﬂ”ﬂ]é dHH¥REE OF ©

ends 295A, 29 e cores A occupy coaxi a unmes of 1 nterior
vol une of bororofcoteall Al tpéfesabdly fnoreasas drose pppeaicorrend A0 A0 220k dosd exde96AUpper

end 20 and ou Il 210A of_ top. core 200A and_out Il 21 I A and
| ower fom %‘Hﬂaﬁg‘%\ﬁﬁt}#aw@oﬁﬁ@% oA aa?fat%f'ﬁfacﬁéﬁéﬁn Op §fAacesSepar at i on

vol ume 398QAak an ifiRhtariSP 2§6A @ﬁreiiefﬁbgf %é?ﬂéra‘f@@k@ﬁla?)%&tm&tl irl the RELUESNHEOT €S
200A and 201A and outer housing 100A. [001001 ‘As depicted in Figures 40

and 41 sudpcecHi9a ofbaupmrpeicsod 206heiThe indentatidn 1865 hasaruppet ewace d86B end

295A that, are |oi ned outer core wall 10A. The oute oy e | ] 210A
havi ng and a%lﬁ'_fng% SUTHF &§§C2%§u PR SPﬁ?ncgrl%gl q(}%%%ﬂnpgb%n%{ﬂfc‘%{ﬁf[ FFOEr  edge
210D. TOpening 324B tvaictdxtdridll ti0h @ 3ARAInRECS 280 186C.NET APARSniFveM upper core
end 205A to | ower core end 295A. Upper core end 205A al so conprises an

out er SIprdiRens oblepRicainyenten illusiraigd dn FKO 6%, thouppar sprfgee L86B: may about
center 1t 3,038 A4t RSEBAICLFAL ALty AT 100 UBBEM o BSTodE® '
end of 325B of conduit wall 325A. Extending perpendicularly from inner surface 186C
around said opening 324D is conduit wall 324A having a distal end 324B. On the top surface
309A extending from the indentation 186A to the outer surface 211B of the outer core wall
211A are one or more channels 305A. The top surface 309A may be horizontal or slope
upward or downward from indentation 186A. If top surface 309A slopes upward or
downward from indentation 186A to core end 206A, one skilled in the art would be able to
adjust the shapes of upper plate 299A and upper core end 295A accordingly. Channels 305A
may have an even depth through out the length of the channel 305A. However, channel
305A may slope downward or upward radially from the center. One skilled in the art would
see that if top surface 309A slopes upward or downward and channel 305A has a constant
depth, then channel 305A slopes upward or downward accordingly.
[00106] Referring to Figures 38, the bottom surface 297A of upper plate 299A is in

direct contact with the top surface area 309A of bottom core 201A when completely

assembled. This contact forms a fluid tight seal between the two surface areas forming an
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a wall surface 482B. Top surface 482A has two passages 303B and 325D t hat
provide fluid comrunications through the upper core end 205A with second
bow channel 410A and first bow channel 420A respectively. Second bow
channel 410A is a conduit that has a conduit wall 325A that extends
perpendicularly fromthe inner surface 481C of |unen connector 481A

[ 00101 1optsingl iR fomn HieGBdendAiba, 1864 A0 ahshné D309 GosedohdBpeniked0FE! frddh0 has

fluid 0 l.catipn with conduit _channel 760A through.conduit 321A having
a fi rst&’élﬂngc]@?g‘% is Igamed Inthe Qiigr @Héﬁcsglgﬁeﬁavtei %"r%&éﬂtg-’éaAt JdheiopeRigo passage
325D of3gsipaviegalconfiffidiiohdroRRRicAldiBh 1868 ditohetf BARRA 30840M 0"

external conduit 20A has fluid conmmunication w ann 10A. First
bow chepenwig W30 Ao isepasativncohine2HA(HIGSh3] abd0)a Thhafinid 808dldwsAaliohght hat

ext ends_sybstant i rpendi cularly from.npner surfac C of the lunmen
connectcc?lﬂau’i%@aﬂ.neli‘}séoéh%@rfggﬁqﬁ Pagigs thrgugh ﬁﬁﬂ'g%ﬁl,"hfa{"?fgféﬁ%w}: rQRsEHel 420A
has f1 Uicivl cEIARAR0L1RNSH0 ihbn SR IkroG MG he] BBA (Sth ui t 20A
t hr ough hoICI ow cylinder 30 325 havitnrg a fi rset end t3£2%g&g%(r?ﬂgﬁ§§ggﬁd end

322C ad¥®ed to fit opening 303B top surface 482A. As is illustrated in

one e tamnt  of . present inyent.ign econd bo nel, 410A is
di spos %m hin fllzeﬁfgl?mgé\)/\flggﬁeg#ﬁél m&f@Ameﬁﬂw%fﬁoé? ?’ﬁr%a% HNWEEPIHENt of
the pr3gdanivhichves bitemsirfdce SO0BEsbtiofh Sokface 3GDC amDetkL edd@|300B2B e il e
conposed of upper part _325F and | ower Bart 325G and be fused with c%annel
wal | s oo theRetiogpsrface 3MK3 of the howenmiaie 00 8mng os o Protresions J01An The3A

whi ch : / ) : . bl ed.
ehanber> S GHES 3003} aaSRTTBAL SRLRATTS A toloF LRIDAI I/ pIBELGRRARTP o
occupi exl1Ayandgirodde a fluiddight seaB fibfevaittd BRR#dnkd abdie hoasing €lobi 1804, Umeéd on of

connecti.on eve 500A and | unmen conpector 481A. Chanber 740A has fluid
communi REE 38PAE ¢iFrulas dad corvenupvsd radrely tom igiceres@lhustrateddn FiG  4he 220A

near nNERni ' ' 3 ' t QM rms a
passageway %%‘ré&t’ E@&%ygﬂ@g‘%‘ﬁi&e@%ﬁg@?ﬁ%@f gI ﬁé ﬁfﬂd& cﬂé’?rg‘gﬁg‘%bgé’go t hr ough
bow cHuubiog fipa080A0ptviotutad 220C prists batweon ldvwes phase 3004 and hasi0f®rar e a

pl urali ofwSpacers A which extend fromthe outer surface and contact
Phe | nrid0as PREEE g2hCH: {ibid iiminbatsmy b itpartuR wyinedie Fri
communi glak B00A PRBiBaREJTPIRA0 BF Aly GRerkaltalIE mAdR). aRdditiBRaIRASSRaAMEY forned
by the indentations 483A. [001031 In an alternative enbodi'nment 11Tustrated

i n FI GSubsiantiably pgrpgndisulady fiwm the lower surface 300C of lower plate 300A is a conduit
320A. Conduit 320A has a first end 320B that extends into the space 220C between lower

plate 308A and housing floor 180A and a second end 320C that extends above the top surface
300B of lower plate 300A. The diameter of conduit 320A is adapted to have a tight fit with
conduit wall end 324B. The volume inside conduit walls 324A and 325A comprises a lumen
400B. The volume defined by lower plate 300A, inner surface 211C, and ceiling 253A of
bottom core 201A, excluding second bowl channel 410A, may comprise of air or a solid
material (See FIGS. 43B and 44).

[00108] In an alternative embodiment of the present invention as illustrated in FIG. 53,
support walls 405A and 407A may be optionally present. Support wall 405A extends
perpendicularly from bottom surface 309B. Support wall 407A extends perpendicularly from
the top surface 300B of lower plate 300A and connects with support wail 405A when the
bottom core 201A is assembled. Conduit wall 324A may be connected to conduit 320A to
form a fluid tight seal and conduits 324A, 320A may be fused respectively with supports
walls 405A and 407A. Additionally present extending from the bottom surface 300C of
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321A and 322A may be affixed to openings 325D and 303B in the top surface
482A of the |unen connector 481A. Additionally, indentations 483A may form
a plurality channels in the [|umen connector 481A and be adapted to form
chanmber 740B when connected to connection sleeve 500A or 500B. Chanber
740B i s adapted to have one or nore surfaces 742A that can mate with the

mal e endwebplated¥0ithare onnaembieastientacion epReeRA00ARhS BRtd wihaindehth@ernds end
861 of ﬁgt%\ernal conduit 20A). To facilitate the correct orientation of the
connect ‘sl eeve 500A to the |unmen connector 481A the shape of the male

end 853 chanRely; ] &E&*’ Leal g or L S ted in
FI GS 53r,%ogglﬂand 55%‘%%5‘33%%@%‘3 e %&/llg%ﬁ skt llnctﬁégt(?lé%%é‘gﬁd(’)% the top
sur f acewdf neeti¢o beibadanced mhewt tconteddBAA1 BAd Aicsordit@pt, e@ights iy bivaddeidris pageni ng
857A of e .sl.eeve flange 790A.. [001041 Referring back to Figures 40, the

| ower c%étge gﬁvdcwéﬁa%ﬁﬁ?a}tg &éﬁlﬁ[%%’@i’a}aﬂp‘a‘g of Q@g’ﬁl“ﬂ d0ARychag weighur f ace
298A, 0% fiRS-Aed fn3ae £97A, and an edge 299B that attaches and makes

direct contact with Iower edge 210D of the outer core wall 210A. The edge
299B of [0hHlupperRefeming t@ FIG 38, howplAl ist alaped so thee duter hdusingvdd0Ae dgres 210D of

out er e 210A a a fluid tight seal therewth- Extending

per pend@& ﬂwlﬁ t"rﬁ'etrl?gaq? é@u’n ang ‘F%’(‘?’ép]ﬁ%ﬁ%ﬁ Eﬂ?ﬁﬂ%& 13?ra]\t%<9A2 exeinal 5 channel
val | 40cAduife20 A SndPdonaBRRIN skidde 400 A0 %uBensHOOACHRI400B% 4 RrlondBlichUihfounds
openi ng 303A which is substantially in the center of upper plate 299A A

nunber T©tatg jogethap Flousing: fieas d 804 of phter bansiigdd0A rdmpriseofecedsenBlA omits 402A

Rdapt odop SuilEand Bk B0 SpanIRG ol oy S014 N )i Miic A s 43 e
provi di shgwhiloeer fRGS00A KB rolprotrehiGn BEIA 47 R4\bbiorh Rudfhdei IOCABRYMGAL | ONS

wi th conduit chgnnel 780A of external conduit 20A through conduit 322A
Openi ngMaEIens pHIPWeE Blate HI0A wihraspect 40 hensing flonm 1804« W beromsermbled el at i on

vol ume ok | ' ' 4 al so

sur  ounde SRarublop S0P shithe Riior i FidE BPmct bk 30 horR 3R 6, 5,7 13
and 44, rebest 18hA ooheusig Aoaol88AI. SHRis awhanppedr hoosihg 1004l i2fbhed, @xrudabr core
wal | 211A .an | ower core end A. The ter core 211A having an
outer sTPAYE 20‘2 ﬁ%fﬁo%fﬁcﬁl?ﬂ@l?e‘ﬁéﬁﬁ ptPPpEo %Per%é\%édﬂ{fmf'ﬁbcw amet er

of bot t ZYPAC Wer ke B00K HoRERR o THUAE ARE RurhdRWOURRGA mﬁ%vig@&a%%A to | ower
core end 296A. Bottom'core 201A alsd has a top surface 309A and a bottom

sur f acethg®9Bh. Top surface 309A has an indentation 186A (preferably

gener al Mlﬂ]r cul aAg i[ﬁ.‘g‘@;ﬁé@ lrrlltll'lf"_’rj. 3§.3 rl-'ur;[uehnerl(ﬁ) na&]?orwso\Lh(ng glood 800 to come into
bowl 10A via a first bowl channel 420A. First bow! channel 420A provides a passageway for
inflow of fluid 800 through lumen 400A to indention 186A and then to the separation volume
220A through channel 305A. Lumen 400A is located inside top core 200A. Lumen 400A
has a height from upper lumen end 480A and lower lumen end 402C. Lumen 400A is
formed by the connection of channel wall 401A extending from the inner surface 481C of
lumen connector 481A and channel wall 402A extending from the top surface 298A of upper
plate 299A. Channel wall 401A is supported by a plurality of fins 251A which are attached
to the inner wall surface 210C of the outer core wall 210A and inner surface 205C of the
upper core end 205A, and channel wall 402A is supported by a plurality of fins 403A (FIG.
40). It can readily be seen that height of lumen 400A can be adjusted by changing the sizes
and shapes of core 200A, channel wall 401A, channel wall 402A, conduit wall 325A, and the
height of conduit wall 324A.
[00112] As illustrated in FIG. 38 lumen 400A, from upper lumen end 480A to lower
lumen end 402C, encloses an inner lamen 400B. Lower lumen end 402C has an opening
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surface 309A of the upper core end 206A. The indentation 186A has an upper
surface 186B and an inner surface 186C. The upper surface 186B of the

i ndentati on 186A has therein an opening 324D which extends through to the
i nner surface 186C. In an alternative enbodinent of the present invention
illustrated in FIG 53, the upper surface 186B, may al so have a recess
al86D a3 edichos meftieill vomanmnizatibm@ithReparaion wlihe' 2204 yReugeahuab&ord t he

| ower nd qf 335%1 f .conduit wall 325A. Extending perpendicularly from

i nner s%!af‘ﬁ@em 6 %@W‘@eﬁ‘@"é‘ﬁ@?ﬂ‘r‘@“@?ﬂ@f% sompiigs first hawl clemaal havi ng a
di st al . [ he.i tati
186A t o Ths e OByl IBnhARION'E Befie AR AR Hhel S5 DR REF R "

nor e chdfeirsl i8@ddoscllthercindran tfnaameendIBAAMmY 16 durhar 402€ht Birthefmsleppe  upwar d

or downward. fromind i.on 186A. If tqp surface 309A sl opes upward or
downwar %?C??dol?ﬂ‘}?lrf&émeig {l@% fAgs R Ragsagpyay g’r’iﬁf‘gi’d&&?n 4ReB from belgwilowenplatg ¢

woul d bsoePfs? tHerendhibita ﬂrﬂ%s@:ﬂ'ﬁ‘t@@ Flu cdﬁ%@nt@l@ttﬁﬂggﬁrﬁﬂqné&ﬁﬁ bnCOr e end

295A accordingly. Channels 305A may have an even rough out the
| engt h B¥54 plchaisiagiloor 385X, S¢dond bew] clonaciriDA S05ds frayn bdusing fitomi8dAd or

d radially f ter. killed in the art woul d that if
top. sur PR sl POA o ien a0 anfin covdnis Sotnbih B0 asoonesrma Srdipt an

dept h, 20xn channel 305A sl opes upward or downward accordingly. [001061
Ref erri@g to Figures 38, the bottom surface 297A of upper plate 299A is in
direct 8K Hct wiReferring Rigie 38 (thavm withaut oginitai216dtinnenleoee 4008 Allowen

| et TR f fluid i . .b th
oo sur Aol ARRERIEE ocl ol T8 EEL sech Bl ol A R B L6 o
channel cotbnicaioneesm thetpabing GlodPSovE ifEntaGBANSSA (SOFAINS3I4N. MRfed N t he

outer surface 211B of outer_ core wall 211A. The openin 305B provi des
fluid cymend th%?fs“mebﬁﬁ)rrqv&éﬁfl%56@486%@%%@%%%%%&%%%

openi NGw3NRGAhiPwiRPIsH blﬁd‘szr% wgggﬁ?eg%&%@ ?ﬁuiﬁ’l%hf‘g)sagré%@ﬁﬁ fddnfti d_800

fl ows through conduit chan subsequently p rough first
bow chsoorel bod@CAantel dhOA ithras has Domdliec Hanmeedr tkR0Md i bapiachtBN dikbeire go/s t o

th h | 30 he . se [ on volume, . 220A._._[00107] Referring to
i gur oL e A28, COTRCRE B4Rt SOptehy aih 5L B SkiencsOONER i oh
has a t@ansdlWAMD1A008 atdcRetd QRdsH WaACE25R0 A6 R duReh gﬁﬂ&g&i@c % a'Bne

Extending fromthe bottom surface 300C of the |ower plat re one or
nmor e predmgss wdent@imAd 863, lumen A09B exdeyds bepdiisdantipnd@6Acndehmupiached t o

the | Ov\ﬁorttoﬁldlglgte%ﬂhp ”I%fe fltrglei‘:o%'&i{e wall 325A Wgsl alm upper end 325C which has an
opening 325D on the top surface 482A of lumen connector 481A and a lower end 325B
having an opening 325E adapted to fit tightly with upper end 324C of conduit wall 324A.
Upper end 324C of conduit wall 324A is higher than indentation 186A and has an opening
324D. Conduit wall 324A also has end lower end 324B and is supported by a plurality of
fins 252A. Lower end 324B having opening 325E is adapted to connect to conduit 320A
having opening 302A located near the center of lower plate 300A. The connection of
openings 325K and 302A provide fluid communication between lumen 400B and the space
220C between lower plate 300A and housing floor 180A. The space 220C between lower
plate 300A and housing floor 180A in turn has fluid communication with separation volume
220A.
[00114] Conduit 320A provides a tight fit with lower end 324B, providing support for
second bowl channel 410A. Each bowl channel 420A and 410A may be made of any type of

flexible or rigid tubing (such as medical tubing) or other such device providing a sealed
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211A and provide a fluid tight seal therewith. Positioned above housing

floor 180A, lower plate 300A is circular and curves upward radially from
its center (illustrated in FIG 44). Alternatively, |ower plate 300A can
be flat. As shown in FIG 38 when positioned above housing floor 180A, a
vol ume 220C exists between | ower plate 300A and housing floor 180A. This

vol ume REOEewsy,ipossiblyifor pressorinidoartinpressirizbd SlaREfléw,| 28 wiakhipRfcadf card-ower
pl ate 300A nay  be de.of, plastjic or any other suitable material’

Addi t i §Wa$TW,SX%§?@ﬂ§?ﬁ&aL§ub%t i eleapd sEiciky aranufasirss from the | ower
surface 300C of lower plate 300A is a conduit 320A. Conduit 320A has a

first end 320B that pextgnes i nto the space 220C between | ower pl ate 300A
and housing floor 180A and a second end 320C t hat extends above the top

surt 200D o AL AGER0DA ThE 98 BT ShrER MM R 2000

to have a tight fit W con & condui t

val | s 34wk 10AiB2ehearivnyléese S00A Inigis afhBd offoahy kst Rd 861A BE xtyn | ower
pl at e SOOA’E%@E? surface 211C, and ceiling 253A of bottom core 201A,

excl udi$gdy ayBae festaapdit cheomel 7884, ¢ eaepnd eendyit chimneb76@A swiiachird
mat er i alon§Pehaih&rF7043 %a@ﬁ'ﬁ[ﬁhéﬁ%tf&%@%%ﬁ%igcgﬁﬁln}c%ﬁg@ wi%qa\l\fgrgwdl ment of

the present 1 nvention as | suppor sov%OSA and

407A mehairel 404 cnsebdnd mvdsshadnel SNt atmkid] cHDRerMBAN dThe hedenadbicul arl y
from bo&lt om surface 309B. Support wall 407A extends perpendicularly from
the tof %‘Eﬂeﬂsafg%ewg's spce dalr apsriand egnalAn dignetesim extemabsanduil 294d8ee wal |

connectad 10 ROt PR Y QPR a6 and BOSLLGA Bt B EHFE” 5200

320A neig0Ass flugkbyiconmseied witheiryt botl bhainep420As for ikl dveing DA S0U0Fréf eAternal
Addi tionall. (g{eseg% Fmﬁ?g{gi ng fromgthe bottom surface 300C of 33 | ower
pl at e ﬁ&%'g% YHe bay rSEPEion puladynsesand aouduit shannelal60Afyidlvn

i ndent gbj iAl j . di
I ndent gbhf¥its té%%ﬂd%gfl%n%\NA V\}I*olr Rénd i ?%Y%%Qﬁiﬁcﬁﬁﬁldg&gggﬁﬁn?%l@r I nary

skill in the art, the bow [ nee al ance center axis
11A. Advur dowplGA inteexthtng] eraduid @0Ad diechlly sthigdrcbnduif chaheel FFOA@®NAS:t ©

appropriate tgo facilitate the bal ancin f. the bow such a I ght
206 T Hof Epdfhes FabA b Fefo\ g s ord Bepatiel uld e WAFors Bt 10K s
adapt eqoenie hat oQufieilllguel ROFID OB, exd@inGcondGiP204 Mds £0ddhecliOVLe ! at € 300A
and upper plate 299A, housing floor 180A, external conduits 20A and

connecti8A ofy the fiest subB61 A prsl anansher derys 8704 anohssesprd el 862 eleitanaland

conduit 20A. Optionally present between the connection sleeve S00A and the anchor sleeve
870A on external conduit 20A are a first shoulder 882 and a second shoulder 884 which
extend perpendicularly from the external conduit 20A and are of a larger diameter. Between
the connection sleeve S00A and anchor sleeve 870A (or if present the first and second
shoulder 882, 884) are a first and second bearing rings 871A and 872A. External conduit
20A, anchor sleeve 870A, and connection sleeve may be prepared from the same or different
biocompatible materials of suitable strength and flexibility for use in this type of tubing in a
centrifuge (one such preferred material is HYTREL®). The connection sleeve S00A and the
anchor sleeve 870A may be attached through any suitable means such as adhesives, welding
etc., however, for ease of manufacture it is preferred that the connection sleeve S00A and the
anchor sleeve 870A be overmolded to the external conduit 20A.

[00117] Referring to FIGS. 45, 48 and 49 anchor sleeve 870A comprises a body 877B
having a first anchor end 873A and second anchor end 874A. Anchor sleeve 870A is
attached to second conduit end 862A of external conduit 20A (preferably by overmolding)

and increases in diameter from first collar 873A to the collar 874A. Spaced distally from
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rotate together. Housing floor 180A of outer housing 100A conprises
recesses 181A on its top surface and these recesses are shaped to fit
protrusion 301A of |lower plate 300A. As shown, |ower plate 300A has round
protrusion 301A on its bottom surface 300C to restrict novenent of |ower
plate 300A with respect to housing floor 180A. Wen assenbl ed, each single

pr ot r usieornd30UA7dA it heolat886/4 shicharends pérﬁmﬁcmrgt RoaMddy B9TBEn@ofhght fit
wth reces(ﬁ 181A hon 'E(?I rbcz], | oor 180A. when out er housi ng 100A is
r ot at ed 8L iaMgier thapy Y of the %H%%!%qv%?w&eé/elumwmw?a e 200A,

er I r I | oor 180A,
;gg I uﬂ{eﬁg@4ﬁ%%ﬁg%%%?§ %&Cv@enr%t@z%@éar ssﬁﬁraé]@m t O%dﬁg%ff ggzéﬂgfléjgt rated in
FI G 38etendanb @iV 74] ¢xoemlinghsvendtheditst@mohdrend @TBAIand attacheddo thOBoy a a f
first annel OA., ELrst bow .channel 420A provi des a passagewa or
iIansow of ffﬁeée%fﬁ’rﬁ"&ﬁgﬁ‘ﬁﬁﬁéﬁmﬁééfﬂe{ Iﬁaémgiﬁﬂ 18’91@1161?1@2??\ ?196 %/he
separ atth@Rtekiil LoRIuit20RA TH&"rﬂH@Wﬁh’ﬂﬁ‘BEﬁll?Qé'ﬁm éx'tgﬁﬂ A08 26 Iaﬁcgg[ked | nsi de

top core 200A. Lunen 400A has a height tfrom upper |unen en and | ower
| unen em@fembmla@drce’nr ﬂl@@ﬁglolsWhmeweddlbycftahaelsammmm 780mmnetlovast | 401A

ext endin urfa nmen .connect ar 481A d channel
wal | dﬁ%‘ %m %{;ﬁae i Sﬁﬂ %"é‘dPICBg"gﬁi’fﬁc%")zé% regionsywtisre the conduip Ilclé'ihannel
val | 40760Ai 376A BROTSRY afe)elGtestltd ﬂ@lduwd@amfna@ﬁoﬁalénmoﬁhu@!m%te@& hed to
the inner wall surface 210C of the outer core wal 10A and i nner surface

205C ofwmfmceiis@@m fad deriag bighGpred rafation h Havieg I‘lhalplaralllalzwtll theswpdait t ed by a

| urali I |t rea be seen that height of
Ioumen 4%] can ﬁd %g%céﬁé%ye "ialzi%?asr1793|“L11 n%r%? ﬁ%s geuffggc%mg%to?ﬁaﬁ%gémbp ore 200A,
channelprewaints Oﬂ)ﬁdlﬂt fao‘,lbfam&igh@béd ARORBN. ¢ 0akAspedtadhk ribd plevedinttle biddinB@ifght of

condui t, wal | 4A. %2@&121 il lustrated in FIG 38,1 unmen 400A, from upper
| unen éh*ae&tg@ togdyp in fhifiegionad aokas, straefurab slegneats tp tinasier tertersiong B,

Lover |ha®ito iy tlaGidias ggdgacoprening 34 303A which is in fluid
commnlscatlgn w th separ a??on vol ume 220A through a nunber of channel

305A. 1[A01X8 i || W3innettizd steho800re nombtises ibodyl 8B0M havipg as appdrisegte &
channel Second bo h s .| ocated insj first bow
channelsag‘(ﬁﬂdd?w?r eef’%ﬁ“%?’é‘ @%A“éﬁ%‘ﬁ JQ dRen sleave A B3 §leEYamen end
480A arftbng@'/bomﬁuél Rlﬁlufug %Bﬁﬁﬁeﬁm3§%ﬁf?&f1ar9@%d &I@{gﬂg irf @ﬂﬁhérﬁr s a

passageway t hroug umen 4 from bel ow | ower plate OA for e renoval
of a fi484a fswetbamlbﬂnfapm%ﬂﬁmfdw@mmm@qmr 4$1A. &ﬁleneh@bowi 0Adis s stribdedd,

a fluid tight seal may be provided by placing o-ring 791A around body 830A and
compressing the o-ring 791A between flange 790A and housing 100A. Upper sleeve end
831A is adapted to be secured to external conduit 20A. Referring to FIG. 46, 39A and 39B,
connection sleeve S00A is secured to bowl 10A by means of sleeve flange 790A and is
adapted to fluidly connect conduit channels 780A, 760A, 770A of external conduit 20A to
bowl channels 420A and 410A, and chamber 740A of bowl 10A. When assembled,
connection sleeve S00A is mounted to lumen connector 481A (FIGS. 39A and 39B).
[00119] Connection sleeve S00A preferably increases in diameter from upper sleeve
end 831A to lower sleeve end 832A and is overmolded to first conduit end 861A of external
conduit 20A. Connection sleeve S00A connects bowl 10A to external conduit 20A without
use of a rotatable seal, which would otherwise normally be located between bowl] 10A and
connection sleeve S00A. The seal-less connection between bowl 10A and connection sleeve
S00A may occur as explained above or alternatively through use of, for example, an O-ring, a

groove, or lip, grommet-type connection, welding, or a tight fit with or without adhesive in

either bow] 10A or connection sleeve S00A.
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185A of housing floor 180A. Second bow channel 410A extends from housing
fl oor 180A of outer housing 100A through |unen 400B and to conduit channel
760A of external conduit 20A. [001131 Referring Figure 38 (shown w thout
conduit 321C), inner |lunen 400B allows red blood cells 810 to exit bow
10A via a second bow channel 410A that provides fluid comrunication from

t he houHIMR0Y | oor Asbiwseated iteRigate 4B anliSOB, tloewiEilg J9BRHas 2 bBIGH sulfakden 400B
has an g‘ﬂper condui t gﬁld 325C and a | ower conduit end 324B and conpri ses
two confi? habfentaciowih tapsusaecdidd efjumen copesior A8HA formaing b tight seaght manner

and f or Bows6&oMehcAQWhndcRRR8E .hﬂggﬁ‘bt%% gﬁﬁaegtfag%@ @gg RIS £, ug%ggdi iss

separate and distinct from first ann
suppor t ednipynigatianrbepBees seprarati@xchamber 2200 arghbovelvhamdtr T4Al, wHadhAirden

ttach to. dui t. wal | 325A. Unlik . 400A which h d
ndont agtealid SRR Digh w6 BoteitGHerreb EbhaBoHEHrBe JH0A FodeTined b oLgh.
bot t om RiriéhenctfAAAs rekBe 51ASInaGO dithice WBEA OB RRALTAAnBAOLBRAL RO} RE VNI CN

has an opening 325D on the top surface 482 men connécto and a
| ower esrdca0EBpicd dyihnfowrybpdans 321 AB25E3220da pA @buralityfof prdtiugluink 843w foh thepper
end 324C of copdui |, 324A. r end 324C of . conduit .wal 24A is

i ahor (e PR BATA B e inss THEK cndptt i Mgls 1o Bcessnetn 484hem e
al so haaaleadfdcewsm@ﬂmmnmlimgyﬂmﬁ&ﬁhih%/aﬁgﬁ!ﬁltr.al ity of fins 252A
Lower end 324B havi ng opening 325E is adapted to connect to conduit 320A

havi ng 98#Ing 3000neetion depva S8PA thelps tesacare axferndwendyit 204 13BOM, 10Me

connect i f ' . r oyl fhui d .qomuni.cati on bet ween
| unen 4688%ﬂg1r(11§{ ‘%ﬁ@‘%ﬁ%ﬁ%ﬁ%&%@ﬁ Oﬁéﬂf‘p@%&‘ﬁéﬁﬂﬂﬁ‘?‘fa%Bﬁﬁﬁg f1 oor
180A. Thneid $00 cebRAPPlibethr@ph ekl comthad 20A3QAWINOAN Bifilady fthReruid 80A i n
turn has flujd communi cati on with separation volunme 220A. [001141 Conduit
320A prpneRkenalsoegpbles separgtadi{luig grmppencatsin 320 tbaizmavad fromporit108or
second Baeh cRRRELofikA0aEach bow channel 420A and 410A may be made of
any type ofg flexi b?e or rigid tubing (such as nedical tubing) or other

such del@Dt22]pr oviEitemalcondail 20A Bas passagdwalely possanblimeer whicstselps iged or

unpressurized f.luid flow and whi.ch preferabl an_ be di sposabl e and
steril iffﬂ‘b‘ieége Pg@?t?" él"’eél:?fﬁvélyeff’ﬁigﬁﬁ“gf"éj uﬁéﬂ will heaup and faglimere Type

g ?? ; iﬁ é%lﬁ?%y.l he&itibAdIBM alcBndediEiant 8 cBAghiBR Bhe A td maARTEMeY aRRM b5
experimentation with connection sleeve S00A and anchor sleeve 870A sizes, and allows
bearing rings 871A, 872A to be easily slid thereon. Preferably the movement of bearings
871A and 872A will be constrained by first and second shoulders 882A and 884A. External
conduit 20A may be made of any type of flexible tubing (such as medical tubing) or other
such device providing a sealed passageway for the flow of fluids, which may be pressurized,

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

II. Permanent Tower System

[60123] FIG. 17 illustrates tower system 2000. Tower system 2000 is the permanent
(i.e., non-disposable) piece of hardware that receives the various devices of photopheresis kit
1000, such as, cassette 1100, irradiation chamber 700, and centrifuge bowl 10 (FIG. 1).
Tower system 2000 performs the valving, pumping, and overall control and drive of fluid
flow through disposable photopheresis kit 1000. Tower system 2000 performs all of the
necessary control function automatically through the use of a properly programmed
controller, for example a processor or IC circuit, coupled to all of the necessary components.

While a new disposable kit must be discarded after each photopheresis therapy session, tower
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bow 10A via connection sleeve 500A which is attached onto the first end
861A of external conduit 20A having a first conduit channel 780A, a second
conduit channel 760A, and a third conduit channel 770A. Each conduit
channel has fluid comunication with a first bowl channel 420A, a second
bow channel 410A, and a bow chanber 740A. The three conduit channels are
equal | ysysioacdM0iQ@sedayyer andanver epiral Towercysteri 2000 ichn BX rRdiTRi 16 podidting a 20A
(See FIG 50%. When f| i’)dl connect to external conduit 20A and bow 10A,
condui t™HEAR T:xtra?g@ﬂrqag FEfW Eeatments-dar siample apheresisoly propeiiviel 420A for

i nf | owi figgrahidhifly #RQEoh{roMRrX b Eﬂﬂéinféﬁﬂ%ftits%gﬁ&yég‘%&ﬁ%bow I QA for

separation. Simlarly, second conduit channel luidly connects to
second [98144]chanrkiwet 3ysmrm 2000 harohouwsggfhaving aaapaergioedorf 2100chndertasaient 8 10
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870A ( dleck 1204}, beyt illustrgiedfip FIG. 2qbuilidherpip (seeid@.200r UBBIG. 19gad)ssetied 1801i$ r st

and se ' | 1 nal Ut 0A, anchor
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di f f er ewnnecbirado hpeg plhtrea omleetivrabay 81 amiuidaahim bag 5@ Agidtrand Shdienddrs! ity for
use inthibg t P of ubin(% in a ceptrifuge (one such preferred material is
HYTREL & ﬁ‘ryéeg&ﬁﬁ‘é $F OR IQVersvaeBFOR0 50 Jongps theimpasgionyigadags netrigkerigss) be

at t achagaf i oAy of el GO JRABINGHS Bite PURRA200 ot ARG yafth- -

however, for ease of manufacture s preferr connec
500A arvhamher 758(EHor183 lawated b8lTipd dber Thile rAdilitdedh! hookslieotd o @ranal) acondui t  20A.

[ 001171 Ref.erri to Fl 4 48 .and .49 anchor sl eeye 870A c rjses a
body & P78 EL Gt et Systors P00 R i auing AR oaBiifR b e AR Stm
Anchor mpbReMe 16t4RA dnsuppat paibegidoe second conduit end 862A of external
conduit 20A (preferably by overnoldin and increases in dianmeter from

first d8912¥ g73Khotacivatienchambeg 7AA (FIShd 8k mipded inybase porrias 220¢ohd end
074 | SO hys  OSSBRRBRSA L Bt SR P D o o
pl ur al itiygedfy donbecté@l’t6Aase portion 2200 and is provided for access to photoactivation

chamber 750 and to allow the operator to close photoactivation chamber 750 so that UV light

does not escape into the surrounding during treatment. Recess 752 is provided to allow tubes

1112, 1117 (FIG. 1) to pass into photoactivation chamber 750 when irradiation chamber 700

is loaded and when door 751 is closed. The photoactivation chamber is discussed in detail

below with respect to FIGS. 16 and 18.

[00126] Upper portion 2100 is located atop base portion 2200. Centrifuge chamber

2101 (FIG. 19) is located in upper portion 2100 behind centrifuge chamber door 2102.

Centrifuge chamber door 2102 has a window 2103 so an operator can see in centrifuge

chamber 2101 and monitor for any problems. Window 2103 is constructed with glass thick

enough to withstand any forces that may be exerted on it from an accident during

centrifugation which can rotate the centrifuge bowl at speeds greater than 4800 RPMs.

Preferably, window 2103 is constructed of shatter-proof glass. Door 2102 is hingedly

connected to upper portion 2100 and has an automatic locking mechanism that is activated by
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having a first rib end 877B between the collar 886A and second anchor end
873A and a second rib end 877C extendi ng beyond the first anchor end 873A
are attached to the body 877B. The second rib ends 877C are joined
together by a ring 880A, which is also attached to external conduit 20A.
The ribs 877A run parallel to the external conduit 20A and are preferably

pl aced v eysterheonterleodunipesysteansytitione IGrARELSe dfBiher ZTEAs diRBssé@Blowar ©

closest. to the.surface of the external conduit 20A (FIG 50). The regions

where t Rd¥EIaGH! W ihE oSt @ FIGshR  770A and 780A are closest to the outside
di anmet pi71ext erpiaf Lt 124007 ' [ tend to fail during
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connec(2200/6iliprigifemfigharibaVd achled SATSRATDIEeh tovikr 008 fladd BRiceqeal may be
provi defd &Iﬁm n%al;)-rl ng 791A around body 830A an conpressing the

by
o-ring ‘?@ﬂ?éﬂ Gandriaktes 3pgdedwed amauntinf ysluable hospital Dppespast. eBiwehetgtd of 831A i s
adapt e SES60 : r .conduit 20A. .Referri to FIG 46, 39A
and 39%?§t&ggﬁ\ﬁect i oﬁgg%lgseﬁggéw fns‘:BgseS&}b%tanFJ %55 noi@ﬁgtﬂweﬁiéﬁ?‘?é‘ of sleeve
f | ange tROspramgith snachidaptad tiee Kdspital|fyme GRnesd m%ﬂanygtﬁg%edeék Sﬁﬂﬁ 760A,
, and cha

770A of. egt.qr gal. conduit, 20A to _bowl channels 420A and 41 n nmber
740A of ™ BSUFY PHAZONHSRSIHER 2ikhh pecyide the Aprsator with«l plesgdo 5@Gkvicss ofbunt ed t o
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preferably increases in dirameter from upger Sl eeve

sl eeve sEHem@80Aisaabust snangbrtoslidistand forédsraat vitmibtistbradpht 88 bAdpf  ext er nal
condui t..20 a%@ﬂl%cési on sl eeve 500A connects bow 10A to external conduit
20A wi thout e2uePFS rotat abl e seal , Which woul d ot herwi se normally be

| ocat ed00128een POWbnitEI21086 prbGRBESH b&Hiriflef l%Hzﬁnéé}Q@%{ﬂﬁ AR Iwrlix?d%gus

connecti§§ bet ween bowl 10A and connection sl eeve may occur
expl ai AW aKigPRor104 hawp display arap 2105 Serghisually dosplaying datx@rgl aperator, Qchi Ng, a

ot nout> el HEATREmAR A BNGEY. Bhiokiranrion erdvs g, ders, '
therapy data, or therapy progress. Monitor 2104 is coupled to and controlled by the system
controller. A data card receiving port 2001 is provided on a side of monitor 2104. Data card
receiving port 2001 is provided to slidably receive data card 1195 which is supplied with
each disposable photopheresis kit 1000 (FIG. 1). As mentioned above, data card 1195 can be
pre-programmed to store serve a variety of data to supply to the system controller of tower
system 2000. For example, data card 1195 can be programmed to relay information so that
the system controller can ensure: (1) that the disposable photopheresis kit is compatible with
the blood drive equipment into which it is being loaded; (2) that the photopheresis kit is
capable of running the desired treatment process; (3) that the disposable photopheresis kit is
of a certain brand name or make. Data card receiving port 2001 has the necessary hardware
and circuitry to both read data from, and write data to, data card 1195. Preferably, data card
receiving port 2201 will record treatment therapy data to data card 1195, Such information
can include for example, collection times, collection volumes, treatment times, volumetric
flow rates, any alarms, malfunctions, disturbances in the process, or any other desired data.
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37 [00120] As illustrated in Figure 46 and 39B, sleeve flange 790A has a
bottom surface 847A that contacts with top surface 482A of | unmen connector
481A forming a tight seal. However, |unen connector 481A has a plurality
of indentation 483A that provides for fluid comunication between
separati on chanber 220A and bow chanber 740A, which, in turn has fluid

communi ¥étlcalataniatdhreceindigiport20an ineproviddon Bemto PRMDRIcad 80 Achd ARl HAGE by

| unen m)upti ng recgé&b% A and top surface 482A of |unen connector 481A,
excl udi Py e SYLyR B0 1ope asiit gy coqypled dovtheysystemegontrgHersor pther 3pprapridte

pl ural i g3hef meh@t rusi ons 843A on the bottom surface 847A of sl eeve flange
790A engages and slides into indentations 484A on the wall surface 482B of
| umen connector 481A, thus providing a tight fit. [00121] Connection sl eeve
500A hel ps t8. fheipaetiwsioe ChambedodBeteidoAltalidimn CHaddver t hus flui dly
connecting external conduit 20A to bow 10A. This fluid connection enables

fluid 8@012% be sRefpiringthotoTUGS. BOART T8 Iph6@BEHation Oarbter B8Bks Q4 rated
Simlar]y, this fluid connection also enables separated fl ui dl conmponent s

b, 820 YW§TeS spdipgy Eforagiinagenchandysr 78 isdaghedtixt bousirlg T56n dHousin2956 1190122]
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Ext er naWher ityupadedoniomhptosetivatide clodmtzen 750 yadertiodal toexdtb(dt iltikiragdy such as
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Per manent Tower @stem 00123] FIG 17 i1llustrates tower sys 0. Tower
syst em 2oplged te Hha lgep that theyecan baentiditeh dreferably, phree eleofrichir dwar e t hat

receiv | I C of , phot resis.kit. 1000 C ,,. cassette

1500, ' rrphctfk BElOUR pSbAER, St AL ARY R 1gE B MoTprplerdy 4y PR

syst em BEAAblpIEY haswole of A WA IanpIB8ToRing aRPacewehish brrf®ifontha@Be: dri ve of
hrough_ di sposabl e ot opheresi's kit 1000. Tower system 2000

TolalrJ:‘ gr l %‘évv LBf“SF @ Hecwerliof e@gmc nergyriotly ¥4 lampo Pl is cantrglledryabgh t he

use of RoRrRRESIAmAAS, ABREDntroller using a switch. UVA lamps 758 are activated and
deactivated as necessary by the controller during the photopheresis therapy session.
[60130] Vent hole 757 is provided in the top of housing 756 near back wall 754 of
photoactivation chamber 750. Vent hole 757 connects to vent duct 760 which leads out of
the back of tower system 2000. When heat generated by UVA lamps 758 builds up in
photoactivation chamber 750 during a treatment therapy, this heat escapes photoactivation
chamber 750 via vent hole 757 and vent duct 760. The heat exits tower system 2000 through
tower housing hole 761 located in the rear of tower system 2000, away from the patient and
the operator.
[00131] Photoactivation chamber 750 further comprises tract 762 for receiving
irradiation chamber 700 and holding irradiation in an upright position between UVA lamps
758. Tract 762 is at or near the bottom of photoactivation chamber 750. Preferably, a leak
detector circuit 763 is provided below tract 762 to detect any fluid leaks irradiation chamber
700 during, before, or after operation. Leak detector circuit 762 has two electrodes patterned

in a U shape located on an adhesive backed flex circuit. The electrodes are designed to allow
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controller, for exanple a processor or ICcircuit, coupled to all of the
necessary conponents. While a new di sposable kit nmust be discarded after
each phot opheresis therapy session, tower 38 system 2000 is used over and
over again. Tower system 2000 can be nodified to performa nunber of
extracorporeal blood circuit treatnents, for exanple apheresis, by properly
pr ogr arfef alg)llCWéOIberﬂt shofticincuib fo tost feh@ﬁgmngm@gmom end of e@ghrpbntemegoeg 60124]

Tower s n.u ortio base
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tower system 2000 is nobile and can easily be noved fromroomto roomin a

hospi t dhe sletredey aremsherted g anpther. f henintegigtesegiscuit 2l @@t%ﬁhvéh%rbl e about a

vertic I ver t 2000.
Top. 220108 e e E B8t bn SRR TR AR LR el B S Mok
1200, Higéstie dlédtmaésf @t dambgedih Gny 43y, thelboidtinuhi@ chéok wislgRil FTEs42) podifivdl G 17,
cassette 1100 is |oaded onto control deck 1200. Base portion 2200 al so has

hooks (iAdicatiqn tbétt%f:léeqodeéﬁredmémagfénﬂéwswan be perderanedicasihiimedt | ect i on
bag 51 sgaqmts&mggggesogaﬁgdm gﬁi&m Jaoaﬂme Tl et L6 & gcu%ny“here

on to system g as"their on| ng S not ere wth

t he f unta2iismiorigng propeety.shetkatetcdtion ngcmmqamyps diage tlmrlftakgﬂo a80b has
phot oact i vatl chanber 750 (FI G | o behi.nd door, 751. Additi onal
hooks (H&PU9d ‘E’H’Sé{’ éaslreébga%%méac ‘BB@S‘@& dgipetionsisgigs famagesndimg

saline él%@ﬂ‘%élﬁ%ﬂb‘bﬂ&kE@t@@tor?f'c%fitefﬁé%?f da&%@ngﬁ%ks are located on
upper portion 2100 00125] Photoactivatton chanber 750 (FIG 18) is

provi ded in base portion 2200 of tower system 2000 between top 2201 and
bot t om 2202 Bekenifegedrhap®er Door 751 is hingedly connected to base
portion 2200 and is provided for access to photoactivation chanber 750 and

to all d601323 operEGo19 illustrhtes ecnptifaizo alrirnbea Rl OhincdrasshectiotbWits thetHvatinV | i ght
does not_  escape into the surroundi g[g durin Oﬁ treatment. Recess 752 is
provi dedf 'PHeYPGH 40¥Bagmover; Rotatiopal davice 909yalse insess- semw)ﬁﬁm%eﬁ i vati on

b s e R S e S M e b A
r espectRetotidral3deviddMndclades o 0GRS bradhecd Opod hibow] Roldihg piaﬂe@clalfmd atop base
20T o0 508 AR RURELICLD, 6Pl o bR S coor
2102 hasrefRratily) d0ae o1 QRnfARuABr SRAE Sther iGANeiZRE stufdyCaBal. | AldiRatively, other
rotational systems may be used within tower system 2000 such as that described in U.S.
Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00133] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is
provided in FIG. 21.

C. Floid Flow Control Deck

[00134] FIG. 22 illustrates control deck 1200 of tower system 2000 (FIG. 17) without
a cassctte 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




chanber 2101 and nonitor for any problens. Wndow 2103 is constructed with
glass thick enough to withstand any forces that nay be exerted on it from
an accident during centrifugation which can rotate the centrifuge bow at
speeds greater than 4800 RPMs. Preferably, w ndow 2103 is constructed of
shatter-proof glass. Door 2102 is hingedly connected to upper portion 2100
and haspt&ﬁ SERWIBgangans, ISQ@hdiSn épresaiplei bottst huts, arslampsi \Piate 4208 ci@Dethadesyfst em

cont rol ﬂHr rat Cent i fuge chanber 2101 is discussed
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1200 i 001852t ed qmeckqaosuﬁg‘mezgﬁm&ﬁumswhaﬁrﬁmagp&ﬁ&mt r¥m pagRy the

front of system t ower 2000 while upper portion 2100 is extendi ng upward
f r om baS82, seifeuiasion RO marmmeam P@mptlé%raﬂdygi elopd 0dbpump130%| | ows t he

oper at o] 00 whi | fordi ng
tE\e opcela{ a?gﬁéa@%ggﬁm %Olczggt?’lh %K%%s? ¢ A79HF O&P 83?@% @‘%’8&%} syst em
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havi ng t he photoactivation chanber 750 and deck 1200 in base portion 2200,
an upr i YRE AP RURRSHAIOL d 392 1Yy 88). As such, system tower 2000 has a
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facilitating easy |dading. Tower system 2000 is robust enough to withstand
f or ces pagsgnas dfradt in dimsliquid flglds normddly pakeng terdthiobigly aTalees miM;dflﬂs, and001281 A

noni t or 04 is .provided o ntrifu chanber 2102 abov i hdow

D305, i AS o mSyBEd b se e HR6 e 53Ro BURHY cirIBhis Foroaner bl G & ¢ o
an opercptMbly cupled af8 trahHhitsLae® P! tBe sy4R@h coitiofief A aRallas. Hah3ibbk is| oadi ng
i nstructions, graphics, warnings, alerts, therapy data, or therapy

pr ogr eglstectggnihe system gantrajles oMb blesd dpwnaperation tamprIOBdnttﬂ«nd flowsiptt thm
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recei vel2d2t@a eaided pblition whereby tempresig @Besnl 118, 1H0%; indll BFI90&ARIsEcassette
phot ophepﬁm s. kit 1000 (FIG 1). As rrentloned above, data card 1195 can be
pr e- pr ddP4andiscussedsabove a@@%@u&mgmwtpe apprapaiaie pempy I sengoraseereBlx t em

cont r ol 185 h9f 1rdRAQPO7 %E&Wx@%ﬁ% X %Fo%ﬁtrﬂbg’ofﬂﬁ)teauié‘r forl@Rsgan be

progranmed to relay in ormatl
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a

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

[00137] Deck 1200 also has five compression actuators 1243-1247 and three
compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette
1100 is loaded onto deck 1200 for operation, each of compression actuators 1240-1247 are
aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can
be moved between a lowered position and a raised position. As illustrated in FIG. 22,
compression actuators 1243-1247 are in the lowered position and compression actuators

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

loaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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the systemcontroller can ensure: (1) that the di sposabl e pbotopheresis kit
Is conpatible wwth the blood drive equipnent into which it is being

| oaded; (2) that the photopheresis kit is capable of running the desired
treatment process; (3) that the disposable photopheresis kit is of a
certain brand nane or nmeke. Data card receiving port 2001 has the necessary
har dwart@rough hecqartsspandingrapetiernch 11 ¥aet a7 and cmrpreamtlie\;mrttoa cdalea]bﬂe)tubd@t a
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nowto FIGS. 16 and 18, phot oactivation chanmber 750 is illustrated in
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More preferab asse 759 has two sets of UVA | anps 758

f or mi ndoﬁliﬁ’ﬂ)ac e \Rﬂf@ﬂng mﬂwdp ﬂﬁ&ﬂmrﬁéedcckm danthependlydessyeen The suppl y

of el ecl.h, r o.UVA. la 758. ontrol t he erl

prograrme @ﬁs ?ﬁ%ﬁnéer SFEPlY, gﬂgm&ng% (ARG ll?%n?é b'ﬁﬁgqg h"?\//%t ed
and  danaebt ydleIRIBambERmgde) abienibhe 12N S RlchféonthlieMR1NS 2 Apheresi s
t herapy session.. [001301 Vent hole 757 |s}grow ded in the t%wgf housi ng

756 nedIoHARRCHARELTatd cirEvit fiabisowetablgaupleddo thetneeess sy, comnem@p%th%?
connectSl M E@xtf otV il of {ﬁg fl}é\@l‘t B{}fA 1?91‘15& t %e%i)smris he DRGK A il QYR BYst em

2000. en he generate anps dsupin
and necessary to perform a photopheresis therapy according to the present invention.

Cylinder assembly 1211 couples each of compression actuators 1240-1247 to a pneumatic
cylinder. Air ports 1212 are provided on the various elements of deck 1200 as necessary to
connect air lines to the devices and the appropriate one of manifolds 1213. As such, air can
be provided to the devices as necessary to actuate the necessary component, such as
compression valves 1240-1247. All of these functions and timing are controlled by system
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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phot oactivation. chanber 750 during a treatnent therapy, this heat escapes
phot oacti vati on chanber 750 via vent hole 757 and vent duct 760. The heat
exits tower system 2000 through tower housing hole 761 located in the rear
of tower system 2000, away fromthe patient and the operator. [00131]

Phot oacti vati on chanber 750 further conprises tract 762 for receiving

i rradi ati on chanbler CagettefitrmpingiMeghanistadi ati on in an upright position
between UVA | anps 758. Tract 762 is at or near the bottom of
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el ect r og@sedictgtperdaamaed. AlToE ﬁleg@gaalls%e aaﬁe%ﬁrﬂyqﬁgﬁao@%gcﬁﬂeﬁ%fl%gﬁe system

start-up or, periodically during norimal operation’to ensure that
det ect i GHIRINE Mgchanispe2 i s wor ki ng properly. Leak detection circuit 762

hel ps t haty | .Not go .unnoticed i n tire er apy
sessi 0 Bgieg:liuse tlﬁg?cfeggq(ggg&t%%{:ﬁgwng &%ﬂﬁeﬁ? é%ﬁ?&%@ggzﬁﬂ deck gt@r'?cal
schematprovidéd withkwol eitelidsa208 ki twd roffiihigictaniison20d add 1 2237 GutclZ? 1208 have
Centrifuge Chanber [00132] FIG 19 illustrates centrifuge chanber 2101 in

cross 241548 RF4rthe middioithe ¢p Ripter Satches 1 208are swordriepbuei202R6t at i onal
dovico JORAER JMERPTUTESE ARl RRAR .00 UL g RRYE om0
devi ce spading haiveeretbal1 atd 1163 bnaaisette YU @hd. 2). Rundting@ladhpol208ane 919 for
chanbort 25385 lestifheE greled Hon oHORPURR oG clasghol 200 oA FELSE! gt
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whi ch ipscempticedinger. Rusatpgrdaeps HRO3and 1893 nefsprieg badedby tasquerdprings so

as to automatically return to the closed position when additional torque is not being applied.

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

[00142] Referring now to FIG. 23, timing belt assembly 1217 comprises timing belt

1226, torque spring housings 1224, and tension assembly 1225. Timing belt assembly 1217

coordinates the rotation of rotational clamps 1203 and 1223 so that if one is rotated, the other

also rotates in the same direction and the same amount. In other words, rotational clamps

1203 and 1223 are coupled. Tension assembly 1217 ensures that timing belt 1226 is under

sufficient tension to engage and rotate the rotational clamp 1203 or 1223 that is being

coordinated. Torque spring housings 1224 provide casings for the torque springs that torque

rotational clamps 1203 and 1223 to the closed position.

[00143] Referring back to FIGS. 22 and 25, when loading cassette 1100 onto deck

1200, cassette 1100 is placed at an angle to deck 1200 and tabs 1102 and 1103 (FIG. 2) are

aligned with catches 1208. Cassette 1100 is moved so that tabs 1102 and 1103 slidably insert

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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[ 001331 Leak detection circuit 2106 is provided on back wall 2108 of
housi ng 2107. Leak detection circuit 2106 is provided to detect any | eaks
within centrifuge bow 10 or the connecting tubes during processing. Leak
detection circuit 2106 is identical to | eak detector «circuit 762 described
above. An electrical schematic of |eak detection circuit 2106 is provided
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controller for analysis. If an air bubble is detected, the system

controller wll Qhugelglgmlﬁgpé@mg@pﬁﬁgs prohibit fluid flowinto the
patient by occluding tubes 1114, 1106, and 1109 by noving conpression

schuat QU110 ISl richoach Ry’ iy LITLORS SETRLEITRREAD, 11
down t raad apprsedta drive fwidpthrodSh p&em@hereﬁskﬁrlmc_rw (FIR @palbag désﬁxﬁg ;phthilwggg for
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pumps 1301-1305 are controlled by system controller 1210. Peristaltic pumps 1301-1305 are

identical in structure. However, the placement of each peristaltic pump 1301-1305 on deck
1200 dictates the function of each peristaltic pump 1301-1305 with respect to which fluid is
being driven and along which pathway. This is because the placement of peristaltic pumps
1301-1305 dictates which pump loop 1220-1224 will be loaded therein.

[00146] Referring now to FIGS. 28 and 29, whole blood pump 1301 is illustrated in
detail. The structure and functioning of whole blood pump will be described with the
understanding that peristaltic pumps 1302-1305 are identical. Whole blood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

[00147] Rotor 1314 is rotatably mounted within housing 1315 and is in operable
connection with drive shaft 1316 of motor 1310. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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phot oel ectric sensor. HCT sensor assenbly 1205 is al so operably coupled to
and transmts data to the systemcontroller. Upon HCT sensor assenbly 1205
detecting the presence of red blood cells in tube 1116, the system
controller will take the appropriate action, such as stopping the
appropriate punp or activating one of conpression actuators 1243-1247, to
stop fwhich prmpipapmbe b2k (FbG. 33) fils wha0lbaddd fioe pkmpi2@0 Pakision basof 1346 is

conpr essi o ct,uat qr 3-1247 thre conpr essi.on actuators 1240-1242
o Tt eotuBi S B e 156 3 ot dTd 50 BaCe abonmanivan o 1314 0 P

| oaded MpdiforeEEKmbRREH A RRAARY BRE). PRRME LRhsdt AT K5 13?&33.

1240- 1247 are )gl i gnedg\cl)mdr%h correspondi ng apsertureis%%@ an H%ltgdignd

Conpr ed&ansmits data 4o aysten corgroller 2 19 F1G 1324 ) nByedalyeingeiss data) ouemechbnpodiet i on
and a rai;aed, .pesi ti on. il lustrated in FIG 22, onpr essi o tuators
1243 14200 e RS %I%OeCQ“B!%@r‘%H‘ %fs'iﬁf”o%n&ﬁ'd"aé%ﬁlﬁoésls"i‘gWn@&?m%ﬁﬁs 140- 1242
are in dnpelesipddsotip@dipbsiton. Wien in a raised position, and when cassette

1100 is loaded onto deck 1200 as illustrated in FIG 25, conpression
act uat dP@148340- 1 Hmsing 1318 aise irerlues eiovsing flakge IO dbpeindiflaggapdisr es 1137

or 1157 I ' f flexible. tuli 1.5 aligned with
t hat apug%%r%?ﬁxtgrﬁzeo@gﬁq ﬁ'grh‘g Hgﬁk t%(—:p l%tf:g?%f’gdetcggzﬂgFﬂ&gg)'tlﬁgf‘a fluid can
not  papecifitBna bolt isextdnded ttecu ghdsuilt Holdy, 1320 BP h&SsH 11329 & threbdfty- 1247 do
not extend through apertures 1137 and 1157 and thus do conpress the

f 1 exi bl<8easoles. Withip phate 1282n Hausiog dlange 1 348 Alyasinglpdes a boly (agtshewn) tag
retract . | | Lol | . . | ower ed

ost 11 couhchiaho el FASH chien P Elohirdliet 2l n SR Y5 ) fat G

i ndeperataratdr i 3StHodn mbvechktaash caivedand kiveeel positﬁwaﬂiﬂﬁ)dt Bﬂiﬁﬂ?ﬂﬂﬂ@t of |On§
anot her. . Conpressi on actuatqrs.1240-1242 on the other hand are couple

{ oget haFSistiREs EBRIMiHrActatd S03 IHca¥arS AN IRGHY s Ry BrseTyll cyindesddiZd or
rai sed,; ' . = : red in
o ed R o e e A ROy R
spri ng holsati2d fencannedtingtveiair spplydine. Polsintdiois siplied toprenniaictclykindari sed

iti Thus, j.f. th | dur i . ion,
Conpr e 12, Pitiinatic spliotds e b iR g hofiles fehed PaBUER bt sed
POSI t i ONherPSIE basdéd o be UbBSied 1d fnculdhie. gﬁﬁkﬂar 1313, Ynaftay KSR r@G%aJtsl %ﬁdﬂsdf rom

entering or |eaving the patient. [001391 Referring nowto FIGS. 23 and 24,

deck 120t Pngvmpig cylinder i3, mipspiagto thedewercd ppsition.0Systam contenllend2thbl y 1211,

manifol(gle(%?azgmt@??%%ﬁpﬁngﬁgfocaﬁpln%t%%gﬁspezgynp not or cable 1216, and

timng

sse em contr 1210 is a properly
[00149] Curved wall 1317 of housing 1315 contains two slots 1322 (only one visible).

Slots 1322 are located on substantially opposing sides of curved wall 1317. Slots 1322 are
provided for allowing pump loop tube 1121 (FIG. 33) to pass into tube pumping region 1318.
More specifically, pump inlet portion 1150 and outlet portions 1151 (FIG. 33) of pump loop
tube 1121 pass through slots 1322,

[060150] Turning now to FIGS. 30 and 31, rotor 1314 is illustrated as removed from
housing 1315 so that its components are more clearly visible. Rotor 1314 has a top surface
1323, angled guide 1324, rotor flange 1325, two guide rollers 1326, two drive rollers 1327,
and rotor floor 1328. Guide rollers 1326 and drive rollers 1327 are rotatably secured about
cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325, As is
best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses
1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are
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programmed integrated circuit that is operably coupled to the necessary
conponents of the systemto performall of the functions, interactions,
deci sions, and reaction discussed above and necessary to performa

phot opheresi s therapy according to the present invention. Cylinder
assenbly 1211 coupl es each of conpression actuators 1240-1247 to a
pneumatrevided:| Moteprefesibly, goidegolld 2326 andpdriveirdibels 4827 hve pravid@lion @k@nment s of
deck 12&3 as necessary.to .connect air lines to the devices and the

appr opr 93085@%‘“1?8@?‘6‘?'&%3@2@@' As such, air can be provided to the
devi ceqJo@8Bs1N€CES FH YT At NESRSS SRR .

conpr e:[si onr]val ves %rgg t?gg%@ zglarhgfl’ t heseﬁlgrﬁr%gt | on??%geftﬁcn%%ﬁgﬁgl%hc

cont r ol Hosigorhef paynpt leap tubedd 2bihabis 10R1E0 intitwberymnipihg regimckMBgdinditheé s used to

di nat.e_t t at i f rotat] | 1203, Final | Jate 1202
ol uaabide oG Pl B bt I8 S EREador s shareby pforkmesietbe nac ¢ ne
var i ousin@ #eRIRENids ©fflodehkovkROR @BE. LRAMYIAPEE rtaliGRH §okel ¥ SordP P 1QviiNat

deck 1200 can be secured to tower system Z000. Specifically, punps
1301- 130gespondinglycchangs e ratg efifluiddipvs dmeugh the tibab Gypide20Bers 1826 axet o hol e

1220, ajf.. I t I 2 Lts.intp.hole 1219, . SSi on
ot unt gravigeE Bt Baohiin ARRE ¥ nbrdd2 bk ke ol R Ritougn
hol 11318 ptapes @ alipreddieisg paRPidgd AdNEIna8§Seiidd tt
CIOarer;S)i ng I\/gcdr?gn?smg?omﬁlo%%l?gl?lgg?i ng nonw ?o FI G%b}l@%%@gggélggo pﬁ%ﬁ?ret ﬁod by

whi ch deasdseimp.tube deppi W21 inga aehe pusmpingcegioad 38, Mhile gmidrorolletsi1326wrene

cassor t RS0 RUAringa BN bRER-RS P RknafuB A% BRRSHER Byibei o

conpr egsilan bacipartao ay &l stnfOtosyshtupot edpeaiepoitaditer ditmétbe PARERStheitByent i on,
It Is inperative thgt gassette 1100 be properly secured to deck 1200 and
not shiPgt Fsuliingidegolen il a naRaxmaKthsr wossalony pefids. sThowpered 47 occl ude

por ti onsyHk; ' ' : . ' ' -t ubi ng agai nst
Cover T30 ishelf bLipS har s (R of G RRARE RIS dinhp ki 00 Dt e
with t H80H3di r ed Ryer 1314 ffurttees éndludel omdiyntp28aswatling tHib0gh astentetecdavit00 and

reduci erator errors. Al of these are achjeyved by the bel ow
descri B‘%&Q%a esc"egf‘?%&’ ARG @cﬂgﬁf’gﬁfﬁﬁgﬁ%lof nofo ﬁér to facilitate
cl anpi r@oIE3] cass @di@riad 0wio FES k301202, HRei1ah20fad @penﬁfgﬁl@ﬂ.e@)g%itng two
catches 1208 and two rotating clanps 1203 and I223. Catches 1208 have a

sl ot 14383 ircdefingd by gilesding egee 4334 ansha mailing edgeat33fe The roMsdeadingsandr ed t o

Do anfitygthe pRLSIRHARIUAT TR ol 21318 hERockRRe ARG AR 1885t PO 1 5

subst a

e Ssane as
direction while rotating rotor 1314 in a counterclockwise direction is the rearward direction.

However, the invention 1s not so limited and can be modified for counterclockwise pumps.
Leading edge 1334 is beveled downward into opening 1333. Trailing edge 1335 extends
upward from the top surface of rotor flange 1325 higher than the leading edge 1334. Leading
edge is provide for trailing edge for capturing and feeding pump loop tube 1121 into tube
pumping region 1318 upon rotor 1314 being rotated in the forward direction.

[00154] Rotor 1314 also has angled guide 1324 extending upward, at an inverted
angle, from rotor flange 1325. Angled guide 1324 is provided for displacing pump loop tube
1121 toward rotor flange 1325 upon rotor 1314 being rotated in the forward direction.
Preferably, angled guide 1324 has elevated ridge 1336 running along top surface 1323 for
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.

[00155] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unload pump lop tube 1121 into and out of tube pumping region 1318. Using
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spaci ng between tabs 1102 and 1103 on cassette 1100 (FIG 2). Rotating
clanps 1203 and 1223 are illustrated in a closed position. However,
rotating clanps 1203 and 1223 can be rotated to an open position (not
illustrated) manually or through the automatic actuation of a pneumatic
cylinder. Rotating clanps 1203 and 1223 are spring | oaded by torque springs
so as Rositwotsomsat 13H, kytor la?ellélrisnratntedlh:eatoladmgqbositishmmre andptod il 1324 Rwll

b 3 d 1223 | ked
{ orat menSe 8teR iy B0 SRR cassic LA londh Bl 00 (PR 265 Nikss srecitisglivow ¢ o
FIG 23013148 dreket ma&'sﬁc%ﬁwméoll@al?inglg luéqm is%gbaemtagefﬁ%%‘? O(It% que

spring housings 1224, and tension asse I m ng ly 1217
coor di nH58and h@thf(watqnddsbbfpmnaﬁoapr‘idﬂlw}anpassm&)mm sdhiPRl tscthctﬂmik if one

amount SreREr i 1% e P ReE 11 ibeteui S ik 0 sumpdon b i el

Tensi on:xa@agawrmnd QATn@ RGUF EFL4! IPREwhhiE ROu6 1313326 he 10WGE] osﬁw‘ fdtC' ent
tension to engage and rotate the rotational clanp 1203 or 2% S

bei ng thisé¥Rfl-nat ed. Torque spring housi ngs 1224 provi de casi ngs for t he

t or que j oS t ation 203 and 1223 to tr‘gl cl osed
posi t i JW%GSOMSE&E ggrs'rgti{eﬁglgl@céfg“{pgr %Fi%re%% ﬁ%s)%emﬁ{g ¥ GUe% %désset te
1100 onbmteden khe A3ANiscdiscefibi 6.¢1, 100forvaid dieedod! AToRABE4 FRade pimp200 and
tabs 1102 and 1103 (FIG 2) are ali Sned wi th catches 1208. Cassette 1100

i s movdibsigop Azl Megtaqts@!zy apgled gwide 43242ns displpess againstihetopsndesof1208.
Rot at 1 | t
25 The 100k MRS 48C pBffhnd Syl oo Tubd A AL BRTLLRABN AL 110" ana
1103) dtangadd2s are dteataonmaﬂedtbbranmmglezgelmanma daﬁmWagiSmﬂthB?jpmdmeB are
bei tch : I wnwar n tte
1700, OGE IS PEn BE 3405 s vl SogH 19254 DIoyied Eoqth MR OBRERE

t gw&, %m%
Bgz:t:ggagg%i;%fe]% eiﬁyl 31 gﬁhr ot atIOfI’E§| c= a?wps %}Ol and 1§£§}ﬂl%me
casset tdsive rolfers $337 Whemsloagak utl¢tqmrt1ctrhla150camdtohdaqjort®cbramﬂ of padipdocp 1223

' d tate back
6 t ne ERobia S sh SIFO LR Eted Sld ST oD R R Bl PR A e ©ocked

p03|t|qmedeﬁassﬂl)t@aamqusﬁg resist upward and | ateral forces. [00144] To
renove cassette 1110 after the therapy session is conplete, rotational
cl anps 8863 and Tromtematioaly anlead pemp litbedpem1 Bisfremorhald blred prmpdd0l y or

s coupreh e dern b aBRblele KAGPLYRs Kk F 4 boRiF B Soefbl 1R i onal
cl anps allgﬁéﬂ wihl thedPd 1322 thiroughhehiop etld 6itidn151 passest Ofce aligned,

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

lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in

the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

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

D. Infra-Red Communication

[00158] Referring to FIG. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR”) communication interface (not shown). The wireless IR interface
consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
1381, and IRDA transceiver port 1382. The IR communication interface is capable of both

transmitting and receiving data via IR signals from a remote computer or other device having

IR capabilities. In sending data, system controller 1210 sends serial communication data to
the IRDA protocol chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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1100 is renoved by sinple lifting and sliding tabs 1102 and 1103 out of
catches 1208. 2. Self-Loading Peristaltic Punps [00145] Referring to FIG
24, peristaltic punps 1301-1305 are provided on deck 1200 and are used to
drive fluids through photopheresis kit 1000 (FIG 1) along desired

pat hways. The activation, deactivation, timng, speed, coordination, and

al | ot hand diberabimmmietiop énforhalonits thelbiPsitkadhls dhdQRePdcadS R AbAed by
system contr.ol | er 1%10. Peristaltic punps 1301-1305 are identical in
struct uﬁf@?“%%@é{l-, fanacsives dddeponverts thececyagal ransmil datp intp endded kigs on

deck 1 ' : f | f. | sStaltic punp 1301-1305 with
respect&?%sﬁi&:&%hﬁﬁ(ﬁg%w edllﬁgd \ruf(ggl%%éﬁﬁwa %nr?bmt\fﬁ'lfi ch pathway. This is

becausel00h89]p| acelmenteivifig datnj R ditd pulsgumpeceiledby 4 pAStodictcai fScawdighh punp

| oop 12%1224. Wi ll, ded therein, [00146] Referri n?.now to FIGS. 28

and 29, 8{1%:6‘6’%%933% ﬁ?(ﬂa“is%e‘ﬁr O 382 canyasts threprtical lighieulsey tect ure and

functi oglédificd)daihial Serds PRAIRL TR M bl IRPA ﬁx%f&%’ Hﬁ%?{;f QB%J%‘?%E HQ&%E@ andi ng
t . ol e blco

that peristaltic punps 1302-1305 are idehtica puifp 1301 has
not or 1846 isgeEpredof cemrd and adlidonad IRDAFrOLCcalydontede r THSERaiinedaais ¢

actuator 131 rotor 1314 (b iJ]lustrated in FIG 30), and housing 1315.
[00147]‘5%‘%‘3&? tﬁ@iﬁyﬁ‘%‘“FB‘g‘é‘%@Bﬁf“ﬁB £ 27 at4 HEATHO BRTSAEPAIAS and i s i

oper abl @mri@iegihipdowdlt h drive shaft 1316 of nmotor 1310. Specifically,
rotor 1314 is nounted within curved wall 1317 of housing 1315 so as to be
r ot at abi08160) not dBY Igewordsing an 3R icommunicathhe mterfast on td8drsystemmzdtred i n
housi ng; 318 exi.sts between.rotor 1314 and curved . wall 1317.
This oprmedqy daRBABR ek, SK03h Bor5C BRRRNAGH Clnrbmeasllsn THAETHEE | nto 46
whi ch pamalysispeffufthérarahi@issioll Batakah beiskst WEsibRAL RFkohRF sRWIRROSD oPOSi ti on
sensor 1316 is coupled to drive shaft 1316 of notor 1310 so that the

r ot at i dirAroLss therapy Grllpyinsptogels ip beghanged ingrhlindedstatey AdditioraliynIR dri ve
haf t o) N | v, C ect nd transmts data
E 0 Gy st aals dRhtineEfford SR i hbinjll ARERAN, M AROAGI G e S BRT T

cont r ol thethods] &b, as\wdlic frefeenaly.so coupl ed to notor 1310, can activate notor
1310 to place rotor 131.4 in any desired rotational position. [00148]
Housi n 5 al so.inhcludes a housing flange 1319. Housing flange 1319 is
used tg“@%%‘PﬁhW&ﬂmﬁﬁ%Pﬁﬁﬁ% 1310 to plate 1202 of deck 1200 (FIG 22).
Mor e s%cifical lhﬁ}‘/ a bolt is extended through bolt holes 1320 of housing
f1 ange (99461 o t Hrelerging yogethey iylighah, adflow ehvrnillpsteating Bagmbobionait pfithel ange

1319 alifQedidf lu‘fﬂ&ﬁn@iuﬁ@é ﬁ]ogdgﬁgatﬁ)rﬁoomﬁ&%oat, and Fig. 27, a schematic representation

of apparatus which can be employed in such an embodiment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing
blood, and needle adapter 1194 carrying another needle, for returning treated blood and other
fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant
pump 1304 is turned on, and saline actuator 1246 is opened so that the entire disposable
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bow! 10, with the
A/C pump 1304 and WB pump 1301 controlled at a 1:10 speed ratio.

[00162] When the collected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed until red cells are detected 1406 at an HCT sensor
(not shown) in the centrifuge chamber 1201 (Fig. 19). Packed red ceils 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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al | ow pneurmatic actuator 1313 to extend therethrough. This hole is sized so
that pneumatic actuator 1313 can nove between a raised and | owered
position w thout considerable resistance. Pneunatic actuator 1313 is
activated and deactivated by pneumatic cylinder 1312 in a piston-1like
manner through the use of air. Pneumatic cylinder 1312 conprises air inlet
hol e 138016Xr corfhsoed agl! pump il 305ispisdnyset 1405, at\Bhenofahé inla pa b&Dwhide
pneumat | ¢ ctuator. extends upward through housing

1 131 ti
Pl 'ange Hing 1455 ye3ad T pBHE e Colilis Safe ipExaGhleve) bl esplivcnt o
pneumat dyeleolirté BredeBd® 1409) 8URRIch oRE tHeaEPEell @%ﬁﬁﬁﬁs RaGked Bfftlﬁwgf;r‘dl matic

cylinder 1312, returning to the | owered position. Systemcontro 1210
(FI G 2hg flyiskpatiotoghe eatmgpihiag Sfviathe HGT a¢nsor H25tis bpéned b32dwerii})149] Cur ved

wal | 13 f sSi 1315 cqnt.ai.ns two s 13 onl y one, yisible).

Srots 15980 A2 Snl fiohe SRef ASORR RensPF s T Gl ribectsy “Elleionvabe 1017,
Sl ot's hahiinelrie defiiedvisdRIWhSIE bidddPrbiesselUaRed d1PiRed B thelnbidbef 6f Glleddgn L O pass
into tube punping region 1318. More specifically,” punp inlet portion 1150

and outqyelesdar exagpde a white bloodpragsys targepofntS 00armay reguird 6 2yclpagsd stir ough

slots 1 . I ng El 30 _and rotor, 1314 is

i |l ust r%t%é{? lgggg’@%véggsppg mwﬁ%vh"ﬁs’?‘ﬁgb‘@%’“&}“‘flﬁéffﬂ"s“’@% r‘i’ﬁ%}ﬁeéﬁq gogrtge nor e
cl ear | ypatiérstitb ke bowatand thk3dd célbpurap bfpred weflawil actdmalataa will glish da: tha24,
rotor flange 1325, two guide rollers 1326, two drive rollers 1327, and

rotor fludyrcoatisem insideshe paw| M) sTherpd calirpre upeddomyph ewtdha Buffy egas andwill abl y

| f
1590 of e afkled Hhe bt heiFtORETEE] Rhson AlcatrighaPid pBry AR BEL 05
fit intollbgéds 1331 of rotor floor 1328 and recesses 1332 in bottom

surfac . @Quide rollers.132 drive rallers 1327 fit. around cores
1330 iﬂ@éin ro ?‘E’ﬂm&V‘é‘ﬁ%@f.ﬁe‘gﬂg@eﬂ’&%?‘f&‘ﬁ&}%ﬂwtrpéﬁtll 15Fdurn8d6 and two
drive rl@lb%ﬁm%ﬁ%&a&fa@ 54 an@iRvkded plYRp 2305 ﬁieeirs"i‘lmré’ase(gi"!gj;to.rtﬂé Inffs 1326 and

drive rollers 7 are provided on rotor 1314 so as to in an
al t er nawimpgl 394 tpugprratevodl &:dceRedre defentgd tld 145 va8ch Bhabegitnidg ofithe vecond| | er s

1327 arg provided to.c ess th orti of . bu | 0o e 1121 that is
oaded Ao BT RT KBTS S3Putesiert B coaPluge 105 Brrnd Pl 4IP Sed i val
1317 asgpubi 1801 hdd 4ntictlgilan pRAHE30 S sefarK VRIS Y nflaf o tHiddmbdigmtsbe and
forcin luids to flow through t he tube. Changing the rotational speed of

rotor 1 f #fthpant path é5 diccirdridith &o (hedbismgdagi§d, thatred esfll gunp K303 retw is ketough t he
Cube: 95O SRS NP AR SRR SRS RnBEP | 00P
1418 for sufficient period to treat the buffy coat, calculated by the controller depending on
the volume and type of disease being treated.
[00165]) When the bowl 10 is empty 1419, the red cell pump 1305 is turned off 1420
and the plasma bag 51 is emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the
plate 700 by means of the return pump 1302. Saline is used to rinse the system and the rinse
is returned to the patient, completing the process 1425.
[00166] The anticoagulant, blood from patient, and fluid back to patient are all
monitored by air detectors 1204 and 1202, and the fluid back to the patient goes through drip
chamber and filter 1500. The pumps, 1304, 1301, 1302, 1303, and 1305, the actuators 1240,
1241, 1242, 1243, 1244, 1245, 1246, and 1247, and the spinning of the bowl 10 are all

controlled by the programmed processor in the tower.
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1318 properly aligned during punping. Additionally, guide rollers 1326 hel p
to properly load punp tube | oop 1121 into tube punping region 1318. Wile
guide rollers 1326 are illustrated as having a uniformcross-section, it
is preferred that the top plate of the guide rollers be tapered so as to
cone to a sharper edge near its outer dianeter. Tapering the top plate
resul t I gui deherprbdess and tetuteal apparagisihaee sigaificamselvaeagds oned priprof i | e, The
of the tubing into the tube

tapered__enbodi pent hel ps, ensure pro | oadi n

panpt PGS ind PR pgRe S eliorlove ity e Bt bovSpeseReendi ng

t hr oughredl ballsCROb&hg dkeM &Y whild é8ldcBng BSFrYREA if ﬁle%m%ﬁlercgﬁlﬁ'fur% 4 to drive
shaft 1316 of notor 1310. [001531 Referring nowto FIGS, 30 a 2, rotor

fl ange keapingpease hyffy 8o in tedowmh gntilitBadesired dabunteef tuffyaoheatls ar wilgeted 334

datrajli d 35, . The .t | egdi traili d '
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rearward direction. However, the invention is not so |limted and can be
nodi f i edasigytodlgprtisneasghk tluseatpdipipscss doendi ng edge 1334 is bevel ed downwar d

into o ' 133 naLl i rd fgamthe top surface
of rotor Hﬁnge %55% I%Hé E@d'ﬁﬂggn%%aggﬁggé%ﬁﬁlg%%égw?ﬁ%.srl@é%ﬂf ﬁed: f:dgtﬁge S
provi derofationil maotionrig cantgfugk ®Gowt i yieldsng ciafder RE UG fRUITAL 8200 DA telBget 121
into tube punping region 1318 upon rotor 1314 being rotated in the forward
di rect i®h. mF‘B@IW%hW"CI@ f&“'&I(BQTﬁ@s‘S dergeased i 5% is gpmasung atitedg upwar d,
at an i I a ) | . 1S

provi de & d%ﬁngﬁﬁgégﬁﬁ&%ﬁﬁgﬁpgg c%%bgﬂgf%%ﬁéfg@gggﬁ%H@gbﬂswéﬁégm1325 upon
rot or 1dhbjectediorptatmnal mdtiomintdestrifogetsvd 16icae bt ncamimizBd af whe &ddlowingngl ed

i de 1324 has. el ' 36 ' I f 1 f
anual BASG Qe VB9 ipop 809 3 6 i Tl eRdssp oA SPRrChey Wiy e
gui de 13ffink S As IRCHsEd at e \Rhdle Blood SO0 iNepaaRa intdhin] QAL Ladddt BES N9 now

to FIGS. 28 and 33, whole bl ood punp 1301 can automatically |oad and
unl oad §10rmg il mpves wotvardly atomiowenpldiea®0. Skcangddwwl chmineh41@gndothird 30®1 Usi ng

48 I & sor 1311, ..rotor 1314.i S r.ota t | oadi.n 0S| Lion where
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position so that angled guide 1324 is |ocated between inlet portion 1150
and out§18mnepipe bettom pb eensrifuge hpwl HhpBY 1emovipg RBESs 81 fremiceowifuge kavdured to

the dec o‘fia?)%ﬁ%§f’%‘%' Rih@48 ohly, BddfiontaP vollfiRNs ERARAY AN hitfbub S BRGH" e O

blood 800 and the unremoved buffy coat 820 is subjected to rotational forces for an extended
period of time. As centrifuge bowl 10 continues to rotate, some of the RBC’s 810 that may
be trapped in buffy coat 820 get pulled to the bottom of centrifuge bowl 10 and away from
third bow] channel 740 and buffy coat 820. Thus, when third bowl channel 740 is opened,
the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT%.

[00169] The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
an average sized adult, 90-100 milliliters of buffy coat/white blood cells must be captured in
order to conduct a full photopheresis treatment. In order to collect this amount of buffy
coat/white blood cells, the present invention needs to process around 1.5 liters of whole

blood. The required amount of buffy coat/white blood cells can be removed from the 1.5

liters of whole bleod in about 30-45 minutes using the present invention, collecting around
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extends over and around rotor 1314. Pneumatic actuator 1313 is in the

| onered position at this tinme. [001561 Once cassette 1100 is properly
secured and the systemis ready, rotor 1314 is rotated in the cl ockw se
direction (i.e., the forward direction). As rotor 1314 rotates, punp tube
| oop 1121 is contacted by angl ed guide 1324 and di spl aces against the top
sur f acebQb or moreoof the tote) embfsof thhbuffyocdai/ehsite blogduwetls thaoaretsujecdd lththat are

di spl d i st fl 1325 ar, h tacted by traili d
1325 andPPAtOLBRASEr ABF FREY ErTBGRRI Hoiet s B Eein HEQ SR pangn 13933,
A gui decoisplatigsn, bA6xibingPippiatlRhe TNEAR WTSIIRE aRRA banbglgpalgggb %rscésywe

r
properly position the tubing wthin tube punping cha unpi ng by
drive rigpis@f svhektood eebtdin theedfficient amoputrafibofly ta&tdvhirecblood tadls. Thet i on 1151

anda TAVRRESTS P36, biecs PSR S A% Sl g uoia s il it wiie bisbsts o
aut onatthatalrd yubjuttedad tiuNEparatibeplooen. The HAT oNmuBeire chitrateiod &IQ1 af ter

the therapy is conplete, rotor 1314 is rotated to a position where opening

1333 i sollggtejpethelf Y ARRES & asoungizbot nok suhstsntiolly blowu2foe tAnothrer iesiatidg 51
Che a1 TEd aarE CORS Spettiac ey bafut iRt Plocr WPl b Giodtliniiiys3 " °

the rai position, ng and
hei ght catiestehd sudfitiemgnedgeofliRdfy: corvvhite BRdd céik. ITHRNypRABY elted Arouhd €50
counterc] ockwi se direction, causi ng’ét railing edq%e to 1335 to contact and

r enove BEHISS: GoHEFHng ARy 1433 %rof 3 tofah ameumt Hee bult enat/waitg blaod cePletiehg 1333.
D. Infrgs j i 8 I : em 2000
(i G 105 TRiehRITOUR, Sphvafin proR g TRV Rl i tACE B B o THA, FhasiRh
communidisovond ihat whilaedstinpdppataawrand sthemwragelre ssywiere foer f32ae 226onsi st s of
t hree prjnaréielenents, systemcontroller 1210, | RDA rgto ol .integrated

ci r cui tMPUEREN SCPAIF- PRISRSS Hehst0diTaISh it req e anpppnt pRwEYARIANCEHS oh

i nt er f afefyl ®aC aRAREROhvERIR cab hEMSH the sittle ALHECH 1Yds WWar Rinthé. IR
signals froma renote conputer or other device having IR capabilities. In
sendi ngfhgse dinesganetindods the phtéant prparaiem dspme tigle. dherwumssdadicae odbytthe t 0
the | . C chi.p..1381 to ff the data. | RDA protocol chip 1381 adds
additFﬁﬁgrﬁ@%ﬁgghfgmgﬁg1%?”@?“8@#“%5? ﬂ&@bn information to the transmt
string and then sends it to | RDA transceiver 1382. Transceiver 1382
converts the electrical transmt data into encoded |Iight pulses and
transmts themto a renote device via a photo transmtter.




[00159] In receiving data, IR data pulses are received by a photo detector
| ocated on the transceiver chip 1382. The transceiver chip 1382 converts
the optical light pulses to electrical data and sends the data streamto
| RDA protocol chip 1381 where the electrical signal is stripped of control
and additional |RDA protocol content. The remaining data is then sent to
the systemcontroller 1210 where the data streamis parsed per the

conmmuni cation protocol. [00160] By iClaimgorati ng an | R conmuni cati on
interface on tower system 2000 real tinme data relating to a therapy
sessionw%%ﬂ bﬁ¥tr nsmtted to a renote device for recording, analysis, or
further transi e 8Bn. Data can be sent via IR signals to tower system 2000
to control the therapy or allow protocols to be changed in a blinded

state. Addi A dorFdnarividg flEH9MebEhGR eﬂ&hcdrﬁﬁr@ilfb%dﬁl Mchilt kit @%fa@%@hé &t
adl O

equi pnent, like other wirel ess transm ssion nethods, such as'r
f r equeri@giuding a capsgiie Esiventealiiag finidflove havimg aidesss ofi0Eb.ADbE dRM @maprising: oget her
to Fig. 26, a flow chart illustrating an enbodi ment of the invention which

i ncl udes thﬁiﬁhB%QIiO” of buffy coat, and Fig. 27, a schematic
representation of apparatus which can be enployed in such an enbodi nent,
the process starts 1400 with a patient 600 connected by neans of a needle
adapt er 1193 patehgving azassetelloadinpareaclr awi ng bl ood, and needl e adapter 1194
carrying anot her needle, for returning treated blood and other fragnents.

Sal i ne bag 55,is connegted hy connector 1190 apd anticoagul ant bag 54 is
connect ed bya§ !:eﬁﬁtrfg'ftcﬁﬂcﬁ %ﬁrﬂ‘.gglﬂ?f R4 302 GUIRFPonding tab of theicassettgy the syl e,

ant i cog@uitianéd oPtheRlatd fdjadeht Mh@@&_s&fbdo@d]ﬁg g@hi ne actuator 1246 is opened
so that the entire dispdsable tubing set Ts prinmed 1401 with saline 55 and

anticoagul ant 54. The centrifuge 10 is turned on 1402, and
bl ood- ant i cGhiastane rofsingelamp sotgiahisdtwernantapen pesidemand 4 cdgsedgmsition), wi t h

[ 001621 e eEan AT AR IS eGPl Rt R ct ur - pup 1302

is set 1405 at the collection punp 1301 speed until red cells are detected
1406 at an HaErsemden the(rotiting bbw)is imthe hper poditiord, ugerotiiapRRinpldRd nbFi 9.

19). Packed red cells and huffy coat have at this point accunulated in the
spi nni M S%‘écﬁfq‘icfaﬁﬁfétei@wnb% r egg"ﬁﬁb@eﬁwe@ loadlipe gicagandst e, control | ed
by the processor, which maintains the red cell line at the sensor interface

l'evel . 50 [ Gihkesth whbf tHeqBtabigh blaRip R inl#@1dssd pESHorsSld thé Odsséle 18231 Yned e
inlet punp speed while
the cassette loading area, the rotating clamp prohibits the cassette from being removed from

the cassette loading area.

2. The deck of claim 1 wherein the rotating clamp rotates about an axis that is

substantially perpendicular to a top surface of the plate.

3. The deck of claim 2 wherein the rotating clamp is spring loaded so as to return to the

closed position when rotational force is not applied.

4. The deck of claim 3 wherein when more than one rotation clamp is provided, the

rotational clamps are operably coupled by a timing belt so that rotation of all rotating clamps
1s coordinated.
5. The deck of claim 1 comprising two catches and two rotating clamps.

6. The deck of claim 1 wherein the rotating clamp comprises an angled ledge that allows

the cassette to be lowered onto the cassette loading area of the plate while the rotating clamps
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controlling 1408 the rate to maintain the cell line at the interface |evel

until the collection cycle volune is reached 1409, at which point the red
cell punp 1305 is turned off 1410 and the fluid path to the treatnent bag
50 via the HCT sensor 1125 is opened by |owering actuator 1244, and stops

when the HCT sensor 1125 detects 1411 red cells. "Collection cycle vol une"
i s def ianeth desetlipesitihnhed plobidts pheamesae drotrabg g raiedifeted tleycatete Dagher of

col | ection v&y | e f or exanpl. e acgnte bl ood process target of 1500 ml may

tggrot S

requi r '8 ¥ ating Jamps ¥ N Breiciosgd positiok of 250 . Wth whol e bl ood
continuing at 1410 to be delivered fromthe patient to the bow and the

red celd pumke &ck.of cREmASKhteiWithd ro@dﬁi%ﬂﬂl&]lﬁﬁﬁls%gtéﬁ' dg’tw&'ﬁ%ﬂe e buffy

coat frominside the bowl 10. The red cells are used to pus the buffy
coat arrdosgdl ppsitipns byepnsumatic eylindbws. ef f | uent hematocrit (HCT) sensor
indicating that the buffy coat has been coll ect ed. [00164] If anot her

cycle i ntrfuel athis 1413 to
tKe pl a%megggg%%%gﬁl&"bﬁ:mﬁg CcQ,mIpf1 &ﬁg‘ei%‘(%e I;:grglg Yo ﬁ'f,l}"étgrs gf% to the
inlet movgbelwdth araispd padiGordtd d loweebdgRksHion AWRerdlvetdnaHe détidtie lwftsaaédl s the
begi nmqﬂgﬂeof the second cycle. If another cycle 1412 is not needed, the

cent ri famethe gassettq koadiag aprfand fresommpessionactuaing ipin thomised dosition.dbagul ant
1 t The effl uent
borh i oherSiol Gty B ofchide.q Adud oftiedidle WHide FRRRLTPRee IS 02" 1 o'el s

set l4brhpaissinb thd poriion oﬁﬂtﬁcimlembim@lnsomhawmg 308 canetiegphot oacti vati on
| anps are turned on 1418 for sufficient period to treat the buffy coat,

cal cul agt ed & i I 1er . endi n? ? t he .vol une and _tg/pe of di sease

bei ng tr eat %"' elcg(? § r‘f‘ﬂgtp B! FEMRIATHN A0S iHidBled cel | punp
1305 is, tur d of f 1420 nd .t he Iasna ag 51 is enptied 1421 by openlng
act uat o~ 1240 dggg of slam furhsgeip ot ls %ﬁoaﬁﬁfot ef?,@l@resqm@ acRIGFSHS SRIRE [oade |

turned sgff 1olidgn mﬂﬁ&sﬂn%ﬁﬁt&ﬁgm@ haik& PAR%T?S n e%Bf?&f: tivat ' on

is conplete 1423, the treated cells are re 424 to t atirent from
the plate 700 b\k{ means of the return punp 1302 Sal ine is used to rinse
t he syshtlem Biridackef elannd0 CPSIPI’IEIUEI thregicamopresséomantiaters that erepipeng hgdede

process 0a uI an from patien and fluid back
o pat R PO g pliteesth bt it R PelRire o lonaiiaa e 't o d
back t ahé theeenpting miade@e@npﬂagmrgimdm’@ areCAlRABE ith ?@rtfdnls befledibGubihbe punps,
1304, 1301, 1302, 1303, and 1305, the actuators 1241, 1242, 1243,

1244, poyun thexagsette fhat apcpnnecied diretly s hpAtiegt-of the bow 10 are al |
controlled by the programmed processor in the tower.

12. The deck of claim 11 wherein the three compression actuators that are spring loaded
are coupled to one another so that movement between the lowered and raised positions for the

three spring loaded compression actuators is coordinated.

13.  The deck of claim 8 wherein at least one of the compression actuator is spring retracted

so as to return the compression actuator to the lowered position when force is not applied.

14.  The deck of claim 13 comprising five compression actuators that are spring retracted
and positioned on the plate so that when a cassette is loaded onto the cassette loading area,
the five compression actuators are aligned with portions of flexible tubing within the cassette

so as to be able to route fluids throughout the kit.

15.  The deck of claim 1 further comprising an air bubble detector adapted to monitor tubes

of the kit that are carrying fluids to and from a patient when the cassette is loaded onto the

cassette loading area.
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51 [001671 The process and rel ated apparatus have significant advantages
over prior processes and apparatus in that the invention allow buffy coat
to be in the bowl |onger since red cells are being drawn off while
collecting buffy coat in the bow while centrifuging, keeping nore buffy
coat in the bow until the desired anount of buffy coat cells are collected

prior t®.wi tihdidesii ofliihel Sehéreiitibélaib hbblc a@kétsr isRaaed ﬁ}ﬁohﬂbfilﬂiﬂ&b!ﬁ es, and
other byffy coat fractions can also be separated, or red cells can be

col | ect E4idp 1n #ndfrom apatient yppn Arair Rubhlobeing dptestedka to the patient as the
illustrated process does. [001681 It has been found that increasing the

time that byhtYeQOstca 84 # | ional notion in centrifuge
bow 10 vyields g "clceaner @B?Mﬁ%&r%?%agg(?'feg%ﬁl?ﬁglc..p&ng)a:f@?cemc@ttﬂc nmeans
t hat t heasirtiedoasiing arex fowdrivingCIAYs theoughcieddsed. HCT% i s the anount of red

bl ood cells present per volune of buffy coat. The anpunt of tinme that buffy

coat 82, i S, Subj,e d to rotational. nption in centrifuge bow 10 can be

o oty 0 HEC e ‘?(gWh%EHﬁ‘éer Perisfallis BT GREPTHCH 3A0IBD DIy sepntado

first bsbshut & RAcnelis; 428udf RBARE A EYY ' b DGkt | sed
s; 42Qudfg RAAAS A Ehi98d Wsu&%ﬂf%cg 5t%%£%8&grrtllgé‘§ggje§8{’6§

above, whole blood 800 is separated into bu oat 10 as
it novenddorming @ltybespusmping vagiondicswesn3bo rotGeandrthie towkd whlnthekotdd0 and t hird
bow c&) in 7;}? re (aﬁoseq aﬁ this ti.%. The infloi/v of ol e blood 800 is
cont i nued RintTg 2t {saat onedrtve Xollex for pipgressivelycompressing.alagpiof ubing agsinshheon of
buf fy camiedBR4ll;neerotdriompsiind Ad1RB A ove SR8 AL dnln AL MLRE cRRkHLT uge
bow 10. By renoving RBICI,‘ipgi 8%0 from cgﬁtri fugegbow{ 1% vgg sgc%ﬁ%ﬁgovﬂ

channel 'pasd frmythe Hange fop displagine thedlopp of wubkgddwhrsithe Aengefpoouhofotathol e

bl ood f 20 i s subjected . tao.rotational

f or ces%gr;@ggat%}?éiﬂfe&dﬁg \é‘g‘rg?‘g g’%f%‘l%%éehgﬂgg LRy BA%%IW@SRP Aues to
rot at e, trabmeedge fonapRBEgand fedingahe My of Mebiig MEPEE it fisifiNg fQfn A get
pul | ed 5o the bottom of centrifuge hbow 10 and away from third bow
channel ‘?’ffﬁoral?fdflﬁﬁ?f?t?fﬂ@dg? fogward drrsgtion:\apd wherin thereilingcadga iehigherohans
opened, the iA8inRWiigy coat 820 that is renmoved has a |ower HCT% By
controlling the Inflow rate of whole blood 800 and the outfl ow rates of
buffy coat 820 and RBC s 810, a steady state can be reached that yields a
buf fy clfat Bhodegkidt clamdSprisxdimtheaiynteo n paristal tiiCiomp] BAM69] The el i mi nati on
of batch processing and the inproved yields achieved by the current

i nvent i¥h, Hhydeckadubin 1tfnshe¢nmatprising atlienetoreic easar for nmniioipg s hybetafeat

pati ent E an average si.ze jﬁult, 90-10Q nil]iliters of buffy

coat/mﬁﬁ?gtg{%gﬁ&c%ﬂg&%@tbﬁg?‘g ¢ BE&der R regrlﬂ]‘&‘l tdlsconduct a full

phot opheresis treatnent. In order to collect this anount of buffy
21.  The deck of claim 20 wherein the hematocrit sensor is adapted to control a peristaltic

pump that drives fluid into the tube that leads into the treatment bag.

22. A system for driving blood fluids through an extracorporeal blood circuit kit

comprising:
a controller

a housing having the deck for receiving and controlling a cassette for directing fluid
flow through the kit;

a centrifuge chamber within the housing; and

an infrared communication port coupled to the controller.
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coat/white blood cells, the present invention needs to process around 1.5
liters of whole blood. The required anmount of buffy coat/white blood cells
can be renoved fromthe 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 at33on Phossem ofitiasinc2dwhereih theififsarabadnintinitaidal poed s a@dpied barvmsan HCT
of 2% or less. In conparison, one existing apparatus, the UVAR XTS, takes
ar ound 69 ‘1’&%‘%‘3&‘%&?‘%‘6‘838 g derpyssession beipg gerfarmgH ondha3ystsan o Mo devidee
sufficient anmount of buffy coat/white blood cells. The UVAR XTS only

R R o L

that are subjected to the separati
coat / wirediatiprodunber pkthe &islin thethedsibg. t he UVAR XTS is around, but not
substantially below, 2% Another existing apparatus, the Cobe SpectraTm by

Ganbr 0,4<Mus 0 liters of ole blood iin order tp . .collect the
suf f i ¢ient 'g%eg{yﬁ@?%?f%adﬁ%i ‘(’:"o%{fnf'\/w\fl\{ﬁg)t%"’}c 8@1%?'1&?%65%@“{%)’ OHFGLt akes
around .50 .. nut es al | i only. 10-15% of the total ampunt of the
buf fy czcj?at 1 TS P& %focgm%ftfémﬁ%a Om%'rsglgs"ﬁ'ﬁfl%‘g?t%‘a‘”t 13 t??}&"%‘é"ﬁ&?’ #9%n process,
and havshagb&n HCT of about 2% Thus, it has been discovered that while
exi sting apparatus and systens require anywhere from 152 to 225 mnutes to

separate, process, treat, and reinfuse the requisite amount of white bl ood
cell's & bl sysieanef claipe2gvhbereintthe lepl deteear eatnprises atdeant twe Usshaped unct i ons
inles 7 i ) i incl ude, t he pat.i ent

or epar S atts! & Wb Swict! QtSod IFPAEECRL hOELH ol EHaed hat ¢ e

pat i entcirceit comeeted exla tezohdendsyfahe tlecth@iet) the teak \db@ttor Soupléd wRRe téntroller. A deck
for driving fluids through an extracorporeal blood circuit kit, the

di sposaple kit includi.n cassette for controlling fluid flow having at

| east ?r%e tﬁESYFW@ (b‘{éj’g? Pﬁ%rl Cﬁ’&?p“é‘"(g@r#ﬁc‘)lb‘iaqt%"rt‘?" ‘H%ﬁ?ﬂ cnbingg Phinbsrcasset te
| oadi ng area; at le .one catch for slidably receiving a corresponding tab
of the “ass et%',SteF‘n‘ZfsciaAF’cﬁ whgeinthelsak degpctonermprsc e atdaash ben U -shgpedhe

casset tc%clr@@éli,ﬁ‘ﬁ)lﬂfﬁzﬁ% smuaﬂ EshRbcted® 4 RlPEADGE (fid BITPr E,%a%%m@gsa en an

open position and a closed position, the rotating clanp positroned on the
pl at e &éifwiteonmectod thesacand end of thoeldetnofesstbajeak detector coupled to the controller.

30.  The system of claim 22 further comprising wheels at or near a bottom of the housing.

31.  The system of claim 22 further comprising means to hang a plurality of fluid bags from

the housing.

32.  The system of claim 22 wherein the centrifuge chamber is in an upper portion of the
housing and the deck is located on a top of a base portion of the housing, the centrifuge

chamber being above the deck.
33.  The system of claim 32 wherein the height of the system is less than about 60 inches.

34.  The system of claim 22 further comprising means to authenticate a unique identifier

associated with the kit, the authentication means coupled to the controller.

35.  The system of claim 34 wherein the means to authenticate is a data card receiving slot

coupled to the controlier.




wherein when the rotating clanp is in the open position, the rotating clanp
does not obstruct the cassette from being renoved fromthe cassette

| oadi ng area; and wherein when the rotating clanp is in the closed position
and the cassette |oaded onto the cassette |oading area, the rotating clanp
prohibits the cassette frombeing renoved from the cassette |oading area.
2. The Heck To¢ systam nf dainh2? Girthet bempriding atrlepse bangonimt RiRsacal®HonaRe axi s

t hat isd F(u.gstanti al.a?fergreqﬁgiéﬁl ar to a top surface of the plate. 3. The
deck of “ErarirYIRiTET et Pled fEroxe Behyerk a sasadmesiticadad adewersdt o ret urn
to the pihRRCWheeR Whnh¥BRBetfeqt AaiodBhtolaWaG@rrk aﬂﬁ% #OPAddGfe 4. The deck
of claim3 wherein when nore than one rotation clang 1's provided, the

rot at i off@rpressimpstuatos iipdhatslisgd posipibw dhdgomapressitmag et rtwitloctlndé apoftiii on of

al | rotagtd C s .d.s coordinated. 5. .The deck of _claim1l conprising two
catch es&taﬂr? 8 ﬁ’tl%]%?%t%'tﬁflﬂ SRS _%y SOTPIFSSIA8 F1E RrtiQn of fiﬁ"%’l%&"& 3ganska

rot at i ngueing P tlewaettses an angl ed | edge that allows the cassette to be

| owered onto the cassette | oading area of the plate while the rotating
clamps 54 are in closed position and prohibits the cassette from being

rai sed ¥ omfbhgysteas alelaion 25 whersin the deck comamisethe platst lkavingp issetedoatdieg i n t he

I d it .00, | al in t tati I [
ot at od Barwsen e B A oo BBl SR P B R BB e FadT < e

The deglositioned an thelpldte adjbent rahprasséttdoading 8Ra1 at0tt SRITRERRE cRIlRCt uat or
adapted to.  nove between a raised position and a | owered position, wherein
when t Hatableshatween an qngg pagition apdia elrecdppsition; te refating gl ampeagsisinned orethe

conpr essie Adiasdn &) BE chef J,S L EEeSSi ct uat or
W odeauatinl B chSetondie bita” FhuRRl ARl riuifhe AAERITRIAD Do
conpr espositignt the rgsating damp tlods rext bbétmict thisicagete romsteig feaisved froaf the he
cassette, erein the nunber of conpression

ﬁ.lTPe deck o ﬁlaimSH\Qfﬂ [

act uat SPECTE logpigarea; and wherelorhiendhc [qtating glamp & @ithe clpsqdpositiogad ge t he
conpr es@absefie RRHLBSRD $hd dusERE 16 LALE the B ion
actuator t oet he rai sed pgsi ti on1 en fc?r ceti g“ﬁ“‘%%ﬂ‘g‘%g{b?é%%f%g&%@ﬁgeck of
cl ai m toingoameves Memithg eassetisipadingiron actuators that are spring | oaded and

positioned on the plate so that when a cassette is |oaded onto the cassette

o e pORET A svabhtpl e B i AAGEh SPORKESHLA by BhaPiE © T anec
comprisug:

a controller;

a base portion having a top having a deck for receiving and controlling a cassette for

directing fluid flow through the kit;
an upper portion atop the top; and
a centrifuge chamber within the upper portion.

39.  The system of claim 38 further comprising a photoactivation chamber in the base

portion for receiving an irradiation chamber of the kit.

40.  The system of claim 39 wherein the photoactivation chamber is vertically oriented and

has a leak detector in the photoactivation chamber.




within the cassette that are connected directly to a patient. 12. The deck
of claim 1l wherein the three conpression actuators that are spring | oaded
are coupled to one another so that novenent between the | owered and raised
positions for the three spring |oaded conpression actuators is
coordi nated. 13. The deck of claim8 wherein at |east one of the
conpr es4l. onThc systeno of ¢lging 40 imhgreirethe dmkeldtectn camiptisestebW-shdpbe cROHBIeSS Si ON

actuat oyt r ed |t| force is not applied. 14. The deck of
clai m 1%8° r#)ar‘? %wﬁ'é\f:“fqn{}%cp fg@%‘\f,}@r?r}é]&fi elegtendss.iand an é.'?tég@ﬁﬁfilcﬁgmﬁ et ract ed
and poxdnhgutaﬂmqinse&m @Jda;f%esgc&}bﬁgs_v\hen a cassette is | oaded onto the
cassette loading area, the five conpression actuators are aligned with
portions of flexible tubi néJ within the cassette so as to be able to route
f1 ui ds 4%r odkBhexsters peclyim 38 fisthemepmprising ofeak delieototLinf the térerifugewhambérng an
air bubble detector adapted to nonitor tubes of the kit that are carrying

fluids a 1| assette is ad onto the . cassette
| oadi ng43glr egge é’é&%gf @%H %&Emﬁ%% ?ﬁ%%(n% C%%?@Pﬂsclsﬁ‘goiﬁ?haﬁﬁ‘ﬁﬁlf% rofitect or

i s adapt sdidtsaitgsvaitdhionnédta@inoaffirstfdndiot thel ddectidded, afdRirdedrhed birtlRon an air
bubbl e bei ng detected. I T The deck of claim 1 further conprising at |east
one per‘i%?%ﬂ‘iqt@aps&?ﬂi‘da“d‘fié’ééhﬁe?%mﬁ% cassette | oading area for driving
fluids through the kit. 18. The deck of claim 17 wherein the peristaltic
punp compr i $RSsyRtenPbOilainP iR Atk tHPHElgfr'ldof tﬁ‘?%g[erﬁlsrl&ts% rﬁﬁﬂoﬁi ?@in@ﬁ’&s' N9

havi ng a curved wal | surroundi ng at ast a portion of the rotor ‘and
formng a tube punpi gf.regl on between the rotor and the curved wall; the
rotor “Bonprhesysigmef dleiasid bmbetidmpising dtdeast ore periogitesminvefoy dheimgr essi ng a

| oop of !ﬂﬁh the. . curved r.ot or conprising a flange
above t%&é ous ﬁg?éaﬂgt[%npegﬁbaﬁ&pu&ﬁsggcaé%%ﬁf upward fromthe flange for
di splacing the |l oop of tubing toward the flange upon the rotor being

rot at edt n Ehé opswar of daie43 whereint the péristage phap icompAgesReRir idabliyh a | eadi ng
edge and a trallln edge for capturing and feeding the | oop of 'tubing into

the tudBOPEAANRY! 3 fcﬂ*‘%ﬁ&ﬁuf‘l{‘%\ vigg pFumed wall suiraunsing at leasea portigaof
directi di edge.
D N U o i L A L

20. Theodweikingfat blaalqmr: rive rallee for povgredsibichgcampressiigacCiobp of aibiy aghiiist the

moni t orci p‘% a aglul&ﬁ t he kit tﬂhat Ibeadsh to a treatnment bag for the

or esend | fi Wall; the rotor comprising a tlange above the housing and an angled gulde extending
upward from the flange for displacing the loop of tubing toward the flange upon the rotor
being rotated in a forward direction; the flange having an opening with a leading edge and a
trailing edge for capturing and feeding the loop of tubing into the tube pumping region upon
the rotor being rotated in the forward direction; and wherein the trailing edge is higher than

the leading edge.

47.  The system of claim 38 further comprising one or more catches for receiving a tab of

the cassette, and one or more rotating clamps for engaging and securing the cassette to the
deck.

48.  The system of claim 38 further comprising an infrared communication port adapted to

transmit real time data relating to a therapy session being performed on the system to a

remote device.
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21. The deck of claim 20 wherein the hematocrit sensor is adapted to
control a peristaltic punp that drives fluid into the tube that |leads into
the treatnment bag. 22. A systemfor driving blood fluids through an
extracorporeal blood circuit kit conprising: a controller a housing having
the deck for receiving and controlling a cassette for directing fluid flow
t hr ought% heTheé system afrlsim 3&ifpethehauniyetsing 4 plurmlithel duonjstRn @AAGH fdnf r ar ed
conmuni (iati or. ﬁogltr cougl ed to tae controller. 56 23. The system of claim 22
wher ei f1958 91 flpid nassage xSt dhg kib Ry peypprepsing,gnortion flegible whe againstaeal time
dat a qu@ﬁhggfg@(ﬁmkngrapy session being performed on the systemto a
renote device. 24. The systemof claim22 further conprising a

phot oactivati on chanber for receiving an irradiation chanber of the kit in
t he hou¥k ngThosystemhe! dgint Iugtherdomprisig meees ¢6 mthéreicplect waque idadtifen chanber
is vertjicall ri ent.ed 26. The. system of claim 24 further conprising a

| eak deatsgogf%ér/d "lglr%h ?ﬁek‘bﬁt?t%ﬁ’fml?ﬁi‘f’%?f*a“%ﬁ%%“é‘lﬁ?t =0 Bersyst em of claim 26
wherein the | eak detector conprises at |east two U-shaped electrodes, a
sol i d silat eTherysein cfuliaCcIEahéreinahé nesis BAdIHRAtIdHEIs @l REd ¢pd Reivapdian
integrated circuit connected to a second end of the el ectrodes, the |eak
det ectg cogpl ed to the controller. 28. The system of claim22 further
conpri s¥ng 4 SYesk faediivng plopd Hukis theengh an exjeacerparasbblood pocuitrkié syst em of
clai m Z3mpehgi N the | eak detector conprises at |east two U shaped

el ectrodes, a“solid state switch connected to a first end of the

el ectrodes, and an integrated circuit connected to a second end of the

el ect r odes, adestrpkerk det ector coupled to the controller. 30. The system of
claim?22 further conprising wheels at or near a bottom of the housing. 31.

Th tem gf, cl ai furth i Si ta h lurality of
f1ui o bage. Frias et stk A% wSReRR g RoBRARR P B SRl ot

cent ri foagerne fanirectingsihiio flow tippeh trakit;i on of the housing and the deck is
| ocated on a top of a base portion of the housing, the centrifuge chanber
bei ng above the deck., 33. The system of claim 32 wherein the height of the
systemis | d8YPPFHAPTUHLAEP B tomewtse:

a centrifuge chamber within the upper portion.

a photoactivation chamber for receiving an irradiation chamber of the kit, the

photoactivation vertically oriented and located in the base portion below the deck;

a first leak detector in the photoactivation chamber and a second leak detector in the

centrifuge chamber;
wherein a height of the system is less than about 60 inches;
five peristaltic pumps for driving fluid flow through the kit on the deck;

one or more catches for receiving a corresponding tab of the cassette, and one or more

rotating clamps for engaging and securing the cassette to the deck;

a plurality of compression actuators for closing off fluid passageways of the kit by

compressing a portion flexible tube;

means to hang a plurality of fluid bags;
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34. The system of claim 22 further conprising neans to authenticate a
unique identifier associated wth the kit, the authentication neans
coupled to the controller. 35. The system of claim34 wherein the nmeans to
authenticate is a data card receiving slot coupled to the controller. 57
36. The systemof claim22 further conprising at |east one conpression

act uat or on meass iejewhkentichie agwigueddaitibnr associaed wikidhpkisdhe suthentwaien ween a

rai sed positio a |l ed .position, wherein when the cassette is

| oaded %ﬁ?@cgmggiggP?gmﬁgﬁ%Fﬁﬂdarea and the conpression actuator is in the
rai sed position, the conpression actuator will occlude a portion of
flexible tuhmngﬁmkahbmmﬁmgmgaﬁﬁgﬁte by conpressing the portion of flexible
tubi ng agai nst a housing of the cassette. 37. The system of claim 22
wherein_the deck conprises a plate having a cassette | oading area; at

| east ofe cANERPAANS PIMBHHNG a Casselie fon goniiliing Beopunent 9§ blosd apd s¢meatedsset t e,

t he cat p&ﬁ%}.j e e adjacent to the cassette |oading area;
at Ieas@g%dne r tg{?t:g’ﬁtgeg%gnt% Co?ljlc}?g'?lgﬁl e between an open position and a

cl osed posi td @gid pldsdc hodsidg;ng cl anp positioned on the plate adjacent to

t he cassette_I| gadi ng area,; erein en the rotating clanp is in the open
posi tion, tk@’ﬁﬂﬁ?&{h"ﬂ%‘)@"éﬁ\éﬂ'&%’é‘t ﬁ%egﬁ'égﬂrfﬁjct the cassette from being
renoved fromdhge nfifns RBpS AR infd) Vil a6l B Jf iR Hkidk! ng
clamp is inrﬁiﬁgﬂgltosed&%%@%‘?onbané t@mcéss}et e | oaded onto the Cassette
| oadi ng ar eaat kaseonectetiomgf flexébiptube ehithin ths hbheng egwetd en dbnwsile bsthag renoved

cassette |l o stem for dri %&hbl ood fl uids

fromthe ing area. 38. A s

t hr ougHiRIng 3b (i4E B e BN Ste BRI FXRPE CotGprr s heh RERUFOHI or 1 a
base p%&h@@om&iago@dtseaida%ﬂql@ex 664 siRr receiving and controlling a
cassette for directing fluid flow through the kit; an upper portion atop
the top; and a centrifuge chanber wthin the upper portion. 39. The system
of claim 38 further conprising a photoactivation chanber in the base
portiongfor i vin irradiation ch e f t.h it .. The system of
C1 a1 m 35 whdPE AR R lelh 33 B bk 3RuBNARE e RouGlE pdlloq apeedf S 5ng
has a | akiodeifeied ¢xible tidee. phot oacti vati on chanber.

55. The apparatus of claim 53 wherein hub is adapted to connect five sections of flexible

tubes.

56. The apparatus of claim 53 wherein the side of the housing where the flexible tube is
exposed comprises apertures through which pressure can be exerted, and the housing has an
opposing side adapted to resist the exerted pressure so as to close off the section of tubing

between the aperture and the opposing side of the housing and thereby prevent fluid flow.

57. The apparatus of claim 53 wherein the housing has an opposing side which comprises

at least one molded occluder bar which transverses the exposed section of flexible tube.

58.  The apparatus of claim 53 wherein the rigid plastic housing has a top section and a
bottom section which together form an internal space, the bottom section comprising at least

one aperture for accessing the at least one exposed flexible tube section.
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58 41. The system of claim40 wherein the | eak detector conprises two
U-shaped el ectrodes, a solid state switch connected to a first end of the
el ectrodes, and an integrated circuit connected to a second end of the

el ectrodes. 42. The systemof claim38 further conprising a | eak detector
in the centrifuge chanber. 43. The system of claim42 wherein the |eak

det ect d9. cofiii appesatesml claimfededing fewttnballeeps amsl Sohpaftusesat e swi t ch connect ed
to s first end of the electrodes, and an integrated circuit connected to a
second end of the electrodes. 44. The system of claim 38 wherein the height
of the systemis |ess than about 60 inches. 45. The system of claim 38
furthergocomphd shpasatd of Bt 5300RrOiA thShelstighal dibp éefioflkhd/ Béttorh kébtida
through the kit, the peristaltic punps |ocated on the deck. 46. The system
of cl aiwhialstoghtheeformtandnigenal spage.tthe bestam sessinp cPHRESIAL poleadt ope ppara for
nount ed. about rotor, axi.s; housi ng. havj e kng at

| east aacﬁﬁfs"t“igéﬁe P Os?dh@exr'@f' Buﬁ)easgcglopg’%ﬁl%ag Q&tnﬁ%g&ipécrgpldr%gt’%re%#igégﬁgg \i;veen t he
rotor ahetdpectich facitlg W ihteridl epdcotafd opSRBPLd i Aferfire,|thasissarerddpied & r ol | er
for progressively conpressing a | oop of tubing against the curved wall;

t he rotallowcasignst @enactpater tmggcta‘{f@o@lomw@ff Haidilon imhg cxposs sedngdi de

ext ending . - | a el i f 1 t oward
the. 11 ANt BATE SRS g e fo PR bRE flonph 3E' et G i Bldd * 1S G
havi ng aghdpetdirng with a | eading edge and a trailing edge for capturing
and feeding the loop of tubing into the tube punping region upon the rotor
being rotated in the forward direction; and wherein the trailing edge is

hi gher than the | eading edge. 47. The system of claim 38 further

conpri sgng gpe a;Sa}{ara[mg & GALCSER a fiR&Sh Yhufcdhékicion WinEa0aseehd €, and

one or nore rotating clanps forvi ngagi ng and securing the cassette to the
deck. Afexiflheuteystem of claim 38 further conprising an infrared

comuni cation port adapted to transmt real tine data relating to a

t herapy session being perforned on the systemto a renpte device. 59 49.
The system of claim 38 further conprising a plurality of conpression

act uat 063 f The app@RLNGF Mifn 53 RivihgPAR SpGRMEYIA U bdtven Kdctiob)ycoer@spundRgi ng a
portion flexible tube against a housing of the cassette. .
molded ridges in the top section opposed to the apertures, and at least one section of flexible
tubing between each aperture and each molded ridge; five tube loops; and a hub adapted to

connect five sections of tube.

63. The apparatus of claim 53 wherein the cassette comprises a recordable smartcard on

which are electronically recorded identification data.

64. A method of making a cassette for controlling movement of blood during a blood

separation session comprising
molding a rigid plastic top section with ridges on an underside;
molding a rigid plastic bottom section with apertures and flexible tube guides;

routing flexible tube through guides in the bottom section so that sections of tube

traverse the ridges; and



50. The system of claim 38 further conprising neans to authenticate a
unique identifier associated wth the kit, the authentication neans
coupled to the controller. 51. The system of claim50 wherein the nmeans to
authenticate is a data card receiving slot. 52. A systemfor driving blood
fluids through an extracorporeal blood circuit kit conprising: a

control |l er; atablasgtheaop amhbdieom sagtiang sophstithé scdohawavegsing the cidgéoarer ecei vi ng
and controllig cassette for directing fluid flow through the kit; an
upper goPPsedd ng%}FHEB?UﬁSsurface; a centrifuge chanber within the upper
portion. a photoactivation chanber for receiving an irradiation chanber of
the kitgs t hgpe Hféﬂioﬁ%%laﬁﬁ%h(fﬁhh/e@fiﬁdl&cﬁﬂaé MoRlihERhEE irihe tépPfedli@fladdy the base
portion below the deck; a first |leak detector in the photoactivation
chanberataphing flexiblridbe ssgkionctodls d. i n t he centrifuge chanmber; wherein a
hei ght of the systen1is | ess than about 60 inches; five peristaltic punps
for driying |UI thr ugh_ t.h ) ches for
recei w%dg aﬁéor © espon ng te{%'er?m ﬁ}?li)oho% [E{fc?n gp 59&%[1%13 ﬂ&cﬁecf:%g ating

cl anps ¢§n@p fiefigagi ng and securing the cassette to t he deck, a plurality of
conpression actuators for closing off fluid passageways of the kit by
conpressing a portion flexible tube; nmeans to hang a plurality of fluid

bags; 6 nedrecthed aﬁmﬁlélﬁg.a@a§56tt%1fq§ﬁpef&éhnawwwrof&&%&népé&rﬁum the kit,
the aut henbis ﬁ?gtrh&'amggagﬁgl%ﬁ%g% hded ﬁl&bu‘icé;ﬁ ﬁ&@%tﬁh%ﬁ{ the A e'r% Fif &d

conmuni cat't on “port . ar atus I Si ng cassett or controlling
novV e menleasy ondka@tdn aﬁnhbizgpaemoaeﬁ arfa mﬂatcﬂmqbﬁnwrthmugh e seas@etdneeconpri si ng

a rigi | astj ¢ housin fl | e tube |ogps extending out of the housing;
f1 exi bl%"IO OBtPI‘i%“'F‘“gH tu EB‘@ o hegxgp dr‘?t o, within, and out from of
the housing; at |east one section of flexible tube within the housi ng
exposeds®dn AGapphidlis @bmbASing a cassette according to claim 1, a centrifuge bowl for

separating the components of a fluid, and at least three flexible tubes between the bowl and

the cassette, the bowl comprising

an outer housing, a core connected with said outer housing for rotation therewith; a
lower plate; a lumen positioned inside said core extending axially through said core; a first
bowl channel within said lumen to said top surface of said lower plate for inflowing said
fluid;

a second bowl channel from within said separation volume beneath said lower plate
for removing a first separated fluid component, and

a third bowl channel from said separation volume above said lower plate for removing
a second separated fluid component;
the tubing comprising

a first flexible tube for inflowing whole blood from the cassette through the first bowl
channel to the core of the bowl;

a second flexible tube for removing separated buffy coat or plasma from the bowl to
the cassette; and

a third flexible tube for carrying separated red blood cells from the separation volume

above the lower plate to the cassette.



housing so that fluid flow through the exposed section can be prevented
when pressure is exerted on the exposed section fromthe exposed side. 54.
The apparatus of claim53 having a hub within the housing adapted to
connect sections of the flexible tubes. 55. The apparatus of claim 53
wherein hub is adapted to connect five sections of flexible tubes. 56. The
appar atégs ofThe hpparatdsofidiemed8futther intldeingfan imadifttunsihambehieavéng dfirst pexxi bl e
tube is exposed conprises apertures through which pressure can be exerted,
and thémﬁékEW?ﬂglﬁﬁe an opposing side adapted to resist the exerted

pressure so aperture and
t he opposi ngﬁZl g@ﬁﬁ %lgﬁgg&# ﬂﬁmﬁé%g%gé%\%gr%?@ ?%?@TW@\% 57. The
apparahuadmﬁombhmMmﬁS wherei n the housing has an opposi ng si de which

conpri ses st one nol ded, ogcl uder_ bar nsver t he exposed
Cochi on of 14 BSATBR e GECarETE i foat BPmdpeTaBRORABREe (HE &1 g1 d
pl asti g bQusi ng has a top section and a bottonlsectlon whi ch together form
an internal space, the bottom section conprising at |east one aperture for
accessing the at | east one exposed flexible tube section. 61 59. The
apparatus of claimb53 having five tube Ioops and si X apertures 60. The

I 53 h b
oot on0- i eftsips o BT kO PR SRR BB ARRER g0 O

Conpri Sindth REoddgst; one aperture for acceSS|ng t he exposed fl exible tube

sections, at |east one nolded occluder bar on the side of the top section
faci ng the i nfleiblgtubefae earariee biffoeed from the sasapts tothefirst pert 8hset t e adapt ed
to all P°$ pephe actuator to selectively close off fluid flowin the
exposed et on 1exi ble tubing by pressing the flexible tubing through

the aperturea ﬂmdblegﬁberfst cdrhéngivtadinkd gty dodefroiahe irfalliatibhehamppartathes of
claim53 having a filter in fluid communication wwth at |east one flexible
tube. 6@S5¢HRe apparatus of clai m 53 having six apertures in the bottom

section, cor Wzﬁ d ad,g@ § Wi S§ &gﬂgaagcgngthe
apertures, dﬁg at gﬁg?mgﬁéqgegglon gﬁh?pégf % ﬁgt E$ etmeen each
aperturawhndymaahommhd&dehaﬂggaJﬁmmEUMmbmyBonpmuﬁmpmpmnﬁuboéﬂmmﬂed to

connect fi.ve sectjons of .tu 3. Theg%% par.at us of c re| t he

casset t RAEE0RS 888 SEo BB 1nE & AT GO N  seoond suffafe, Sid Sedohd sihee

having a raised boundary surrounding a plurality of raised partitions; wherein the second
surface of said rigid first plate is contacted with second surface of said rigid second plate
thereby forming a chamber; said chamber defined by the raised boundary surrounding the
plurality of raised partitions which extend from said second surface of said first plate and said
second surface of said second plate, wherein a plurality of channels are formed by said

partition providing fluid communication with the first port and second port.

71.  An apparatus comprising a disposable kit, the kit comprising
a cassette according to claim 53;
a saline bag inlet tube;
a treatment bag;

a plasma collection bag having an inlet tube for flowing plasma from the cassette and

an outlet tube for flowing plasma to the cassette;
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which are electronically recorded identification data. 64. A nethod of
maki ng a cassette for controlling novenent of blood during a bl ood
separation session conprising nolding a rigid plastic top section with
ridges on an underside; nolding a rigid plastic bottom section with
apertures and flexible tube guides; routing flexible tube through guides

i n the bott omaecoigoians midtmatte foeflowmgsantfodgulaat totthavesae;t he ri dges; and 62
attaching the top and bottom sections so that the sections traversing the
ridges are ed t h the a ertures 5..The t hod of claim64

fur ther 1 ol g anet tHaqbeabsiRe B e dr Bdvinedmrre BoRat et exi bl o
tube  seglii MRuitQubOEor MeRinSBradl BElE agbta;thglcassmt@zl wherei n the bottom
section and top section are attached snap fitting. 67. A method of
making a cassette for controlling nnvenent of bl ood and other fluids

conpri si ng rmseamgombwlghﬂmm thkst f@eﬂowm@lzip‘p@torthemmr@owbamgeﬁ andtahe t ube
hol der ast one expose d.so that fluid
Frow ¢ HEGUBRO e e eBRihe Rfrbaibof Bodhokt Rofnt SRR R A8 b ng 1 rom

t he exposed side. 68. An apparatus conpr|S|ng a cassette according to claim
1, a centri fragmshowithiiai blseparomtd picht®ngenRgranbs fw@ifloavifg blodd tamd at

| east three flexible tubes between the bowl and the cassette, the bow
conpr i s$a5tFiE ANG fears 95 GeRneEtinga Besdls: abthnect ed with said outer housing for
rotation therewith; a lower plate; a |unen positioned inside said core

ext endi ng axhalls¥o %BWC%OEQ{OQh V\Eatfe'nf SSmprieyY a BB AR thWch{lkfle Sai d

| umen to said top surface of said pl ate for inflomng said fluid;, a
second bow channel fromwthin sald separation vol ume beneath said | ower
plate for renoving a first separated fluid conponent, and a third bow
channel from said separation volunme above said lower plate for removing a

second PP TR s U BT P g 1
tower, the tower comprising

a controller;

peristaltic pumps having peristaltic pump heads adapted to engage the pump loops of
the cassette and to selectively pump fluid through the pump loops at the command of the
controller;

a deck adapted to engage the cassette and having means to selectively exert pressure
on each section of flexible tube through each aperture of the cassette under command of the
controller;

a centrifuge chamber adapted to rotate the separation bow! at the command of the
controller; and

a photoactivation cavity for receiving the irradiation chamber, the irradiation cavity

having means to irradiate fluid in the irradiation chamber at the command of the controller.

73.  The apparatus of claim 71 wherein the UV irradiation cavity is substantially vertical so
that the UV chamber, when inserted in the UV irradiation cavity, has an inlet at the top and

an outlet at the bottom of the UV chamber.



channel to the core of the bow; a second flexible tube for renoving

separated buffy coat or plasma fromthe bow to the cassette; and a third

flexible tube for carrying separated red blood cells fromthe separation

vol une above the lower plate to the cassette. 63 69. The apparatus of

claim68 further including an irradiation chanber having a first port and

a second. pofFhe appafatusxifislaamt il bthefrowerdmving sngpdutsf foy hangatg the ealieltagcassette to
of .t he di ation chanber; a flexible tube for carrying

the first '
irread: gf%ﬁ%’[‘lh%}%%ﬁlaqaégﬂ%taﬂgc‘?%P%f & on chanber to the ' cassette. 70.

The apparatus of claim68 further including an irradiation chanber having a
first port and a second port; a flexible tube for carrying buffy coat from
the cassette to the first port of the irradiation chanber; a flexible tube
for caryi n§he snpatatustl ¢labmfflywhesein from the irradi ati on chanber to the

yi ngi semRcdeldmrfiyivgs from the irradistion chamber to the
Corface ana e SRR O pERRTRE aREHE oftulo Pl SNk bR Pl orinaar

sur r ourritigegoppopéditoahé hper@fest aidsed partitions; a rigid second plate having
a first surface and a_second surface, said second surface having a raised
boundary surhéotongr ey Byesogespandinggrunmphesdsianshiive edreespendigemedns tehe second

sur f ace.Rf; '%(géfg%ghgeitﬁﬁ)&gﬁhﬁtﬁsgeﬁe(‘;@%@%&ed w th second surface of said

rigid second P ere ormng a er; said chanber defined by the
rai sed boundary surrounding the plurality of raised partitions which
extend from said second surface of said first plate and said second

surface, of said secon . ate, wherein.a plurality of channels are fornmed by
said gért if‘?eo?PPmﬂB{FiOgicﬁagmﬁﬁd}aam& i eRinedAr bk Do o gfpmp@ﬁqpaf&’rm
second (§Qrent Mdans ﬂﬂm@l&@@é@é,%x&%bin?fﬂﬂniﬁ %oi,@gﬁ@hioﬁs Egﬁl rigiﬂgaéf' t
conprising a cassette according to clai m%S; a saline as Infet tube; a
t r eat maRticgsgytant pump loop, a whole blood pump loop, a return to patient pump loop, a red

blood pump loop, and a buffy coat recirculation pump loop, and flexible tubing for return of

blood fractions and treated buffy coat back to the patient.

77.  The apparatus of claim 71 wherein the cassette comprises a recordable, removable
smartcard having electronically stored unique identification information and the tower
comprises a smartcard reader-writer module, and means for receiving the smartcard in the
module, reading the unique identification information to verify compatibility, and means for

recording data to the smartcard during a blood treatment or separation session.

78. A photopheresis method comprising:
providing a disposable kit and a non-disposable tower according to claim 71;
withdrawing whole blood from a patient;
adding anticoagulant to form a mixture;
pumping the whole blood-anticoagulant mixture through the cassette to the centrifuge
separation bowl;
operating the separation bowl until air in the bowl is displaced into the plasma bag;
collecting separated plasma in the plasma bag while continuing to pump the mixture

into the bowl;

mixing plasma with priming fluid;
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a plasma col |l ection bag having an inlet tube for flowi ng plasma fromthe
cassette and an outlet tube for flowng plasma to the cassette; 64 an
anticoagul ant inlet tube for flowi ng anticoagulant to the cassette; an

i rradi ati on chanber having an inlet tube for flowing buffy coat fromthe
cassette and an outlet tube for flowng irradiated buffy coat to the
cassette; a wbpnastleded fowintpfpianma tnmlltctbe, tmenih plakimg tdihe pdtiém at he

ti mh d at | east t ub f 1 owi te bl ood
7 aqrentan P aROrDE 1Peln R Hug BOREEH FedciF e MUt BTIOBROrT om &
patient conpikiifadisy tdaR1l afd phAMinpdt bkl%lé c&(ﬁjlr(%lﬂ:ﬁ soﬁe%éﬁaﬁ&iﬁ&fé BEaqp for

connecting a needle; and means to return bl oo ractions to the patient
conpr i slingatghe sepsorfinisrfacelevedassette. 72. An apparatus conprising a

di sposabl e kit .acgording to cl.aim 7] an non- di sposabl e tower, the tower
conpri si ng atcont ﬁjglwlwa%'éfeﬁsbﬁ%ﬁ‘iebs &d‘%ﬂ@aww t%e?‘?%‘{‘%\?‘ilfeetl?}hhﬁ #ads
adapt edrénemiigdRgdRd bieodueTRpla0MRA tniRiure fotBe parpette and to selectively punp
fluid through the punp | oops at the command of the controller; a deck

adapt ed to etlga§iectedding sertimungtaumpvimie hivad dnto shestdvaowhilesdiscossiewing
pressureg;. I f. flexible. tube through ch aperture. of. the
casset t g’“ﬂ%‘é‘rr&g%#ﬁg@d} ! d‘!\;| m@ r]?(laOOchSH?’rt@?rf’t@'r ?augmgglhe[gﬁepﬁ%gi c(?ﬁﬁffb@‘}sgz%&ﬁt ed to

rotate tdueoswefakiebowipasoht s@isoit ine> he BIEH dostfcoll&RionBABLHEI 4 lsctéindunt
phot oact i Vﬁt ion cavity for receiving the irradiati on chanber, the

i rradi atSi’6He¢eity having means to irradiate fluid in the irradiation

chamber al e RTRRLoALerbhSe SR bk bilen rdhioBREIRBAIL Bl Qlensl 2 71

wherein the UV Ir ati1on cavi Ver 0 hat the WV
chanber, whemjdctisg phatdadtivatidrechdvhical i itat budfy @avint thie b cédl coNéction dhgt he
top and an outlet. at the bottomof the W chanber. 65 74. The apparatus of
claim71, t h@cﬁ)‘aﬂfnm YfPAkRRipesn e e ecH&ﬂg?&@“‘%Wé iggdiption ¢hamber.t r eat nent

bag, plasma %ﬁiatiﬁ@%%fy%ﬁ%lﬁ@hﬁﬁﬁonZﬁamﬂg}%ﬂﬁ@}@éi%ﬂ%ngf claim71l

wher ei n
pumping the irradiated buffy coat from the irradiation chamber;

pumping irradiated buffy coat from the collection bag through a filter in the cassette

and then back to the patient;

rinsing the disposable kit with saline and returning the rinse solution to the patient.
79. A method of collecting a desired blood component comprising:

providing a separator having an inlet, a first outlet, and a second outlet;

drawing whole blood from a source;

adding an anticoagulant fluid to the whole blood in a predetermined ratio to form a

mixture of whole blood and anticoagulant fluid;

pumping the mixture of whole blood and anticoagulant fluid into the separator via the

inlet at a selected inlet rate;
separating the mixture into blood components of different densities;

withdrawing plasma and red blood cells from the separator while continuing to pump

the mixture of whole blood and anticoagulant fluid into the separator, the plasma and red
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the cassette has five punp | oops and five apertures and five correspondi ng
nol ded ridges opposed to the apertures; and the tower has five
correspondi ng punp heads and five correspondi ng neans to selectively exert
pressure through the cassette apertures. 76. The apparatus of claim71
havi ng fl exi ble tubing for whole blood flow fromthe patient to a vent
nmeans i blodcheells dsing tithdrdweatiritesd asxongilll @p Huffy cb@dpshe deP@ralop QRS pReRRT i Si Ng
an anti coagul ant pu | oop, ,a whol e bl ood punp loop, a return to patient
punp | J&iPe I“I“EEIW“ B}acr}ga fiph Rptigt 9B theggd blood Gels beippmpithdrapinaia teiseepndurm

| oop, afflief.lafei bl e tubing for return of blood fractions and treated buffy
coat back to the patient. 77. The apparatus of claim 71 wherein the
cassette conprises a recordable, renovable snmartcard having electronically
stored uni qugpondentdefdrmated amaunt offbndifyl coat Enllingwep inahe sepacosmeolietngthe
snartﬁaégqread r-witer nodule, and neans for receiving the smartcard in

t he R RN A89%ni que identification information to verify
conpatibility, and neans for recording data to the smartcard during a

bl ood_tgoeat TR inefiod HE BRITA YD Ghef® ficQRbp of Solléinb MORUTEY &t Brofiethbod _
conpri si ng: prOV|d|ng a di sposable kit and a non-di sposabl e tower according

t o cl aiS&PIItOr CHNPIES A oninung the witbduwial ofmed bpdicels froptiie sepoadbidsagul ant
to for ' ; | t 0 | gpd-anti.c ul ant m xture through
t he ca&%?@eé%"gfngﬁheeo%g%;l&rﬁ%fcﬁgngﬁue%g}egtfuﬁp ncoggwt;o?ﬁ'gfeﬁcg?ria}% Vi eg—lé aration

bow urdutlet.air in the bow is displaced into the plasma bag; collecting

separated plasma in the plasnma bag while continuing to punp the m xture
into t bow ; m xing pla ith primng fluid; 66 when a sel ected anount
of pla iﬂ‘%@?‘rhé‘eto Bl,a“Pgagﬁ'r\meﬁ@%P%\%‘Pr&c?l@cﬁlﬁ%“ﬁdﬁﬂ@ﬁ%“"&buﬁfhéoatsla?re rate
as i ncqpafifentBes € bl ood until red blood cells are detected at a bow
sensor; wthdrawi ng red cells and punping at a speed controlled so as to
maintain the red cell line at the sensor interface |level; mxing the

Wi t hdr &88n r Eae iediod of elaing 8Q/furthep kerpmsifg discartimujpigabereolteotihg of budfy dmy and

returni i RS biosd ol aSElibd iPAP SR MhehRaR, dodnddisa R3hE BRY butler.

83.  The method of claim 79 wherein the step of withdrawing plasma and red blood cells
from the separator comprises: withdrawing only the plasma from the separator via the first
outlet until a predetermined amount of red blood cells are detected in the separator; and upon
the predetermined amount of red blood cells being detected in the separator, withdrawing red
blood cells from the separator at a rate so as to maintain the amount of red blood cells present

in the separator at approximately the predetermined amount.

84.  The method of claim 83 wherein the predetermined amount of red blood cells is

detected using a hematocrit sensor.

85.  The method of claim 79 further comprising: collecting the withdrawn plasma in a
plasma storage bag; mixing the withdrawn plasma with a priming fluid; and upon a selected
amount of plasma being collected in the plasma storage bag, returning the mixture of plasma

and priming fluid to the source.

86. The method of claim 85 further comprising mixing the withdrawn red blood cells with

the plasma and priming fluid mixture from the plasma collection bag and returning the red
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at a selected tinme, continuing to punp whole blood into the bow while

di scontinuing wthdrawi ng and punping red blood cells, thereby causing the
red blood cells to push buffy coat out of the bow past the sensor into
the buffy coat collection bag until a selected anount is collected,

di scontinuing collection of buffy coat when red bl ood cells have been

det ect &§lood deilk i | i 1 ihto the buftfy coat in the
bty coaoes S PRERGrNGE PR bt 87 ERE R (% SO Demlebe i w1 1 ect i on
bag andnleheté.rradi ati on chanber; irradiating the buffy coat in the

irradi ation chanber while recirculating; punping the irradi ated buffy coat

fromt ireadi ation.chamfher; punping irradi ated buffy coat fromthe
col | ecﬁ%’ on egnlfﬁﬂpglﬁ’&ﬁlaﬁnnpgl“fh@%‘ etS%Q of puepingghe gixfuieriate the stparasor, he
pat i entcompiridés ihd theFhiSAR | Lo WM {-A6; . i t he. rinse
sol uti oor(l) tﬂg t hlfebg%a i gnt . ?gﬁﬁ%h?e%aﬁ%&g rs%grrpglgg?ﬁédg ‘Hé’gﬁ}ggwbrf“&%lge

conponéRtereibmsenasitoy: provi ding a separator having an inlet, a first
outlet, and a second outlet; draw ng whole blood froma source; adding an

ant i coagul i th |l e blood in .a predeterm.ned ratio to forma

et o B At bt of ol o WAReF e Ning: nif e S FaiRtHEa o imtah e of

whol e hhoadleeted baffy conpgid idasiafihaling doNéded Hﬁfﬁ@&&@@v‘l?thﬁfanviin%dfanﬁn chdthigh at a
00

sel ected l nlet rate; separating the mxture i'nto b d conmponents o
di f f er ! yBidsieriaed amopnioiaRaIgY hascheen trandemrestitohooullected baffiyrcont. t he
separator while continuing to punp the m xture of whol e bl ood and

anti coagul amte fL4bd of , . d red 67 .bl ood cells

bei ng wi t.hdrefvm at Pg?g@l g%%ggr%pg&' ggﬁpgfa%%ﬁagkgjﬂ%%@?y ?%?P?f@pggﬁar ator, the
pl asna redisilatingtherrotlested biffy cdue bétiwesi a avitRht BatandhBe redidioaedaBid S bei ng
wi thdrawn via the second outlet; and upon a predeterm ned anmount of buffy

coat byl di up.,. i e s rator, collecting the buffy coat fromthe
separ a’? (t))'r . .mgﬂggﬂéélﬁgbggﬁ‘@é?qul% SRS the dradiated %#ff)t@ﬁqt dupughs t he
buf fy ¢iet; ahd estufnlie the GRAASPBuEPE I3RS sdljrs€oNt i nui ng the withdrawal of
red blood cells fromthe second outlet, thereby causing the red bl ood

cells to push the buffy coat out of the separator via the first
91. * The method of claim 90 wherein overall treatment time is less than about 70 minutes.

92.  The method of claim 91 wherein the overall treatment time is less than about 45

minutes.

93.  The method of claim 90 wherein the filter is within a cassette for controlling fluid

flow.

94.  The method of claim 79 further comprising collecting the withdraw red blood cells.

95.  The method of claim 79 wherein the source is a patient, a whole blood storage bag, or

a blood donor, and wherein the separator is a centrifuge bowl.
96. A method of collecting a desired blood component comprising:
withdrawing whole blood from a patient;

combining anticoagulant with the whole blood at a selected ratio of anticoagulant to
whole blood;
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outlet. 81. The nmethod of claim80 further conprising collecting the

w thdrawn buffy coat in a treatnent bag. 82. The nethod of claim80
further conprising discontinuing the collecting of buffy coat when red

bl ood cells are detected in an outlet line fluidly connected to the first
outlet. 83. The nethod of claim79 wherein the step of w thdraw ng plasnma
and red bl gpompiglthscombinatians vhohableed andaiseagdant hprgh BWdEPY%niy t he

pl asma frq(pthe sg% rator via the first outlet until a predeterm ned
amounCOYFOEEY HiE8F el s are detected in the separator; and upon the
predet ermi ned anmount of red blood cells being detected in the separator,

w t hdr awi ngpélqﬂngtp,b@@lghrgefﬁr&ilfamsrdishhcaﬁpar ator at a rate so as to nmaintain
t he amount of red blood cells present in the separator at approximtely
the predeterm ned anount. 84. The ne d of claim83 wherein the

pr edet er mi SERHTHWRE}PUSTP ‘F‘EH‘”BP’(S‘S@‘”@@[GIF@O and poficeqgy “hﬁ?%ﬁ“eéeﬂaéﬂ‘&f ocrit
sensor : i # YR {5k B8lleck@t | ecting the

Wi t hdr%‘%gaéicggﬁééﬁﬂgpmgﬁgﬁg“g‘]t%%%{geg atﬂ%gf" miTXi rElﬂgaSt he wi t hdrawn plasnma with
a primng fluid;, and upon a selected anobunt of plasma being collected in
t he pl asma msixkoggdenagith a etiming figjdtand retiseing the sfixpreaefasmaadAiniNag f 1 ui d
to the source. 86. The nethod of claim.85 fur f r S| 1 Xxi ng the

wi t hdr mrtgﬁ PR3G At 16 f1rae W?et?fmf‘ﬂ‘émﬁlwe{lso?reablg%%n%%lir%lgﬁ%opl%hl % xture from
the plfgggdcol | ection bag and returning the red 68 bl ood
cells-plasma-primng fluid mxture to the source at a rate approximately

equal to the inlet rate. 87. The nethod of claim79 wherei.n t%f%ﬁtep of
punpi ng t hevididrawing recheedls and pumpingt 8 specd SRPIPLEISORS L MRYHRA T re

h h . f - ' f i
e s el sEERS TP L sARRo I R o ey e R S i et o @

phot oactivation chemcal into the collected huffy coat; and irradiating
t he col | ectad sbleftby tiaeatvhen 4 Hesired amionntzefi baffysoatcdelnbercollggied in the

predet erm ned anount of ene has, .been transferr.ed.to t.h ed buffy

coat . BHAAPRSORPIHBY HPURER a’ﬁlgféé’é(’%@?oe‘gﬁ S‘?ﬂffﬁa%%rt%lbl s b’a‘tl?flg?’ Hllig he buffy

coat C-gH{B Jod@ells, HiRGeHyeusihg Bk e Bléﬁﬁ lckREtoqsPBhfTY conalt Sahwegaraor r eat ment
n

bag a e irradiati'on chanber. 90. The nmethod of claim88 further
conpr i witihg degissisimgint iseollegtediing tadieent gollester: t hr ough a

discontinuing collection of buffy coat when red blood cells have been detected.
97.  The method of claim 96 further comprising:

mixing the withdrawn red blood cells with plasma from the plasma collection bag and

returning the mixture to the patient;
pumping buffy coat to a treatment bag;
injecting photoactivation chemical into the buffy coat in the treatment bag;

pumping the buffy coat and photoactivation chemical mixture from the treatment bag

to an irradiation chamber;
recirculating the buffy coat between the treatment bag and the irradiation chamber;
irradiating the buffy coat in the irradiation chamber while recirculating;

pumping the irradiated buffy coat from the irradiation chamber to the treatment bag;
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filter; and returning the irradiated buffy coat to the source. 91. The
nmet hod of claim90 wherein overall treatnent tine is | ess than about 70
m nutes. 92. The nethod of claim91 wherein the overall treatnment tine is
| ess than about 45 mnutes. 93. The nethod of claim90 wherein the filter

is within a cassette f.or gg&trolling fluid flow. 94. The nethod of claim
79 further cBRPPIgHTIaEH PRIty cory fRomethgitkerumanhbagthraygbodfiltasiin the cOBtrollédre

met hod @Iﬁd@,lgﬁibgekﬁgtw&{@hg the source is a patient, a whole bl ood storage
bag, or a blood donor, and wherein the separator is a centrifuge bow . 96.
A method of collecting a desired bl ood conponent conprising: wthdraw ng
whol e bPéod - fFisrmethpdiof daim 9T whirkein the pmingMaigud & Rtix ket df ahheoaphiRheaddl 00d at
a sel ec%ﬁﬂerati o of anticoagulant to whole blood; 69 punpingthe

conbi nat1 on of whol e bl ood and anti coagul ant through a fluid flow
controller to a separator; operating the separator until air is displaced,

conti nudNg Mhe pasiiod dTRILANYT WiRGeinigd ﬂuialfmdccﬁa%flmts ia%?%%t{t’éé erdifu the

separator and collecting separated plasma until a se anount of
pl asna ePARKrIL eenEifuge Pyl whessimthewiit i displacedrintma plasting bag dvhesdinieqi ng t he

m Xt ur ep) i luid to the ient at the sanme rate as

i nconi ng %}lg Ei o%%’q%d;%tial%&gée%ﬁ%éﬁw&eé? h&“ Eg}ooaé’tﬂéif“élf;dee\ﬁqw&w ng red
cel | s asedsqgruntpifage. at a speed controlled so as to maintain a red cell [|ine
selected level in the separator while collecting buffy coat in the

separ at gr. a selected tine, when a desired anmount of buffy coat cells
are col ﬁ@ct 3&]"* Mrthoded Cgﬁé'ﬁa?ﬂa’fft?ﬂ?lnélt?rhqfﬁmabcqll@ appseparated|apd loho odmoret 0 t he

separ at @fec¥aidotpdh&G O IRl i t her eby causing the
o D eckl cofmptn il chtodeh, it u%’eéggetl%é&g@%'gaﬁﬁié% froub Ifihg Sos 1 2
amount Platelets anddewkdcytas.a buffy coat col l ector; discontinuing collection of

buffy coat when red bl ood cells have been detected. 97. The nethod of claim

96 furthar SN, M Xi the withdrawn red blood cells with plasm
fromt hgﬁbl gggng{eéhyggg{af%ﬁb gg%heéﬁampnsmg priming the separator with anucoagulgnt
and saline mixture.

102. The method of claim 97 further including rinsing the separator, treatment bag, and

irradiation chamber with saline and returning the resultant rinse solution to the patient.

103. The method of claim 96 wherein the overall treatment time is less than about 70

minutes.

104. The method of claim 103 wherein the overall treatment time is less than about 45

minutes.

105. A method of performing a photopheresis treatment for diseases on a patient

comprising:
drawing whole blood from a source;

adding an anticoagulant fluid to the whole blood in a predetermined ratio to form a

mixture of whole blood and anticoagulant fluid;

separating the mixture of whole blood and anticoagulant into a plurality of blood

components according to density;
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returning the mxture to the patient; punping buffy coat to a treatnent
bag; injecting photoactivation chemcal into the buffy coat in the
treatment bag; punping the buffy coat and photoactivation chem cal mxture
fromthe treatnent bag to an irradiation chanber; recirculating the buffy

coat between the treatnment .bag and the irradiation chamber; irradiating
the buffy cogltmpguatpﬁ‘gm AU EhegHCE o feaghpneeof theblped cempengntsgafpiimg t he

i rradi ahadxde 5%@%&5&9%6&&8%&?%@&& gp]egﬂ%ﬁPﬁl?gg%{)hﬁlgﬁéq&{eat ment bag; 70

punpi ng irradi ated buffy coat fromthe treatne ghra filter in

the controller —and then back to the patient. 98. . The nethod of claim97
wher ei n t he Bradiating the qpmbination offthetat leastatne drdddomagnonemtand pHotosetivatien 99.
The metphod .of. cl@im 97 wherein the fluid flow controller is a cassette,

wherein the separator is a centrifuge bow, wherein the air is displaced
into a plasma bag, wherein red blood cells are detected at a bow sensor,

wherein the readningdadinadiated dofiinasioded £pite@r;at a sensor interface. 100.
The net hod of claim 97 wherein the buffy coat cells are separated and one

or nore selected components are collected, the components selected from
the group coWE‘?rE'Pi[ﬁ%g‘g’fre Ppptapharesisstreptmentds carppieted in less tharriabout?® mouhites, claim
97 further conprising primng the separator with anticoagul ant and saline

m xt ur ejpel0 odRir | t ' ' rinsing,the.
Separ ator, o memoroRin Ao Rfei B i pRioph Bt et IR
r et ur ni 68 thireahoss 43 mamttes. i nse sol ution to the patient. 103. The method of

claim96 wherein the overall treatnent tine is | ess than about 70 m nutes.

104. Th f .cl-aj m erej,n e overall, treatnment tirrei_sless
than abl - B heltodrBlaiy 83 WHERIF NG 4t SRsrSF bloshchiypRneior bifherasbias

t r eat nelatkdegte, o Hetakke@s on a patient conprising: drawi ng whol e bl ood froma
sour ce;

108. The method of claim 105 wherein the at least one blood component is buffy coat.

109.  The method of claim 108 wherein the step of separating the mixture of whole blood
and anticoagulant fluid comprises: providing a separator having an inlet, a first outlet, and a
second outlet; pumping the mixture of whole blood and anticoagulant fluid into the separator
via the inlet at a selected inlet rate; and withdrawing plasma and red blood cells from the
separator while continuing to pump the mixture of whole blood and anticoagulant fluid into
the separator, the plasma and red blood cells being withdrawn at rates so as to build up buffy
coat in the separator, the plasma being withdrawn via the first outlet and the red blood cells
being withdrawn via the second outlet; and upon a predetermined amount of buffy coat

building up in the separator, collecting the buffy coat from the separator.

110.  The method of claim 109 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 ceils to push the buffy coat out of the separator via the first
outlet; and discontinuing the collecting of buffy coat when red blood cells are detected in an

outlet line fluidly connected to the first outlet.

H1. The methed of claim 109 wherein the step of withdrawing plasma and red blood cells

from the separator comprises: withdrawing only the plasma from the separator via the first

outlet until a predetermined amount of red blood cells are detected in the separator; and upon
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addi ng an anticoagulant fluid to the whole blood in a predetermned ratio
to forma mxture of whole blood and anti coagul ant fluid; separating the
m xture of whole blood and anti coagulant into a plurality of blood

conponents according to density; 71 m xing a photoactivation chemcal wth

at | east, _one,of the bl ood co nﬁnt? tog form a mxture of the
phot oache\Pme Wgrﬁ‘wpt %ﬁ&ggﬁ’@ &€l1§ belng dyertedsingbe sepsraserwithdramingaidat i ng
the conbicdatkiey¥rarh [ﬁfhﬁpﬁtﬂt&f%95}at@&’easqg%&gﬁqﬂf&ﬁ%qtgﬁ?gc@gﬁ%ﬁfsi vation

chenical; and returning the irradiate i nation RifEREi n
t he ent i t&e stpsraseias appriosimatelp thegmreddtemdosddmedied i n | ess than about 70
m nutes. 106. The nethod of claim 105 wherein the entire photopheresis

t t i i. th bout 4 i nutes., 107. Th t hod of
ol o m 10EHERUNEL 8P 0o Titnd B5RpBs AL iR tbe Fallosipariptysael winin
| eukocyareirradiatiph eh&hbdr aintilldSredditBenifBE Dadumlof Ehedl ﬁhés%e%%&b%%&&ﬂ@t | east

one bl ood conponent is buffy coat. 109. The nethod of claim erein the
step of c¥lepigr Hpfty goathidie predeiermingfl awounieofienorgy bemzduffiniént camdbent f 1 ui d
conpri sgsy RfOVi ding a separator having an inlet, a first outlet, and a
second ou Itet; punpi ng the m xture of whole blood and anticoagul ant fluid
into the separator via the inlet at a selected inlet rate; and w t hdraw ng

pl asma Bld e nigthwlchf ciithd 05 ierdit the seaRa.iathe hatidiit | the ?mbf)m@smréa@mawp the
m xt ur e_of V\%g)le gl_ood and anticoagulant fluid into he separator, the
pl asma 218 PUEPTEed 2 £lopedsloBRSHYEM t hdr awn at rates so as to build up bully

coat in the separator, the plasma being withdrawn via the first outlet and

the r edi {4 oadmsbi o cRkE 1hdsHN BB KomgbREn S66fdp QUL €1 and upon a

pr edet er mi ned anmount of fy coat building up le separ at or,
collecting the buffy coat fromthe separator. 110. The method of claim 109
wher ei n t he RP@gingra separaws hpvige aminldsud fiyst owtdat, fdorsetdrel owlepar at or  conpri ses
di scontinuing the withdrawal of red blood cells fromthe second outl et,

t her eby causdrggﬁgh?n&gglogb%ﬂj%ggulrge,to push the huffy coat out of the
| et;

Separator via t rst out and di scontinuing the collecting of buffy
coat when red blood cells are detected in an outlet line fluidly connected
to the firstaddingaatantitdapulaihBuides tedviesle bloail i 4 PR AvRANRES rdithaoFo8Pa Of

Wi t hdr anvl\ﬂx?tg'e %l“ %%gﬁ b?go% arn%dantblclzooaqgglagte }lllli(si;

pumping the mixture of whole blood and anticoagulant fluid into the separator via the

inlet at a selected inlet rate;
separating the mixture into blood components of different densities;

withdrawing plasma and buffy coat from the separator while continuing to pump the
mixture of whole blood and anticoagulant fluid into the separator, the plasma and buffy coat
being withdrawn at rates so as to build up red blood cells in the separator, the plasma and

buffy coat being withdrawn via the first outlet; and

upon a predetermined amount of red blood cells building up in the separator,

collecting the red blood cells from the separator via the second outlet.
115. A peristaltic pump apparatus comprising:

a rotor rotatably mounted about a rotor axis;
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fromthe separator conprises: withdrawing only the plasma fromthe
separator via the first outlet until a predeterm ned anount of red bl ood
cells are detected in the separator; and upon 72 the predeterm ned anount
of red blood cells being detected in the separator, wi thdrawing red bl ood
cel | s fromalivesingphaviag arcuamedavailamemgmiiasattlgas:traipntt'a*inroftthﬂemmmuﬁ&r@flng ed

bl ood ce]ls present in the,separat at _apprqxi mately the predeterm ned
armunta.wkelﬁ‘.ugﬁ*ﬂgr%?rh%egw m@%&ﬂf‘ﬂﬁgtﬁ?ﬁ??ﬁ@%agtmpri sing irradiating the
collected buffy coat within an irradiation chanber until a predeterm ned

amount of GREFEN ddRHriRRMAL Idagimk Qrive dolled férrogreslivebgtcnprbssiig/a woptof t he
predet er m ned anount of energy being sufficient to induce apoptosis. 113.
The nevbisg agiing thy ¢urdbwallierei n t he source is the patient, the

phot opheresis treatnment being performed in a closed-loop system 114. A
met hod of i : i ?Wt oS AQ viding a
separ at or ﬁg%/!@gg[ldg%r%ngtea,sﬂ%n%giatr?(l'é‘%qg%? et, andangaaggggggda%mng{ng drawi ng
whol e Wveedifibmahe Aasgeufioc displacidg tig leop efitubingagwhmdrihe flangedipoo thewotarhol e bl ood
in a predetermined ratio to forma mxture of whole blood and

ant i c A wited ing fgrwsd SHEEHP™ he i xture of whol e bl ood and anti coagul ant
fluid into the separator via the inlet at a selected inlet rate;

separ ating ' ' Ak ARth LRINRE 8fdeSandfa eHifid tfofl@pairingemid

Wi t hdr awi ngthgﬁglg@r%ﬁagg% dgtrﬁpggﬁgoagl from %‘ﬁgﬁ separ at oréeév\(%lel eﬂ?gnti r%ui ng to
punp tfeedingihetloopeoioibing dite td tubel pempingmegienupn harotpr baigg ravated imbe

separat or, .the plas and buffy coat being withdrawn at rates so as to

bui | d bw?rgdhrﬁftg%a% |l's in the separator, the plasma and buffy coat being
wi thdrawn via the first outlet; and upon a predeterm ned anmount of red

bl ood cel | swhatkindhdGailipg edgd i dighephamtiericadisédgect i ng the red bl ood cells
fromthe separator via the second outlet. 115. A peristaltic punp apparatus

conprising: a rotar rotatably nmounted out a rotor axis; 73 haousi ng
havi ngl - c dhe erisailic Pegp @B%erriﬁafu cJoiey éggwﬂ%rewﬁ? ngrecis dnes sufhsr ti
f or m ng,iiifs LAURS RHABRINPWaEDHOR (REIOPRERadIE rotor and the curved wall;

117. The peristaltic pump apparatus o claim 116 wherein the angled guide extends upward

from the top surface at an inverted angle.

118. The peristaltic pump apparatus of claim 115 further comprising a position sensor for

determining rotational position of the rotor.

119. . The peristaltic pump apparatus of claim 118 further comprising a means to control

the rotational position of the rotor based upon readings obtained from the sensor.

120. The peristaltic pump apparatus of claim 115 wherein the curved wall has at least one

slot for passing the loop of tubing into the tube pumping region.

121. The peristaltic pump apparatus of claim 115 further comprising a means to lift a
portion of the loop of tubing to a raised position when the loop of tubing is in the tube
pumping region so that upon the rotor being rotated in a reverse direction the leading edge

contacts and removes the loop of tubing from the tube pumping region.




the rotor conprising at |east one drive roller for progressively o
conpressing a loop of tubing against the curved wall; the rotor conprising
a flange above the housi ng and an angl ed gui de extending upward fromthe
flange for displacing the I oop of tubing toward the flange upon the rotor
bei ng r?%gted in a forward direction; the flange having an openi ng with a

| eadi ng' edgd Pamgrisialiic apmprigpadye of claim 4Rt whirein tadheaherdifo s 4 freuhagp of

t ubi ng hfiRod he tube punping region upon the rotor being rotated in the
forward ﬁleétiOﬂ; and wherein the trailing edge is higher than the |eading
edge. 116. The peristaltic punp apparatus of claim115 wherein the flange
has a t b33.s Uit pesstaltib pumprappdratng ofelgien €32 RitGhePELHPNRIEA flétﬁmﬁ]ﬂ% Eop
surface, ,117. The perjistaltic punp apparatus of. claim 116 ergln t he
angl ed GUf Qe ‘8}19%?’5‘5"{1‘5@@61&? PReHBIHIE Aeudgploseed ap thedtouaingiflange.t ed angl e.
118. The peristaltic punp apparatus of claim 115 further conprising a

ositio e i L 3 at i |tion of the rotor. 119. .
The perlotal Tt o e pEp apbugef Ohah b P B bRl oM eans 1o
cont r ol Tolighfer pligning Brdoopefibingin ti tatieepunnging rdgimed upon readi ngs obt ai ned
fromthe sensor. 120. The peristaltic punp apparatushoflclaln}135bmhere|?

has,.al. | east one | .ot r. passing the |oop o ubing into
the tubiputht R P Byme Foerfiser St LETpiEAIRE Plaioat @e Buidsrolaras m 115
furthertapgegari sing a neans to lift a portion of the |oop of tubing to a
rai sed position when the loop of tubing is in the tube punping region so
that up t rotor being rotated in a reverse direction the |eading edge
cont act &%an%g? BYF(ALUC PyaD pprasatey Oﬁ@{ljrfhlji"fmmprtsg? t\b;hl@bhflv!sumtbahmgnd e 0{1. I74f t

122. Thg; [ iGnd 8P t im.l erein e means to |i
s a pggﬂﬁg?ygk%?%Pg%tor. ?5@3{@ﬁ%%%gﬁwgbgpg%%mpunp apparatus of claim 122
further corrgri sing a housing flange external to the curved wall, the

a

pneunat 1. adheptrstaltiopane dppantthef digins] lﬁgwlﬁdrai:ngﬁe arlgledd gﬁ[ﬂ@%@ﬂ[ﬁﬁs’élg la,l, ti fc punp
appar at f,.claim115 further conprising at | east one guide roller for
aﬂog ni ncgévtaﬁeg r}d&g FoBtonalong AR YpRes aP‘ElB{Lethg GO oy masyplsngagement. The

peristaltic punp apparatus of claim 124 wherein a top plate of the guide
roll er 128. The peristaltic pump apparatus of claim 115 wherein the angled guide is located

forward of the leading edge.

129. A peristaltic pump apparatus comprising a rotor rotatably mounted about a rotor axis; a
housing having a curved wall surrounding at least a portion of the rotor and forming a tube
pumping region between the rotor and the curved wall; the rotor comprising at least one drive
roller for progressively compressing a loop of tubing against the curved wall; the rotor
comprising a flange above the housing and an angled guide extending upward from the flange
for displacing the loop of tubing toward the flange upon the rotor being rotated in a forward
direction; the flange having an opening with a leading edge and a trailing edge for capturing
and feeding the loop of tubing into the tube pumping region upon the rotor being rotated in
the forward direction; a position sensor for determining rotational position of the rotor; means
to control the rotational position of the rotor based upon readings obtained from the sensor;
wherein the trailing edge is higher than the leading edge; wherein the flange has a top

surface, the trailing edge extending upward from the top surface; wherein the angled guide
has a bottom that is at or about a same height as the top surface, the angled guide extending

upward from the top surface at an inverted angle; wherein the curved wall has a slot for

passing the loop of tubing into the tube pumping region; a pneumatic actuator for lifting a
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tapered. 126. The peristaltic punp apparatus of claim 124 conprising two
drive rollers and two guide rollers positioned on the rotor in an
alternating pattern. 127. The peristaltic punp apparatus of claim 115
wherein the angl ed guide conprises an elevated ridge portion along an
upper pstichaf ghedpop plctubiogde a rasednesition vdisgabreleep ol whbig is yhetehs stal'tic punp

appar at us. of claim,115 i ; I Bi:S, ks : rd of the
ondr AuRigecS S o Al oG Bl ey AR il AeckB B LI

r ot at ahhticti B eabvab@E lodd dfalising &shbthe aubelpnumigrepam| thg prewaticed wal |
surroundi ng at | east a portion of the rotor anﬁlhf or m nﬂ at ubelgeirgurrpi ng

r egi onctbaonlesaied B ahopgng Hargererieraal i the awaed - wall at legst ope gUAB OIS I at | east
one drive . roll inB | RTE 55 WeRjd BORuRE roltpingga agai nst

t he C&P%Hg\g\l}gllf’&ﬂ?‘{{gﬁlpgt"gg{eeig%n%ﬁ%ﬁg a fl angeeafoove%?herhousi ng and an
ang| eghof4ifitnetid @ogh sagtionahprofilef, mhereirhthe fahglad guide oy loditsp farwiarcpfithe | oop of

t ubi ngf toward the flange upon the rotor being rotated in a forward

di r ectl¢ading adge f| ange havi ng an opening with a | eading edge and a trailing
edge for capturing and feeding the loop of tubing into the tube punping
regi 0r]3?_poﬂ C?I-JP}%J &{l&idinl?gé P&is&zﬁﬁ@?@rﬂp pparkti€cdmpiditga eiisarotatably mpumedi tion
sensor “Tor determning totational position of the rotor; neans to control
t he r qbattiaxoadr apissa hiuwimgdfavinge quoredrwihareund e foteeersl ios@ing WPhed from t he
sensor; wherein the trailing edge is high : [ dge;, wherein
the fIPARpIE RS0 belyyren the e,%‘f'ﬂgalﬁtéf‘ Ir(i)tﬁrg%g3 g@?‘&ﬁl@ﬁg# %ggt?g\g\gﬁdgf romthe

top syLfigqss pl‘é@ﬁ%ﬁi/élyE&ﬁpr’é@ﬁﬁ@ﬁllc@ﬁi(ﬂﬁ]biﬁ@lﬁgamsbﬂietcomcﬂhmﬂ, ite ratoror  about a
sane hel ght as the top surface, t

€ e angl ed %gi de &gtendi n upvvaéd fromthe
top sumimprisingta ffange Abavettbetheansyizand ap apgled suide cxigprdiag uRRTd from e qnge ¢ o
passi he l.oop qf tubi [ [ bQkated i A ESHRED C
act ua'?fgf (thlsglfmpgﬁ}eﬂﬂ%p %pwggﬁéwﬁgtﬁﬂeg?&%gppiggﬂ& rg rg}giglgggkagteola rai sed
POSi t | Qb fhd fiéhgk ®aving ain bpkiingwith aileadifppedgaled a puitpigregge &giceplusog t hat
upon the rotor being rotated in a reverse direction the | eadi pa? cﬁgge
cont acan feasting BedeapsofitpRIng BB thsrtulpe PPRINE FegiAT RO EPON RFNEIS TS on: t he
pneunst i | - - O RichéraRsehe KaRipddgt aht hrthadr ved
wal | rattél%??rév%gi&ig%g&é’w e lﬁo cﬁga}lﬁ?é(;%ﬁg%elﬂpi ggﬁi ng the | oor%ado tubing in the
t ube peoAirthgs egi on; and wherein the guide roller has a non-symetric
cross sectional profile; wherein the angled guide is |ocated forward of the
| eadi ng edge. 130..A nethod of |oadin i i G FRORBLAY
conpri si ng %f"?’éf“cgrth? B“fréﬁ“’gB‘F 9“%3%%%"9wah%gﬂ°§&%ehgqn Qi rfhitd

position;

positioning a source of the loop of tubing near the peristaltic pump apparatus so that
the loop of tubing is around the rotor and the angled guide is positioned between an inlet

portion and an outlet portion of the loop of tubing;

rotating the rotor about the rotor axis in a forward direction causing the angled guide

to contact and displace the loop of tubing toward the flange; and

loading the loop of tubing that is displaced toward the flange into the tube pumping
region through the opening by contacting the loop of tubing with the trailing edge during the

forward rotating.

131. The method of claim 130 wherein the curved wall comprises at least one slot through

which the loop of tubing passes into the tube pumping region.
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about a rotor axis, a housing having a curved wall around the rotor and
formng a tube punping region between the curved wall and the rotor, the
rotor having at |east one drive roller for progressively conpressing a

| oop of tubing against the curved wall, the rotor conprising a flange
above tP hqﬁgin and. an angled gui de extending upward fromthe flange for
di spl aci ﬁ?g tIRE o Srclaigpi3Rgvhessin the rotes funthes gempriess at eastront guidoedig,

r ot at edgp, ' tisop: - having an opening with a

| cadi ng. S oG HRE onis e d e Flobh 8P AV AP o BT R reioBap of

t ubi ng thetleopt dfeubing & lpadipg o thegilenpunpsing tdpeon Witw the@ididoNgt ated in  the
forward direction, wherein the trailing edge is higher than the | eading
edge, t hod . co i.sing: prqoviding the peristaltic pu apparatus with
the rotor ‘gglihﬁéneiﬂ??dao fciar'@tlggr B e aneled gy ilﬁi%ﬁtﬁdé%‘iaﬂgﬁ*pmﬁgﬁadiﬂgour ce of
the | oogdgef tubing near the peristaltic punp apparatus so that the |oop of
tubing is around the rotor and the angled guide is positioned between an

i nl et ortion and an outlet portion of the |oop of tubing; rotating the
rot or agﬂut 4 methpd pbunlaading  tpop of twbimg troo a EErisiattic mens appgranecoangisat gui de

t t i spl the | f. tybj d the fl . and | oadi
t e | oob s PEiBhE oS bihun 3P Bisy e heviae fickigd waliounahe et
punpi ngandrfeghing attiteOpi@hpih e pRinERAEEnYe 6QRERGRII BA IHRG0ld? ARe ﬁ{%o%%l{%t\g: tmh

the trailing edge during the forward rotating. 131. The netho
130 whelfast Ag faveipllorter Reggressiyalycosweessing Ithedloop ohwbiigaigainkt thegirvedhi ch t he

| oop of 1 4 ing.region 76 132. The nethod of
ol ot m 150 o ot e b ARl BT nand e B g ineci® o1 | er

t he netloating edgetunr] acoitjrg aigagvmréigmhmgailihgeddgqu highet dbh 1 IWdRY Sigehs punp
tubing re ionﬂg§ %Hgllooggff tubing is loading into the tube punplng

r egi on Wl Bl Fiandire ypwagt fromdhe flange, themmggiodgonentising: 130 wherein t he
angled guide is located forward of the |leading edge. 134. A nethod of

unl oadi ng a JyReamuiioi i ! |t -@Qpﬁ rising a
rotor rotat al?la_’ yI%ryoSn%géﬁflﬂé%co%n?ﬁgkggteﬁlhggléébguﬁ%HJ’-S)Sllng g@%% @agﬁlrg\?éd wal |
ar ound thp8angs:is plignedavithor pértign af thebeopefitpbing; r egi on bet ween the curved wal |
and the rotor, the rotor having at |east one drive roller for

progressi vel M’tiﬁg m@:rp%ﬁ%nnc% tﬁé] E)O{) 2P Pub‘i)r];g ttol“a!lbria.tjggd Sgs?tiicpns\gvitlg g?ne%gsr X)elgft;

rotating the rotor in a rearward direction thereby removing the loop of tubing from the

tube pumping region through contact with the leading edge; and

holding the loop of tubing against the flange upon the loop of tubing being removed
from the tube pumping region with the angled guide.

135. The method of claim 134 further comprising:

rotating the rotor until the rotor is in a position where the angled guide is between an

inlet portion and an outlet portion of the loop of tubing; and
removing the loop of tubing from around the rotor.
136. The method of claim 134 wherein the means to lift is a pneumatic actuator.

137. The method of claim 134 wherein the angled guide is located forward of the leading

edge.




wal |, the rotor conprising a flange above the housing, the flange having an
opening with a |eading edge and a trailing edge, wherein the trailing edge
is higher than the |eading edge, an angled guide extending upward fromthe
fl ange, the nmethod conprising: upon punping being conpleted, rotating the
rotor t posi ti qn re the opening on the flange is aligned with a
porti on?%f?} ﬁB‘eF"Bgﬁf%;‘%ﬂs&nﬁg'fﬂqaﬂmgiad&nﬁ%wwmn pagsfustdemprrising agbtorubi ng t o

a rai seghtRasik thh i « L [P 30 ' rotor .in rearward
directi Ol’tl t hgr edgetége%l\l}?anlg&?%glsl %%Jﬁdsﬁ) & r%a[}zgf%éﬁg%&m»@@%m%gg rﬁﬁ’ﬁfﬂl‘i‘g region
thr _oughfcu'mms?all:wbwmpmlgeeghiemldétwene]g@&ug@ﬂdvdgmxﬂi tﬂgrdtdsuetﬂgcr@?r ﬁﬁvi?ﬁbi tngb
agai nst, t he fl.ange n the | pop of tubjng being renmove romthe tube
punpi ng%eflgé’l‘%g’\‘ﬂ? Mfé? f’ﬁ Pé?ﬁggségeg'lﬁoﬁf?r:’t?é@.a]?’ﬂ%o_ m&gamsa_hapuﬁvm@waﬂur: Eer
conpri sihagetof fi Eas iAok S: re the
angl ed gui ‘33 isra%(las{.ﬁag/eetn aF\ eioénullet plol;’tl or?&ga}r?gfngﬁlgggl%flgggﬂrxﬂcgﬁe @@Ef"rge | oop
of t L ugi #ngh %‘qﬂ@;fﬂﬁ@‘ﬂhg utpﬁ@pi ﬁbnnthdi:)ﬂagge][ffoqispnaciug thd lbtep bf)tub{ng t136. Ig :
nmet ho [ el e neans. to li iS a.pneunatic actuator. :
The met %&v&? Ao@ecﬁaég?ﬁ'%%%og?retfeh“gtWg’t%ﬁ‘l reRid dreption, edlange hayipgp of the
| eadi Ngopeait@ewitld 1hdfhg eAedBidWEaith bﬁ%@kﬁﬁ&ﬁﬂ%%lﬁ%ﬁd Qiﬂli@%ritl%&n%éi ¢ punp
y o a

apparatus_conprising a rotor rotata nount ed ab rot or axis,
housi nglcditg pdecatheunetber! grmprisitzdyund the rotor and forming a tube punping
regi on between the curved wall and the rotor, the rotor having at | east

one drive rollem:f eSS shxE! assing a .l oop of. tubi agai nst the
curved wal I,OI!’ t égﬂg?gé coﬁ%?fllﬁs{ﬁﬁépag%m?gg%?h eolg)éorgbﬁf lnta&rfté?r?&?‘ﬁgg?e& or
conpr i sposgiom; f | ange above the housing and an angl ed gui de extendi ng upward
fromthe flange for displacing the loop of tubing toward the flange upon

t he rotor bei ng.rotated in forvva{d direction, the flange having an

openi ng wi t PEMONHE HRPUEESL Elg:nlao%o fubing;negr tha deristaltie PEMP appratus 50 thahg edge
i s hi ghe 1ddpaiT tiBiRyg is| RAidNHe RAGCndRE d%ﬁ ERPL e%lﬂbe Vighpe the
peristaltic punp g% aratus with the r%r{égér eclingrﬁip’%]'ugh ué‘t%%rée“ &el[égrrri ned
posi t i diPrtigmaid snoptieypertion of the lesfp eftiebingop of tubing near the peristaltic
punp apparatus so that the |oop of tubing is around the rotor and the

angl ed gui deroia%in@?fﬁii }oto‘?%ﬁé%lnti’ﬁé Wt ax A in iar}hr%ard direction causing the angled guide

to contact and displace the loop of tubing toward the flange;

loading the loop of tubing that is displaced toward the flange into the tube pumping
region through the opening by contacting the loop of tubing with the trailing edge during the

forward rotating;

aligning the loop of tubing within the pump tubing region as the loop of tubing is

loading into the tube pumping region with the guide roller;

upon pumping being completed, rotating the rotor to a position where the opening on

the flange is aligned with the outlet portion of the loop of tubing;
lifting the portion of the loop of tubing to a raised position with a pneumatic actuator;

rotating the rotor in a rearward direction thereby removing the loop of tubing from the

tube pumping region by contact with the leading edge;

holding the loop of tubing against the flange upon the loop of tubing being removed
from the tube pumping region with the angled guide;
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portion and an outlet portion of the |Ioop of tubing; rotating the rotor
about the rotor axis in a forward direction causing the angled guide to
contact and displace the |oop of tubing toward the flange; |oading the | oop
of tubing that is displaced toward the flange into the tube punping region
t hrough t he oogéani nge by contacting the |oop of tubing with the trailing edge
during the FOSRR&Ee FaRrdn therearyardydirergion matil the potof istin biposjtivi whiere théile punp
t ubi ng ' &S : ' ' ing in he tybe punpi ng

egi on EREEASIs bR Blet ifoRdnd the duBROMHIoA Bl Rerottr bFBEA g« ne

rotor to a position where the opening on the flange is aligned with the
out | et port i smoyingtheldopap tubfing frtinragounkdithd fosgr. t he portion of the | oop of
tubing to a raised position with a pneunatic actuator; rotating the rotor

inare rd-directi.on.t hereby renoving the | oop _of tubing fromthe tube
punpi ngﬁ”;de{\gﬁo%g%fss gﬂﬁ%@tru\ﬁHﬁ/nt%éra?%ﬁﬁ%ﬁlgb‘}éld&é’;“PHBWdﬁ“ﬁ@“FW@PFSJ@&)’ of tubing
agai nst the flange upon the | oop of tubing being renoved fromthe tube
punpi ng r egi Hflt Hosih Baang b €t @HAEor af8 alseldiidi igmble rotor in the
rear-ward direction until the rotor is in a position where the angled
guide is betweep the inlet portion and the outlet portion of the |oop of
t ubi ng; and Wé’n@ﬂﬂ ¢hgmbsehavdega Grst flgish inlet.farfirst Hwid ontlet it 2 fitsovent tBAMbok
filter i téé%rveﬂﬁe in an extracorporeal body fluid flow circuit
conprising- a fifter housing having a first chanber and a second chanber;
said first chanmber having a first fluid inlet, a first fluid outlet, and a
first vent claahiseond ¢hawibaghavidg a stcogdfuidanlet, asatchdSRi Bokle hadbeiech@vi Ng a
second fluid inlet,. a second fluid qutiet, and a second vent chamber
havi ng %" g@ﬁP&’S&é“%ﬁ?@%ﬁ&ﬁ Witidter nedia positioned within said second
chanber so that fluid nust pass through said filter media in flow ng from
sai d second £ filrdnddid Sdsitiohed WikitQEPRLohd HahiRptd fat f1dhiGnust EssH:ﬂoh@{ haned
y L-shaped,

assenbly of claim 139 wherein said first chanber is substantia
sai d f ikt fiqrumedia ig flawing fromesaifl secent flwidunldt tosnidesecqukilyid ondet. at  ends of
said substantially L-shaped first chanber. 141. The filter assenbly of

clai m 1539 WRRL Rk &nthi] bf Shirk 4 30 Sl Aithel 1y Shsehlchs 104LHES.
said first fluid inlet and said first fluid outlet positioned at ends of said substantially L-shaped
first chamber.

141. The filter assembly of claim 139 wherein said first fluid inlet and said first fluid outlet

are located at or near a floor of said first chamber.

142.  The filter assembly of claim 139 wherein said first vent chamber and said second vent

chamber are located in a roof of said housing.

143. The filter assembly of claim 139 wherein said second chamber comprises a floor
having a ridge forming a perimeter, said filter media positioned atop and mating with said
ridge to form a sealed fit, said second fluid inlet located exterior to said perimeter, said

second fluid outlet located in said floor of said second chamber and interior of said perimeter.

144. 'The filter assembly of claim 139 further comprising a first means to measure pressure

connected to said first gas vent and adapted to measure pressure within said first chamber.

145.  The filter assembly of claim 144 wherein said first means to measure pressure is
operably coupled to a means to control pressure of fluid passing through said first chamber.
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are located at or near a floor of said first chanber. 142. The filter
assenbly of claim 139 wherein said first vent chanber and said second vent
chanber are located in a roof of said housing. 143. The filter assenbly of
cl aim 139 wherein said second chanber conprises a floor having a ridge
form ng 431 pelﬁlieg}.?t er, said filter media positioned atop and mating with said
ridge t &% orledilcpassemblyiaf claimilgo Suthen domprising Aneeend inumas edmeasurr | or t 0

sai d pep ' i.d outlet |ocated in said f]loor of said
second gﬂﬁﬁt})‘gérongﬁ b{?tnot%%%? &oiéage‘{??f %gralgﬂ%t?‘gfo MIFHE HFRSUFY VIR s enpl y of
cl ai m 18®ohdichanmder.conprising a first neans to neasure pressure connected
to said first gas vent and adapted to neasure pressure wthin said first

chamber 4 he filter assemhly of claim 144 wherein said first neans to
neasur elzb—/}ejl'ﬁ}'étef %5%’8@&035?39“&85 BIDEEFIR $nidh sGepReh Grears lOaNLAsHIC PReseRISUs e Of
fluid 4 | j . i.lter assenbly of
claim 139 fﬂggft‘?}dg&iétg%prﬁ?dg?ﬁ%&%ﬁ?&@%ﬁ%ﬁ’%&%@ﬁp %éﬁ%@l})ﬁ‘gﬂ Spfi 3%%‘15‘% connect ed

to sai dchaabend gas vent and adapted to neasure pressure within said second
chanmber. 147. The filter assenbly of claim 146 wherein said second neans to

nmeasur e e S erab led.to.a.nmeans to control pressure of
fluid p!a‘is%%i ﬁgg@ F%%&%“Ol@ﬁiogcgéﬁ%&%ﬁ&}m‘f firsy fid infeg 1sradppigy o]y of
cl ai m 1@dnehed & dpBiehctoldrdve b bbiyil6id frIrngbaill Ha@dRBAE hid S1udE t'cHé'r%% i
connected to_a patient to draw_)zll body fl ui gaf romsaid patlrsfent an ’Sla#l(%o sai d
first claefskiluidoyilet adaptednber fluifky conndcead tadaptiont to octivm 4t llassict orgpmesct ed t o
a patiegt g . a conponent of said body fluid to said
patient. Sﬁ%&gwggﬂoﬁt&uedrﬁgjgéténbl y of claim 139 wherein said housing is nmade
of a transparent or translucent material. 150. The filter assenbly of
cl ai m 1B9. wiibe Giter sdmblf iof tlaim WB9livhetenssatd RAfsigSh ARAObf aRaapar@Por N crons.
151. The fjlter assenbly of claim 139 wherein said first chanber does not
have a TAPLEF BAGHAL positioned therein. 152. A filter assenbly for use in
an extra-corporeal body fluid flow circuit conprising: a filter housing
havi ng B50f | TH fiRBARRSAbLIFOF CIRins $9P MR NATRER terSALda Easrasﬁorgéﬁgh%b&%bﬁg a
amper

first fluid inlet, a first fluid outlet, and a first vent c
Mmicrons.

151.  The filter assembly of claim 139 wherein said first chamber does not have a filter

media positioned therein.
152. A filter assembly for use in an extra-corporeal body fluid flow circuit comprising:
a filter housing having a first chamber and a second chamber;,

said first chamber having a first fluid inlet, a first fluid outlet, and a first vent chamber

having a first gas vent;

satd second chamber having a second fluid inlet, a second fluid outlet, and a second

vent chamber having a second gas vent;

a filter media positioned within said second chamber so that fluid must pass through

said filter media in flowing from said second fluid inlet to said second fluid outlet;

wherein said first vent chamber and said second vent chamber are located in a roof of

said housing;




having a first gas vent; said second chanber having a second fluid inlet, a
second fluid outlet, and a second vent chanber having a second gas vent; a
filter media positioned within said second chanber so that fluid nust pass
through said filter nedia in flowing fromsaid second fluid inlet to said
second fluid utlet %p ﬁEIn said fjrst vent chanber and said second vent
chanber are W eawesalq stflyid dpletnd saud; farstfinid ppiet agologpied ai or neat aifloeraft f1 ui d
inlet aged fakchdmtlest fluid outlet are located at or near a floor of said
first chamber; wherein said second chamber conprises a floor having a ridge
formng a perlneter said filter nedia positioned atop and mating with
said ridge t whereinrsaid Ssemdezlham'bct; caepriesa doochavidgu ddgenfoahingaqriiattaxt eri or

to said sai.d secqnd f ui | ocated in said floor of
said s eé’@“ﬁﬁ“ ?%ﬁaeP Oyitiqned atgp 49d mating ‘Hg’r ?"fFL'P&“' tofogm ¢ sealgd fals sa1d gecopi s or
connect BéidtiMlesliatfed éxtériorda Saidl %@ﬁm@t@gaﬁpﬁ'ﬁ@g@c&&ﬁh’lﬂl o%ﬂei]lﬁc ed RaRFnd @

control@pressure of fluid passing through said first c a second
pr essur @ sdishssepndcchamber iateriop obsaidiperingerd gas vent and operabl y coupled to a
means to control pressure of fluid passing through said second chanber;

wher ei n sai ' rent or trans] ucent terlal and
wher ei n sai gaﬁllgy@;e&%ﬁ Sgéscw?]lot[g Sﬁ@ﬁq ??té’f’dﬁgﬁﬁagﬂﬁ%?@ 5h2d t herein.
153. A mhedriseo carmsd pldsyuré ef ﬂmﬂ@asghgj:lmr@ghrs_ardmsmmbr,body fluid flow

circuit conprising: a filter housing having a first chanber; said chanber
having a first flyuid inlet, a first fluid outlet, and a first vent chanber
havi ng a fi rs¥CgUsPyEHe Segsqr,t:pp%e,cteﬁlég,sgd}gegqnfl'gahmt@p@ RPsraklyicguplpd 1 a

chanbermggshdadntidi Bfe@sﬂyﬁfﬂﬁ’iﬁ | ! Slﬂl{g{% QC(:({ dlcthﬁﬁ-. dia in flowng from

said first fluid inlet to sal out aflrst pressure
sensor connected to said first gas vent and adapt ed to measure pressure
i nsi de sai d Wharein saiddwbsing isiBade Ohgransparent oaseestisient mihteciabiand 153 f ur t her
conprising a second chanber within said filter housing, said second

chanber havi : I n| a ond fl uid. .out and a second
vent chanber a{%{l%gﬁgﬂ% é:f(l:%ﬁ gdaogs \g/&' l}ave TR fedia posmone(i t?lefel

153. A filter assembly for use in an extra-corporeal body fluid flow circuit comprising:
a filter housing having a first chamber;

said chamber having a first fluid inlet, a first fluid outlet, and a first vent chamber

having a first gas vent;

a filter media positioned within said first chamber so that fluid must pass through said

filter media in flowing from said first fluid inlet to said first fluid outlet; and

a first pressure sensor connected to said first gas vent and adapted to measure pressure

inside said first chamber.

154.  The filter assembly of claim 153 further comprising a second chamber within said
filter housing, said second chamber having a second fluid inlet, a second fluid outlet, and a

second vent chamber having a second gas vent.

155. The filter assembly of claim 154 further comprising a second pressure sensor
connected to said second gas vent and adapted to measure pressure inside said second

chamber.
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155. The filter assenbly of claim 154 further conprising a second pressure
sensor connected to said second gas vent and adapted to neasure pressure
i nside said second chanber. 81 156. The filter assenbly of claim 154
wherein said second chanber does not have a filter nedia positioned
therein gblS%}h lhe filter assenbly of claim 153 wherein said first chanber
conpri s& £ odier pasinhly chdﬁﬂpdéé wherain paid seqeed chanlsr dossnat hhive 4 Bitere| enent
p05|t|051@gl,a%ggo hhRfj Ng with said ridge to forma sealed fit, said
first fluid'inlet ocated exterior to said perineter, said first fluid
outlet located in said floor of said first chamber interior of said

peri met &¥7. The ﬁltvngsembnymfcmaﬁﬁwlemﬁn sdid firet thanWhebRiphsdsal flbdrinhsihg Yent
chamber ocated i.n a rﬁaéc{ sai d hqusing. 159. The filter assenbl y of
claim 1%%8 HPSE REEELST ﬁlﬁ?‘é&%ﬁﬂél’%%%%"&d aap %ﬂé’ﬂamgyw@b&ﬁpd gdgeto a

means t Rrherehlel ﬁ@rsﬁﬁismgmﬁ& if&t4bRPSILT td %[Iéf?pgg?é@ 'frrE lﬁé‘%”’?ﬁ dap160-

The filter assenbly of clalm 153 whereln sai ted
to be flogated in saibfiensof saidtfiostahpabérénterioofi satd yeminadterl east a corrponents of a
body fluid to a patlent 161. The filter assenbly of claim 153 wherein said

housi ng tr.an re tra ucent terial. 162. The filter
assenbl ijng ﬁ?gillt% é’? gﬁwgé? &’hﬁef"t@ bTSéH%‘ﬁtc aphssis Lcated in a roof of

appr oxi said Wduging00 micron filter. 163. A nethod of filtering in an

extracor poreal body fluid flow circuit conprising: providing a filter
assenbl rising a filter housing haV|n9 a first chanmber and a second
chanber sal lﬁFrsﬂtSSf‘cml?iﬁﬁéﬁlaﬁax}ﬁwharem%asd Ifsk preasure pamsor ia opérakly cobipied

out | et ’to%nﬁcﬁxsftd Ectitrol ﬁ%@%u[r%@ﬁmﬁﬁa {%?n‘@ tHQ)ugh sélgﬁr?t%%s ent, said second

chanmber having a seco con utlet and a second
vent chanber having a second gas vent, and a filter nedia p05|t|oned
within K dTh@tibc:thssﬂmthef clain i Sawhédeisi shidfist fipiasialet hradeygtbd sabedf1ditlyt er

medi a '&m | o fror’p %Id sicond fluid inl eg (tjo sai d second fluid outlet;
f1 owi ng A b C(S%fw A RAIE R L qpRaneRis o g Bpdy Bdiddogaayent) ui d enteri ng
said first chanber through said first fluid inlet and exiti ng said first

chanberldihr Ohghltemissenibly of clainiil 8 wherelBdaid NARIdgNI nak df § trhfbpafchagber with
said first gas vent;

translucent material.
162. The filter assembly of claim 153 wherein said filter element comprises an

approximately 200 micron filter.
163. A method of filtering in an extracorporeal body fluid flow circuit comprising:

providing a filter assembly comprising a filter housing having a first chamber and a
second chamber, said first chamber having a first fluid inlet, a first fluid outlet, and a first
vent chamber having a first gas vent, said second chamber having a second fluid inlet, a
second fluid outlet, and a second vent chamber having a second gas vent, and a filter media
positioned within said second chamber so that fluid must pass through said filter media in

flowing from said second fluid inlet to said second fluid outlet;

flowing a body fluid through said first chamber, said body fluid entering said first
chamber through said first fluid inlet and exiting said first chamber through said first fluid

outlet;

venting said first chamber with said first gas vent;
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82 flowing at |east a conponent of said body fluid through said second
chanber, said conponent entering said second chanber through said second
fluid inlet, passing through said filter nmedia, and exiting said second
chanmber through said second fluid outlet; and venting said second chanber
wi th said segond gas vent. 164. The nethod of claim 163 wherein said filter
assenbl y f ur HAEES 36, aseunpenentyof said hody Suidehewgh srid secundchambérosaidi d fir st

gas ven i B Sing. neasur,i ressure wthin said
first c%%rﬁﬁgif Httﬂ?%u%ﬂ %ﬁ“%%@ﬁ‘%‘é@%ﬁﬁ“@%%m&ﬂd F'Tl‘?ts?ass‘ﬂg Qusle sensor:
and adj ssd fiher hediw andtegitiofy saidisecdnddamber tBrouh 9agRecRliduid bstlerGlpgnber based
on pressure neasurenents taken by said first pressure sensor. 165. The

met hod of claim 163 whereip said filter assenbly further conprises a second
pressure sengﬁVmgéﬂﬂé@FﬁgCﬂﬂngﬁﬁﬂﬂb%@%ﬁﬁoﬁb§ﬁv@ﬁb, sai d method further
conprising: neasuring pressure within said second chanber through said

second g5 B8 meMddrbf chaind 639RRAG LG FHEE RS0 At npfkdtst g flow rate

of said body fluid through said secon based on“pressure
measur ePEsfIE seakagopyecteditd said dostgapres suiccmsthog durthet 66mprikieg:net hod of cl ai m
163 wherein said first chanber is substantially L-shaped, said first fluid

inlet and sajd first fluid. outl i tioned f said substantiall
shaped 11 repaehEbistoutt S Rl nReelE el felisCeascral Wikl ava Mscona”

chanber pregumer deaes; andf | oor having a ridge fornming a perineter, said filter
el ement positioned atop and mating wth said ridge to forma sealed fit,
said second fluid inlet |ocated exterior to said perinmeter, said second

fluid out ! edlyyeafley mie o spid bedp pidghraygh gaid dseivhamherripeed empressirer i or  of
sai d pa&kﬂﬁ&%&nm%@&n6V§§dﬁﬁ$ggs e &hadym 163 wherein said body fluid flowed
1 d”inlet ha '

into said first fluid er 1s drawn froma patient, and said

conponent fl owed through said second chanber is returned to said patient.

83 169. 16fhe Themetwdef chimilesd vé@remhsaidfilersabambly feithes banipasesdoesoniot have a
therein. ,170. A filtering in an

53 _ wd :
Lyt s oo R il o6 BRA Shebng 0ent shidt o further comprishng:

measuring pressure within said second chamber through said second gas vent with

said second pressure sensor; and

adjusting flow rate of said body fluid through said second chamber based on pressure

measurements taken by said second pressure sensor.

166. The method of claim 163 wherein said first chamber is substantially L-shaped, said

first fluid inlet and said first fluid outlet positioned at ends of said substantially L-shaped first
chamber.

167. The method of claim 163 wherein said second chamber comprises a floor having a
ridge forming a perimeter, said filter element positioned atop and mating with said ridge to
form a sealed fit, said second fluid inlet located exterior to said perimeter, said second fluid

outlet located in said floor of said second chamber and interior of said perimeter.

168. The method of claim 163 wherein said body fluid flowed into said first fluid inlet
chamber is drawn from a patient, and said component flowed through said second chamber is

returned to said patient.
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providing a filter assenbly conprising a filter housing having a first
chanber and a second chanber, said first chanber having a first fluid
inlet, a first fluid outlet, and a first vent chanber having a first gas
vent, said second chanber having a second fluid inlet, a second fluid
outl et, éydﬂﬁﬁsecond v?nt chanber havi ng a second gas vent, a filter nedia
posi ti oh®Y vitemsthadef slaim od vherrinsed fiss chamberrdogs dotrhase a fidesmetliaough sai d
filter pRtichelterdihoW ng fromsaid second fluid inlet to said second fluid
outlet, said filter having a first pressure sensor connected to said first
gas vent and a second pressure sensor connected to said second gas vent;
f1 owi ngl'®&. bddmethiodio@ fitteningighinsairacdrporsdl bobafdrt flow dirchibasipdding:d entering
said first chanber through said first fluid inlet and exiting said first
chanber throy Qisaidffirst fluid outIeF' venting said first chanber with
said first ghs \URa lerastembly copuiung afiliprhausing fayingafyst chamberandianr ough
sai d T scabndietmbenisaitiirh chaiberHabitle o ASEASHTRCS S 1RATuiPGhdtR NG koW rate
of said body fluid through said first chanber based on pressure

neasur eYidheRambek Baving a Sigft gas venttsajsk secend chagbrshaving 4 savondflaid ihkast a

conpone, i o] | uid, thr sai d second ,chanber, _said  _conponent
ent er i n%t:%rgaq %‘ﬁgé) ggﬁdg%’%ga?%g?d YH¥ g@%ﬁb‘% iﬁ}{f“% 855rPdsEas vept; ‘hf’é‘?r, meiasi ng

t hr oughposiiined fithiresaidedord ctafbe£0 thiai Guid %hﬂ%ga% meu%{k%ﬁﬂ)ﬁrte#rﬁécﬁyﬂh sai d
second fluid _outlet; venting said second chanber with said second gas vent;

measur i ¥i9e &gy sad sgoppd Huiddplst eseishrgcensbimid outlel saig fltertiatingecind gas vent
W th b SE6R # r., j Lng flowrate of said body fluid
througﬁﬁgaf se%gﬁd&gﬁgﬁﬁgFéggﬁgga%ﬁg%%@iéﬁ% “d953§ﬁ?éﬂEﬂE§“Pa%8ﬁ“%y sai d
second arkessondegasensyr; and 84 wherein said first chanber does not have a
filter nmedia positioned therein. 171. A nethod of filtering in an

extracor poreal .body fl ui | ow ci.rcuit conprising; providing a filter
assenbl y coﬁﬁ?"f‘ggﬁ ody ﬂﬂglr%@“g é"\'}ijﬁéstéh?lpmrdsqlﬁb%q)’, ﬁ‘ﬁdﬁpﬁﬂﬁgéﬂﬂlfﬁt, and a
vent chaafdér hdtghaid FEATINE I g SaildBhd Lty i husq d
chanber so t%at gfI?Jlid nmust péggﬁ?Eﬁ%ﬁgEmgg?%%??ﬁ§%ﬁhﬁgg?SM?E#?F%%?ng from

said fI¥tgtinlet to said fluid outlet, and a pressure sensor connected to
said gas vent;

venting said first chamber with said first gas vent;

measuring pressure within said first chamber through said first gas vent with said first

pressure sensor,

adjusting flow rate of said body fluid through said first chamber based on pressure

measurements taken by said first pressure sensor;

flowing at least a component of said body fluid through said second chamber, said
component entering said second chamber through said second fluid inlet, passing through

said filter media, and exiting said second chamber through said second fluid outlet;
venting said second chamber with said second gas vent;

measuring pressure within said second chamber through said second gas vent with

said second pressure sensor;

adjusting flow rate of said body fluid through said second chamber based on pressure
measurements taken by said second pressure sensor; and
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flow ng a body fluid through said chamber, said body fluid entering said
chanber through said fluid inlet, passing through said filter nmedia, and
exiting said chanber through said fluid outlet; neasuring pressure wthin
sai d chanber through said vent with said pressure sensor; and adjusting
flowrate of said body fluid through said chanber based on pressure

measur ement sWheikBrsalsl firsghamberdaes net kaveadilter 8dia positioned therein,

171. A method of filtering in an extracorporeal body flnid flow circuit comprising:

providing a filter assembly comprising a chamber having a fluid inlet, a fluid outlet,
and a vent chamber having a gas vent, a filter media positioned within said chamber so that
fluid must pass through said filter media in flowing from said fluid inlet to said fluid outlet,

and a pressure sensor connected to said gas vent;

flowing a body fluid through said chamber, said body fluid entering said chamber
through said fluid inlet, passing through said filter media, and exiting said chamber through

said fluid outlet;

measuring pressure within said chamber through said vent with said pressure sensor;

and

adjusting flow rate of said body fluid through said chamber based on pressure

measurements taken by said pressure sensor.
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