-1- APPARATUS, SYSTEMS AND METHODS FOR PROCESSI NG AND

TREATI NG A BI OLOG CAL FLU D W TH LI GHT

CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This is

a continuation-in-part. of U S. Application Serial No.

09/ 325,325, filed June 3, 1999. BACKGROUND OF THE

I NVENTI ON [ 0002] The pkresent invention generally
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[0003) Apparatus, methods and systems for  treating
biological fluids, such as blood and blood components, with
-light are well known. For example, U.S. Patent No. 4,952,812z,
incorporated by reference herein, discloses an apparatus - for
treating unwanted white blood cells in platelet concentrate with
ultraviolet radiation to limit the ability of white cells to
trigger an immune reaction in a patient. To treat containers of
platelet concentrate, the containers are placed on a slidable
drawer that is introduced into a housing between fa'cing arrays
of lamps for irradiation from both sides of the container.

During irradiation, the drawer (or a portion of the drawer) may




concentrate. [0004] U.S. Patent No. 5,557,098, also

i ncorporated by reference herein, discloses a system

and apparatus for treating a biological fluid with

light for the purpose of inactivating pathogens that

may be present in the biological fluid. A slidable

drawer is used to position the containers of
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While the prior art apparatus, systems and methods have
generally worked satisfactorily, there is a need for
improved apparatus, systems and methods that provide, for
example, improved reliability and accuracy, greater flexibility
and efficiency, improved ease of use and serviceability, as well
 as enhanced tracking, record keeping and the like.

SUMMARY OF THE INVENTION
[0609]




sensors di sposed on at |east one side of said
radi ometer to neasure the light intensity in said
fluid treatment chanber. In accordance with a second
aspect of the present invention, there is provided a
radi onmet er having at |east one side that defines an
area, said radioneter suited for neasuring -1ight
intensity froma |ight source, said radioneter
conprising: a plurality of light sensors disposed on
at |l east one side of said radioneter to neasure the
light intensity. In accordance with a third aspect of
the present invention, there is provided a radi oneter
conprising: said radioneter suited for neasuring
light intensity fromat |east one |ight source; said
radi ometer having at | east one side that defines an
area; a plurality of light sensors di sposed on at
| east one side of said radioneter to neasure the |ight
intensity fromsaid at | east one |light source; said
radi oneter calculating a plurality of calibration
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a plurality of calibration coefficients based upon deviations
- between the measured 1light intensity and a light intensity

standard; and said plurality of calibration coefficients

including one calibration coefficient for each light sensor.




signals may be corrected with calibration coefficients
that were determned in a prior calibration
procedure. [00012] Also disclosed is an electronic
control systemfor the biological fluid treatnent
apparatus with a conputer <circuit board and an
interface circuit board to interface a display, an
operator input device,sthe |light sensing system the
| anp control systemand a plurality of sensors and the
like with the conputer circuit board. [00013] Exanple
enbodi nents may provi de nethods for calibrating,
sensing and correcting light intensity measurenents.
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a partially exploded view of the apparatus

{00012} Also disclosed is an electronic contrel system for

the biological fluid treatment apparatus with a computer
circuit board and an interface circuit board to interface a
display, an operator input device, the light sensing system,

the lamp contrel system and a plurality of sensors and the

like with the computer

circuit board.
[00013] Example embodiments may provide metheds for
calibrating, sénsing and correcting light intensity

- measurements. The methods also




of FIG 1; [00020] FIG 6 is a perspective view of a
light drawer with a socket panel open; [00021] FIG
6A is an exploded view of the light drawer of FIG 6.
[00022] FIG 7 is a perspective viewof a fluid
container carrying tray; [00023] FIG 8 is a
perspective view of the fluid carrying drawer wth
tray renoved; [00024] FIG 8A. is a partial side view
of the drawer tilt knob and assembly of the fluid
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a_plan view of di sposa
: show1ng the modular components of the apparatus separated;

[00017] FIG. 3 is a perspective view of the apparatus of FIG. 1
with the front access door open;

[00018] FIG. 4 is a perspective view of the apparatus of FIG.
1 with front, top and side panels removed;

[0001%] FIG. 5 1s a partially exploded view of the apparatus
of FIG. 1;

[00020] FIG. 6 is a perspective view of a light drawer with a
socket panel open;

[0C0Z21] FIG. 6A is an exploded view of the light drawer of
FIG. 6.

[00022] FIG. 7 is a perspective view of a fluid container
carrying tray;

[00023] FIG. 8 is a perspective view of the fluid carrying
drawer with tray removed;

[0C024] FIG. BA is a partial side view of the drawer tilt
kncb and assembly of the fluid carrying drawer;




processi ng set enbodying the present invention in
position for attachnment with containers of a
col l ected biological fluid; [000371 FIG 18 is a
perspective view of a part of the disposable fluid
processi ng set enbodying the present invention that
i ncl udes at | east one contai ner disposed within a
hol der; [00038] FIG "1BAis a per spective view of an
ternativ enbod n e | der i C
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tile Fn@_antgaslssmldypeﬁ spedilpie %F@W“@f dxaverhol der of Fig.
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[00035] FIG. 16 is a plan view of another disposable fluid
processing set embodying the present invention;

.[00036] FIG. 17 1is a plan view of a disposable fluid
processing set embodying the present invention in position for
attachment with containers of a collected biological fluid;
[00037] FIG. 18 1is a perspective view of a part of the
dispogable fluid processing set embodying the present invention
that includes at least one container disposed within a holder;
[00038] FI1G@. 18A is a perspective wview of an alternative
embodiment of the holder in a closed position with containers
disposed therein;

[00039] FIG. 18B is a perspective view of the holder of Fig.
1gA in an open position but without container(s};

[00040) FIG. 18C is a perspective view of another alternative




an alternative enbodi nent of the agitation assenbly;
[000511 FIG 25 is a top view of the notor for noving
the fluid-carrying drawer; [00052] FIG 26 is an
expl oded vi ew of the drawer sub- assenbly and
fluid-carrying tray; [00053] FIG 27 is a perspective
view of the fluid carrying drawer with the fluid
carrying tray placed tRerein; [00054] FIG 28 is a

embod]#E EtpS%t | }é&&é're% faro ekh?%sliggﬁ side, of the fluid

rawer w id carrying tray
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for the present invention;

[00049] FIG. 23 is a flow chart showing the diagnostic
functions of the control system for the present invention;
[00050]) FIG. 24 is a rear perspective view of cne embodiment
of the fluid-carrying drawer, fluid container carrying tray and
an alternative embodiment of the agitation assembly;

[00051] FIG. 25 is a top view of the motor for woving the
fluid-carrying drawer;

[00052] FIG, 26 is an exploded view of the drawer sub-
assembly and fluid-carrying tray;

[00053] FIG. 27 is a perspective view of the fluid carrying
drawer with the fluid carrying tray placed therein;

[00054] FIG. 28 is a perspective view from the underside, of
the fluid carrying drawer without the fluid carrying tray;
[00055] . FIG. 29 1is a perspective view of an radiometer

embodying the present invention;




generally as |ight box 10. Light box 10 nmay be used
for treating a variety of materials for a variety of
pur poses. [00064] Light box 10 is particularly useful
in the treatnment of biological fluids. As used
herein, biological fluid refers to any fluid that is
found in or that nmay be i ntroduced into the body
i ncludi ng, but not Ii mied to, blood and bl ood
odu used he bl r.oduc f to
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systeﬁrcﬁsﬁpésehg ﬁvgh@ﬁq product. [00066] Typically, the
iolo uid to be treated is intr d%gdﬁggqltto a
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[0006f] i d%tIPea?ﬁehf B haRsErmwPt hFRe | 1Ie
sensihd exirebEsryplfast tigs 13uBY i ddnzaid esystemnst ugentpresent

bi ol ogndcal 'y conpatible containers. In accordance
invenfplq hects of the present invention, the containers
[0006KRy bEIFNt 8Yrid | an cunpedicell sehemat Herdiogneni derdeand

hghtpg,é%ggﬁ&&yghrggyusefuI in the processing of the
bi ol ogi cal fluid both before and after the treatnent

provi ded by |i GRFAILER PESCRELARDI es of the di sposabl e
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panel 14, bottom panel 16, front and rear e qlm S 17,

the JARTETENYAPRART £ &0 HHRSPRY PYePEo% 550 F¥u BY FRet
to thd Ipatimehestatids hlektoibepaeekids (Fig. 4). In a

[(H)OGPHr ef er red pggm%gl %@t ’té]:sgt.eitnglaﬂ aﬁﬁol B?Qﬁr qul‘at f‘h%r

ast orrer rmunts may I ncl ude
generddiyd| gwwa?2 fror Figsaaspl 1ig aﬁ’di t F%mgeé?ﬁq#g to herein

generally as light box 10. Light box 10 may be used for
treating a variety of materials for a variety of purposes.
[00064] Light box 10 is particularly useful in the treatment
of biological fluids. As used herein, biological fluid refers
to any fluid that is found in or that may be introduced into the
body including, but not limited to, blood and blood products.
As used herein "blood product" refers to whole blood or a
component of whole blood such as red blood cells, white blood
celis, platelets, plasma or a combination of one or more of such
components that have been separated from whole blood.

[00065]) One specific, non-limiting use of light box 10 is in




i ght box 10. An openabl e or renovabl e door 24 in side
panel 18 allows for access to the interior of |ight
box 10 and, nore specifically, the electronic
conmponents of |ight box 10, which are described in
nore detail below Door 24 may be opened or renoved
by turning fasteners 25. [00068] For conveni ence and
eff|C|ency, it is pref@fred that |ight box 10 be
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flexilkclnt r gllagtienentserfidizadtie, t r emsdwtenst bbbddlogieally -
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nponent s where luid processing takes place.
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]?’eoglaﬁff/aﬁseg{argablbg% Fmdb RIS rag?er gt etrfgtryen
providdduiby ligbathrento m@m@lgs oHr éheldéép‘Pf’iaé’éPl grogaesing

set aM&%gC@A[Jpxn&ﬁen&%t gﬁomﬁa Filghts shex. 1Qhésugntu§§c but
Separated as shown in Flgﬂoff HFn one
|

the dé?%aﬂ%ﬁroce@ams St niRfulthe BREhg tret FBER PEft

descrifedule md8e ate€ailebeldwoget her, in part, by a draw pin
30 (Fig. 4), whi ch t’hol 91? gogether interfitting parts

of the nodul es. A’terna |ver nodul es 26 and 28 nay
[0006de hePRd shovygeihdtigbyl.cdpshty dokadt einedydes] a( Hpenghown
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acce b%
t t
embodifigiit f§ Oarcourse nmeans of Connecting and
panels d&dmby g@@aqlaathangles 22 for grasping and transporting
light box 10. An openable or removable door 24 in side panel 18

allows for access to the interior of light box 10 and, more
specifically, the electronic components of light box 10, which
are described in more detail below. Door 24 may be opened or
removed by turning fasteners 25,

[p0068] For convenience and efficiency, it is preferred that
light box 10 be fairly compact. In one, non-limiting example,
iight box 10 may be approximately 100-120 cm wide, 20-100 cm
deep and between approximately 30-40 om high. A compact
instrument allows, for example, for placement of a greater

number of instruments per treatment center and/or may allow two




control and fluid treatnent nodul es nmay be used,
including, mating clips and slots on the facing
panel s of the control 26 and fluid treatmnment nodul e
28. [000711 Providing light box 10 in two readily
separabl e nodules 26 and 28 all ows for easier access
to the control and fluid treatnent nodul es 26 and 28
and general ly, provid&s for easi er serviceability of
ght box 10. For exanple, if off-site service |s
or mqrew%werlw teoPt ISGReHTUEE FoBeChrig® FhET 1ASdEFE can
in Fige 13@n0MBdl Nirghoultgreetyt thrgghpawal biandgisednEpont of
t he r X4 7 igs. 1
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Of course, other means of connecting and readily separating
control and fluid treatment modules may be wused, including,
mating clips and slots on the facing panels of the control 26
and fluid treatment module 28.

{00071] Providing light box 10 in two readily separable
modules 26 and 28 allows for easler access to the control and
fluid treatment modules 26 and 28 and, generally, provides for
easier serviceability of light box 10. For example, if off-site
gervice is required for control module 26 only, that module can
be removed without requiring removal and transport of the entire

light box 10.
[00072] As shown in Figs., 1 and 2, the exterior of control




vol tage and for maintaining | eakage current within
acceptable Ilimts for nedical devices. Oher
conmponents within control nodule 26 may include power
supply 167, input/output board 33 and a power inlet
nodul e 34, filtered pass through 34b for use wth an
external light intensity sensing device and filtered
out put pass through 344- [ 000741 Control nodule 26 nmay
be adapted for connection to _external such
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Contrcb]em?\g}bl %emyaﬁﬁw k include an 1so ation trans ormerxr

29 for converting an AC input voltage to a DC control system
voltage and for maintaining leakage current within acceptable
1imits for medical devices. Other components within control
module 26 may include power supply 167, input/output board 33
and a power inlet module 34, filtered pass through 34b for use
with an external light intensity sensing device and filtered
output pass through 34a.

[00074] Control module 26 may be adapted for connection to
e:xternal components such as a printer 500 (Fig. 14) through
parallel and/or serial ports 612, 613 and/or 616 {(Fig. 33) ({(such
as to a label printer through a serial port), or to a computer

printed circuit board (PCB} 602 or, for example, to an Ethernet




38 may typically be constructed of any sturdy nateri al
which wll allowlight box 10 to support one or nore
additional light boxes as generally shown in Fig. 13.
A preferred material is alumnumand, in particular,
Al um num 6061 hardened to T-6 or Al um num 5052/ H32.
(000771 Returning to Fig. 5, the light chanbers 42 and
44 are | ocated above 1a’rnd beI ow fluid treatnment
gimber 40 to row |IIumnaht|gn of .the
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luid cah&yl ng drawer 50 is required, drawer 40 may
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light sources (described in more detall below). The framework
38 may typically be constructed of any sturdy material which
will allow light box 10 to support one or more additional light
boxes as generally shown in Fig. 13. A preferred material is
aluminum and, in particular, Aluminum 6061 hardened to T-6 or
Aluminum 5052/H32.

{00077] Returning to Fig. 5, the light chambers 42 and 44 are
located above and below fluid treatment chamber 40 to provide
" two-sided illuminpation of the biological fluid. ©Of course, it
will be appreciated that light box 10 may include a single light
chamber, placed in close proximity to fluid treatment chamber or

two or more light chambers disposed around a fluid treatment




fully withdrawn. The ability to tilt drawer 50
downwardly may be particularly useful for |oading
containers of fluid in the upper |ight boxes where
two or nore |ight boxes are stacked on top of each
other, as shown in Fig. 13. In one enbodinent, fluid
carrying drawer 50 nmay _be hingedly attached to
framework 38 so that Mhen fluid carrying drawer 50 is
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gener al own In 1 Returning to Fig
pivot g\ognt ft|ha]: CPeé'ﬁ*tl’Sy EhRy d@‘pg@g@ﬁ:o5@e jtdlted downwardly when

fully withdrawn. The ability to tilt drawer 50 downwardly may be
particularly useful for loading containers of fluid in the upper
light boxes where twoc or more light boxes are stacked on top of
each other, as shown in Fig. 13. In one embodiment, fluid
carrying drawer 50 may be hingedly attached to framework 38 so
that when fluid carrying drawer 50 is fully opened and is
ocutside of housing 12, front edge of drawer 50 way be tilted
downwardly at, for example, a 20-45° angle, and preferably a 30°
angle.

[oo081] To allow tilting of fiuid carrying drawer, light box
10 may include spring loaded tilt knob 83 which, when pulled,




general ly open and includes a central cavity 88 to
allow for placenent of a container-carrying tray 90
shown in Fig. 7. Container carrying tray 90 nay be
integral with fluid carrying drawer 50, although, a
renovabl e non-integrated tray 90 nay be preferable
for easier container |oading and/or tray cleaning.
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[00083ﬂ hat R@e@pm tpOIE‘ﬁ.@gr 839 fluid carrying drawer 50 is
generally open and includes a central cavity 88 to allow for
placement of a container-carrying tray 90 shown in Fig. 7.
Container carrying tray 90 may be integral with fluid carrying
drawer 50, although, a removable non-integrated tray 90 may be
preferable for easier container loading and/or tray cleaping.

fo0084] During treatment of the biological fluid, it may be
desirable that the fluid within fluid carrying drawer 50 be
continucusly or periodically agitated to provide mixing of the
biological fluid and ensure that substantially all of the
biological fluid is sufficiently and uniformly exposed to light
and/or any photochemical agent. Accordingly, fluid carrying




of notor 334. As shown in Fig. 25, notor 334 includes

a central shaft 336, which receives a cam 338. Cam

338 may be an L-shaped crank or bracket. Shaft 340 of

cam 338 receives roller 330. As shown in Fig. 25,

roller 330 is offset fromshaft 336 by a

predeterm ned di stance. [00088] As will be appreciated

by those of skill in tH% art, rotation of cam 338

es a eccentrjc noti and movenent. o

arausy3 80 Syl Be Fompigl SpoTiEr 0 28 TAeES oo ISR and
fluidip and domn and noves yoke 326 accordingly, resulting
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nbodi ment , i ght sources are housed in_ lig
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tray 90), Lag@lthowli aweriy.68s.and 70 nmay al so include handl es
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plate 324. Yoke 326 1ncludes & gap 328 that receives roller 330
of motor 334. As shown in Fig. 25, motor 334 includes a central
shaft 336, which receives a cam 338. Cam 338 may be an L-shaped
crank or bracket. Shaft 340 of cam 338 receives roller 330. As
shown in Fig. 25, roller 330 is offset from shaft 336 by &
predetermined distance. :

[o0088] As will be appreciated by those of skill in the art,
rotation of cam 338 causes an eccentric motion and movement of
roller 330. Specifically, roller 330 slides fore and aft and up
and down and moves yoke 326 accordingly, resulting in side-to-
side movement of fluid-carrying tray 90.

[00089] In one embodiment, roller 330 is offset from shaft




divided into two or nore chanbers 101 and 103
separated by dividing wall 102. Dividing wall 102
mnimzes light fromone |[|ight chanber of radiating
into the other light chanber. This ensures that the
light emtted fromeach |amp or lanp array and
contacting the biological fluid is substantially
constant. In addltloﬂs"each of the lanmp arrays Wit hin

hambers 10 103 |nde endent
336 g A BIARCE R BOATFE IRSE T o EHEt &1 TG e
prefefhbily, When ioceesarr ayla)frebamﬁs ipsat tnstwéd dpfflacertpat

of flgiclﬂ-%rarﬂfﬁ@ytr‘a% éoaHPSd 1"m§£r@iwlogl inBGedescribed in
nor e el ow, may be parti cul arls)c/)fluseful

[00090her e Bt d*%nbt é“achﬁ‘f]éﬂfjﬁe?‘? &F 'B‘i”iﬂ JP ISP %
prefeb&SIy BiNpsdd fafbeffel’ttndl P¥Bdws £0fii¢ Lbeatineaat drembears . bei ng

treate 00092]. . g 1 gpd ;103 of
For §355ht° drsgg‘élr%g%éha? th aseﬁtg'r“ I?%ﬁp%e ?‘%n(e%d a0 our
PrefeS@W@W&M“S the51 kphy a%ercats)bdlet aardily| ag_‘GFFSﬂV%ﬂ | s A%05

used ﬁé%lﬁnd"r]eggllwyc&glsﬂ?.@@ @éan@r cab@sbssWhd [tha l:rl_c_:]l'lt:ht
reflective teri Q e amount o
S°urc‘aef?’\/éﬁﬁ hén‘g %E}S&é?r’m?é("ll S}’%’R 15 one” s%éméfo 2
exampbsrb odi mtwdrlvaheme ttiex] |tghls socho:e providesin iqgght in
embodlnna%tmfg é{/oseetdeéil(am thraen&?e IY\L@ilxé %011.19& deldefid, 107

a highly [ective alumnumto
partu'pkldv.oae cempietaht |’éﬁm°?’%‘?]leecft‘-’l°6n tht Wusipght? QRTa
fluid M@k Emdnti Snoa@lél wader tine neigBc156MhrCe &)anday S be

Ia Ie rom ALA nn peta [ many 093]
accessl%g ’fﬁug e i tag?e BFr RS n%%ﬁeorrié%%%g

panelg nveEutu ore rmsvoqimhudetlmwylllghghﬁomwcere havuaeé dapabl e

light oéran{-QVéOd LA® Hol. 9hks Qfnofin PRI tHigUl A5 WBY ef,RR0t Parrid
intensity for treating a particular biological fluid.

17 anfifpr Seghpie 2 P gHIOVed ot cenedp Pkt ot JHPEYIi TngCwhi t e
oveaxblieghbr 3% chgﬁutateiylff@be&ble)ulihtcavarﬂl et AoBntiuad B
ht a 7
'treat%’?‘gl r&%#T?g % ng 1§%Fa 5 6r > gs:? ar‘% Z’f/’ yar%ﬁﬁua% arrps
99 (Fik00s6) dtmacied ecprttéldllvmfmpm durgiate péuqi@e-'ermfol ﬁ@ql ude
s1ides5@NAAd.fd %96@%9%%&1&%%% Qhaq Rakds Iﬂr}lﬁ@ﬂ\@lgebﬂfcks

providing |light of a wavelength in

98 of (ﬁﬂaﬁ?WP‘oP%tasA?hcf“a‘ng’é Figych- | drght r?é?"’%’ég 8Bt el from

may abankiacDemkinafdielapan fondarasbigy pluedhgt iedeidd 302.

Lli ght drawers 60 and 70 may further, optionally,
TeM¥4 el ude fans 109 for cooling |anps 100 and, nore
[00091dpeci As caibtny ineFids - 06, |lagis dr@@erat0 gmdhenr’0 néke bkanp

dividefdi Ii RENt R0 or more chambers 101 and 103 separated by
dividing wall 102. Dividing wall 102 minimizes 1light from one
light charﬁber of radiating into the other light chamber. This
ensures that thé light emitted from each lamp or lamp array and
contacting the biological fluid is substantially constant. In
addition, each of the lamp arrays within light chambers 101 and
103 may be independently monitored and contreoclled from contrel
module 26. Thus, when one array of lamps is turned off, the
other array of lamps may remain on. As described in more ‘detail
below, this may be particularly useful where two or more

containers of biological fluid requiring different levels of




[ 000941 As shown in Fig. 6, the ends of |anps 100 are
inserted into sockets 104 housed on socket panel 106.
Socket panel nay al so serve as a printed circuit
board. Socket panel 106 may be hi nged and openable to
all ow for easy access to |anps 100, easy insertion

and renoval of |anps 100, and in general, easier
servi ceabi | i ty of |ighté-drawers 60 and 70. [00095] As
shown in Fig. portion of fluid treatnment chanber
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[000949r0du1§§ SR P{ﬂ. nI?yg.496];1'the ends of lamps 100 are
ingserted into sockets 104 housed on socket panel 106. Socket
panel may also serve as a printed circuit board. Socket panel
106 may be hinged and openable to allow for easy access to lamps
100, easy ingsertion and removal of lamps 100, and in genexal,
easier serviceability of light drawers 60 and 70.
Too095] As shown in Fig. 5, a portion of fluid treatment
chamber 40 and, for that matter, fluid carrying drawer 50, are
separated from light drawers 60 and 70 by glass plates 110. As
shown in Fig. 5, upper glass plate 110 rests on framework 38 and

is, generally, held in place by clamps 112 and 114. A lower




[00097] As shown in Fig. 11, marker assenbly 74 may
include a plurality of markers 76 a-d for marking a
plurality of containers during different stages of
the light treatnent. Markers 76 a-d nmay be attached
to a bracket 78, which includes a slide 114. slide
114 is suspended from and novable within track 116
which is attached to the interior framework 38 of
10. Thus th tire,assenbly 74.can
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Wels, Austria under the product name Printy 4911.

[00097] As shown in Fig., 11, marker assembly 74 méy include a
plurality of wmwarkers 76 a-d for marking a plurality of
containers during different stages of the 1light treatment.
Markers 76 a-d may be attached to a bracket 78, which includes a
_ slide 114. Slide 114 is suspended from and movable within track
116 which is attached to the interior framework 38 of light box
10. Thus the entire assembly 74 can be withdrawn from fluid
treatment module 28 for reinking, replacement of markers 76 or

for general servicing as shown in Fig. 5.
[00098] As shown in Fig. 12, each individual marker unit

includes a marker drive motor 120 that wmoves markers 76 up and




[ 000100] Returning to the fluid treatnment nodul e 28
and nore specifically fluid carrying drawer 50, as
shown in Figs. 5 and 13, fluid carrying drawer 50 may
include a tray 90 for holding one or nore containers
of biological fluid. Tray 90, shown in Fig. 7, may be
pl aced within the cavity 88 of the fluid carrying
drawer 50 (Fi g 8) Inl%ne enbodi ment, tray 90 may be
made of a ast i terial. Were, t
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foo00100] Returning to the fluid treatment module 28 and more
specifically fluid carrying drawer 50, as shown in Figs. 5 and
13, fluid carrying drawer 50 may include a tray 90 for holding
one or more containers of biological fluid., Tray 90, shown in
Fig. 7, may be placed within the cavity 88 of the fluid carrying
drawer 50 (Fig., 8). 1In one embodiment, tray 90 may be made of a
molded@ plastic material. Where the biological fluid is treated
from two sides, the molded plastic material should be
sufficiently translucent to the light provided by the lamps 100.
Suitable materials for tray 90 include acrylic polymers such as

polymethyl methacrylate (PMMA) or members of the polyolefin




irntegrated fluid processing set, tray 90 may be
conpartnentalized to provide separate conpartnents for
the contai ner undergoing treatnent on the one hand,
and the renainder or a portion of the remai nder of

t he di sposabl e processing set, on the other hand. As
shown for exanple, in_,fig. 7, first portion 180 and
second portion 182 eack include a first conpartnent
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integrated fluid processing set, tray 90 may be
compartmentalized to provide separate compartments £for the
container undergoing treatment on the one hand, and the
remainder or a portion of the remainder of the disposable
processing set, on the other hand. As shown for example, in
Fig. 7, fiz-:st portion 180 and second portion 182 each include a
first compartment 188 and second compartment 190 separated by
discontinuous wall 192. First compartment 188 may hold a
container of biological fluid 206 and the second compartment may
hold the remaining components of the fluid processing set. A

slot in the wall 1922 accommodates the tubing that connects




conpartnments 190 prior to the illum nation process.

[ 000105] As shown in Fig. 28, cover 380 may include

| atch 382 for securing cover 380 to dividing wall 184
of tray 90. Cover 380 may also include a plurality of
apertures 384 aligned wwth bag placenent sensors
(descri bed bel ow). Cov. er 380 can be made of any
suitable materi al mhlé% is not translucent to |ight
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compartments 190 prior to the illumination process.

- {000105] As shown in Fig. 28, cover 380 may include latch 382
for securing cover 380 to dividing-wall 184 of tray 90. Cover
380 may also include a plurality of apertures 384 aligned with
bag placement sensors (described below). Cover 380 can be made
of any suitable material which is not translucent to light from
light sources. Preferably, cover 380 is made of aluminum.
[000106] Light box 10 may include sensors for detecting
different conditions during the pretreatment and treatment
processes. The sensors relay signals to the microprocessor of

the light box 10 that is housed within control module 26. As

shown for example in Fig. 14, sensors (e.g., 404, 430) send




allow light fromlanps 100 to pass through and contact
sensors 404. Sensors 404 may include or be used wth
one or nore filters to filter out unwanted I|ight.
More specifically, where |light box 10 is used to
activate a photochem cal agent, it may be desirable
that the filters used_iyn association with sensors 404
have a maxi num sensitivity in the wavel ength range
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404. Sensors 404 may include or be used with one or more

filters to filter out unwanted light. More specifically, where
light box 10 is used to activate a photochemical agent, it may
be desirable that the filters used in association with sensors
404 have a maximum sensitivity in the wavelength range that
- substantially matches the wavelength range within which the
particular photochemical agent is most effectively activated
(i.e., the "action curve"). This allows sensors 404 to detect
the effectiveness of photochemical activation. Sensors 404 are
available, for example, from Micropac Industries, Inc. of

Garland, TX under part 1_1umber 61120. Filters are available from




tenperature falls outside of a predeterm ned
tenperature range, the anbient tenperature sensor
sends a signal to the mnicroprocessor as generally
descri bed above, which alerts the operator that the
tenperature i s approaching or has exceeded its |imt.
Accordingly, the operq%or and/ or instrunent may take
further action. [00011 Addi ti onal sensors nay be
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the ambient temperature sensor sends a signal to the
microprocessor as generally described above, which alerts the
‘operator that the temperature ig approaching or has exceeded its
limit. Accordingly, the operator and/or instrument_ may take
further action.

[000111) Additional sensors may be provided, including a
sensor for moﬁitoring the agitation provided by the agitation
assembly. In an embodiment of light box 10 that includes ma'rker
sub-assembly 74, sensor 430 may be attached to marker
subassembly 74, as shown in Fig. 11a, and measures movement of

the agitation assembly described above. In an embodiment where




whet her the front door of the |ight box is closed
during treatnent. Door sensor nay be a nagnetic
switch that detects contact between door 36 and
magnetic plate 441 shown in Fig. 3. Also, plunger
switch 36a (Fig. 4) is pressed when door 36 is
closed. If door 36 is_gppen, plunger switch 36a serves
as an electrical cut off. If, the door is open, the
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treatmeont ai @ isgnsor may be a magnetic switch that detects
contact between door 36 and magnetic plate 441 shown in Fig. 3.
Also, plunger switch 36a {PFig. 4) is pressed when door 36 is
closed. If door 36 is open, plunger switch 36a serves as an
electrical cut off. If, the door is open, the system will not
permit the treatment to proceed. Alternatively, light box 10
may include a door lock 388, Door lock 388 may include a
solenoid that establishes contact with a pin on door 36 and
ensures that door 36 remains locked during treatment.

[000114] Light box 10 may also include sensors 450 for

determining whether containers are in position for marking by




present, light will pass through one or both of
apertures 387 and 389, and corresponding |ight
detectors 381 and/or 382 will generate a signal. Any
such signals indicate that no container is present
and the instrunent will either alert the operator
and/or term nate furthgr processing. [000116) The
electronic circuitry, ‘generally designated 600, for
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and 389, and corresponding light detectors 381 and/or 382 will

generate a signal. Any such signals indicate that no container

" is present and the instrument will either alert the operator

and/or terminate further procesging.

[000116] The electronic circuitry, generally désignated 600,
for controlling light box 10 is illustrated in block diagram
format in Fig. 33. A computer printed circuit board (PCB) 602
preferably includes a 486DX4 compatible central processing unit
(CPU), or microprocessor, 603 typically operating at 100 MHz, or
more, to provide, and to service, a multiplicity of functions.

A DRAM module 604 provides memory for CPU 603, which may be, by




[000118) An interface PCB 606 directly or indirectly

i nterfaces conputer PCB 602 with nost of the other

el ectrical apparatus, such as |anps, sensors,

di spl ays and so forth. Interface PCB 606 is

subdi vided into several portions. An LCD portion 624

receives video and conjtol signals from conputer PCB
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interfht€p cSdputer PCB 602 with most of the other electrlcal
apparatus, such as lamps, sensors, displays and so forth.
Interface PCB 606 is subdivided into several portions. 2An LCD
portion 624 receives video and contreol signals from computer PCB
via lines 608 and provides control signals to a back light
inverter (BLI) PCB 626 to control and to supply power for the
backlighting of display panel 37. LCD portion 624 also supplies
video and contrecl signals, and power, wvia lines 627 to display
panel 37, A keypad and LED portion 630 receives inputs from
keypad 39 at the user interface 32, and sends such inputs to

computer PCB 602 via ISA bus 610.




i s disposed on upper and lower |ight sensor PCBs 643
and 644 and provides signals to relay PCB 640 that
are indicative of the intensity of illumnation
provi ded by the upper and | ower |anps, respectively.
Rel ay PCB 640 al so controls the application of power
to shaker notor 647 angd bl ower fan 648, such as with
el ectronic relays, in accordance with control signals
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respectively. Relay PCB 640 also controls the application of

power to shaker motor 647 and blower fan 648, such as with
electronic relays, in accordance with control signals from relay
control interface 637 on interface PCB 606. Relay PCB 640

routes signals from door solenoid 648 and miscellaneous sensors

649 to miscellaneous sensors interface 636 on intexrface PCB &06.
[000122] As previocusly explained, light box 10 has two light
chambers 42 and 43 for treating biclogical fluids in either or

both chambers. Two light arrays consisting of four lamps 100




by a divider 656 to provide three test or reference
frequencies on three lines 657, which are provided as
inputs to rmultiplexers 651 and 652. For exanpl e,
these test frequencies may be about 230 KHz, 115 KHz
and 57.5 KHz. The power supply +5 Vdc is also

provided as an input tQ nmultiplexers 651 and 652 to
moni tor the power supply for any undesired noise t hat
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651 angogﬂ’{t erFoﬁchample, these test frequencies may be about
230 KHz, 115 KHz and 57.5 KHz. The power supply +5 Vdc is also
provided as an input to multiplexers 651 and 652 to monitor the

power supply for any undesired noise that could interfere with
the signals from the light sensors. Three address selection
lines 658, including A0, Al and A2, are used to cause
multiplexers 651 or 652 to alternately sample one of the outputs
from the four 1light sensors, one of the three test frequencies
or the power supply voltage. For example, the sampling periods

may be about 15 milliseconds. These address selection bits on




602, provides buffering of these count signals and
provides chip select functions to select counter 670
or 671. Counters 670 and 671 can issue interrupt
requests to PLD 680 on |ines 684 and 685,
respectively. PLD 680 can al so issue interrupt
requests to conputer PCB 602 on a |line 686 and
control signals are Fétei ved by PLD 680 from conputer
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selectCBi€Sond lkbnNbd@kt Ofbunter 670 or 671. Counters 670 and
671 can 1ssue interrupt requests to PLD 680 on lines 684 and
685, respectively. PLD 680 can also issue interrupt requests
to computer PCB 602 on a 1line 686 and control signals are
received by PLD 680 from computer PCB 602 on one or more lines
689. PLD 680 is commercially available, for example, from
Altera Corporation of San Jose, CA under part number EPM7128S.

[000125] Sensor read software 690 enables CPU 603 on computer
PCB 602 to read the data sent from PLD 680 on data busses 687
and 688. Independent illumination software 691 monitors the

data for any malfunction or irregularity. For example, if the




to cease and the user is advised that treatnent is

conpleted. [000127] Software 692 al so preferably

constantly nonitors the count of the test frequencies

657 because these frequencies are known and the count

results wll confirmthe signal paths and counting

accuracy wth respect 50 the frequency signals from
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[000127] Software 692 also preferably constantly monitors the
count of the test frequencies 657 because these frequencies are
known and the count results will confirm the signal paths and
counting accuracy with respect to the freguency signals from
light sensors 404. The redundant light sensing channel provided
by secondary multiplexers 652 and 661 are also preferably
monitored to confirm the accuracy of information received from
primary multiplexers 651 and 660. If the frequency count data
received from primary multiplexers 651 and 660 are not within a
certain tolerance with the data received from secondary

multiplexers 652 and 661, an error wessage will be supplied to
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of the lanp. Accordingly, in a preferred enbodi nent,
as showmn in Fig. 14A radioneter 460 may include a
plurality of sensors 469 spaced across the top and/or
bottom surface(s) to receive light fromdifferent
points on one or nore |anps. Al so, sensors 469 may be
pl aced on one side of support 465, but preferably are
pl aced on both the top %urface 467 and the bottom
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in FigR0848N0aalbhncbe POVhgethd1@de a plurality of sensors
469 spaced across the top and/or bottom surface(s) toc receive
light from different points on one or more lamps. Also, sensors
469 may be placed on one side of support 465, but preferably are
placed on both the top surface 467 and the bottom surface 468.
Top and bottom placement of sensors 469 is. particularly
preferred where radiometer 460 is used to measure light provided
by two facing light sources, such as the two arrays of lamps 100
in one of the embodiments of light box 10.

[000131] Radiometer 460 is preferably calibrated with a

precision light source in accordance with NIST standards. As




accommpdat e sensors 469. [000133] A connector cable
516, as shown in Fig. 32, is attached to radi oneter

460 for electrical connection to light box 10 and,
for exanple, to port 461 (Fig. 5) This allows

radi oneter 460 to transmt data to the conputer PCB
602 (Fig. 33) of light,box 10, which system provides
information to the operator and/ or automatically
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[000133] A connector cable 516, as shown in Fig. 32, is
attached to radiometer 460 for electrical comnection te light
box 10 and, for example, to port 461 (Fig. 5}. This allows
radiometer 460 to transmit data to the computer PCB 602 (Fig,
33) of light box 10, which system provides information to the
operator and/or automatically takes action based on the
transmitted data. Radiometer 460 may also include a slit 472
{(Fig. 29) for placement over tab 186 (Fig. 7) in tray 90 of
light box 10.

1000134] Sensors 469 are generally any device that is capable

of detecting light o©of selected wavelengths, These sensors are




the energy being delivered to the fluid and of the

ef fectiveness of the treatnent. [000136) As set forth
above, radioneter 460 may be used for light intensity
verification by, for exanple, the operator and for
calibration of |ight box 10 generally and nore
specifically, of |nternal i ght sensors 404. In
accordance wth the mettiod of usi ng radi oneter 460
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[000136] As set forth above, radiometer 460 may be used for

light intensity verification by, for example, the operator and

for calibration of light box 10 generally and more specifically,

of internal light sensors 404, In accordance with the method of

using radiometer 460 for light intensity verification, the

operator may place radiometer 460 in first compartment 188 of

tray 90, as shown in Fig. 32. Connector cable 516 may be

pressed into strain relief tabs 474 within light box 10 (Fig. 8)

or, more preferably, thread through slot 390 in drawer 50, as

shown in Fig. 32. The fluid carrying drawer 50 is inserted into




[ 000138] Thus, for exanple if the energy dose neasured
by radioneter 460 is substantially equal to the
energy dose detected by sensors 404, but is outside
the pre-set dose range, this nay be an indication
that the output of l[anps 100 has di m ni shed and that
| anps 100 may have to ? replaced. Alternatively, if
the energy dose as neaSured by radi oneter 460 is
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[00013§bpp| 'Fl’é%cl (53F| aﬁrgﬂleleé ﬁBgveF:nergy dose measured by

radicmeter 460 is substantially equal to the energy dose
detected by sensors 404, but is outside the pre-set dose range,
this may be an indication that the output of lamps 100 has
diminished and that lamps 100 may have to be replaced.
Alternatively, if the energy dose as measured by radiometer 460
ig substantially equal to the expected pre-set dose of the
instrument, but both are Jdifferent from the energy dose aé
measured by sensors 404, this may be an indication that sensing
capability of sensors 404 has diminished. Finally, if the dose
as measured by sensors 404 1is substantially equal to the

expected pre-set dose, but different than the energy dose as




| anps 100 and are controlled by relay board and
isolation transfornmer 29. Shaker notor 92 is powered

through relay board and isolation transforner 29.
Addi ti onal power supply 168 supplies power for the

bl ower 134, Iight drawer fans 109, and drive notors
120 for markers 76a-d and door |ock 480. Preferably,
the power supply for ﬁﬁer|ng t hese conponents my be
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joined with containers of biological fluid, and the
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1amps 100 and are controlled by relay board and isolation

transformer 29. Shaker motor 92 is powered through relay board
and isolation transformer 29. Additicnal power supply 168
supplies power for the blower 134, light drawer fans 109, and
drive motors 120 for markers 76a-d and door lock 480.
Preferably, the power supply for powering these components may
be approximately 24 volts DC. Power supply for powering sghaker
motor may be 230V AC. Power supply 167 may supply +5 and +12
volts DC to, for example, computer board 160.

[000141] Finally, 1light box 10 includes a programmable
computer software-based control system 600 to control the
operation of light box 10 that has already been described with




contai ner 202, a container 206, a container 210 and a

container 214. The containers nmay be integrally

i nterconnected with tubing segnents as generally

shown and described in detail below The sizes and

i nternal volunmes of containers 202, 206, 210 and 214

may vary dependi ng on gge bi ol ogi cal fluid being

processed. In a non-liniting exanple, container 202
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'Contal[nﬁﬁoi"?r’e) ACEMEARAE 2086 3 SOPrEMEF abldy 28d c"i‘)rﬂoﬁFWé‘Fr
214. SuTHeabdentbOfiers may be integrally interconnected with
tubing segments as generally shown and described in detail
below. The sizes and internal volumes of containers 202, 206,
210 and 214 may vary depending on the biological fluid being
processed. In a2 non-limiting example, container 202 may be
capable of holding approximately 5-30 ml of fluid, containers
206 and 210 approximately 1000 ml and container 214 between
approximately 1000-1500 ml. Of course, other desirable sizes
and volumes may be used and are within the scope of the present
invention.
{000144) Where the disposable processing set is used in or as




hol di ng the biological fluid during light treatnent.
Accordingly, it is desirable that container 206 be
made of a «clear, durable, thernoplastic material that
is translucent to Ilight of the selected wavel ength
and sterilizable by known forns of sterilization

i ncluding steam sterilization, ganma and el ectron
beam radi ati on. For exéﬁﬁle where the bl ood product
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Accordingly, it is desirable that container 206 be made of a
clear, durable, thermoplastic material that is translucent to
light of the selected wavelength and sterilizable by known forms
of sterilization including steam sterilization, gamma and
electron beam radiation. For example, where the blood product
to be treated includes blood platelets or blood plasma and the
treatment is to be with light in the UVA range, container is
made of a material that is substantially translucent to UVA
light and remains stable after sterilization. Such materials
may include polyvinyl chloride, but wmore preferably, may be
blends of thermoplastic polymers and copolymers, including




t he photoactivation process. The adsorbent nateri al
may be contained in a sem -perneabl e pouch,
preferably affixed to the container walls or portions
thereof within the interior chanber of container 210.
The interior chanber of container 210 has a volune
sufficient to hold the biological fluid from container
206. Such a contai ner ard the adsorbent material are
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contafif¥d in a semi-permeable pouch, preferably affixed to the
container walls or portions thereof within the interior chamber
of container 210. The interior chamber of container 210 has a
volume sufficient to hold the biological fluid from .container
206. Such a container and the adsorbent material are disclosed
in more detail in copending patent application entitled "Plastic
Containers Having Inner Pouches and Methods for Making Such
Containers" which is being filed simultanecusly herewith in the
names of Mahmood Mohiuddin, George D. Cimino and Derek J. Hei,
and 1is incorporated by reference in its entirety. Materials

such as those wused in the PL-2410 and PL-732 containers




fluid access during later transfusion, as will be

recogni zed by those of ordinary skill. [000150] In an

alternative enbodi nent, di sposable processing set nay

include a single container for housing the adsorbent

material of container 210 and for storing the

bi ol ogi cal fluid, thereby conbining the functions of

container 210 and 214 “3§escribed above. [000151] The
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fluid access durlng later transfusion, as will be recognized by

those of ordinary skill.

{000150] In an alternative embodiment, disposable processging
set may include a single container for housing the adsorbent
material of container 210 and for storing the biological f£luid,
thereby combining the functions of container 210 and 214
described above.

[000151] The disposable processing set 200 described herein
may further include frangible wembers 230 (a-c¢) disposed within
tubing segments as shown in Fig. 15. Frangible members 230 are
broken at the appropriate time to establish fluid communication

.between the containers of the processing set 200. Such




chanmber for holding the biological fluid for any
significant period of time. Such flow through devices
are described in International Publication No. WO

96/ 40857, which is incorporated by reference herein.
Di sposabl e processing set 240 may further include an
air reservoir 256 and air sink 258. Air reservoir 256

provides air to help e?ﬁel biological fluid from
8 receives excess air
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period cof time. Such flow through devices are described in
International Publication No. WO 96/40857, which is incorporated
by reference herein. Disposable processing set 240 may further
include an air reservoir 256 and air sink 258, Air reservoir

256 provides air to help expel biological fluid from container

.+ 244 and air sink 258 receives excess air expelled from storage

container 248 after processing. Air reservoir 256 and air sink
258 may be made of any suitable biocompatible material,
including the materials described above. Likewise, the
containers of disposable procesging set 240 may also be made

from the materials dgenerally described above, Preferably,




be contained within or held together by a hol der.

Hol der may be any device such as a clanp that holds

t oget her containers 210 and 214. The hol der nmay be
integral with the di sposable processing set or nmay be
provided separately. [0001571 More preferably, holder
260, shown in Figs. 17-18, may be a receptacle or

ot her shell-.like hol di%lg device. In one enbodiment,
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be coptrimgf naichin gel helgl gogether by a holder Holder may be

any device such as a clamp that holds together containers 210
and 214, The holder may be integral with the disposable
processing set or may be provided separately.

[060157] More preferably, holder 260, shown in Figs. 17-18,
may be a receptacle or other shell-like holding device. In one
embodiment, holder 260 may include a bottom wall 262 which
separates the containers 210 and 214 from container 206. In a
preferred embodiment, holder 260 may have sidewalls 262 and 264,
a back wall 268 and includes a substantially open front porticn
as shown in Figs. 17-18. In addition, bottom wall 262 may

include a slot 263 to accommodate tubing that connects




exposed to the outside environment through the open
portion of holder 260 as. shown in Fig. 17. For
purposes of illustration, in Figs. 17-18, label is
shown as applied to container 214. In one enbodi ment
contai ner 214 may not include |abel at the tinme of
use and a | abel may be transferred to contai ner 214
froma container of br%1og|cal fluid. Alternatively,
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cordance with fhe nmethod of processing a_ biological
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holder 260 as shown in Fig. 17. For purposes of illustration,
in Figg. 17-18, label is shown as applied to container 214. In
one embodiment container 214 may not include label at the time
of use and a2 label may be transferred to container 214 from a
container of biological fluid. Alternatively, container 214 may
include a label and an additional label may be transferred from
a container of biological fluid. In any event, container 214
may be folded in half (or tri-folded) with container 210 (also
folded) placed behind container 214. In addition, £folded
container 214 may be lightly spot welded at its ends to keep the

container folded and improve handleability of the container.




products include the automated and manual centrifuga
processi ng, separation and collection of bl ood
products, nenbrane separation of blood products and
the like. One exanple of a centrifugal bl ood
processing systemis the AM CUS Separator sold by
Baxt er Heal t hcare Cbrporatlon [ 000162] Regardl ess of
the coll ection nethod,” “¢ont ai ners of the coIIected
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membrane separation of blood products and the like. One example
of a centrifugal blood processing system is the AMICUS®
Separator sold by Baxter Healthcare Corporation.

[000162] Regardless of the collection method, containers of
the collected blood product will typically bear a label that
includes information identifying the donor, the blood product
and lot numbers. Most typically, such information is presented
in the form of one or more bar codes on the label, which can be
scanned and read by bar code reader, such as bar code reader 41

of light box 10. Such labels may be removable and transferable




severed. It is preferable that the indicator be placed

as close as possible to the container 206 so that

nost of the biological fluid is retained within

cont ai ner 206 where it is nost likely to be m xed and

treated. [000165) Before or after placenent of the

di sposabl e processing set in tray 90, operator may

scan the | abel and ot he- container indicia with bar
de reader 41. Bar codes 222 on the rmain container
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severed. It is preferable that the indicator bhe placed as close
as possible to the container 206 so that wmost of the biological
fluid is retained within container 206 where it is most likely
‘to be mixed and treated.

[000165] Before or after placement of the disposable
processing set in tray 90, coperator may scan the label and other
container indicia with bar code reader 41, Bar codes 222 on the
main containmer label 216 or the container itself provide the
instrument with information regarding the biolegical fluid to be
treated. Based on the data, the light treating instrument or
operator prescribes the light dosage and then calculates the.

duration of the treatment.




[ 000168] Light box 10 includes a programmabl e conputer
sof t war e- based control systemto control the operation
of light box 10. The control systemis generally and
di agrammatically depicted in Figs. 19-23. As shown in
Fi gures 19-23, the system tests, nonitors and
controls various aspects of the light box 10 and
treatment operation sucit-as the start up, container
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box 10. The control system is generally and diagrammatically
depicted in Figs. 192-23. As shown in Figures 19-23, the system
tests, monitors and controls various aspects of the light box 10
and treatment operation such as the start up, container loading,
container treatment and container unloading stages of the light
box operation. The control system allows the operator to take
action or advises the operator of the treatment status through
either an alphanumeric or a graphical user interface displayed
on screen 37. The various functions may be initiated by the

‘operator through control panel or automatically by the control




condition is renedied. If treatnment is enabl ed
however, the systemw || then determne if treatnent
was ot herwi se cancelled 715. If not, the systemw ||
pronpt the operator to input the container (i.e

bi ol ogi cal fluid) information 716. Contai ner

i nformati on may be input manually or by scanni ng bar
codes 222 on, for examste, container 214 shown in
Fig. 15. The system again determnes if the treatnent

systgmo¥®§sf has been cancelled. If the data fromthe bag
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container (i.e. biclogical fluid) information 716. Container

information may be input manually or by scanning bar codes 222

on, for example, container 214 shown in Fig. 15. The system

again determines if the treatment process has been cancelled. If

the data from the bag information entry in step 716 is valid at

step 718, the system proceeds to the next function or phase as

génerally shown in Fig. 20B.

[000171] As shown in Figure 20B, the control system displays

additional options for the operator to sélect at step 719. For

example, the operator may proceed to treatment of the container,




treatnment tinme and a runni ng val ue of the dosage
percent being applied to the biological fluid during
the treatnment as shown in step 730. Treatnent wl|
continue unless termnated by the operator or
automatically termnated by the instrunment in
response to an alarmcondition. [000173] In one
enbodi nent, contai ner Mgy be marked by markers 76 at
the beginning of treatnent and after treatnent is
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applied to the biclogical fluid during the treatment as shown in
step 730. Treatment will continue unless terminated by the
operator or automatically terminated by the instrument in
response to an alarm condition,

[000173] In one embodiment, container may be marked by markers
76 at the beginning of treatment and after treatment is
completed. The marks made by marker 76 obliterate or otherwise
masks the bar code, making it unreadable. Thus, a container
with two masked bar codes 224 indicates that treatment has been
successfully completed. ©On the other hand, if only one of the
bar codes 224 has been masked, this serves as an indication that

treatment was not successfully completed and the container may




[000176] The process of determining the |ight
intensity, determning the current energy dose and
determining the treatnment tine based upon a
predeterm ned or target energy dose is shown in the
flow chart of Fig. 21A. This corresponds, in part, to
the energy calculation step 732 in Fig. 21. It is
assuned that treatnent “h&s been initiated at step 724,
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is sBUES ¥nSeROWow chart of Fig. 21A. This corresponds, in
part, to the energy calculation step 732 in Fig. 21. It is
assumed that treatment has been initiated at step 724, which
also corresponds to steps 724 or 724a in Fig. 20B. When
treatment is initiated, lamps 100 are illuminiated at step 770.
Light sensors 404 at step 771 make a measurement of the light
intensity from lamps 100. Light sensors 404 convert the
measured illumunination level into a signal with a frequency
that is related to the sensed light intensity at step 771. At
step 772, the signals from each sensor 404 are combined by a

multiplexer into a wultiplexed freguency signal. At step 773,




Using the corrected light intensity neasurenents, CPU
603 continuously updates the current energy dose that
has been delivered to one or both of treatnent
chanbers 42 and/or 44. Based upon the current energy
dose and the current corrected illumnation |evel,
CPU can determne the remaining treatnent tine as
wel | as the total treafffent time, at step 779, needed
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time as well as the total treatment time, at step 779, needed to
deliver the target dose, which was identified as one of the
| treatment parameters at step 730 in Fig. 21. When target dose
is reached, treatment is terminated and illumination ceases, at
step 778%a.

[000177] The process of calibrating the light box 10 with a
pair of radiometers 460 is illustrated in Fig. 21B. The user
first selects the calibration wode at step 780. Preferably, a
bar code on radiometer 460 is first scamned to identify the

radiometer being used at step 781. As previously explained this




sensors 404, which are disposed on the opposite sides
of lanps 100 fromradi oneter 460. Radioneter 460 is
thus able to nore accurately neasure light intensity
in tray 90 where biological fluids are placed for
treatment. It is therefore desirable to calibrate
i ght sensing system 650 to neasure |ight intensity
received at tray 90 sinif®arly to that neasured by
radi.oneter...460. (000178 U 603 recei ves_data, f.rom
e A T4 ot 50 S 0eR b oBi OIS ah e, e
proviges fFaitibnatiioy jcndst.epsur83.asAtfort lkecls apendorne s CRY

radiQRefCalYES 2Rt g1 44 %;yob@&@_ URPELARG ibAWRh e | bOfYre
sensors 404 in ste 84, which corresponds to steps

whiph) radepRetqr [i6g. vohla neefl Ipeajibmtiorpy B3 RS e S es
caldbeatliobr atdesnarec pebdfidetetri chorem@achr seRson 4ebringd

. WPOE L COL T ) ' [ [y ity r [
1R e et Rl w0 RO SRS | BACLOER
themnpATSE t1a88009t6 M 440 dvi 99at PHIvhs errsbartmeBos ofy sTam2650.

sudh0808 1tA8] céepphi-filcat i OlhC @8Ffdsphbrfiat tOF £iGRE T &GlbOP 42 of
orf set of nunbers that

. coetfjcient_ neans_any_punbe

1lg|8g E’g’éd&?'o gor Flécfte‘?reg&lr edEf‘T SR Wat i iHEEHYS Y es
destoibdt kghtaopr efefemeid stwireedinge OfatNItSE stadholertes.
mealliiS, 18i4CNRE@ls1 PP LY C1dmpst Poo AR ?{ditom@tap 480

. accurate illum nation measurenment capabilities of the
is §r pidgpiBlaf B 4oineredtrent whenrervdpugied deficribed
andt feaheentin ©hanbe,s rd@icbetddd 400 Habee TgnEe1 1D @laprs

| gcat ed. | i ght sensjng .system 650 such that |igh

s BEBIRE S0 el cLglon 1 el 8oL PP &2 n
corp¢ranized st remdidihg doar nsemsers slareted naret kattwflly

'bet{rc_ﬂéiixi QiEt e5uAe ban di spQsasiat h?écﬁioﬂeté@% will be

cal.ibration coefficients are preferably |inear
MEAZEAPE nh P ac LHBSt Hat2Se A5E1E 1Y t FeeivghtPys éndiAPE et em
fluGbGfter emithqtfaeltded bghinyMeaBielE Nghd aeCukdiyedfatter
. ' er.460..n the tre nt chanmbers. These
i HATENEELS rePodl criel 30 0¥ hon R gk TSR3, 985,
The ghight t Espeiriesy measwed b sadhpwepef of60 (Angr bhersdore

mord OQ&:1801 e A&b&tthetli:é)nfiglﬁ%i C.’L'ﬂt_&{siﬁ:!{'@s Caééskﬁrr@&i 89 1ight
rocedure with a _first_radioneter 460, the user wll

SengeEs p?%’pf’gb"l’t G*8gatrosedhl T FEE ORPREL S Adfe ifhidérrH 2

100 viirbh Badienertd radi onBidbndfe®. 46t)sts chua aeeonN®d more

achrQQéﬁ"%EE% reS 19@1“%&90' &9, GONLLE maB he, r%akk%oatiké’f
results OL{aI ne romlﬁweyflrsrt F’a oneter. g
fluids are placed for treatment. It is therefore desirable to
calibrate light sensing system 650 to measure light intensity
received at tray 90 similarly to that wmeasured by radiometer
460.

[000178] CPU 603 receives data from each sensor 469 in
radiometer 640 to measure the light intensity in step 783. At
the same time, CPU 603 receives data from both upper and lower
light sensors 404 in step 784, which corresponds to steps 771-
773 in Fig. 21A. In step 785, CPU 603 calculates a calibration
coefficient for each sensor 404 based upon the corrected
illumination intensity readings from radiometer 460 and the

uncorrected illumination intensities from illumination sensing




user scans a bar code on the second radi oneter so that
I'ight box 10 can confirmthat a different radi oneter
is being used. Steps 782-785 are repeated with the
second radioneter. If the <calibration results from
the second radioneter at step 785 are wthin a
certain tolerance, such as about 10 percent, the
calibration coefficient™¥&sults are saved in nmenory,

sy@lemSdsgp 787 for use in obtaining corrected Iight
Intensity nmeasurenents. If the results are not within
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within a certain tolerance, such az about 10 percent, the
calibration coefficient results are saved in memory, at step 787
for use in obtaining corrected light intensity measurements. If
the results are not within the defined tolerance, it is assumed
that one of the two radiometers is faulty and the user is
instructed to return both radiometers for service. In this
instance, none of the calibration coefficients is saved for use
in calculating the light intensities, and the calibration
coefficients from the 1last prior recalibration procedure
continue to be used.

[000181] This ends the calibration procedure for the first




radi ant energy flux delivered may be between
approximately 1-100 J/cnR neasured across a

wavel engt h range of between approxi mately 300-700 nm
However, any useful wavelength that activates

phot ochem cal agents may be used. in general, |ight
box 10 can be retrofitted for various illum nation
frequencies to illumnate treatnent targets in
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to illuminate treatment targets in treatment chamber 40,
'including those light frequencies outside of the range of 300-
700 nm.

{000184] In another embodiment, where the light source
provides light generally in the ultraviolet range, the total
radiant energy flux delivered to the biological fluid may
preferably be between 1-20 Joules/cm? wmeasured across a
wavelength range of between approximately 320-400 nm, In one
specific embodiment, the total radiant energy flux delivered to
blood platelets or blood plasma may be between approximately 1-5

J/cm2 and more typically approximately 3-4 J/cm? measured across




fromcontainer 206 may be transferred to container 210
by breaking frangi ble nunber 230b and opening the

fl ow path between the containers 206 and 210 (Fig.
15). Once inside container 210, the biological fluid
is allowed to contact the adsorbent material for a
sel ected period of tineLsfﬁ not ed above, in one

enbodi ment, container 210 may al so i ncl ude
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embodiment, container 210 may also include time-sensitive tabs
209 that change color over time. This way, the operator will
know if the container has been in contact with the adsorbent
material for the appropriate period of time. The adsorbent
material is selected to remove any residual photochemical agent
or any by products of the photochemical process that may have
been included in the bioclogical fluid. The adsorbent material
may include polystyrene beads or activated charcoal or other
adsorbent material. Such materials are described in greater
detail in Internatibnal Publication  No. WO  96/40857,

incorporated by reference herein.




fluid and that no additional treatnment is required.

The container may be severed and sealed fromthe
remai ni ng portion of the di sposable processing set as
general ly descri bed above. (000190] In addition to
the treatnment function generally described above and
as generally depicted in flg 22, the control system
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Bac{atus sai d radi oneter
descm ed above and as generally depicted in Fig. 22, the

control system may prompt the operator to perform other customer
functions at steps 743, 744 and 744a, such as a system settings
function at step 745 that allows the operator to set the date
and time at step 748 and select the appropriate language at step
749. The control system also allows the operator to select
certain container management functions such as auto-printing at
step 751, a report printer at step 752, a label printer at step
- 753 or transmitting process reports to a data management system
at step 754.

[060191] Alternatively, the diagnostics menu 755 shown in

general in Fig. 23 may be selected. After waiting for the user




conprising: a plurality of |ight sensors disposed on
at | east one side of said radionmeter to neasure the
light intensity in said fluid treatnent chanber. 2.
The radi onmeter of claim1 wherein at |east sone of
said plurality of |light sensors are disposed near a
periphery of said area_gnd at |east sone of said
plurality of light sensors are disposed near a center
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at |least one side of said radioneter to neasure the
light intensity. -56 10. The radi onmeter of claim?9
wherein at |east sone of said plurality of |ight
sensors are disposed near a periphery of said area
and at |east sonme of said plurality of |ight sensors
are disposed near a center of said area. 11. The
radi oneter of claim9 wherein said radi oneter has two
opposing sides with a plurality of sensors di sposed on
both sides to nmeasure light intensity from opposite
di rections.




12.. The radioneter of claim1l wherein said radi oneter
is calibrated in accordance with a light intensity
standard. 13. The radioneter of claiml, said
radi oneter calculating a plurality of calibration
coefficients based upon deviations between the
nmeasured light intensity and a light intensity
standard. 14. The radioneter of claim 13, said
plurality of calibration -c3efficients including one
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plurality of llght sensors are disposed near a periphery of said
area and at least some of said plurélity of light senscrs are
disposed near a center of said area.
3. The radiometer of claim 1 wherein said radiometer has two
opposing sides with a plurality of sensors disposed on both
sides to measure light intensity in said fluid treatment chamber from
opposite directions.
4. The radiometer of claim 1 wherein said area is sized to
approximate that of a container of biclogical fluid.
5. The radiometer of claim 1 wherein a bar code is provided on
sald radiometer, said bar code providing a plurality of
calibration coefficients, one calibration coefficient for each
- light sensor.
6. The radiometer of claim 5 wherein said bar code further
provides a unique identity number.
7. The radiometer of claim 5 wherein said bar code further
provides a expiration date for further use.
8. The radiometer of claim 1 wherein said radiometer is
calibrated in accordance with a light intensity standard.
9. & radiometer having at least one side that defines an
-area, sald radiometer suited for measuring light intensity from a
light source, said radiometer comprising:

a plurality of light sensors disposed on at least one side of

said radiometer to measure the light intensity.
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10. The radiometer of claim 9 wherein at least some of said
plurality of light sensors are disposed near a periphery of said
area and at least some of said plurality of light sensors are
disposed near a center of said area.

11l. The radiometer of claim 9 wherein said radiometer has two
opposing sides with a plurality of sensors disposed on both
sides to measure light intensity from opposite directions.

12. The radiometer of claim 1 wherein said radiometer is
calibrated in accordance with a light intensity standard.

13. The radiometer of claim 1, said radiometer caiculating a
plurality of calibration coefficients based upon deviations

between the measured light intensity and a light intensity
standard.

14. The radiometer of ¢laim 13, said plurality of calibration
coefficients including one calibration coefficient for each light
Sensor.

15. A radiometer comprising:

said radiometer suited for measuring light intemsity from at
least one light source;

said radiometer having at least one side that defines an
area;

a plurality of light sensors disposed on at least cne side of
said radiometer, to measure the light intensity from said at least
one light source;

sald radiometer calculating a plurality of calibratiocn
coefficients based upon deviations between the measured light
intensity and a light intensity standard; and

sald plurality of calibration cecefficients including one

calibration coefficient for each light sensor.




