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may al so bg%mlgfédg&l quant ify blood flowrate, for exanple, through the
coronary arteri gge pleseht RRbARIM pertains to systems that generate and infuse
‘ radiopharmaceuticals, and, more particularly, to systems including computer-
facilitated maintenance and/or operation,
15
BACKGROUND
Nuclear medicine employs radioactive material for therapy and diagnostic
imaging. Positron emission tomography (PET) is one type of diagnostic imaging,
which utilizes doses of radipopharmaceutical, for example, generated by elution within
20 a radioisotope generator, that are injected, or infused into a patient. The infused dose
of radiopharmaceutical is absorbed by cells of a target organ, of the patient, and emits
radiation, which is detected by a PET scanner, in order to generate an image of the
organ. An example of a radioactive isotope, which may be used for PET, is Rubidium-
82 (produced by the decay of Strontium-82); and an example of a radioisotope
25 generator, which vields a saline solution of Rubidium-82, via elution, is the
CardioGen-82® available from Bracco Diagnostics Inc. (Princeton, NJ). A PET
scanner it combination with infused doses of radiopharmaceuticals may also be
employed to quantify blood flow rate, for example, through the coronary arteries of a
patient.
30 Set up, maintenance and operational procedures for infusion systems that both
generate and inject doses of radiopharmaceuticals are relatively involved in order to
assure the safety and efficacy of each injected dose for the patient. Efficiency in

carrying out these procedures is highly desirable for technical personnel, who work



30Set up, nmaintenance and operational procedures for infusion systens that
both generate and inject doses of radi opharnmaceuticals are relatively
involved in order to assure the safety and efficacy of each injected dose
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desirabl € i cal personnel, who work WO
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accordi ng behiSOMEnSARRIIMBME detailed dedEHBENE EibbddimBnig BE@BYrREHSPECT i ve view
of the systemshown in Figure IA according to some enbodi nents.
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enbodi nment %hnge'ntlﬂc%.ngfn%ﬁ% n| F@’l%tei]e nts?OFi gure I|E is a perspective view of
exenpl ary sarrpi e Vial -shi eTdi ng that may be enployed in conjunction with
the infusion syBipemief ishifgsrpershéetive view offangtifugiod Ayitem sacpeifigac kénie vi ew of
a shielding assenmbly.for an infusion system such as that shown in Figures
1A-C, accogrﬂli"?@m?%sé%%pmd’?vﬁﬁm% of the present invention. 25Figure 2B

is a perspecti vigowkaW i9tn@hdrRABWOKK vREy $Me ¥ ST 8M caBGe LN §0he
15 system shown in Figure 1A, according to some embodiments.
Figure 1C is a second perspective view of the system shown in Figure 1A,
according to some embodiments,

Figure 1D is a schematic of an infusion circuit, according to some
embodiments of the present invention.

20 Figure 1E is a perspective view of exemplary sample vial shielding that may be
employed in coniunction with the infusion system of Figure 1A.

Figure 2A is a perspective view of a shielding assembly for ar infusion system,
such as that shown in Figures 1A-C, according to some embodiments of the present
invention.

25 Figure 2B is a perspective view of a framework of the system, according to
some embodiments, with an enlarged detailed view of a component of the system,
according to some embodiments.

Figure 3A is another perspective view of the shielding assembly shown in
Figure 2A.

30 Figure 3B is a perspective view of the infusion circuit, shown in Figure 1C,
configured and routed, according to some embodiments.

Figure 3C is a perspective view of a disposable infusion circuit subassembly,

according to some embodiments.



sonme enbodi nents, with an enlarged detailed view of a conponent of the
system according to sone enbodi nents. Figure 3A is another
perspective view of the shielding assenbly shown in Figure 2A. 30Fi gure 3B

is a perspective view of the infusion circuit,shown in Fjigure |
confi gur &40aHd P54t ed, according to sone enmbodi nents. PCT%%”E?’&%P‘E 3Cis a
perspective view of a disposable inflsion circuit subassenbly, according to

nbodi ts.. 2009/ 152323PCT/ US2009/.047031.. 3 Fi 3D i
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enbodi ment Sgonfal d@ioBirderdt® @ main menu screen shot froman interface of a
conputer, which ~ may be included in systens of the present
i nvention, accorfigg4tina sBifemaRSHCREtdTOMSE tigricsal § compWehBhEli ¢ showi ng

a first grayp, of in§l§§§§i§\?h{é§m§ 6f € Bre’é&.@ﬁx?veh{i&{s“awﬁdiﬁg TP ?rhwd%&ﬁ&e,

according to sone t igure 5B 1s a“palr of screen shots
from fhe conput digiratarf asghemahi stowimpw ficke giomghiof atdcons eseleat gebtt ol uant

vol ure | ev%,‘s in @ r.eservoir g{{}.\? tthe sgstg%n@. acgsgr ding to sonme enbodi ments.
10Fi gure 5CGF € %H‘étﬁa?‘fec&%cﬁ g "85 EEORY G Oup of successive screen
shots fromthe ¢oARUERES 4 plisfREen sRECHHEAItROCIO BETRENRO hITE PEAde
Figure 6 is a schematic show g{g a third group of successive screen shots
fromthe combeatiops rokatedt opduent ¥Eupe HVAlg 1k & rsTrer sy RER: gccording to
Fi gures 7A's&n@hﬁb§§iﬂl%ﬂ§? ics showing a fourth group of successive screen
shots 15fromthe conputer interface, according to sone enbodinents.
Fi gurles 8A- B ar €igmchiiistd chemitovwhnging o sebetdl groppl siccestize egsinsgoscr een
shots from,the, conputer. { g erface,. accordi ng to sQIe enbodi ment s.
from the computer interface, according 10 some embodiments.
Figure 6 is a schematic showing a third group of successive screen shots from
the computer interface, according to some embodiments.
Figures 7A-C are schematics showing a fourth group of successive screen shots
15 from the computer interface, according to some embodiments.
Figures 8A-B are schematics showing a fifth group of successive screen shots
from the computer interface, according to some embodiments.
Figures 9A-C are schematics showing a sixth group of successive screen shois
from the computer interface, according to some embodiments.
20 Figure 10 is a schematic showing a seventh group of successive screen shots
from the computer interface, according to some embodiments.
Figure 11 is an exemplary report which may be generated by the computer
included in infusion systems, according to some embodiments,
Figures 12A-B are schematics of alternative infusion circuits that may be
25 employed by embodiments of the present invention.
Figure 12C is a schematic illustrating exemplary activity profiles of injected

doses of a radiopharmaceutical.

DETAILED DESCRIPTION
30 The following detailed description is exemplary in nature and is not intended to
limit the scope, applicability, or configuration of the invention in any way. Rather, the

following description provides practical illustrations for implementing exemplary



Figures 9A-C are schematics showi ng a sixth group of successive screen
shots fromthe conputer interface, according to sone enbodi nents. 20Fi gure
10 is a schematic showi ng a seventh group of successive screen shots from

the conputer interface, according to sone enbodi nents. 87 ell is
an exenpl ¥O2E5PE which may be generated by the conpdtdfUSPertided in
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description is dxewplldriy aifstparspedivangw o anonfupion spded 10 ockoming te he scope,
appl i cabi | | §o¥rﬁe e?nl{ %anltsg&r tﬁé gl%sen?}cnv%rn%n' Qf}{%g}n ‘;tcl nl hald! (\J’@Iy $u R%It t he
| fa ting

foll owi ng descr on i cal I ons or
exenpbkary A/@b%ﬂﬁhﬂ:ﬁﬂammusa&%;ﬁaﬁ)}ﬁﬁm34s®|mﬂﬁdemfﬁrﬁ1§1re QB) ekndza ng the

of e SxarBF b LS prab oard Epmarr oLl tHEp S b plabE T 206 i gur e TA

Is a first PELEREGHIMEiN ?x%eqh v&ﬁbhlar}iowﬁérpahﬁﬁefo%{é@m J@G%HI{%M to sone
enbodi nents of the present invention, wherein s em 10 i s shown supported

by 5a cabi rié¢n @tﬁim@ € e Shakh imety be femed deomapasic ke shieaticR-peldehpdperedeng n
Fi 2B 11, that
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surrounds surroun an interior space
of i h¥usi oriil&mteemek@bihst stontusd etesgstérm I9emriuding Elggproehél@)le 15kelidh may be

formed from P@%Qse latsera by frorr]rl S%ICE %nmr})?'(lngr%gtygg Lu}/ g;gp%tr QL%‘?aee 131 thereof, and a post
142, which extends upward from shell 13, and to which a work surface, or tray 16 and
a computer 17 are, preferably, attached, via an ergonomic, positionable mount,
According to some embodiments, computer 17 is coupled to a controller of systern 10,
15 which is mounted within the interior space sum)unded by sheli 13; and, a monitor 172
of computer 17 not only displays indications of system operation for a user of system
10, but also serves as a device for user input (¢.g. touch screen input). However,
according to alternate embodiments, another type of user input device, known to those
skilled in the art, may be employed by computer 17. Other types of user input devices
20 may be included, for example, a keyboard, a series of control buttons or levers, a bar
code reader (or other reader of encoded information), a scanner, a computer readable
‘medium containing pertinent data, etc. The user input device may be mounted on the
cabinet structure of system 10, as shown, or may be tethered thereto; alternatively the
user input device may be remote from system 10, for example, located in a separate
25 control room. According to some additional embodiments, another user input device,
for example, in addition to a touch screen of computer 17, may be remote from system
10 and used to start and stop infusions, as well as to monitor system operation both
during quality control infusions and during patient infusions. Operation of system 10,
which is facilitated by computer 17, will be described below, in conjunction with
30 Figures 4-9C.
Figure 1A further illustrates two pairs of wheels 121, 122, mounted to an
underside of platform 113, to make system 10 mobile; handie 14 is shown located at

an elevation suitable for a person to grasp in order to maneuver system 10, from one



fitted together according to nethods known to those skilled in the art,
Figure I A 10illustrates the cabinet structure of system 10 including a grip
or handle 14, which extends laterally fromshell 13, in proximty to an
upper surface 131 thereof, and a post 142, which extends upward from shell
13, and tWAMIEEZH3 wor k surface, or tray 16 and a conpiiC@fUSEIRF W31
preferably, attached, via an ergonomsc posi tionabl e nount. According to
sonme enbodi ments, conmputer 17 is coupled to a controller of system 10, .
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25 118 or printer 117, these electrical connectors/ports allow system 10 to communicate
with, other devices used for nuclear imaging procedures, for example, a PET
scanner/camera, and/or for coupling to an intranet network, and/or to the internet, for
example, to link up with software programs for various types of data analysis, and/or
to link to computers of consulting clinicians/physicians, and/or to link into service

30 providers and/or component suppliers data bases for enhanced maintenance and
inventory management,

Figure 1A further illustrates upper surface 131 of shell 13 including several
openings 133, 135, 139 formed therein. Figure 1C is a partially exploded perspective



15system 10 may include a notor to power novenent thereof. Figure 1B
further illustrates: a rear access panel 174 of shell 13, for exanple,
provi ding access to circuit boards of the aforenentioned controller
contained within the interior space that is surrounded hell 13: an
opti onal Wgczlgﬁgi’éﬁg;zsto secure panel 174; a power j ack lfg:?l” S&P“”@é??ﬁ%cti ng
system 10 to a power source; and a printer 117 20for providing

docunent ati on of. each.patient infusion carrie t system 10, .and of
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and one or nore additional electrical connectors, or ports (not shown),
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IC, it may be appreciated that an arrangenent of features forned in upper
surface 133dgrsestnd nartYUB; Whics Hcliict COMPME Bewitadgyithip e mErighepaeonput er
17, provi denduh@laki el Y3 SpdAnen £ aah ' ni cal
per sonnel db\%houq&g)éer tqegsy%t(;m lgm 1%m%ﬁ%%%@?@??ﬁ%@ﬁsq%%%mati c of
an 2&f usi oD .¢iliigwrt  DI00herwhischtesrageohd pam 3ot of atced 36y irspstiem ddtion s shown.
Figure ID |l

L our e, | D SR, SO0 ITRE Tl e SRR DTt 3008
whi ch i ncldagles imenpome sindodibisnised shvcidiigastdigbli ND@KilDbe &RagkdsHr rounded by
Shel I 3. et O Commac ot ke DA g AL §9 A0y (ot ed Tines in Figure
According to the illustrated embodiment, circuit 300 includes: an eluant
25 reservotr 15, for example, a bag, bottle or other container, containing saline as the
cluant, which is shown hanging from a post, or hanger 141 above upper surface 131 of
shell 13 in Figure 1A; a syringe pump 33, for pumping the cluant from reservoir 15,
and a pressure syringe 34 (or other device or sensor), for monitoring pumping
pressure; a filter 37, which may also serve as a bubble trap, for the pumped elvant; a
30 radioisotope generator 21, through which the filtered eluant is pumped to create a
radioactive eluate, for example an eluate carrying Rubidium-82 that is generated by the
decay of Strontium-82, via elution, within a colums of generator 21; and an activity

detector 25, for measuring the activity of the eluate discharged from generator 21, in



201 D.) Figure 1D further illustrates second part 300B of circuit 300

i ncluding a portion contained within a shielding assenbly 200, which is
desi gnated schematically as a dashed line. Sone enbodi nents of shiel ding
assenbly 200 will be described in greater detail, in conjunction with

Fi gures 2WOROBHE23A- B, bel ow. According to the ill ustrAEERMIBATRENt ,
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r adi ophar i el uat e, i nt o t.] ef erence FI gure
1 patencit Pire s SPGB R B andBles b b LRERI s RN s Spent ng
135,160 a &nﬂit&tﬁdtmﬁ@ﬁtﬁehﬁdﬁ@ﬁaﬁ aktdikteczsiabstalmordl ng to some enbodl ment s,
includes a filter. Patient |ine 305p may be_coupled to another |ine t hat

i ncl udes a pat i &igure hPdbysiais A elypd ﬁetﬁaz 1@%%9@11%%%%9%?% Bat i ent

line 305p ggxltp@% GURliBGcRnENRIMSed 1 A8, (18h g@g&g@émtmm %ﬁ]gn@'ﬁef rom a

sour ce of hef active substance, for exanp tress agent ot her
line is counptb\e@bstthﬁ p&seagk:wmefwmémng lnsi Wd s entgethsanterontspiasjseovitsled bgedl e, in

order to 109l 1% CaLBKAE! ORI RUR4 A0RL BORBY S SHRRIETES,

Figure 1D i B ng I'ne reservoir 15 and

to pm 33groﬁiaﬁtﬂet tbd keal &Eﬂirem& 1&2&ag¢ gwle@t,lv%l% miaky sﬁmy&dameaaﬂrbﬂqmt ed that
openi ng 133 provides the assggemay for t g line 301 to enter. the
interior spHe&ediicrpiing RR§ning B33, K 6@ PHBERASEIRBS PR Piag

enbodi ment gy m&&%%ﬁ%am@%&méég&m@s LR f’% es a%&sa@é@é’ﬁ”t S

| eakage of el uant, Il fromreservoir , Into the interior
space throfvgma@?)érhnﬁéeimslaymmd@ agirpowichtyra segeActodagdenhe tubing |ine

301 thr ough, Q0EN:g J351 3 DN 3R P0RINI0 L35, WHGCH, BLOYLASS, i Passagevey

for patient™ Fdihg to some

enbqadi ment gansshe bl syk&nf U, hbeions oppbingSinboides:8eddmusaie theréfedm, fof or exanpl e,
during 20transport of system 10 portions of tubing lines that extend
outward t h&REPG M PO a%%?éo }ine 301 and/or |ine 305p.

Figure 1D further illustrates another eluant tubing line 302 coupled to pump 33
and a divergence valve 35BG, which may either direct pumped eluant through a
tubing line 304, to generator 21, or direct the pumped eluant through a by-pass tubing
25 line 303, directly to patient line 305p. Divergence valve 35BG, as well as divergence
valve 35WP, which directs eluate from an eluate tubing ling 303 either to a waste line
305w or to patient line 305p, may each be automatically operated by a corresponding
servomotor (not shown), coupled to the controlier {not shown) of system 10, which
controller receives feedback from activity detector 25, When system 10 is operating
30 for automatic infusion, to deliver a dose of radiopharmaceutical to a patient, for
example, Rubidium-82 for disgnostic imaging, divergence valve 35BG is initially set
to direct eluant to generator 21 and divergence valve 35WP is set to direct eluate from

generator into waste bottle 23, until activity detector 25 detects the desired activity of



Figure ID further illustrates another eluant tubing Iine 302 coupled to
punp 33 and a di vergence val ve 35B6, which may either direct punped el uant
through a tubing line 304, to generator 21, or direct the punped el uant

t hrough a by-$ass tubing 25line 303, directly to patient_line 305$.
Di ver gencWOAINIE13EBG, as wel | as di \éer gence val ve 35WBCT{HFZUR ¢rlect s

eluate froman eluate tubing line 305 either to a waste line 305w or to

patient |ine 305p, - each be_ ayt ticall: erated b correspondi ng
ser vonot or @ﬁ&?uagh?)‘m,ch E%ﬁl?ee%e‘!{%&in%%m&&m”}/% &E‘Pwr(?ﬁsocfaug%g]@%ongf’ﬁ‘gﬂt em 10,
whi ch cont r gldcethe 868Ip¥RSINE 88 R AR fid RMAGLIVY BEWIIRE 86EAhg 2R f1dEN system

10 is operating 30for automatic infusion, to deliver a dose of

r adi ophai nadedit intapaticst EnpHdpefrcorfige tesemprabodumsnigi ange 8 rebgibedi agnosti ¢
i magi ng, diyergen I | $.. 10t L { j to

genr ator 20T GAGOGRG KR hed Rt ph Rk i Sh BtehBller bbb
gener at or idgrespraging sbieobibtor ABre-sandivtrgemsdei val vie)3 Siél fec tioerti tideieets t he

desired activity of . WD 2009/.152323PCT/ US2009/ 047031, 8 the,eluate, at which
e e o tefeh i pdt KA 100 3G e PO Be 4008 e . BRr o M g o et

the correspong Rena§SEVR-PAREANint 905 L nfthe Yaticne ABMPIheKo finerting the flow
of eluate into patient l'ine 305p. According to sone enbodi nents, once a

prescri bed srdlodmsngst thervenepliramay ke dygeidbeicarnspershnperyamion P aesa05p, t he
controller i R i .0g. t - i ce val ve
3556 for ST rg e P Oy B R O TR Blor NOE A Eh- SR SIRNED, ¢
pati ght |i rime 305pn brnicotodeevanobick delw, ofetugntushroaply lied 3R, e@waedptmerany i n
patient i 305p j.nto the tient. According ta sone enbadi nents, the

Bont r ol | er ay BPERPEAEEE P Cps BB EP G QLY ot o Al

di ver gence waby ges3aMil iﬁ%@&tér%@ﬁ Belvs ERaRAE bh@pdBihrdiizh OF-pht #Re okl ush

t hrough by-pass 10line 303, in order to prevent back flow of el uant,

through | i Hemgdaicistisliawmaghnbeupbihe prescabuordimeg of duae o prientlined met hods
of operati gfs, il {EhdAbLeS it Had'19PSsh MOLGHe in patient line 305, thereby
15 increasing a flow rate of the injection of eluate out from patient iine 305p and into
patient. For example, once the prescribed volume of eluate has flowed into patient line
305p, and once divergence valve 35BG s set to divert flow through by-pass line 303,
the speed of pump 33 may be adjusted to increase the flow rate of eluant to between
approximately 70mL/min and approximately 100mi./min. This method for increaéing
20 the injection flow rate, is desirable, if a reiatively high flow rate is desired for patient
injection and a flow rate through generator 21 is limited, for example, to below
approximately 70mL/min, maximum (typical flow rate may be approximately
50mL/mir), in order to avoid an excessive back pressure created by the column of
generator 21 in upstream portions of tubing circuit 300; the excessive back pressure
25 could damage filter 37 or otherwise impede flow through efuant tubing line 302.
Although not showr in Figure 1D, a number of sensors, for example, to
measure pressure and/or flow velocity, may be incorporated into circuit 300, according
to some alternate embodiments, in order to monitor for flow anomalies, for example,
related to occlusions/plugs in circuit 300 and/or leaks, and/or to provide feedback for
30 control of an activity level of infused doses of radiopharmaceutical. Suitable sensors
for any of the above purposes are known to those skilled in the art. Examples of flow
meters that may be incorporated into circuit 300, include the Innova-Sonic® Model

205 Transit-Time Ultrasonic Liguid Flow Meter that employs digital signa! processing



wi |l be described in greater detail below, eluant is punped through by-pass
line 303 diately following the flow of the prescribed volunme of eluate into
patient |line 305p, at a higher speed, in order to push the eluate in
patient |line 305 thereby 15increasing a flowrate of the injection of

el uate outOPERSEHAti ent |ine 305p and into patient. ForPGE: P@4708hce the
prescri bed vol une of eluate has f1 owed into patient |ine 305p, and once

di vergence val ye 35BG.i.s set to diyert flow.thrqu y-Rpass, |ine 303, the
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increasing 20the injection flowrate, is desirab a relatively high
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avoi d5an exekslsévplopagksoptyes sitmeondeisednisy deets cobilbahandesgepaitator 21 in
upstream port,ions. o i it 300; the excessive back pressu

f.tubing circ ; e
25coul d darB§@SFITT &l PEPF b HEMies & CPHERARIE SRS THTOUEN SHFHRISTbi ng
line 302. which mi¥ bORMEN tH&e ShOMohitolRirGHASr bdpReWTRS o:0fosopa s, for
exanpl e, to measure pressure and/or flow velocity, may be incorporated into

circuit 300yredeensar mgy boinserperaga aforafusicarysdit A8% by siminly Sttidethet o noni t or

for flow angnmyl i XARLE 1 - 1.0.:.0C: I; ibn circuit 300
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of i Hf used Pdases-Gatlusiad Depdvalr meyengta snathble Sigrhatblego pensoe syrfrge 3any of the

above purposes e own to those skilled in the art. anpl es of flow
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enpl oys digital signal processin WO 2009 ) _ _

(avai | abl e fr on®itast ﬂ%maﬁs&lﬁﬂﬁﬁw&l&ﬁ sprpeTs) to dlaigct e d lvelsan clumtrediofif er ent i al
pressure f e Of;. be enpl oyed
to detect ?%%c{srl@%sﬁg%{it%%%'tg%@%%%gﬁ%eﬁgof?’éafﬁggwaw%i%%%cI usi on

Det €6t or  ( dvminicabibrediputeity NIRCTEKED!, afc #d PeripoOlimiNY Liquid bsi demabyamef

Negnet ol B (BRI R Shi el bbb SRR R o L 2Sound:
produces aul@afatedponebnenEss H) -TeShShbyiRe® WbIRYbnt8in8d Bhuid sensor
(avatlable from Yamatake Sensing Control, Ltd.), or an SL-630 Non-Invasive
Disposable/Reusable Level Switch (available from Cosense, Inc. of Hauppauge, NY)
20 may be employed to detect the fluid levels. Alternately or in addition, system 10 can
include additional radiation and/or moisture detection sensors, which can detect leaks.
With reference to Figure 1D, such sensors are preferabiy located in proximity to
fittings 311, 312, 313, 314 and 315 that join portions of circuit 300 to one another.
Some examples of leak detection sensors include, without limitation, those in the
25 HPQ-D leak detection sensor family, and the HPF-D040 fiberoptic leak detector (all
availabie from Yamatake Sensing Control, Ltd.). System 10 may further include
additional sensors to detect contaminants and/or air bubbles within the tubing lines of
circuit; examples of such sensors include the Point-air Detection (PAD) Sensor, that
employs pulse-type ultrasound for air bubble detection, and the Blood Component
30 Detector that employs optical sensing technoliogy to perform Colorimetry-based fluid
detection of unwanted elements in the tubing lines (both available from

INTROTEK®).



whi ch may be routed to the systemcontroller and/or conputer 17. On or nore
of this type of sensor may be incorporated into infusion circuit 300 by
sinply fitting the sensor around any of the tubing |ines of infusion
circuit 300; in fact, the PRO/ 10Pressure-Ccclusion Detector may be a
sui t abl e WIOtZ¥HAEi%%e to pressure syringe 34 of circuit PSO0/S28R&13t ypes of
pressure sensors, for exanple sim!ldt to those known in the art for blood

pressure nonitoring, be empl oyed in infusion circuit 300. System 10 nay
Further include AEMsdPs o Bowarehadimpny tel BoBRe sFholdheahave saIvERr 15 and

waste bottl g.,23y aéqme@m %@Mu&g@%@ﬁnﬁpg@/mv@ah%m '1?061@5%% theva

15af orenment 1 oned pul se-type ultrasoun are anber Liqu
Sensor and thepEvdic/a sdfgmt iomcmsoﬂse'vt@ﬂn IDetvéet aflopbobmabviaidttaiibd ahd/om

NTROTEKTO) ;. alte natl example, an HPQ T. pi nmount ed,

el [ cont a, FERTgLedMe it ore paf i e corpraRevia ks ERndiHes feron
Ltd.)s or aﬂhroﬁ'gh@ﬁ&ni\mn} Iammwa 7%@mslﬁbipalgmma@tcedlmyﬁlfor%mm on

(avail abl e fron1Cbsense I nc. be enpl oyed to detect

the fluid |'BORIE 17N Bws el lyf%wnwcgga?(? Wé?fe%%?glﬂ é?ﬁequ theafirmHcT e
addi tional radhbabiQfs 8O Rfecrm ﬁ%ghﬁg%a%wo%ﬁl%m@rgﬁmmy ghipcan detect

| eaks. Wth refer nce to Figure Such sensors are preferably |ocated in
proximty tsysteintusemips c@::t:qctmslms 2are1@ly. 31 shouktbansed that th eitaingoret i ons of

circuit 300_t0 0On e a r I Sensors

i ncl ude, wilfléi% at glfs(%rgted Eet%m)glal;lﬁt %gliwe‘g% %:ﬁcg@fi? b&@({ et o sensor
fam iy, andnﬂﬂﬁuﬂEEwE@éﬂ&kmﬂ@ﬁ@ﬂﬁmambgak detector (al'l avail able from
Yanmat ake Sensi ng Contr ol Ltd.). _System 10 y further include additional

sensors to dete “Q@ﬁ@@ﬁ?ﬁﬁﬁF%“hﬁ@?@ﬁfbmﬂnﬁﬂ 1@&9@%@4ﬁm¥¥¥%ﬂm&blng li nes
of circuit;,;exa o%senefoq&qg&e %ﬁgémp&ér%@ ﬁd?ﬁw‘ﬁ%‘h%c{)?dchvp?atd%hhon ( PAD)

Sensor, that enpl oys pul se-type ultrasound for air detection, and
the Bl ood @mmmem:, BUDdEes taption hétha‘e@m‘rlcﬁysf wpieridale 36psiingh tresthnol ogy to

fﬁLfﬂg"}Fﬁggoﬁ%gﬁ V%ﬁ$§%ﬁgs Q%m$ nagje&pM@ﬂkggmrm§gq nts in the

15 injection, or in order to be cou.pied. to shielded sample vials, as will be described
below. Thus, technical personnel, who operate system 10, are protected from radiation
by shielding assembly 200, except at those times when an infusion is taking place, or
when quality control tests require collection of eluate into sample vials. During
infusions and quality control test sample collection, all technical personnel are

20 typically in another room, or otherwise distanced from system 10, in order to avoid
exposure to radiation during the infusion, and, according to some preferred
embodiments of the present invention, system 10 includes at least one means for
informing technical personnel that an infusion is about to take place or is taking place.
With reference back to Figures 1A and 1C, system 10 is shown including a light

25 projector 100, mounted on post 142, According to the iHustrated embodiment,
projector 100, projects a light signal upward, for maximum visibility, when pump 33 is
pumping etuant and elution is taking place within generator 21, or at all times when
pump 33 is pumping eluant. According to some embodiments, the light signal flashes
on and off when the eluate is being diverted from generator 21 into waste bottle 23,

30 and the light signal shines steadily when the eluate is being diverted through patient
line 305p, or visa versa, According to other embodiments, a projector 100 shines a
light having a first color, to indicate that eluate is being diverted to waste bottle 23,

and then shines a light having a second, different color, to indicate that eluate is being



WO 2009/ 152323PCT/ US2009/ 047031 10 According to those enbodi nents
that include any of the above sensors, the sensors are linked into the
controller of system 10 and/or conputer 17, either of which nay provide a
signal to a user of system 10, when a fl ow anonaly is detected, and/or

i nf or mat i8R 260/16%@3 user, via nonitor_ 172, concerning f PGTESPWIRIEL pressure
and/ or flow 5t hrough ci rcuit 300. Co’nlputer 17 may be pre-programred to

di splay, for exanple, on npnitor 172, gﬁaphl c of |nf usion circuit 300
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t he exception_of that portion of @tl ent line 305@1 whi ch nust extend out
from shi el dUAGICEEBHOr PIsDEPFROHYRP Of EPapR e Bigptiethaf 8RB BA &nt f or

151 nj ect | onlce iBnpOARE, HR1RECRYR SHlubOoshl of ded sample vials, as wiil be

descri bed b ow. Thu t échni c personnel, who operate system 10 are
protected from ﬁfaﬁtpa}ﬁlb@mow thildj @F@ﬁm@ t@gé@nﬁwn@g@lme@m@gtemw PRBEs times

e o) PP RSB AR oy Ly AN UL b BRTLE Al e e

col | ecti on *f {1451 o
cont yl t esdichsRmgdrgeneofioh aﬁﬁutonﬁatcabélldcﬁcmnf fﬁ@elte panisonfoebctanig 70typically in
anot her room or otherw se di stanced Erom system 10, jn or(%(esgesst o avoid

exposur e t SPHEFTREND Yiddle PR GORHosfelierains, AkRerdingde 3ustig' Bne preferred
embodi ment g, 9fa @&b@&ﬁx%ﬁ@t a éa’ﬂ&é&é‘&dl@&mzﬁﬁéw KQntchGldddes cAtuit @St one neans

for infoiuilng technical personnel that an infusion is about to take place
or is taki dgwvpitizem. ofw»tergeneef@am&%ﬁbanqklmwmngucaé@nmt@n@ng@nc sy8tem 10 is

shown 1 ncl udh g & Liat, ZR0TBLESLON J90. S Oth: 10 oABEAI I g 1o

the illust st “Br'oj ect or gna upwar d,

for 13axi muimevisstWiid dntl Yhe melﬁalﬂiﬂm?r :&3 idcﬁteﬁwsﬂ@mé slaéitiecawéﬂ ehu&dr@agl S
taki ng place within generator 21, i S, punpi ng

el uant. AcPGrGrely €boLBrs a@ﬁ‘ﬁ‘éﬁleﬁé’ﬁf"éne“fsh@fawéﬁfttle§|3g}h%1qnfﬁ‘glu§‘§ﬁ%§3°6*ﬁc and of f
when the efualifit Soe G Sinved @L1flOMIENEE BhOB0AY, it Lgashifhott! e 23,

30 and the li'ght” signal shines steadily wheh the el uate is bei ng diverted
t hr ough painiegrated mmhm&pg agemplysd) Oy &ushity castror mpengures votl hedessnibestdi ment s, a

PLOLeCt T 900N s I ROB, L ERRST, Lo Lndlcate, that el uaie
second, differ eNhecokidtenat@ dfRghtanat @ réguats ik gaipeyimswbet brtie 23,
relatively easy access to waste bottle 23 is provided through opening 139 in top
surface 131 of shell 13, It should be noted that technical personnel are preferably
trained to empty waste bottle 23 at times when the eluate, contained in waste bottle 23,
has decayed sufficiently to ensure that the radioactivity thereof has fallen below a
25 threshold to be safe. Opening 139 is preferably located at an elevation of between
approximately 2 feet and approximately 3 feet; for example, opening 139 may be at an
elevation of approximately 24 inches, with respect to a lower surface of platform 113,
or at an elevation of approximately 32 inches, with respect to a ground surface upon
which wheels 121, 122 rest. According to the illustrated embodiment, opening 139 is
30 accessed by lifting panel 134; just within opening 139, a shielded lid or door 223
(Figure 2A) may be lifted away from a compartment of shielding assembly 200 that
contains waste bottle 23. With further reference to Figure 1C, it may be appreciated

that opening 137 provides access to other portions of circuit 300 for additional



WO 2009/ 152323PCT/ US2009/ 047031 11 directed to patient |ine 305p for

i nfusion. Light projector 100 may further project a nore rapidly flashing
light, for exanple, for approximately five seconds, once a peak bol us of
radioactivity is detected in the cluate, to provide further infolmtion to
t echni calVB@P¥8AR&t . Al ternative means of inforning tefRAiEHIYBEFEonne

that an 5infusion is taking place naV al so be incorporated by system 10,
for exanple, including audible alarns or other types of visible or readable
si gnal s t hafFaas PEFE AT CRsUE ?éi@ﬁ%‘ﬂftr@é?ﬁféﬂ%égﬁ’ild/?liﬂ‘tth‘ifcﬁoﬁ)@oPWtst he
control roOOfR ircuit 300. Lkt wSDOMEL B8 NRILH that, according to alternate

enbodi ments, system’10 i ncludes an 'on board' dose calibrator for quality
control tests, divdtipise cubediB@O0ts pEsysscpahdiadviioh a@bmeled dealsl epmri esfsor  an
automated collection of eluate sanpl.es for tivit asurenents, via the
on boar d dterETr afer MBS ERT bl PEY SRR RERE o ot o
enmbodi nent Sapehticn MM gantdt 6€ vaan mag dedorsd buriichsbit egeatieggh At@scior cui t 300,
downstream of di vergence val ve. 35 nd i n, communj cation with tubing line
305P, in ordsk qu%c@i%flamlifﬁ@i?aﬁﬁcapeq dhaves i dsorger BIfgpdlitate via
tubing lin ‘ , ; Lo} | are

| ocat ed inQgégggﬁ%gggwgﬁ%gfﬁggggg%ﬁﬁﬁﬁgg%%%?Egn%gﬁgﬁggggﬁ%hgg?§%$é¥hese

al ternat e amrbapdiahesntis, ndading rasotating @@nés, dont ivgier.dor txempéceiave the quality
control test sanples of eluate i,a tubi l.i ne 305 and a dose_ cali brator
"o htegr acer s S erheHil Gy i ey A T s P RRER e v
be descri bedthewgldat@poteaidaivhilbil neyershoanjsuned ¢yarmmht ivabdrgur es 6- 8B.
20When nai nt enance of, system 10 requires the enptying waste bottle 23,

rel ativel yS@éE%Peda‘%%é@ el i e Gt o §n¢dst0§>rcawd' 0§ Buighd openi ng 139
in top surfagsiol 3licBbr 31bkd &3 drhih, S0OMlitiehE Bt 8t HabodiEhRicEaLI PEr Sonnel
are preferably trained to enpty waste bottle 23 at tinmes when the eluate,
cont ai ned B wagbecddigured sg3hat Hgsvastsongebr wief ¢ pirgneir yrorothe ndupeplinehat  t he

radi oacti vjt hereaf has fallen I 2ot hreshal d to be safe. Opening
139 1 o pr oPereab i foe sl Be i B8 PR R e bRty 2 oot
and 1appr oxihewidibaetiditf efthe wihaoe deppamploe, a @pkal theesAdQ. may be at an el evation
of approximately 24 inches, with r ect to_a |lower surface of platform

113, or at an fé\lfé@ilféﬁm%flCéﬁlﬁ%fk’#@%ﬁ@ﬁfﬂ@ﬁ%@wSf\fdlw ckEEBEct to a

ground surface-cupan.Mih gk Mhes! s u%éél’gsuzgfgc% 58S shACCORN RABmBR, Hhleder
illustrated enbodi nent, opening 1 is 30accessed by lifting panel 134;

j ust wi t hitn ceiskapngpiigBemanigkice ki dnd obrecesor 1| ¥28 siFimylocec@m) may be
vast o bot tg oS pi PR P DAL BT e BB AR oo Ry b at e
t hatg openiopgniad 13 Rrtvtgleshrbegdse e 3ihaksepoAhbmBSreodss D2 Guhbwd00 f or
addi ti Onalformvg 1'1% %ggér]égl%gc%%g ; !1%15 tk?gr?c{ c?e?)t?hog reg'e%s 192 may accommodate
storage of technical documentation associated with infusion system 10, for example, a
technical manual and/or maintenance records, or printouts from printer 117 (Figure
iB). With reference to Figure 1C, upper surface 131 of shell 13 is shown to also
25 include additional recesses 101, which are each sized to hold a shielded test vial,
which contains samples from infusion system 10, for example, for breakthrough
testing and/or calibration, which will be described in greater detail, below. An -
exemplary test vial shield is shown in Figure 1E. The test vial shield of Figure 1E is
preferably formed from Tungsten rather than lead, for example, to reduce exposure to
30 lead, for improved shielding, and to reduce the weight of the shield. Figure 1E
illustrates the test vial shield including a handle to simplify manipulation thereof, but
alternative configurations of test vial shields have no handle — for these a sling, or

strap, may be employed for handling.



mai nt enance procedures, such as changi ng out generator 21 and/or other
conponents of circuit 300, as will be described bel ow. For those
enbodi ments of system 10 in which autonated quality control tests are
performed and/ or when system 10 is enployed for relatively high vol une
5oper at i oW,0 WaHEg&ent of waste nay becone burdensone, RVEERS20ME4YR1 access
to waste bottle 23 is greatly facilithted, as described above. Thus, in
order to facilitate waste managenent, sonme enbodi nents of system 10 may
enpl oy a separ at Additigydtreaspieslies éffarraskovsafarmedimeinudi egeittadsidact i ve

el enents, f . - A, ratl.an e se. osnosis. In
an”evapor at PAR D2 bick e AT Rral b b Y BB T Bl R YRR

evapor at ed, pwhordrel inay, ahusexernsdeabnesisort yipd 83y atsemdehecavat etolicstieegfar at ed
fromthe salts,. a?d, t hen, ~once confi{),rrecg, to be non-radi oactive, via a
radi ation dB{PREFLIOT FAMPFpRATE R S HPIRE HAEL 6HKdli- B0t Bie b FROTGReRGacles

enbodi nent sqgCikesf, in @80 MBYasReLoRAM: GUERD SRk haleplaPBs YWABL i Y nRE Used to
purge air fromthe tubing lines thereof and/or to perfoimthe bypass flush

that was delcimnmid cabssie, suph af rackiding B theafasmisationedisopdich Mt sraphia he wast e
drops bel o 4t Ld.  Fi S nd.IlC further illustrate a
P of 1 el pyi R hIRFRIRIh pbl U ALOARE  Sorh R Rt RO e

pair of relative recesses
surface 13Imofe aghiiebhal ¥&eptacies exdopicd,in bne ordere diwosatcohtamsy, fpil 1 s from

i nfusi on syste one of recess 190 i s shown located in proxjmty to post,
o hanger  JHETDlinocR iR UET QRURBEIPTE U OHeD BRI E9E 6o LBORI g 135,
through whighid i wgch irae b AtePAsS Ao bIANGL BESthEREEF ek W0l & 2howA (f or med in
upper surface 131; a width and depth of recess 192 nay accommobdat e storage

of techni cahclibbypramtafipebind8oci ated with infusion system 10, for exanpl e,
a techni cal man A AL LNt 0 rinter
117 (i gure 18 TR rof TR ARES HRER s BIPAOELOE LITR ReFl 1
i s shown t emhbdimc2bidicicydescaddi dntionaWitleeésses td BiburashCold ane (@ethr,si zed to
hol d a shielded test vial, which tai ns sanpl from i nfusion system 10,
for exanpl 8,70 HPEAARBUGR TRt A “BRFa P BroEart BF Stalon: PWRIh w || be
descyrsi bed béte@ BaAtIRTord8biad A1, oGl RWall 201 BXSIRHALYsdeBHhy Yo lvhihiskletails shown
in Figure |E. The test vial shield of Figure | "E is preferably fornmed from

Tungst en ra¢ herclashamcerenigmensyizesdaspriein a diosatnve sexposurieysiom3dol Bad, for
1T st rat oeuTHE Rear ) B R Sl B o ne BB Ehiordinglt © 1
mani pul at i drertaneeebdditoentts,ahd emnatinest awidsedby sitlewas 20f istegt enough tshi el ds
have no ha}%gée > fhor L heser & ;Tllr Q’)gdm %, t(s)Enrc(rjl ase Sm%}émbg e?ar,mzl %¥f§ger}ccorforhandl ' ng.
VO 2009/ 15732 SPE eSS b08 ISP cxamp ystem operating y
20 relatively high volhume operation. In some of these alternate embodiments, tubing
lines 304 and 305 are each branched for parallel flow through the multiple generators,
in which case divergence valves may be employed to alternate the flow through the
generators, one at a time. Int others of these alternate embodiments, the multiple
generators are connected in series between tubing line 304 and tubing line 305. In
25 addition, a reservoir for accumnulating eluate may be included in circuit 300,
downstream of the generators and upsiream of divergence valve 35 WP, in conjunction
with a second pump, in some cases. Embodiments including multiple generators
and/or an eluate reservoir and second pump can be employed to better manage an
activity level of each dose, or patient injection, for example, as described below, in
30 conjunction with Figures 12A-B,
According to the embodiment illustrated in Figure 2A, opening 137 and door
221 are located at a lower elevation, for example, with respect to platform 113, than

are opening 139 and lid 223, which provide access to the compartment being formed



13 Addi tional receptacles 180 are shown forned in bin 18, on either
side of a handle 182, which facilitates renoval of bin 18 away from shel
J3. Technical personnel may, thus, conveniently transport bin 18 to a
storage area for a collection of supplies, for exanple, sharps, gloves,

t ubi ng | i Wés200%13¢323. | into one or nore receptacl es 5180PGTHEY287047(dhd/ or to
a waste contai ner where separate recédptacles 180 of bin 18 may be enptied
of waste, such as packagi ng for the aforenmentioned supplies, for exanple,
deposi t ed t heesidewal20hgl smﬁifdigg ecpbbcdtiip eentajpceestadiatide 35 as pigeiously

enbodi nent s 4 g%gge(f’rwﬁgﬁ arRAPt F%fﬁjfatgaeﬁg tAa ? Ah Qoo 3?%?61116'& eraQdy MOTE

di sposal con%alners exanp o0 contain s 'ar ps - an rad oactive
wast e (ot heel iugretiifiat oﬁtdftixﬁamepbrmztg Ipd FeputOBAY tvheh 2@ es witl ddor aAyobe

integrated into bin 18, or otherw s or att chedt shel | 13,
separate fr SH‘?‘H?IE&{%S £ weight Oft%?lnﬁrﬁ?oégéﬁwfl@gép%‘é‘ieéﬂéeww ?’Ehl el di ng
assengly 209&“@@1@%%;43@1&9} @om aﬁﬁﬂ@@ﬂhdf@l@tﬁ ;;@hnwam@ra@&ﬁ% iy i on. Wth
reference to Figurés | C and oget her, it may %pprematedthat

[

openi ng 137prefarredspbedistpnsad éhemqseaﬁr inggrsion, thg eleﬁﬁ@n gehegmensss 139 a |id
or door 221dn%f236} &f'xtg é:cl,t t(g%% i(Rven'?xB on%&‘gofat g gffg?rte}/ st%pcgure "}’Qbé‘t’& dewal | 201

encl oses a conp ar"trren Sized to contaln a ra I Ol sot op enerator of system
10, for examlrcegimg&t}er fboand2ppropireatelg dsieyt, m”[brdelduéﬂuiztatbmnsfgoubldicbe not ed

that, accordi n nate i ments, rtrrent encl osed by

i devar | 20818 i dp et BenE ROIATHARS 2 AdHE SR a HEREPER £ or exarpl e,
t o i ngr easessdigMORex@pRey ShbdEhemCwhOihi Amelaadehb@) 0011E 8bhyinkdire
operation. In sone of these alternate enbodi nents, tubing |ines 304 and 305

are each brihpersept peuctygoaFicare ¥ otpanrasdgh aﬂﬁéShﬁptl@q@reé aahelewtionsl in
whi ch case { 'rtﬁsfo%r%@@elz‘{ﬁéh‘é?%{ﬁ%s %nﬁ'ﬁ?é%@ sli®ucBhb Bl é&%ﬁﬁ"gn%r w through

t he generat one~at ers of these alternate |rrents
the mul ti pleevgeoeoidppraxirmatelyddnmees,edth resget foethe gmvmiamfcm:eubpmgwhucme 304 and

tubing line 30 n,25addi.tion esef Vol r for acc el uate may be
i ncl uded | ﬁ“lﬁei%é&ﬁ 12%66“ st g’é{lﬁ%ﬁ ”Pﬁ%tesg?fﬁ(éﬁsé‘fnﬁﬁﬂyg %@tar eam of

di vergence s&@lrx\fflo%ﬁ 1Y, whith S0mb With ki R drh 18 o §aend 1 RYRPwvn InFigeee cases.
Enbodi nment s i ncl udi ng(bm mul tiple generat ors and/or an eluate reserv0| r and

second punpBeinoer tedipnbseess tosBerd@r2lranage an activity Ievel of each
dose, or patientd, %@éﬁ’bﬁ%&’hgﬁ’ﬂﬁ&%@a 11§Cr9%§&r22§%@a1?<ﬁ LAl 205

30conj unction wit | gures cording to I ment
i |1 ustr at edFigmeRBiAguwf ehi2idingapenbhg2 B Whasiderdbaes Mﬂheaccenltammledaa‘ais a | owner

el evation, for .ex le, with c rm 113, than are opening 139
Sha 11 o 2oat i AR ari 2 1 ESETEY raRlBhiBiThans bRl B man W
2009915232 3Rl drkAer 0RA6L4 10 3ilcd4l] byl aEsihdg e bls 22@372@1‘3@%%%13@ assenmbly

200 to contain waste bottle 23, as previ ously descri bed. Wien panel 132 is

separ at ed f*ﬁ%ﬁ?%bﬂéﬁpoq%wm kb Hoantl agothse 00T gan &y WovR dga_chﬁégo be lifted
out from aEi r??a%ﬂoﬂﬁc'?h %5% %%Acp gga‘zse?s.sedw 5 ﬁgﬁ!;oﬁfzz%' deval |

201. Avvelg erator I nc Its own may be

5bet ween apiir, @217 [m:helh.z;g 2iBndlr@3aphir2oR darencel 32, ﬂﬁpq:miwiglsfpr tnloumg hd(ﬂ@ér ding to

Sone and doors 221, 225, 227, 1n order to provide access to the corresponding

25 compartments, which can be seen in Figures 3A-B. Figure 2A further illustrates
optional thumb screws 290, one securing lid 223 to sidewall 203 and another securing
door 221 to sidewall 201, or other means for securing the doors, which are known to
those skilled in the art, may be incorporated. Each sidewall 201, 203, 205 and the
corresponding lid/door 223, 221, 225, 227 thereof may be individually cast from 3%

30 antimony lead, or from other known shielding materials, and then assembled together
according to methods known to those skilled in the art. o

According to the illustrated embodiment, doors 221, 225 are hinged to open in

an upward direction, per arrows D and C, and, with reference back to Figure 1C, a



preferred enbodi nents of the present invention, the elevation of each of
openi ngs 137 and 231, with respect to the | oweinost portion of the cabinet
structure, is between approximately 1 foot and approxinmately 2 feet, in
order to facilitate an ergonom c stance for technical personnel to lift
gener at or W2L20it52§280m t he conpartment. 10Accordi ng to dTERBMII0ATN!

embodi ment, when shiel ding assenbly 200 is contained in the cabinet
structure of Figure A, openings 137 and 231 are |ocated at an el evation
of approxi nmaiel sprrpneridiéds pravided todwhbeachiod deers 2L bweld 1 o preaed pesitiinat f or m
113, or at e Mot ' : ' o W to the
gr ound surfg%g%%b%ﬁ%ﬁﬁﬁgﬁgﬁﬁggLgégg@%g%¥fﬁggg¥ﬁp§?€%?%h?Bﬁﬁﬁgﬁﬁgr

i |1 ustrat esfiagoestteganel pdrd@nknoikdlod tubgpglidS of circiit 300, obkn 138 mwdit efe nat es

with a framework 19 of system 10._-shown in.Figure.2B, in.order , to limt
N tose to oBhavaEe Boostn Hhiton He s il ShroriRme B (48 O L 1 b o
a doors 225 gfpinetheire oF dewal 10, 2&rdift @lyoenc3Mbaimsti, @b dhirg tassenbl y 200,

whi ch encl oses anot her. conpartnent that is accessible through opening 137
of shel | 13comprpeqhiod s meunted disdc Adjincdedes ap walangsd dai3Hed vewo! &4 osed by
si dewal I 20 f : 0 i by a
correspondi(??grn |%gggﬁfggﬁgﬁgﬁg#ﬁgg%ggﬁ%gfgg'?gwgﬁgaghgﬁ%giﬁgﬁ to sidewal
203 by anotdverponemdgé ] khelkigrua BrsRni OB ustrreapasiirgdo Woarf 2251 ehd22@cambpidoor s

221, 225, 227 including a handl.e 232 al2d2.and 272, r ctively, for
rovi ng 1 o Sost b8 08 2 Seden 5y, FIL 108 RARES n REFroAGRREC L Y e
corr egpondi B c2HeONPAd b BRI, entWh b8, 03B, BepseiRtlyl AnRidgubesicBAodd. 22f gure 2A

further illustrates optiognal thunb screws 290, one securing lid 223 to
si dewal | 203 SawprgmstRer! dertdi hg2acery mph ey thq kpbdias F‘ﬂ@@%» oP3Beher neans

for securi : Whi r; Kil i rt, may be
incorporatgg?&%ggﬁ&gﬁﬁ%vgﬁngg%fﬁ%gggwg%%&%%ggiﬁgﬁ%gf%gg%%ﬁg%ﬂgs i d/ door
223, 221, 228ipst20Fspehevesade $afyand $9B nltadhdudlPFBCESB, fintd ih3sr8gamtingony

| ead, or fr.om ot Kk .shieldin terials, and then assenbl ed together
nocor ding 18 hErhEi Rasns BT ddoTRErF bR e ARG bPTY ARSI ng (o the

i 'l ugd r at edh@ediodbaRAthe Ba0iPPndidd hold2ly @ide IBBNOEE foGnReMyiBr @B upwar d
direction, per arrows D and C, and, with reference back to Figure IC, a WO
2000/ 15237 3PSTEOEd00S 28k 7951 Dpars| a1 H5hsingdiedhby Beeh cogpprsvil 4@ 0 hol d

each of doggﬁ%ﬁéﬁrmg%gd%%e@pmqg gdaposition, thereby, preventing doors

221, 225 fr I ng "cl osed, Ich could pinch/crush fingers of technica

per sonnel and/ oWithubirther eferese tof Figine @i, ee@0ding wheome mrefehed embistimerts a
t”ﬁie”t enance, pr QeI Srenfibd4h Sagbbe Rofo PEERRGE holF oY BYhiQlenf HGTRYPN K 19 of
20 from being opened, per arrow D, if door 225 is not opened, per arrow C; and an edge
of door 227 overlaps an edge of door 225 to prevent door 225 from being opened 1f
door 227 1s not opened, per arrow B; and an edge of lid 223 overlaps door 227 to
prevent door 227 from being opened if lid 223 is not opened, per arrow A. Thus,
access to the compartment enclosed by sidewall 201 and containing generator 21 is
25 only systematicaliy allowed through a sequential opening of lid 223 and doors 227,
225, 221, since, when generator 21 is replaced it is typically desirable to also replace
those portions of circuit 300 which are shielded behind lid 223 and doors 227, 225.
The routing of these portions of circuit 300 will be described in conjunction with
Figures 3A-C.
30 Figure 3A is another perspective view of shielding assembly 200, according to
some embodiments of the present invention. In Figure 34, lid 223 and doors 221, 225,

and 227 are opened to provide a view into openings 233, 235 and 231 of sidewalls

203, 205 and 201, respectively, and into a passageway 207, which is formed in



5cabi net structure of system 10, according to sone enbodi nents, to which

| at ch conponent 191 is nounted; Figure 28 includes an enlarged detail ed
view of |atch conmponent 191, according to sonme enbodi nents. Figure 2B
illustrates | atch conponent 191 including a first pin 1 corresponding to
door 225, V&t”d>§&tond pin 195, corresponding to door fgﬁﬁmaﬁ%ﬁﬂﬁﬁn 193,
195 includes a | ever end 193A, | 93B, 10respectively, and a hol ding end

193B, 195B, .res ively. An edge, of each door. 221 25, .upan openi ng of
doors 221, SR, ki, S8 cSTHE Roarg: ST insae T63n 207 PRwaRvay

cor r espondi I iPkkbvkOStenl@F vertitaBy hlohg bidewEILL03 O haRels AErbOWdkxteagen t hen may
rest against a respective side S95 and S93 of each end 1953, 1933, until

t he corr espoRdPHied iByaeTiBgET 1ghke ol ompRings? PBotist GHiong rataEdmerbEI8ékwi se

di rection, [ ) e ndi i_ng end
1938, 1958 ?ggxﬁ“gffggm\“}é@% fn} eélg?%%ﬁ%b of re%%‘%?@gé%ﬁg%gé %%%%%s"ddzzl, 225
bei ng5 hel d $hypd avshedomporbawn beitg meuated epey sfowgth bOpasrywhe2@kerioldy Fi gure

3A. W th rth eference, to Fiqure ccor.di to,.Ss referred
orodi ment S 30 b et BIRD SR Gl gR Al REGEEN St uBEsR Soor 591
to prevent fHEQF p2Rdgedis oMmheidng | gpeiedare Beinedras @oes infa fboGdn 25 1S not

opened, per arrow C, and an edge of door 227 overlaps an edge of door 225
to prevent S5HR1205 and gpethei 1y S patiasviaps dbyrng 2759, Vhidt arp FEREE 25 per ar r ow

B, and an l%?cg)%gﬁmﬂﬂo%&?&s@a/&&ah@@§ ﬁ%ﬁtir?g?JfA}o iR Y Rl Lit48¢ from being

opened if 23 1I's not opened, per arrow us, access to the

conpHt t nentFigme! 163 dltrobyh sdsekmamakys 20012 dbd2Ziont diinhag ! rensharom Hdures 250nl y
systenaticg%ly al l owed through a sequential opening of lid 223 and doors
227, 225, 1, since, when generator 21 is replaced it is typically
desirable to al spufeld ALetrdtBOBBin Ght BONBeIF roviddabidugB sndtinals 251¢ shi el ded
behind |id 223 and doors 227, 225. The routing of these portions of circuit
300 will bétdeSerssEdupiedesinetinspPugd hropeh ireaearyCl3aord §oe 3A is

anot her pe ! I ] | i sssnbl , j : SOMe
enbodinentgéggg%%gﬁgggggﬁﬁ%?ﬁggﬁﬁg%ggngn Figd%ﬁﬁgﬁﬁgﬁﬁgygggmgﬁggg%ors 221
225,15and 22Tvahethepeneds tloophogrraedaxigheon 2hl & wptnboigs2R38¢ p2BBt and 231 of

sidewal I s 203 and éo respecti vel and i.nt assa y..207, which
< Tormea T GBT00 FE bR i s aat -t QG RERPAIE Rk 1o [he
conpai i nt et thratidtcdpeadatialb ns upms befdot 81 of 2311 |RaBigagenay A20QdrdiHg tshown
extending vertically alﬁng si%gmall 203 and having a grooved extension 213
formed in 5¢HERIAEY BmbediFrYE g2 fpaﬁ)sﬁ%‘?’r’l"ﬁ’gf%%@ f“&ﬁ"%ﬁ?g BHEMl ePdi i ng menber
237, for examlBessihQ 15 £ AP AN:&Irong ah @it d R1ale1, 88l h&fe fh@sti ¢ having
a generally c- 5shape cross-section, is shown being nounted along a |l ength
of pBlssagewaysRodingduthnd bne therethrough, when the corresponding lid/door is open, and a

depth of each passageway prevents pinching and/or crushing of the corresponding

tubing line routed therethrough, when the corresponding lid/door is closed down

thereover. With further reference to Figures 3A-B, it may be appreciated that the

compartment formed by sidewall 201 may have a shape matching an exterior contour

25 of generator 21, such that generator 21 is ‘keyed’ to the compartment, for example, to

prevent installation of an improper generator into system 10, and/or to facilitate the

proper orientation of generator 21 within the compartment for the proper routing of

tubing lines. Alternately, or in addition, according to alternate embodiments, if system

.10 includes a reader of encoded inforniation in communication with computer 17, an
30 unique identification and/or data associated with each generator may be provided, for
example, in a bar code fabel or a radiofrequency identification (RFID) tag that is
attached to each generator, so that the reader may transfer the information to computer

17, when a generator is installed, in order to either enable system operation or to~



| i nes 305w and 305p in place within passageway 207. Figure 3A further
illustrates a pair of passageways 251b and 251g, which are forned as
grooves in a portion of sidewall 205, and another pair of passageways 215i
and 2150, which are formed as grooves in a portion of sidewall 201. A
routing owoﬁ@?%%@ﬁé of tubing circuit 300 10(Figure | DPURSUYMH+BEssageways
207, 251b, 251c, 215i and 2150 is shdwn in Fi gure 3B. Figure 3B illustrates
tublng | ine 304 being routed through passageways 251 and 215i, eluate

t ubi ng ||nepmsie@é|m$§caﬁlemce@eﬂlﬁﬁr AN BEeEAG @RBSTalT B, beshipskideh WAste | i ne
305w and pati.ent, cvay; ste line
15305w furtFueL{r%&exl%Sg %%Hough&g?%%ﬁgeﬁ%rg%g g%g to 1\?/%2‘%713 %gt tle 23,
and pat i ent piovided 6@5gerfenmozﬁebelexmddlsg mtbwam;jut&:r bmis hidet o aihcxsskiabl y 200,
for exanpl te openi n upper urfa e.131 of

shel | 13" ( FgtiPell S Rt GRGET GoPRan R L7 Par i BREGAT HERE dhch
passageway femn®d i n shiel ding assenbly 200, by being accessi bI e along a

| ength thereof, can facilitate a rel atlvelg\ﬁgasy routing of the
20cor r espondi ng HEBE AG itk Hpdeis pdatigh 203meRdinge @5 dessatarle d/ door

|5 open, andss2idenhl BRARK. PARSRAMAYMBLANEN e BRGNLIG Bk or ushi ng

of the corresponding tubing 11 ne routed theréthroug
cor r espondi ssgokriothrsl oot Shosvnc) lob systbnd bivand e ppanveg 3235t hethumytdeerctor 25.er ence to

203y haved ARRROE SR AL BXPEEEbr el aAt ST CHSBE BRGPR D51 suoh

t hat jgener ajpering 324 @ho&ﬁ)&ﬁﬁguﬁe@ﬁ)%d@@ﬂﬁ%f&ﬂmm to Higire 6RafPhe, lmtegopr event
installation of an inp ? generator into system 1Q, and/or to facilitate
the proper z@ﬁ%@éﬁ‘f@&@?%ﬂ&) Sg@ﬁéﬁtéiewt%% it @ﬁtwf@ﬁéct%wpféﬁeer@vﬁw faHcly he

proper T Ouéda(.‘,gs Bibrelitiidag (Aldcﬂled%n #lsbBE @%ﬁo%%enﬁr th'c 8@9%1%1@ %tmf'z‘ gor ding to

al ternate énbodi nents, syst em 10 1 ncludes a er of “encode
i nforni ati @nmpm’tmmmnio&r;dtbmrﬁemﬂﬁ%mﬁﬂtﬁ@mpbﬁgantanf mepmtxqu@f irdiesndni fi cati on

" bar cOBETT AR g5 bl B Ry TR RS AR iR o oag hat 1 &

att aghed t ena&h Y€ ABIMBBO s 2 8Bpbhable sub&sELRISD0 MRYeriHoaRséR bf ARk iinf or mat i on
to conmputer 17, when a generator is installed, in order to either enable
syst em opertsi#ad BY FigsresWe-D009/ 152323PCT/ US2009/ 047031 17 provi de an

i ndi cation to thg uSgfist hﬁﬁ&l\’@%&%‘b&&ﬁ%@l@b@raﬁqﬁ capipstal led. O

course a user of system y, alternately, nual ntér i nfol mati on,
that is pr pmsmﬁvame\a oééﬁmeéﬁoﬁcwldeig toﬁhermhqdng@ntulmsadt@dhpﬁt@re A7, in
order to eithe stem 10 ive f back .from computer 17
that the |ﬁ%18?? (h,gnfa isél &;atmg tgayﬁglﬁ) %gefg%gmx‘mp?elzg Ll f@K‘ further

il gstrat eﬁleﬁh(ﬁ'@ﬂ\ﬂﬂp 2;@5 wmeh ﬂdtdggrhar mahmereamtetb@teWeeﬁ esePbRC IEeix¥d3, into
whi ch di ver(r:jence val ve 35WP |§frm)un be controlled by one of the

ser vonot or ST4HRBEC SHFURieToIies pETans 10, i ‘é@ﬁ%eﬂéﬁ"%‘ﬁ%ﬁﬂ’r’é’ aIPOFtins gkt i vi ty
det ect or Zéuar{t\%b'iﬁ@ ﬁﬁé Wet BLHAK tdingd BndMANLIGH. infhife S /lsdgdsiehd 3@Rp t hat

extends downward f
and patient lmc 305p Figure 3C illustrates the perimeter edge divided into a first side

391, a second side 392, opposite first side 391, a third side 393, extending between
25 first and second sides 391, 392, and a fourth side 394, opposite third side 393.
Although Figure 3D shows trays 39A, 39B individually formed for fitting together,
according to alternate embodiments, mating trays of frame 39 may be parts of &
continuous sheet of plastic folded over on itself.
According to the illustrated embodiment, an end 404 A, of eluant line 304, and
30 an end 403, of by-pass line 303 extend from third side 393 of frame 39 to couple with
divergence valve 35BG and an upstream section of eluant tubing line 302, Figure 3C
further iliustrates an opposite end 404B of eluant line extending from first side 391 of
frame 39, alongside a similarly extending end 405 of eluate line 303, and ends 406 and



10openi ng 325 (shown in Figure 3B), and, with reference to Figure 3B,
tubing Iine 305 passes over opening 325 so that detector 25 can detect an
activity of the eluate, which passes therethrough. According to sone

enbodi nent t he positioning, within the conmpartment e i dewal
205, of ﬂﬁé 2B 6P%nts of the portio i nfusion C|rc§%#3§ggw&%w%h are
shown routed thereln i's faC|I|tated y provi di ng the conponents 15nounted
ina franme di.s bI 390 i,ch is
11 st 1 at ey aefes 88 SRRt T BRI R B TR E S B sembi y
390, and Fi g i3kl 39, axm@ngpaﬁwe AD7 QM Q’fov»fnrs?{md&%up%@fr&hm@yti%t he

enbodi nent illustrated by Figure 3D, frane 39 is fowed fromnmating trays
39A, 39B, furihesxupp aithmoghipdng poamhly 260nis s dbaaprosiaied that thokibég f i t

toget her toy J&%ngcﬁnt 3@6%&:39@13 e@fd aﬂ@{&guid dto Vé_)ﬁ&ﬂ%quﬁc?’lr%e'l%nt 0 a

perineter e rame ence val ve 35 portions of el uant
tubing i neweght,ratbs]r-tbas@ctmdblgn@ward]@s 808yn, & nraseprottbd.neleinmeg 1800 wast e
| i ne 305w gnd ient |line 30 G e SC illus t he perineter edge
di v ded 1 nitaeueq Pr Ettogpufossyme Eieliett r g ssEohA DS ol PEPRIA ™ e 501,
a third si dBig@3ue ﬁ%{rﬂ&ﬂfdﬂ@oﬁ}ﬂiﬂ\g%&ms?&ﬁbwspo angl cisasBd: FirgteBtiagdl,l 392, and
a fourth side 394, opposite third s Al t hough Figure 3D shows trays

39A, 39B i ﬁaw?%f@amcw slkleant {188 364 EOtIEIFF@ 3%&@9%@“&&&%?@%@ Bmhcer nat e
enbodi nment g@aﬂ Rt b mxﬁgs&éra&wrem%% RYe P8 %'fcthsmz%f inBorpOatd quHUs sheet of

pl astic foI over on it Acc to the | ustrated
enboulnentvahnﬁwndcﬂﬂuﬁg10¢3@5wgﬁmnmﬁh@naﬁ4$naﬁ@rzathEhﬂﬁwgg14of by- pass

line 303 extend fr rd side wi.th di-vergence
val ve 3580 R Baih S e SR se AR FlikngS NoReRaBul i e 5
further il Bosioahestcasionprast,vehienekid4Bunideghstars (dekipratekbemdidoged rom
first side 391 of franﬁ 39, alongsgﬁtﬁa simlarly extendi ng end 405 of

el uate |i néngodachdheHHNeAd6! an Y6097 18P 9PBF/LUSPHS/ BATRFL 18 407
of patient ()} R&BRMr ANy @g%% ﬂfﬂegkﬁr@%maﬂoﬁﬂem Bwélaxy ot &REbIRY from
second Sld 392 of frame 3 hough “ends 40 7 are shown extendi ng

upwdbd f r otppe tiay is3@ayn as thokeskilsiih dhemrt. hi n shleldlng assenbly 200, it

shoul d be appregi ated Hh at &%:tuge %h&% qf ¢l 41n1 § are preferably
fl exible and wo fHEWPB%YBEMﬁ &P ST %m@ 6% SR ' han ext endi ng

upwar d, asdgfreme o dlfo ﬂaphc@ahawdre@hs dRefranlr Botgwhiak kretshielded behind lid
223 and doors 227, 225, and, in those instances wherein system 10 is moved to a new
site each day, these portions may be replaced daily. Thus, according to the illustrated

20 embodiment, these portions are conveniently held together by frame 39, as
subassembly 390, in order to facilitate relatively speedy removal and replacement,
while assuring a proper assembly orientation, via registration with features formed in
sidewall 205 (Figure 3A), for example: registration of divergence valve 35WP with
valve actuator receptacle 253, registration of tubing line ends 403 and 404A with

25 passageways 251b and 251g, respectively, registration of tubing line ends 404B and
405 with passageways 2151 and 2150, respectively, and registration of tubing line ends
406 and 407 with passageway 207,

With further reference to Figure 3B, other portions of tubing circuit 300 are
shown. Figure 3B illustrates eluant tubing line 301 extending from reservoir 15,
30 outside of shell 13 (Figure 1A), to syringe pump 33, which is mounted to an actuating
platform 433. According to the illustrated embodiment, platform 433 is actuated by
another servomotor (not shown) of system 10, which is controlled by the controller

and computer 17 of system 10, to cause a plunger of pump 33 to move, per arrow 1, so



Figure ID, in conjunction with Figure 3C, it can be seen that the
aforenentioned fittings are provided for coupling subassenbly 390 into
circuit 300: first fitting 311 couples the section of eluant line 302 to
filter 37; second fitting 312 couples eluant Iine 304 to an inlet port of
gener at or W2LRZ00Y¥HRHA fitting 313, which may incor porat e B TERBER/ITVEI ve,
coupl es eluate line 305 to an outlet Yhort of generator 21; fourth fitting
314 couples waste |ine 305w to waste bottle 23; and fifth fitting 315
coupl es pat peietdry freclBOBHTa® resprvek tiéndrangh teng bre 3Qihpechthen teidse bat si de

shel | 13 (dgg| i fitLi 311 . 312,
313, 314, glﬁﬁ,'ﬁgg;q% gf%?{? i 'ﬁg EP_‘S‘%%‘% ?ﬁ%‘%{"ﬂ r%?s E%‘f{?ﬁtgmgﬁﬁ’ lt‘%%drggqﬁ%ggf ?”é? atively
hi gh pr essuB@, apgpittice atrceans, 2 lan tavhy-phe larpB0dt Adthowahi thablhuetrdtbd ype that is
known to thos kill.ed in the art. As previoysly nmentioned,, when
qonerat or - pepadtiemiSudy® syitee Subipoitc ey HERRIREPE REVAI Borapi e 1 hose
portigns of inGhé eilirhay3R0supktisead Br@usth Bl dectdbabidRy biught3din ARsvERAES 227,

225, and, in those instances wherein sésten110 is noved to a new site each

day, these §riePems thiag/uane hrabaeedreaiaib0g. Althersh nat shoran Hghewd bhe
|11 ustrat ea ﬁgﬁg@gg&nﬁ%a%@g;%ﬁv&%%%‘ﬁn&%ﬁr&@%@?bﬁ% %c){ua!?ﬁ d together by

frame 39, Inorder to facilitate relativély speedy
renoval andecsppdciceoentd withi lskelbEsandi segplad pr ppencthssernimotorhenhatvijon, vi a
registratigﬁ.mﬂthlbeatures folwed in sidewall 205 (Figure 3A), for exanple:
regi strati dh56¥di'Ver gence val ve 35WP with val ve actuator receptacle 253,

regi s ration of Higlhk BB e ileRHsc49BlianbiddIAT Biat R MAPASSAGOMRY Sn251b and
2519, respectively r;gistration of tubing line ends 404B and 405 with
passageway SUiNg; suaaee 9158l 13 o filteiel A (Fisuy | Pbef wbinaiine A0S Fittebi ng | i ne
ends 406 a Iy y { r jjgure 3B
other port Tase of "L kDR 30 g el R et e i o

el uant t ubiphgti¢ sheet; BOceXlt7engi mye farctam -sksbytmoture bEncldSofittsildenofi shel | 13

Fi 1A),, t i .33.. whi.ch i ted t tuat | at f
133% nccor Pt Been P Rak e e Sr  PdR o Bt S Db By . by
anotf¥er serneqaRtier spab@tin BHRAED) ofpbsiaY stdesbAfle cMhl Gl ksuaeat Hided Py the

controller and conmputer 17 of gﬁéten110z to cause a plunger of punp 33 to
nove, per &tgwnrludisg anwyodes F5Agpmeneihpiln §47 Gamostruityragot o draw in

el uant, frgﬂ}%g EMQinE 15, through tubing line 301, and then to cause the
pl unger to nov %%ﬁﬁ?%é o%posite direction so as to punp the eluant, through

tubing line Tuming now to Figures 4-9C details concerning computer-facilitated operation
of system 10 will be described, according to some embodiments of the present
20 invention. As previously mentioned, and with reference back to Figure 1A, computer
17 of system 10 includes monitor 172, which, preferably, not only displays indications
of system operation to inform a user of system 10, but is also configured as a touch
screen to receive input from the user. It should be understood that computer 17 is
coupled to the controller of system 10, which may be mounted within the interior
25 space surrounded by shell 13. Although Figure 1A shows computer 17 mounted to
post 142 of system 10, for direct hardwiring to the controller of system 10, according
to some alternate embodiments, computer 17 is coupled to the controller via a fiexible
lead that allows computer 17 to be posttioned somewhat remotely from those portions
of system 10, from which radioactive radiation may emanate; or, according to some
30 other embodiments, computer 17 is wirelessly coupled, for example, via two-way
telemetry, to the controller of system 10, for even greater flexibility in positioning
computer 17, so that the operation of system 10 may be monitored and controlled

remotely, away from radioactive radiation.



302, to either generator 21 or to by-pass line 303. Al though the
illustrated enbodi nent includes syringe punp 33, other suitable punps,
known to those skilled 5in the art, may be substituted for punp 33, in
order to draw eluant fromreservoir 15 and to punp the el uant throughout
circuit 3B020WEEBAgh not shown, it shoul d be appreci af&d’HRYP 4 %er gence
valve 35BGis fitted into another vafle actuati ng receptacle nounted within
shell 13 and coupled to yet anof her seryonotor (not shown) of system 10.
10Fi gure 3B f ur t AEFOTHIRE {Iomet R eﬁe‘g Fmg%%mﬁ%tﬁocé’lmpé‘ief 1? SRS TREOSTBTIER &

al ongsi de ap,;hOiRLEQT via Wdn@ee1 2f 1ehehlprd@dhRs Rededody td BEindh L&legure 1D) of
tubing line”302, Filter holder 317, Tike frame 39 for subassenbly 390, may
be formed ftogrrfarm ety bortre dsploasystendieatd orpkbwta sySET Iaipr paigat a
clamshell structure to engl  f.hlter 37 . n_hnteri yet allow
Fubi ng i ne S8 o i EnSF FLREE vl b bactrvib e udolefeh SnsBRT L oY T e

i nterisor spadegitorilN2 ketavdiiy topristadgrdodasenty, it frdecthars helimes b elodnir e.

Hol der 317 i s shown including an awenda e 307 for har] i.ng hol deir 317 from
& st uct ur CHAS HEHR) LR S ERRTY. 10 SAcky R S PRI e &) 6P 2o I
details CONCSHAHhOTH £ QARML ), 1d agduidib BhESk AP bR PR SHSTEMIRaWhyl | be
descri bed, "according 'to sone enbodi rents of the present 20invention. As
previ ousl y aeehel tovisdnd smperigrmivariedsalatimnsraiigok Compitgulempynalsebapist er 17 of
system 10 i i, ] ' i [ ) nl.y .di ays
i ndi cati ons‘{} %«%rg’g%? g(?nﬂ%%%té‘% %gtﬁe mc]i{n?)ﬂ?ro&r?? %t&tg}?lgrlxg%'c{éggosl%g#df%}ﬁ%t is also
confil@ur ed talty @ doontadt cheivaepertunittiecefore givipuienbmemetipé yas by thelsystsinoul d be

understood that conputer 17 is caoupled t he control |l er of .system 10,
whi ch may B89 REYRVERFT GRERTHECAD Fhibefauic .f%gw&eaéggwfﬁaa%@% shel | 13,

Al though Fi g red Anshaue s&OIBULR Gudifty H&Hfﬁl%tih% Rash ddd2rpbadpst em 10, for

direct hardmring to the controller of system 10, according to sone

al ternat e énbonnERE slutien pputt epd garedosizeiiup bleae vothirneseemers made ovi a a
flexible | t I C er...l: ! sSonme .renmotely
fromt hose%%g‘rSﬁ?’%&ﬁo@%@%&%ﬁnﬂ%; £Cft}3'7 %ﬂﬁﬁ??ﬁﬁﬁaﬁ%‘ggfﬁ?ﬁ&r }é}{lﬂg%}?on may
emangt e; omaimgieet i sgored resonieon Gehpotdné . Aitwdi poetidisof thiorpudder 17 i s
wirel essly. coupled, for exampl.e, via two-way telenetry, to the controller
of system 150 a&m&%ﬁew@ﬁﬂ?mﬁbﬁ%@{-qﬁila%fiﬁyt%%fﬁ@geonput er 17, so
that the opRE@idiQily HanS¥StER HOmbRMoREADBE & nthrCiaRtdeobRdotmmt el v,
away fromradi oactive radiation. WD 2009/1523 3PCT/ US2009/ 047031 20

Accor di ng tooiceloigs! piepEresanrabsuEp itEh s&Vice ORpULSs e1e7. . & PBPeoyhbgr ammed to
gu 3o 11 4oL ek BMBL, B RSSAL 63, PSS BB g Ll
syst2®m 10 fndornpabn, €t example, a bar code reader or a radiofrequency édentif,ication (RFID)
tag reader, to store and organize product information collected from a product
labels/tags, thereby facilitating inventory control, and/or confirming that the proper
components, for example, of the tubing circuit, and/or accessories, and/or solutions are
being used in the system,
25 It should be understood that screen shots shown in Figures 4-9C are exemplary
in nature and are presented to provide an outline of some methods of the present
invention in which computer 17 facilitates the aforementioned procedures, without
limiting the scope of the invention to any particular computer interface format.
Computer 17 may also include a pre-programmed user manual, which may be viewed
30 on monitor 172, either independent of system operation or in conjunction with system
operation, for example, via pop-up help screens. Although the English language is

employed in the screen shots of Figures 4-9C, it should be understood that, according



infusions, as well as to interact with the user, via the touch-screen
capability of 5nonitor 172, according to preferred enbodinents, in order to
track volunes of eluant and eluate contained within system 10, to track a
time fromconpletion of each elution perforned by system 10, to cal cul ate
one or noM® mBYEtRem3paraneters for the quality control tmEswes20@d730 perform
various data operations. Conputer 172hmy al so be preprogrammed to interact
with the controller of system 10 in order to keep a running 10tally or

count of el t soomserpErdinaenits, competer b pae-giogeammgeh®rabode enpbreyéd by t he
system and ng¥ fprther categorize each of the counted elutions, for
exanpl e, as "BEHG2GEHE St ed either as a sanple, for quality control

testing, or as ar@eselisfaGereP@bicdbf a mMAINGBEMOIT0, Fhe:hak %b@xﬁbd@ﬁ&n&a@f&d
categori zation, along with neasurenents nmade on each sanple or dose, for
exanpl e, acti 9P pnften/El2; asgerdipgeto spmpgmpatignengsy dMain mapyyt7Th Ecimlgdf nt ai ned in
a stored T eqan R GUSRHAR.- rhcfitath boQhich BAhALD. Qddd s B! ALEbsENT or mati on
can be conpiled in a report, to be %rlnte | ocal ly, andlfor to be

el ect r oni catheyserrhanbigeed ed tocadmgrosend owki-lingyal éobodxanpl @mpuiealan

i ntenet connection.to.technical s ort personnel, suppliers, ser.vice
oot der o BEgnts T tish 87 R Bor RGOS pEE R EGE B Oh® PrRGT by
i nteract W dbnutd® user and/or a reader of encoded 20i nformation, for

exanpl e, a bar code reader or a radiofrequency identification (REID) tag
reader, to stor d&HE S6ri§ARFIEEHE SNEEE P SEEE PABTIEH OIS WrtlelChEem 188 pr oduct

| abelig/ t agsiy, sther ehy L@gidihd AtbRE emg.-%&wmemffeq!m te@&{.s%[egﬁgry{) c!}al%zfﬁ ng that

t he proper conponents, for exanple, of the tubing circuit,
accessor i esatraddldyof sgtant 3 ns Sdi.erbéimgofitBedthensdrdvas pyestreat he@Stt shoul d be

under st ood ,t hat scre hots._shown | igures 4-9C are exe ary .,in nature
ond ar e pr el ad G B BRI Pr B G R R S B Bl ket

i nventi on icatrWhiclh ale@ngety Sdondplitdk AT infdythataagmeied af@rasmat dypneticpicegadur es,
without limting the sco efgf the invention to . any particul ar conputer
interface fUSFfgte cngy es pF wihial: 1ngleds, PRlgpEdEnieterel prrigeahkrriiosder

manugd , whigthomX e dthetd BOAUTRALEO schifer, £hhiefie tadensndgat of system
operation or in conjunction wth system operation, for exanple, via pop-up
hel p scr eemsudieftenoudgt imfhen&mg).iadhnd angwaje. moueaphyoyiekl dta..t.he screen shots
of Figures 459C. it should be understogod that., accordin

2000/ S35 elst R #6ert ol U SrERaSballi sBRPLS ALBRY (¥ insiur

pr e- pr ogr agm®ekridatapheyifdel igwitddnae uion ignehbitddl 10 chRngUa@s key reiated ti gure 4 is
a screen shot of a main gfnu 470, which is presented by conputer 17 on

moni t or  1791¢ SABESPHFRG Ve LomsieahBbEiREtS Sl priivg M rpriiméPues a

20 key may be time sensitive, related to generator contract terms. Of course any number
of log in requirements may be employed, according to various embodiments, and may
be presented on multiple sequentially appearing screens rather than on a single log in
screen.

After the user enters the appropriate information into data entry ficlds of log in

25 screen 570, computer 17 presents a request for the user to confirm the volume of
cluant that is within reservoir 15 (e.g. saline in saline bag), via a screen 571, and then
brings up main menu 470, If the user determines that the volume of eluant/saline is
insufficient, the user selects a menu item 573, to replace the saline bag. If system 10
includes an encoded information reader, such as a bar code or RFID tag reader,

30 confirmation that the selected reservoir is proper, i.e. contains the proper saline
solution, may be carried out by computer 17, prior to connecting the reservoir into
circuit 300, by processing information read from a label/tag attached to the reservoir.

Alternatively, or in addition, tubing line 301 of circuit 300 may be provided with a



5 listing of each conmputer-facilitated operation that may be sel ected by
the user, once the user has | ogged on. According to sonme nulti-Iingual
enbodi ments, conputer 17 presents a |ist of |anguages fromwhich the user
may sel ect ior to presenting main nmenu 470. Figure 3e]rrati C

show ng awgéﬁ)qrg}égz%? screen shots \/\hi{zh includes a | og %@Fﬁ%@?@@ 570.

According to sone enbodi nents, when the user touch-selects the data entry

fields of screen 570 or 571, or..of any of the other screens. presented

ner ei n, _bel GiCaouT R LA P GHr s BeEph OB SOt ¢ S r ear BTN o entry

into the selgeldadedakast@nt o nakifekicr irhidRranatseloyarite Nt RrdefeétofByhikle '

augnented with another type of device for user data entry, exanples of

whi ch i ncl dddocaige fusb dewstssp g1 r8evol | pépl pridisd ik edrpdeid 715089 e, a

st orage nedi ' [ ; fati : : r ot her
dér%%gsalg% P%p;g%ﬁe@&ﬁ&%n mBniRHANNE afulng(ﬂg@ghcq%@g b&RSISy OP!

reader of enco ' ion), a hand control "(i.e. nouse, joy"stick,
etc..5). Aldbmgaghdatatedshdvirgluvat soptidiy teseyommeindietiodi anenpsopesenigam. 570 may

further include anpther data entry field in which the user is.required to
enter a |1 QUHeaoRER FEntan oS bt gl b B b P B AT 2 or der
to enabl e qneeadtivan Sefisos yshiibid Bomtded o2k eyMiddictbe, Wiyre sensitive,
related to generator contract terns. O cgﬂﬁ§e any nunber of log in

requi renment s maynse TedpicBpadalingebasy s purg et VAP Be&s: emBHremiemPE A may be

present ed Qe Rkl &ua%ﬁﬂ%@@&l&r%‘doﬂtaﬁﬁ@%?ftﬁé‘ﬂeﬁ%iﬁ@'%ﬁg,f@é peredhan on a
single log 1n screen. After the user enfers the appropriate information

i nt olidat a eévternptely,ef Ystenf 10 ingiuilas tREeforcarmtis?sl reedomputidhe sinpbagsent s a

request for e user, to .confirmthe | u of, eluant .that is w.thin
eaorvor 1 peligs b PRy P el BroPlacl, B PeahDBh ARl b1 ngs
up mai n nefdnsfotQhe difantiNanfis@bticeoeonpnes 17 hahud bempaturmessef eitletapt / sal i ne

is insufficient, the user selects a neny item573, to replace the saline
bag. |f sySQdmEMed clugRlsaEREYOINM e TELWESD i ofTitat NOHY cBREcluglisings a bar

code or RFILHa4s k 8AdEhe r3AGRNE Rtk QB EAM ot B&r&f fALAE LLRBINRIS 1S
proper, i.e. contains the proper saline solution, may be carried out by

congdt er 1df,pupri B, it e operneet ohwysicind Or S¥Bh vadenendato &Figire 6Bi durd@the by
processing_information read froma | / tached to the reservoir.
A Cor nact e P el TP Bl S s A RE b St 8
provi ded vhdsheén dapRt200Y ptaR2E23RETMIGAN0BFLEN0 bRt ANneeisahc wdet,ch only

Syst om 10 W& SFET NEr 1 HETad o ASGEHOPAFES br CHAPHOTGRICEPBIS Pk ch 15
ocet 2 | shoA s pam oty dsssinlds euani L ke o gy 1,
wr 0A¢ osnoif s sayrede the user, via a screen 578. To replenish the reservoir/saline bag, the
user may either refill the reservoir/bag or replace the empty reservoir/bag with a full
reservoir/bag. According to some embodiments, system 10 automatically precludes
any further operation of the system until the reservoir is replenished. It should be
noted that, as previously mentioned, system 10 can include a fluid level sensor coupled
25 to the eluant reservoir in order to detect when the level of saline drops below a certain
level.
In addition to tracking the volume of eluant in reservoir 15, computer 17 also
tracks a volume of the eluate which is discharged from generator 21 into waste bottle
23. With reference to Figure 5C, an item 583 is provided in main menu 470, to be
30 selected by the user when the user empties waste bottle 23, When the user selects item
583, computer 17 presents a screen 584, by which the user may effectively command
computer 17 to set a waste bottle level indicator to zero, once the user has emptied

waste bottle 23. Typically, the user, when powering up system 10 for operation, each



5charge is detected in the eluant supplied by reservoir, indicating an

i nproper solution. One exanple of a charge detector that may be enpl oyed by
system 10 is the Sci ConTM Conductivity Sensor (available from Scilog, Inc.
of Mddleton, W). Once the reservoir/saline bag is successfully
replaced‘W@dﬂvﬁﬁéﬁ3l7 pronpts the user to enter a quanfPCiPsSeft¥84ai03ne

contai ned by the new saline bag, via?a screen 574. 10Alternately, if system
10 includes the aforenentioned reader, and the saline bag includes a tag by

whi ch vol unéayi. wilbeither Eontyi \gasrﬂ svileid or eandirmet hatayastrlptead Divet dropfiedyit
transfer t h%c% wﬁat oﬂftﬁ)e F O&yvﬁ]d%mlétsggeer}384 {grlggti?igfgor %ﬁl{a 17 uses

ei ther the con uan I ne Vi a SCreen new y
entered el uamélhfmbatdﬁm vealou ﬂ’ﬁua&omphﬁasb’! icae trickotine iifliingy vitveestertaciie 2epk et i on of

reservoir volune, vi actlvatl 0 eratjon of
Cystem 10, Wi ingrshetperaion ol G e SR R Op R ETORoBe g st em 10,
when gonput@hicdifordtIRClssr xtvﬂ@fiwéé?@b&dw%\hedd%%e/&hpﬁ@amr@Qari@@l Has been
depleted to a predeterm ned vol ume threshold, conputer 17 warns the user,

via a scredtesyiption of ‘tCF@né&érmﬁE{@rHﬁ%@%g@?é@ﬂt%f%ﬁqsmw%@%wq nues to
geplete 1AL BAw SRR 0 LmlIEhBEdm AR RO PRLLARIARD |5 emply

and prOV|des |nd|cat|on sane to the us via a scre 578. To
repl eni sh qhQMKEsenwﬁrmbsakhnbnbﬁgwsyMGnuwePﬁmnmeﬁmh@nsmeﬁmaﬂ t he

reservoir/ba epl ace, t he. e res r with a ervoi r/ bag.
hocor di ng CoraBiRg ERbEaHEAL LS ByRPERT O F SHORE SEPT 7o PEET RS any
further opefatitRficforthansi¥ sdsemntbhdd abbbein @apm¥ad with FiRd EDjished: |t
shoul d be noted that, as previously nentjoned, system 10 can include a

fluid |evelo @@W@@mca@waﬂewl@twi@r@ﬁ& i§ Aied F%@W@%PW*PW srdepd o det ect
when the | ﬁ}{(ﬁflldcot’ld% :pﬂéf gf %H?m?@a!ng}{"tcﬁth%%érqg& \«\I/a%?}éq;ottle 23 nf(:dﬁ i) b@dd' tion to

tracking the vol une o uant 1n reservoir nput er so tracks a
vol ume of thetied amalice tonvmitomaiicllgdipscheie geerafiviood agfenaew Hhﬁﬁi gt wastedodst e
bottle 23. . Wth reference to Figure 5C, an item583 is provided in main
nenu 470, fémﬂﬁ §Oselected by the user when the user enpties waste bottle

Mhen the USBYadgf108GH thelab8¥a BBRienGRRRSFelddd B 25BNLS SuSElE8MH84, by
mhlch the user may effectively command conputer 17 to set a waste bottle

| evel indi ebtvsemt ), herusst irecm 8 Wik §fPiely PP Berlitastnarobssis cacin 3,
200011525 BCH DB ansPDEDO AT "BabRPHE Pl PP P kBT 25, or
confirn1thmmmmaspéom@qﬁﬁbmﬁmgwHSﬂ@h@uDedobtﬂ$haﬂemduo&xmpenanwuh t he
or v ous da,, 800 ULLLLRS SpLen RS0 Bl b e a bt sl arel
23 ypa monirti@rth dgeQhydifie 10ReHail @8 cslhimpWwiRemBatantl . dDVRIBRceVAbve 35WP,
and provi do%lu%?n wash, which is performed by pumping a predetermined volume of eluant, for
example, approximately 50 milliliters, through generator 21 and into waste bottle 23,
computer 17 provides an indication, via a screen 676, that the wash is in progress.
Also, during the generator column wash, the system may provide a signal to indicate
25 that eluate it being diverted to waste bottle 23, for example, light projector 100 (Figure
1C) may project a flashing light signal, as previously described.
Figure 6 further ilustrates a screen 677, which is presented by computer 17
upon completion of the column wash, and which provides an indication of a time lapse
since the completion of the wash, in terms of a time countdown, until a subsequent
30 elution process may be effectively carried out. While screen 677 is displayed, system
10 may be refilling, from reservoir 15, pump 33, which has a capacity of
approximately 55 milliliters, according to some embodiments. According to some

preferred embodiments of the present invention, computer 17 starts a timer once any



5indication to the user when waste bottle 23 needs to be enptied, for
exanpl e, via presentation of screen 584, in order to warn the user that,
unl ess enptied, the waste - bottle will overflow According to sone

enbodineg%ﬁpm%ﬁgkﬁgglo automatical ly precludes any furgggﬁggB? Eﬁhon of the

systemu te bottle is enpjjed. According to ernatlve
enbodi ments, a fluid I evel sensor may be coupled to 10waste bottle, for

exanpl e, as nentloned abov unc |on n orde

Ut onat | cal FTLERRS Rt ekroS BObRE 8 P b OMR% Flsst LRG| evel
and t o provihd@me\tbant8ORmp Wetden §77), arnnlmﬁisc:ﬁwt@xﬁb fromtcheplesion of atkhunast e
bottle 23 needs to be enptied and/or to autonatlcalé% recl ude operation of
system 10 URf Framie aqalt Be frseriped I sondiftioa dithiiseweadi 4 4c8HitoOthe above

A Nt enanCeShBA LRLALh nELIIrOM PLURL euvRlGUEE B SXek M 10, L he

user of system1 Ically " performquality control tests each day,
prior5to arsplipapiuion OIFRilt(@u@MQ edused bY trealscay Qfogtﬁmgum@%vmabfcor ding to

preferred t.hods prior erfor uallt control outlined
in conj anct TSR § E%HF‘E 86*%“6‘”“%%%"%@“ fofgas ’"?r%?j’m’“ t%iy 10(n i tem 675
from mai n nmeiAWe470, in 20order to direct systen110 to wash the colum of

gener at or t he generat or qu h is perforned by
punpi ng a predgEEWﬁgﬁéHmWBFﬁﬁémBW“ dﬁﬁiasz@ﬁ“éﬁggﬁﬁécuﬁﬁbmﬁﬁﬁﬁﬁ ely 50
mllTilitersendBpPUGIMISNS, AR qaslh@@gnthﬂtic%t Hﬁ?tb@ pa%ﬂiﬂea B cORKLer 17
provi des an indication, via a screen the wash is in progress.

Al sol0 duri wyFighes 7@*@#@1&@bma:cmiwr%§ﬁm M 43 ee Hemaly 3 Hr ehicldirectsi gnal to

| ndi cate 25hNaeELuBbecht ALAG ALXRLLACLR URRLCABOLELE Al of exanmle.

l'i ght proj may proje |ng signal, as
previ ousl ycadsdimetedn conjunctiokivgthrtke Geldativh lb€iteml 7841 thates aﬂd@l@iﬁ' £en 677

which is presented nput.er n co Iet| n of the coluym wash, and
whi ch pr ovl'ehd¥ an .@ﬂ%?ﬁ%aﬂe%ﬂﬁf3%§lﬂ ﬁﬁ?%svaﬂgg%ngq @t%tﬁéte%wﬁl 3971 of t he

wash, in Kidipsi®foranthiR QoM HMWRomUMd, hc@rﬁﬁgmg&@w@@&hwzwﬂ process
may be effectively carried out. Wiile screen 677 is displayed, system 10

may ibe ref pﬂemnrsgi scfaco iV .e8idel wistructGihe peargo BBsTt iitvi teth vivdintaa mb@mld,y of
appr oxi mate %m (]ﬁ;el'd 1hteecre§s 108G (f,%eql fskg(rﬁg%rés&) . enbodi ments. According to

sone preferre {5 ot the I hveniti on, computer 17 starts a
ti nmer once any_ﬁgmkZaﬂﬂhmﬁzﬂﬁ&BCTh@Sﬂﬁ@&hﬁﬁﬁ&ﬁ&ﬁ@4bpﬁﬂkh@mnpmeﬁEBs is
conpl eted and infor e user. of the tine eit rms _of the
tine countrawwscw e g‘fﬂ*’f SY%GTPZPﬁ%“@)‘F ti' e %hrfwsgml % QAOREh of the
el ution, figry QXRAVYE, witeh YolldeDBotHas Gldileen ki GRMMRG Y f?i;bré!\grEﬂ ahgure 7B.
Accordlng to an exenpl ary enbodi ment, wherein generator 21 1s the

Car & 0Gen-820tioh &t the wskdle ahor g glutéons dmnrfzmuséyf dRobbafi thwsgemprayduced by
L 0eeay fhid L0 WikBfeurc b oLl & M OB L LIS ScBEL 1PN W0

effective i ON~processes 1S pr OXi
{Figure 1C) may project a ﬂashmg Exght signal durmg that portion of the elution

process when eluate is diverted from generator 21 through waste line 305w and into
waste bottle 23, and then a steady light signal during that portion of the elution process

25 when the eluate is diverted from generator 21 through patient line 305p and into the
test vial, for example, once activity detector 25 detects a dose rate of approximately
1.0 mCi/sec in the eluate discharged from generator 21. Another type of light signal,
for example, the more rapidly flashing light, as previously described, may be projected
when a peak bolus of radioactivity 18 detected in the eluate.

30 Upon completion of the elution process for breakthrough testing, computer 17
presents a screen 777, shown in Figure 7B, which, like screen 677, provides an
indication of a time lapse since the compietion of the elution, but now in terms of a

time since completion of the breakthrough elution process. When the user transfers



Once the appropriate anmount of time has | apsed, after the elution process
of generator columm wash, a First quality control test may be perforned.
Wth reference 10to Figure 7A, the user may select, frommin nmenu 470, an
item 773A, which directs conputer 17 to begin a sequence for breakthrough
testing. W@é@?%ﬂﬁ%@to sone enbodi ments, in conjunction P28 E4E ect i on
of item 773A, the user attaches a nei’asdl e to an end of patient |line 305p and
inserts the needle into to a test vial, for the collection of an eluate
sanpl e t her BEFEANCORHANE AbecHrmiaf FeiEingud ém/sedh%%d@émeawei@mc@s@m s a
screen 774, a vial

shi el d, whi ?:IW% gihﬂbg%er%%t 1?1?1); {r}%léggg&f%?t%&ﬁﬁg faﬁé‘i‘ﬁ%ﬁﬁ%{ Sﬁr e Tﬂ ’;WO

Figure 7A f%ﬁlﬁ@ﬁhﬂrh&fm@h%&tﬁ@%e %Bbseqﬂmuselsha’semwkﬁ&he i})ﬁvm&lmhsm&)nputer 17
receives in om the us for system 10 t tart, th kthrough
hutt one 1 ofPBefB Ao B vy o IR st oh da8 Db o GOt ha
the eputi onﬁ 18s ﬂonth:araam@sﬁeaame aBQ et topd b@Wedrothat Aevhigehe Hescalbhitol he
elution. As previ ousl%/ descri bed, the Séttem may {)r,ovi de a si%nal to

i ndi cate t HagesBIcEtheaRty iy ?fﬁbw%@#%%%d thplo WANEF 81UtiPD da compiE@et dRre 100

(Figure | C)usgﬁ){as\%]e%@e({ deffe, T RGP - b GRlinRHERAlF AR 974 %@F/ [Kjtoﬁ% of the

el ution process uate is diverted fromgenerator 21 t wast e

| i ne 305w anigbriaforementional deviceh for 28sr datacbmtyfemcamsltr@adymlnﬁ gmmgﬁgnal during
that portian of1 tcrgl el Ututé);l -Rracess 2 Wgt 4 e%r g eféi stdi&/ert'ed from
generat or ST PHIPKH g‘hC&R ent 1P %B%E‘ Ad TRESHRE TSR B9 for exanpl e,
oncel(act i vichiybrahet, eh@rvizadbireledseotsmmiddss of atsblofompatoaxi mtely 1.0 nCi/sec
in the eluate dischar ed fromgenerator 21. Another type of |ight signal,
for exanpl e, théﬂ%ﬂ@ pigds %ﬂt‘;reggééfm%ar CORICT BiSPTsHeai 5Trst y 748t i bed, may

be proj ect ediMheDu@r REXS Riek Upmafh hafl £86Y btirdh 4 s%{ &6feioh Nt he el uate.

30Upon conpl etion of the elution process for breakthrough testing, conputer
17 present sxamperasenll By deschbasiin comumtgparatl7Eguigh BARB, dlfhkeghstbeeen 677,

provi des ag. i ndi 63t 9,0 18, 4B APSRYSLARS L Oe, oML et ben, of fhe el ution.

but now in e conp Iet on o e’ br el ution

proggss. WesB isheomeémbwamﬁMsm mmemwa&asm He20019/@47031 25 the .
vial contai |ng t he sgm)le of eluate |nto a dose calibrator, to nmeasure the
O

activity o? qofiels aeipitesl 1o{iRWMe<Bs ComRletiRn@f stepn Tdtcat 7 tide 5o pne neafﬁ%
i ndi cated pg..564 Q&R ozf%?eak%ﬁwghﬂé&lhgern {h@fs@oroﬁ@%gé M Brof B o r poREe the user

has received the activity neasure fromthe dose calibrator, user
proceeds tsmplseirabete @Hgctedi tbh ta%htihtf@eﬁlemaétiemwesﬁmges msdshmd tthe

activity neasur e and veen t hat se .cal.i brator
measur ed tHe f ppm{tmngtggF 6thnfg%‘slgg*pl EURR GO TRSE O%\fl’\ﬂv\/ﬁfci OF H@? RO 86%?

conpf et ed. saiﬁrp& us &k rdfﬁ'yndenb @Egu&dwmchﬁeath\enaertﬂaes@iw@mne&memfmﬁztxﬁmﬁace of
noni tor 172, or VJaE% 8 t he ot her_ af orenentioned devices for user data
entry. AcdBfHiig: Rrdoiedatt epRaTIE Eiodds HenbrsakiRgHBh o8 LS nhsfTiBcei ve t he

data, el ecighaniig@bicd, strceimt NBicApee rdlerldnBE %é){;alu&'ptr@.%us}’}' k] &) €ss

conmmuni cation or  a cable connection. After the data’is ent'ered b?the user,
conput er e meeg]eqqtegn 3¢5 ebme PTG anfothsipair of data entry fields into which the user

is instructed to enter the breakthrough reading of the sample at 60 minutes and the
25 background radiation reading, respectively. After the user enters this remaining
information, as described above, computer 17 may calculate and then display, on a
screen 782, the breakthrough test results. According to the illustrated embodiment,
computer 17 also displays on screen 782 pre-programmed allowable limits for the
results, so that the user may venfy that the breakthrough test results are in compliance
30 with acceptable limits, before moving on to a patient infusion. According to some
embodiments, system 10 will not allow an infusion if the results exceed the acceptable

limits, and may present a screen explaining that the results are outside the acceptable



whi ch the user noves back to main nmenu 470 to perfoilll a system
calibration, for exanple, as will be described in conjunction with Figures
8A- B, although the breakthrough testing is not conpleted. Wth reference
back to Figure 7A, an item 15773B i s shown, sonewhat fadeg in main

470: itenVPAB T only be effect| vely selected foll owit g R LT et| on of
steps for item773A, so as to performa second stage of breakthrough
testing. In the ﬁecond st eakthro

| f. el t
o berad | dRe Sorn iy e ner DRt Bt o i Hecdeberal FoPRlEag ed. ot

time of appg fn@t@bmeme{?f%@ﬁ Ex-ompt he conpl etion of the elution that
produced the | e th rergerence to Figure 7C, after the user has

sel ected item 77‘érehﬁ¢%m1%wﬁlwﬁ§A4¢mnﬁ the alogrspentioner $QEnuIBEPEIN 7 t o
provi de bre\%tmgug tot&%pi{t?ﬁx‘éleéakttﬂo@{@ﬁH??@é ubd il E %a ik gen 781
i ncl udes, for nce e va

ues previously enter y the user in
screefi 778, byadebmgngutérh S%ﬁ‘btmenatpamemu@ﬂ()dé,tpan eﬁbﬂmnfaf&bxdéﬁﬁrﬁcmmﬁtﬂrdﬁ t he

user is instructe er, .t thro adi n le at 60
i utes. and PHESISBER DO Bur i eyt e pt kbt BR AR, % no
user ent er syif|Rhild, GRRHAHEY 0 PADHSBRE WA in alesﬁteﬁicrﬁebe@t exghly, Gepmatker 17 may
cal cul ate and then display, on a screen 782, the breakt hrough test results.

Accor di ng tRstigéing ﬁptemﬂaﬂeweﬁ%ﬂ#%r?ed theprgiaeles 2 Tyedis rohepadbeipe on
screen 782 n%f%aﬂ&ﬁgfn@?ﬂﬁgﬁ ion Qh@te' 1Lt $h 48k tf) BN ERHLLSe 530 ]f)ﬂéhat the

user may verif roug test results are in conpliance 30w th
acceft abl etiharerﬁr(trs Arﬁtetparé)rmmxgrthg;ect@ps chaugatiagmoviend sm*ewrﬁ?SAwbmenhlang to
some enbodi not. al l.ow an i results
oxceed t e PHERERPERTE SR L ik per it a0 B afife B LE PRl ey RS ot € e
results areigUirsipeRririeegga @datrﬁetemmﬁ%m&?a@a%bk&zmwgvml 26

limts; the screen may further_ direct the user to contact the generator
suppl i er, PESBRANPIGE, the B5epPAdlmy cREpPhesHehPargBpisisdpbihe calibrationyhen

reference 1,0, Gl %Lé'h{%r §Aom91‘d£éh% g2 bR uﬁ%%”stu'bg’é&l%&’m@&c g4t G LehfpePer i od,

while waiting to conplete the breakthrough testing, the user may perform
cal il8r at i opalibBatlop cgrdcecting item 873 from mai n menu 470. Upon sel ection of

item 873, conpu 1 re ts screen 874 tructs the user to
insert a new teg\ﬁ{h\f?éfe%ﬁt?gp 3%?1{(‘%&0{}}?3 o yhmté‘ﬁﬂthcle t‘é?ﬂé’f‘toe% to placing
the vial igrédae7shioahsihctub® thia e capbeition akkiyn iJ i@ PALES aP@bioeNfes b ne 305p
with a new patient line, and then attaches a needle to the end of the new

pati ent |ifRiondp apayside clugan ﬁﬁ raviRuskyelescrife the fyyier Bay PIQYideg ect an
eluate sa r 2/TRY nove
rrﬂﬂg t?ts%tlﬂgt Slilam n@f B?x{z%spﬁfr eQk 1'3911%114? ?ﬁ)??c%rq & ’(Figﬂ%pr T y

to screen8 erelnap i el ted; all
or 86ne of pmjaet ¥ ishog lighysigel ﬁuﬂm&hﬂaﬂ m)f‘tmzt & the éupmmgtoacrmdheme}fuataht

D2 ALt S DS 1808, SRR GRS TR el WO ES e,
enter a coygiad lightl sferiaNf@iraChit@oridntdT tite SURSEHYERE whEd SRt Wectbd start t he
25 has detected that a prescribed dose rate threshold is reached, for example, 1.0
mCi/sec, and the eluate is being diverted from generator 21, through the new patient
25 line, and into the test vial. Another type of light signal, for example, the more rapidly
flashing light, as previously described, may be projected when a peak bolus of
radioactivity is detected in the etuate. Upon completion of the elution process for
calibration, computer 17 presents a screen 878, which provides an indication of a time
lapse since the completion of the elution, in terms of a time since completion of the |
30 calibration elution process. When the user transfers the vial containing the sample of
cluate into the dose calibrator, to measure the activity of the sample, the user may
make a note of the time lapse indicated on screen §78. With further reference to

Figure 8B, once the user has received the activity measure from the dose calibrator, the



15cal i bration elution. Wth reference to Figure 8B, after conputer 17
starts the elution process, a screen 87 inforns the user that the
calibration elution is in progress and provides an option to abort the
elution. As previously described, the system may provide an indication that
el ution i ¥0PH”Grdlress, for exanple, ]ight projector 1867(FFYHIE 1) may
20project a flashing Iight signal duglng that portion of the elution
process when eluate is diverted from genperator 2 hr.ough waste |ine 305w
and into wa¥EPEEI & @%ﬁr%&rﬁ&gt‘ﬁ&ﬁgawgt%é&yaﬁpaﬁ%w@ﬁ Gvalre it g AR

portion of flianelitle! Ok REPGERSHNBRRPIBGIH ¥ divtdeheshier kIofesidrkgact ed that
a prescribed dose rate threshold is reached, for exanple, 1.0 nCisec, and

t he el uat e gasheiinbe ehtiyey pEde berame gEnes Hiesiatads inpuhboihgiiserhes deewilsdt i ent

25l ine, andgjj A1ADO: " i ght, .si I xanpl e,
the nore raé%g%%OHQﬁggﬁ?ﬁéxkféﬁ¥@ﬂgéng§g%¥%§%ﬁ%m%@é%ﬁﬁﬁggﬁgggy%géogrojected
when & peak: foodeuS80f Acadilioged Figite\8H, scrded 8% fuatherprohidesednuatieatiddpdi

conpl etion of. the elutiaon process f.or calibration, conputer 17 .presents a
Sor ben 578, ST B AbS LR AT LR T AT St PRon a8 Vi B R e

conpl eti on @fculaht® BkdIth QBichichsel BE ABerGhayRinkirkd®R cSnPee: CORRL&IONA: 8 the
30calibration elution process. Wien the user transfers the vial containing

the sanpl e™®fo.eluate into the dose calibrator, to measure the activity of

the samp e, Ne ASELoRY S8l NONE JRALmblSnlioiRdARTd HelfiPhed @y scr een

878. Wth further nce gure e user ‘has recéived the
acti ity meeswicenfondmatdumsdodibraal sobhattbe gntirbigequidde of sample collection

2009/ 152323P§T/ USI' 009/ 0470&% 27 us]gr IEujéﬁoceeds to a screen 879, i ch

i ncl udes daPGCadit ?thnf%te@ﬁd«g 1R e dRRETIREY PRA Oy IrROBERFROTIR £ HRUTSIOHEE: 96 ¢ h
respect toiehRabQBhebl Reccahireg |y autdhatedi This bhendRaaleahdRy at or measur ed
the activity of the sanple. Once the data is input by the user, as

descri bed BEs&webly shsigs areqaaihets) WMEEr 18 serreiobflmse evscalasfabres. eich or rati o,
and presen i &ﬂ% L.t i nSCreen 880
further pr I\?Fgﬁgg l%%téfgﬁfg}'g??ioﬁﬁ%ﬁ?a gg?ra a feéﬁlggﬂ% §019 8{&?%’%&%@2 it (?ati on
ratilé and preseand greendwptidihaf povidbhticuserwitloopmyecttict wencdficulatidd rati o,

in which case, the user may instruct conputer 17 tq recal cul ate the ratio.
As previ ouBIyPTABHE PUR LB girRY 1 LEPIRSE T En B oRTERS T e Bt G

i nvention JdRitRGIsysdeman «apideandndese doad EAbalier orso1! hat u&é&‘@’/@ﬁﬁéj re sequence
of sanple collection and cal cul ation steps, which are cPescri bed above, in

conj unct i o7 iFtaRllegt gl Keality comrol fe5t PHRBCEIFATHI Ul HEG » Plojpddewadirrdor may be
aut omat ed. I : . al ' I [ hot s,
simlar tocos rr%ag Otgﬁgélgglggégﬁ %g’éé gﬁgeg%ﬁﬁﬁe&%&r%tgg&}%géllr%%o%fu §t he
sysfeém wi tdndiontlecmatic omsétr to ardnmis Istdges over the course of the

ﬁgglu;f gfmt)sgr Plr 37@1%9 FefSrefioe otFpg%E‘e @A%ﬂo%oz%%ﬁ:ti‘éﬁ ot th\éma{v(r)]vegcﬁ)eggr%egqugllit?fs to

control tests, the user may select an item 971, from main menu 470, in order to direct
systern 10 to begin a procedure for the generation and automatic infusion of a
radiopharmaceutical into a patient. As previously described, system 10 infuses the

25 patient with the radiopharmaceutical so that nuclear diagnostic imaging equipment, for
example, a PET scanner, can create images of an organ of the patient, which absorbs
the radiopharmaceutical, via detection of radioactive radiation therefrom. According
to Figure 9A, upon selection of item 971, computer 17 presents a screen 972 which
includes a data entry field for a patient identification number. This identification

30 number that is entered by the user is retained by computer 17, in conjunction with the
pertinent system parameters associated with the patient’s infusion. After the user

enters the patient identification number, computer 17 directs, per & screen 973, the user

to attach & new patient line and to purge the patient line of air. A subsequent screen



and/ or abort one or nore steps in the procedure. Regardless of the
enbodi nent (i.e. whether system 10 enpl oys an on board dose calibrator or
not), computer 17 may further collect all quality control test paraneters

and results into a stored record and/or conpile a report including all or
sone of tWE2EAS¥Rters and results for local print out PSHARHLYPEHect ronic
transfer to a renote |ocation. Wth reference to Figure 9A, upon

conpl etion of the above-described quality control tests, the user may
sel ect an i?@ﬁTWQESBgVﬁmﬁeﬁi%%gﬁ ta ?@yﬁ%@?xgﬁxg}:;&g&a '8¥stem 10 to
begi n a progefuie,frahetREO8P SlahLANNARDbALE BARIhCof tHE HSuOMaPhe Blied

radi ophai maceutical into a patient. As previously described, system 10

i nfuses t hein28patré-engraimhd defeult prdirogierar whick thd war hasantopten ipubibeess if

di agnostic I;erg%girng equi pnrent, for exanple, a PET scanner, can create inages
of an organ O the pati ent, which absorbs the radi ophannaceutical, via

det ecfi on of radiVoreifereecartadiaird 9B if henefd dors nic cantainrgotad dRiagtisadin®A, upon

selection of |tem 971, conputer 17 presents a screen 972 .ch .i.ncl udes a
ot o ontry Tor b G M PO AT D, DGO & el oD GOHET | car: on

30nunber t Ratiudes aR BH@EERHr M6 JsBi@o USRS theSreFifing oT@dnPY33C SRULBYeqdeht | N
conjunction with the pertinent system paraneters associated wth the

patient's isaResP@h. Onfetrarmnt Hehagsean fdled epamnuies Iganrpsents an desdieatipn &uthF on
nunber, CP%E&t%gaszreQA B@LT Rocolfl t%s%ﬁé%ﬁmo&%fémt, hendzer %&9 3t l.a80 a new
t 0 purge t%e patgtl I arr. A'su

patient line an ent I'irne o sequent screen WO
20091015232 3IRGP/ARISA0 a0y O33ro28d Mk aprieSeioh exysteyn Cowputresiudethe ncl udes dat a

entry fields, hy whjch the user may establish parapeters for.the automatic
nf usi on: - A1ESIOR SSURESST OT $oTEN  SSPRRTBINIFSPY BT F G OGRS ammed

defaul t papaBfi€rSihe Wihe s A SciHRE anB aSkiRO HHRREEOD rEM GBIV, adih streGLSSary.
5Wth reference to Figure 9B, if fEurrp 33 does not contain enough
i B

el uant/ sal P9l Woen pirep pacpenins giepolwonpielesnt for the patiepriafenn. a war ni ng,
via a scr e?z#hqugé% i 7%%s%ﬁts'a%1[e&g%§5é%ic@x% LR ﬂr%%xgg 9@%@ %@Wg 'tlgg;gfshr the

refilling o via a su guent Screen as been
fillled, conyuteer chifinpingderdystemn Oitndiagahd prtichianfik@nudaringvhainfistoar een 903.

According to so enbadi nents, if the.user does .not. re-fill 10pynp 33, yet
ALt orpt ot ST QTG THr kIS DI ESE i 16 Trien By BOTGE Ale. | nf us, on
and presenyiiRRGHIEGT fof BIcARM: tolabaH the QMALIBH.GAd £5crbéh d1Ee AlSREvibR@t no infusion
is possible, if the punp is not refilled, and asking the user to refill the

punp, as idesgiredetic aptem wRE preyidepnandiedipndha angluionfs @insparessofotime of el uant
for the pat.i i i: 7 : e ' i's shown
i gar o S, 1R RRor [T 10 MBLBRE! Sndune AR R L B 0%, 5
st aké the ppataresfithé eifiien procesPwhemgiusthés dimériesli foom gemmpot 2 thichgpravtedes t he
user with an._indication that, infusion is . in process and W fh option
For the. usBl VOvanamts et chrliapotr Gk Soad s Bavs R hal Brctilith
descri bed,hd HBuSYSHES: Min REON deteaiBr RN HisCREdcR thital prariBdddds@ ki S 10
progress, for exanple, |ight proj‘ ector 100 (Fi qure I'C) may project a

v

f1 ashi ng Ithigsioldisgershed det srgmpltat 0 20 pGree. 94 tht clute isdieiny dverise s when
eluate is ggtine\fﬁ&t Efj, tlfn‘E)Qgﬂ 8& 'ﬁg&%tdf?&rnt Ate FTAHEE NRS R patient. Another type
25 of tight signal, for example, the more rapidly flashing light, previously described, may
be projected when a peak bolus of radioactivity is detected in the eiuate. At the
completion of the infusion, a screen 977 is displayed by computer 17 to inform the
user of the completion of the infusion and a time since the completion. Computer 17
also displays a summary of the infusion, per screen 978.
30 With further reference to Figure 9C, screen 976 shows an exemplary activity
profiie (activity - mCi/sec, on y-axis, versus time — sec, on x-axis) for the
infusion/injected dose (designated between the two vertical lines). Those skilled in the

art will appreciate that the shape of this profile depends upon the infusion flow rate,



line 305w and into waste bottle 23, and then a steady light signal during
that portion of the elution process when activity detector 25 has detected
that a prescribed dose rate threshold is reached, for exanple, 1.0 nCi/sec,

and the i.s.being diverted from generator 21, w pati ent
l'ine forQ*ﬁgﬁgﬂgﬁq nto the patient. Another type 250f F?gﬁ@ﬂﬁggﬁnﬁ for
exanpl e, the nore rapldly flashlng Ilght preV|oust descrlbed may be
proj ect ed ) di,oact i cted i el uat e.
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conpl etion. Conputer 17 also displays a summary of the infusion, per screen
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t hrough the patient |ine of . Strontium82 remaining in

upon the a
the gener atesisiqng wﬁée%ﬁé%%%\fe PEORHY PR o5 RPNt ACIPRS, P\;@rﬁ}eeo#? fles may

change ovepr{B@chdrii6;, e Jﬂé?ﬁ’cﬁg BALOpumpYS WRSTRARd & PRAREINS Of
Sradi oactivity, partlcu ar | i njected doSes froma relatively new

genelat or , ohasginglg deedion ag@frammegﬁm teveikctisn) taseordingdb fgdbapbiiffoment , i.e. PET
scanner. Aok glg. o) SOME 1. EL RS 56, BPLRGARC AL, RS, Bresant dysRld on, in

order to nain i've y consi’s esura ect Ve “activity
profil es fQialipaton@dl tektrijh amﬁahqnﬁnp vigopérhied kd Eevoflow Heogenas adreratortahe

operating speed of punp be varied Qver.  the course 10of a
singl e inj CETFHA r&wdmr%?ﬁ tpm A C?f&pvtﬁf ééﬂﬁ%lﬁy of FERBHANHEHEBR e edback

fromacti viby aglﬁl%cﬁrct()@@S tﬁb“ﬁfﬁrﬁﬁﬁﬁﬁrﬂ@ﬁu%&énﬁoh@ﬂ%@ FeRrederitia or
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15 baseline activity profile from which the computer 17 may calculate an appropriate
flow rate profile to control a speed of pump 33, in order to achieve the
desirable/effective activity profile. In general, at the start of generator life, when
Strontium-82 is plentiful, the pump is controlled to drive infusion flow at relatively
lower rates, and, then, toward the end of generator life, when much of the Strontium-
20 82 has been depleted, the pump is controlled to drive infusion flow at relatively higher
rates. As was described above, in conjunction with Figure l.D, if a desired
infusion/injection flow rate is relatively high, that is, high enough to create too much
back pressure, via flow through the column of generator 21, by-pass line 303 may be
employed by adjusting divergence valve 35BG to divert a flow of eluant therethrough
25 after a sufficient volume has been pumped through generator at a lower flow rate.
According to this method, once a dose of eluate, from generator 21, has flowed into
patient line 305p, divergence valve 35BG is set to divert the flow of eluant through by-
pass line 303, and then pump speed is increased to pump eluant at a higher flow-rate in
order to push the dose out from patient line 305p, for injection at the higher flow rate.
30 Consistency of activity profiles among injected doses can greatly facilitate the
use of PET scanning for the quantification of flow, for example, in coronary perfusion
studies. Alternative infusion circuit configurations, operable according to alfernative

methods, to achieve consistency of activity profiles among injected doses, as well as a



quality control test in which punp 33 is operated to drive flow through the
generator at a constant rate, in order to collect, into conputer, a
plurality of activity nmeasurenents fromactivity detector 25; the plurality
of measurenments conprise a characteristic, or 15baseline activity profile
from whi cHOCAE eoRputer 17 may cal cujate an appropriat@qWQ§W%%ﬁ%3brofiIe
to control a speed of punp 33, in order to achieve the desirable/effective
activity profile..In general, at.the start.of qgenerator |ife, .when

ST ont | BFOTSTHPBRSEL R ATPS EhiorTen cog BrY beIRHILE on 1 ow at
relatively {Q¥erinbadi@SotiodRdin Hif@Bs 140ard the end of generator |ife, when
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drive infusion fhraverdd 7 fiapuei Npe Impyicghieyatedipaxint pet afesd escrfithied above, in
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f 1 ow § hr ougindtsheerc phranwteof argelze patied, 24 reflyynqeasetdmate308 imaydiben,.enpl oyed
by adjusting divergence valve 35BG to divert a flow qof eluant therethrough
Dhaf o 8 SUPTEE oo R Do TS S S et P LGP eh | over
flow rate. rAgaplkdicigetdevitdichdeidnodicaldNEenstrlASe ofé oehbat8mofr 0om gener at or
21, has flowed into patient |ine 305p, divergence valve 35BGis set to
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i ncreased I .. af i : t.enil t he dose
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facilitate.the use of .PET scanning far the quantification of flow, for
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consi stency of activity profiles anong injected doses, as well as a WO
2009/ 152323061 @WGO@P%‘&W&*@%&%‘F@H Grie Pagred S5 adifbEet i vity across
each indivj o M i : 1,R1.CONJ ' i.t,h Figures
Tonc | bEMRCORE ot e RAhE R e A bR G B e
copySof t hand adctrisinonllsuamstrmed fomnalysis n tdrgurpaivn enth ceplerddiifiagat foon nunber
and pertinent 'nfusiog and ? sten%ﬁ raneters _.are alﬁp péinth f.or

ref er ence. “AMPS ALYV JUATBEY CRHOGHAITPMoN A0LSHRH Ry <t%5 e bloaftidBioent s,

t he summarysRRh: dhe iHawseRdrET enihfera conput er readabl e storage device to be
electronically transferred to one or nore renote conputers and/or the

summary nay be Xith sHerencediacl ta Fignedéy thegsg arahsslosihng ism AvT dromemaine
conput er s, ., i, 34 $,4$ | cabd ] CLJ-PRinof 0 £Xxanpl e,
10over anIP%#fgﬁgﬁﬁkgﬁmgriggﬁ@}g?£{ e ?%F§ﬁ§?&°ﬁ%%g§9ef&?gﬁgﬁé?%%% private
pat 2@nt i rifasy efgtation infukien frifbmstionyndeuare conitoé thsf osultsr mmsmisisg on over the

| nt er net . ncl,uded, for(ﬁxanple, in
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activity Fr)lrugitbierls,e for Q%%lp?{la,stc? se%?chcigl' L Ieaa(l:r%igﬁar set of data and/or to compile a
summary report of related sets of data. Additionally, certain mformation, which s
25 collected by computer 17 over the course of system operation, and which defines
system operation, may be transmitted to a local or remote computerized inventory
system and/or to computers of technical support personnel, maintenance/service
providers and/or suppliers of infuston circuit elements/components, thereby facilitating
more efficient system operation and maintenance.
30 Turning now to Figure 10, an item 981 for computer-faciiitated purging of the
tubing lines of system 10 is shown included in main menu 470, When a user selects
item 981, computer 17 guides the user to select either an air purge or a saline purge,

The direction provided by computer 17 is not explicitly laid out herein, for a saline



15and el ectronically transferred for analysis in conjunction with captured
i mges, for exanple, in order to quantify coronary flow, via a software
package that is |oaded into a systemthat includes the PET scanner.

Wth refer nce back to Figure 9A the user nmay select a frommain
menu 470,% B’F 872’5 have system 10 pefform data operati %ﬁgh%g@%ﬁgm
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connecting tubing fine 304 to tubing I'ine 305, coupling patrent l'i ne

305@5to a vi al , Af@rdieg axmh@ﬁefésmb@dlmcn‘@cwr@d tfkﬁ/ﬂS@ﬂ@Scf@iﬂm’uﬁtdethe interface, in
screens 983 e Th u i s de5|r ble for
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bl owi ng out™ efovi

el uate, pré@mple vikQicrst ekl icﬁ@pﬁteﬂemdlgwwhat@mar@défmysmm 10rto @ pyansporting
system 10 fronrone site taq.anot her generator 21 is not_ depleted and
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that air is not bl'own across the generator, since air through generator 21
may 2&onpr mharsewmgh ma fhe bE poddrgpodamneh rﬁerea@quttulungratwte% 06fin é@ﬁ@r H¥or 21.

15Accordin referred e n n h
i nstructi mpI LAEE s Vé)curmeée(;r%]@élegtnﬁ%g%ﬁ%gh%mugpecfsﬁi %;P% the air
pur ge, foranegaﬂipjte,wdgieebosrerﬁefbfﬂ)i&fg puegnFAitveh ait éndpi@ping theer wangghol | er of

system 10 to car out nplete air. purge,. in_whic 33 and
di ver gencém%ﬁ%ég‘é a&‘#\é %’Swoé’}“’éteaklﬁ‘gen% {lipgg §Q7 %%?%PY%]%FSHThe aut omat ed
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understood with 'reference to tubing circuit 300°i'n Figure 1D
25 generator 21 is depleted and will be repiaced with a new generator, pumping air

through generator 21 may be acceptable); refilling pump 33 with air and then pumping
a portion of the air through lines 302, 304, 305 and 305p, into the vial, and then a
remaining portion of the air through lines 302, 304, 303 and 305p, into the vial. With
reference to Figure 1D and the previous description of divergence valves 35BG,
30 3I5WP, it should be understood how divergence valves 35BG, 35WP are automaticalty
controlied to carry out the above steps.
The purge operations, which are facilitated by selecting item 981 from main

menu 470, may also be accessed via the selection of an item 991 for generator setup.



punpi ng any remai ning vol une of eluant left in punp 33, through lines 302,
304, 305 and 305w, to waste bottle 23; refitting punp 33 with air and
punpi ng the air through Iines 302, 304, 305 and 305w, into waste bottle 23

(l'ines 304 .and go have been previously connected dire anot her,
in order‘¥82w95'§g§ generator 21; if,,25generator 21 is$§t%¥gﬁgﬁﬂgﬁd wll be
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shi ppi ng t haddepdmehrd igener ahdirm et tHealewdicapsilis Boperiby Bodwesig@ses, back to
the 10manufacturer for investigation, An exaqgﬁg Qf such a report is shown

I
in Fi gure TOMAHERHY BgetdTIRAS P OHBOUPRIEAE TRNCL 6% 10 that include an
encoded i nf or mBgi,ER, | SAGEEre GRIRUEESHS alibriiBYe GORfhT rdRatsdohe 1B gener at or

is proper by processing information that is read froman encoded | abel /tag
att déhed t thermepbe employed by system 10, in place of circuit 300 (Figure 1D), according to

some additional embodiments of the present invention. Circuits 1300A, 1300B are

configured to allow for alternative methods of operation, to that previously described

for circuit 300, when a relatively even, or uniform level of activity over cach injected

dose, along with the relatively consistent level of activity from injection to injection is

20 desired, for example, in order to facilitate a quantification of coronary artery blood
flow via PET scanning. Figure 12C is a schematic illustrating activity profiles 12004,
1200B for two injected doses, wherein profile 1200B has a more uniform level of
activity than profile 1200A; profile 1200B may be achieved via the operation of
circuits 1300A, 1300B as described below.,

25 Similar to circuit 300 (Figure 1D}, dashed lines are shown in cach of Figures
12A-B to indicate a general boundary of a shielding assembly for portions of each
circuit 1300A, 1300B. The shielding assembly for each of circuits 13004, 1300B may
be very similar, in most respects, to shielding assembly 200, which is described above
for system 10, and the elements of each of circuits 1300A, 1300B may be arranged

30 with respect to their respective shielding and with respect to shell 13 of system 10 in a
similar manner to that described above for circuit 300.

Figure 12A illustrates circuit 1300A inchuding, like the previously described

circuit 300, eluant reservoir 15, pump 33, radioisotope generator 21, through which the



Figures |2A-B are schematics of alternative infusion circuits 1300A, 1300B
15 that may be enpl oyed by system 10, in place of circuit 300 (Figure 1D),
according to sonme additional enbodinents of the present invention. Circuits
1300A, 1 nfigured to allow for alternative eration,
to that ﬁgg?o%g%sgsodescrr bed for cirguit 300, when a ?Ef:g@ggﬂé‘ é“@@en or
uni formlevel of activity over each injected dose, along with the

rel atively stent | evel ti.on ectlon is
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activity profiles 1200A, 1200B f %@Df}i n¢ ected doses, wherein profile
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described below. 25Similar to circuit 300 (Figure ID, lines are
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respects, ti033 hﬂtc@iredtmgtoalsysm/lﬂysrﬂﬂﬂa 3(,\Blrnocthatrc&cﬁte $§U(]Ab1erdy aboygatt@rfosyst em
10, and the el enent s each of circuits 1300 1300B_nay be arranged
30wi th resﬁé‘if’flp?c?cf‘ﬁgﬁnﬁ 1 RS pRERTARPEICE RAEH Fg 0 SREPRMEH 7r BSPBIICHY shel | 13

of system 1Qmifed@add Jﬁxhﬁhnﬂ%rlﬁfmhéhvﬁt@%ete@%%%'ﬂ%@gc@xﬁﬁ)‘ﬂ%dfa?fpa&' drcui t 300.
Figure | 2A illustrates circuit 1300A’including, |ike the previously
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is punped 1O creat i bac and wast e
bottle 23. Iﬂ}()@xrfe%glﬁ‘édi@r Ithkould be nsted 8aSn hiditibi td e solbllat ehiting, pr essur e
transducer 1334 guded in circuit 1$OOA Circuit 1300A further includes
by- pass tu ‘ﬁé"“FP eracCtigh vy bedarist & ’ée(?eﬂﬁ%g]t(rrg%(ﬁf’gra“&?r\?érgence val ve
35BG | i kecdn@isteht &dify R3O0, and which accommpdates the previously described
el uant/saline flush. However, in contrast to circuit 300, circuit 1300A
furtiher incl uddggurelPRekustpics piseuii GRAB nelnding, 168304 prewgudy desciibedo

by- pass/fl . Lhhe . i i e exanpl e,
avcor di ng {5 Pl RSP ES, Sl b ey SRRV Dbl Ton i ¢
f eedback df5, emf ersrabitn 2, rae mclab itha thvp fd‘e:tveﬁ?taafd t%,préq@mreardﬁmbafrel | ed by-pass

of 109ener 21 in.order to m x el uant, e and, achi eve
arelativel %%ﬁ%l‘?&ﬁr“rﬂ“l ]e?’@g‘f‘ &C%?PVPFVC‘BQS ng@ﬁ%’lcgﬁ‘t”trid’bgscﬁif%?f for

exanpl e, apAEIdiAGIkLR Befdil B3552088n efshag%c%teh%wﬂs&re@h%@g@hebﬁmnot ed that,
in addition to the controlled mxing, a flowrate of each I'njection may be

varikd, if2inadetsenyirstiand srcged SW%rWér A0 eche eheeriebiaglinyity | evel .
Loroute S48 bl Al pLeR ks RR0R AR B S e P EUSLY
21, acti visityngdementidr such that, when a divergence valve 133510 is set to allow fluid
communication between reservoir 1350 and tubing line segment 305A, the associated
pump may be operated to draw in a volume of eluate, and, then, when divergence
25 valve 133510 is set to aliow fluid communication between reservoir 1350 and tubing
line segment 305B, the pump may be operated to push the volume of eluate out
through tubing line segment 305B for a patient injection, when divergence valve
35WP is set to direct flow into patient line 305p. With reference back to Figures 3A-B,
sidewall 205 of shielding assembly 200 may be enlarged to forther enclose cluate
30 reservoir 1350. For example, another shielded well, to house the eluate reservoir, may

extend alongside well 255, in which activity detector 25 is described as being

mounted. Furthermore, sidewall 205 may include another valve actuator receptacie for



25, and waste bottle 23, as well as the two filters 37 and two pressure
transducers 1334, as in circuit 1300A. In contrast to circuits 300 and
1300A, circuit 1300B further includes an eluate reservoir 1350, which is
shown | o tream of generator 2021, in between kst @0 esecond
segnentsq%égﬂ?ﬂg%@§3 of the eluate tybing line, It shoquh%e %@te that a
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f r oS det ectlEmitp 5300nenrol30PB o Fraharmers. seme infpHen CiEwgaa) hePreeHcui t 13008 nmay

al so be usg%&fe}n%@{)@r@% Hﬁm\@srz%é_nglwé 21 rusglc%liﬁgnedube% ri.@h(glijunction Wth

further reference res , 1t sho be noted t alternative
circuits nwith beucoid.itgheipdndigaenthd oslatavay mpifnat icynl dfactiniey ovet baslls descri bed
For injection and the relatively consistent level of activity from injection to injection.
In the foregoing detailed description, the invention has been described with
20 reference to specific embodiments. However, it may be appreciated that various
modifications and changes can be made without departing from the scope of the

invention as set forth in the appended claims.



15circuits 1300A and 130013. Furthernore, sone infusion circuits of the
present invention may enploy nmultiple generators 21, as nentioned above, in
conjunction with Figure 2A, to help naintain the relatively ngliéin | eve
of activity over each injection and the relatively consistent” Sevel  of
activity frominjection to injection. iASthe foregoing detail ed
description, the invention has been described with 20 reference to

speci fic enBodiairents. However, it may be appreciated that various

nodi fications and changes can be nade wi thout departing fromthe scope of
the invention as set forth in the appended clains. MCSL 35 W claim 1.A
systemthat generates and infuses radi opharnmaceuticals conprising an el uant
reservoir, i@ punPseeuphRdsdRrddenties@iMahdiop@inaBilRhRREUALIAYG FLRGH T, @
radi oi sotope 5a, an activity detector, a waste bottle, a conputer and a
conpute in ; | ' 3 1,09, ClECULt . | 1di . e| t line
coupl ed toggﬁéﬂ%ﬁ%Bﬁgﬁéo?@gg%%ﬁgg%gggﬁb??hg%%&%%mgﬁhgggﬂg?%QK§§E r%ed to the
generatgr,0%&ﬂ%hga%%;g%%tgtq:&gctor gngeto t he Mﬁsag bottl e;. agﬂ pq%
conput ef  bé& N RIS P T HET e BB &P Hent &V PRYE 2 {HEPBEIHBEHAL: 5 ¢ he
activity detector and bein re-progranmred to execute a nethod, the nethod
10conprisiHH?“W’“mnﬁﬁEFWVégﬂﬁ@“Eﬁ%e P ESORRISH tathediuipengfio dlcuant from t he
reservoir, through the eluant line and through the generator, in order to
gener at e ag8wipPL and am cliesdingfcoapladtaeth genarpier,¢d thatastivitn detestpmared witthon
within the generator, each sanple being intended for a quality contro
measur enentvastaditeaett dosemipeicnbeinateupdeatiofin cathpgaostar-Geagd ig; pubipamavi di ng
an indication, via the conputer interface, that each elution is conpleted,
when the puwipe hasvigodaacedredd peiRipidpRachinmed Wdkeehe aliantd, thy Quabq t he
generator; and provi ding an ndication, via the conputer interface, of
a tinephapsgysidige each elution was conpleted. 20 2. The systemof claim 1,
wherein the pre-programred nethod further conprises:

activating the pump to pump a volume of eluant from the reservoir, through the
eluant line and through the generator, in order to generate a sample or a dose of eluate in
the eluate line, via elution within the generator, each sample being intended for a
quality control measurement, and each dose being intended for diagnostic imaging;

15 providing an indication, via the computer interface, that each elution is
completed, when the pump has completed pumping each volume of eluant through the
generator; and

providing an indication, via the computer interface, of a time lapse since each
elution was completed.

20
2. The system of claim 1, wherein the pre-programmed method further comprises:

counting elutions per unit time;
categorizing each counted elution as having been generated as a sample or a

dose; and



counting elutions per unit tine; categori zing each counted elution as
havi ng been generated as a sanple or a dose; and MCSLLP 36 na@y@g%ming a
2 .

record of the counted and categorized el utions. 3. The system claim
2, wherein the pre-programred net hod o% t he conputer further conprises
receiving a detected activity |level of Phe el uate for each dose and

5sanple, fromthe activity detector, and entering the detected activity
| evel for each "BH0FTHORE f F6™¢ A ?8@6¥%ﬁmdCaﬁgomﬁﬁi§9§@§nlof claim 3,
wherein the pre-programred nethod of the conputer further conprises
conpiling a report that contains the record, the report being formatted
10for printing and/or for electronic transfer to another system 5. The
system of %l ai mht syviberadichinie wheeipthe grapmedimetd ot fodrdf hier congrmpsi ses:

mai ntaining a record of elutions that categorizes each elution as having
been generatied casipassamiengl datcded ectivibrieee oV indlaatd edreatiedo@Ghivity | eve
of the eluate for each dose and sanple, fromthe activity detector, and

entering tsﬁtﬁpl@?ﬁr@@lttﬁﬁda@ﬁﬁtiy\deﬁe)étolr,eéﬁ@enfeﬁﬁ%%%C(ﬁbt ltét]{ @Rl MRy Fheagecor d;

cal culating and tracking an anmount of activity left in"the generator after

each el ut i.Qffion W8 hebdfie of the generator; and 20conpiling a report that
i ncl udes an anount of activity left in the generator after a final elution

at an end of the life of the generator.

4. The system of claim 3, wherein the pre-programmed method of the computer
further comprises compiling a report that contains the record, the report being formatted

10 for printing and/or for electronic transfer to another system.

3. The system of claim 1, wherein the pre-programmed method further comprises:
maintaining a record of elutions that categorizes each elution as having been
generated as a sample or a dose;

15 receiving a detected activity level of the eluate for each dose and sample, from
the activity detector, and entering the detected activity level for each elution into the
record;

calculating and tracking an amount of activity left in the generator after each
clution, over a life of the generator; and

20 compiling a report that includes an amount of activity left in the generator after a

final elution at an end of the life of the generator.



MCSLLA 37 6. The systemof claim1, further characterized in that the
pre-progranmmed nethod of the conputer further conprises the step@C@FFQ
providing, via the conputer interface, a first set of breakthrough test
data entry fields for a user of thggsysten1to enter a first activity
measure of a sanple of eluate and 5t he corresponding tine |apse since the
el ution was conpl et ed to(g‘tiﬂe Qg tEe first activity measure, when the
activat ed punpi hy Jaieat ahdam hdudhsrsharagieriend jgbatites Pearpeemnss methed
shiel ded test vial; 1providing, via the conputer interface, a second set of
br eakt hr ougH e¥EPHeR I4rtBeR GopUTTses &s sfeas o user of the systemto enter a
second activity neasure of the sanple 10after a predetermned tine | apse
since the el utimpavideg. verpt etrephienintehfecd, iariestobt of Ivedondugletdsvidiycmmpasur e;
and cal cul ating a breakthrough of the generator using the first and

second actfielisfyr measwf @s: gudnt bentdr w@irkapsatenkefedoby sdfe U8 8hate 157 The
systemof claiml1, further characterized in that the pre-programred nethod

of the sconput@respotidifesime OARE kHEs tHeheuhers cBT'riplete(% to a R@VE ey, Vi @ the
conputer interface, calibration data entry fields tor a user of the system

to enter apqas m¥hdue, WBRA L2 RN 2R ?ﬂnﬁpg% égg?rgieg?l%efs oG ¢ 54{1 ﬁgeﬁgr responding

time |apse sirce the el ution was ¢ e 10 ivity

nmeasur e, t he ctj vat ed. punpi ng generates the sanple of eluate for
coIIectioﬁgﬁ%mgng%%gﬁﬁgﬁg%QEFm‘iaI; and

providing, via the computer interface, a second set of breakthrough test data
entry fields for a user of the system to enter a second activity measure of the sample
10 after a predetermined time lapse since the elution was completed to the time of a second
activity measure; and
calculating a breakthrough of the generator using the first and second activity

measures and the time lapse entered by the user.

5 7 The system of claim 1, further characterized in that the pre-programmed method
of the computer further comprises the steps of:
providing, via the computer interface, calibration data entry fields for a user of
the system to enter an activity measure of a sample of eluate and the corresponding time
lapse since the elution was completed to a time of the activity measure, when the
20 activated pumping generates the sample of eluate for collection in a shielded test vial:
and
calculating a calibration coefficient of the infusion system using a detected
activity, received from the activity detector, and the activity measure and the time lapse

entered by the user.



calculating a calibration coefficient of the infusion systemusing a
detected activity, received fromhactivity detector, and the activity
nmeasure and the tine | apse entered by the user. PA CSLLP 38 @p?ﬁépsysten1
of claim 1, wherein the e-progranmed g hod of the conputer further

conprises the steps of: providing, via the conputer interface, a
patient identification entry field for a Suser to enter a patient
i dentification unber; receiving a detected activity |level of a dose

of eluate fromthe activity detector, when the activated punpi ng generates
the dose flor di'dGi¥senOlicHagilnghergpythe pre-progemmpmed mgthodrad e tonehagr i ncl udes
an identification nunber for the generated dose and the detected activity

| evel . 10 fortheTwempyisasdhe stpcdfai m 1, further characterized in that: the
system further conprises a light projector coupled to the conputer; and the
pr e- pr ogr anmed pretifiog, i tHehengonpidterfadeys phiemt cRipfit8RS dhhe reiepr of
providing a light signal fromthe |ight projector when the punp is

acti vas ed uk@ (punir 4 beashiccaliio@ioafhugiant through the generator. 10. The
systemof claim1, tfurther characterized in that: the systemfurther

conprises a |1 ahki R0l BALAE SAHRY M 8t § DR TP Lhon ARG, L1y REL: RS O0r ammred
nmet hod of the conputer further conprises the steps ot 6é|véfﬁlng an
initial thgﬁaeozzcti%tg@ %}gm%% gtgrélelera eg tfh% (R)% %c!r%iag%%ssuecdi rﬁja%?nr]g, iazrllcﬁ) ut from
compiling a report that includes an identification number for the generated dose
and the detected activity level.
10
9, The system of claim 1, further characterized in that:
the system further comprises a light projector coupled to the computer; and
the pre-programmed method of the computer further comprises the step of

providing a light signal from the light projector when the pump is activated to pump

15 each volume of eluant through the generator.

10. The system of claim 1, further characterized in that:
the system further comprises a light projector coupled to the computer; and
the pre-programmed method of the computer further comprises the steps of:
20 diverting an initial volume of eluate to the waste bottle, based upon input from
the activity detector, before the activated pumping generates the sample or the dose; and
providing a first light signal from the light projector, when the initial volume of

eluate 18 being diverted; and



the activity detector, before the activated punping generates the sanple or
the dose; and providing a first light signal fromthe |ight gj(iggjg?ﬁgor, when
the initial volume of eluate is being diverted; and MCSLIP 397°""

provi ding a second light signal fromt | i ght projector, when the
activated punping is generating the sanple or the dose of eluate, the
second light signal,.beii different fromthe first light signal. 511. The
system of cl ai r%gﬁyld%ﬁsl’?‘é?ndclfggﬂl él(@f]%lré%gqufghf RECcleh &hey Sreaistiv et her
conprises a light projector coupled to the conputer; and t he

pr e- pr ogr ST IS ERBH A PRarmBls o Fheskose pr gunigi thg secanidisht sy dkinghen t he
activity detector detects a peak bolus of radioactivity in the eluate |ine.
1012. The shiderem fapm ghedling lightwiverlei n t he pre- programed net hod of the
conputer further conprises the steps of: diverting an initial volunme of
eluate to the waste bottle, based upon input fromthe activity detector,
before the activated punping generates the sanple or the dose; tracking the

initiab vahume Tok seiwatogclaand, ABDEOVILidGi-a0 ih p@t.cati on when the waste
bottl e needs to be enptied based upon the tracking. 13. The systemof claim

L, wherein theconmuhehrhAl SH{AGE COMRISES AL MENLAR! LUANGL. digP! &Y

screen. 20 14. The systemof claim ther conpri sing east one

sensor for detactin i he. t.ubi ng circuit, the . conputer. being
coupled to theﬁgetﬂr{;lgéoqsgtrglgﬁgdg%rtﬁs%{ref;mg%r Oa]?é’rsgﬁf progisinisyy Eglﬁ%ﬁ e et hod
of the conputer further conprises the step of providing an indication, via
t he corrpugglrvzliyﬁi[céercfoég&ec%gﬁggagg?ié%?? FAI2RVIBUI g cptediet i s detected. 40
15. The systemof claim 1, further characterized in that the pre-progranmed
met hod

10 12, The system of claim 1, wherein the pre-programmed method of the computer
further comprises the steps of:
diverting an initial volume of eluate to the waste bottle, based upon input from
the activity detector, before the activated pumping generates the sample or the dose;
tracking the initial volume of eluate; and
15 providing an indication when the waste bottle needs to be emptied based upon

the tracking.

13. The system of claim 1, wherein the computer interface comprises a touch-
activated display screen.

20
14, The system of claim 1, further comprising at least one sensor for detecting a leak
in the tubing circuit, the computer being coupled to the at least one sensor; and wherein
the pre-programmed method of the computer further comprises the step of providing an

indication, via the computer interface, that a leak in the tubing circuit is detected.



of the computer further conprises the steps of: calculating a
flowrate profile, that corresponds to a desired activity profid@Es,iBusing a
baseline activity profile, the baseline activity profile being conprised of
a plurality of detected activity Ievela received fromthe activity
detector, of a sanple of eluate, the saﬁple of eluate being generated by
the activated punp punping the volune of Want through the generator at a
constant flow rate; and controlling a speed of the punp,
according to the calculated flow ate profile, 10when punping another vol une
of el uant hr ouglk styHemgdwratlofurthen clotraserized igdie that e @rapsenefl neftust e i n
the eluate ne, the speed being controlled according to the cal culated fl ow
rate prof idf éhd epmgnderfuttigerachipeve the stepi ofed activity profile of the dose of
el uate for diagnostic inmaging. 1516. The systemof claim1l, wherein the

pre-progrannedcaﬁhhﬁdghmkwh@&sm@ﬂniﬂﬁﬁ&mﬁﬁ?@ﬁﬁ&é@H@QﬁﬁQwaﬂgﬁPﬁﬁﬂéySten] for
analysis, a plurality of detected activity |evels, receive romthe

activiby deheGtkelineVefivity pBfild He B30Md086 Ohrofl LR st em of
claim 2, whlefgei n Bflhe pr]‘g-ypl?%g}r am$ed rretehod é}?g}ioheéj%oﬁ%at el?r}_%gf()z%t her

Formatt edPrar et A et ST L% GROER R KR REP it SrbTREr b ey et om
eluate, the sample of eluate being generated by the activated pump pumping the volume
of eluant through the generator at a constant flow rate; and
controlling a speed of the pump, according to the calculated flow rate profile,
10 when pumping another volume of eluant through the generator, in order to generate a
dose of eluate in the eluate line, the speed being controlled according to the calculated

flow rate profile in order to achieve a desired activity profile of the dose of eluate for

diagnostic imaging.

15 16. The system of claim 1, wherein the pre-programmed method further comprises
transferring to another system, for analysis, a plurality of detected activity levels,

received from the activity detector, over time, for each dose of eluate.

17. The system of claim 2, wherein the pre-programmed method of the computer
20 further comprises compiling a report that contains the record, the report being formatted

for printing and/or for electronic transfer to another system.



