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ABSTRACT 

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE 

AND/OR OPERATION 

5 

Methods for setting up, maintaining and operating a radiopharmaceutical infusion system, 

that includes a radioisotope generator, are facilitated by a computer of the system. The 

computer includes pre-programmed instructions and a computer interface, for interaction 

with a user of the system, for example, in order to track contained volumes of eluant and/or 

10 eluate, and/or to track time from completion of an elution performed by the system, and/or 

to calculate one or more system and/or injection parameters for quality control, and/or to 

perform purges of the system, and/or to facilitate diagnostic imaging.  

15 Figure ID
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INFUS13N SYSTEMS INC DIN C()MPUTERT ACLFITAED 

MAINTENANCE AN'D1/OR OPERATION 

RELATED T APICATIONS 

5 The presenIapplication claims priority to the following US, patent 

applications: US., patent application serial No. 12/ 37,356, filedJue ,208 US.  

patent application serial No, 12/137363, tiled June It, 2008; UN. patent appicaion 

serial No. 12/M37364, filed June 11, 2008; and U.S. patent application serial No, 

12137J1 4 d June M &008 

10 The present application is a divisional application derived rm parent 

application number 2009257432 which is herein incorporated in is entirety y 

reference 

TElCHNICALFIELyD 

The present invention petains to systems that generIaeand ime 

radiopharmaceatieals anid, more particularltystems lincaing computer

faciuitated maintenance and/o oeratioln 

BACKGROUND 

.20 Nuclear med iine employs radioactive material for therapy and diagnostic 

.imaging, Positron emission tomography (PET) is one type of diagnostic iaing, 

which utilizes doses of radiopharmaceutical, for example, generated by elution within 

a radioisotope generator, that are injected, or infused into a patient. 'le infused dose 

of radiiophanaceutical is absorbed by clls of a target organ, of the patient, and emits 

s 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 Stronti um-82); and an example of a radioisotope 

generator which yields a saline solution of Rubidium-82, via elation, is the Cardioien

82@ available from Bracco Diagnostics Inc. (Princeton. NJ), A PET scanner in 

30 combination with infused doses of radiopharmaceuticals may also be employed to 

combinaitAprw R isx



quntifY blood flow rate, for example, through the coronary arteries of a patent.  

Set up, maintenance and operational procedures for inusion systems that both 

generate and inject doses of radiopharmaceuticals are relatively involved in order to 

assure the safty and efficacy of each injected dose for the patient+ Efficiency n 

5 carrying out these procedures is highly desirable tor technical personel who work 

with the systems on a routine basis and would like to avoid unnecessarily prolonged 

exposure to radioactive radiations. Thus there is a need for new system confuraions 

that facIitaItmore eficient set up, maintenance and otion.  

to SU1MM ARY OF THE INVENTION 

tn accordance with a first aspect of the present invention, there is provided a 

mobile radioisotope generator system comprtsing: 

a movable platform carrying an infusion tubing cii, an activity detector, a 

dose calibnior, a computer, and a shiding assembly containing a Stronltimmbhidim 

s radioisotope generator configured to generate a radioactive eluate via. elution of an 

elSt..-MR 1 

the mIusion tubing circuit including a tubing line connected between the 

strontium/rubidm radioisotope generator and the dose calibrator and configured to 

supply portion of radioactve eluate to the dose calibrator.  

20 the activity detector being positioned downstream of the strontium//ubidium 

radunsotope generator and configured to measure an activity of the radioactive eluate 

ilow ing through the fusion tubing circuit, and 

the Computer being electronically coupled to the dose calibrator and 

configured to execute automnated quality control testing using the dose calibrator.  

2s In accordance with a second aspect of the present invention, there s ovided 

a mobile radloisotope generator system comprising: 

a shielding assembly configured to contain a strounti/rubidium radioisotope 

generator that generates radioactive eluate via elation of an eluant and an vision 

tubing circuit comprising an eluate tubing line configured to convey eluate trom the 

30 strontium/rubidium radioisotope generator;



2a 

means Ir measuring an aetivit of the eluate flowing through the eluate 

tubing line; 

means for receiving eluate from the euate tubing line and calculating 

5 breakthrough activity within the euate; and 

means for receiving activity data from the means for measuring the activity of 

the eluate and also receiving breakthrough activity data from the means for rceiving 

eluate and calculating breakthrough activity and controlling the mobile maliisotope 

generator system based on the received activity data and breakthrough activiy data, 

In accordance with a third aspect of the present invendon., there is povided a 

method coMpisig: 

delivering eluant to a strontium/rubidium radioisotope generator carried by a 

movable cart ind thereby generating radioactive eluate via elution; 

measuring, with an activity detector carried by the miovable cart, an activity of 

5 the eluate within a tubing line of an infusing tubing circuit; 

delivering a portion of eiuate via the tubing line to a dose calibrate carried by 

the movable cart, and 

performing quality control testing on the ciuate delivered to the dose 

calibrator, 

2 . . In accordance with a fourth aspect of the present invention, there is provided 

A system Comprising: 

a shielding assemnbIy configured to contain a radioisotope generator that 

generates radioactive eluate via cHilion; 

a computer carried by the shielding assembly, wherein the comptnr is 

2$ configured to receive a user input and, responsive to receiving the user input, control 

the radioisotope grrator generate a sample of cluate via elution during 

breakthrough testing; and 

.dose calibrator electronically coupled to the computer and configured to 

measure an activity of the sample of eluate generated u ri aktroig testing



wherein the cm te arried by the shielding assembly is configred to 

receive the activity -data from the dose calirtor and cuate breakATbrugh test 

results.  

.5 ~~in acodnewith- a 15fi a spectod h rsn nenin i~rvce 

genratng.with, a rad ioisotope ge nerator contained witin at sielding.  

assenibly, a radioactive cluate via et ution of an eluant; 

measuring; with a dose c %Aaor clcrncivcouoed to a cmutar can-rc 

10 by the shmdigasemrbly, ain activity of tlhe aiatv cut;ai 

determining , wiuh the computer, an activity o uiin-2wti h 

radioacIve Mian 

8 RffIlE DEC I (I)N (IF TE DRAWINGiS, 

15 ~ ~ "a .,.~l'wn drawigs are illstrtve of particular ebdmnso h 

prsinvoerr1 ionr, and therefrvc do not limit the, Scopeol th e vntiko n The daig 

are not to seL unss so states) and are intended fbr u3Nc it or aiwt h 

Knveno wilR here inafe r hie descri bed ini conjunctQIi ons wi th th1 e a ppe nded drawings 

* whreinlike n mls denote Jike elements, 

Figue MA is a firs perspective view of an inbs ion ',sitem 'according tko somew 

embodimen-tu .fth.resent invention.  

25 Figur If isaote perspective view of1a portion of aabnet srtucof the SYstem



shown in Figue 1 iA according to some embodinents.  

gue Cisaecond perspeatie view of the system showninigie Aacrding to 

somei embodients 

F igureDQ isascheniatc of1an infusion circuitacoding to sonfeeinboditens ote 

present invention.  

Fiu IF is avetspeciv ew of exemplary salep vialshielding that maybe 

3 employed in cotnion wth heifusion system ofFigaurk A.  

igare2 2A. is a perspective view of a shielding asseablyfonnifsionsystensuch as 

that shown in Figures lA. according to some eabodinents ofthe present invention 

1 Figure 21B is a perspectve view of a framework of the system ac ending to sone 

embodimentsvith ar enlarged detailed view of a comnponent ofthe system rdi 

tosornte Cembodimenlt5e 

Igure n3AiSi aith per perspective view of the shielding assemly shownin Figue d2A 

20 

Figure 3B is a perspective view of theinfision circuit shown in figureuC configured 

and routed, ixording to some embodiments.  

Igute3C is a perspective view ofa disposable infusion circuit subassembly, 

25 according to sone embodinents.



igure is~b adam~ ferte .arbase hcown in e 3Ao$,r. d to 

somec embodiments.  

Figure 4 is a main menu screen shot from an inter e o a computer. which 

may be included in systems of the present invention, according to some emhbodimem 

5 Figure 5A is a schematic showing a first group ofsuccessive screen shots fwm 

the computer interfae, according to some embodiments.  

Figure 5B is a pair of screen shots fm thecomputer interface. which provide 

indications reTated to chant volume levels in a reservoir of the system, according to 

sonic emnbodimets.  

10Figure 5 is a schematic showing a second group of successive screen shots 

from the computer interface, according to som embodiments.  

Figure 6 s a schematic n at 

the computer interface, accordig to some embodiments.  

Figures 7A-Cp ar chmatics showing a fourth group of successive seen shots 

from the computer interfac, accordig to some embodiments.  

Figures 8A aC r"re scmatc showing a fifth-group of successive screen shots 

from the computer interfacc, according to some embodiments, 

Figures 9A-C are schematics showing a sixth group of successive screen shors 

from the computer interface, according to some embodimonts.  

24 ~~Figure 10 is a schematic showing a seventhgopo.ucsiesre ht 

foro the comter interface, according to somne embodimemts, 

Figure 1ts an tcxemp$laryreport whc-a egnrte ytecmue 

included n iinfusion systems, according to some emnbodiment 

figures 12A~B arc schematics of alternative infusion circuits that may be 

5mpldyd by emnbodiments of the present invention.  

Figure12c is a schemanNtilustating eemply acivitprfies onec 

doses of a radiopharmaceutical 

DET~l LED DESCRIPTION 

30 The foxoving dailed description is cxcmp in naur and is not ended t 

limit the scope appliesiiotor configuration Of theinvert&r a wayRth he 

following deeription pridce practical illustrations foriplenentnacempiay



%V'0 29523?TJSn9O4)3.  

embodiments. tiizing the teaching provided herein, those skilled inthe an will 

recognize that many of the examples have suitable a!rnativcs that can be uiz..  

Figure 1 A is a first perspective view of an infusion system 1 0 accor dng to 

some embodiments of the present in venti-f vAo I,w Sytem 1s Shown supr) ' b 

a cabinet structure, which includes a planfrm 113 (seen better In igure y3) and a 

shell 13; shell 13 extends upward from a skirt 1, that surronds plaform i13,o 

surrounds an nterior space in which a portion of infusion system 10 is contained Q 

seen in Figure 1C). Shell may be forned frorm panels of injection-molded polyurethane 

fitted together according to methods known to those -skild in the art. Figure IA 

0 illustrates the cabinet structure of system 10 including a grip or handle 14, which 

extends laterally from shell 13, in proximity to an upper surface 131 tbereo, and a post 

142, which extends upward fron shell 13, and to which a work surfc or tray 16 and 

a .compwer 1i7 are, preferably, attached, via an ergnomcpositiorxabVe mount, 

A according to some embodiments, computer 17 is coupled to a contoller of system 0.  

15 which is mounted within the interior space surrounded by shell l3; and, a nitor 172 

of computer 17 not ony displays indications of system peration for a user of system 

10 but also serves as a device for user input (e.g. touch screen inut) However, 

according to altrnat embodiments, another type of user input deviceknown to those 

killed in te ant, may be employed by computeri17. Other type of uscr input devices 

20 may t included, fbr example, a keyboard, a series of control buttons or levers, a bat 

code reader (or other Mrder of encoded formationn, a scanner, a computer readable 

nedium containing pertinent data, etc. The user input device may be mounted on the 

Cabinet st weture of system 10, as shown, or may be tethered thereto; alternatively the 

user input device may be remote &rom system 10, for example, located in a separate 

25 control room, According to sonie additional embodiments, another user input device, 

fbr example, in addition to a touch screen of computer 17, may be remote &fo system 

10 and used to start and sop infusions, as well as to monitor system operation both 

during quality contio infusilons and during patient infusions. Operation of system 10, 

which is facilitated by computer 17, will be described below, in conjunction .wit 

$0 Figuies 4 9 

Figure 1A frluher illustrates two pairs of wheels 121, 122, mounted to an 

underside of platform 113, to make system 10 mobile; handle 14 is shown located at 

an elevation suitable for a person to grasp in order to mneuver system 10, from one
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location fur another, upon pairs of wheels 12122. A"c'dingto some preferred 

embodiments, one or both p-airs of wheels 121, 122, ar castesrs, allowing for rotation 

in a horizontal phie (swive!), in order to provide additional flexibility for 

nmnuvering system I0 in relati v ey tiAht spaces.  

$ Figure I B is aerspective view of a portion of system 10, On a Side i of the 

cabinet structure which i i proximity to wheels 1L nire lB illustrates a lever or 

pedal 125, which is located for activation by a hint of the person, who grasps handic 

14 to maneuver system 10. In a neutral position, p 2 wheels 121, 122 to 

rotate, and, if emibodied as casters, to Swivel freely. Pedal 12$ may be depressed to a 

I0 first position which prevents a swiveling ofvheels 122, accordi to those 

embodiments in which wheels 122 are casters and may be further depressed to brake 

wheels 121, 122 from rolling and swiveling, upon reaching a desired location, 

According to some embodimens, braking may be desined to sOwy 10. for 

example, when rolling down an incline, and, according yet further embodimnents.  

5 system 10 may include a motor to power movement thereof'.  

Figure I B further iA"istrats: a rear acccssp pane 174 of shell 13, for example, 

providing access to circuit boards of the atorementio od coatroller contained within 

the imenor space that is surrunded by shell 13; an optional lock 184, to secure panel 

174; wer jack 118, for connecting system 10 to a power source; and a printer 117 

20 n~for p iing documentation of each patient infusion carri out by s Stem 0 and of 

systemn quality control test results. In som emibodiments,sytem 1.0 my further 

include a power strip by which auxiliary equipment may be posweredt and one or more 

additional electrical connectors, or ports (not shown), which art supported by 

platform 113 and may be integrated into shell 13, for example, in proximity to jack 

2$ 11 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 imltranetnentwork, and/or to intern et, fbr 

example, to link un 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 

ingentory management.  

Figure iA further illustrates upper surface 131i of she 13 including several 

openings 133, 135, 139 formed therein. Figure 1C is a partially exploded perspective



view of system 10, wherein a removable access panel 132 is shown as a contoured 

pOrton of upper sufae131, which, when exposed, by iing away a bin 18, that 

mates therewith, may be removed from another opening 137 formed in ae surface 

131, Figure IC also provides a better view of another panel 134 whichnmay be Fite 

opening .Arding illustrated m ings and 

137 provide a user of system 10 with independent access to separate portions ot 

infusion system 10, which are contained within shell 13, for example, to set up and 

maintain system 10; 'and openings 133 and 135 provide passageways for tubing lines to 

pass through shl 13. Figure IC further illustrates an optional switch 102, which in 

10 Case of an emergency, may be activated to abort function of system 10, With reference 

to Figures 1A and I i ma.y be appreciated that an arrangement of features formed in 

apper surface 131 of shell 13, in conjunction with bin 18, tray 16 and computer 17, 

provide a relatively crgonomic and organized work area fir technical personnel who 

operate system 10 

.15 Tuming now to Figure ID, a schematic of an infusion circuit 300, which may 

be incorporated by system 10, is shown, Figure ID illustrates circuit 300 generally 

divided into a first part 300A, which includes components mtountedousid. sheil 13, 

and a second part 300B, which includes components mounted within the interior space 

surounded by she]l 13. (Parts 300A and 300$ are delineated by dtucd lines in Figure 

20 BD) Figure I1D further illustrates second part 300B3 of circuit 300 incluing a portion 

contained within a shielding assembly 200, which is designatedschemati y sa 

dashed line. Some embodiments of shielding assembly 200 will be described in 

greater detaiL in conjunction with Figures 2A-B and 3A-t below.  

According to the illustrated embodiment, circuit 300 includes: an eIuant 

2$ reservoir .15, for example, a bag, btutle or otter container, containing saline as the 

cuant, wich is 'own hanging fram a pos t, or hanger 141 above upper sac :31 of 

shell 13 in Figure tA; a vringe pump 33, for pumping the eluantfrom reservoir 15, 

and a pressure saying 34 (or other device or sensor), or monitoring pumping 

press: a firer 3 whi may also serve as a bubble trap, for the pumped eluant; a 

.3.0 radioisotope generator 21, through which the filtered eluat is pumped to create a 

radioactive eluate, for example an 1uate carrying Rubid.um-82 that isgenerated by the 

decay of Stromium-82, via e'l within a colmnf generator 21; and an activity 

detector 25, for measuring the activity of the eluate discharged from generator 21, in
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order to provide feedback for directing the flow of the eluate via a divergenco vale 

35WP, &her to a waste bottle 23 or through a patient line 305p, for exampieo inject 

dose of the radiopharmaceuticai etc into a patient, With reference back to Figur 

i A, patienT 1e 305p is shown extending out from shli 13, through opening 135. to a 

5 distal end thereof, which, according to some embodiments, includes a filter. Patient 

line 305p maybe coupled to another line that includes a patient injection needle (not 

shown). Atematively. patient line 305p may be coupled to another hie (not shown}, 

which extends from a source of another active substance, for exanpe, a stress agent; 

the other line is coupled to te line that includes the patient injection neede in order to 

10 permit injection of the additional active substance.  

Figure Diustrates an eUant tubing line 301 coupled to reservoir j5 and to 

pump 33, and, with reference to Figures 1 A-B, it may he appreciated that opening 133 

provides te pasSageway fbr tubing line 301 to en ter the interorspace surrounded by 

shell 13, According to some pvferred embodiments, opening 133 includes a 

15 gmmmet-type seal that prevents leakage of eluant which ma pi om reservoir 15, 

into the interior space through opening 133, while alowing a u tonassembe tubing 

line 301 through opening 133, Lkewise opening 135 whih provides passageway 

for patient line 3 05p, may include a grommet-type seat According to some 

embodimens shell 13 further supports holders to sfelyhold for example, adung 

20 transport of system 10, portions of tubing lines that extend outward therefrom, ihr 

example Une 30 and/or line 3osp.  

Figure I further illustrates another eluant tubing line 302 coupled to pump 33 

and a divergence alve 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 patientine0p. Divergence valve 35BG, as well as divergence 

valve 35W, whih directs eluate from an eluato tubing Bid 305 either to a waste line 

. r to ptm line 305p, may each be automti cay operated by a corresponing 

servuootr (nOT shov), coupled to the controller (not shown) of system 10, wh ich.  

controller receives feedback from activity detector 25. When system 10 is operating 

.30 thr automatic infusion, to deliver a dose of radiopharmaceutical to ' patient, for 

example, Rabidium-82 for diagnostic imaging, divergence valve 35 B is initially set 

to direct elam' to generator 21 and ergence valve 35WP is set to direct equate tom 

generator into waste bottle 23, until activity detector 25 detects the desired activity of
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the late, at which time the feedback from activity detector 25 causes the controller to 

direct the corresponding servo-motor to re-set valve 35WP for divert the flow of 

cluate into patient line 305p, According to some embodiments, once a prescribed 

volume of the eluate has passed through patient line 305p, thecomroller dirxcts the 

5 orsnn servomotor to re-set divergence valve 35BG for diverting h flowf 

eu ant through by-pass line 303 and into patient Tin 3M5 order toRush, or push any 

eNuate~ reaining in patient line 305p into the patient, According to some 

embodime'ms, the controller may also direct the corresp odingservomotor to re-set 

divergEnce valve 35WP back toward waste bottle 23, rior to the flush through by-pass 

10 line 303. in order to prevent back flow of eluant, through line 305, toward generator 

21. According to some preferred methods of operation, in certain situations, which 

will be described in greater detail below, eluant is pumped through by-pass line 303 

imnediately following the flow of the prescribed volume of chuite into patient ime 

105p, at a higher speed, in order to push the uate in patient line 305, thereby 

ticreasing a flow rate of the injection of eluate ou from patient line 305p and into 

patiemr For example, once the prescribed volume of eiuate has flowed ino patient line 

305, and once dergence valve 35BG is set to diver Gow through by-pass line 303, 

the speixd of pump 33 may be adjused to increase the flow rate .ofeluant to between 

approximnatelv 7OMtlmin and approximately I00mLmin. This method ibr increasing 

20 the injection flow mte, is desirable, if a relatively hi 

injection and a flow rate through generator 21 is limited, or examnp e to below 

approximnately 70mnL/mn, maximum (typical flow rate may be approximately 

S iOm~itllmin), 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 fiter 37 or otherwise impede flow through eluant tubing line .302 

Although not shown in Figure , a number of sensors, forexample, 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 ocelusions/piugs in circuit 300 and/er leaks, and/or to provide feedback for 

30 control of an activity level of infused doses of radiopharmuaceutical. Suitable sensors 

for any of the. a3ve purposes are iown to those skilled in the art. Examples of flow 

meters tt may be incorporated into circuit 300, include the lnnova-Sonicl Model 

215 Transit-Time Ultrasonic Liquid Flow Meter that employs digital signal processing



(available trom Sierra tastruments, sc,) and the Flocat LA 10-C differential pressure 

flow meter, One example of a pressure sensor that tmay be employed to detect 

infusion cirit occlusions is the PRO / Pressure-Occlusion Detector (available from 

INTROTEK@P of Edgewood, NY, a subsidiary of Magnetrol of Downers Grove, ILI.  

$ which employs pulse-type ultrasound; this sensor detects subtic changes in positive 

and negative air pressure and process a cosponding passiv resistive rtput signal, 

which may be routed to the system controller and/or computer 7On or more of this 

type of sensor may be incorporate into infusion circui 300 by simpl fitting the 

sensor around any of the tubing lines of invasion circuit 30.; inc the PRO.  

Its Pressure-Occlusion Detector may be a suitable alternative to pressure syringe 34 of 

circuit 300. Other types of pressure sensors, for example, similar to those known in 

the art for blood pressure monitoring, may be employed in infusion circuit 300, 

Systrem 10 may further include sensors to detect fluid leves in umnt reservoir 

15 and waste botde 23. Some examples of such sensors which also employ the 

5. aforemntiioned pulse-type ultrasound, are the Drip ChmbrLiquid Level Sensor land 

the CLDm Continous Level Detector (both available from NTRYTEK@)}; 

Ttematively, tot example, an IPQ-T pipe mounted, self-co:ained li sensor 

(available from Yamatdake Sensing Contro, Ltd.), or an SL-630 Non-nvasive 

Disposabkl/Reusabie ievel Switch (available from Cosense Inc, of Hauppauge, NY) 

20may be empsloyved to detect the fluid levels, Alternately or in addition, system 10 carn 

include additional radiation andkor moisture detection sensors, which can detect leaks, 

With refe&rence to Figure 19D, such sensors are preferably located in proximity to 

fittings 31.1, 312, 313, 314 and 315 that join portions of circuit :300 to one anotr.  

Some examples of leak detection sensors include, without limitation, those in 'the 

25 UPQ-D leak detection sensor family, and the iIP-D040 fiberoptie leak detector (all 

available fron Vam atake Sensing Control, Ltd.). System 10 may further include 

additional sensors to detect contaminants and/or air butbles within the mubing lines of 

circuit; examples of such sensors included the Point-air Detection (PAD9) Sensor, that 

employs pulse-type ultrasouindc for air bubble detection, and the Blood Component 

30 Detector that employs optical sensing technology to perform.Colonimetry-basedi fluid 

detection or unwaned elements in the tubing line bth available Zlow 

INTROFERy);



According to those embodiments that include any of the above, sensors, the 

sensors are linked into the controller of system 10 and/or computer 17 either of which 

may provide signal to a user of system 10, when a flow anoma'y is detected, and/ 

information to the user, via monitor 172, concering fluid kves pressure and/or flow 

5 through circuit 300, Computer 17 may be pr-programmed to displ, for example, on 

monitor 172, a graphic of infusion circuit 300 wherein each zone of the circuit, where 

an anomaly has been detected, is highlighted, and/or to provide guidance, to the 

system user, fr correcting the anomaly. It should be note that the atemative 

infusion circuits illustated in Figures 12A-B, which wil be described below, may also 

10 inchide any or all of these types of sensors.  

With farther reference to Figure ID it may be appreciated that shielding 

assembly 200 encloses those portions of circuit 300 from which radioactive radiation 

may emanate, with the exception of that portion of patient line 30p which must 

extend out from shielding assembly 200 in order to be coupled to Lhe patient for 

15 ijctionr o in order to be coupled to shielded sample vials, as will e desrie 

below. Thus, technical personnel, who operate system. 10, arc protected fmom :radiation 

by shieldingi assembly 200, except at those times when an infuin 's taking place, or 

when quaity control tests require collection of eluate into sample viais. During 

infuaions and quality control test sample collection, 41 technical personnel are 

20 typically in another room, or otherwise distanced from system 10, in order to avoid 

exposure tw mediation during the infusion, and, according to some preferred 

embodimet of the present invention, system 10 includes at least one means for 

infomiimng technical personnel that an infusion is about to take place or is taking place.  

With reference back to Figures IA and IC, system 10 is showi including a light 

25 projector :100, mounted on post 142. According to the illustrated embodiment, 

projector 100, projects a light signalupward, for maximum visibility, when pump 33 is 

pumping eluOnt and elation is taking place within generator 21, or at all times when 

prump 33 is pumping eluant. According to some embodiments, the light signal flashes 

on and off when the eliuate 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 35p, or visa versa, According to other embodiments, a projector 100 shines a 

lighi having a first color, to indicate that cluate is being diverted to waste bottle 23, 

and then shines a light, having a secnd, differed color, to indicate that eiuate is being
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directed to patient line 305p for infusion. Light projector 100 may further project a 

more rapidly flashing light for examnple, for approxirnatel Live seconds, once a peak 

bolus of radioactivity is detected in the eluate, to provided further foundation to 

technical personnel Alternative means of intbmrrn technia personnel that an 

5 infusion is taking place maya be incorporated by system , e 

audible alarms or other types of visible or readable signals tat are apparent at a 

distance fur system, including in the control room, 

It should be noted that, according to alternate embodiments, system i1 icludes 

an 'on board dose calibrator for quality control tests, and circuit 300 is expanded to 

10 include elernents for an automated collection of eluate samples for activity 

measurements, via the on board dose calibrator. According to a first set of these 

alternate embodiments, a sample collection reservoir is integrated into circuit 300,.  

dlowstream &faivergence valve 35WP and in commuvnicatio~n with tuing~ linC 30SP.  

in order to recv quality control test samples of eluate, via tubing ine 305P, and both 

15 the r t eserxvi and the dose calibrator are located in a separate shielded wL~ A cording 

to a second su of these alternate embodiments, waste bottle 3 is configure to receive 

the quali control test samples of equate, via tubing line 305W, and a ose cahbrator is 

integrated iato shielding assembly 200, Quality control procedures will be described 

bgreate detadbeki ionjunctiot with Figures 61$.  

2WemaintaunIce of ssem 10 requires the emptying waste botid3 

relatively easv cNesto :,aste bottle 23 is providedhroughapeng 1.9 i p 

suriace 131 of sheli 1 Ihouldbe note that techndo personnel are preferly 

-rained to empty waste boWe 23 attneshen theehate containediatea btt< 

.y suf~iently to ensure that the adioetivitytereof his faleelow at 

25 ihreshoid to he safe. Opening 139 is referaby aed aan elevthioof between 

approxumatcly 2fetaan approimately3et; for eample.penng139iayeat an 

elevation cthapproxinately 24 inches, with respect to a lower surface opafrm113 

or at ane kdVahon of apprnoximately 32-inches. withrespect to a ground urfac pon 

which wheels 1 21,122. test, According to the ilustrated embodinenop g is 

30 accessed' byifdgig oanel I 4;justwn opening 13, asielded lid or door23 

(Figure> 2\)rnav be: lifted away from a compartment of Sing asern.b 20 that 

conains was tc bote23 With further mference to er , it may Me agp, ct 

that opening pmvids acVcess to other portions of i foaadtod



maintenance procedures, such as changing out generator 21 and/or ot r compen$ 

of circuit 300, as will be described. elow, 

For those Cmbodiments of system 10 in which automated quality control tests 

are perfbrmed and/or when system 10 is employed for relatively high volume 

5 operation, management of waste may become burdensome, even though access to 

waste bottle 23 is greatly facilitated, as described above. Thus, in order to facilitate 

waste management, some embodiments of system 10 may employ a separatinsystem 

to separate salts, including radioactive elements, from water, for example, via 

evaporatOtn or reverse osmosis. In an evaporation type system, the water componenlt 

10 of the waste is evaporated, while in a reverse osmosis type system the water is 

separted from the salts, and, then, once confirmed to be non-rdioactive, via a 

radiation detector, is piped to a drain. According to some other embodments, circuit 

300 may be configured so that the waste maybe used to purge sir from tbc tubing lines 

thereof and/or to perform the bypass flush that was described above, preferably afer 

15. the radioactivy of the waste drops below a critical threshold.  

Figures I A and IC further illustrate a pair ofrelativeiy shallow extemal 

recesses 190, which are formed in upper suface 131 of shel 13, for example, in order 

to catch any spills frm infusion system; one of recesses 190 is shown located in 

roximtv to post, or hanger 141, which holds reservoir 15, and in proximtityto 

20 open ig 133, through which tubing line 301 passes. Another recess 192 is shown 

forced in upper surface 13 ; a width and depth of recess 92 may accommodate 

szorage of technicat documentation associated with infusion system 10, for example, a 

technical manual and/or maintenance records, or printouts vrom printer 17 (Figure 

SBt 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 . E, The test vial shield of Figure IE is 

preferably forced from Tungsten rather than lead, for example, t reduce exposure to 

30 lead, for improved shielding, and to reduce the weight of the. shield. Figure IF 

illustrates the test vial shield including a handle to simplfyianipulation thereof, but 

alternative configuration of test vial shields have no handle - for te a sing, or 

strap, may be employed for handling,
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A4ditionalreeptacles 180 arc shown formed in bin 18, on either side of a 

handle 182, which facilitates removal of bin 18 away from shell 1l Thnicai 

personnel may, thus, conveniently transport bin 18 to a storage area for a collection ot 

supplies, for example, sharps, gloves, tubing lines, etc., into one or' more receptacles 

:5 180 thereof, and/or to a waste container where. separate receptacles 180 of bin 18 may 

be emptied of waste, such as packaging for the aforementioned supplies, fr example, 

deposited therein during infusion procedures, According to somc enboimems, one or 

more additional receptacles are formed in one or more dispoal container for 

example, to contain sharps and/or radioactive waste (other than that coined in waste 

10 bote 22), which may be integrated into bin 18, or otherwise fitted into, or attached to 

shl 3. sepIarate from bin 18.  

Figure 2Ai a perspective view of shielding assembly 2er 

embodiments of the present invention. With reference to Figures IC and 2A, toge dier, 

it may be appreciated that opening 137,. in upper .surface ' of shel 3, provides 

I e access to a lid or door 221 of a sidewall 201 of shielding &ssemly 200, which sidewall 

201 encloses a compartment sized to contain a radioisotope generator of system 10, for 

example, generator 21, previously introduced, It should be noted tht, according to 

afteiat embodiments, the compartment enclosedby sidewaii 201 is large enough to 

hold tor than oe generaor, for example, to increase system opertog efficiency for 

20 relatively high volume operation. In some of these aittmate embodiments, tubing 

lins 304 and 3 are each branched br 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. In others of these alternate embodimentsthe multiple 

generators are cnnected i n series between tubing line 304 and tubing line 305, In 

25 addition, e seroir accumulating elit may be inclndedin circuit 300 

downstean 6f theweneraos and upstream of divergence alve3W in -onuMcon 

with a second pump, in some cases. Embodimentinclding multiple generators 

and/or ana e~ reservoliand second pump scan be employed to bette migaue n 

activity levd of eadh dose, or patient neaion. for examples desibedbelow, in 

30 conjuactiorawit figures 12 B 

Accordimg to. the embodiment illustrated in Figure 2A opening 137 and door 

221 are located at a lower. elevaton, for example, with respect to patform 113, than 

are opening 139 and lid 2 which provide access to the compartment being formed



by a sidewall 203 of shielding assembly 200 to contain waste bottle 23, as previously 

described. When panel 132 is separated from shell 13, and door 221 opened generate 

21 may be lifted out from an opening 231 (Figure 3A which mates with door 22 of 

sidewall 201. A weight of generator 21, which includes its own shielding, 

between approximately 23 and approximately 25 pounds, thus, according to soe 

prefrred embdimnents of The present invention, the elevation of each oO-fpn 13 

and 231, with respect to the lowermot portion of the cabinet structre, s: between 

approximately 1 foot and approximately 2 feet in order to facilitate an ergonomic 

stance for technical personnel to Lift generator 21 out from the compartment 

0 According to anexe embodiment, when shielding ssemby 200 is contained in 

the cabinet structure of Figure iA , openings 137 and 23 1 are located at an elevation of 

apprUximately 12 inches, with respect to the lower surace ofpiatform 113 or at an 

elevation of approximately 19 inches, with respect to the gmrund surface upon which 

wheels 121, 122 rest. Figure 1C further illustrates access panel 132 including a 

15 scSurity lock 138, which mates with a framework 19 of system 10, shown in Figure 

2R, in orde r to iwit accessto generator 21 

Figres IC and 2A further ilhstrate a lid or a door 225 of another sidewall 205 

Figure .3A) of shielding assembly 200, which encloses another eomrartment that is 

acccasible throuhopen 137 of shell 13, and which is located adjacent the 

210 compartment encosec by skdewall 201. Each of doors 1 225 are shown being 

attached by a corresponding hinge ft, and another door 227 is shown attached to 

sidewall 203 by another binge H. Figure 2A illustrates eh of lid 223 and doors 221, 

225, 227 including a handle 232, 212, 252 and 272, respectiv'ely, for moving lid 223 

and doors 221, 225, 227, in o de to provide access to the corresponding 

2$ compartments, which can he seen in Figures 3AB. Figure 2A further illustrtes 

optional thunmb screws 290, one securing lid 223 to sidewall 3 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 id/door 223, 221, 225, 227 thereof may be individually cast from 3% 

antimony lead, or from other known shielding materials, and then assembled together 

according to methods known to those skilled in the art 

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

an upward direction, per arrows D and C,, and, with reference back to Figure IC, a
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!atch component 191 is provided to hold each of doors 221, 225 lan opene position, 

thereby, preventing doors 221, 225 fromn falling osed, which could pinch/esh 

fingers of technical personnel and/or tubing lines of circuit 3002 when in the midst of a 

maintenance procedure. FIgure 2B is perspective view of framework 19 of the 

' )di w'nfnrr cabinet stature. OfTsyste 10Vacrdn to'ome emoiets owicac 

component 191 is mounted; Figure 2B3 includes an enlarged detailed view of latch 

component 191, according to some embodiments. Fiur 213 ilustrates latch 

component 191 including a first pin 193, corresponding to door 225, and a seond pin 

1 95., corresponding to door 221; each pin 193 195 includes a lever end 1 93A, 19313, 

10 respctively, anda holding end 193B, 195B, respectively Anoedge of each door 21, 

25, upon opening of doors 221, 225, may push past the holding end i95B, 9Of 

the corresponding pin 195, 193, in a first direction, per arrow F, and then my rest 

agais^ a respective side S95 and S93 of each end 195B, 193Bmtii the corresponding 

lever end 195A, I193A is rotated in a counter-clockwise diction, per arrow cc, 

~ therebymo vinig the corresponding holding end 193B, 195B to make way fot the 

closing of doors 221. 225. Doors 221, 225 being ldck by ah p t 19 in 

open postin may oe seen in Figure3A.  

Wit tnrnher reference to Figure 2A, according to some preferred embodiments 

of the present invention, an edge of door 225 overlaps door 221 to prevent door 221 

20 from being opened, per arrow D), if door 225. i ot openoder arrow C; and an edgne 

of door 227 overlaps an edge of door 225 to prevent door 225 from being opened iT 

dncd, per arow B; and an edge of lid 223 overlaps door 227 to 

prevent door 227 from being opened if id 223 is not opened, per arrow A. Thus 

access to the compartment enclosed by sidewall 201 and containing generator 21 is 

25 only systemat.ca lly 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 o of these pciruit, 3010 wil be descrwce in conjunction with 

Figures 3.4C.  

30 Figure 3A is another perspective view of sielding assembly 200, according to 

some eIbodiments of the present invention, In Figur 3, lid 223 and doors 221, 225 

and 227 are opened to provide a view into openings 23 235 and 231 of sidewaits 

203 5 and 201, respectively, and into a passageway 0 which is forced in
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sidewall 203, opposite the compartment, which contains waste botte.23, Passagcway 

207 is shown extending vertically along sidewall. 203 and havingza grooved extension 

213 fonned I a perimeter surface of opening 233. An optional retaining mernber237, 

Sfor example, termed from an elongate strip of resilient plastic having a generally c

5 shape mross>setn is shown being mounted along a length of passageway 207 to hold 

lines 305w and -05p in place within passageway 207. Figure 3A further illustrates a 

pair of passageways 251b and 251g, which are fomed as gloves in a portion or 

sidewall 205, and another pair of passageways 215i and 25, whic are formed as 

grooves in a portion of sidewall 201 A outing of portions of tubin crcuit 300 

10 (Figure ID) through passageways 207, 251b, 251, 2351 and 215 s shown in Figure 

Figure 3B illustrates tubing line 304 big routed thr passageways 251g 

and215i, estate tubing line 305 being routed through passageway 215o, and both 

waste ine 305w and patintie 305p being routed along passageway 207, Waste lie 

15 305w further extends through rooted extension 213 to waste boe 23, and patient 

line 305p further extends outward fronm shielding assembly 200, for example, to extend 

out through opening 13$ in upper surface 13 (Figure Ah Acoording to 

the ilustrated embodiment, each passageway ford in sh ieling assembly 200, by 

being ace ssible along a length thereof, can facilitate areatwiyeasy routing of the 

20 corresponding: rubing line theretlirough, when the corresponding lid/door is open, and a 

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

tubing line routed therethrough, when the coresponding id/door is closed down 

thereover. With further rrence to Figures 3A, it may be appreciated that the 

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

2$ 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. Aitemately, or in. addition., according to alternate enbodimnents, if system 

10 includes a reader of encoded information in commcation with computer 17, an 

30 unique deifnication and/or data associated with each generator may be provided, for 

example, sn a bar code label ora radfrequency identification (RFID tag that is 

attched to each generator, so that the reader may transfer the information to computer 

17, when a generator is installed, in order to either enablesystem opertion orto



provide an indication to the user that an incorrect generator has been installed, Of 

course a user of system 10 may, trntely, manually enter information, th at is 

provided on a generator label or marking, into computer 17,. in order to either enable 

ystem 10, or to receive feedback frmn computer 17 that the incorrect generator s 

S installed.  

gure ' 3A further ilustrates sidewall 205 nchiding a valve acmator eceptacle 

253 into which divergence valve 35WP is mountel to be cmllTed by one of the 

servomotors (not shown) of system 10, and an opening activitde 25.  

Activi detector 25 is mounted in a shielded well 255 tha extend downward from 

10 opeung 325 (shown in Figure 3B), and, with reference to Fmgre 3 mbing line 305 

passes over opening 325 so tat detector 25 can detect an activity of th ea which 

passes therethrough, According to some embodiments, the psioning, within th 

compartment enclosed by sidewall 205, of the components of the portion of infuion 

circuit 300 which are shown routed therein, is facilitated by providing the components 

15 mounted in a frame 39 as a disposable subassembly 390, an embodiment of\which is 

ilhuFtrated by Figures 3C-D 

Figure; 3C is a perspective view of subassembly) 390, and Figure 3D) is a 

perspective view of frame 39. According to the embodiment illustrated by Figur 3D, 

frame 39 is formed frm mating trays 39A, 39B, for example, formed from a 

20) theimoformed plastic, which fit together to capture therebetween, and hold, in nxed 

relation to a perimeter edge of frame 39, divergence valve 35W? and portions of 

eluant tubing line 304, by-pass tubing line 303, equate mbg line 305, waste line 305w 

and patient line 30$p, 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 Pigure 3D shows trays 39A, 39B individually formed for fating together, 

according to a.ternate embodiments, mating trays of frame 39 may be parts of a 

contilous sheet of plastic folded over on itself.  

Accodig to the illustrated embodiment, an end 404A, of eunt line 304, and 

30 an end 403, of bwy-pass line 303 extend from third side 393 of frame 39 to couple with 

divergence valve 35BG0 and an upstrearn section of eluant tubing line 3.02. Figure 3C 

3urther illusirtes an opposite end 404B3 of huant line tending from first side 391 or 

frame 39, aongie a similarly extending end 405 of eluate line 30$. and ends 406 and
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407 of patient line 305 p and waste line 305w, respectively, extending from second side 

392 of frame 39. Although ends 406, 407 are shown extending upward frm tray 39a, 

Us the would within shielding assembly 200, it should be appreciated that the ub 

Lines of circuit 300 are preferably flexible and would drop down under their own 

5 weight rather than extending upward, as shown, if not supported. Rferring back to 

Figure 11), in conjunction with Figure 3C, it can be seen that the aforementioned 

fitings are provided for coupling subassembly 390 into ciit 300: first biting 31 

couples the section of euant line 302 to filter 37; second ltting 312 couples elnunt line 

304 to an inkm port of generator 21; third filing 31.3, which may incoporate a check 

10 valve, couples eltate line 305 to an outlet port of generator 21; fourth fitting 314 

coupes waste line 305w to waste bottle 23; and fifth fitting 31 5 couples paer line 

305p to an extension thereof, which extends outside shell 13 (designated by th dotted 

line), Each of the fitrings 311, 312, 313, 314. 315 may be of the Luertype may be a 

type suitable for- relatively high pressure applications, or may be any other sutabie 

15 type that is known to those skilled in the an.  

As previousy mentioned, when generator 21 is replaced, it is typical 

des liable to also replace those portions of circuit 300 which arc shielded behind lid 

2-3 and doors 2271 225, and, in those instances wherein system 10 is moved to a new 

sitch day: thse portions may be replaced daily, Thus, according to the illustrated 

20 embodiment, these portions are conveniently held together by frame. 9, as 

subassenbly 390, in order to facilitate relatively speedy removal: ad rlahcemnen 

wle assurng a proper assembly o ientation, via registration with features foed in 

siwalR 20$ (Fige 3A) for example: registration of divergence valve 35WP with 

va.lve actuator reecpae 253.. registration of tubing line ends 403 and 404A with 

25 passageways 251b and.25 g, respectively, registration of tubing line ends 404B and 

405 with passageways 215i and 21 o5, respectively, and registration of tubing line COds 

406 and 47 with passageway 207.  

Wih further reference to Figure 3R, other portions of tubing circuit 300 are 

shown, Figvure 3 illustrates eluant tubing line 301 extending from reservoir 15, 

30 outside of shell 3 (Figure 1A), to syringe pump 33, vhich is mounted to an actuating 

platform 4333.Acording to the illustrated embodiment, phfon 433 is actuated by 

another servomotor (not shown)of system 10, which i S controlled by the comroller 

and computer 17 of system 10, to cause a plunger of pump 33 to move, per arrow L so
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as to draw in dant, from reservoir 15, through tubiing line 301, and then to cause th 

plunger to move in the opposite direction so as to pump the eluat, through tubing line 

302, to either generator 21 or to by-pass line 303. Although the ilutatd 

embodiment includes syringe pump 33, other suitable pumps, known to those, skilled 

5 in the art, may he substituted for pump 33, in order to Craw eluant fromt reservoir 5 

and to pump tho cluant throughout circuit 300 Although not shown; it should be 

appreciated that divergence valve 35BG is fitted into another valve actating 

receptacle noted within shell 13 and coupled to yet another servorotor (not shown) 

of system 10.  

SFigure 3B3 farther illustrates a filter holder 317 that is mounted alongside an 

inror surface of shell l3to hold titter 37 (Figure ifD) of tubing line 302. FiHer 

holder 31 7 like frame 39 for subassembly 390, may be fomed from a thermoformed 

plastic sheet; holder 3 17 may have a clam -shell structure to enclose litter 37 in an 

interrspace, yet allow tubing line 302, on either side of filter 37, to extend out from 

15 dhe interior space. in between opposing sides of the clnamshell structure. Holder 317 is 

shown including an appendage 307 for hanging holder 317 from a structure (not 

howniside shell13 

TWu ignow to Figures 4-9C details concming comnputor facltated oration 

of systemt 10 will be described, according to some embodiments ot the presn~t 

2Q0 invention. As previously mentioned, and with reference back to Figure IA. computer 

17 of system 10 includes monitor 172, which, prelerably, not ordy displays indications 

of system operation to inform a user of system 10, but i~s also configured as a touch 

screen to receive input &om the user, it should be understood that computer 7 is 

coupled :to the contriler of systemf 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 fatomato embodiments, computer 17 is coupled to the controller via a flexible 

lad thIt allows computer 17 to be positioned 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 

t 1enfmtry, to the controller of st , tbr even greater flexibility in positioning 

computer 1 7 so that the operation of' system i10 may be monitored and controlled 

remotey; a hom radioactive radiation



According to some preferred embodiments, computer 17 is pre-programmred to 

guidthe user via monitor 172. through pacedures necessary toxmaintain system 1t, 

to perornm quality control tests on system 10, and to operate system 10 for patient 

infusions, as well as to interact with the user, via the touch-screen capability of 

5 monitor 172, according to preferred embodiments, in order to track volumes of chant 

and aMte contained within system 10, to track a time from competion of each elution 

performed by system 10, to calculate one or more system parmeters fr the quality 

control tests, and to perform various data operations. Conuter 17 may ao be pe

programmed to interact with the controller of system 10 in order to keep a inning 

10 tany or count of elutions per unit tume, for a given generator employed by the system, 

and may further categorize each of the counted elutions, for example, as being 

generated either as a sample, for quality control testing, or as a dose, for adent 

injection, The elation cont and categorization, along with measurements made on 

each sample or dose, for example, activity level, volume, flow rat, etc, ny be 

r'aimtaine in aored record on computer 17. All or a portion of1 this stored 

tionration can bc compiled in a report, to be printed localvy and/or to be 

electonicay transferred to a remote location, for example via an imernet connection 

to technica support personnel, suppliers, service providers, etc., as prreviously 

described. Computer 17 may further interact with the user and/or a reader of eacoded 

0 infrmaton, or ample, a bar code reader or a radiofrequency dentificat ion (RFID) 

tag reader, zo store* and organize product information collected from a rod act 

labels/tags, thereby facilitating inventory control, and/or confirming, that the roper 

conmonm, for example, of the tubing circuit, anid/or accessories, and/or solutions are 

beinused 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 aforemenioned procedures, without 

limiting the scope of the invention to any particular computer interface frmat, 

Computer 17 may also include a pre-programmed user manual, which may be viewed 

31 on monitor 172, either independent of system operation or in conjunction with system 

operation, for example, via pop-up help screens. Although the English languagee 

employed in the screen shots of Figures 4-9C, it should be understood that, according
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to some enbdmet omue 17';e pmgranaedo rovide gudahc in 

mtipl languagea.  

Figure 4 is a screen shot of a main rnen 470,) which is presemed by computer 

17 on monitor 172, according to some embodiments. Main menu 47 i 

listing of each compuer-facilitated operation that may be selected by t uwr, one 

the user has logged on, According to some muliiingual embodiments, computer 7 

presents a list of languages from which the user may select, priorto presenti main 

rmnmu 470.  

Figure 5A is a schematic showing a series of screen shots which includes a log 

10 i screen 570. According to some embodiments, when the user touch-selects the data 

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

below, a virtual keyboard is displayed for vouch-select data entry to the selected data 

entry id; alternately, computer 17 may be augmented with another type of device for 

user data entry, examples of which include, without limitation, a peripheral keyboard 

15 device, a storage medium (ie. disk) reader, a scanner, a ar code reader (or other 

reader of encoded infnnation), a hand cool (i.e mouse joy stick, etc-), 

Although not shown, according to some embodnments screen 570 may :further incue 

another data entry fidin which the user is required to enter a license key related to 

the generator employed by system 10 in order to enable operation of system 10; the 

20 key may be time sensitive, related to generator contract terms. Of course any number 

of iog in. requirements maybc employed, according to various embodimeats, an my 

be presented n multiple sequpmialy appearing screens rather than on a single log in 

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

25 screen 570, computer 17 presents a request for the user to con firm the volume of 

clum tat is within reservoir 15 (e.g, saline xn saline bag), via a scren 571, and then 

brings up main menu 470. If the user determines that the volume of chumt/saiine is 

insufficient the user selects a metn item 573, to replace the saline bag, if system 10 

includes an encoded information reader, such as a bar code or RI) tag reader, 

30 confirmation that the selected reservoir is proper, i., contains the proper saline 

solution. raay be carried out by computer 17, prlir to connecting the reservoir into 

circuit 300, by processing information read from a labet/tag attached to the reservoir, 

Alternatively, or in addition, tubing line 301 of circuit 300 may be provided with a
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with the proper type of reservoir 15, According to some 

embodiments, system 10 may further include an osmohuinty or charge detector. which 

is located just downstream of reservoir 15 and is linked to computer 17, so that an 

error tessage may be presemed on monitor 172 stating that the wrong osmolarity or 

charge is detected in the cluantspplied by reservoir, in icat"in 

One example of a charge detector that may be employed by system 10 is the SciConT 

Con ductivity Sensor (availabefrom Scihog, inc, of Middletom, WI) 

Once the reservoir/saline bag is successfully replaced, computer 17 prompts the 

user to enter a quantity of saline contained by the new saline bag, via a screen 574.  

Alternately, if system 10 includes the aforementioned reader, and the saline bag 

includes a tag by which volume information is provided,,e reader may automatically 

transfer the quantity information to computer 17, Thus, computer 1 7 uses either the 

confirmed eluant/saline volume, Via screen 571, or the newly entered eiuant/saine 

volume as a baseline from which to track depletion of reservoir volume, via actlvatlons 

.1. of pump 33, inthe operation of system 10, With reference to Figure 5R during the 

operation ot system 10, when computer 17 detects that the ehuant reservoir/saiine bagi 

has been depleted to a predetermined volume thresbh, computer 17 wams the user, 

via a scr 577. If the user has disregarded screen 577 and continues to deplete the 

saline hag, compruer 17 detects when the saline bag is empty and provde indicatio 

20 of the same to the user. via a screen $78. To replenish the resevorsainebag, the 

user may either refill the reservoir/bag or replace the emrty elservoidbag wi 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 ss coupled 

25 to the ehiant reservoir in order to detect when the level of saline drops below a certain 

levet 

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 Figare 5C, an item 583 is provided in main menu 470, to be 

30 selected by the user when the utseremptieswaste bottle 23. When the user selects item 

583, computer 17 presents a screen 84, 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 upsysten 10 fr operation, each
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dy, will either empty waste bottle 23, or confirm that waste bottZe 23 vas emptied at 

the end of operation the previous day, and utilize screen 584 to set the waste bottle 

level indicator to zero, Thus, computer 17, canrck the fHig of waste bottle 23 va 

monitoring of the operation of pump 33 and divceee valve 35WP, and provide an 

indication to the user when waste bottle 23 needs to be emptied, for exannmp, via.  

presentation of screen 584, in order to warn the user that, unless empntied,. the waste 

botde will overflow. According to some embodiments, system 10 automatically 

precludes any father operation of the system until the waste bottle is emptied, 

According to some alterative embodiments, a fluid level sensor mav be coled to 

t) waste bottle, for example, as mentioned above in conjunction with Figure 1D, n order 

to automatically detect when waste bottle is filled to a predetermined level and to 

provide, via computer 17, an indication to the user that waste bottle 23 needs to be 

emptied and/or to automatically preclude operation of system 10 until the waste bottle 

Ascmpte i 

in addition to the above maintenance steps related to chant and: ehate vounmes 

of system 10, thc user fsysm will typically perform quality control tcst each 

day, prior to aw patient infusions, With rernce to Figure 6, according to referred 

methods, pnior to performing the quality control tesis (outlined inconjunction with 

Figures 7A- an 8A-Bh the user may select an item 675 frm main menu 470, in 

20 order to dirct system i10 to wash the column of generator 21. During the generator 

cohan 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 he wash is in progress.  

Also, during the generator column wash, the stn may provide a signal to indicate 

25 that eluate it being diverted to waste bottle 23, for example, light projector 100 (Figure 

1C):May rntanashing light signalas previously described, 

Figure 6 further illustrates a screen 677, which is presented by computer 17 

upon compltion o' the column wash, and which provides an indication of a time lapse 

since the completion of the wash, in terms of a time coundown, until a subsequent.  

30 elution process may be effectAvely carried out, While screen 677 is displayed, system 

10 may be refillin, from reservoir 15, pump 33, which has a capacity of 

approximately miiliters, according to some enbodinents. According to some 

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



elution process is completed and infom th .e ofte ie lapse, eltef n emo 

the time countdown (screen 6774. or in terms of a time frcm completion of the elation, 

for example, as will be described in conjunction wit Fiure 7R. A coordng to an 

exempary ndent, wherein generator 21 is the Cardio~n-82' *hat y aids 

5 saline solution of Rubidiun-82, produced by the decay of Somium82 a th 

elutin, a tierqired between two effective elution processes is appoxrcmately jf 

nutes.  
Once the appropriate amount of time has lapsed, after the elution process oi 

generator column wash, a first quality control test may be performed. Wit reference 

1 to Figure 7A, the may select, from main menu 470, an ten 773A. which directs 

computer 1 to, begin a sequence for breakthrough testing. According to some 

embodiments, in conjunction with the selection of item 773A, the user ataches 

neredie to an ead of patient ine 305p and insets the needle into to a tes vial, for the 

coletion, of an citate sample therefrm and, accordingto*Figure 7A, comnpuer 17 

$5 presents a screen 774, which instrcts the user to inserrt the.est vial into a. vial shield 

which may be held in recess 10 I of shell 13 (Figure 1C) 

Figu 7fher ilusrates a subsequent screen 7 bywhich computer 17 

receives inputfrom the user, for system 10 to start the breakthrough ehnion, followed 

by a screen 776, which provides both an indication that the elntion is in progress and 

20 an option for the user to abort the eution. As previously described, the system ay 

provd aigato indicate that elation is in progress, for example, eight projector 100 

(Figure iC) miay project a flashing light signal during that portion of the el ation 

process when eluate is diverted from generator 21 through waste line 305w and into 

waste bottle 23, and thent a steady light signal during that portion of the elation process 

.25 when the cluate is diverted from generator 21 through patient line 305p and into the 

test vial, torcexample, once activity detector 25 detects a dose rate of approximately 

10 mCi/sec in the ciaate 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'radioactiviy is detected in the ehmae.  

30 Upon completion of the elution process for breakthrough testing, computer 17 

presents a screen 777, shown Figure 71, which, like screen 677, provides an 

indication f a time lapse since the completion of the elation, but now in terms of a 

time since complete f breakthrough elution process. When the user transfer
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tel contnngthesample of euste rnidadose alibrato to masur the dany ivi 

of the saplee use rmay mae a note of thetimelpse indicted onscen 

ith further rerence to are ne the ner has een. the aciviy inasure 

frothe dose elibrarry the user proceed to a screen 778 Mich in des data nry 

fedds foir th activity measure and the e between t at which dose calibrator 

measuedte acnity ofthe sample and that which the eluwionwas compiled The 

usermay enterthe datava the toh-steen iterfa monior 172. or via am of ue 

otheaforementioned deicesfor user data entry Acctwdingitesomnemate 

embodiments, computer 1naiy receive thedata, elertmai fomhe dlose 

10 calibrator either viawieless couinaication r a cable eonnction 

Aefter th dta is entered by the usercomputer 1 p e 'oreen 779frm 

whice thesernoves back to main menu 470 pefonn a system cibrdon, for 

exangelas~twi Ihe doso\nbed in conjmtion with Figures Al althoughh the 

btecakthnigh testig is ao completed. With reference bac to Figne 7A, au tern 

-15 773B is shown somewhat Efadd, In ain men470; item7E3 -mn3y onbe 

cteff vdy deler\folowing the compltion ofsteps fritem73,so as tporm 

a second .stae of breakthoughtestighe secondstagethebrtkrough of d 

sampleof elate colectedn hetest vial for t reaktrough testhgs neasuat a 

time of approximately 60 minutes from the com pletion of the eiution that produced the 

20 sample, With reference to Figure 7C, afer the user has selected item 773B from main 

menu 47. in order to direct computer 17 to provide breakthrough test results, a screen 

781 is di.payed. Screen 781 includes, for reference, the values previously enered by 

the user in screen 778, along with another pair 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, respecedvely . A fter the user enters this reminn 

information, as described above, computer 17 may calculate andthen display, on a 

screen 782, the breakthrough test results. According to the illustrated. em'oodiment, 

computer 17 also displays on screen 782 pre-programmed allowable limits for the 

results, so ta the user may verify that the breakthrough test results are in compliance 
30~O wit Ae~tb a patint infusion, 0 with acce telimits, before moving on to a pain ifso. Acodn to sonme 

embodiments, system 10 will not allow an infsion if the resIuts exceed the acceptable 

limits, and may present a screen explaining that the results are outside the acceptable
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iitst the screen may father direct the userto coniacheeerar pper f 

example to order a eplacementgeneratorn 

With reference to Figure 8A, during the aforementioned 60 minac tWne Period 

while waiting to comlte the ugh testing, the user maypro c 

: by selecting item 873 fRim main menu 470. Upon selection of item 873, computer 17 

presents a screen 874, which instructs the user to insert a new test val into an ehuton 

via! shield. In addition to pIacing the vial in the shield, the user, preferably. Teplaces 

patent line 305p. with a new patient line, and then attaches a needle to theenod ofthe 

neW patient line for insertion into the rest vial, in order to coee an eiacte ampe 

10 threfrom.Afterperforming these steps, the user 'may move to screen 7 wherein a 

plurality of data entry FIds are presented; all or son of he fids nmy be 'fiBed in 

with pre-programmed defan parameters, which the user as an option to change, if 

necessary. Once the user confirms entry of desired parameters for the caiibration, the 

user may cter a conmnd, via interaction with a subsequentscreen 876; to star the 

cafl it aon elation.  

WitreerencetoFigure8$,atercputer iteetiotji ocessa 

screen 87 infoms the user that te calibraton de0- ionna gogress and prides. %r 

optioa to abowte elution As previously described the system nay piwde an 

indication thnat ehtion i's i progre-ss, fr m le hrt jector 10t) (F m'. Cma 

a rojct aah'shing eight siga du rng ha porion o f the eIation process when eate it 

dive rtedj'toi genetator 21 through waste line 5305 andt itoaste *ot and lhen 

a teady lihtsignal daringthat portion of the lutionprioess acivt cteetor 

25 has detected that a prescribed dose rate threshold is reachedor example, 14 

ini/sec, and the elate is being diveted from generator 21. through the new pient 

25 line, and into the test viaL Another type oflight signal, for xamplethe neragidly 

flashing light, as previously described may be projected when a peak bols of 

radioactivity is detected in the cluate. Upon completion of the eluion'essi'r 

canibration com'puter 1 presents a screen 878, which prevides an indicationd01a tre 

hanse sine" the completion of the Clittion; in terms ofa s Aatimesine npletion, of the 

30 calibnation. Qlp-tmon prrc 's. WnN1m the. user transfhrs' dlto va ~tiio ~~~leo 

elae into the dose. alibrator. to measure the aotivity of the sample, theur mo a 

make anoteof theimelapse indicated on screen87 With tther 

igare8$ oncethe user has received the activity measure fro the caia he



Userproceeds to a scree R79,whc includes dat-a tyti' or h ci esr 

and the time, with respect to he completion eutiondt hicthe doi cai-bz 

measr4. ethtactivity of the sample. Once the data i wnput by the user as described 

above, computer calculates a calbration coefwiecnter aticundpreA ntro on 

5 ascreeni380 According to Figuren B, screen 880 Pfrt"providesan idicano ota 

desirable range fy the calibrationi ratandg resentaaoptin tbr the sro, ttet the 

calcuatfedratio indwich ease, the user may iastruct computer torecdulahe 

As previously mentioned, some alternate cmb odimnents of the present invention 

10| include an on board dose calibrator so that the entire sequence of sampI collection 

and calculation step, which are described above, in conjuncton with Figures 6-8B, tor 

the quality control procedures, may be automated. This automated alternative 

preferably includes screen shots, similar to some of those described above, which 

provide a use of the system with information at various stages over the courSe of the 

15 automated procedure and that provide the user withopportuntes to modify override 

and/or abort one or more steps in the procedure. Regardless ofteebdmn (i.e, 

whether system 10 employs ai on board dose calibrator or not, compmer 17 may 

trirther collect all quality control test parameters and results into a stored record and/or 

compile a report including all or some of the parameters and resuitwfor. kcal print out 

20 and/Ar cetrom transfer to a remote locanon.  

With referenc to Figure 9A, upon completion of the above-described quality 

control tests, the usermay Select an item 971, from main menu 470, in order to direct 

system 10 to begin procedure for the generation and automatic infusion or a 

raiopharmiaceutical into a patient, As previously described, system 10 infuses the 

25 patient with the radiopharmaceuicai so that nuclear diagnostic imaging equipment, for 

example, a PMET 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 7,in' con junction with the 

pertinent system parameters associated with thed patie's ifusion AtRer the user 

ener th atient identification mumber, computer 17 directs, per a scen93,teue 

to. attach a new patient line and to purge the patient line of air, A subsnequent screen
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974 presented by c 17 includes ata entry teids which te user my 

establish parameters for the automatic infusion; all or somec of the fields fled 

in with pro-programmed default parameters, which the user has an option to change, if 

necessary: 

5 With reference to Figure 9B, if pump 33 does not comain enough ehuant/saline 

for the patient infusion, computer 17 will present a waning, via a screen 901; which 

includes an option for the user to direct the refilling of nmn 33, via a subsequent 

screen 902, Once pump 33 has been filled, computer 7 presents an indication to the 

user, via a screen 903. According to some mcbodments, if the user does notre-fi 

10 pump 33, yet attempts to proceed with an infusion, sste i Xl will preclude the 

infusion and present another screen, that communicates to the user that no infusion is 

possible, if the pump is not refilled, and asking the user to refill the pump, as in screen 

901. When pump 33 contains a sufficient volume of hluant for the patient infusion.  

computer 17 presents a screen 975, which is shoW in Figure 9(C, and alows the user 

15 to ente a command for system 10 to start the patient infusion. Durig the infusion, 

computer 17 provides the user with an indication that the infusion is in proess ad 

with a opton fr the user to a the the infusion, via a screen 976. As previously 

described, the system may provide an indication that an elution is i nrogress for 

example, jgight projector 10(0 (Figure IC) may project a flashing light signal during that 

20 portion of the elation process when eluate is divered ftom generator 21 through waste 

line 305w and into waste bottle 23, and then a steady sig al dwing that portion of 

the elution process when activity detector 25 has deecte that prescibed dose rate 

treshold is reached, for example, L 0 mC/see, and the e uate is being diverted from 

generator 21, through the new patient line for infusion into the patient. Another type 

25 of light signal, for example, the more rapidly flashing .g, previously described, may 

be projected when a peak bohas of radioactivity is detected in the eluate. At the 

completion of the infusion. a seen 977 is displayed by computer 17 to infonn the 

user of the conpletion of the infusion and a time since the completion. Computer 17 

also displays a summary of the infusion, per screen 97$..  

30 With further references to igure 9 ,, screen 76 showsan exemplary nacit 

profile acti itC/sec. on Paxis, versus time - ee, oun ai forthe 

itween vertical lines Those skilled in the 

art will appreciate that the shape of this profile depends upon the infusion flow rate.
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for a given volume of the dose, which flow rate is controlled, for examnpie, b the 

speed at which pump . drives flow trough the patient line, and upon the amount of 

Strontium-~82 remaining in the generator. In the absence ofilow rate control, activity 

profiles may change over the life of the generator. Furthrnore, the peak bous of 

radioactivity; particularly for injected doses from a relatively new generator, may 

exceed a saturation level of the imaging equipment i e P scanner According to 

some preferred methods of the present invention, in order to martin relatively 

consistent, and desirableefective, activity profiles for patiem injections, over the li f 

of the generator, the operating speed of pump 33 may be varied (both over the course 

29 of a single inection and from injection to injection), according to feedback o 1om 

activity detector 25, Such a method may be implemented via incorporaton of another 

quai ty control test in which pump 33 is operated to drive flow through the generator at 

a constat -ate, in order to collect into computer, a phvrality ofactivity measurements 

from activity detetor t the plurality of mIeasureme'nts comprise a characteristic, or 

i5* baseline activity profile from which the computer 7 maycaculate an appropriate 

flow rate profleto control a speed of pump 33, in order to achieve the 

desirabe/ctf active activity profile, In general, at the start of gaerator life, when 

Strontium -82 is plentifuL the pump is controlled to drive infusion low at relatively 

iower rates, and, then; toward the end of generator ife, hen much of the Strontium

.20 82 has been depleted., the pump is controlled to drive infusion fow at relatively higher 

rates. As was described above, in conjution with Figure 1 D, if a desired 

infusionlijetion flow rate is relatively high, that is, high enough to create too much 

back presree ia flow trough the column of generator 21, by-pass line 303 rmay he 

employed by a ndjsting divergence valve 35wG to divert a fow of cuant therethrough 

afler a surcnt volume has been pumped through generator at a lower flow rate.  

According to this method, once a dose of eItate, from generator 21, has flowed into 

patient line 305p divergence valve 35BG is set to divert the f of euant through by

pass line 33' and then pump speed is increased to pump chant 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 qualification of fow, for example, in coronary perfusion 

.mks alternativeniq 
studies, Alternative infusion circuit conigutions, according as a 
methods, to achieve consistency of activity profiles among injected doses, as well as a
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more uniform level of radioactivity across each individual dose, will be described 

beiow, in conjunction with Figures 12A-C, 

Printer I17 (Figure 1B) may be activated to print out a hard copy of rhe 

infusion summary, on which the patient identification number and pertinent ision 

.5 and system parameters are also printed) for reference. Alematively, or in addition 

according to some embodiments, the summary may be downloaded onto a computer 

readable storage device to be electronically transferred to one or more remote 

computers andlor the summary may be automatically transferred to the one or more 

remote computers, via wIreiss commumication or a cable connection, for example, 

10 over an intranet network and/or the intemet. In order to protect private patent 

information, the files may be encrypted for transmission over the intemet The one or 

more remote computers may be included, for example, in a hospital information 

system, and/or a bling system, and/or in a medical imaging syste, fusion 

parameters. for example, corresponding to the ctivityprofiQe may also be collected 

iS and electronically transferred for analysis in conjunction with captured images, for 

example, in order to quantify coronary flow, via a software package that is loaded into 

a system that includes the PET scamier.  

With refrence back to Figure 9A the user may select an item 99,rom main 

menu 470 in order have syst 10 perforn data operation such as, archivalg a data 

20 bae of patient infusion information and quality control test results, tranmitingt 

p'atieninusion summa!y records to USB mass storage devicesand various types or 

daa uterng, tor example, according to date ranges and/or patientt identifcation 

numbers. for example, to search for a particular se of data and/or to compile a 

summary report of related sets of data, Additionally, certain information, which is 

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 tecimical support personnel, tmaitenance/service 

providers a/or suppliers of infusion circuit elements/components, thereby faeiitating 

more efficient system operation and maintenance.  

30 Turning now to Figure 10, an item 981 for computer-acilitated 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 aair purge or a saline purge.  

The direction provided by computer 17 is not explicitly laid out herein, for a saline
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purges procedures tu alne purging should be readily appletooseskild in 

the artwith referene o the schematic of infusion circuit 30 shown in Figur: d. A 

sane purge of circuit 300 is desired to assure tat ali the air is removed from circuit 

300 when a new generator and/r anew complete or paral bing setisistalled. An 

Wxi ptrge of the tubing cin of irct300 -may bepertfrledafer .lmoVng rr oi0..  

1$, by-passing generator 21. by connecting tubinglne 304 to tubing 3305, and 

coupling patient line 305po a vial, example. as is direcid bythe computer 

terfae. in screens93 and984shoninFire1. Theairpurge ts desiabef 

owing outheuinglines, thereby removing ad remaining eunt and ehitpriorto 

instaing new generator audiopria10 transponing .ystem u"nei 

f geoeitor 2Iis not depletand *A be used i sysotn W ante new i it 
J'\pc - 't a tv of 

ismporwtanto bwpas the generatorprior to purgin thing lins of ' i K 

with airdr mthm'r is not blown acrostgeneratorince r through generator 21 

may omproiw both he thnukion and the aseticnatue of eerator 2 

15 According to prefrred embodiment once te user hasfllowede 

instructions presented in screens 983 and 984 and selects tostart the air purge r 

example ia sreen 985computer 7 directs the entroller ofaystemn 10 to catry out a 

conpleteair purgepin Which pmp3and divergence valves 35B30 and 35W? are 

autonaually control'dThe automateddrurge preferably includes the fovig 

20 steps, lich nay bee bt understoodwih reference o tubing circuit 300 i Figure iD, 

ptumping anyreaning tiiee dehantleft in ptp through 3ie5 3(2,304, 305 

and 305w, to wa te bou 23; refillg pump 33haitand pumping the through 

lines 3. 04 305and 30Sw into wastebottle 23 (lines 304 and 305 have been.  

previously connected directly to one anotherin order to by-pas generator 2lf 

25 generator 21 is depleted and will be placed with a new generator, pumping air 

through ge nerator 21 may be acceptable); refilling pump 33 with air ard thna pumping 

a portion of the air through lines 302, 304, 305 and 305, 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 11D and the previous description of' divergence .valves 358G,.  

30 35WP, it should be understood how divergence valves 3580,O 35WP are automatically 

controlled to carry out the above steps.  

The purge operations, which are facilitated by seWecng iem 91 from nain 

menu 470. may also be accessed via the selection of an item.991. Rr generatorsetup
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Wheuthe sersdelects itei 991,omputer 17naymnan opton for £daite in 

rnoving an AL depted, generator and a set of tubing linesip oinstai he 

ilew generator aoptinieto just be guided in te istadno ftfle nelw geastr 

Accordingto some embodimentsomputer 117 is preprogrammed to calculae an 

5 amount of activity left in a depleted generator. fbmexamrplebyetaking cdit 

imate overa ife of the geneaorn At an end of thle F ofhe gener omput 7 

may further compe itiinration, along with other partnint genefaator 

infonnation, into a report that nmay accompanydeclaration fdangemusgods for 

shipping thedepleted general out for disposal or' isome eases ack o the 

10 manufaCtatrer fbi'inestigation, An example of such a repois hown in Figue 1,1 

According tothose embodiments ofsystem I0 tat included encoded infbraon 

reader4 computer 7 -may onfin that the newgenerator is proper by pocessng 

.ifonmation that.nad Thm an encoded etag attaded thereto.  

Figures 12A-Bt are schematics of ahemativet infsio circuits 1300A, 300B 

15 that may be employed by system 10, in place of ciST 300 (Figure ID according to 

som additional embodiments of the present invention Crcuits 300A, 1300B are 

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

for circuit 300, when a relatively even, or uniform 1evel of activityover each injected 

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

20 desired feo example, in order to facilitate a quantification of Coronay artier blood 

flow via PET scanning, Figure 12C is a schematic illustrating actvt profies I 200A, 

1200B for two injected doses, wherein profile 200B has a more uniform level of 

activity than profile 120A; profile 1200B may be achieved via the operation of 

circuits I1300: 1300 as described below.  

2$ Siiar to circuit 300 (Figure lD) dashed lines are shown ac of Figres 

12A-B to indicate a general boundary of a shielding assembly for portions of each 

circuit 1300A, 13001B. The shielding assembly for each of circuits 3DOA, 1300$ 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 

imnilar manner to that descted above for circuit 300.  

Figure '2A illustrates circuit 1300A including, like the previously described 

circuit 300, cluat reservoir 15, pump 33, radioisotope generator 21, through which the
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litered ehavnt ispmnpcd creastee the radioactive lun, activity ete25, d 

waste d bote 23. Figareg I2A further ilhstrtes vo f 'It andto pssr 

tsasuers 1334 included in ciruit I 300A Circuit300A.inidesypass 

tubingtie 03 whih ialoated downstreamofdivergencevvale 35BG like n circuit 

5 300. and which accommodates the previously described eldantsaine fmsh, Howeve, 

in contrast to cuit300, cirui i0Afuther includes aerproporhionsvalve 

133negated into y-passfh ine 303 so that e00A i.00kmay f oetor 

example aoodg to preprogramda peaaites of tompater 11 in eonsunction 

with ffedhackOtinformaion franactivity detector 25,tr antroled bypass of 

10 gencmrto.2 1u order to mixneant with cluate and, hdeur eahiev a rdatdvetv 

uaibnn level activity over each patient injectionfor exampbe-accoding to pmfie 

I 20GB oCFigurc 2C t.should be n oted thatin addition to the conroikdunxinga 

flow rate or each injection may bevadied, if necessary, n rder tramaintain a 

consustem act'iviy levelt 

.15 hgutr 2B1ilustrates circuit 1301ncludinglike th p4 eviousty described 

ciruit300 eluantreseroir 15 pmp 33.adioisotope generaor2la 4vtvV tt 

ad waste bottle23as wel as two 3te37 andtopessw'e tansducers 

1331, as in circuit13900 in corntrastto circt 300 and J.0K circuit 1 brhe 

includes an eluate reservoir 1350, which is shown located downstream of generator 

20 21, in between first and second segments 305A, 30513 of the eluate tubing line, It 

should be noted that a pump is combined with reservoir 1350, for example , similar to 

syringe pum 33, such that, when a divergence valve 133510 is set to allow fluid 

communimcati between reservoir 1350 and tubing line segment 305A, the associated 

pumnpmav be operated to draw' in a volume of eluate, and, then, when divergence 

25 valve 133510 s set to allow fluid communication between reservoir 1350 and tubing 

line segment 305B, the pump may be operated to push the volume of ehiate out 

through tubing line segment 305B for a patient injection, when divergence valve 

35WP is set to direct flow into patient line 30 $p. With reference back to Figures 3A-, 

sidewall 205 of shielding assembly 200 may be enlarged to further enclose eluat 

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 receptacle for
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divergence valve '~10 similar to receputcle253shown inFiureA fb

egence valve ; MWPJ 

Collection ofdiscrete volumesof eate. reservoir 50may hep to 

Sachievea more uniform activi level ove each injection. tot exata.likethat ofa 

proie2 figure 2001 and according tof peferred methods feedbac 

activity detetor m rna be used to control thegp p associated wih reservoir in 

orderito vary miecdon ow i rand, thereby, maintain relatively cosisten aiy 

eelarossmintide injectiosand, when necessary to vary injeion flow r over 

0 an individual sectionn to maintain the unitonn adivyit leve. Feedback Inhe 

pressure tnsducer 4133, that is downstreamfr undetector 2$and/or from a flow 

meter(not shwn)of ccuit 1303 may also be used to cn , hevaryingao ieton 
flow rate, 

15 Wi t h. fixtbhrther reference to Figures I2AB, it should be notedte",lterative 

:ercuits iay te configured to elnpIOV a cOatwai:nfte methods descried for 

ccuitst 00and300B urthermorenic infusion circuits Of the present 

inventon may employ nudtiple generators 21. as mentionedabove in gun with 

Figure 2 to help maintain t relatively iuionlevel of acti ty over each rnetion 

20 and the relatively consistent level f actiity frinjection tor itjeetion 

bin e foregoing detailed descriptionthe invention has been dscribeadwith 

ref erence to spn m i t Howe it may be appreciatd that aiou 

modifications and changes can be made without departing from the sope of the 

invention as set orthiro the appended clms 

in te claims which iollw and in the preceding descrsption of te intend 

xcpt here the eotext requires otherwise due to express language or necessary 

implication4 the word "conrIse or variations such as comprises or comprising is 

30 used in an inclusive sense, i e to specify the presence of the stated iatres but anot t
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prechtidete presnae oraddihon ofultherfeatures i arious eibodimtentsofthe 

inventon; 

it is to be understood that, if any prior art pubiiation is referred to herein.  

5 such reference does not constitute an admission that the publication fannsa part of the 

common general knowledge in the art, in Australia or any other contry
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An infusion system on-board a cart comprising: 

a cabinet structure that comprises: 

5 a platform, 

an exterior shell that extends upwardly above the platform and has a front side; a 

rear side; two sidewalls connecting the front side to the rear side; and a top surface; wherein the 

platform and the exterior shell collectively define an interior space of the cabinet structure and 

wherein the interior space of the cabinet structure is configured to receive a strontium-rubidium 

10 radioisotope generator having an inlet tubing port configured to receive saline and an outlet 

tubing port configured to discharge a rubidium radioactive eluate, 

an opening through the exterior shell configured to provide access to the 

strontium-rubidium radioisotope generator within the interior space of the cabinet structure, and 

an opening through the top surface of the exterior shell configured to provide 

15 access for inserting a waste bottle into or removing the waste bottle from the interior space of 

the cabinet structure; 

a computer with a touch screen display configured to receive an input from a user for 

controlling operation of the infusion system, wherein the touch screen display is mounted on a 

vertical post having a top end extending above the cabinet structure; 

20 a first shielding compartment in the interior space of the cabinet structure having a first 

opening facing vertically upwardly through which the strontium-rubidium radioisotope 

generator can be inserted into and removed from the first shielding compartment; 

a first door accessible via the opening through the exterior shell, the first door being 

configured to provide access to the first shielding compartment and to close over the first 

25 opening; 

a second shielding compartment having a second opening facing vertically upwardly 

through which the waste bottle can be inserted into and removed from the second shielding 

compartment; 

a second door accessible via the opening through the top surface of the exterior shell, the 

30 second door being configured to provide access to the second shielding compartment and to 

close over the second opening; 
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wherein the first opening is located at a lower elevation than the second opening; 

a radioactivity detector positioned to measure radioactivity of the rubidium radioactive 

eluate flowing through an eluate tubing line in fluid communication with the outlet tubing port 

of the strontium-rubidium radioisotope generator; 

5 a shielded well on-board the cart configured to receive an eluate reservoir, wherein the 

eluate reservoir is configured to receive a test sample; and 

wherein the computer of the infusion system is configured to: 

provide a stop button on the touch screen display to abort a function of the 

infusion system in response to a user input activating the stop button, 

10 pump saline from a saline reservoir positioned outside of the interior space of the 

cabinet structure into the strontium-rubidium radioisotope generator through the inlet 

tubing port of the strontium-rubidium radioisotope generator thereby generating the 

rubidium radioactive eluate that is discharged through the outlet tubing port, 

fill the eluate reservoir in the shielded well on-board the cart with the test sample 

15 of the rubidium radioactive eluate, 

determine a strontium breakthrough test result on the test sample filled into the 

eluate reservoir in the shielded well on-board the cart while the eluate reservoir remains 

in the shielded well on-board the cart, and 

not allow a patient infusion if the strontium breakthrough test result is greater 

20 than or equal to an allowed limit.  

2. The infusion system of claim 1, further comprising: 

the strontium-rubidium radioisotope generator in the first shielding compartment in the 

interior space of the cabinet structure, and 

25 the eluate reservoir located in the shielded well on-board the cart and in fluid 

communication with the eluate tubing line.  

3. The infusion system of claim 1, wherein the first shielding compartment comprises two 

tubing passageways formed in a perimeter surface of the first opening, and each of the two 

9531176_1 (GHMatters) P85620.AU.2



37 

tubing passageways has a depth configured to prevent pinching or crushing of a corresponding 

tubing line routed therethrough when the first door is closed thereover.  

4. The infusion system of claim 1, wherein the opening through the exterior shell 

5 configured to provide access to the strontium-rubidium radioisotope generator within the 

interior space of the cabinet structure is through the front side of the exterior shell.  

5. The infusion system of claim 1, further comprising: 

a handle configured for the user to grasp in order to move the infusion system, and 

10 four wheels mounted to an underside of the platform of the cabinet structure.  

6. The infusion system of claim 1, wherein access to an operation of the computer is 

regulated through a user login credential.  

15 7. The infusion system of claim 1, wherein the infusion system is configured to determine 

the strontium breakthrough test result on the test sample at least once a day.  

8. The infusion system of claim 1, wherein the function of the infusion system aborted in 

response to the user input activating the stop button is a patient infusion procedure.  

20 

9. The infusion system of claim 1, further comprising a waste tubing line and a valve, 

wherein the waste tubing line is in fluid communication with the eluate tubing line and the 

waste bottle, and the valve is configured to control fluid flow between the eluate tubing line and 

the waste bottle via the waste tubing line.  

25 

10. The infusion system of claim 1, further comprising a hanger configured to hold the 

saline reservoir at an elevation above the top surface of the exterior shell.  

11. The infusion system of claim 1, wherein 

30 the cabinet structure has a lowermost portion and the platform has a lower surface, 
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the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

5 the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

12. The infusion system of claim 2, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

10 the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

15 respect to the lower surface of the platform.  

13. The infusion system of claim 1, further comprising a dose calibrator in the shielded well 

on-board the cart and in communication with the computer to determine the strontium 

breakthrough test result.  

20 

14. The infusion system of claim 1, wherein the computer of the infusion system is further 

configured to track a volume of the saline remaining in the saline reservoir and to alert the user 

via the touch screen display when the volume of the saline remaining in the saline reservoir is 

below a predetermined volume threshold.  

25 

15. The infusion system of claim 1, wherein the strontium breakthrough test result is for at 

least one of strontium-82 and strontium-85.  

16. The infusion system of claim 1, wherein the computer of the infusion system is further 

30 configured to track a volume of the rubidium radioactive eluate discharged from the strontium
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rubidium radioisotope generator to the waste bottle and to control the touch screen display to 

display a user screen guiding the user to empty the waste bottle.  

17. The infusion system of claim 1, wherein the first door is mounted via a hinge and 

5 configured to open in an upward direction.  

18. The infusion system of claim 1, further comprising: 

a USB port to transfer data and a power inlet port for connecting the infusion system to a 

power source, and 

10 a printer configured to print a document concerning a patient infusion or a quality 

control test result generated by the infusion system.  

19. The infusion system of claim 1, further comprising a light projector mounted on the top 

end of the vertical post extending above the cabinet structure, wherein the light projector is 

15 configured to: 

project a first light signal to indicate that an elution is taking place, and 

project a second light signal to indicate that a peak bolus of radioactivity is detected.  

20. The infusion system of claim 1, wherein the exterior shell further includes a saline 

20 tubing opening configured for a saline tubing line to pass from the saline reservoir outside of the 

exterior shell to the interior space of the cabinet structure.  

21. The infusion system of claim 1, wherein the computer of the infusion system is further 

configured to pump saline through the strontium-rubidium radioisotope generator at a rate less 

25 than approximately 70 ml/min.  

22. The infusion system of claim 1, further comprising an electrical connector port 

accessible through an electrical connector port opening on the exterior shell and configured to 

place the infusion system in communication with at least one of an intranet network, an internet 

30 network, and a device used for a nuclear imaging procedure.  
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23. The infusion system of claim 1, further comprising: 

a front cover that is movable relative to the exterior shell to close the opening through 

the exterior shell configured to provide access to the strontium-rubidium radioisotope generator, 

and 

5 a top cover that is movable relative to the exterior shell to close the opening through the 

top surface of the exterior shell.  

24. The infusion system of claim 1, further comprising: 

a hanger configured to hold the saline reservoir at an elevation above the top surface of 

10 the exterior shell, 

a handle configured for the user to grasp in order to move the infusion system, 

four wheels mounted to an underside of the platform, 

a power inlet port for connecting the infusion system to a power source, and 

a printer configured to print a document concerning a patient infusion or a quality 

15 control test result generated by the infusion system; 

wherein: 

the first shielding compartment comprises two tubing passageways formed in a 

perimeter surface of the first opening, 

each of the two tubing passageways has a depth configured to prevent pinching 

20 or crushing of a corresponding tubing line routed therethrough when the first door is closed 

thereover, 

the first door is mounted via a hinge, 

access to an operation of the computer is regulated through a user login 

credential, 

25 the strontium breakthrough test result is for at least one of strontium-82 and 

strontium-85, and 

the exterior shell further includes a saline tubing opening configured for a saline 

tubing line to pass from the saline reservoir outside of the exterior shell to the interior space of 

the cabinet structure; and 

30 wherein the computer of the infusion system is further configured to: 
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determine the strontium breakthrough test result on the test sample at least once a 

day, 

pump saline through the strontium-rubidium radioisotope generator at a rate less 

than approximately 70 ml/min, 

5 track a volume of the rubidium radioactive eluate discharged from the strontium

rubidium radioisotope generator to the waste bottle and to control the touch screen display to 

display a user screen guiding the user to empty the waste bottle, and 

track a volume of the saline remaining in the saline reservoir and to alert the user 

via the touch screen display when the volume of the saline remaining in the saline reservoir is 

10 below a predetermined volume threshold.  

25. The infusion system of claim 24, wherein the infusion system further comprises: 

the strontium-rubidium radioisotope generator with the inlet tubing port configured to 

receive saline and the outlet tubing port configured to discharge the rubidium radioactive eluate; 

15 a light projector mounted on the top end of the vertical post extending above the cabinet 

structure, wherein the light projector is configured to: 

project a first light signal to indicate that an elution is taking place, and 

project a second light signal to indicate that a peak bolus of radioactivity is 

detected; 

20 the eluate reservoir located inside the shielded well on-board the cart and in fluid 

communication with the eluate tubing line; 

a waste tubing line in fluid communication with the eluate tubing line and the waste 

bottle; 

a valve configured to control fluid flow between the eluate tubing line and the waste 

25 bottle via the waste tubing line; and 

a pedal configured to brake at least one of the four wheels when the pedal is depressed.  

26. The infusion system of claim 25, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

30 the first opening is at a first elevation, 
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the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

5 respect to the lower surface of the platform.  

27. The infusion system of claim 24, further comprising a dose calibrator located in the 

shielded well on-board the cart and in communication with the computer, wherein the dose 

calibrator is configured to determine the strontium breakthrough test result; and 

10 wherein the opening through the exterior shell configured to provide access to the 

strontium-rubidium radioisotope generator within the interior space of the cabinet structure is 

through the front side of the exterior shell.  

28. The infusion system of claim 27, further comprising: 

15 the strontium-rubidium radioisotope generator with the inlet tubing port configured to 

receive saline and the outlet tubing port configured to discharge the rubidium radioactive eluate, 

the eluate reservoir located inside the shielded well on-board the cart and in fluid 

communication with the eluate tubing line, 

a waste tubing line in fluid communication with the eluate tubing line and the waste 

20 bottle, and 

a valve configured to control fluid flow between the eluate tubing line and the waste 

bottle via the waste tubing line.  

29. The infusion system of claim 28, wherein the computer of the infusion system is 

25 configured to: 

measure an activity of the test sample filled into the eluate reservoir in the shielded well 

on-board the cart while the eluate reservoir remains in the shielded well on-board the cart, 

wherein the activity is measured with the dose calibrator in the shielded well on-board the cart, 

and 

30 calibrate the infusion system based on the activity measured by the dose calibrator.  
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30. The infusion system of claim 29, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

the first opening is at a first elevation, 

the second opening is at a second elevation, 

5 the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

10 31. A method of using an infusion system on-board a cart to deliver a rubidium radioactive 

eluate comprising: 

installing a saline reservoir on the infusion system, wherein the infusion system 

comprises a platform and an exterior shell extending upwardly above the platform, and wherein 

the platform and the exterior shell collectively define an interior space of a cabinet structure; 

15 placing the saline reservoir in fluid communication through a saline tubing line with an 

inlet tubing port of a strontium-rubidium radioisotope generator located in a first shielding 

compartment in the interior space of the cabinet structure, wherein the strontium-rubidium 

radioisotope generator further comprises an outlet tubing port configured to discharge the 

rubidium radioactive eluate, and wherein the first shielding compartment has a first opening 

20 facing vertically upwardly; 

inserting a waste bottle into a second shielding compartment on-board the cart, wherein 

the second shielding compartment on-board the cart has a second opening facing vertically 

upwardly and being at a higher elevation than the first opening; 

placing the waste bottle in fluid communication with the outlet tubing port of the 

25 strontium-rubidium radioisotope generator through an eluate tubing line, wherein a computer 

on-board the cart is configured to control the fluid communication between the waste bottle and 

the outlet tubing port, and wherein the computer has a touch screen display mounted on a 

vertical post with a top end extending above the cabinet structure; 

inserting an eluate reservoir in a shielded well on-board the cart; 
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placing the eluate reservoir in fluid communication with the eluate tubing line, wherein 

the computer is further configured to control the fluid communication between the eluate 

reservoir and the eluate tubing line; 

pumping a sample of the rubidium radioactive eluate into the eluate reservoir in the 

5 shielded well on-board the cart; 

measuring a radioactivity of the sample of the rubidium radioactive eluate flowing 

through the eluate tubing line with a radioactivity detector on-board the cart while the sample of 

the rubidium radioactive eluate is flowing through the eluate tubing line; 

measuring a calibration radioactivity of the sample pumped into the eluate reservoir in 

10 the shielded well on-board the cart while the eluate reservoir remains in the shielded well on

board the cart; 

comparing the radioactivity of the sample of the rubidium radioactive eluate flowing 

through the eluate tubing line measured by the radioactivity detector on-board the cart while the 

sample of the rubidium radioactive eluate is flowing through the eluate tubing line with the 

15 calibration radioactivity of the sample pumped into the eluate reservoir in the shielded well on

board the cart; and 

determining a strontium breakthrough test result on the sample pumped into the eluate 

reservoir in the shielded well on-board the cart while the eluate reservoir remains in the shielded 

well on-board the cart, wherein the computer of the infusion system is further configured to not 

20 allow a patient infusion if the strontium breakthrough test result is greater than or equal to an 

allowed limit.  

32. The method of claim 31, further comprising: 

placing the eluate tubing line in fluid communication with a patient, wherein the 

25 computer is further configured to control the fluid communication between the eluate tubing 

line and the patient; 

pumping a dose of the rubidium radioactive eluate to the patient; and 

flushing the rubidium radioactive eluate remaining in at least a portion of the eluate 

tubing line into the patient by pumping saline from the saline reservoir to the eluate tubing line 
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through a by-pass line that by-passes the strontium-rubidium radioisotope generator, wherein 

the computer is further configured to control fluid communication via the by-pass line.  

33. The method of claim 31, wherein the computer of the infusion system is further 

5 configured to present on the touch screen display the strontium breakthrough test result.  

34. The method of claim 31, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

the first opening is at a first elevation, 

10 the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

15 

35. The method of claim 31, wherein the saline tubing line and the eluate tubing line are 

routed through two tubing passageways formed in a perimeter surface of the first opening, 

wherein each of the two tubing passageways has a depth configured to prevent pinching or 

crushing of a corresponding tubing line routed therethrough when a first door is closed over the 

20 first opening.  

36. The method of claim 31, wherein the infusion system further comprises a dose calibrator 

in the shielded well on-board the cart, wherein the dose calibrator is in communication with the 

computer to determine the strontium breakthrough test result.  

25 

37. The method of claim 31, wherein the computer of the infusion system is further 

configured to: 

track a volume of saline remaining in the saline reservoir, and 

provide an alert via the touch screen display when the volume of saline remaining in the 

30 saline reservoir is below a predetermined volume threshold.  
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38. The method of claim 31, wherein the computer of the infusion system is further 

configured to: 

track a volume of the rubidium radioactive eluate discharged from the strontium

rubidium radioisotope generator to the waste bottle, and 

5 present on the touch screen display a screen reminding a user to empty the waste bottle.  

39. The method of claim 32, further comprising: 

logging into the computer by entering a user login credential on the touch screen 

display, transferring a patient infusion record via a USB port, and 

10 printing a document concerning the patient infusion or a quality control test result via a 

printer.  

40. The method of claim 31, wherein the computer of the infusion system is further 

configured to: 

15 project a first light signal from a light projector mounted on the top end of the vertical 

post extending above the cabinet structure to indicate that an elution is taking place, and 

project a second light signal from the light projector to indicate that a peak bolus of 

radioactivity is detected.  

20 41. The method of claim 31, wherein the computer of the infusion system is further 

configured to pump saline through the strontium-rubidium radioisotope generator at a rate less 

than approximately 70 ml/min.  

42. The method of claim 31, further comprising: 

25 initiating a generator colunm wash through the touch screen display, wherein a 

predetermined amount of saline is pumped through the strontium-rubidium radioisotope 

generator and directed to the waste bottle during the generator colunm wash.  

43. The method of claim 32, further comprising: 
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initiating a purging process through the touch screen display to purge a patient tubing 

line of air, wherein the patient tubing line is in fluid communication with the eluate tubing line.  

44. The method of claim 31, wherein the computer of the infusion system is further 

5 configured to track time passed from completion of pumping the sample of the rubidium 

radioactive eluate into the eluate reservoir to determining the strontium breakthrough test result.  

45. The method of claim 31, further comprising: 

entering a patient ID on the touch screen display, 

10 entering a patient dose on the touch screen display, and 

entering a flow rate on the touch screen display.  

46. The method of claim 32, wherein the computer of the infusion system is further 

configured to present on the touch screen display a screen reminding a user to insert the eluate 

15 reservoir in the shielded well on-board the cart.  

47. The method of claim 32, wherein the computer of the infusion system is further 

configured to present on the touch screen display a screen for starting the patient infusion by 

touching a button on the touch screen display.  

20 

48. The method of claim 32, wherein the computer of the infusion system is further 

configured to present on the touch screen display a screen indicating that the patient infusion is 

in process, wherein the screen indicating that the patient infusion is in process displays a stop 

button to abort the patient infusion.  

25 

49. The method of claim 31, wherein the saline reservoir is located outside of the interior 

space of the cabinet structure.  

50. The method of claim 31, wherein the infusion system further comprises: 

30 a handle configured for a user to grasp in order to move the infusion system, and 
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four wheels mounted to an underside of the platform of the cabinet structure.  

51. The method of claim 32, wherein the computer of the infusion system is further 

configured to: 

5 present on the touch screen display a screen for starting the patient infusion by touching 

a button on the touch screen display; 

present on the touch screen display a screen reminding a user to insert the eluate 

reservoir in the shielded well on-board the cart; 

present on the touch screen display a screen indicating that the patient infusion is in 

10 process, wherein the screen indicating that the patient infusion is in process displays a stop 

button to abort the patient infusion; and 

present on the touch screen display the strontium breakthrough test result.  

52. The method of claim 51, further comprising: 

15 logging into the computer by entering a user login credential on the touch screen 

display, 

entering a patient ID on the touch screen display, 

entering a patient dose on the touch screen display, and 

entering a flow rate on the touch screen display.  

20 

53. The method of claim 52, wherein the computer of the infusion system is further 

configured to: 

track a volume of saline remaining in the saline reservoir, 

provide an alert via the touch screen display when the volume of saline remaining in the 

25 saline reservoir is below a predetermined volume threshold, 

and 

present on the touch screen display a screen reminding the user to empty the waste 

bottle.  

30 54. The method of claim 53, further comprising: 
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initiating a generator column wash through the touch screen display, wherein a 

predetermined amount of saline is pumped through the strontium-rubidium radioisotope 

generator and directed to the waste bottle during the generator column wash, and 

initiating a purging process through the touch screen display to purge a patient tubing 

5 line of air, wherein the patient tubing line is in fluid communication with the eluate tubing line.  

55. The method of claim 54, wherein the saline tubing line and the eluate tubing line are 

routed through two tubing passageways formed in a perimeter surface of the first opening, 

wherein each of the two tubing passageways has a depth configured to prevent pinching or 

10 crushing of a corresponding tubing line routed therethrough when a first door is closed over the 

first opening.  

56. The method of claim 55, wherein the infusion system further comprises: 

a handle configured for the user to grasp in order to move the infusion system, and 

15 four wheels mounted to an underside of the platform of the cabinet structure.  

57. The method of claim 56, wherein the computer of the infusion system is further 

configured to: 

project a first light signal from a light projector mounted on the top end of the vertical 

20 post extending above the cabinet structure to indicate that an elution is taking place, and 

project a second light signal from the light projector to indicate that a peak bolus of 

radioactivity is detected.  

58. The method of claim 57, wherein 

25 the cabinet structure has a lowermost portion and the platform has a lower surface, 

the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 
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the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

59. The method of claim 56, wherein the infusion system further comprises a dose calibrator 

5 in the shielded well on-board the cart and in communication with the computer to determine the 

strontium breakthrough test result.  

60. The method of claim 59, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

10 the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

15 respect to the lower surface of the platform.  

61. A method of building an infusion system to deliver a rubidium radioactive eluate 

comprising: 

installing a first shielding compartment, a second shielding compartment, and a shielded 

20 well on a platform of a cart, wherein: 

the first shielding compartment has a first opening facing vertically upwardly, 

the first opening is configured for a strontium-rubidium radioisotope generator to 

be inserted into and removed from the first shielding compartment, 

the second shielding compartment has a second opening facing vertically 

25 upwardly, 

the second opening is configured for a waste bottle to be inserted into and 

removed from the second shielding compartment, 

the first opening is located at a lower elevation than the second opening, and 

the shielded well is configured to receive an eluate reservoir that is configured to 

30 receive a sample of the rubidium radioactive eluate; 
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configuring a computer with a touch screen display for the infusion system to: 

fill the eluate reservoir in the shielded well on-board the cart with the sample of 

the rubidium radioactive eluate by pumping saline from a saline reservoir into the strontium

rubidium radioisotope generator via a saline tubing line thereby generating the rubidium 

5 radioactive eluate that is discharged through an eluate tubing line, 

determine a strontium breakthrough test result on the sample of the rubidium 

radioactive eluate filled into the eluate reservoir in the shielded well on-board the cart while the 

eluate reservoir remains in the shielded well on-board the cart, and 

not allow a patient infusion if the strontium breakthrough test result is greater 

10 than or equal to an allowed limit.  

62. The method of claim 61, further comprising configuring the computer to: 

measure a radioactivity of the sample of the rubidium radioactive eluate while the 

sample is flowing through the eluate tubing line to the eluate reservoir; 

15 measure a calibration radioactivity of the sample while the sample remains in the eluate 

reservoir in the shielded well on-board the cart; and 

compare the radioactivity of the sample measured while flowing through the eluate 

tubing line with the calibration radioactivity of the sample measured in the eluate reservoir in 

the shielded well on-board the cart.  

20 

63. The method of claim 61, further comprising configuring the computer to: 

control a fluid communication between the strontium-rubidium radioisotope generator 

and the saline reservoir, 

control a fluid communication between the eluate tubing line and the eluate reservoir, 

25 control a fluid communication between the eluate tubing line and the waste bottle, 

place the eluate tubing line in fluid communication with a patient, 

pump a dose of the rubidium radioactive eluate to the patient; and 

flush the rubidium radioactive eluate remaining in at least a portion of the eluate tubing 

line into the patient by pumping saline from the saline reservoir to the eluate tubing line through 

30 a by-pass line that by-passes the strontium-rubidium radioisotope generator.  
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64. The method of claim 61, further comprising installing an exterior shell extending 

upwardly above the platform, wherein: 

the exterior shell comprises a front side; a rear side; two sidewalls; and a top surface, 

5 the platform and the exterior shell collectively define an interior space of a cabinet 

structure, 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

the first opening is at a first elevation, 

the second opening is at a second elevation, 

10 the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

15 65. The method of claim 61, wherein the infusion system is configured for the saline tubing 

line and the eluate tubing line to be routed through two tubing passageways formed in a 

perimeter surface of the first opening, wherein each of the two tubing passageways has a depth 

configured to prevent pinching or crushing of a corresponding tubing line routed therethrough 

when a first door is closed over the first opening.  

20 

66. The method of claim 62, further comprising installing a dose calibrator in the shielded 

well on-board the cart, wherein the dose calibrator is in communication with the computer to 

measure the strontium breakthrough test result and the calibration radioactivity of the sample 

pumped into the eluate reservoir.  

25 

67. The method of claim 61, further comprising configuring the computer to: 

track a volume of saline remaining in the saline reservoir, and 

provide an alert via the touch screen display when the volume of saline remaining in the 

saline reservoir is below a predetermined volume threshold.  

30 
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68. The method of claim 61, further comprising configuring the computer to: 

track a volume of the rubidium radioactive eluate discharged from the strontium

rubidium radioisotope generator to the waste bottle, and 

present on the touch screen display a screen reminding a user to empty the waste bottle.  

5 

69. The method of claim 62, further comprising configuring the computer to allow a user to: 

log into the computer by entering a user login credential on the touch screen display, 

transfer a patient infusion record via a USB port, and 

print a document concerning the patient infusion or a quality control test result via a 

10 printer.  

70. The method of claim 64, further comprising installing a light projector on a top end of a 

vertical post extending above the cabinet structure to: 

project a first light signal from the light projector to indicate that an elution is taking 

15 place, and 

project a second light signal from the light projector to indicate that a peak bolus of 

radioactivity is detected.  

71. The method of claim 61, wherein the infusion system is configured to pump saline 

20 through the strontium-rubidium radioisotope generator at a rate less than approximately 70 

ml/min.  

72. The method of claim 61, further comprising configuring the computer to allow a user to: 

initiate a generator column wash through the touch screen display, wherein a 

25 predetermined amount of saline is pumped through the strontium-rubidium radioisotope 

generator and directed to the waste bottle during the generator column wash.  

73. The method of claim 62, further comprising configuring the computer to allow a user to: 

initiate a purging process through the touch screen display to purge a patient tubing line 

30 of air, wherein the patient tubing line is in fluid communication with the eluate tubing line.  
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74. The method of claim 61, further comprising configuring the computer to track time 

passed from completion of pumping the sample of the rubidium radioactive eluate into the 

eluate reservoir to measuring the strontium breakthrough test result.  

5 

75. The method of claim 61, further comprising configuring the computer to allow a user to: 

enter a patient ID on the touch screen display, 

enter a patient dose on the touch screen display, and 

enter a flow rate on the touch screen display.  

10 

76. The method of claim 62, further comprising configuring the computer to present on the 

touch screen display a screen reminding a user to insert the eluate reservoir in the shielded well 

on-board the cart.  

15 77. The method of claim 62, further comprising configuring the computer to present on the 

touch screen display a screen for starting the patient infusion by touching a button on the touch 

screen display.  

78. The method of claim 62, further comprising configuring the computer to present on the 

20 touch screen display a screen indicating that the patient infusion is in process, wherein the 

screen indicating that the patient infusion is in process displays a stop button to abort the patient 

infusion.  

79. The method of claim 64, wherein the saline reservoir is located outside of the interior 

25 space of the cabinet structure.  

80. The method of claim 64, wherein the infusion system further comprises: 

a handle configured for a user to grasp in order to move the infusion system, and 

four wheels mounted to an underside of the platform of the cabinet structure.  

30 
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81. The method of claim 62, further comprising configuring the computer to: 

present on the touch screen display a screen for starting the patient infusion by touching 

a button on the touch screen display; 

present on the touch screen display a screen reminding a user to insert the eluate 

5 reservoir in the shielded well on-board the cart; 

present on the touch screen display a screen indicating that the patient infusion is in 

process, wherein the screen indicating that the patient infusion is in process displays a stop 

button to abort the patient infusion; and 

present on the touch screen display the strontium breakthrough test result.  

10 

82. The method of claim 81, further comprising configuring the computer to allow the user 

to: 

log into the computer by entering a user login credential on the touch screen display, 

enter a patient ID on the touch screen display, 

15 enter a patient dose on the touch screen display, and 

enter a flow rate on the touch screen display.  

83. The method of claim 82, further comprising configuring the computer to: 

track time passed from completion of pumping the sample of the rubidium radioactive 

20 eluate into the eluate reservoir to measuring the strontium breakthrough test result, 

track a volume of saline remaining in the saline reservoir, 

provide an alert via the touch screen display when the volume of saline remaining in the 

saline reservoir is below a predetermined volume threshold, 

track a volume of the rubidium radioactive eluate discharged from the strontium

25 rubidium radioisotope generator to the waste bottle, and 

present on the touch screen display a screen reminding the user to empty the waste 

bottle.  

84. The method of claim 83, further comprising configuring the computer to allow the user 

30 to: 
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initiate a generator column wash through the touch screen display, wherein a 

predetermined amount of saline is pumped through the strontium-rubidium radioisotope 

generator and directed to the waste bottle during the generator colunm wash, and 

initiate a purging process through the touch screen display to purge a patient tubing line 

5 of air, wherein the patient tubing line is in fluid communication with the eluate tubing line.  

85. The method of claim 84, wherein the infusion system is configured for the saline tubing 

line and the eluate tubing line to be routed through two tubing passageways formed in a 

perimeter surface of the first opening, wherein each of the two tubing passageways has a depth 

10 configured to prevent pinching or crushing of a corresponding tubing line routed therethrough 

when a first door is closed over the first opening.  

86. The method of claim 85, wherein the infusion system further comprises: 

an exterior shell extending upwardly above the platform, wherein the platform and the 

15 exterior shell collectively define an interior space of a cabinet structure, 

a handle configured for the user to grasp in order to move the infusion system, and 

four wheels mounted to an underside of the platform of the cabinet structure.  

87. The method of claim 86, further comprising configuring the computer to: 

20 project a first light signal from a light projector mounted on a top end of a vertical post 

extending above the cabinet structure to indicate that an elution is taking place, and 

project a second light signal from the light projector to indicate that a peak bolus of 

radioactivity is detected.  

25 88. The method of claim 87, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

30 respect to the lowermost portion of the cabinet structure, and 
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the second elevation is between approximately 2 feet and approximately 3 feet, with 

respect to the lower surface of the platform.  

89. The method of claim 86, wherein the infusion system further comprises a dose calibrator 

5 in the shielded well on-board the cart and wherein the dose calibrator is in communication with 

the computer to measure the strontium breakthrough test result.  

90. The method of claim 89, wherein 

the cabinet structure has a lowermost portion and the platform has a lower surface, 

10 the first opening is at a first elevation, 

the second opening is at a second elevation, 

the first elevation is between approximately 1 foot and approximately 2 feet, with 

respect to the lowermost portion of the cabinet structure, and 

the second elevation is between approximately 2 feet and approximately 3 feet, with 

15 respect to the lower surface of the platform.  
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