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ABSTRACT

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE
AND/OR OPERATION

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
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.

Figure 1D
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INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED
MAINTENANCE ANDIOR OPERATION

RELATED APPLICATIONS
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applications: U.S putent application serial Now 127137 356, filad June 11, 2008 ULS
patent applcation serial Ko, 124137,363, filed June 11, 2008 UK paient spplication

serial No, 12/137.364, fiked June 11, 2008; and U8, patent application serial Na

VEIRTATT, Bled June 1], 2008,

18 The present application | is a divistonal appiﬁmim derived from parent
applcation ntmber 2009257432 which is herein incorporated in its entiroty by
reference

ECHNICAL FIELD
IS ent invention pertalos to systems that generate aund lafuse

radiophannaceuticals, an 4, mare particalarly, fo systeing inclad myg oo

"

oo maintonance andfor cperation

RACKGROUND

0 Nuslear medicine emplovs radicactive materis! {or therapy and disgnistic

imaging, Positron emission tomography {PET) iv one type of disgnostic maging,

which utilizes doses of radi ;hm’fmccum,&} for example, generated by elution within

%8, ~

a radinizotope genemtor, that are injected, or infised fnto ¢ patient. The {fofused dose

3

of radiopharmaceutical is absorbed by cells of a target organ, of the mmfif and ity

28 raliotion, which s detected by & PET scanner, in order 1o gonerate an tmage ot the

o

organ. An example of a radicactive isotope, which may be nsed for PET, s Rubddiom-

22 (produced by the decay of Strontium-82); aud an example of a radicisotope

~

cnerater which yields & saline solution of Rubidium-82, via clution, {s the Cardiotisn-

g

B

2R available from Bracen Diagnostios Ine. (Princeton, NJj A PET scanner in

Lrk
7o
w

combination with infused doses of radiopharnuacenticals may also be smployed to
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Set wp, maintenance and espx‘:mﬁmﬁﬁ ‘pmge& e Tor infusion systoms that batly

sga of zadm;*«h&mmwut ¢ 3 dbm\ai\ imﬁsix xbin orderto
assure the safety and efficacy of cach }I“fu\,d fose %m the patient. Eiffeleney in

<

is bighly desir .z&'iiz, for technical peesormel, who work

m’x m{g ot 1hese procedures

with e svstems on a routine basis and wenld ke fo avord qanecessarily prolonged

exposure 1o mdioactive rad; iattons, Thus there 18 3 need for new systom confignnions

t‘fwﬁ :;sum we more efficient sot up, mainienanee and operation.

AR a‘wbs»: ph DO ear

ibrnior, a computer, and o shickling as

- '-'y.%.-ni:: {;31";;{\ f'\ S i % : i

port

& cawm dei *a ¥

§§0W ng h 1g§~ re tnfusion tabing cirowit, and

the vomputer being electronically coupled 0 the dose calibrator and

 configared to execute automated quality control testing using the dose calibrator,

In accordunce with a second sspect of the pru&nt invention, there {8 provided
2 m{*lﬂm adivisotope gonerator system wmpr@ ' | -

a shickding gssembly configured to mmaxn a strontium)/rubidium radicisotope
?g: snerator that penerates radioactive eluate via elution of an f:'ii.z*&:ﬁ;gi.nd an infusion
tabing cireuit comprising an eluate tubing Hoe configured to conyey eluate from the

ddiam radioisetops ;cmmmr.
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. izzt%tzemt w sysiemn based on the regeived

 means for megswring an ged

. ,fui‘smg {ine;

means for receiving eluate from the cluste tebing Hine and calculatin

ity within the eluate; and

means for receiving activity dats from the means for messuring the activity of
the eluate and also receiving breaktirough activity data from the means Ror receiving
gluate aud calonisting breaktiwough activily md Lazﬁr@ﬁm g z.h\. muohile radio im&sm

\i{iﬁ x.i

P

ance with 8 fourth aspect of the present invention, there is provided

*&g}gp«n Q;};\\p*‘\yﬁﬁ*-” SR e e e

a shielding assembly configured to contain g idd*o setape generator that

- generates rdinactive sluste vig elution;

a computer carried by the shielding asserably, wherein the computer i

configared 1o receive @ user input and, respousive to receivd ‘»;g thie nsey input, contral

fape generator 1o generate a s&mnia ot dua\m xi moz} shuring

a dose calibrator electronically coupled to the corputer snd configursd o

: m d‘s(}’\“ an activity of the sample of eluate penerated during breakshrough testing,

e SRS AT :




 wherein the computer earried by the S’hiaidinff assembly is confians

pzw
ok
e
e
T
o)
2,
b
ok
i
(743
e

- c 1u ﬁ}f: gotivity {‘siﬁd from the dose mhhmk‘a am; {.diuﬁaia i‘: t“ﬂ
- resulis.

In :zs,s..ts*daﬂu. with a fifth aspect of ﬁ‘m present inver

{j.!::::::v:

method comprising

masunags

ek

»‘3

o carrisd
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ai;:ia;;msma E\*‘%i’* the computer, an am

35 Figure 1B {s another perspective view of a pﬂmim of 3 mim 8t S zém?&;‘z- of the system

S " L«?‘KWW P’éﬁ.‘f‘
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shown in Figure 1A, aceording 1 some embodinents,

A 3

Figure 1 18 g svvond porspective view of the svstam shown in Figure TA, acconding i

some embodimeniy

Figure 1E iz & porspective view of exemplary sample vial shiclding that miay be
smployed in conjunciion with the infosion system of Figwe 1AL

Figure 24 Is & perspective view of a shielding assembly for an infusion system, such as
that shown tn Pigures 1A-C, secording to some embodiments of the presend trvention

Pigure 28 {5 & porspective view of a franework of the sysiem, according o some

epbodiments, with an enlarged detatled view of a compunent of the systam, secording

Py 3 pag

o soms smbodiments.

%

iw‘m, 3A I8 antther perspective view ofithe shielding masembly shown i
§ TVIEW L £

b

Figswe 3B is g perspeetive view of the infiston cirewit, shown in Flgure 1C, confignred
and vonted, sccording o some smbodinents,
C i g perspestive view of g disposable infus

according 1o some embadiments,
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3 Framne for the sebassernbly shown 1 Figure 30, 808 ovging

Flours 4 v s main menu sereen shot from an il “eomputor, which

may be mchaded fn systoms of the present invention, seoording 1o somer e reiwceditoonts.

Fimre S8 s n :s:ai Sreitiiales shswmgﬁ Hest group of suceessive soreen shols from

o

Figure 5O is a schematio showing & second group of suceessiy

computer nterfacs, socording to some sinbodinents,

&zgmy i3 8 schomatic showing & thivd group of 5

ferfdon, sonord iin ng o sonw srmbodimenty,

s showing a fourth group of sacon

from the mmpum jnterface, sccording to some embodiments

Figares SA-B are schematios showing o filth group of surcossive soroe shasts

gt

rom the vornputer interface, according to some embodiments.

Figures SA-0 ave schomatics showing a sixth group v of suconssive soreon shng

pag

~

fromy the coimputer interface, according to some srabudinents.

%gi;fd 10 s @ achmy atic showing & soventh groupof saovessive sereen shoty

from the s’r;;;r;;,s;zé;:;' imteriace, ‘a“‘G“(ﬁiI‘ to some smbodiments,

Fieure 11 s an excmplary report which may be gener

ncluded in i‘gs.iii;;igm svstems, according to some smbodiments,

R &

Figures 13A-B are schematios of altornative infusion gircs s it may be

svaploved by cmbodinents of the present invention,

%gtmv 12C {6 & schomatic lastrating oxemplary agtivity pr

DETAILED DERCRIFTHON

2

ing detailed doseription is exeraplary fn natare snd 16 not intended fo

et
N

fienit the scope, applicability, or configuration of the fnvention o s way. Rather, the
'\ 7 At -‘

fndlowing description provides practical Hustrutions for implemanting sxomplary
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stobodiments. U the teaching provid

e

eopgnize that many of the examploy have s

1t porspective view of an infasion sysie

X

o snbodiments of the prosent invention, wherein

5 % cubinet strachus, whish includes o platform 113 (seon better In By

shell 13; shell 13 extonds upward from a skirt 11, thet sprrounds piath

surrounds an interior apses in which & & portion of infaston system 1

,-..

rmed fom panels of injection-nwided polyarethane

tited togather acverding to methods known R those skille 4 mthe st Bigure 1A

1@ Hlustrates the cabinet steacture of system 10 ncluding 2 grip or handly 14, which

extends lateraily from shell 13, in proximity to an upper 8

hich extonsds upward from shell 13, and to which a work surfbos, or fray 18 and
ve, proforably, attached, wia an ergonomi
imoents, ¢ sompitet 17 s coupled to a contratier of system 1,

within the interior space surrounded by shell 13; and, a weniter 172

~

of

comgwier 17 not only displays indications of syster

A%

§0, but also serves as v devies for user nput (&8 touch soreen fnpul), However,

agcording to altarnate embadiments, another type of wser input devios, kuown & those

skitlad in the art, may be unployed by x:m_xzmsimf  or vut devi

{xther w wog of Ber Tyt devises

20 Ty Be dng e example, akr:.y.?;si,“‘d 8 Re £ control buttons or levars, % bar

reader ol sncaded infermaiim}j. dspanner mwpcw meadalsde

,z*n::{iiwr;v ae’nizﬁéztaizfg]m*i nont dati, wte. The user input devics may bemounted o the

cubinet stracture of systent 10, as shown, or may be tethered t‘.‘iam'»zftea; aimrmiu,

aser fuput device may be ramote from systom 1, for example, tocated in s separate

25 control room,  According to some additional embodiments, another usery ;gmﬁm’im,
for sxaraple, i sddition to a touch soreen of vorm ynator 17, may be
1 and wsed to start snd stop fnfhsions, &y well a8 to monitor syster

during ruality control infusions & wd during pattend infustons, Ope atiey
¥

which is facilitated by computer 17, will be desoribed below, &
3 Figares 448
Figure 1A farther lustrates two pairs of wheels 121, 122, ounted to an

atform 113, to make systerm 10 mobdle; handle 14w shown bacated

itabie far 2 person 1o grasp in ovder o maneuver system 10, fom oas
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providirs andior component supplicrs dats bases for enhanced malnienanoy ang

fopcstion for swdher, upon pairs of wheels 121, 132, Acowr

embodiments, one or both pairy of wheels 121, 123, are Cast

i @ horizontal plane Gw w*& in order to provide additional fle

ke 18 in amtmx iig;i}t STACTS,

o

cabinet structure, which s in proximity to wheels 121
podal 123, which is located for actvation by ¢ oot of

3

14 to mansiever system 1 Iy a newtral position, pedal

votate, and, i cobodisd a5 casters, to swivel freely, Pedsl |

first position which provents & swiveling of wheels 132, acconding to those
cabudiments it which wheels 122 are costers, sud may be funther deprs

wheels 131, 122 from rolling sad swiveltng, upon reaching & desired logatl

Agecording 16 somw emboditnents, braking may be designed o slows

Reay

 rolling dowa an incline, and, acoording to yot futher snbodiments,

Ty im:ﬁh;ﬁg; & rnotor 1o power mvemand t&z.ies’,}f

N

Figure IB fursher illostratiss 8 rosr acvess panel 174 of shall

yows
e

o

woviding sosess o vircalt boands of the albrementioned conirolier contained within

terior space that is surrcunded by shell 131 an optonal fock 184

174 ape sower jack 118 . for conpecting system 10 to u powss souree; sl & printer

1 documentation of each patient infusion corried out by systomn 10, angd of

ality contred fost vosults, In some enabodiments, systom 10 ma

inchade & power sirp by which augiliary squipment may be powered,

v

additional slecirieal connectors, o ports (ot shown), which sre supported by

platforss 113 and may bo ntoprated into shall 13, for example, ins proxivity o fack

118 o printer 117 these slotrical connectorsfports allow systom 10 1o commumoute

with, other dovives used for nuclear imaging procedures, for ;:x,:is.ntspiiéfg & PET

o

seannerdcamers, sncdor for coupling to an intranst nepwark, andior o the nternet, R

&t Hnk up with software programs for various types of deta analy

fo Hink to computers of consalting clinfcians/physiciang, zmcl"'@r o ink fnio sorvies

Figure 1A futher ustratos upper surface 131 of shell 13 tnchuding severd
openings 133, 135, 139 formed therein. Figure 10 is 8 partially sxploded puesps
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view of systmn 10, wherein 2 removable acosss panel 132 3¢

e

wertion of upper surfaes 131, which, when exposed, by lifting sway 2 hin 18, that
mates therewith, may be removed fromn another opentng 137 formed in w

131, Figwe 10 also provides u better view of another pancl 134 whichmay

» sway fom opening 139, According to the Hlustrated srebodiment, openings 139 and

57 ?!‘{?{‘i-’ii’ié‘i,fi usey of system 1 with independent access & soparate p{mims of
s 10, which ars containedowithin shell 13, forexa pand

msintaln systern 10; and ppenings 133 and 133 provide passageways for lui ing fmes o
pass through sholl 13, Figure 1C further itlustrates an optional switeh 102, whiad it

1% vase of an ermergency, may bo activated to shen faaction of sy With reference
to Figures 1A and 10, # may be approciated thet an arrengeraent of foatures formad
wpper surface 131 of shell 13;,, in conjunction with bin 1¥, tway 1 z*: and s;:&.s?x_g‘.’s‘&it@r R
provides eelatively ergonemic and organ jzad work @rea for o

15 Tuming now to Figure 113, 2 schematio of an infusion ol

e incorporated by system 10, 15 showa Figure 1D
divide < inter n first L P o1 3004, which inc ades componen

and & secord part 3008, which inchudes cwugemxm mounted within the interior space

50 100 Figore 1D B

somtained within |

&

stail, in conjunction with Figares A~ §::-}a§1d 3&»’:8.; below,

3

zeording 1o the illustrated cmbodiment, cirouit 300 Includes: an eleant

25 exsnple, 1 bag, bottle vrother container, contal
is shown henging from @ post, or hanger 141 above w
LA & syringe pump 3 , for purmping the eluant
v @ pressire syringe 34 {or other devies or sensor), fOr monito
prosqures & fiter 37, which may also serve as a bubble trap, for g
30 radioisotope genorstor 21, through which the Gltered cluant s pu

radipaotive ohuste, for sxample an cluste carrying Rubidinm-R2 that &5 gow

decay of Stontiun-H2, vie elation, v stthin a colam

detector 25, Ry messuring the activity of the eluste discharge
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o

i

-adback for directing the flovv ol the cluate, vig 3 'dive

order to provide ¢

IFWP, erthoy to s owaste bottle 23 or through & pationt ling 308p, for exampl

53

s dose of the radiopharmaceutical elusts inte & patient, W

distal ond ﬁimm‘ﬁ W §1§:§;, crding to some sabo dimg ‘ni:a‘_,ip@i:aid os 2 Sty Paticnt

»-/

s gy be poupled to another Hne thet includes s patiznt injection needie (ot

[oE

3

shown), Aliormatively, pationt Hne 305p may be coupled o another Ime (notshowny,

whick extends fom a source of snother active substange, for

the Hoe that includes the patient &

wal sotive substancs.

sre 10 tlustrates an chue tubing Hne 301 :;;ampiad tor voscrvair 1S and o

reforence to Figuwres 1AGB, tmay boa

sageway for tobing hine 381 o soter the mdero

and @ divergence valve 338G, which may elths ‘réiﬁ:ﬂ%{?i&s@ﬁ@ d eloant thugh s

tabing Hae 304, o gaperatar 21, or direct the wp:u:zxi;)mﬁ ei,mt throngh & by-pass tubing

54

cach be atomatically npersted by o vorrespanding

308w nr %o pationt lne 303y, ma
servoresor {not shown), coupled o the controlier {not show) of system 10, which
redback from activity deteotor 25, When systent 18 {8 operating
for sutornatic infusion, o deliver s dose of radiopharmaceutical to & patient, for

erample, Robidium-82 for disgnostic imaging, divergencs valve 388 *I.m*;‘tia‘m st

sy divert sluant o generator 21 and divergence vabve 3EWE s sot 1o divect eluaty from

gonprator into wasts bottle 23, until sctivity dete
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8

e, at which Sivy the feedbagk frem acthaty detd cgansed the contradierts

direct the corresponding servo-motor 1o re~-set valve ISWE fur diverting the flow of

gne

25 3 3

sluate intn pationt line 308p. According to some erabodiments, onee a proseribg

wolume of the eluate hag presed through pation Hae 305p, thecontroller dirscts the
3 corresponding servemotor to re-set divergence valve 358G for diverting the flow of

vepass Hne 303 and fnto petiond Hue 3095p 1w ovder to fush, or push any

1 patient Hne 303p into the patient. Acoprding R0 some

o

sdivacnts, the controlier mey slse divect the comvesponding servomutor to

x

senee valve ISWE back toward waste bottle 33, privr o the Hush through by-pass

o

i owder to provent back flow of cheant, throug sh line 303, toward generator

s
kst
yoon
b
ol
<
LY
R st
o
L
o
m

A, Aw{mﬁng {0 some proferred methods of operation, i cevtad

2 1( .

will be described in groster detadl below, cluant i3 pumpsd threugh by

ey
}

How af m o "m:

immediately foliowdng the

L at s higher sposd, in order to pus st the ehiste is patient Nue 3035, therehy

s
LA

csmsz;‘« a flow rate of the injection of shuats out from patient lim

ationt, For oxamply, once the prescribed volame of sluats hay fowed into

4‘.7:3

valve 3

B T o LN L o
303, and onoe divergange

&0

sthod for increasing

ritte tnay be spprokimately

S'i"'rs’ii\\-é"xnés}’}, i order to avold an oxcessive back prosmas orzated by ﬁiiv::{:»:}i};‘m}i:i of

generater T in upstream portions of tubing oircudt 30; the excessive back prossore

S

25 sould dumage Sitr 37 or otherwdise impede flow through cluent tubing Hne 302

Ex

»1! (

Althoush not shown in Figuee 113, @ numberof sensors, for example, o

o
=2

Tor How velonity, muay be incorporated tote elrouit 306, seeordh

o
e
o

1o some aliernate embodiments, in order o mpnitor for How anorabios, S evample,

5

froudt 300 andfor leaks, sndior o provide feedback for

e’

control of an activity level of infused doses of radiopharmaceuticsl, Suita
for any of the shove parposes are known 1o those skilled in the art. Bramphes of flow
mesters thut may be incerporsted uto eiroult 300, nchade the Innove-Sonic® Modal

205 Transit-Time Ultrasonic Liguid Flow Meter that ox
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s Hony Sierrs struments, cdan

How meter. Une cmmpﬁ of a prosuure sensey 't;’&m-t 31:?:&;';3 b ernpdoved
infusion oircsit occlusions iy the PRO / Pressure-Occhudion Detector {available fom

INTROTE

o

ot &“fi{?t"s&‘ﬁ(}\h NY, a subsidiary of Magnstrol of Dowsers Grove, i1

o

which cmploys pulse-type ulirasound: this susor deteets su

and negative air prossure and produtes 3 correspon iding pa

=

swhich mav be routed to the svatem controlter andiéor vomputer 17, On or more of this

syp of sonsor may be nﬁ{}rp@m&a{% inte infusion civcalt 348 by simply Rting the

sonsor sround any of the tubing lines aft infusion oirouit 300; in ot the BROYY

rmaybhoas
¥ Other typeaof ?i‘b‘s%&i»%m}%{ﬁ for "x\s,mphf\ aim ikw o those knownin

v farther inctude ssnsors to detect Thad evels

?', Some sxamples of such seneney

aforemasnioned pulse- *‘*3&3-‘1_3&# and, are the Drlp Chamber Liguid
the CLD T Continuous "; ol Dietector (both mvaiiabls from INT
slternatively, for examp fo, s HPQWT pme moanted, seif
seailsbie from Yamatake Sonsing €
Disposubio/Reusabis E\, vet 8
may b emploved o dete "’5'§tma~.¥, oly 'Qz it additio 1, system 18 can

v)mim « additional radial

Some exantples of leak dete xi‘im} sensors include, v

X

available S Yamatake Sensing Control, Lid.), System 1

e

&) sensons (o detect cortaminants anddor air bubbles within *?n i

ol examplos of such sensors include the Puint-alr Detection BADY Sensor, that
onpliovs pulse-typs ultrasound for air bubble tio, and the Blood Component

s,

Detector that emaploys optical sersing technolugy to perform Colonimetrgs rawed fuid

<

detoetion of wmwantsd oloments T the tubing lines (hoth available fom
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Avcording to those erbodiments thut inglude any o

sensors ars linked ingo the controlier of systers 10 and/os

may n*m&ca signal to 3 user of systign 10, when g How anoms

information to the user, vis monttor 172, congorning fluid lovels, pressure andior Sow

may be pregropramamed todis pimu {or exarnphy, on

—
7
?

3 through oivouit 388 Computer e

o

a graptic of hfusion clroult 300 wheren shch zong ot the cironit where

monitor 1

tod, is hightiphted, andior to provide guidence, tothe

system user, for corrovting the anowaly. I should be noted that the  sitemnaing

Y

infusion oircuits Hustrated fn Figures 1248, which will be deseribed belaw, may also
18 inslnde any or all of these types of sensors,

With furtherrelrones © hm*g Hy dtm

assembly 200 enclos

sy omanate, with the exception of that portion of patien

vormn shiclding assembly 200 fn order to be coupled o the patient f

*:

som

15 injoction, or in evder to be coupled to shiclded sa §

below. Thas, ¢ hnical porsormet, who operate gystony 10, are protocted from radiation

by shiclding ssserably 200, except at those Hmes whis an iny

fon s taking place, or

witen quality sonrol tosts reguive collection of cluate

:in\éusiszs;;:‘ angd (guai iy control tost sy s"n;pi:z collsctiog, al

>

: ﬁxk fanged frow

o~ 5

{ﬁaﬁa";& d;z:_s'-ingiﬁa,inf};xiwga-f.aj‘l rosording 1o sonw profired

axpospre e

amboding

e

¢ fnvention, aystem 1 inclodes st lcast one mens for
rdorming technical personned that

an infusion is aboutio take pleceor i taking place.

With weference back to Figares 1A ¢ md» 10, svstem 16 is shown including 2 Haht
23 wrofector 100, meunted on post 142, Agcording to o the hetmted sebodimen,

*

sepjector 100, prajects a Hght signal upward, for maxinny vigibili

e

b

pumnping stuent end slotion {8 tsking plac

pamp 33 {s pumping cleant. Aceording to some embodiments, the light signal Hashes

onand off when the ehuate i being diverted
38 . IO B g T T e TN R AN
38 sud the Tt signal shines stoadily when the cluate is being dive 2

line 3%, or viss vorsa, According to other embodiments, a prodector 100 sines &

fight having a frst color, to ndicste that eleate §s being diverted 1o waste bottls 23,

%

ansf then shines ¢ Hght having & sscond, different color, fo indicste that eb
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mainisnance movedures, such as changing out gensrater 2 1 andfor other compononts

s

of cirout 304, aa will be deseribed below,

For thuse embodiments of svstun 10 fn which astomated guality contrai (ests

&

sre performed anddor when system 10 eroployed for relatively “w? velume

1

oprration, managoment of waste may bevome burdensome, even thow oh socuss

2% i grosthy facilitated, as deseribed shove, Thus, in grgder i faciliiite

&

wiints hotth

tom 10 may employ 8 sepuratisn system

B ks

wasie ruanagoment, some entbadirents of s

to separate sslts, ncluding radionctive cleruenis, from watsry, Ry exemmple. ¥

an o reverse osmosis. In an evaporation type system, the waler component

o

grvaporat

18 of the waste x svaporated, while in g roverse osmosis type system the waler 18
> g o & -
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separated from the salts, and, they, enee confirored to be non-radivactive, via g
mdiation detector, i Pt iped o adrain. Age ording to some other embodiments, cirouit
300 may be cpnfivnred so thal the wasts mwt\, used to purge alr frowm the tubing lnes

or to perform the bypass flush thet was doseribed above, preforabiy after

_;*«,,

the tadingotivity of the waste drops below s critival threskald

i
Lty

hallowssxtonal

and 10 farthor iHustrate 8 pair of velatively &

~

e formed {n upper surface 131 of shell 13, for exaaple, in order

sl i

AR EEN

to cateh any spills Fom infusion system; oue of recesses 190 s shown fooa

proximity to post, o hanger 143, which hokds reservoir 15, and o prosimity ®

20 opening 133, theough which tabk ing fine 301 passes. Another re

-

¥

e width and d-&pm ofrecess 192 may accommodate

reniation associsted with infusion system 10, for &:x&m;\‘“ 3

tochnical rnancal andior maintenance reeords, oy printouts from primter 1

o

THy, With referencs to Figure 10, upper surface

peses
(,,,.,

31 of shell 13 is shown 1o alse

s

<

23 inchide additional recesses 131, which are sach stzed o hold a shielded test wial,
which conteins saroples from infosion gystem 19, fo '*\»xaﬁmi for broakih srough
testing and/or calibration, which will be desoribed in greatsr detail, below. An
exemplary test vial shield is shown fo Figurs TE. The test vial shield of Figure 1E &
gswihmbiy formed frons Tangsten rather than lead, for example, to redas

38 lead, for fmproved shielding, and to reduce the wiight of the shiek

Hiustrates th tust visl shield including a handle to sin 'siii".maﬂirgﬁ‘ Tt

glternative configurations of tost vial shields | have no handle - for these @

slrap, msy be employed for handling.
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13

Addiional wooptacles 180 are shown formed in bin 18, on iatd

;-,4

weilitates removal of bin 18 away from shell 13

pereoninel may, thus, conveniently transport bin 18 0 3 storsge area fora oslicction uf

supplies, Sor example, sharp 5, gloves, tubing Hues, ote... into one o mwre rooeptacing
3 180 thersot, andior fo # weste container whore separate recepiacles 18

be m’ig’me{i of waste, such as packaging forthe aforementioned supp

sposited therein during infusion procedurss. According 1 spuie 2mbe

o 2

mote addidona! receptacies are formed in one oy more a‘i*’*po‘%:; containers, for

sxample, o contatn sharps andior redivactive waste {other than that conisined 1 waste

i ttie 231, which may be irfegrated into b 18, or otherwise fited o, o atlached fo

2017235989 28 Sep 2017

shell 13, separate fom ban 18

Fipwre ZAs g p@ﬁp\xﬁu view of shizlding assembly 200, acgen

5
ﬁ.s.
E’
2
7
£
Nt
&%

erbodiments of the prosent invention. With referonce to Flgares 10 and 28 together,

-3;-):@

sy be sppreciated that opening i upper surfrce 131 of sliell 13, provides

i soosas tea Hid or door 221 ofa sidewal! 201 of sticlding assembly 200, which sidowal!

\L shclones a cﬁm;mmw ut sized o contain a radivisotope penerator of system 10, for

g)
'C'J’

, senvrstor 21, previpusly introduced. it should | sord that, avcording to

gxample,

alternats ensbiodiments, the compartment er Eus*z‘}}}; sidewall 2

'&7
B
Q
£y
gA
Z%
3:;‘.(,
Z
Fohe
%
e

hold taore than one generator, for sxampie,

20  high volume operation. {*3 somie of these l‘icmdtf‘ mbodiment

fines 304 and 305 ars cach boinche

1

WS ‘ai‘zerm te eonbodiments, the multiple

perierators are connectad i series hetween hubing Hne 304 and tubing tine 303, in

25 sddition, @ reservoir Hir acowmdating cluate may by ncluded el reagit SEME,

dovarstream of the gencrstors and upstreantof divergence velve 35 WP in conjun

with & second pump, in some cases. Embodinments inchuding smzitip’iﬁ ZORSTEiors

15y
=
AN

e’

R

dre opening 139 and Hd 223, which provide ace
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V

21 may be ifted oot from sn opening 231 (Figure 3AY wh vich mates with door 221 of

sidewall 201, A sveight of generator 21, which includes it oren shividing, may by

3 Potweon appvoxinscly 23 aud approximaely 25 pounds, thas, according o somg
preforred smbodiments of the prosemt inventios, the e:i'im*’:eriimt of sach of¢ \‘K.E}‘:g\ 137
st 331, with respect o the lowermost portion of the calinet structure,

approximately | fool and g *wz\ mately 2 feeliin order fo @y
stance for tochmical porsonmel to HR generator 21 out from the « tenent,
¥ A';‘x‘:ﬁ‘rﬁf’ﬂ_g,‘;; an axemplary embodinment, when shielding 200 s
- cxbinet structurs of Flgnre 1A openings s 137 and 231 are (E

&“3"‘?"’8 il

inches, with respect fo the ground surfsee upon whic

:w'

mchuding a

igure 1C furthor Hostrates acoess: panel 13

13 seonrity Tock 138, which mates with s framework 198 of system 18, shown in Figute
2B, in order to Hmit sscess to generator 21,
Figurss 12 and 24 father instrate o Hd or adoer X

saeinbly 200, which encloses ane

¥ 3

¢ andow hich iy §¢=

30 corapiment ¢ Rach of dosry 2

attached by # onrresponding hinge M, and another doar 32? a} showa attachsd to

sidowall 203 by mo*ixc v hinge . Figure 24 fllostrates sach of 1
238, 227 mcluding » handle 232, 212, 352 and 273, rosp vidy, for moving

and doors 331, 225, 227, in ovder to provide acoess Yo the corresponding

o)

arfrtents, whizh ount be seen in Flgures 3A-B. Figare 2A funher i

) SOmP asirates

2

aptional thumb serews 280, one seeuriag bid 223 W sidewall 203 and another s

<

door 221 o sidewall 201, or other means for seouring the doovs, wiich are known @

i the art, tay be ingorporated. Bach sidewalt 201, 203, 305 eand the

23 2213 225, 227 themof may be individeally cast from 3%

‘.,,,

J
s,.-‘
i
%
o
s
#

¥
4

known shickdi :ng materialy, nod then assembls

3

Acs;:c,ssif;ﬁ:ug: i the ihastrated embodiment, doors 22

ol
2
Yot
=
B
&
f’\
parin
m

f

ction, per arrows D oand €, and, with roference back fo F



2017235989 28 Sep 2017

WO 20052323 POTLS 200064 708

I,
41

‘“vzds;-& o hodd ow h fdoors 231, 228

& e

25 from falling clossd, whinh

o

fingsra of to dmgc*&i;} crsormet amir‘{:eg tubing lines of civewdt 3, when i the midstof g

nwintgnance procedure. Figaee I8 4y & persprotive vipe of fames

thinet stracturs of svstom MY, sccording to some embodiments, to which |

L84
¥ i

comnonent 191 is mounted: Flunre 28 bucludes an enlarged detatled view of lateh

¢ toosame anbodiments. Flguee I8 fustratos ateh

SO x“"s{:m Tt

somponadt 191 including a ﬁrsi pin 193, corresponding to door ]

%

55, porrssponding to door 221; each pin 183, 185 includes # lover end 1934, 1938,

Frrd
ki;:‘

i} r‘*sgicc;ﬁ oly, and 8 holdiag end 1938, 1958, wspoctively, Anw f each door 331,
223, upon opening of doors 221, 225, may push past the holding sad 1938, BB W
theverrssponding pin 195, 193, tn s fisst direction, per arow

sive l‘__i{i:’: ‘3‘}‘% and $93 of oush ongd 1§ B< 1938,
AR
13 t?iram‘ﬁb%; oioving the sorrs apm:\cim & i&zjs:«ii- firg
Closin i of doors 221, 225 f;}mm g X
of the prosont tnvention, 0 odge et door 223 v;:ria;> door 221 1o proventdoor 22

24 froum being oponsd, paer armow D, o .;,‘;,3. W notopensd, ;\scr S
of dor overiaps an edpe of door 225 to prevont door 225
door 227 i not opened, per avvew By and an edge of g 223 @

7 from belng opened (£1d 223 {s not opened, por arew A, Thus,
access to the compurtment enclosed by stdewall 301 und containing gendrator 2148

23 anly systemnatic zﬁv atlowed theough a sege mz'tmc:; i of Hd 233 and doos 827,
235,331, stnceswhon «ﬁmemmr 21 is replaced it W typically dosdrable Joadse
those portions of cireni 300 which are shiclded h\,’nm{ B 223 and donrs 227, 225,
The reuting of these portions of cirouit 300 will by deseribed in conjunction with
Figures 340

30 Figure 34 s another porspective visw of shi slding sssembly 280, secording to

mbodiments of the prosant fnvention, T Figure 34, Hd 223 and doars 221, 238,
2

£
‘{
%3
%
f’}

st 227 are opened o provide & view into openings 233,
203, 203 and 301, reapectively; and m & pasangeway 207, ig formed in
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i

sidewall 203, oppasite the compartiment, which contains waste bottle 23, Passagoway
207 is shown extending vertically alor g.sé{igtzw:ﬁi 203 and having a grooved o
213 formed in a perimcter surface of oponing 333, Axn ,z:)g)ﬁicss wal vetaining member 237,

&3
N

for sxaraple, frmed Fom an clongate strip of resiliont plastic having 2 generally o

shape cross-soction, s shown being mounted slong a length of passegeway 207 to hold
fines 305w and 3dp in p§ s within pussageway 207, Figure 3A fusher illustratos &
pair of passageways 331h and 251y, which are formed ag grooves in e pos

sidesvall 2035, and anothey padv of passageways 21581 and 2150, whig

$1. A routing of portions of tuld

grooves in 4 porlion el s

foure TR theoush passsgoways 287, 251b, 251, 215 sand 2180 B shown i Figure

=

=

Figure 38 illustrates tubing Boe 304 betag reuted th toough ?aﬁé‘;i coways 381

0 & & £X

5, oluate mbzm‘f Hwe 305 boing routed fhrough passe

« 305w and patient Bne 305p betng muted a?«mo PASK

305w further extonds through prooved extension 213 o waste ics“i?*: 23, and paticnt

Hae *&3 further oxteands cutward From shickling P \E}'i;;ﬁ{?if}ﬁ formuanply, o extend
out throy @v}; {memm; 133 in upper swrface 131 of shal Lo Acoording

the ilustrated ontbodinaent, cuch passageway formied in shiclding ssvembly 288, by

nag & length thaveof, can facil by sasy routing of the
corresponding tubing Haed er&ﬁﬁvagi wnen th grz*%p\w witng lidddonr s open, anda

depth of edch paasagoway provins pinchis 1g andfor on sl

‘Ea

fubang Hns mizirmii therethrough, whes the comregponding Heidoor is el
therenver, With further reforence to Figures 34-B, it may be appreciated that the
*m::z;\.rfmcm formed by sidewall 201 may have a shape matshing g exterior contour

w 21, sueh that generator 21 iy “keyed” 2 thecompariment, for sxample, 1o

5]
%,
i
1]
=
G
&
W
bicd
7
b
.3

Ey

;\m\m nstaliation of an impmper gonerator inte systeen 10, andior to fucilitats s
proper orientation of generator 21 within the compartment for the proper roating of
nubine Hnes, Alternataly, o in addition, according to alternate embadiuents, if s;zwsi‘*am
1 noludes a reader of encoded information in oommmugication with computer 17,

unique identification aud/or data sssoviated with cacli g

o

attachod to each generator, so that the reader may trapsle

siailed, in order to oither cnabic s
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E}é‘m*_iziﬁ‘; aﬁii;;éic};n;im‘s-té:s the user that an oot genevator has boon installed, OF

SOUTSS
Rl

ystorn 10 may, altornately, mannally enter information, thatds

graﬁwitié;a; aft rerator label or murking, fnto computer 17, i onder o oither dnable

systern 1, or 1o reccive feedback from computer 17 that the incorredt generater is

insinited,

,

Figure 34 further fiystrates stdewsll 208 ol SCmRY rocentacis

253, into which divargents valve « ITWP s mountad, o§ = enntralied byons of the
sorvomotors {not shown) of system 10, and e opening 338 for activity detector 33

EY

Hu mounted in ¢ shiclded well 255 that extends downward fram.

opuning 323 {shown in Figure 3B}, and, with re ~fer o Figare 38
pasies ver opening 335 so that detector 25 can detect an sotivity

sifioning, within the

passrs therethrough, According to some enabodiments, the po
X A

.

e

cornpariment eng im::a by sidewalt 208, 0‘? the compenents of the portiom of i

snounted i & Fame

tHustrated by Figures 3O
cure 30 i8 & perspective view of subassembly 399, and Figws 3D in e

pempec tive view of frame 39, Avcording to the ombodine s

frame 3 icformed Som nating ways 394, 398, for exumple, formed
thermuformed plastie, which fit foguther to captuve, ther

rolation o »za:p&rism-ztm edge of frame 39, divergence val

cluant tuling Hne 304, by-pass tubing Hoe 303, eluste tubt

and patient Hne MiSp. Figure 30 lustrates the perinreter odge divi isfed it a fest side

ey
91, & socond Kide 3T, opposits first side 391, a thind side 383, evtonding betwoen

first and sevond sides 391, 392, and u fourth side 3% ?,& *pps:sis’ii‘& third side 393,

g

f Fioure 3D shows trays 384, %}B ndividdal Iy formed for fiting togethen

secording o slternate embodiments, mating trays of frame 39 may B warts ai‘.éf g
R o kS

continoows shest of pluste folded over on iself

N

According to the (lustrated embodinent, an end 4044, of el e 364, and

an ond 403, of by-pass Hne 303 extond from third side 393 of fume 38 to couply

. kS

i

diverpencs valve 338G snd an upstresm section of sloant tublng Hine 383
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S07 of pationt lne 3050 and waste Hne 303w, rospectively, ex

392 of framne 30, Although ends 408, 407 are shown exdending

a% they would within stdelding sssembly 200, it should be
Haes of circeit 300 arg prefergbly Roxible and would drop down ander thelr awn

fght rasher thaw extending upward, as shown, 3 aot suppoarted. Reforring beck to

sure 1D in con ;um:*‘mn with Figure 3C, & can be seen that the afwementionsd

iﬁtmsg & avg provided for coupling m%mx«gmi\iy 390 fnte clvuit 300 fret findng 31

3, 314, 315 may be of ’fétc Laer type. may bo a

e Bachofthe i’i‘lﬁiﬁ“

type suitahie for relatively f'i‘{i' ‘1 pressury gpphostions, of may b any other sutable
w o that ts knovwn o those skiiled inthe ant.

As proviously mentioned, when gensrator 3 s re *nies.\nms it aiiﬁ@-fp&:&:ﬁ’iy‘

Ay

233 snd doors 337, 223, and, in those instances wﬁcrmz aystem

sive cach duyy thass portions may be replaced duily. Thus, scoording ¥

mbodiment, ?;‘ti.escfg:si}';ftimmeix‘ conveniently held together by frams 3

subassembly 398, in order to faplitate v clatively s ye:::dv snoval and ¥ ’;ﬁ‘

<+

\

ring & propeyassembly uncm;itmm i rogistration with §

w-

registeation of divergency valve 33WHF with

3

of tubing Hos cnds 403 and 044 with

o

alve actustor receptacte 253, re

4
’5»
’;’3,
zu
et
ks
o]
,.3

i

spistration of tubing Hine snds 40¢H and

NES
AL

TARSRECWRY

ofevence to Figure 38, other portions of *umxg fronit 300 are

showd, Figure 3B illustrates eluant tubing Hoe 381 extending from resarvorr 15,

otside of shell 13 (Figure TA), to syringe pump 33, which is mounted 1o s actuating

platform 433, Acsza}_s‘é'iﬁg o the Hustrated cobodinua, ?E(‘ui;’\?iiﬂ 433 w ctuated by
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ag terdeaw i slosnt, from reservoir 15, theoagh tubing line 381 and then o pause the

f/,

sanger o move in the oppostte direction so as to pumyp the cluant, through ibiog liee

«
>8M1 to either generstor 21 or to-by-paas Hne 303, Adthough the lustrated
embodiment ncludes syrings pump 33, other seitable mumps, koown to those skilied
i the st ey he substituted for pamp 33, in order s deaw cluant from resarvady 18

sxisd to pamp the cluant throughout cireuit 300, Although not shoy

SRG ix fitted o another valve avtuating

appreciated that divergence miv&; ;

eptacle monnted within shel

! s ot i e
atis pumanted 3 s@isgmai*f Sh

1 39 for subsssembly 354, may b i{*?‘f et from & thermeformed

r 317 may hivs & claxa-shell structure fo sncloss

i}ﬁe}:ﬁiﬁr&gaﬁ&} yot allow tuling Hoe 302, on cither side of filter 37, o oxtond out from
the jntorior apave, in hotween opposiag 8 we, Holder 317 48

show ’i.zaé‘%,;&ztiizxg arappendage 307 for hanging holder 317 from & strughwrs (not

shwn} inside st w13

g now o Figures 4-8C detailg © e operation

will be deseribed, according fo some smbodiments of t

nvention As previopsly mentioned, and with m rence back & :'E.i

17 of gystem My dncludes moniter 172, which, ;w eftrs %wiu

of svatem speration to buforny g wser of system.

P

sorer fo reooive input from the user, 1 ady uid be understood

.

nthe zmm&»

couplad to the contmiler of systern 10, which may be moun

-y
#

ouriad 0

spave surrounded by shell 13, Althongh Pigure 1A shows computer 1

.o

&

poat 142 of systom 10, fordirect § air;i\,\‘.s*‘im: to the controer of §

t o altornate embodiments, computer 17 i coupled to the contralier via & Saxible

Jeadd that allows comphter 17 o be positioned somewhat remetely from those portions
of systarn 10, Fom which radioactive radistion way smanate; or, acoerding o some
sther smbodiments, computer 1718 wirek

tedemutey, to the controller of systan 1, &

sormpruter 17, so that the operation of systay

revootely, away from radicactive radiation.
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According to seme preforred enthediments, compuater 17 ix proopropranied

guidé' the user, via montor 172, throogh prposdures necessary *;‘z:‘mazirztz:'isfs st T,

0y px*r v quality control testy 1 10, and to oparate system 10 for patient

infusions, 88 well as to Interact with the user, via the touch-sureen ,,o*paiﬂe*x of

niomitor 172, acponting to preferred embosimentss in order o fragk s

anst eluate conteined within systom iﬁg o track & time fow complet

performed by system 16, to caloulate one or more systen parametens for the guehity

control tests, and to perform varfous dats operations. Uomputer 17 may aise be pras
srogrammied o interact with the controlier of system 1 fu ovder tok Loop d running
tally ot count of clutions per unit fime, for a given generai Comploved By the svatumn,

and may farther categorize sach of the counted elutions, for example, 8 hams&

genersted either as & sevople, for quality contral fuating, v av a dose, for patisns

o sdation count and categorization, & icna with fessuremends made on

sach sample or dose, fr sxample, setivity level, volume, How rats, ol omay v

matnsained in g stored recard on computer 17, Al or & portion of this stoved

information can be mmmi od in & repont, 1o be printed locally, andéor 1o be

.

owia Eninternet sonneotion

transtorred to g remaote lovation, for XA

3 iie::,_g:-, al ,L{mgm personnel, supplers, service prov iders, ofe..., &8 provicusly

v i
X

Fpaay further interast with the sser and/or a reader of encoded

i_zﬁ-‘f:s.;s.lw**'wm for :ﬂamg‘i‘ g, # bar vod ¢ reacer of 8 siion (REHEN
tap reader o alore and Srgaiiize poxg duct information collected from & product

venlwy sontrol, sndéor confirming that the propey

{abelsfiags, theroby B

components, for exsple, of the tu sning oiveudt, andior ac

boing used in the systom.

1t should be uwndesstoud that sorven shots shown in Figures $-8C are exemplary

o

in ature and ave presented to provide an outling of some methods of the prosent

o

fvvention i which computer 17 facilitates the aforementinned procodures, withes

fimiting the scope of the invention fo any partiontar computer Intsrface Rormat,

Computer 17 may alse inclode 3 pro-programmed uger mamsal, which niay &
on monitor 172, eithsr independent of systern operation or iy conjunction wi

™

operation, for exsrmple, via pop-up helpy sereens. «\‘mewh the Bo
P 5 <

whsh language &

s

sraployest in the sereen shots of Figures 4-9C, . it should be understood St according
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25
0 some ombodiments, computer 17 {s pro-progeammed 1o provide guidante in

83

Figurs 4 is a soreen shot of & main menn 470, whid

17 on menitor 172, sccording to some embodiments. Main
fisting of cach compuiter-faciifated oporation thal ma
the user has logged on According to some melti-bnpusl smboditonts, contpaler
presents a Het of languages from which the user may select, prior 1o prosenting maim

menn 470,

Figure SA is a schomatic showing a serd

fn sersen 70, Acconding to some embodiments, when the user touth-3¢ sleety the daty
sutry folds of sorven 378 or 371, or of any of the other soresm ;}1\,&:@ Teereann,

Selow, a virtual kevboard is displayed for touch~seloct dutas sty fako the selected data

entry field aliornately, comyputer 17 may be & amt‘:szms with snother typeof device for

aser-date eutry, sxamples of which include, without lmitation, » peripherad keybuand
device, a storage medinm (e disk) m;id.e;:,.aseammﬁ_ bar cods resder (or ather

reader of cnonded information), a hend contral {i. mouss, joy 3t

A{?i ough not shows, secording fo some cmbodiments, soregn 57

Lo dats entry feldin which the nser 15 required to ster a Hoense key relad o
the penerator emploved by 'sv-fs.v 10 dn ander fo -etzab%cﬁger&i inn of systen 107 the

fey yravy Do time sensitive, refated fo geperator contract terms,. OF couse &

v he cmps.o wd, a:.wrdm o varous e .vsbc}ém

aily sppearing screen

After the user onters the appropriats infarmation into date entry Helds oflog in

g

vesigne of

The
&

~
z
Fa

sorem 378, computer |

presents & regquest for the user t confioy

slaant that Is within rosorvoir 15 {e.o. sali subine hao), vie a soroen 571, and then

sluant that Is within roservolr 15 {e.g. suline o saling hag), vis g sorome 371, and then

brings ap wmain menu 470, 1 the user determings th wt the volume of sleant’saline i
”

T3 o replace the saline bag i systorn 10

nded information reader, such as a bar code or REIDY s reader,
& :

b the sehoctod reservolr s

;—-‘v‘gitfezfmi:ivai . or iy addition, fubing ling
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connoctor which only mates with the proper typeof regervelr 15, According to some

ernbudiments, system 10 may further include an osmaarity or cliarge detector, which

paEEY

is located just dovnstrerny of roswrvedr 13 snd i linked o computer 17, sothat an

Srror wr:%szsz & may e Qmse?mé on monitor 172 stating ¢ that the wreng osmalarity or

chargn i supplicd by reservolr, indicating an improper sl

Quie c\an“;k of & charye detector that may be easployed by systont 18 is the SaiCon™

Comduotivite Seasor {svatlable from Scilog, Inc. of Middiston, Wi

Once the reservoiy'seline bag s successfully reploced, computer 17 prompis the

3

aline contained by the now saling

aser 1o cnler & guentity of

Alternately, if wystom 10 inchudes the aforementionsd reader, and the saline hag

inchudes s

: by which valume information s provided, the reader may sutomatically

o

granstor the s:;i!ﬁii{iiitzé-’ fnformation to computer 17, Thus, computer 17 e oither the

confimed clrantfsaline vohune, vin soreen .ui or the nowly entered elnuntise

volume 43 2 bascline framy whith o track depletion of reservirir volume, vig antivstions

x

of pumyp 33, in the operation of system 10, With reference to Figure 35, duting the

stean 1Y whon computer 17 detects that the closnt reseryoir

operation of 3

fas bean doploted o ¢ prodetermined volume threshold, computer T wamy the ner,
vig g soroen §T7. Wihe vser has disregarded sereen 377 and continues nz ste the

5&2&3}&&:«35‘_@ compater 17 detects whet

\}T ‘i e §‘:“ ?b 118

reserviinbag. xxucc*;di:m to some enthodiments, system 3{3 autorsatically preciudes
any forther opration of the systom until the regsrvoir iy ii‘aﬁpﬁiﬁﬁishﬁi ft should be

noted that, a8 previcusly montioned, system 1€ can include & Buid lovel sensor conphik

Fov ot

ot of saling shops balpw a o

1o the eluant reservaly in order 0 detect when the

fovel
Tiy sk ition fo tras ""mg the volume of cloant in reservoir 15, computor 17 slso

tracks 8 valame of the elpate which ix discherged from generator 21 indo waste bottie

-

e 1o Figore

C, ax ftem 5R3 ts provided iy main menu 470, 0 be

s

selected by the user whe the gser ~>m§51:1{::§‘xsfasi§: bottie

S R g S D %
583, computer 17 prosents a soveon 384, by which the

ber
o
e
ey
gaars
=t
?“‘
5
é',:;
"'."
{.‘"

comnputer 17 to set sowaste bottle level indicator o zor. once the

1EOn
Ci.

3ok

o
iric]
pe
<5
P
o
o
o
ye
P
L&
=
&£
]
ey
-

Bl
".‘5"
...,
53
2
e
ﬁ

ehottie 3,
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23

e that wa

sither emply waste botlle 23, orcon

=

the ‘end of ppomtion the provious day, and afilize s»;\ﬁ S84 o ot the wasty bottle

vl fndicatorto xoro. Thas, computer 17, can track the Slling od
e s

monitoring of the operation of pump 33 and divergence vabve 33WP_ and provide an

£

3 indication & the user whest waste bottle 23 needs o be
rresentation of soroen 584, o order to warn the user that, w
botle will averflow, Avcording 1o some smbodimen
precludes say further operation of the systeon antil the waste bottle Is smptied,
_s’-:'ai:-;;z(}rx:img w0 some shternative sinbodiments, & fluid level sensor may be coupled o
‘18 waste botile, for example, a8 mentivnsd 2bove in corgunction with Figere 113, i ovder
to automutionliy detect whan waste bottle i fiiled to 4 predetermined level and &

ey . 5y
Aneeds i be

f

provide, vis computer 17, an indication to tha user that wasly bottle

Vo to automatically prochude operation of system 10 untll the waste hatde

snpisd ®

2

1 addition o the above maintenance steps refated to éluant and sl

Grewd .

(]
f“)
v1
o
=
%
ot
[e;
s

k7o
k4
b
£
o

of spstent 16, the user of systemn 1 will tyy sivally perform 134& ity tonirol tosts sag
‘)

¢, prior 1o any putient infasfons. With reference o Figure 6, sconrding to prefirsd

%, prior to perfovming the qm}z v control tests Gonthined i conjunstion with

-
o
£

5
<%
S
oy
&
5:;.«,

it ozéa o dirvet system »-'3_{}-&} was&; the co}}mm of gensrator 21, Duriny Slo

o

is performed by pumping a predeterm fned volame of ¢

cohann wash, which taant, for

~

niilititers, through generator 21 and fite waste botile 23,

example, approximately

computer 17 provides an indicetion, via g screan 676, that the 5
Als wing the grneratr cobumn wash, the systern may provide & signal fo indicals

A

betug diverted to wasts bottle 23, for example, Haht pryjector 100 (Figue

T miay project & Hashix

Figare & further lustrates a sereen §77, whick is prosent s by soropater 17

3%

oo comblotion of the colunu wash, and which provides sy dnslication of & time lapse

o R kS 3

since the completion of the wash, tn tormy of & time conntdows, uatil & sebsegquant

2ol s 8 B i ek s e rast R X 2 % e AR By SRS 3 2
30 ehition process nyay be effectively carried out. While soreen 877 is displayed, system

10 may b refiiing, frons reservelr 15, pump 33, which bas a capacity of
approximately 35 milliliters, avcording to some embodiments. According to some

90*0"’0& embtiments of the prosent invention, computer 17 starts & fmet oneo any
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weUss 18 commpieotad and nforms the sser of iim tirve iam\ﬁ, sither in torpiof

¥
A

the time counidown {screen &

for sxample, s8 will be desond t’.‘d in confunction with Figurs TR ..«%i:i:sniiistzg:i:{} an

sxemplary embediment, whereln generator 21 15 the CardloGen 828 that yisids »

k%3

saiine solution of Rubidhen-82, produced by the decay of StrontiumeR2, vix the
clution, a time requived bebween tweo effective clulion processss is approximately 18

Ft

Omue the sppropriate spnount of fime bas lapsed, after the elution process of

generator enlurur wash, a first quality control tost may be performed,. With refersace

~

% o Froure TAL the wer may seloct, from meln mene 478 an o 7
computer 17 & hegin @ soguence for breakthrough festing Acconding o some
embodinents, in conjunction with the scloction of tem 7734, theuser altaches &

peedic 10 an eid of patient How 30Sp and lnserts the needls fito t & testvial, for the

*

colloction of an sloats sample therefrom, & i, secording

o
i
&

. Sshvputar §

oy
fE
4

vesents aacreen 774, which instructs the wser to ing

¥
rrg
3

fich mgy be held Byvecass 101 of shell 13 (Flgue 3{.‘

o

Figure TA farther Hustrates o subsequent sereen 773, by which compater |

- S

tves input, from the user, for system 10 1o start the breakitr cugh slotion, followed

‘:ﬂ @ sereen 778, which provides both sn indication that the ﬁiu@iﬁiﬂn fe fn progress aud

&

3 roption oy the wser ko abort the elution. &swwwaum

provide

sure 10 miny projoct & an}zmg Imm sw m* dm

2

procass wher i‘ﬁ{s&ta is diverted from generalor 21 through wasts Hne 308w mwd tnge

¥

waste bottle 23, and then 2 steady light signal during that portion of the elalion process

%]
£

when the »mr\, in-diverted from generstor 21 fiv‘o»a,ﬁ patient Hne 308p sad it the

.

wdde, once activity detector 25 detests & dose rate of spprexireataly

3

10 e see i the sluaty discharged from generator 21, Another v of light signal,
L ER

for pxaraple, the more rapidly flashing Hght, as previously deseribed, may be prigested
whin o peak E}Qiu;\s of radioactivity is detected In the eluate.
34 Upon completion of the ehution procass for breakshrongh tosting, computer 17

i

prosents 8 sorsen 777, shown fu Figare 78, which, like soroen 677, provides an

N

indication of & thme lepse since the completion of the clution, but vow i fermsefa

tirne sinve completion of the breaktbrough olution process. When the nser iy
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the vial containing the sample of cluste into & dine calibyaton, o @ nousurs th

e usor may make a note of the time Japse indicsted on sere

enee o Figere TH, once the user
fronythe dose calibrator, the nser proveods to 8 soreen 778, which insludes duta o

activity messure and the time bebween that at wideh tho dese calibratar

Ry
e
ol
[

mogsnred the activity of the sarple and that at which the chution was completed, The

user may euter the duta via the touch-sereen terface of monitor 13

iher sforsmentioned devices for user data entry. According to some aliernate

Pl

embodiments, computer 17 may reesive the daty, eleotromcally, from ihe do

e
ey
et

culibrator, sither vie wirsless communication or a sable conneriisn,

2

Adier the data 3s eatersd by the user, computer 17 prosents soresn 778, fom
which thie user mvves back to main menn 470 to perform aavsieny eulibmtion, fow
example, axvwilt be de soribed in conju stion with Flgures 84~ B, aithougl the

s not complited. With referencs baek to Fipure T4, a0 fem

breakithrough testing

So e 3

?“353  shown, somewhat fuded, in madn "E}{iii\z 47 ftom 7738 ma

s
Ay

a-seond stage of bregk: “mwri* esting. In the second stage,

{ tuats colleoted fnthe test vied for the breakibrough o -&;ii:i} BES

o~

tirne of approximately 60 minutes from the complation ot the clution that p

»1

20 o, With refergnce to Fi igare 7, after the user has selected Hem 7738 fom muin

e 47T i order to divect computer 17 to gmmz troakthoough fost toenits, 8 seroen
TR s displayed. Rerses 7RI inchudes, for roforency, the vatues proviously entorad by

e o e s

the user in soresn 778, along with snother pair of date entry Helds fnto which the user

is instrocted to onter the breakihrough reading of the sumple at 60 odmstes and the

25 backuround radiation roading, resportively. After thy user endies this remeiniug
B LG YO X .

informution, as desoribed shove, "(B'Rphihf 17 may calenlate and thet display. ona
sorven 783, the breabthrough teat resulls, Acopriing © the iliustrated em vhodinent,

o

17 also displays on soreen 782 presprogramumed slvwable nmits for the

rosults, so thas the user neay verify that the breskthrough test rosults ave in comphiancs

38 with accsptable Hinits, before moving on to a pationt infusion. Actording to same
ginbodinrents, system 1 will not sllow an infision 1 sh results exoved the scoeptable

reon explaining that the resalty sre cutside the seceptable

m
e
4
M
2
o
«(‘
.
g
=
1;’;.

o
~

:
'{ v
ys
b
£
=
W
7
&
“"(
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Hmits; the sureen s o genvrator supplivr,

geamnie; arderg genergion
2 oot . & % :

With reforcnes t Figure 84, duving the sforpmes

¢

while waiting i complete the breakibrough {esting, the use

- S

% z 5
:-"j’\ oY Pi‘.: or

by selecting ttevn 73 from main menn 4700 Lipon sclection of Hom !

S e .
el drsto sn chition

prosents a soreen 874 which instruots the user to fusert s
vial shisld, In addition to placing the vigl in the shiekd, the oser, profusably, replaces
patiznt Hoe 305p with & new patient e, and then sttaches 2 neediz o the end of the

now patient Hne Sor insertion into the test vial, inorder to colloot an slosse semple

-‘« s~
A TR
rd

horefrom. After performing thees stepy, the user gy move to sorem 875, whewstn a
p%.zmﬂ%iy of date entry Soldy are prosented; all ov sowe of the Selds may be Slled in

with pre-progranumed default parameters, which the nser hus an option 4 change, it

necdssary, Onoe the wser confinms entry of desired paramst

user may cuter & conunand, vis interaction with 2 subssquent sereen 8
alibeation chition
With refurence to Figure 88, sfter soraputer 17 starts the elution process s

s
+

sercen &7 tnformy the user that the calibration elution s in PrOETRes

gption t abort the clution, &s proviousty dosoribed, tha system may yoovidhe gn

.

indication that i“.&k’i{%“} 1 progress, for sxample, light "s“mcmm 100 (Pigare 1 Cymay

project & Hashing iighi sigiial dvm B ﬂm ‘mmem af hh“ slation provess wrhr::z.'s clyate is

o

diverted fron

LO8 provess wi S Aty g

seribed d@se rate threshold is reached, for exaniple, 1.0

vec, wnd the eluate d

f/;

s being d

fine, and fmo the test vial, Awther tvpe o

flashing lght, as provinusly deseribed, may be projoctad when & posk .ba}.ii-s& of
radionetivity is detocted in the eluate. Upon completion of the elution provess for
salibration, computer 17 prosents a soreen §7&, which provides sp indication of & the

sevnisdatiany i i Feovne ot g N aines eranniatione of i
lapse sines the completion of the elution, ix terms of & Hme sines completion of the

calibrution elution provess. When the wser tramsfors the vial containing the semple of
sluste into the dese valibestor, to mousure the activity of the sample, the nser may

o

make a nede of the time lapse indicated on screen XTR. With further referones w

Y

Figure BR, onee the user has reegived the sotivity measure from the dose ¢

alibrator, the
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e
78
&
i,
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asar procesds o u soroen €79, which includes data entry fields for thes

s the time, with respoct o the complobion of elution, st which the 3{\. calibrator

moasured the activity of the sample. Ones the dats {8 input by the s, as deseribed

abeve, computer caloulates a calibvation coefficiont, or ratio, sud prosents the ratio on

L )

asereon RV, Accerding to Figure BB, soreon 840 furthor p

sirable range fethe calibration ratio and presents an uption for the user to refont the

s
%
!’)
5%
f"}
:::
‘,':v
ot
ﬁ’;

coleudnted vatio, in which case, the user may nstruet conyuter §
sat,

As proviousiy meotionad, some aliernate eobodinmen

i mohade an on board dose calibrator so that the ol

2017235989 28 Sep 2017

and caloulation stops, which are described above, in cnniunotion with Figires -8B, for

thy quality control procedures, ey be sutomated. This automatsd s

.\1

forahly includes sercen shoty, sitatiar to stamie of those desenibed aboviy whigh

]

< systerny with information at varouss stagss over the coutss of

12

rther solloct all que §§ wmmi tast parameters

v

s,mdm 1 all or some of the paray

system 19 & begin & provedurs for the generatien and sutormiic Infusion ot g

.

raciopharsaceutical into & pationt. As previousty described, syst

nf

s the

2

it

3
7
7
=

g3
e
sl

7

5 vationt with the radiopharmscentical so that muclesr dlagnostic imeging squipment, Ry

wad

gxamnple: 3 PET svanner, can oreats images of an argen of the petfent, which shsorbe

X

the ¢ dzm*zﬁrrs secutiond, via detection of rudicactive radintion thevefrom. According

>

+ Figure 84, upon solestion of dom 871, computer 17 pu& ants & sereen 972 which

<

imctudes u dard sntey fudd for & pationt identification sumber, This identifiostion

30 mumber that i entered by the weer iy retained by computer 17, in conjunstion with the
D 1 panmeters assueiatod with the patisnts infaston, &8 the wser

enters the patient tdentification manber, campﬁi&r 17 divects, por 4 spreen 973, the user

fo-attach & now patient lne and W purge the




(2]
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skt parameters, which the user hus an opton ot

v with prosprogrammed de
BODOSSHTY,
With reference to B igure 98, ifpump 33 does not contein excugh clusntivaling

for the patient mfusion, computer 17 will prosent a werning, via g sores 881 which
Ty >

includes an option for the user to divect the refilling of manp 33, vl 2 subsag
roen 802, Onoe pump 33 has been filled, coraputer 17 prosonts an in

user, vis % soreen 903, ;fa-;:mmﬁng fo some ernbodiments, #ths

wifugion ,mi prosent another screen, that mmmmmia:aigﬁ to theuser that no inflsinn is

possible, if the parap is not refilled, and asking the wser o mfill the p

S01. Whsn purmp 33 contains & sufficient volume of shus

preennds o sovesn 975, which & shown in Fig

10 enter s oonmmand for systern 18 1o start the pationt inliden, {}m**z‘, the mnfusion,

compnier 17 provides the user with gu tndication that the infston i in provess and

with & opticn for the aser fo abort the Infusion, via a soreen 976, As previously

deseribed, the systom may provide an indicston that an slutio

sxample, Heht projector 100 {Figure itﬁmm sroject o flast ,m“, Hg

i

g
%
5
7}
z
b

g'«m"’;:{m of the slution process when ehate s diverted m}m gengrator 21 through »
Hue 305w and into waste hoatle 23, and thew 8 stoad

thie ehution procges when activity detector 25 has dstec

l

of Hght s §;., wal, S example; the more rapidly “hshm;{ "i“*i‘;‘i, p‘;‘*via

be wrojected when & peuk bolas of radioactivi

cevnpletion of the infusion, & screen 977 is displayed by comyp

user of the onmpletion of the infusion and 2 dme ginee the ¢

also diaplays o suramary of the mfusion, per scroen %78,

With frther reforence 1o Figure 9C, sereen 876 shows g ox
prodile (activity - mCifser, onv-axis, vorsus Home - 8¢, OR X-8x }ﬁ}“ the

infusiowinjevtod dose {desipnated between the two vertical 1

art will appreciate that the shape of thus profile depends upon the
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fora given volume of the dose, which How rate iy coantro

spevd e which pnp 33 drives flow through the patient tine, .i;;d‘fu‘gw: e st of

Strontian-&2 veralnd ng i nthe ¢ goreratorn in the shsenee of How rato ¢ cntre, aotiv xf:v‘
;;mﬁ'ies way z.mﬁcfswf ifhe Hfe of the g&ﬁaramr. Farthenmors, the peak bolus of
xt oly now generator, may
oxcond » suturation feve >§ fthe imaging equipment, Lo PET scanner.  According to
some preferred methods of the present invention, fnorder to madutad
consistent and desirablofelactive, activity profiles for putient i
o the generator, the operating speed of pump 33 may be varied (both over the course
i of g single njection and fom injectivn fo 'isfx;’-eczimz}l acvording 0 foodback fom
activity detsehsr 230 mothod may be impiﬂmenmi&rm freorporation of anoths
grslity control togt in which pump 33 &8 @;‘zcmtcd to drive Slow theon gs“ the genevsior st
i % yof doHvily measurementy
c§j§; ertor 23
15 buseline activity profile from which the compy
flow rete profile o control & spesd of pump 33, in order fo achiove the
desirablioffortive s crivity profile. In geoerad, at the start of generator Hife, whe
Strontiun-82 s plentiful, the pump is controlied o drive tafusion flow
lgwer Tates, <sm, then, toward the end of generator 1ifey when nich ofthe
20 82 has been deploted, the pumnp is controlled fo deive Ii'fazs‘im‘;.i’is:m & e
;&‘iﬁ&g‘w A was deseribed abovs, in conjunction with -F"gfm‘s if} ad
woraty s relatively im\h tht {5, i ghe \ou e oreate too much
» through the coluran of generatar 21, by-pass Iin
e di‘vfergemfi:. vabve 358G 1o divert s flow of chiant b
25 after @ sufficient volume hag been pumped through generator at & lower flow rate
Avcording to this ethed, once 2 dose of sluats, From generator 21, has Sowsd fmo
o valye 35BG s sot to divart the How of eluant through by
1 purtap speed is inoveased fo pump oluant at g higher How rate in
order o push the dose out from patient Hne 308p, for figection af the higher How rate.
3G Consistency of getivity profiles amonyg injected dosus can greathy Swilitate the
g of PE nring for the quamtification of flowy, for example, in covonary parfision

studisg, Altornative infusion clrewit configurations, operabie accurding W altornative

(2

e g

methods, to schiove consistency of sctivity prodifes smong infected doses, as weilas g
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snove apiform lovel of sadiosctivity across each individual dose, will be described

kL8 B Bk POTIS TN TN

3

below, fn conjunction wath Framres 1280

Printer 117 {Figure 1B} may beactivated fo print ont & hard copy of the
infusion sumsnery, onwhich the patient identification pumber and pertivent fnfusion

O in addition,

Ust o
Fs's
w
r
el
i

and systom parametors sve slso printed, for referonce. Altomati

seonrding 1o some smbodiments, the sommary miy be downloudsd onito & comprater
veadabis storage device to be electronizally transforred fo ons or mere ngnote

oomputars anddor the summary may be awtomatically transforred to the one Or move

remote sumputery, via wireless conununication or & eable coennction, for example,

over an intranst network anddor the intemet. In order (o protect private patisnt

o

tormation, the files may be encvyptod for ransmission vver the interusl. Thosns oy

FEE

nrory romete computers may be included, for sxample, ina iii{}t"é‘_}‘iiai aformation

i
v
o

o, sbor & billing systemn, snd/or in 4 niedics! imaging system.  Infugion

sxample, Corrsaponding to the activisy profils, may alse be colibetsd

vaécgg*}\}gggwiiqugt rred for anglvsis in conjuncton with captured dmages, for

example, by order to guasily coronary fow, vie g softwar: package thet is Iosded dntp

w gyston that Incledes the PET scanner.

a -~

With reforenee back to ‘f‘wm‘m YA the user may select an Hom ’535‘35:1.,-3’“: >

{0, o order have system 10 porform date w:;m.v:a:tm.tm;ga ol s arehiving ¢ data

base of patient m*‘mﬁm sma“:mn{m ,m:’t fiality coatrol tost resnlts, ira ansntting

patient infusion summary records o U S8 mnass storape deovi zcr:s\ awd vaﬁ@m Bype of

ering, for exanipls, sccording o date ranges anddor *‘a’i\sﬁﬁi identifivation
aumbers, for example, to search for & parbionlar set of duta sadior i complia &
sa;;mm;;:y seport of related sets of data,. Additionally, cenain information, which &

coprater 17 over the course of ystem operation, and *-&*Eilich dufines

nmn
b
<
oo
1]
o

systom operation, may be transmitted to 2 locsl or remote comperized inventory

systern endfor to computers of technical support porspanel, o intepancs/savios
srosviders andfnr supplions of fnfusion oirewt slemenisicomponents, thereby taeilitating

s

more efficiont systom eperstion and maintonancs.

Trraing now 1o Figure 1, an o 98T for computer-facili
nghdng Hnes of wystorn 1 s shown included in tnain mewa 470, When & user selects
ftom 981, computer 17 guides the user to select either an air purge of # saling purgs.

i A T

The direction provided by computer 17 18 not explivitly Taid out herein, for 2 saling
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satinme purging should be readily appas

T ... &

whematio ofufusion chrowd 300 shown dn Bleure 13 4

desired to assure that all the air s removed From oleoalt

300 when 2 now generator audior & now complete ur partial tubing set i fustal An
5 air purge of the tabing Hnesof eircait 300 may be performed afer romoving resorvniy

ing ponsrstor 21, by connecting fubing Hos 304 o wubing line 303, and
souphing patient lne 308p 1o 8 visl, for example, sy is divested by the mm_g:«mﬂr

> N

fnterface, in sorcons 983 and 984 shows in Figurs 10, Thes

blowing out thetubiug Hues, thereby removing all romaining clusnt snd ohoste, prisr to

10 installing 5 new generator sudfor prioe o transporting yystem 18 from s site to
another, I ponerator 21 48 got deploted snd will be

¥i
&

13 importaat 1o by-pass the gonerator prior to pur,

with atr, 8¢ that air 15 not blown aoross the s.,:;:m*u*m SRS @t

an and the ssoptic natup

Ty compmndss both the Rt

553 According o preforred embodiments, once the user has folk
instructicus prosented 1 screens 983 and 984 and selects o
examp! te, vid soreen 083, compater 17 dirscts the controlier ufws 3{? 0 Qiii‘f_‘}f outa
enmplete sir purge, tnwhich pung: 33 end divergence valves 358G and 35WYP are
autpmatically contraile d. The sutomated sir purge proferably inclades the ‘mi WD
36 steps, which meay be hest undersiood wi ith 1¢ im.z

pumiping any r‘amaiﬁiz}_g: '*sf‘t}%’i}:{:,;&
e 305w, 1o waste bottle 23

fines 302, 304, 308 &

previpusiy vomnectud gfm:cﬂv i one another, in Oﬁﬂm“ 10 b:}**;?a;:s genorater 215 18
thronigh @ araif}r_’iii m&y}? accoptabie); refilling puny ,“3 with afr and ‘mn maping
a portion of the air through lives 302, 304, 305 and 303p, into the vial, and then &
romaining portion of the alv dheongh lines 302, 304, 303 and 305p, into the vial, With
refivence to Figure 1D and the previous descrption of divergag oo valves 358G,

N

3SWP, it should be vnderstond how divergence valies 353BUG, 35WP are astnmationlly

Sz
&

controiiod 10 carry out the above stops.

b

R b

The purge opeeations, which are facilitated by selocting itom 981 fium main

.

mene 470, may also be socessed via the selection of an item B9 for gonerator sctup,
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When the ser selovts e 991, computer 17 may present an option for guidance in

by

wernoving sn old, depleted, ponerator and a set'of tubing Haes, prigd o ‘iz;.,‘tai-}iﬂg; the

gew goneraiorn, or an option o just be suided in the instailation of the sew ponerstor,

Ascording to some embodiments, computer 17 s pre-programmed o caleglate an

3 sononnt of activity teft in & depleted gensrator, for example, by trscking activityof
shunte overa B of the ponerator. At an end of the i of the generator, computer 17

v further compile this information, along with sther pertinent generstor

information, fulo 8 roport that may sccompany a declarstion of dangerous goods for

shipping the deplated gonerator out for disposal oz, in some vases, hack to the

Hoti
s

manufacturer fir investigation. An sxamply of such & rupart is show

Accmfﬁiﬁg o those embodiments of systera 10 that include an eneo

.zxzfm nation that s i*ﬁ’d-‘"-ii.ﬁ“ﬁ"% an sncoded labelita o attrched zt’*"z srei

-
»h
A-,/
;,_z!,
%
et

Figures 1248 are schamatios of alternative infusion cireuits 13004, 130

3.

13 that pay be seaployest bre svstem 18, in place of cireuit 360 "hgm 1, acvovding to
some add sﬂd‘ smbodiments of the present fnvention. Clroudts 13004, 13008 are
cemBgursd o allow for altornative methody of oper ation, to that m“m-‘i;:}
for oivouit 3 L{igwiécm_s‘zgmiaﬁvaiy even, or uniform level of sotivity wver o
dase, alon 1 with the e L;uw‘*b» consistent level of sotivity fom i

G 'ties;irség for 'ﬂx&izzg_ﬁf:\» ity prder to facilitate a guantification of norousry s
flow via PET sca m;mgﬁ Pigurs 12C is @ schematio st aztm;.; a.‘iwsw il
12008 Re twe izg;cc::.:ﬁ doses, whensin z;tmtzi 12008 has & more witform level of
achivity than profile 12004 profile 12008 mexg« be dchisved vis thy operativn of
chrruity 13004, THHIB as deseribed belox

35 Similar to olroudt ME (Figure 1D, dashed Boes are shown fo sach of Figures
12A-8 o indicate ¢ geners! boandary of g shiclding sssembly for portions of cach
cirouit 13004, 13068, The shielding sssembly fxir cach of cirouits 13004, 13008 way
b very similar, in most vespects, o shiclding assombly 200, which s desoribed shove
for systenm 10, and the clements of each of circuits 13004, 13008 may by arnmpged

3 with respect o theie respective shiclding and with respect to shell 13 of systan 10 ina

\
5

surntiar manner o that deseribed shove for airoudt 384,

iy Y N v R
Figure 124 iHustoatos civowt 13

B

cireuit 300, sluant regervolr 15, pamp 33, radioisotope gonerator 27, throngh which thy
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filtered cluant i pusped t creste the radk

B

waste bottle 230 Figare 124 further tlhusirstes two filler

fransducers 1334 ncluded in clvouit 13004, Ciroult 13004 Runther in

tubdng line 383, witch is located downstream of divaey 3 dike ingrouit

{:74"
Cy

5 300, and witich accommodates the previously deseribed chanssline i Howover,

i contrst to circuit 300, clrewdt 13004 further includes 2 Hnearprogortionsl valve

Thish Hne 303 so that cirenit 13004 may |

1335 tndcgrated e by-pasy/

ey

Y

exmnple, avcording to pre-progranumed paramcters of coraputer 17, I sorgune

with fondback of information Hom activity detecior 25, for & comtrolled byvpass ¢

10 ganerator 21 s order o iy eluant with eluate and, theveby, achisve g rsiatively
uniform fovel of actl cach patisnt tgjection, for exavaple, acconiing o prafiie

edmixingos

;..-‘

It shossld be noted that, i addition o the contrn

)
"1
)
.
159
¢3
Do
Y
W
e
s
ad
S
=
ot
=
&
i
rrd
%

£ necessary, i

it

iz Fige IIE« ilhnstones oitoult 13008 including, ke the -gmvis&si? dikeribad

LJ!

2 By dotortor

sdrouit 300, cluant reservoir 13, pump 33;‘:';&&?.&}%3{3{&;}» gensrator

3
TN e

25, and waste botile 23, a3 well as the tey fiit&?\:‘?%

1334, as in cirouit i’wﬂs‘?&\ In contrast to ciropin 3
inchudes sn eluate roservolr 1350, which is shown locutes

21w betwess firat and sevond segments 34

e
Z 0o
)

shiould be noted that a pump s combined with reservioir 138

SRS Wi 33 that, when a divergenes valvsy 133510 ix set to aliow fluid
communication hatween reservoir 1350 and tubing lne segment 3054, the asseciared

BTG

sump may be operated to deaw in @ vohime of ehuste, and, then, whcn
23 aabve T335H 18 setto silow Huid conununication betweotn téservoir 1350 and tabing

Hie sopment 3038, the pump may be opevated o push the volutne of cluats out

throwugh tobing Hine segment 3038 for 2 patient -ir;iaatia.n, when divergencs valve

ISR iy sot to divect flow jnto patient Hue 305p, With reference back to Figures 388,

sidewall 203 of shislding assembly 200 may be enlarged ®© futher enclose elwate
384 reservolr 1350 For example, another shielded well, 0 house the eluate ressrvolr, muy

o TR ELETG § T, K 4 e (R g S L I e
sxtond alongside wall 355, in winch activity detector 25 13 doscribed as boang

mounted. Furthermore, sidewall 203 may fnclade apother vabve setosts
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divergencs valve 133810, similar to receptacle 353, shown in Figure 3A for

divergence valve !

Collection of dizerete volumies of elnate, in 8 reservolr 1350, may m,i* 18

profide 12008 n Flgure 12€, and, amcm*di;}g to preferred methods, iamh&h from

T
#rrth
$ed
Js
'\w
el
3

activity detector 23 vy be used to control the pamp associated with reservads

PRGN 1 &

oy

order 1o vary injection fow rate and, thereby, miaintain & relutively consistent &L\i\

)

3

fevel across mnltipie injeciions, aud, when necessary, o vary Gyection Sow mis over

an individual infection to maintaln the uniform sctivity levell Feadback from thy

pressure tansducer 1334, that is downstream from deteotor 25, andioy from a flow
meter {not shown} of cireuit 13008 may also be used to control the varying of injection

o mate

~

With further refevence to Figures 1248, it should be noted that shemnative

\

circutis may he configured to erploy a combination of the methods deseribed fie

Cirouits 1300 and 13008, Purthermore, senie infusion cirouits of the prosent

7:/

5

.it)\j*’{":}zifia}n may employ multiple g generators 21, ay mentioned shove, inoe nuneHon with

3

Figure 2 ~\ 1o hedp matntain iht. raiqm ely nniform level of aett vty aver gaoln injection

and thy relatively consistont level of autivity from igjection to injeotion

In the forpgning deatled description, the mvention Bay been doseribed with

veferones 10 wecific embodiments. However, it may be approciated that variouws
maodifications and changes can be made without departing from the seope of the

mvention as set forth s the appended clajos,

In the clatms which follow and i the preceding description of the tevention,

X

exeept where the vontext roquires otherwise due 1o expross langugge or pecossary

“

implication, the word “comprise” or variations such as “comprises™ or § wmwmw

i

3

used in an inclusive sense, Lo 1o specify the presence of the stated featires but notio

5 Y RINPARONNG SRARILARL T AL




24y

preciude the presenes o addition of fucther foatures In various embodiowen of the

HIVERTOn

it is 10 be understood that, if any prior art publication is referved to herein,

1

such referenve does not constiinte an admission that the publication forns a part of the

conunon general knowledgr in the an, in Australia or any other couniry,

2017235989 28 Sep 2017
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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:

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
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
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;

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
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
second door being configured to provide access to the second shielding compartment and to

close over the second opening;

9531176_1 (GHMatters) P85620.AU.2
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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;

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,

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
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

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

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
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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
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

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.

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.

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.

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.

1. The infusion system of claim 1, wherein

the cabinet structure has a lowermost portion and the platform has a lower surface,

9531176_1 (GHMatters) P85620.AU.2
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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 | 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.

12. The infusion system of claim 2, 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 | 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.

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.

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.

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

configured to track a volume of the rubidium radioactive eluate discharged from the strontium-

9531176_1 (GHMatters) P85620.AU.2
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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

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

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
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
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

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

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

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
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
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
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,
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

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,

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

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;
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;
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
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,

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

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

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;:

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
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
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

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,
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.

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;

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
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
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
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
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
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
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
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

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,
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.

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

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.

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

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

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
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:
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.

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:

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.

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
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,
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

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.

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.

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:

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.

S1. 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;

present on the touch screen display a screen reminding a user to insert the eluate
reservoir in the shiclded 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.

52. The method of claim 51, further comprising:

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.

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
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.

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

line of air, wherein the patient tubing line is in fluid communication with the eluate tubing line.

S5S. 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
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

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
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
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
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,
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

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

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
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

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
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

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;

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.

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,

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

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,

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,

the first elevation is between approximately | 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.

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.

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.

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.
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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.

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

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
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
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
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

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.

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.

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.

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
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

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.
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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
reservoir in the shiclded 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.

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,
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
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-
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

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 column wash, and

initiate 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.

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
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
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:

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.

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

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
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,
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

respect to the lower surface of the platform.
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Fig. 12A
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Fig. 12C
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