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WE CLAIM:

A method of controlling an 2?Sr/%®Rb elution system
having a generator wvalve for proportioning a flow of
saline solution between an °22Sr/%®°Rb generator and a
bypass 1line coupled to an outlet of the generator
such that saline sclution traversing the bypass line
will merge with eluted saline solution emerging from
the generator to provide an active saline solution,

the method comprising steps of:
during each elution run:

obtaining a plurality of successive concentration
parameter values at predetermined intervals,
each concentration parameter value being
indicative of a ©respective instantaneous
activity concentration of the active saline

solution;

computing respective error values between each
concentration parameter value and a target
activity concentration value of the elution

run; and

accumulating error data based on a plurality of

the computed error wvalues; and

between successive elution runs, adjusting at least
one performance parameter of the elution system

based on the accumulated error data.

A method as claimed in claim 1, wherein the step of
adjusting at least one performance parameter of the
elution system comprises a step of tuning a

performance model of the generator valve.
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A method as claimed in c¢laim 2, wherein the
accumulated error data comprises the computed error

values as a function of an estimated flow ratio.

A method as claimed in claim 3, wherein the step of
tuning a performance model of the generator wvalve

comprises steps of:
calculating a slope of the error data; and

adjusting a response slope parameter of the generator
valve model based on the calculated slope of the

error data.

A method as claimed in claim 2, wherein the error
data comprises one or more error values accumulated
during a period in which a target activity
concentration of an elution exceeds the predicted

activity concentration of that elution.

A method as claimed in claim 5, wherein the step of
tuning a performance model of the generator wvalve

comprises steps of:
calculating a slope of the error data; and

adjusting an upper limit parameter of the generator
valve based on the calculated slope of the error

data.

A method as claimed in claim 6, wherein the step of
adjusting the upper 1limit parameter comprises steps

of:

if the calculated slope is zexro, reducing the
upper limit parameter by a predetermined

increment; and
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otherwise, calculating an adjusted upper 1limit

parameter value using the calculated slope.

A method as claimed in claim 2, wherein the error
data comprises a difference between a predicted
elution duration required to achieve a desired total

activity dose and an actual elution duration.

A method as claimed in claim 8, wherein the step of
tuning a performance model of the generator wvalve
comprises a step of adjusting a hysteresis factor H
based on the difference between the predicted and

actual elution durations.

A method as claimed in claim 1, further comprising a
step o©of enforcing a predetermined delay Dbetween

successive elution runs.

A method as claimed in claim 1, further comprising

steps of:

defining a plurality of operating modes of the

elution system; and

during each elution run, automatically transitioning
between selected ones of the operating modes, in
accordance with user-input parameters of the

elution run.

A method as claimed in claim 11, wherein the

plurality of operating modes comprise:

a “Bypass-to-waste” mode in which the entire saline
flow is directed through the bypass line and into

a waste reservoir;
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a “patient line flush” mode in which the saline flow
is directed through the bypass 1line and out

through a patient outlet;

a “waiting for threshold” mode in which the saline
flow is directed through the generator, and the
active saline solution directed into the waste

reservoir; and

an “elution” mode in which the saline flow is
proportioned between the generator and the bypass
line, and the active saline solution directed out

through the patient outlet.

A method as claimed in claim 11, wherein the user-

input parameters comprise:

at least one of a desired duration of the elution,

and a desired saline flow rate; and

at least one of a target activity concentration

profile, and a total eluted activity dose.

A method as claimed in claim 1, further comprising

steps of:

defining a set of one or more predetermined elution
runs, each having respective set of predetermined

parameters; and

executing the set of predetermined elution runs in

accordance with a predetermined schedule.

A method as claimed in c¢laim 14, wherein the

predetermined schedule defines a daily protocol.

A method as claimed in claim 14, wherein the set of

one or more predetermined elution runs comprises a
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calibration elution for calibrating any one or wmore

of:
a performance of the generator;

a proportionality constant between the concentration
parameter value and the instantaneocus activity

concentration of the active saline solution.

A method as c¢claimed in claim 16, wherein the
calibrated performance of the generator comprises

either one or both of:
82Rb activity concentration vs. eluted volume; and

823r breakthrough.

A positron detector for detecting instantaneous °%°Rb
activity concentration of an active saline solution
generated by an %Sr/®Rb elution system, the positron

detector comprising:

a scintillation fiber disposed adjacent a feed line

for conveying the active saline solution;

a photon counter operatively coupled to the
scintillation fiber for detecting photons
generated by positron annihilation within the

scintillation fiber; and

a radiation shield surrounding the scintillation
fiber and at 1least a portion of the feed line,
for shielding at least the scintillation fiber

from spurious radiation.

A positron detector as claimed in claim 18, wherein a
thickness of the radiation shield is on the order of

% inch.
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20. A positron detector as claimed in claim 18, wherein
the radiation shield surrounds a length of the feed
line corresponding to at least five times an outer
diameter or the feed line, in each direction from the

scintillation fiber.
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AUTOMATED STRONTIUM-RUBIDIUM INFUSION SYSTEM

The invention relates to medical engineering, and particularly to means for automation
of a process for producing a diagnostic solution from a radionuclide strontium-rubidium
generator and remote carrying out a checked infusion with automatic checking main process
characteristics, such as an introduced activity value, presence of air bubbles as well as a
solution weight and activity in a waste container.

One of the most perspective directions in the nuclear diagnostics is the positron
emission tomography (PET). Such short and ultra-short living isotopes as C-11, O-15, N-13,
and F-18 are used in the PET centers. This obliges to have cyclotrons at the place of
diagnostic for making such isotopes. It is possible to widen the functionality of the PET
diagnostics in use of generator systems having a parent radionuclide lifetime significantly
longer that a lifetime of radionuclides made in cyclotrons of the PET centers. Generator
systems ¥Sr (t12 = 25.6 days) — *’Rb (ty2 = 75 seconds) and ®*Ge (11, = 271 days) —» *®Ga
(t1» = 78.3 minutes) are the most promising systems among the PET isotope generators.

Therefore, it is possible to say with respect to generator isotopes that any clinics
having PET scanners within a region, a country or a group of countries are to be provided
with said isotopes.

Generator systems can find the widest use in so called mobile PET scanners mounted
in auto-trailers and called for servicing clinics that have no both own cyclotrons and own PET
scanners. Absence of “affixment” of such a mobile PET scanner to an isotope base
substantially widens a radius of the territory serviced thereby.

A strontium-rubidium infusion system for producing a diagnostic solution from a
radionuclide strontium-rubidium generator and carrying out a checked infusion is known (US
4,562,829, 1986), said system comprising: an cluent tank connected by respective pipes of a
transporting system via a first three-way valve to a syringe pump; a strontium-rubidium
generator with a first filter and a first pressure sensor at an input; a second three-way valve
whose first opening is coupled via a second filter to means for infusing an eluent into a patient
and whose second opening is coupled to an eluate surplus storing and collecting means;
radioactivity measurement means; and a check and control system. The prior art system is not
optimal in a degree of radioactive radiation protection and in a service life of a generator
column.

The disclosed invention is directed to elimination of the listed disadvantages. The

technical result to be accomplished by using the inventive system consists in enhancement of
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effectiveness in carrying out of a diagnostic procedure due to automation of the infusion
procedure, reducing undesirable irradiation doses for a patient and maintenance personnel,
increasing exploitation lifetimes of a generator column.

The essence of the disclosed invention consists in that an automated strontium-
rubidium infusion system comprises: an cluent tank, a strontium-rubidium generator with a
filter and a pressure sensor at an input; means for infusing an eluent into a patient, said tank,
generator and means being connected by a transporting system to pipes and two three-way
valves; radioactivity measuring means; and a check and control unit. At the same time, the
eluent tank is connected via first and second openings of the first three-way valve to a syringe
pump, a first opening of the second three-way valve is coupled by pipes via a second filter to
the means for infusing the eluent into the patient and is coupled by a second opening thercof
to a waste receptacle. The system further comprises: third and fourth three-way valves; first
and second air bubble detectors coupled to the check and control unit being in communication
with a computer, said third three-way valve being connected by first and second openings via
pipes to a third opening of the first three-way valve and to an input of the strontium-rubidium
generator, respectively, an output of the generator being coupled to a first opening of the
fourth three-way valve, wherein the third opening of the third valve and a second opening of
the fourth valve are in communication by a pipe, the first air bubble detector is mounted on a
pipe between the ecluent tank and the first opening of the first valve while the second detector
is mounted on a pipe between the third openings of the fourth and second valves.

Further, the radioactivity measurement means include first and second activity sensors.
At the same time, the first activity sensor is placed on a pipe between the third openings of the
fourth and second valves and is embodied as a beta detector.

A radiation protection of the cluate surplus collecting and storing means may be
implemented as a protection box including waste weight check means in the form of a force
sensor, while the second activity sensor in the form of a gamma detector may be mounted
within an opening of the protective box in order to determine a radioactivity level.

A column of the strontium-rubidium generator has a radiation protection including
external main and transportation protective containers, said main protection container being
mounted stationary on a shelf of a bogie.

The system is mounted in a closed movable housing. Further, the housing is provided
with a shifting tabletop.

The essence of the invention is explained by drawings as follows:

Fig. 1 is a diagram of an infusion system,;
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Fig. 2 is a general side view of a generator plant;

Fig. 3 is a general top view of the generator plant.

Conditional notation used in drawings is listed below:

1 — Eluent tank

2, 3,4, 5 —three-way valves

6, 7 — activity sensors

8, 9 — pressure sensors

10 — Syringe pump

11 — strontium-rubidium generator

12 — Check and control unit

13 — Weight sensor

14 — Remote computer

15, 16 — filters

17, 18 — air bubble detectors

19 — Means (needle) for infusing an eluent into a patient

20 — Eluent and eluate waste receptacle

21 — Movable housing

22 — Stand

23 — Protective container of strontium-rubidium generator

24 — Protective container for beta detector

25 — Power supply source

26 — Protective box of waste reservoir

27 — Shifting tabletop

An automated strontium-rubidium infusion system includes means for generating
rubidium-82 in a solution which can be infused into a patient, exactly, a rubidium-strontium
generator 11 (Fig. 1) of a traditional type in a transporting container. This container is placed
in a protective external main container 23 and fulfils a main radiation protection function
together with the latter. The assembled system may be mounted in a movable housing 21 (Fig.
2) covered by decorative panels (not shown). There is a stand 22 mounted on a tabletop and
having an ecluent tank fastened thereon. There are a syringe pump 10 and a computer 14
further mounted here. Components mounted on an upper shelf of the movable housing 21 are
as follows:

- the main protective container 23 into which a standard transporting container with

the strontium-rubidium generator 11 is placed;
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- a protective box 24 with a beta activity detector placed therein and measuring the
activity of a solution passed through the strontium-rubidium generator 11;

- a power supply source 25.

A protective box 26 is placed at a lower shelf, said box having an eluent and cluate
waste receptacle arranged therein.

A top lid of the container 23 is turned back in Fig. 3, which makes it possible to see a
cavity into which the transporting container with the strontium-rubidium generator 11 is
placed. In order to make ecasier the access to the main protective container 23 during
recharging a generator system (there are removal of the transporting container with the used
column of the strontium-rubidium generator 11 and installation of a transporting container
with a fresh column), a tabletop part is made as a shifting tabletop 27 which provides
convenience in operation.

Further, the system includes means for infusion, exactly (Fig. 1): a remote-controlled
syringe pump 10 whose rod is actuated, for example, by a step motor; means for automated
filling the syringe pump with an eluent (a 0.9% NaCl solution); a system for transporting an
cluent and an ecluate to a patient or an eluent and cluate waste receptacle, said transporting
system being provided with multi-way (three-way) valves 2 to 5 (Fig. 1) that ramify the
transporting system in accordance with a job making program; antibacterial protection means,
exactly, antibacterial filters 15 and 16 at an input and at an output of the transporting system,;
cluate activity measurement means 6 and 7 for monitoring and dozing in infusion into a
patient; pressure measurement means 8 and 9 for measurement a pressure in the transporting
system, said means being designed for measuring occlusion as well; an eluent and eluate
waste receptacle 20 also capable of measuring a solution activity value and a solution weight
in a waste reservoir 13; means 12 for automated check throughout the eluation process and
components thereof, implemented by on-board or remote computers 14.

The tank 1 with an eluent (for example, brine) is connected by a plastic fitting to a
pipe (for example, an infusion tube that has an outer diameter of 2.5 mm with an inner
diameter of 1.5 mm). Lengths of such tubes (pipes) are used further to build the transporting
system as a whole for infusion. Other end of the pipe is attached via an air bubble detector 17
that generates a signal to a check and control unit 12 in case of passing an air bubble, and said
unit generates a control signal to valves 2, 3, 4, and 5 as a result of which the eluent solution
comprising the air bubble is removed into the eluent and eluate waste receptacle 20 and does

not passes through the column of the strontium-rubidium generator 11.
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The valve 2 switches the infusion system into one of two possible operating modes
for: (1) filling the syringe when the syringe pump 10 operates for suction the brine from the
eluent tank 1 (via the first and second openings of the valve); or (2) infusing, that is,
supplying the brine from the filled syringe of the syringe pump 10 into the infusion system
(via the first and third openings of the valve).

Further, the three-way valve 2 is connected by a length of a connecting tube to the first
opening of the third three-way valve 4 whose second opening is connected via the first filter
15 to an input of the column of the strontium-rubidium generator 11. The first pressure sensor
8 checks a pressure at the input of the column of the strontium-rubidium generator 11.

The third opening of the valve 4 via a length of a connecting tube is connected to the
second opening of the fourth three-way valve 5. This valve (the first opening) also has
connections to an output tube of the column of the strontium-rubidium generator 11 and an
extension of the infusion system in the third opening.

When the syringe pump operates in the operating “infusion” mode, the pair of three-
way valves 4, 5, while operating in synchronism, allows either pumping the brine from the
syringe 10 via the column of the strontium-rubidium generator 11 further to the infusion
system already in the form of an cluate, that is, a Rb-82-enriched solution, or pumping the
brine into the infusion system while by-passing the strontium-rubidium generator 11. Thus
operating mode 1s used when a necessary Rb-82 activity amount has been made and should be
delivered to a patient 19 while the infusion system should be filled with the inactive brine at
the end of infusion into the patient. When the brine pumping mode is used, practically the
entire transporting system, exceptive for a connecting pipe from the strontium-rubidium
generator output to the fourth three-way valve, will be filled with the non-radioactive brine
and will not be a source of additional undesirable radioactivity for the patient and the
maintenance personnel; additionally, a brine volume necessary to after-press the made eluate
into the patient will not pass through and deplete the column of the strontium-rubidium
generator, because it is known that a potency of the generator depends not only upon a time of
using thereof but also upon a volume of the brine passed through the generator.

There are a first radioactivity detector 6 (a beta detector) and a second air bubble
detector 18 mounted on a pipe from the third opening of the fourth three-way valve 5 to the
third opening of the second three-wave valve 3, said air bubble detector being similar to the
first air bubble detector 17.. When an air bubble is detected, the detector 18 generates a signal
to the check and control unit that generates a control signal to the second three-way valve 3.

As a result, an eluate comprising the air bubble is removed into the eluent and cluate waste
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receptacle 20. If an air bubble is not detected, the cluate is directed via the first of said three-
way valve 3 and the second filter 16 into the patient, that is, onto a needle 19.

The radioactivity detector 6 operates in real time and measures the Rb-82 activity at a
location of the detector 18.

The check for filling said waste receptacle with a liquid is carried out by a force
sensor (not shown). To measure a radioactivity present in the eluent and eluate waste
receptacle, the second radioactivity sensor 7 (a gamma detector) is used. The radiation
protection of the eluate surplus collecting and storing means is implemented as a protection
box including a force sensor, while the second activity sensor is mounted within an opening
of the protective box.

During infusion into the patient, the second three-way valve 3 is switched for passing
the eluent to a pipe connected to the needle 19 via a Millipore filter 16. There is a second
pressure sensor 9 mounted in this section which allows measurement of an occlusion pressure
when an Rb-82-containing solution in administered into the patient.

The process of operating the strontium-rubidium infusion system takes place under
control of a control computer program that registers a status of each of devices included in the
infusion system at moments of starting and finishing a step, and also registers actions of said
devices under condition of their normal functioning and in case if an emergency situation
occurs.

To exclude overfilling the eluent and eluate waste receptacle 20 with a radioactive
liquid, a level of said liquid is remotely checked using the force sensor; in doing so, there is
monitoring of a total container and liquid weight (volume) and a limit value thereof.
Additionally, by fixing a weight of the empty waste collection receptacle, a system for
scheduled interrogating the check and control unit receives information that the receptacle is
mounted in a container. A maximum waste volume in the receptacle is 250 ml.

The check and control unit 12 is coupled to a remote computer whose display displays
a graphical mnemonic diagram of the generator device, said diagram providing observation of
parameters to be checked in an automatic mode and parameters for operating control of
individual members (the electromagnetic three-way valves 2 to 5 and the pump 10) in a
manual mode. The diagram makes it possible to observe a current state of all members (the
valves 2 to 5, the air bubble detectors 17, 18) of the disclosed infusion system, and operation
of the syringe pump 10. The system also allows reception of information about parameters of

a pressure in a line from the pressure sensors &, 9, and reception of information about an
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cluate activity at an output of the generator column 11 and a total activity, a weight of the
eluate and eluent waste receptacle 20, an activity in said receptacle from the detectors 6, 7.

The check and control unit 12 of the system is connected to control members of the
generator plant, that is, the electromagnetic three-way valves 2, 3, 4, 5 and the pump 10, and
also includes members for gathering and processing signals from the sensors 6, 7 (the
radioactivity sensors), 8, 9 (the pressure sensors), and 17, 18 (the bubble detectors). The
control unit 12 is in communication with a panel personal computer (PPC) or any other
remote computer (14) through an Ethernet channel. The control unit receives commands from
the PPC or remote computer to execute individual steps of the generator plant operating
program and informs said computers about a current state of members controlled thereby and
a state of system sensors.

The disclosed system improves the safety of use due to the fact that automation of the
infusion process has allowed significant reduction in the radioactive irradiation because the
system includes additional members that provide ramification of pipes. As a result, it is
possible to after-press the made eluate into the patient by the eluent while by-passing the
strontium-rubidium generator. At the same time, the pipe is pumped through by the non-
radioactive eluent and there is no additional depletion of the strontium-rubidium generator,
which makes the life thereof longer. Further, the risk of presence of air bubbles in the eluent
delivered into the patient is excluded because of introducing air bubbles into the system of
detectors, while detection of said air bubbles immediately results in direction of the eluent and
cluate wastes to the ecluent and eluate waste receptacle via branches of the pipe without

depletion of the strontium-rubidium generator.
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CLAIMS

1. An automated strontium-rubidium infusion system comprising:

an cluent tank;

a strontium-rubidium generator with a filter and a pressure sensor at an input;

means for infusing an cluent into a patient, said tank, generator and means being
connected by a transporting system to pipes and two three-way valves;

radioactivity measuring means; and

a check and control unit,

wherein the eluent tank is connected via first and second openings of the first three-
way valve to a syringe pump, a first opening of the second three-way valve is coupled by
pipes via a second filter to the means for infusing the eluent into the patient and is coupled by
a second opening thereof to a waste receptacle,

said system being characterized in that it further comprises:

third and fourth three-way valves;

first and second air bubble detectors coupled to the check and control unit being in
communication with a computer,

said third three-way valve being connected by first and second openings via pipes to a
third opening of the first three-way valve and to an input of the strontium-rubidium generator,
respectively, an output of the generator being coupled to a first opening of the fourth three-
way valve,

wherein the third opening of the third valve and a second opening of the fourth valve
are in communication by a pipe, the first air bubble detector is mounted on a pipe between the
eluent tank and the first opening of the first valve while the second detector is mounted on a
pipe between the third openings of the fourth and second valves.

2. The system according to claim 2, characterized in that the radioactivity
measurement means include first and second activity sensors.

3. The system according to claim 3, characterized in that the first activity sensor is
placed on a pipe between the third openings of the fourth and second valves and is embodied
as a beta detector.

4. The system according to claim 2, characterized in that the waste receptacle is

implemented as a protection box including waste weight check means in the form of a force
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sensor, while the second activity sensor in the form of a gamma detector is mounted within an
opening of the protective box.

5. The system according to claim 1, characterized in that the strontium-rubidium
generator has a radiation protection including external main and transportation protective
containers, said main protection container being mounted stationary on a shelf of a bogie.

6. The system according to claim 1, characterized in that it is mounted in a closed
movable housing.

7. The system according to claim 6, characterized in that the housing is provided with

a shifting tabletop.
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(57) Pedepat: H300pereHne OTHOCATCS K MCAMUMHCKOH TEXHHKE. ABTOMATH3HPOBAaHHAs CTPOHUMH - pyOuavesas uady3nOHHAs
CHCTEMA COIEPIKHT EMKOCTE ¢ DIIOSHTOM, CTPOHNMH-PYOUAHEBBIH TeHepaTop ¢ GUIABTPOM W AATIHKOM IABICHHS, CPEACTBO IS
HH(pY3HUH 2TH0aTa, COCAWHECHHBIE CHCTEMO TPaHCIIOPTUPOBKH ¢ TPYOOTPOBOIaMH M IBYMS TPEXXOIOBEIMH KIalaHaMHM, CPeIcTBa
IUIST U3MEPEHHS PAAVOaKTUBHOCTH M OJIOK KOHTPOJIS M YNPAaBICHUA. EMKOCTE ¢ SIFOCHTOM Hepe3 MEPBHIH KIalmaH COCINHEHA €O
IITTPHIIEBEIM HACOCOM, BTOPOH TPEXXOTOBOH KIanaH COSIWHEH depe3 BTOPON (IIIBTP €O CPeACTBOM A MHGY3IVH 3110aTa H €O
cOOpHMKOM OTXOIOB. [lepBEIf M BTOPOIT AETEKTOPH! BO3AYIOHBIX IMy3BIPEKOB MONKIIOYCHE! K OI0KY KOHTPONS ¥ YIPABJICHHUS.
Bropoif TpexxooBoif KiIanaH CBA3aH C NEPBBIM TPEXXOIOBBIM KIIAIIaHOM H BXOAOM CTPOHRLMH-PyOHANHEBOro reHeparopa. Beixon
TeHEpaTOpa MOAKTIOUEH K ICTBEPTOMY KIANaHy, COCIMHSHHAOMY € TPETBUM KiranmaHoM. [1epBbIi AeTeKTOp BO3AYIIHEIX My35IPHKOB
YCTRHOBIICH MEXKAY €MKOCTEIO C YTIOCHTOM W TIEPBEIM KJTAaITaHOM, a BTOPOU HETEKTOP - MEKAY YSTBEPTEIM H BTOPEIM KilalraHaMH.

2308 of 2568
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ABTOMaTHIalOBaHHaﬂ CTpOHHHﬁ - pyﬁnzmenaﬂ und)yzuonnan CHCTEMa

NzobpeTeHHe OTHOCHTCS K MEIWUMHCKOM TEXHHKE, B YacTHOCTH K
cpeAcTBaM aBTOMaTH3allMH NpoLecca NPOU3BOACTBA JMAarHOCTHYECKOTO pacTBOpa
OT PaJHOHYKIHIHOIO CTPOHIUH-pyOHINEBOrO reHeparopa W AHCTAHIMOHHOTO
NPOBENEHUS KOHTPOJIHpyeMOH HHQY3HH, ¢ AaBTOMAaTHYECKUM KOHTPOJIEM
OCHOBHBIX XapaKTepHCTHK IIpolecca, TaKHX KaKk BeJIMYHMHA BBOJMMOM
aKTHUBHOCTH, BEJIMYMHA OKKIIIO3MH, HATHYHE BO3AYUIHBIX ITy3BIpei, a TaKkXKe BeC U
aKTHUBHOCTH pacTBOpa B KOHTEHHEpPE C OTXOJaMH.

OpnuM u3 Hauboliee TMEpCNEKTHBHBIX HAIpaBlI€HHHA B  sAEpHOM
JHArHOCTUKE  SABIAETCA  IO3UTPOHHO-3MHCCHOHHas  ToMorpagpus (I1OT).
s paborer B IIOT-meHTpax uHCnone3yloT Takue KOPOTKO H  yJIbTpa-
KOpPOTKOXHByLIHe w3oTonel kak — C-11, O-15, N-13, F-18. D310
o0sa3pIBaeT HWMETh Ha MecTe IPOBEJAEHHUs JAMAarHOCTHKH ITMKJIOTPOHBI IUIS
HapaboTKu TakWx H30TOmOB. Bo3moxnoctu [IOT-puarHocTukd  MOryT
ObITH  CYIHECTBEHHO  pacIliMpeHbl INpPH  HCHOJIB30BAaHHH  I'E€HEPaTOPHBIX
CHCTEM, BpeMs KHU3HH MaTEpPHHCKOI0 palHOHYKJINIA KOTOPBIX
3HAYUTEIIEHO MPEBBIIIAET BpeMs KH3HU HapabaThIBaeMBIX Ha
uukiaorpoHax I[13T-ueHTpoB panuoHyKinuaoB. Haubonee mnepcrneKTUBHBIMU
CpelH H30TOMHBIX reHepaTopoB g 13T cTosST reHepaTOpHBIE CHCTEMBI
82Sr (t1p=25,6 mueit) > Y2Rb (t,,=75 cex) u **Ge (t;,=271 nueit) > *Ga
(t12=68,3 MuH).

ITo3TOMYy B NMpHUMEHEHUH K F'€HEPAaTOPHBIM H30TOIIaM MOXHO TOBOPDHUTH O
cHaGXeHUH KMMH JOOBIX KIMHMK, obiamarommx IIDT-ckanHepamH, B paMmKax
peruoHa, rocy1apCcTBa WM TPYIIHI TOCYapCTB.

Han6om:iucc IpHMECHCHHE TI'C€HEPATOPHBIE CHCTEMBI MOLYT HalTH B
CMOHTHPOBAaHHBIX B aBTOTpeisiepax Tak Ha3plBaeMbIx MoOunpHbBIX [IOT,
BBI3BIBAEMBIX IS OOCTyKHBaHUSA KJIMHHK, HE HMEIOIIHX HE TOIBKO COOCTBEHHEIX
LHMKJIOTPOHOB, HO H cobcTBeHHBIX 110T-ckannepoB. IIpu OTCYTCTBHM «IIPHBA3KHY

takoro MobuiueHoro IIDT-ckaHHepa K H30TONmHOH 6ase CyLIECTBEHHO

pacIuMpsieTcs paiuyc 0GCHyKHBAeMOH UM TEPPHTOPHH.
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H3BecTHa CTpOHLMH-pyOMaMeBas HH(}Y3HOHAas CHCTEMa IIPOU3BOJCTBA
JHarHOCTHYECKOr0 pacTBOpa OT PaguOHYKIHJHOIO CTPOHIMH-pYOHIHEBOrO
reHeparopa W NpoBeAeHHs KoHTponupyemoir uudpysuu (US 4562829, 1986),
BKJIIOYAIOIIAass €MKOCTh C OJJIIOEHTOM, COCIHHEHHYIO COOTBETCTBYIOIIMMH
TpyOONIpOBOAaMHM CHCTEMBl TPaHCIOPTHPOBKH dYepe3 MepBBIH TpexXoAOBOH
KJanaH ¢ IIIPUIIeBEIM HacOCOM, CTPOHIIHH-pYOHAHMEBBIH T'eHEepaTop C MEepPBBIMH
($HUIBTPOM M JATYHMKOM NAaBIICHHS Ha BXOJE, BTOPOH TPEXXOJ0BOM KilamaH, [IEPBOE
OTBEPCTHE KOTOPOrO MOJAKIIOYEHO dYepe3 BTOpPOi (QHIBTP K CPeACTBY JUls
HHQY3UH 3JII0aTa NAanMeHTy, a BTOPOE — K CPeACTBY i1 cOopa UM XpaHEHHSA
H3THIOKOB JJII0ATa, CPEACTBa Ul H3MEpPEeHHMs paJHOaKTHBHOCTH U CHCTIEMa
KOHTPOJIS M yIpaBieHus. V3BecTHas cHcTeMa He SBJSIETCS ONTUMAILHOH 10
CTCIICHH 3aliUTEl OT PpPaldHOaKTHBHOIC H3AYYEHUSI H IO CpPOKY C.TIY)K6BI
reHepaTOpHOH KOJOHKH.

IMpennaraemoe n30O6peTeHNE HaIIpaBiieHO Ha YCTpaHEHHE NIEPEUYHCIICHHBIX
HEJOCTaTKOB. JlOCTHraeMblii IpH €€ HCIHOJB30BAHMM TEXHHYECKHUH pe3yibTaT
3aKIIOYAETCS B MOBBIUEHHM 3((PEKTHBHOCTH IIPOBENCHHS IUArHOCTHYECKOH
IpOUEAyphl 3a CYET aBTOMAaTH3alWM MpOIeAypbl HH(PY3UH, CHHXKEHHMH HO3
HEXEeNIaTeIbHOTO PaJAHOaKTHBHOTO OOydeHHs NanHeHTa U 0oOCIy)KHBaIOIIETro
repcoHaa, YBETHYEHHH CPOKOB IKCIIIyaTallMy IreHepaTOPHOH KOJIOHKH.

CymHOCTh MpemIaraeMoro M300peTeHust 3akro4aeTcs B TOM, YTO
aBTOMAaTH3HPOBAHHAS CTPOHUUH — pyOuaueBas HHQpY3HOHHAs CHCTEMA, COAEPKUT
€MKOCTh C OJJIOEHTOM, CTPOHIHH-pyOMIHEBBIH TreHepaTop C (QHIBTPOM H
JAaTYMKOM [@BJICHHS Ha BXOHE, CPEACTBO JUIS HHQY3HH O31oara IMalHeHTY,
COEMHEHHBIE CHCTEeMOH TpaﬂcnoprhpOBKH ¢ TpybompoBomaMH U JIByMs
TPEXXOJOBBIMH KJIANIAHAMH, CPEJCTBA ISl H3MEPEHUS PajMOaKTHBHOCTH M GIIOK
KOHTPOJI U ynpasjieHus. [IppdeM eMKOCTB € 3JI0EHTOM 4Yepe3 [epBOe H BTOpOE
OTBEPCTHSI [IEPBOr0 TPEXXOAOBOro KjanaHa COeOUHEHA C HIMPHUIIEBHIM HAacoOCOM,
IIEpBOE€  OTBEPCTHE  BTOPOro  TPEXXOAOBOTO  KjamaHa  MOIOKJIIOYEHO
Tpy6onpoBoaaMu dYepe3 BTOpOH (bn)ipr K cpeacTBy i uHQY3HM 3Jr0aTa

MalHeHTy, a BTOpOEe OTBepcTHe —. K cOOpHHKY oTxomoB. B cucremy
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JOTIONHHATENBHO BBEACHBI TPETHH U YETBEPTHIH TPEXXOMAOBbIE KiIaliaHbl, NePBEIH U
BTOpPOH Z€TEKTOPH!I BO3AYIIHEIX MY3BIPEKOB, MOJAKIIOUYEHHEBIE K OJTOKY KOHTPOMS U
yIpaBieHNs, CBS3aHHOIO C KOMIIBIOTEPOM, IIpU 3TOM TPETHH TpPEXXOAOBOH
KJIallaH CBSA3aH NEPBBIM U BTOPHIM OTBEPCTHIMH 4epe3 TPyOOIpOBOABI C TPETHUM
OTBEPCTHEM IIEPBOTO TPEXXOJOBOI0 KJIallaHa M BXOAOM CTPOHIIHE — pyOHUIHEBOrO
reHepaTropa, COOTBETCTBEHHO. BEBIXOI TreHeparopa IMOAKIIOYEH K TEpPBOMY
OTBEPCTHIO YETBEPTOr0 TPEXXOAOBOTO KJjlamaHa, MpHYEM TPETbE OTBEPCTHE
TpeThero KjallaHa H BTOPOE€ OTBEPCTHE HYeTBEPTOr0 KiiallaHa CBS3aHbl
pr6OHp0B0,IlOM, neszxﬁ AE€TCKTOp BO3AYINHBIX IIY3BIPBEKOB YCTaHOBJICH Ha
TpybOonpoBOiEe MEXAY €MKOCTBIO C 3JIFOCHTOM M MEPBBIM OTBEPCTHEM IIEPBOrO
KjlaraHa, a BTOPOM [ETEKTOp yCTAaHOBJIEH Ha TPyOOIpOBOJE MEXAY TpPeTbHMH
OTBEPCTHSIMH YETBEPTOrO U BTOPOTO KJIAIIaHOB.

Kpome Toro, cpeactsa I H3MEpEeHHS paJHOAKTHBHOCTH BKIIIOYAIOT
NEpBBIA U BTOPOH JATYMKH aKTUBHOCTH. [Ipu 3TOM mepBBI MaTYHK aKTHBHOCTH
pasMellleH Ha TpyOOIIPOBOAE MEXKAY TPETHBHMH OTBEPCTHUSMH YETBEPTOTO U
BTOPOToO KJIallaHOB U BBIIIOJHEH B BHIE 6era—neTeKTopa.

Papgnanmonnas 3ammTa cpenctBa Mg cbopa M XpaHEHHd H3JIHIIKOB
3T50aTa MOXET OBITh BBHINIONHEHA B BHJAE 3aIMTHOLO GOKCa, BKIIOYAIOLIETO
CPEICTBO KOHTPOJII BeCa OTXOJOB B BHJE JaTy¥Ka YCUIHS, a B OTBEPCTHH
3alUTHOrO0 6OKCa YCTaHOBJIEH BTOPOH NAaTYHMK AKTHBHOCTH Ui ONpEIe/ICHHA
YPOBHS paliOaKTHBHOCTH OTXOIOB B BHJIE TaMMa-JETEKTOP.

Kononka crpoHmuit — pmeiHegoro reHeparopa UMEET paguallMOHHYIO
3aIuTy, BIJTIOYAKOIUYIO, NPEANOYTUTENIBHO,  BHEUIHHH OCHOBHOH H
TPAaHCIOPTHBIM 3AIUMTHHIE KOHTEHHEpHl, 0NPH OSTOM OCHOBHOM 3allUTHBIHA
KOHTEHHED CTallHOHAPHO YCTAaHOBJIEH Ha ITOJIKE TEJIeKKH.

CucTtema ycTaHABIHBAETCS B 3aKPHITOM NlEpeMeIaeMOM xopmyce. Kpome
TOro, KOPITYC CHaO>KEeH CABUTAIOMIEHCS CTONCINHHIICH.

CyumHoCTh M306peTeHHs MOSCHASTCS CIEAYIOIMMHE YepPTEKAME:

Dur. 1 - cxeMa HHPYIMOHHOM CHCTEMBI,

¢ur. 2 — mpencTaBieH OO BUY TEHEPaTOPHOH yCTaHOBKH COOKY;
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¢ur. 3 — o61uii BUA reHepaTOpPHOH yCTAaHOBKH CBEPXY.

Huxe nepeuncnens! yciloBHbIE 0003HaueHUs, HCIIONB3yEMbIE Ha UEPETHKE:

1 — eMKOCTB C 3JTFOCHTOM

2,3,4,5 — TpexXonoBbie KjIanaHbl

6, 7 — nar4uKyA aKTUBHOCTH

8, 9 — maTYMKH JaBIeHUS

10 — mmpunesoit HACcOC

11 — cTpoHUMii-pyOUOUEBEIH TreHEpaTOp

12 — 610K KOHTPOJIL H YIPaBICHUS

13 — natumk Beca

14 — ynaneHHBIH KOMIBIOTED

15,16 — bunsTpsl

17, 18 — geTexTOpbl BO3AYHIHBIX IY3BIPHKOB

19 — cpeacTBo JUIg HHQPY3HUH JII0aTa MALMEHTY (UrJia)

20 — cOOpHUK OTXOAOB 3JIFOCHTA U 3J110aTa

21 — mepeMeniaeMplii KOpIyc

22 — 1I0TATHUB

23 — 3aIMUTHEBI KOHTEHHEp CTPOHIUY — pyOHauEBOro reseparopa
24 — 3amUTHBIN KOHTeHHEp A1 6eTa — JeTekTopa

25 — UCTOYHUK ITUTEHUA

26 — 3anUTHREIM OOKC eMKOCTH AJI1 OTXOJ0B

27 — caBuUraromniascs CTOJICHIHNIA.

ABTOMaTH3UpOBaHHas CTPOHIMM — pyOunueBas MHQY3HOHHas CHUCTEMa
BKJIFOYAET B ce0s cpencTBa Ui reHepanuu pyounms-82 B pacTBOpe, KOTOPBIH
MOXKeT OBITHL BBeAEH IIal[HEeHTY, 4 HMEHHO CTPOHUHUI-pyOuauensiii redeparop 11
(¢ur.1), oOBMHOro THHA B TPAHCIOPTHOM KOHTeifHepe. OTOT KOHTeHHeEp
MOMeIUaeTcs B 3alllUTHBIA BHEUIHHH OCHOBHOW KOHTeWHEp 23 M COBMECTHO C
MOCJIEAHUM OCYIIECTBASET (QYHKUHIO OCHOBHOM paaiMalliOHHOW 3allMTHI

Cucrema B cOope MOXET YCTaHABJAMBATHCA B mepeMelnaeMoM Kopryce 21 (¢ur.



2313 of 2568

WO 2008/140351 PCT/RU2008/000211

10

15

20

25

5

2), 3aKkpBLITBIM JeKOpaTUBHBIMH IaHelsIMH (He mokazaHo). Ha cronewmHune
YCTaHOBJIEH HITATUB 22 ¢ YKPEIUICHHOM Ha HeM €MKOCThIO € 3moeHToM 1. Kpome
TOro, 3J€Ch yCTaHOBJIeH mimpuneBoi Hacoc 10 u kommeiotep 14. Ha BepxHei
MOJIKE MepeMenaeMoro Kopiyca 21 ycraHOBJIEHbI:

- OCHOBHOH 3alllMTHBIA KOHTeﬁHeﬁ 23, BHYTpb KOTOpPOro IOMELUEH

CTaH/IapTHBIM TpPaHCIOPTHBIA KOHTEHHEp €O CTPOHIUH-pyOHIHEBBIM

resepatopom 11;

- 3amuTHEI OOkCc 24 ¢ pa3sMELICHHBIM BHYTDH HEro JAeTeKTopom Oeta-

aKTUBHOCTH, H3MEPSIONIUM aKTUBHOCTh PacTBOpPa, MPOIUISAMIETO dYepes

CTPOHIUH-pYOUIHEBBIH reHepaTop;

- UICTOYHHUK NHUTaHus 25.

Ha wwxHE#l 1noinke pasMmenieH 3aliuTHeIH Ookxc 26, BHYTPH KOTOPOTO
pacnojiaraeTcst COOpPHHK OTXOOB 3JIIOEHTa U 3JIF0aTa.

Ha ¢wur. 3 BepxHss KpbllIKa KOHTEHHepa 23 OTKHUHYTa, UYTO IIO3BOJIIET
YBUIIETh HOJIOCTH, BHYTPh KOTOPOH moMeliaeTcsl TPaHCHOPTHBINA KOHTEHHep co
CTpoHNUH-pyOnaueBsM reieparopoM 11. Jlng Toro, 4tobr1 0ONEr4uTs 1OCTYHO K
OCHOBHOMY 3allHTHOMY KOHTeHHepy 23 BO BpeMs Iepe3apsiKu TI'eHepaTOpHOH
cucTeMbl (H3BJEKaeTCs TPaHCIOPTHBIH KOHTeHHep ¢ oTpaboTaBmiedl KOJIOHKOH
CTpOHUMI-pyOuaueBoro reHeparopa 11 ® ycraHaBaMBaeTCs TPaHCHOPTHBIN
KOHTCHHEp C€O CBEXEH TEHEepaTOpHO#l KOJIOHKOM) — YacTh CTOJNEUIHUAIIBI
BBINIOJIHEHA B BHJIE CABUTaromelcs cronemHuisl 27, obecnequparoiied y1o0¢TBO
nipHu pabote.

Kpome TtOro, cucreMa BKIIOYaeT B ce0s CpeAcTBa A NPOBENEHUS
uHGy3un, a uMeHHo (¢ur. 1): HIIpHUEBOH NUCTAHIIMOHHO YIIPABJISAEMBIMH
HHOQY3HOHHBIM Hacoc 10, WITOK KOTOPOro NPHUBOAMTCS B NeHCTBUE, HAMPHUMED,
LIArOBBIM JIBHUraTeleM; CPEeACTBAa Ui  aBTOMAaTHU3UPOBAHHOTO 3aMOJIHEHUS
mIpuneBoro Hacoca 3moeHToM 1 (0.9 % pactBopom NaCl); cucremy
TPAHCIOPTUPOBKH DJJIIOEHTa M JJII0ara OO0 NalleHTa HiId cOOpHHKAa OTXOIOB
JJIIOCHTA H 3J10aTa, CHabXXEHHYI0O MHOTOXOIOBBIMH (TPEXXOMOBBIMH) KJlallaHAMH

2 — 5 (¢ur.l), oCyLIECTBISAIOIIKMMU BETBJIEHHE CHCTEMBI TPAHCIIOPTHPOBKH B
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COOTBETCTBHH C HNPOTpaMMOi MpoBeIeHUS paboT; aHTHOaKTepUANBHBIE CPEICTBA
3alIMThl, @ HMEHHO aHTHOaKTepualbHble GUABTPBl 15 U 16 Ha BXOJe U BBIXOJE
CHCTEMBI TPAaHCIOPTHUPOBKH, CPENCTBA H3MEpEHHs aKTHUBHOCTH JJIroara Ui
TEKYHIETO KOHTPOJS M JIO3UpPOBaHHUs NpH HHGY3WU B maiMeHta 6 ¥ 7; cpelcTBa
u3MepeHus naeneHuss 8§ u 9 B TpaHCHOPTHOM cucTeMe, B TOM YHCiIe U IS
HA3MEepEeHHs OKKIIIO3MU; COOPHUK OTXOIOB 3JIIOEHTA M 3moara 20, B ToM yucie ¢
H3MEpEeHHEM BEJIMYHHBI aKTHBHOCTH H Be€ca pacTBOpa B €MKOCTH JUISL OTX0A0B 13
u OCYILECTBACHHA 3aIUTHI oT PaInOaKTUBHOCTH; cpencTsa
aBTOMATU3UPOBAHHOTO KOHTPOJIS BCEro INpOHecca 3JII0AllHd B €ro COCTaBHBIX
yacTedf 12, OCYMIECTBJIIEMOrO C MOMOIIBIO GOPTOBOrO WM  YAAJIEHHOTO
KOMITBIOTEpPOB 14.

B onuceiBaeMo#l CHCTEME EMKOCTh C DIIIOCHTOM | (COJISTHBIM
pacTBOpPOM) COEOWHEHA IUJIACTUKOBBEIM (HTHHIroM ¢ TpyOompoBOAOM (HampuMep,
Tpyboukol mns WHQY3WH, KoTOpas HMEET BHENIHWH mguameTrp 2.5 MM I1pu
BHYTpeHHeM auameTpe 1.5 mm). OTpesku Takux Tpybodek (TpyObonpoBosl) najiee
HCIIOJIB3YIOTCSA JUIA TIOCTPOEHHSA BCeH TPAHCIOPTHOM CHCTEMBI Ui HWHQY3HH.
Jpyro#i koseuw TpyOOmpoBoJa MOOJACOCAHMHEH dYepe3 MAETEKTOp BO3LYINHBIX
ny3bIpbKOB 17, KOTOpBIA, B ciydae MPOXOXKIAEHHUS BO3AYIIHOTO MY3bIPHKa,
BeIpabaTeiBaeT CUrHanm Ha OJIOK KOHTPOJS H yIpaBieHds 12, KOTOpsIi
BhIpabaTeIBaeT yHpaB/LIIOIIUM CUrHAN Ha KJallaHsel 2, 3, 4 U 5, B pe3ynpTaTe 4Yero,
pacTBOp 3JIOEHTa, COAEpPKAIIMA BO3AYIIHBIA NOy3bIpeK, yHAAIAETCS B COOPHHUK
OTXOOB JHOEHTAa U 3moara 20, He NpoXoAs KOJMOHKY CTPOHIMH-pyOHIMEBOrO

reseparopa 11.

Knanar 2 ocyimecTBiseT nepeBon HMH(PY3HOHHOH CHCTEMBI B OJIMH M3
JIBYX BO3MOJXKHBIX pEXHMOB pabotel: (1) 3amomHeHwe wmpuna npu pabore
HINpUIEBOro Hacoca 10 Ha BcachlBaHME COJITHOIO pacTBOpa M3 €MKOCTH C
amoeHTOM | (depe3 nepBoe W BTOPOE OTBEPCTHA KianaHa) Ui (2) uHdy3uio, T.€.
MoJIady COJITHOTO PacTBOpA M3 3all0JIHEHHOTO IHINpHIEA IInpuieBoro Hacoca 10 B

MH(Y3HOHHYIO CHCTEMY (4Yepe3 IepBoe H TPEThe OTBEPCTHsI KilallaHa).
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TpexxonoBoli Knanad 2 jganee COCHUHEH OTPE3KOM COSAHWHHMTENBHOH
TpyOKH C [EepBBIM OTBEPCTHEM TpEThEro TPEXXOAOBOIO KiamaHa 4, BTOpoe
OTBEPCTHE KOTOPOTO COSHMHEHO Yepe3 IepBbId GHIBTP 15 ¢ BXOOOM KOJIOHKH
cTpoHIUE-pyOHIBeBoro redeparopa 11. KoHTpob naBjieHrsa Ha BXOJE B KOJIOHKY
cTpoHIUM-pybunueBoro reHeparopa 11 ocymiecTBiasieTcs IMEPBBIM JATYHKOM

naBjaeHHs 8.

Tpereum oTBepcTHeM KiamaH 4, 4epe3 OTPE30K COEIMHHUTELHOMU
TpyOKH, MNOJCOCUHEH KO BTOPOMY OTBEPCTHIO YETBEPTOrO TPEXXOJOBOTO
KIanana 5. DTOT KjanmaH Tak)Ke HMeeT COENWHEHHS € BEIXOJHOM TpyOKoit
KOJIOHKHM CTpPOHLMH-pyOuIueBoro reHeparopa 11 (mepBoe oTBepcTHe) U

TIPOAOIDKEHHEM I»‘IH(i)yZZHOHHOﬁ CHCTEMEBI Ha TPECTHEM OTBEPCTHH.

B pexume pabGorel mmpHHeBoro Hacoca «uHGY3UsS» Iapa
TPEXXOJOBBIX KJIanaHoB 4, 5, paboTasd CHHXPOHHO, IO3BOJIsIET THOO NIPOKAaYUBaATH
CONsHON pacTBOop w3 wmmpuia 10 uepe3 KOJOHKY CTPOHIUR-PYyGHUIUEBOTO
reHeparopa Jajislre B HHGY3HOHHYIO CHCTEMY YXK€ B BHAE JJI10ata, T.€. pacTBopa,
oboramenHoro Rb-82, nubo npokadyuBaTe COJISHOH pacTBOpP B HHPY3HUOHHYIO
CHCTeMY, MHHYs CTPOHLMA-pyOuIueBbli reneparop 11. 31oT pexum paboTsl
HCIIOJIB3YETCS  TOr/la, Korja HeoOXoAMMoe KOJIHYECTBO aKTHMBHOCTH Rb-82
HapaboTaHO M OHO AO/DKHO OBITH [OCTAaBJIEHO NamueHty 19, a uH$py3uoHHas
cucTeMa HOJDKHa OBITh 3all0JIHEHa HEaKTUBHBIM COJISHBIM PacTBOPOM Ha KOHEI
uHpy3un B mnaunueHTa. l[IpH HCHOJIB30BAaHMM peXUMa ITPOKAYKHA COJISHOTO
pacTBOpa MpakTUYEeCKHM BcAd HHGY3HOHHAs CHCTEMa, 3a HCKIIOYEHHEM
COEUHHUTENBHOIO TpyOONmpoBOZa OT BHIXOAAa M3 CTPOHIUNW-pyOHaMEBOro
reHeparopa IO YeTBEPTOr0 TPEXXOAOBOIro KiamaHa, Oyner 3amojiHeHa
HEPAaJHOAKTHBHLIM COJIHBIM pPAaCTBOpPOM H HE 6y,&6’1‘ ABJIATHCA HNCTOYHHKOM
JONOJHUTEIBHOU  HEXeJaTeNbHOH  paJlOaKTHBHOCTH HAa  NalHeHTa |
OBCY>XMBAIOIIMI TEpPCOHAN; KPOME TOro, OOGBEM CONSHOrO pacTBOpa,
HEOOXOAQUMBIH JUIA I0AaBAUBaHUsA HapaOOTaHHOIO JJIK0aTa B MalHeHTa He byner
IIPOXOJHUTH Yepe3 KOJOHKY CTPOHLHH-pyOHIHEeBOro reHeparopa 4 HCTOIIATH €€,

T.K. U3BECTHO, YTO IOTEHLHS TCHEpaTopa 3aBHCHT HE TOJIBKO OT BPEMEHH €rOo
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JKcHayaralitid, HO TakKXE U OT obneMa OPOIIYUMICHHOIO 4Y€pPE3 HEro CONAHOIO

pacTBopa.

Ha Ttpy6omnpoBoae OT TpeTbero OTBEPCTHUSI YETBEPTOrO TPEXXOJOBOIO
KilamaHa S A0  TPpEThEITO OTBEPCTHI BTOPOro TpexXXOoAO0BOIo KJI1ariaHa 3
YCTaHOBJIEHBI NEPBBIM JETEKTOP paguoaKTUBHOCTH 6 (OeTa-IeTeKTop) M BTOPOM
IETEKTOpP BO3AYIIHBIX IIy3BIPpPKOB 18, aHaJIOrMYHBIH  OEpBOMY HETEKTOPY
ny3eipbkos  17. Ilpu oOHapyXkeHUHM BO3AYIIHOrO MYy3BIpbKa, HeTeKkTop 18
BhIpabaTbIBaeT CHIHaJ Ha GJIOK KOHTPOJIS U yrpaBieHHs, KOTOPBIA BEIpabaThiBaeT
VOpaBJiSAIONUH CHUIHajl Ha KJjIalmaH BTOPOTO TPEXXOJOBOro Kiamana 3. B
pe3yJibTare, 3JI0aT CoAep Kalluii BO3AYLUHBIN IIy3bIpeK, ynajlisercs B COOpHHK
orxoAoB 3moeHTa #M omoara 20. Ecnu Bo3aywHseld nyssipek He oOHapyXeH,
3JI0aT HAPaBAETCs Yepe3 IEPBOE OTBEPCTHUE TPEXXOIOBOrO Kjjanasda 3 U BTOpoH

¢unpTp 16 B manuenTa, 1.€. Ha uriy 19

JleTexTop paguoakTHBHOCTH 6 paboTaeT B peKMMe pealbHOIO BPEMEHH

¥ u3MepseT akTHBHOCTE Rb-82 B MecTe pacnonoxenus netexropa 18.

KoHtposns 3a HamojmHeHHeM cOOpHUKa i OTXOJAOB JKUIKOCTBIO
OCYIIIECTBJISIETCS C IIOMOIIBIO JaTdvka ycwimd (He mokaszaH). s u3MepeHus
paluoaKTUBHOCTH, coJepallelics B COOpHHMKE sl OTXOHNOB 3JIFOEHTa W 3Jir0aTta
KCIIOIB3yEeTCss  BTOPOH  JaT4YMK paguOaKTHBHOCTH 7  (raMma-JeTeKTop).
PagmanvonHas 3amurta cpeAcTBa A cbopa M XpaHEHHUS H3JIHUIKOB 3J10aTa
BEINOJIHEHA B BHIE 3alUTHOrOo 0OOKca, B COCTaB KOTOPOrO BKJIFOYEH HaT4YUK
yCHJIHS, a B OTBEPCTHM 3alIUTHOr0O OOKca YCTaHOBNEH BTOPOH IOaT4YMK
aKTHBHOCTH.

Ilpu ocymecTBieHMH HHQY3UH B NalHeHTa BTOPOH TPEXXOXOBOM
KllanaH 3 mepekJIIoveH Ha NPOMyCKaHHe 3JioaTa Ha TpyOOINpoBO/ COeAMHEHHBIHN C
urnoit 19 yepes munnunoposckuit ¢uneTp 16. Ha 3TOM OTpeske ycraHoBieH
BTOPOH JaT4YMK JaBICHHUA 9, MO3BOJNAIOINUN M3MEPSATH JABJICHHE OKKIIIO3MM ITpH

BBEJIEHHH pacTBOpa, coaepxaruero Rb-82, B manuenTa.
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[Iponecc paborsl CTpoHHUH-pyOuAMEBOH HHGY3HOHHOH CHCTEMBI
OpOUCXOAUT IIOA YHOpPaBJIICHHEM praBHSIIOHIBﬁ KOMHBIOTepHOﬁ IporpaMMmebl, B
KOTOpOI:’I IIPOHHUCEIBAETCA COCTOSHHE KaXXIA0ro Hs3 YCTpofICTB, BXOIOAIIINX B
HHQY3UOHHYIO CHUCTEMY, Ha MOMEHT Hadalla ¥ OKOHYaHHs BBIIOJHEHHs IIara,
TAKXeE IIPpOIMUACHIBAIOTCA OeHCTBUSA ITHUX YCTpOﬁCTB H YCIIOBUSA Hux
GYHKIMOHUPOBaHHS B HOPMAIBHBIX YCJIOBUSX ¥ B CIIydae BO3HHKHOBEHHS

aBapHUHHON CUTYyallHH.

JIis UCKMIOYEHHs IepenofHeHUss B COOpHHKE OTXOIOB 3JIOCHTa H
amoata 20 pandoaKTUBHOM JKHMIAKOCTH, OCYUIECTBJIAECTCS AOHCTAHIIMOHHBIA
KOHTPOJIb 3a TpeJe/IbHBIM 3HAYEHHEM €€ YPOBHS C MOMOINBIO JaTYWKa YCHIIHA,
IpH 3TOM KOHTpOJHpyeTcs oOmui Bec Tapm‘ M OKHIKOCTH, OCYHIECTBIISETCS
TEeKyIIMil KOHTPOJIb 33 3Ha4YeHHEM Beca (06beMa) KHIKOCTH M 33 Ipe/cTbHEIM
ero 3HadeHueM. Kpome Toro, pukcupys Bec mycToi Tapel s cOopa OTXOAOB,
CHCTEMa perjiaMeHTHOro oIlpoca OJloKa KOHTPOJII H YHpPaBJICHUSI YCTAHOBKH
rmoiny4daeT wHHpoOpMaluMio O TOM, 4YTO Tapa YCTaHOBJIEHAa B KOHTEHHEpe.
MaxcumanpHbil 06BEM OTXOHOB B Tape cocTanigeT 250 mi.

Biiox KOHTpONS ¥ yIIpaBieHUs MOAKIIOYEH K YAAIEHHOMY KOMIBIOTEPY,
Ha JMUCIUIEe KOTOPOro oTtobOpaxaercs rpaduyeckas MHEMOCXEMa I'€HEpaTOPHOro
ycTpoiicTBa, obecrednBaronias HaOMOACHHE KOHTPOJHPYEMBIX MapaMeTpoB B
aBTOMAaTHYECKOM peXHUME M  ONEPAaTHBHOIO YIPAaBI€HUS  OTASIbHBIMH
3JIeMEHTaMH (3JIEKTPOMarHUTHBEIMH TPEXXOJOBBIMH KJIamaHaMu 2 - 5, HacoCOM
10) B pyusoM pexume. Cxema HNO3ROJSIET HAaOMOAATh 3a TEKYLIMM COCTOSIHHEM
BCEX 3JIEMEHTOB ONUCHIBAEMOM cucTteMbl MHQy3um (KiamaHoB 2-5, JEeTEKTOpPOB
BO3JIYIIHBIX My3bIpbkoB 17, 18) u 3a paGoToif mMIpUIIEBOTO Hécoca 10. Taxxe
OHa TIO3BOJIAET MOJIyYaTh WHGOPMALHUIO O MapaMeTpax HaBieHHA B MarMCTPaIsax
OT JAaTYUKOB JaBjicHUd §, 9, akTUBHOCTH 3JI0aTa Ha BBIXOJE U3 TeHepaTOpHOMH
xoimoHkH 11 u cymMMapHON aKTHBHOCTH, Beca €MKOCTH COOpHHMKAa OTXOHOB

JJIIOCHTA UM 3JII0aTta 20, AKTHBHOCTH B EMKOCTH C OTXOJaMH OT ACTCKTOPOB 6,7

Brok KOHTpoOJA H ynpaBieHUsi 12 CHCTEMEI CBs3aH C YHNPaBASIOINUMH

3JACMCHTaMH reHepa'ropHOﬁ YCTaHOBKH — JJIEKTPOMAarHUTHBIMH TPEXXOAOBBIMH
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Kilana"amu 2, 3, 4, 5 u HacocoM 10, a Taxke BKJIIOYAET 3JIEMEHTHI WIS cbopa u
00pabOTKH CUTHAJIOB € JATYHKOB 6, 7 (HaT4YHKH paJiMOaKTUBHOCTH), 8, 9 (maTyuku
JaBnenus), 17, 18 (meTekTophl BO3AYLIHBIX IMy3bIpbKOB). Brnok ynpaBneHust 12
CBs3aH C NAaHENbHBIM NepcoHanbHBM KoMnbiotepoM (PPC) wnm mobniM apyruMm
yaaneHHbIM KoMmnbioTepoM (14) mo kanany Ethernet. OH nosyyaeT KOMaHabl OT
PPC wunm ynaneHHOro™ KOMOBIOTEpPZ Ha BBIIOJHEHHE OTHEJBHBIX [Iaros
IporpaMmbl paboTel F€HEpaTOPHOH YCTaHOBKH H MHGOPMHpYET HUX O TeKyLIeM
COCTOSIHUM YNPAaBASAEMBIX UM 3/IEMEHTOB W COCTOSHHMU JATYHKOB CHCTEMBI.
OnncﬁmaeMasx CHCTEMa IOBBIIAET O€30ITaCHOCTh 3KCIIyaTallud, TaK
KaK aBTOMATH3aUMs [polecca HHPY3MH IO3BOJIMIA 3HAYUTENIBHO COKpaTHUTh
paguoaKTHBHOE OOJydeHHE 3a CUYET BBEIACHHUS B CHCTEMY JIOMOJHHUTEIIBHBIX
KnanaHoB, oOecieymBarolux BeTBIeHHE TpybomnposojgoB. B  pesynbrare,
HOSIBUJIACH BO3MQXKHOCTH AOHABIHBaHUs HapaOoTaHHOro 3Moara B MHallHeHTa
3MII0OEHTOM, MHHYS CTPOHUMH — pybuauesbiii reHeparep. [Ipu arom Tpybomnporon
IPOKA4YUBaETCA HEPAaIMOaKTUBHBIM  3MIOCHTOM u He IPOUCXOIUT
JONONHATENFHOTO HCTOUMIEHHA CTIPOHIMM — pyOmAmeBoro reHeparopa, dYro
yBEIMYMBAET CpPOK €ro 3KCIulyaTanud. KpoMe TOro, HCKIIOYaeTCs pPHCK
conepaHHs BO3AYIIHBIX NMY3BIPLKOB B 3JII0AHTE, NOCTABISEMOrO MHAlHMEHTY, 3a
CueT BBENEHUS B CHCTEMY JETEKTOPOB BO3AYIIHBIX MY3BIPHKOB, TIpU
OOHapy»EHUU KOTOPBIX, JJIOEHT Cpa3y HalpaBiseTcs K COOpPHHKY OTXOJIOB
3JII0OCHTA M 3JII0aTa Yepe3 OTBETBICHUS TPyOONMpoOBOIa, HE HCTOINAs CTPOHIHUH —

pyOHIUEBEIH reHepaTop.
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1. AsToMaTH3MpOBaHHas CTPOHIUMH — .pyOmauesas wHOy3HOHHAS
cHCTeMa, COAepKallasi €MKOCTh C 3IIOCHTOM, CTPOHUMA-PYOUIMEBBI T€HEPaTop
¢ GUIBTPOM M NATHHKOM JAaBJISHHA Ha BXOJAE, CPEACTBO [JiA MHQY3HH 3710aTa
MayeHTy, COeQHHEHHbIE CHUCTEMOH TpPAHCIOPTHUPOBKH C TpyOONpOBOAaMH H
IBYMS TPEXXOJOBBIMU KJlallaHaMH, CPEACTBa IS U3MEPEHUS PaJUOaKTUBHOCTH U
OJIOK KOHTPOJNS W YyNpaBjieHHs, NPUYEM €MKOCTh C IJTIOEHTOM dYepe3 MepBoe H
BTOPOE OTBEPCTHSA IEPBOr0 TPEXXOLOBOIO KJjalaHa COEJHMHEHa C INNPHUEBBIM
HAcOCOM, II€pBOE OTBEPCTHE BTOPOIr0 TPEXXOLOBOrO KiarnaHa HOIKIIOYEHO
TpybonpoBoamMu 4yepe3 BTOpPOH (UIBTP K CpPeACTBY Uit HMHQY3HH 2JIHOara
MauHeHTy, a BTOPOE OTBEPCTHE — K COOPHUKY OTXOJIOB, OTJIMYAIOLIasics TEM, 4TO
JOTIONIHUTEALHO BBEACHBI TPETHM U YETBEPTHIA TPEXXOAOBBIE KiaNaHbl, HEPBBIUA U
BTOPOH JETEKTOPH! BO3MYIIHEIX My3bIPbKOB, IOAKIIOYEHHBIE K OJIOKY KOHTPOJ K
yIpPaBIE€HHs, CBS3aHHOTO C| KOMIBIOTEPOM, IIPH 3TOM TPETHH TPEXXOHOBOM
KJanaH cCBs3aH IIE€PBBIM H BTOPBIM OTBEPCTHSAMH 4YeEpe3 pr6onp630nbl C TPETHUM
OTBEPCTHEM IIePBOIro TPEXXOJOBOI0 KjIaliaHa ¥ BXOJOM CTPOHIMH — pyOuaueBoro
reHepatopa, COOTBETCTBEHHO, BBIXOJ TI'€HepaTopa IMOAKJIIOYEH K IIEPBOMY
OTBEPCTHUIO YETBEPTOr0 TPEXXOJOBOTO KJianaHa, IpUYeM TpeTbe OTBEpPCTHE
TPEeTBLEro KJalaHa MW BTOpOE€ OTBEpCTHE UYETBEPTOrO KjalaHa CBsA3aHbi

TpybOonpoBoaOM, NEPBBIM AETEKTOP BO3AYUIHBIX ITY3BIPEKOB YCTaHOBJIEH Ha

TpyOOINpOBOJE MEXAY €MKOCTBIO C JJIIOEHTOM M IEPBBIM OTBEPCTMEM IIEPBOTO
KjlariaHa, a BTOpOH AETeKTOp YCTaHOBIEH Ha TpybompoBoZe MeXIy TpeThHMH

OTBEPCTUAMU YETBEPTOIO U BTOPOTO KJIallaHOB.

2. CHCTBM& 1o l'[.l.,3 oTII4aroniasica TeM, 410 Cpel{CTBa pigis} HBMEPGHHSI
panMOaKTHBHOCTH BIJIFOYAIOT NEPBBIA M BTOPOH JaTYMKH aKTHBHOCTH.
3. Cucrema 1o n2, OT/JMYAIOWasAcy TeM, 4YTO [IEpBbIA JaTYUK
aKTHUBHOCTH pa3MeLleH Ha TpyDOIIpOoBOAE MEXJY TPETbUMH OTBEPCTHAMH
i
4YETBEPTOTO ¥ BTOPOTO Knanaxgios ¥ BBITIOJIHEH B BUJe OeTa-NeTeKTopa.
i
4. Cucrema 110 H.l%, OTNHYaloIa’dcs TEeM, 4YTO paiuandoHHas 3amuTa

C60pHHKa OTX0A0B BLIHOH}‘IeHa B BUIE 3allUTHOro ©OOKca, BKJIKOYAIOIIETO
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CpeACTBO KOHTPOJIA BECa OTXOAOB, BBIIIOJIHCHHOI'O B BHAOE aaT4vuKa

YCHITHSI, @ B OTBEPCTHH
3aMTHOrO OOKCa YCTAaHOBJIEH BTOPOH HAaTUMK aKTUBHOCTH I ONpEAcieHHs
panuoaKTUBHOCTH OTXOJOB, B BHIE raMMa-IeTeKTOopa.

5. Cucrema no n.1, oTnuyaromasics TeM, 4TO CTPOHUHUH — pyOHIHEBBIH
reHepaTop MMeeT paJHallHOHHYIO 3aIIMTY, BKJIIOYAIOIYIO BHEIIHHH OCHOBHOH H
TPaHCIIOPTHBIA 3alUMTHBIE KOHTEHHEpHl, IPH 3TOM OCHOBHOH 3alUMTHBIH
KOHTEHHEp CTallMOHAPHO YCTAaHOBJICH Ha ITOJIKE TENIEe)KKH.

6. CucreMa no n.l, oTiMyaomascs TeM, YTO OHA YCTaHOBIEHAa B
3aKpBITOM MEpeMeIlaeMOM KOopIyce.

7. Cuctema 10 11.6, OTIIHYAOMAACS TEM, YTO KOPIIYC CHAOXeH CABUraloLIencs

CTOJICUIHHIIEH.
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
12/137364  06/112008 2628 1780 56782.1.7 24 5
CONFIRMATION NO. 7377
22859 UPDATED FILING RECEIPT
INTELLECTUAL PROPERTY GROUP
FREDRIKSON & BYRON, P.A. LT
200 SOUTH SIXTH STREET 000000032992685
SUITE 4000

MINNEAPOLIS, MN 55402
Date Mailed: 11/17/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Stephen E. Hidem, Plymouth, MN;
Aaron M. Fontaine, Fridley, MN;
Janet L. Gelbach, New Albany, IN;
Patrick M. McDonald, Omaha, NE;
Kathryn M. Hunter, Knoxville, TN;
Assignment For Published Patent Application
BRACCO DIAGNOSTICS, INC., Princeton, NJ
Power of Attorney: The patent practitioners associated with Customer Number 22859

Domestic Priority data as claimed by applicant

Foreign Applications

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.
If Required, Foreign Filing License Granted: 06/23/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/137,364

Projected Publication Date: 12/17/2009
Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR
OPERATION AND METHODS OF USE

Preliminary Class
345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450

WWW.USPto oV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/137,364 06/11/2008 Stephen E. Hidem 56782.1.7

CONFIRMATION NO. 7377

22859 POA ACCEPTANCE LETTER

INTELLECTUAL PROPERTY GROUP

FREDRIKSON & BYRON, P.A. IR A

200 SOUTH SIXTH STREET 000000032592659

SUITE 4000

MINNEAPOLIS, MN 55402

Date Mailed: 11/17/2008

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/24/2008.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/hnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Patent

22859 Case No.: 56782.1.7

Customer Number

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Stephen E. Hidem

Application No.: 12/137,364 Group Art Unit: 2628

Filed: June 11, 2008 Examiner:

Title: INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED

MAINTENANCE AND/OR OPERATION AND METHODS OF USE

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE MISSING PARTS
OF A NON-PROVISIONAL APPLICATION

In response to the Notice to File Missing Parts of Application - Filing Date Granted mailed June
24, 2008, submitted herewith is an executed Declaration and replacement sheets (23 sheets). Submitted
herewith in the amount of $130 is the surcharge fee. The Commissioner is hereby authorized to grant any
extensions of time, including those that may be due under 37 C.F.R. §1.136, and to charge any fees that
may be required, including those under 37 C.F.R. §§ 1.16 and 1.17, during the entire pendency of this
application to Deposit Account No. 06-1910.

Entry of this document should complete all of the filing formalities and fully satisfy all
requirements of the Notice to File Missing Parts. Accordingly, examination and allowance of this
application in due course are respectfully solicited.

The Commissioner is hereby authorized to charge any underpayment or credit any overpayment

to Deposit Account No. 06-1910.

Respectfully submitted,
October 24, 2008 /Elisabeth Lacy Belden/
Date Elisabeth Lacy Belden

Registration No. 50,751

Fredrikson & Byron, P.A.

200 South Sixth Street, Suite 4000
Minneapolis, MN 55402-1425 USA
Telephone: (612) 492-7000
Facsimile: (612) 492-7077
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PTO/SB/96 (09-08)

Approved for use through 10/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Stephen E. Hidem et al.
Application No./Patent No.: 12/137,364 Filed/Issue Date: June 11, 2008

Entitled:  INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND METHODS OF USE

Bracco Diagnostics Inc. a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that it is:

1. the assighee of the entire right, title, and interest; or
2. |:| an assignee of less than the entire right, title and interest
(The extent (by percentage) of its ownership interest is %)

in the patent application/patent identified above by virtue of either:

A. An assighment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 021699 , Frame 0797 , or for which a
copy therefore is attached.

OR
B. |:| A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame or for which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet.
As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assighment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersighed (whose title is supplied below) is authorized to act on behalf of the assignee.

/Elisabeth Lacy Belden/ October 24, 2008
Signhature Date
Elisabeth Lacy Belden 612-492-7000
Printed or Typed Name Telephone Number
Patent Agent
Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).

I hereby appoint:

X Practitioners associated with the Customer Number:| 22859

as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection
with any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment
documents attached to this form in accordance with 37 CFR 3.73(b).

The practitioners associated with customer number 022859 (Fredrikson & Byron, P.A.) are hereby granted authorization to sign the
attached statement under 37 CFR §3.73(b) that evidences ownership by Bracco Diagnostics, Inc.

Please change the correspondence address for the application identified in the attached statement under 37 CFR
3.73(b) to:

The address associated with the Customer Number:| 22859

OR
D Firm or

Individual Name
Address

City | State Zip
Country
Telephone | Email |

Assignee Name and Address:
Bracco Diagnostics, Inc.
107 College Road East
Princeton, NJ 08540

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) is required to be filed in each
application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of the practitioners appointed
in this form if the appointed practitioner is authorized to act on behalf of the assignee, and must identify the application in which this
Power of Attomey is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

P ya
Signature /Z L\\

Michael €. von Chalza o oo

Title Telephoné

puile Copna Lot §19 2503

2335 of 2568



. PTO/SB/01 (05-08)
Doc Code: OATH Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond fo a collection of information unless it contains a valid OMB control number.
/7 Attorney Docket 56782.1.7 \
DECLARATION FOR UTILITY OR Number L

DESIGN First Named Inventor | gtanhen E. Hidem
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR 1'63) Application Number 12/137,364
L__J Declaration Declaration Filing Date June 11, 2008
Submitted OR Submitted after Initial _
With Initial Filing (surcharge Art Unit 2628
Filing (37 CFR 1.16 (f)) i
k required) Examiner Name

1 hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s} of the subject matter which is claimed and
for which a patent is sought on the invention entitled:

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND
METHODS OF USE

(Title of the Invention)
the application of which

I:l is attached hereto

OR
was filed on (MM/DD/YYYY) [06/11/2008 as United States Application Number or PCT International
Application Number |12/137,364 and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan
Patent Office (JPO), and any other intellectual property offices in which a foreign application claiming priority to the above-
identified application is filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h). This box should
not be checked if the applicant does not wish the EPO, JPO, or other intellectual property office in which a foreign application
claming priority to the above-identified application is filed to have access to the application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the application-as-filed with respect to: 1) the
above-identified application, 2) any foreign application to which the above-identified application ciaims priority under 35 USC
119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 37 CFR 1.55 has been filed in the
above-identified US application, and 3) any U.S. application from which benefit is sought in the above-identified application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3]

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/01 (05-08)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

( DECLARATION — Utility or Design Patent Application J

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder’s rights cerfificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign

application for patent, inventor’s or plant breeder’s rights certificate(s), or any PCT international application having a filing date
before that of the application on which priority is claimed.

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country (MM/DD/YYYY) Not Claimed YES NO

[ ] L
[] L] [
[] L] ]
[] L] [

[:| Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.

[Page 2 of 3]
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PTO/SBI01 (05-08)

Approved for use through 06/30/2010. OMB 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required o respond to a collection of information unless it contains a valid OMB control number,

DECLARATION — Utility or Design Patent Application

Direct all The address 22859 OR D Correspondence

correspondence to: associated with address below
Customer Number:

Name

Address

City State ZIP

Country Telephone Email

WARNING:
Petitioner/applicant is cautioned to avoid submitling personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted fo the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitionerfapplicant is advised that the record
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37
CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from anh abandoned application may also be
available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available. Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application Files.

Documents not refained in an application file (such as the PT0O-2038) are placed into the Privacy Act system of COMMERCE/PAT-TM-10,
System name: Deposit Accounts and Electronic Funds Transfer Profiles.

I hereby declare that all statements made herein of my own knowledge are frue and that all statemenis made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR: D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any]) Family Name or Surname

Rzt /e

State Country Citizenship

Plymouth MN us us

Mailing Address

4710 Juneau Lane N.

City State Zip 3 Country
Plymouth MN (b{ S 6A [\”& Us
Additional inventors or a legal representative are being named on the 2 supplemental sheet(s) PTO/SB/02A or 02LR attached hereto.

[Page 3 of 3]
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PTOISBIO2A (‘:)7-07)
Approvad for tisa through 06/30/2010. OMB 0851-0032
U.S Patent and deemark Office; 1J.S. DEPARTMENT OF COMMERCE

DD ITONALINVENTOR(S)

DECLARATION Supplemental Sheet y \
Name of Additional Joint Inventor, if any: [C] A pettionhas been fied for this unsigned inventor
Given Name (first arnd middle Gf any)) » Farnily Name or Sumame
AaronM. Fontaine
inventor's — 7
Sinﬂng%; _ ‘ Dale 07/,16_/02
Fridley Tmn us us
Residence: City ) . State 1 Couttry | Citizenship
{5663 W, Bavarian Pesgs
Mailing Address
Fridley N 55432 us
City State Zip Country
Namie of Additional Joint inventor, if any: D A petition has been filed for this unsigned inventor
Given Name (first and middie (i any)) | Family Name or Sumame
Janet L. Golbach )
Iriventor's w %WJ A«q g 7, 2008
Signature i _ ‘ Date
New Albany Y IN us us
Resgidence: City State Country Citizenship
4204 Shetland Court
Mailing Address )
New Albany e [N 47150 us
Clty State el 2B Country
Name of Additional Joint inventor, if any: D A petition has besn filed for this unsigned invantor
Given Name (first and middle (if any)) Family Name or Sumame
Patrick M. McDonald
- inventor's
Signature . Date
"L omana NE us us
Residence: City State Country Citizenship
15395 Nicholas Street
| Mailing Address
Omaha NE 88154 us
" This coliedtion of orMagon 18 required by 36 U.S.C. 115 and s7'cﬁ 1,63, The information s required 10 ODIEN O by the pubic wiich & to Tie

{and by the USPTO to process) an appécation. Confidentiality is governed by 36'U:S.C. 122 snd 37 CFR 1,11 and 1.4, mmammmma
minutes to complete, including gathering, preparing, and submitting the completed apiication form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of ime you requlre to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief information
Officer, U.S. Patent and Trademark Office, U.S, Department of-Commsrce, P.0. Bax 1450, Alexandiia, VA 22313-1450, DO.NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form,. call 1-800-PT0-9199 (1-800-786-9199) and select aption 2.




DECLARATION

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

PTO/SB/02A (07-07)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ADDITIONAL INVENTOR(S)
Supplemental Sheet

Pg_ggz of 2

Name of Additional Joint Inventor, if any:

D A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Sumame

Kathryn M. Hunter
Inventor's
Signature Date
Knoxville TN us us
Residence: City State Country Citizenship
1312 Judy Reagan Lane
Mailing Address
Knoxville TN 37931 us
City State Zip Country

Name of Additional Joint Inventor, if any:

I:-l A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zip Country

Name of Additional Joint Inventor, if any:

[l

A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Inventor's

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zip Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federai
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility o recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the pubilic if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.



. PTO/SB/01 (05-08)
Doc COde' OATH Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control nhumber.
/ Attorney Docket 56782.1.7
DECLARATION FOR UTILITY OR Number - \

DESIGN First Named Inventor | gaphen E. Hidem

PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR 1.63)

Application Number 12/137,364

Declaration Declaration Filing Date June 11, 2008
Submitted OR Submitted after Initial -
With Initial Filing (surcharge Art Unit 2628
Filing (37 CFR 1.16 ()) :
k required) Examiner Name

| hereby declare that: (1) Each inventor’s residence, mailing address, and citizenship are as stated below next to their name;
and (2) | believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and
for which a patent is sought on the invention entitled:

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND
METHODS OF USE

(Title of the Invention)
the application of which

D is attached hereto

OR
was filed on (MM/DD/YYYY) |06/11/2008 as United States Application Number or PCT International
Application Number |12/137,364 and was amended on (MM/DD/YYYY) (if applicable).

I hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as
amended by any amendment specifically referred to above.

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application.

Authorization To Permit Access To Application by Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan
Patent Office (JPO), and any other intellectual property offices in which a foreign application claiming priority to the above-
identified application is filed access to the above-identified patent application. See 37 CFR 1. 14(c) and (h). This box should
not be checked if the applicant does not wish the EPO, JPO, or other intellectual property office in which a foreign apphcatlon
claming priority to the above-identified application is filed to have access to the application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the application-as-filed with respect to: 1) the
above-identified application, 2) any foreign application to which the above-identified application claims priority under 35 USC
119(a)-(d} if a copy of the foreign application that satisfies the certified copy requirement of 37 CFR 1.55 has been filed in the
above-identified US application, and 3) any U.S. application from which benefit is sought in the above-identified application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

[Page 1 of 3]

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/01 (05-08)

Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

( DECLARATION — Utility or Design Patent Application

]

Claim of Foreign Priority Benefits

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent,
inventor's or plant breeder’s rights certificate(s), or 365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder's rights certificate(s), or any PCT international application having a filing date
before that of the application on which priority is claimed.

[
L]
]
L]

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country {(MM/DD/YYYY) Not Claimed YES NO

|:| Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto.

2343 of 2568
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PTO/SB/01 (05-08)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Direct all The address 22859 OR l___| Correspondence

correspondence to: associated with address below
Customer Number:

Name

Address

City State ZIP

Country Telephone Email

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record
of a patent application is available to the public after publication of the application (unless a non-publication request in compliance with 37
CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also be
available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available. Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application Files.
Documents not retained in an application file (such as the PT0-2038) are placed into the Privacy Act system of COMMERCE/PAT-TM-10,
System name: Deposit Accounts and Electronic Funds Transfer Profiles.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR:

D A petition has been filed for this unsigned inventor

Given Name (first and middle [if any]) Family Name or Surname
Stephen E. Hidem

Inventor's Signature Date
Residence: City State Country Citizenship
Plymouth MN us us

Mailing Address
4710 Juneau Lane N.

City State Zip Country
Plymouth MN us us
Additional inventors or a legal representative are being named on the 2 supplemental sheet(s) PTO/SB/02A or 02LR attached hereto.

[Page 3 of 3]
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DD TIONAL INVENTOR(S)

Approved for mwnmmmoomaossm
use

us muaMkaomoa,us.nEPAmoFcouusncE
‘a cotlection of informe ol suamber.

DECLARATION Supplemontal Sheet . 2
Name of Additional Joint Inventor, if any: £] A pestion nas boen fied for this unsigned inventor
Givan Name (first and middie (if any)) Family Name or Sumams
Amron M. Fontaine:
Inventor's
| Signature Date
Fridley MN us us
Residence: City State Count Clizenship
$6E3 W. Bavarian Pass
Malling Address .
{Fridiey M §5432 us
| Chty State Zip Country
Name of Additional Joint Inventor, If any: _l D A pelition has baen filed for this unsignied inventor
Given Name (first and middie {if any)) Family Namea or Sumame
Junet L, Gelbach
inventor's
Signature Data
New Albany NY us us
| Residence: Chy. State Country Cizensiip |
4204 Shatiand Court
Mailing Address
Nowr ARrany NY 47150 us
p City State Zip Counlry

Name of Additional Joint Inventor, if any: [

D _A petition has been filed for this unsigned inventor

Given Nama (first and middle (if any))

Family Name or Sumame

This coBection of ifommation e required by 35 U.5.C. 115 end 37 CGFR 1.63. The information s
Co hpo:;mdwasus.c 122 and 37 CFR 1.11 and 1.14. This collection is eximabed 1o take 21

1o complete, including gathering, pnpamg and

MWthwQMd'imemmbmm form andi/or

us 1353
Counlry Citizenship
Omaha NE 83154 us
Cilty State

. N B>, ..+ EEa—
required to obtain or retein a benefit by the public which is to file

form to0 the USPTO, Time will vary depending upon ths Individaal
this burdan, should be sent to the Chisf information

for reciucing
Officer, L).S. Petent and Trademark Office, U.8. Department of Coramerce, P.O. Box 1450, Alsxandra, VA 22313-1460. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Aloxandria, VA 22313-1450.

¥ you need essistence in complsting the form, call 1-800-PTO-8199 (1-800-786-9195} and salect option 2.



s g SR
06(30/2010,
U S PMHIGTMG’HQG; US DEPMTHEM OF OOMMERCE

DECLARATION

Supplamantal Shawt

Name of Additlonal Joint inventor, fany: | L] Apotition has been fled for this unsigned inventor
Nama (first and middie (If any)) Family Naime or Sumame
iKathryn M. Hunter

e Xithoggy, inctor s Ay 25,205 |

Knoxville ™ us : us
Residence: City Stete Country Citizanship,
1312 Judy Reagan Lans
Mailing Address
Knoxville ™ 37631 us
Clty Sate Country
Name of Additional Jolnt Inventor, If any: D A petition has been filed for thia Lnsigned Inventor
Given Name (lest and middla (if any)) Family Nama or Sumame
Inventor's )
| Signetre____ . . Dats
Residence: Clty ' State Country Cifizonship
Malling Address
City Stais Z Country
Name of Additional Joint Inventor, If any: D A pelition has been filed for this unsigned lnventor
Glven Nama (first and middie (if any)) Family Name or Sumname
Inventor's
Sighature Date
Resldence: City State Country Cifize
Mailing Address

This ColBCIon of Information i mqu:aa By 35 'U'Wm The infonmeton & or Petairt 8 DeNGRt by The public which ia to e
{and by tha USFTO 1o & ity 1

by mm“m‘ dh po bgmmw%uﬁ 1&%“%2!111-“;14&mmﬂ;;ﬂ%wm2
lide compl ] Puplfh aubmittin ornpleted ication USPTO, Time depen upon the Individuat
cmAnywnmnbonthaanwlof wumwimmeonudemmﬂworsmmbmiurmmm mmwwbeummmmmm
COficer, U.S. Patent and Trademark Offios, U.S, Deparmen! of Commarce, P.O. Bon“sanAm“-mDONOTSENDF&SOROOMPLETED
FORMS TO THIS ADDRESS. 8END TO: comminlomr for Patents, P.C. Box 1450, Alexandris, VA 22313-1450.

i you need assistance in completing the form, oall 1-800-PTO-8199 {1-800-786-8109) and sefect oplion 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. if you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, o a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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@ The invention relates to a shielding device for a reservoir
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a closable sceess for the reservolr is recessed. The shielding
device furthermore is provided with means which the davice
can be moved forward.
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Shielding device for a reservoir comprising a radiocactive
material.

The invention relates to a shielding‘éevice for a
reservoir comprising a radiocactive material and having an
inlet and an outlet aperture, in particular a column for a
radio-isotope generator, comprising a lead cover for the
reservoir in which a closeable access for the reservoir is
recessed.’

A radioisotope generator is to be understood to
mean herein a device for generating a radiocactive isotopes
comprising liquid. Such a liquid is prepared by eluting a
column in which a parent isotope is present which produces
a daughter isotope by decay. In this elution only the

daughter isotope is eluted from the column by means of a
suitable eluent.

Radiocactive isotopes having a half-life up to a
few days are frequently unsed in medicine for diagnostic
purposes. One radiocactive isotope frequently used for
diagnostic examinations is technetium-99m. However, for
certain applications, for example, for cardiological exa-
minations, the comparatively long half-life of technetium-
~99m, namely 6 hours, is a disadvantage. As a result of
this the radicactive material remains circulating in the
body for a long period of time, so that an immediate repe-
tition of a certain diagnostic examination with the same
isctope is not possible. :
However, very short-living radicactive isotopes having a
half-life up to a few minutes, for example gold-195m, ru-
bidium—82 and krypton—8lm, are suitable for such above- -
-mentioned examinations. Krypton-81lm is used for lung
function examinations, while rubidium-82 and gold-195m
have proved suitable for blood circulation studies. An
interesting application of gold-195m was described recent-
ly in Netherlands non-prepublished Patent Application
8201591 in the name of Applicants,

Gold-195m is an isotope having a half-life of
30.6 sec. and emits gamma rays of 261 keV which, due to
the energy and intensity, are suitasble to enable a good
ocbservation with apparatus usual for this purpose, for

example, a gamma camera.
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It is known from Netherlands Patent Application
8002235 in the name of Applicants to generate gold-195m
from the radiocactive parent isotope mercury-195m in a sa-
tisfactory manner. This process is preferably carried out
in a so-called radio-isotope generator, in this case a
Hg/Au generator, from which the use can withdraw a guanti-
ty of radicactive isotope-containing liquid at any desired
instant. Such an instantaneous production is of great
practical importance due to the rapid decay of the compa-
ratively short-living isotope.

An improved method of preparing gold-195m is des-
cribed in Netherlands non-prepublished Patent Application

- 8202407 also in the name of Applicants.

In view of the high radiaztion intensity, extensi-
ve safety measures have to be taken to shield the parent
isotope present in the generator. Therefore the generator
comprises a lead screening jacket which provides a guffi-
cient safety upon storage and transport. The screening
jacket surrounding the generator is generally considered
to be an ifisufficient safety against radiocactive radiation
for hospital or laboratory personnel who are regularly in
the direct proximity of the generator. It is therefore
necessary to surround the generator with an extra lead
shielding device.

Such a device should not only provide a good
shielding from radioactive radiation, but, in connection
with the necessity of a8 reqular replacement, should also
be readily accessible for the reservoir with radicactive
material, in particular the generator column,

Therefore, various shielding devices are known
from literature substantially all of which are destined
for a column for generating technetium-99m, a radiocactive
isotope having a comparatively long half-life, and all of
which are fixedly arranged.

When a very short-living radicactive isotope is
used for diagnostic purposes, the time between the prepa-

ration of the isctope and the administration to a patient
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should be minimized. In the case of the above-mentioned

gold-195m isotope having a half-life of approximately 30

seconds, it is very much desired, if not necessary, to

administer said isotope directly from the generator to the
patient. In a €linic in which radiocartive isotopes for
diagnostic purposes are used, the apparatus necessary for
detection, for example, a gamma camera with special colli-

mator and a computer, is usually fixedly arranged. For a

radiodiagnostic examination the patient is then brought

(wheeled) to the detection apparatus.

- It is therefore cobvious to give the very short-
living material to be used for the examination, in parti-
cular a generatcor for producing a very short-living iso-
tope, a fixed place close to the detection apparatus. It
is feasible that high reguirements as regards the shisl-
ding from radioactive radiation have to be imposed upon
éuch a device beside the patient to be examined {("bed-side
arrangement™). In fact, not only the hospital personnel
familiar with handling radioactive material will have to
be present near the radiation source for a longer period
of time, but alsoc other personnel accompanying the patient
will have to be shielded from unnecessary radicactive ra-
diation. Moreover it ig of utmost importance for the exa-
mination that the source of radiation should be shielded
carefully from the gamma camera which is very disturbance-
~-sensitive to background radiation.

A fixed arrangement as suggested above which
would satisfy these requirements, however, has important
practical disadvantages, namely:

{1) it is not possible to move the device arcund the
patient's bed. This is a disadvantage because in exa-
minations with very short-living radioactive isotopes,
the organ, for example. the heart, has to be inspected
usuvally in various directions by means of the gamma
camera, 50 as to gain optimum insight in the function
of the organ. A fixed bed—-side arrangement of the ra-

dioactive material to be administered considerably

SR T TR,
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restricts the possibilities of moving the bed with the
patient with respect tc the gamma camera. This disad-
vantage is the larger since, for reascns which will
be stated hereinafter, the connection between the
source of the radicactive materisl and the patient
should be as short as possiblec.,

(2) Assembling of the device must take place for the
greater part under aseptic conditions because the
radicactive material must be introduced into the
patient's body directly and cannot be previously sub-
jected to a separate sterilization.

Because the device with radicactive material, in par-
ticular the radio isotope generator, will be used for
a longer period of time, such an assembling should be
carried out under so—-called laminar flow conditiomns,
and therefore requires provisions which are particu-
larly difficult to realize in an examination roonm.

{3) Another important disadvantage relates to the working
with radicactive material upon assembling the device.
As a matter of fact, the shielding from radiocactive
radiation is not yet optimum during the assembly., so
that such an assembly, in which large guantities of
not yet optimally shielded activity are handled,
should therefore take place in a so-called hot-lab of
a nuclear medical Gepartment of a elinic and not in an
examination room for patients where in addition dis-
turbance-sensitive detection apparatus is arranged.

It is the object of the present invention to pro-—
vide a shielding device for a reservoir comprising radio-
active material, in particular a column for a radicisotope
generator, which does nét exhibit the above-mentioned dis—
advantages.

Por that purpose, the shielding device according
to the invention is provided with means with which the
device can be moved forward. The complete device compri-
sing radiocactive material can now be assembled in suitable

rooms intended for this purpose and can then be whesled to
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the examination room beside the patient's bed. Because the
shielding device can be freely shifted, the dewvice can be
moved at will around the patient during the examination.
Such & movable shielding device for a column for a radio-

isotope generator ig moreover more flexible because the

device can be used, if desired, for any generator, for

example, a rubidium-krypton-8lm, a strontium-rubidium 82
or a mercury-gold 195m generator.

It is of course necessary that the shielding de-
vice should also satisfy all conventional safety require-
ments in addition to the above-mentioned radiological sa-
fety reguirements. This involves, for example, that the
device should be sufficiently stable and be proteécted as
well as possible from calamities, for example, a fire; in
the latter case, of course. it should be prevented that
the radiocactive radiation can pass the-.shielding device
and enter the examinatijon room.

.Preferably the device in addition comprises pro-
visions for the safe handling of radioactive material,
such as a'feceptacle for waste fluid, a work-top. etc.
These provisions enable the user to carry out various ma-—
nipulations with radioactive materials at different places
without risky manually displacing these materials, be-
cause, as a matter of fact, the device can be moved for-
ward. ) ‘

On its lower side the shielding device preferably
comprises at least three, preferxrably five, casters to be
able to easily turn and manoeuvre the heavy device in the
restricted space around a patient. As a result ¢f the lead
cover, a shielding device according to the invention ap-
proaches a weight of approximately 360 kg.

Furthermore it is Qesired to provide the device
with a grip at a height which is suitable for hand-move-
ment. Por this purpose, a grip consisting of a circumfe-
rential tubular or rod-shaped member connected tc the out-
side of the lead cover has proved particularly suitable.
When such a grip having no projections is used, it is
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avoided that components of the device or connections can
be drawn along or loose during movement of the shielding
device.

When using the device it is often necessary to
temporarily store radioactive waste material. For example,
when a gold-195m generator is used, the generator column
must £irst be rinsed several times with eluent before an
eluate is obtained having a composition which is suffi-

W ciently constant for administration to a patient. It is
therefore advantageous that the device moreover comprises
a separate lead=-shielded space for a receptacle for radio-
—active waste material.
Because the radiocactive liguid has to be introdu-
15 ced directly into the patient's body, the means for doing
this are preferably connected on or to the shielding-de-
vice.

In a suitable embodiment the shielding device
according to the invention comprises a base in which the

g9 WIeans to move the device are present, a central part of
reduced ocufside diameter in which the lead cover for the
reservoir containing radicactive material ig present, and
a top part which comprises: the lead closure for the ac-
cess in the cover, the grip, the access to the shielded

45 Space for the waste reserveoir and the means to introduce a
radioactive ligquid into a patient's body.

As a result of the large diameter of grip and
base as compared with that of the reservoir shielded by
means of a lead cover, the distance between the radiation

qg SoOurce and the operating personnel is increased, for
example, by a factor of approximately 2. As a result of
this the radiation received is still further reduced, for
example, by a facteor of approximately 4 as compared with
the radiation at the outer surface of the shielded reser-
g5 VOir.

Lead is vilnerable because is is a soft nmetal.

Moreover, it has a low melting-point, 327°C, so that in

the —ase of a2 fire, it will melt and drip away, thus allo-
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wing radioactive radiation to be released from the cover.
Therefore, the lead cover for the reservoir consists pre-
ferably and in agreement with the reguirements which are
imposed upon the storage of radiocactive material in
various countries, of a lead vessel which is open at its
top and which is enclosed between sheet material of iron
or steel, protected on the outside against ecorrosion, or
of stainless steel, while the open top end accessible for
the reserveoir can be closed by a2 lead 1id provided with

the same sheet material on the outside, an aperture for a
connection between the reservoir and the means for
introducing a radioactive liguid into a patient's body
being present in the 1id or between the vessel and the

1id. The sheet material which can withstand high -
temperatures ensures sufficient safety for the ambience in-
the case of a calamity. for example, a fire, so that the
lead shielding remains contained and no undesired
radioactive radiation can get out o©f the shielding systen.

It cannot always be avoided that a little radio-
active 1igiid is spilled when installing or using the
source of the radioactive material. Then it is difficult
to thoroughly clean the vessel which forms part of the
heavy shielding device. Therefore, a stainless steel ves-
sel is preferably present between the substantially lead
vessel and the reservoir, which stainless steel vessel
comprises on its open top a radially outwardly projecting
flange to which the 1id can be sealingly connecteg.

The shielding device in accordance with the in-
vention serves in particular for shielding a radio isotope
generator. The provisions necessary upon eluting a genera-
tor column are preferably connected on or to the above-
-mentioned top part of the device, namely a reservoir for
the eluent for the generator column which communicates
with the column; means for pumping or injecting the eluent
out of the eluent reservoir into the column; means for
bringing the resulting eluate out of the column into a .

patient's body; means for adding a rimsing of formulating
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l1igquid to the eluate; and a tunbe which is connected on one
side to the means for adding the rinsing or formulating
liguid and which on its other side has z member which can
be connected to an auxiliary means to admit liquids to the
blood vessels or body cavities of a patient.

In order to be able to handle all operating mem-
bers easily, rapidly and safely, a connection and opera-
ting block or tray is connected to the top part, in which
block are accommodated injection means for the eluent and
the eluate, valves to prevent undesired directions of flow
of liguids, cocks to enable or block the passage of 1li-
guids, and connection provisions for the means provided in
the block both mutually and to the tubes which are
connected to the resexrvoirs, the column and the auxiliary
means to be used for the administration to a patient.
Preferably the operating block or tray is attached on top
of the 1id of the lead vessel and the 1id is provided with
a bore to let pass comnecting tubes from the generator to
the guxiliary means for injection and from the auxiliary
means to thé waste fluid receptacle thereby shielding the
environment as far as possible from radiation emanating
from these tubes when radicactive liquid passes through
them. The above embodiment has the advantage that an
cptimum safety can be reached inspite of the excess
pressure at which generally the radioactive liquid is
administered tc a patient. Moreover, the path which the
eluate has to cover, hence the distance between the
generator and the patient, can be kept as short as
possible. This latter is of importance in particular
because, when very short-living radio-isotopes are used,
high requirements are generally impcsed upon the volume to
be adninistered to the patient and in which the
radiocactive material is present. As described in the
above-mentioned Netherlands Patent Application 8201591, .
repeated administrations within a short period of time are
necessary for various applications. In order to enable

suchk examinations, the volume in which the reactivity is
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present must be as small as possible.
The invention will now be described in greater

detail with reference to an embodiment which is shown in

b
i

the accompanying drawings.

Figure 1 is a side-view of a shielding device according to
the invention; figure 2 shows the same shielding device
from top. Figure 1 is for the greater part a longitudinal
sectional view of the shielding device taken on the line
1-I of fig. 2, viewed in the direction of the arrows. Fi-
gure 3 is a longitudinal sectional view of a part of the
device taken on the line III-III of fig. 2,

The operation of the device will be described in detail
with reference to figure 4, Figure 4 shows an exploded
view of a part of the device. '

The base 21 of the screening device shown in Fi-
gure 1 comprises a base plate Z3 which is hooded with a
stove-enamelled sheet iron cap 22 below which five casters
24 are connected so as to be rotatable.

The central part 25 is mounted on said base plate
and comprises a lead vessel 26 which is enclocsed between
stove~enamelled sheet iron 27. A second vessel 29 which is
manufactured from stainless steel and comprises a radially
cutwardly projecting flange 28 is provided in the vessel.
The generator 31 is placed in vessel 29. Between the bot-
tems of the vessels 27 and 29 a space 30 remains in which
heating elements, for example a heating plate, can be ac-
commodated. As described in the above-mentioned Nether-
lands Patent Application 8202407 it may be useful when
certain radio isotope generators are used, for example, a
gold~195m generator, to heat the generator column during
the elution. If desired. a bore may be recessed in vessel
26 for leading through a supply for the heating means.

As shown in figures 1 and 2 a grip 33 in the form
of a circumferential tube which is connected to the vessel
by means of three spoke-shaped elements 34 is provided
around the top part of the device. The vessel 26 can be

cleosed on its top side by means of a lead 1id 36 mounted
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in stove-enamelled sheet iron 35 and connected to the ves-
sel 80 as to be pivotable at 37. For compensation of the
weight of the 1id, a spring mechanism 38 is provided. The
1id can be clamped sealingly on the vessel {flange 28) by
means of a clamping lock 39 provided with a handle. A bore
32 is present in 1id 36 for leading through tiwo connection
tubes, the cutlets o0f which are framed in a suitable mount
45, comprising a steel tube encased in lead, erected on
10 the 1id of the lead wvessel and forming a base for an ope-
rating block or tray. Between the circumferential grip and
the upper edge of the lead vessel, a circumferential
stainless steel top 40 having upright edges is present on

which auxiliary means necessary for using the device can

laced.
5 be p

- A small lead vessel 41, alsc mounted in stove-
—-enamelled sheet ircn, for a receptacle 1l2a for waste ma-
terial is present in an aperture of the top 49; which ves-
sel is connected to the large vessel 27 and can be closed

20 by means of a lead 1id 43 provided with a grip 44.

Oon-top of mount 45 is connected an operating
block or tray 46 in or on which two syringes can be acco-
modated, as well as other auxiliary means needed during
operation of the device.

25 Figure 3 shows a waste overflow bottle 12b placed
on top 40. The inlet of the overflow bottle is connected
to the outlet tube 11b of receptacle 12a.

As shown in Figure 1, two reservoirs 1 and 2 for
eluent and-rinsing or formulating liquid, respectively,

g 2are clamped in a stand 16 mounted on the edge of vessel 27.

As shown in Figure 4, *wo syringes 5 and 9 provi-
ded on their front sides with connection means in the form
of Luer cones are connected to three-way cocks, the former
directly to a three-way cock 4a and the latter tc a three-

35 —way cock 4b via two valves 8z and 8b.

The use of the device shown will be explained
with reference to figqure 4. All connections between the

various components, for the greater part tube connections
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and Luer connections, are produced under laminar flow con-
ditions.

buring operation of the device the tube connec-
tions are provided between eluent reservolir 1 and an out-
let of three-way cock 4a, the inlet aperture of the gene-
rator column 13 and the other outlet of three-way cock 4a,
the reserveoir with rinsing or formulating liguid 2 and
valve Ba, the drain aperture of the generator column 15
and valve 8b, the receptacle for waste fluid 12a and an
outlet of three-way cock 4b and the auxiliary means to be
used for administration to a patient and the other outlet
of three-way cock 4b. ’

7 When the device is used, first three-way cock 4b
is opened to communicate -the eluate duct 7 through cock
10b and valve 8b with the waste fluid receptacle 12a.
Overflow bottle 12b is connected to receptacle 1l2a through
a tube 1l1b and serves as an extra safety. By means of
three-way cock 4a, syringe 5 is communicated with eluent
reservoir 1, after which the syringe is filled with 2 ml
of eluent.~Eluent reservoir 1 and rinsing agent reservoir
2, clamped in stand 16, are provided with dropping cham-
bers 3a and 3b. After opening the cock 10a, syringe 9 is
filled with a saline solution from reservoir 2 (through
valve Ba): the tube is then closed by clamping by means of
clamb 17. After having turned three-way cock 4a, the con-
tents of syringe 5 are injected through tube % into the
generator column 14 at 13; after-rinsing is carried out
with 2 ml of saline solution from syringe 9. All the wash
ligquid {eluate) rinsed through the column and leaving the
generator column at 15, as well as the rinsing liquid is
collected through tubes 7 and 1lla in the waste receptacle
12a.

After having repeated this operation several
times, the generator is ready for connection toc a patient.
For that purpose, a sterile tube, connected to three-way
cock 4b, is filled with a saline solution from syringe 9

after opening said valve, and is then connected to an
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auxiliary means to administer the radioactive liguid to a
patient, for example, a needle or a catheter. After having
placed the patient in a suitable position below a gamma
camera, the generator is eluted with 2 ml of eluent by
means of syringe 5, the eluate being injectéd directly
into the patient. All remaining rodiocactivity is then re-
moved from the device by rinsing with 10 ml of saline so~
lution £rom reservoir 2 by means of syringe 9.

The examination may be repeated any desirable
number of times.
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CLAIMS;

1. A shielding device for a reservoir comprising
a radioactive material and having an inlet and an cutlet
aperturé, in particular a column for a radio-isotope gene-
rator, comprising a lead cover for the reservoir in which
a closable access for the reservolir is recessed, characte-
rized in that the shielding device is provided with means
with which the device can be moved forward.

2. A device as claimed in Claim 1, characterized
in that the device comprises in addition provisions for
the safe handling of radicactive material.

) 3. A device as claimed in Claim 1 or 2, characte-
rized in that the device comprises on its lower side at
least three, preferably five, casters.

4, A device as claimed in any of the preceding
Claims, characterized in that the device comprises a grip,
preferably consisting of a circumferential tubular or rod-
—shaped member connected to the outside of the lead cover.

5. A device as claimed in any of the preceding
Claims, charYacterized in that the device comprises in ad-
dition a separate lead-shielded space for a reservoir for

radioactive waste material.

6. A device as claimed in any of the preceding

Claims, characterized in that the device is provided with

means for introducing a radioactive liquid into a
patient's body, while the environment is shielded as far
as possible from radiation emanating from these means when
radioactive liquid passes through them.

7. A device as claimed in Claim &, characterized
in that the device comprises a base in which the .means to
move the device are present, a central part of reduced
outside diameter in which the lead cover for the reservoir
containing the radiocactive material is present, and a top
part which comprises: the lead closure for the access in
the cover, the grip, the access to the sghielded space for
the waste reservoir and the means to introduce a radicac-—
tive liguid inte a patient's body.
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B. A device as claimed in Claim 7, characterized
in that the lead cover for the reservoir consists of a
lead vegsel which is open at its top and which is enclosed
between sheet material of iron or steel treated externally
against corrosion, or of stainless steel, while the open
top end accessible for the reservoir can be closed by
means of a lead lid provided on its outside with the same
sheet material, an aperture for a connection between the
reservoix and the means for introducing a radiocactive
liquid into a patient's body being present in the 1lid or
between the vessel and the 1lig.

8. A device as claimed in Claim 8, characterized
in that a vessel of stainless steel which at its open top
side comprises a radially outwardly projecting flange to
which the 1id can be sealingly connected, is present be-
tween the substantially lead vessel and the reservoir.

10. A shielding device as claimed in any of the
Claims 7-9 for a radio-isotope generator, characterized in
that there are additionally connected on or to the top
part: a reServoir for an eluent for the generator column
which communicates with the column; means for pumping or
injecting the eluent out of the eluent reservoir into the
column; means to bring the resulting eluate ount of the
column into a patient’'s body; means to add a rinsing or
fermulating liguid to the eluate; and a tube which is con-
nected on one side to the means for adding the rinsing or
formulating liquid and which comprises on the other side a
member which can be connected to an auxiliary means to
admit ligquid tc blood vessels or body cavities of a
patient.

11. A device as claimed in Claim 10, characteri-
zed in that a connection and operating block or tray is
connected to the top part, in which block are accomodated
injection means for the eluent and the eluate, valves to
prevent undesired directions of flow of liguids, cocks to
enable or block the passage of liquids, and connection
means for the means accomodated in the block both mutually



- 0102121

R -15- 1
and to the tubes which are connected to the reservoirs,

the column and the auxiliary means to be used for adminis-
tering to a patient.
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SYSTEM AND METHOD OF IDENTIFYING ELUANT AMOUNTS
SUPPLIED TO A RADIOCISOTOPE GENERATOR

FIELD OF THE INVENTION

[0001] The invention relates generally to the fielkd of nuclear medicine. Specifically, the
invention relates to a system and method of identifying an amount or flow of eluant in an
elution system configured to enable exiraction of a radioactive material from a radioisotope
generator for use in the practice of nuclear medicine.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of art that may
be related to various aspects of the present invention, which are described andfor claimed
below. This discussion is believed to be helpful in providing the reader with background
information to facilifate a better understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Nuclear medicine is a branch of health science that utilizes radioactive material for
diagnostic and therapeutic purposes by injecting a patient with a small dose of the radicactive
material, which concentrates in certain organs or biological regions of the patient. Radiocactive
materials typically used for nuclear medicine include Technetium-98m, Indium-113m, and
Strontium-87m among others. Some radicactive materials naturally concentrate toward a
particular tissue; for example, iodine concentrates toward the thyroid. However, radioactive
materials are often combined with a tagging or organ-seeking agent, which targsts the
radioactive material for the desired organ or biclogic region of the patient. These radioactive
materials alone or in combinaticn with a tagging agent are typically defined as
radiopharmaceuticals in the fisld of nuclear medicine. At relatively lower doses of the
radiopharmaceutical, a radiation imaging system (e.g., a gamma camera) can provide an
image of the organ or biclogical region that collects the radiopharmaceutical. Irregularities in
the image are often indicative of a pathologic condition, such as cancer. Higher doses of the
radiopharmaceutical may be used to deliver a therapeutic dose of radiation directly to the
pathologic tissue, such as cancer cells.

[0004] A variety of elution systems are used to generate radiopharmaceuticals.
Unfortunately, radioactive shielding containers of these systems tend to block visualization of
the state and progress of the elution process. For example, the amount of available eluant
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and/for the amount of extracted eluate are generally unknown without opening one or more of
the radioactive shielding containers. Rather, the pharmacist typically has to wait an estimated
amount of time to ensure the process is complete, which results in wasted time or premature
termination of the process. If a specific amount of eluate is desired, then the time estimation
may tend to result in too much or too little of the eluate.

SUMMARY

[0005] The present invention, in ceriain embodiments, is directed to identifying or
monitoring a volume, mass, weight, displacement or flow of a supply element {e.g., eluant)
and/or an output eluate associated with elufing a radioisotope from a generator product in the
field of nuclear madicine. Specifically, in some embodiments, visual access may be provided
into an eluant supply container to facilitate performance of elution procedures. For example, a
visual portal into an eluant supply container during an elution can provide data for measuring
and calculating metrics relating to completion of full or partial elutions and data relating io
when a generator is available for milking. Other embodimenis may measure an amount or
flow of eluant and/or eluate, such that a user can directly view the measurement (e.g., scale or
flow meter) or indirectly view the measurement on a remote display sereen or computer.

[0006] Certain aspects commensurate in scope with the originally claimad invention are
set forth below. It should be understood that these aspects are presented merely to provide
the reader with a brief summary of certain forms the invention might take and that these
aspects are not intended fo limit the scope of the invention. Indeed, the invention may

encompass a variety of aspects that may not be set forth below.

[e007] In accordance with a first aspect of the present invention, there is provided a
system having a shielded container, a radioisotope generator disposed within the shielded
container, and an elution supply mechanism. The elution supply mechanism has an eluant
supply container at least partially (and in some cases, completely) external to the shielded
coniainer, a conduit extending between an inlet of the radioisotope generator and an outlet of

the eluant supply container, and an eluant visualization portal.

[0008] In accordance with a second aspect of the present invention, there is provided a
system that includes a radiation shielded container having a receptacle and a cover disposed
over an opening in the receptacle, a radioisctope generator disposed within the receptacle
below the cover, and an eluant supply mechanism. The eluant supply mechanism includes an
eluant supply container and a conduit coupled with the eluant supply container and the
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radioisotope generator. The conduit is disposed at least partially within the shielded
container, and an elyant measurement device is coupied to the sluant supply mechanism.

[0009] A third aspect of the present invention is directed to a method of using a
radicisotope elution system. With regard to this third aspect, a radioisotope generator that is
disposed inside a radiation shielded container receives an amount of eluant. The amount of
eluant received by the radioisotope generator is visually indicated outside the radiation
shieided container. In addition, radicactive material is eluted from the radioisolope generator.

[0010] In accordance with a fourth aspect of the present invention, there is provided a
system including an eluant supply mechanism and a radiation shielded lid having an aperture
defined therein. The eluant supply mechanism includes an eluant supply container, a conduit
coupled to the eluant supply container and at least partially disposed in the aperture, and an

eluant measurament feature.

[0011] Various refinements exist of the features noted above in relation to the varicus
aspects of the present invention. Further features may also be incorporated in these various
aspects as well. These refinements and additional features may exist individually or in any
combination. Again, the brief summary presented above is intended only to familiarize the
reader with certain aspects and contexts of the present invention without limitation to the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed descriplion is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0013] FIG. 1 is a perspective view of an exemplary embodiment of a generator product
including a visually accessible eluant supply botlle, a vented spike, a stop cock, tubing, a
shielded lid, a shielded lid plug, and a shielded container;

[0614] FIG. 2 is a partial cross-sectional side view of an exemplary embodiment of the
generator product, wherein the tubing may pass through an aperture defined along an edge of
the lid and inte the shiglded container;

[0015] FIG. 3 is a top view of an exemplary embodiment of a porticn of the generator
product, wherein the lid may be mounted over an opening in the shielded container;
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[0016] FIG. 4 is a cross-sectional side view of an exemplary embodiment of the generator
product, wherein the tubing may be coupled fo the generator via an inlet needle and the lid
plug may be replaced by an elution assembily;

[0017] FIG. 5 is a partial perspective view of an exemplary embodiment of the generator
product, wherein a syringe pump may be incorporated in the place of the eluant supply bottle;

[0018] FIG. 6 Is a partial perspective view of an exemplary embodiment of the generator
product, wherein a drip chamber may be incorporated in the tubing;

[0018] FIG. 7 is a partial perspective view of an exemplary embodiment of the generator
product that may include the drip chamber, an electronic drop counter, a display, and a
computer, wherein the slectronic drop counter may be utilized to count the drops passing
through the drip chamber;

[0D20] FIG. 8 is a partial perspective view of ah exemplary embodiment of the generator
product, wherein the eluant supply may be ufilized with a splitter or manifoid tc supply a
plurality of generators, each disposed within a shielded container;

[0021] FIG. 9 is a partial perspective view of an exemplary embodiment of the generator
product, wherein the sluant supply bottle may be at least partially shielded and may include a
visualization window that facilitates viewing and measurement of eluant levels in the hottle,
and wherein the drip chamber and drop counter may be disposed within the shielded
container; and

[0022] FIG. 10 is a partial perspective view of an exemplary embodiment of the generator
product, wherein the eluant supply botfle, the drip chamber, and the drop counter may be
disposed within the shielded container, and whersin the display may be positioned external to
the shielded container along with a portion of a level gauge coupled 1o the eluant supply
botile.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0023] One or more exemplary embodiments of the present invention are described below.
In an effort to provide a concise description of these embadiments, some features of an actual
implementation may not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific declsions may be made to achieve the developers’ specific
goals, such as compliance with system-related and business-related constraints, which may
vary from one implementation fo ancther. Such a development effort would be a routine
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undeartaking of design, fabrication, and manufacture for those of ordinary skill having the
benefit of this disclosure.

[0024] The embodimenis discussed in detail below relate to a system and method for
facilitating efficient extraction of radioactive material (e.g., a radioisotape) from a radicisotope
generator during a radicisotope elution process. Indeed, embodiments of the present
invention facilitate efficient use of time and resources by providing direct or indirect visual
access to ah eluant supply and/or an eluate output during a radicisotope elution process. In
other words, techniques are disclosed for identifying or tracking a volume, mass, weight,
displacement, and/or flow of a supply eluant and/or an output eluate associated with sluting a
radicisctope from 2 radioisotope generator via direct visualization or non-visual
measurements that can be visualized remotely. As discussed below, these techniques may
include a scale to monitor changes in weight of a supply eluant and/or an output eluate.
Additionally or alternatively, these techniques may include a flow meter or displacement
gauge, graduated volume marks on the supply andfor output container, and so forth.

[0625] FIG. 1 shows an exemplary embodiment of a generator product 2 that inciudes a
visually accessible eluant supply container (here, a botitle) 4, a vented spike B, a stop cock 8,
tubing 10, a radioactivity shielded lid 12, a radicactivity shislded lid plug 14, and a radiocactivily
shielded container 16 {e.g., an auxiliary shield). In some embodiments, the lid plug 14 may be
replaced by an elution assembly. It should be noted that the term “generator product” herein
interchangeably refers to both a radiocisotope elution system and/or a radioisotope generator
assembly. A radicisofope generator assembiy may include a radivisciope generator, a
radioactivity shielded container, an eluant supply container, a radioactivity shielded lid, and a
lid plug. A radicisctope elution system may include the radioisotope generator assembly,
wherein the lid plug is replaced with an elution assembly that includes an eluate cutput
container and an slution shield surrounding the eluate output container.

[0028] As illustrated in FIG. 1, the eluant supply container 4 may be entirely or at least
partially transparent (or translucent) and external to the shielded container 18, thereby
providing a visualization portal into the bottle 4. In some embodiments, the supply bottie 4
may be pariially external andfor partially internal to the shieldad container 16. The supply
bottle 4 can be fully or partially composed of glass, hard plastic, soft plastic, and other
appropriate material(s) that allow visual access. As such, a user can visualize ejuant 18
disposed within the botfle 4. Because the eluant 18 is visible, a user can observe how much
of it has been used during an elution process and/or how much of it remains after an elution
process. For example, in the illustrated embodiment, a user can visually monitor the level of
eluant in the botile 4 with respect to index marks 19, which correspond to predefined metrics
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{e.g., volume). This facilitates determination of when an elution process is complete.
Further, if a partial elution (e.g., an elution to partially fill a standard sized eluate output
container) is desired, visual access to the eluant supply may facilitate accurate performance of
the partial elution. The eluant supply container 4 may be coupled to a generator disposed
within the shielded container 16 via the tubing 10. Incidentally, “coupled” or the like herein
generally refers to two or more components that are either directly or indirectly connected to
one another. In this particular example, the coupling of the eluant supply container 4 and the
generator may be characterized as a fluid coupling of those components. Incidentally, “fluidly
coupling” or the like refers to a coupling of first and second components so that molecules of a
substance(s) (such as a liguid or gas) may be sﬁbstantialiy confined within and capable of
flowing between the first and second components.

[0027] The tubing 10 can be a rigid or flexible conduit {e.g., flexible tubing or a needle)
capable of enabling flow of the eluant 18 from the eluant supply container 4 to the generator.
In some embodiments, the tubing 10 is transparent and/or franslucent, which further facilitates
cbservation of the eluant flow from the eluant supply 18 to the generator. The tubing 10 may
be coupled to the eluant supply container 4 in any appropriate manner, such as via a stopcock
8 and a vented spike 6. In the illustrated embodiment, the eluant supply container 4 may be
made of a generally rigid material that does not collapse as the eluant 18 is evacuaied.
Accordingly, the vented spike 6 may allow filtered air to enter into the botlle 4 to reduce the
likelihood of a vacuum {e.g., a state of negative pressure) inside the bottle 4 when the eluant
18 flows out. In other embodiments, the eluant supply container 4 may be made of flexible
material that collapses as it is evacuated with or without aid by the vented spike 8. The
stopcock 8 may enable a user io regulate flow of the eiuant 18 from the bottle 4 through the
tubing 10 and into the generator. For example, the stopcock 8 may include a valve that opens
and closes by means of a tapered plug, enabling a user to control flow of eluant 18 between

the bottle 4 and the generator.

[0028] The tubing 10 may pass inio the shielded container 16 through the lid 12 via an
aperture 20 in the lid 12. In some embodiments, the aperiure 20 may be formed in a central
portion of the lid 12 and may include a nipple or other connection mechanism. However, in
the illustrated embodiment, the aperture 20 is disposed along the circumference of the lid 12
such that a gap is formed ketween the edge of the lid 12 and the shielded container i8. The
aperture 20 is illustrated in FIG. 2, which is a partial cross-sectional view of the generator
product 2, wherein the fubing 10 passes through the aperture 20 disposed along the edge of
the lid 10 and into the shieided container 16. Specifically, FIG. 2 illustrates the tubing 10
passing between the jid 10 and a top section of the shielded container 16 through the aperture
20 and coupling with a generator 22 via a coupling mechanism 24 (e.g., a neadle, a nipple,
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threaded fastener, flange, and/or the like). In some embodiments, the coupling mechanism 24
may include a check valve that reduces the likelihood of backflow of eluant and/or eluate from
the generator 22 to the tubing 10 {and possible even the eluant supply container 4). In some
embodiments, the tubing 10 may include a check valve disposed therein to reduce the
likelihcod of backflow fram downstream tubing to upstream tubing and/or to the eluant supply
container 4. It should be noted that in some embodiments, the tubing 10 may pass through an
opening in the side of the shielded container 16. For example, in some embodiments, the
tubing 10 may pass through an opening formed between sectional rings 26 that are stacked to

farm the shielded container 16.

[0029] FIG. 3 is a top view of a portion of the generator product 2, wherein the lid 12 is
mounted over an opening in the shielded container 16. Specifically, FIG. 3 illustrates the
aperture 20 disposed along an edge of the lid 12 and forming a gap between the lid 12 and
the shielded container 16. As noted above, in some embodiments, the aperture 20 may be
located in a generally central location on the lid 12 or in a side portion of the shielded
container 16. In some embodiments, the aperture 20 and the tubing 10 may correspond in
size so that the tubing 10 is tightly secured when engaged with the aperture 20. In other
embodiments, the aperiure 20 may be larger than the tubing 10, allowing maneuverability of
the tubing 10 while it is engaged in the aperture 20. In still other embodimsents, the tubing 10
includes one or more seals or the like that operate to secure the tubing 10 in the aperture 20
and prevent flow {e.g., air flow) in and out of the shielded container 16 through the aperture
20.

[0030] FIG. 4 is a cross-sectional side view of the generator product 2, wherein the tubing
10 is shown coupled to the generater 22 via a hollow inlset needle 28 and the lid plug 14 has
heen be replaced by an elution assembly 28. The illustrated elution assembly 28 includes an
elution shiesld 32 at least generally disposed about an eluate collection bottle 34. The elution
shield 32 is designed to shield users from radioactive elements that are received by elution
into the bottle 34. The eluate collection boitle 34 may be coupled {o the generator 22 via a
hollow outlet needle 36. During a wet elution process (e.g., an elution process wherein the
generator generally remains charged), the eluate collection bottle 34 may be coupled to the
generator 22 to enabie eluate residing in the generator 22 o circulate through the generator
22 and into the evacuated collection bottle 34. The generator 22 is a shielded container that
holds a parent radicisctope, such as Molyhdenum-89 absorbed to alumina beads or ancther
suitable exchange medium. The daughter radioisotope (e.g., Technetium-29M} is held
chemically less tightly than the parent, thereby enabling flowing eluant to flush the desired
radioisotope from the radioisotope generator 22 into the collection bottle 34 as eluate.
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[0031] The eluate collection bottle 34 may have a standard or predefined volume, which
may begin in an evacuated condition. A pressure drop into the evacuated eluate collection
bottie 34 may faciiitate eluate residing in the generator 22 to begin filling the botile 34.
Correspondingly, eluant 18 from the eluant supply container 4 may begin flowing into the
generator 22 to replace the eluate passing to the collection bottle 34. Indeed, once the eluate
collection bottle 34 is connected to the generator 22, a user can observe that eluant levels in
the eluant supply container 4 go down in an amount generally corresponding to the amount of
eluate received in the eluate collection boitle 34. Feor example, a user can observe the volume
of eluant 18 leaving the eluant supply container 4 by comparing the eluant level in the supply
boitle 4 over time with the index marks 18, This visualization may tend to facilitate
determining when the elution process is complete {e.g., the eluate coliection bottle 34 is full),
and/or may facilitate performance of partial elutions, in which the eluate collection bottle 34 is
partially filled with eluate. It should be noted that in some embodiments, the eluate collection
bottle 34 may nct begin in an evacuated condition. For example, in some embodiments, other
system conditions {(e.g., generated pressure and/or gravity) may cause flow into the eluate
collection bottle 34,

[0032] FIG. 5 illustrates an alternative embodiment of the generator product 2, wherein a
graduated syringe pump 40 may be incorporated in the place of the eluant supply container 4.
The syringe pump 40 is adapted to inject the eluant 18 into the generator 22 via the tubing 10.
Because the syringe pump 40 generates pressure, an evacuated eluale collection botile 34
may or may not be used in this embodiment. For example, a collection bottle 34 with a vent
for expelling air may be used {o collect the eluate. While the syringe pump 40 may drive the
elution, the graduations or volumetric marks 19 may enable a user to measure andfor cbserve
the amount of eluant injected into the generator 22. In other embodiments, other electrical
and/or mechanical pumps and measurement systems may be used to supply and measure
amounts of sluant supplied to the generator 22. For example, the system may include an
electrical/mechanical scale, flow meter, and so forth. Moreover, the measurements may be
visualized by a user directly or indirecily via a remote monitoring system, e.g., a computer. i
should be noted that FIG. 5 also illustrates that the aperture 20 may be disposed in a
generally central portion of the lid 12. Additionally, as shown in FIG. 5, the tubing 10 may be
coupled to a nipple 42 that passes through the lid 12 and couples to the generator 22 within
the shielded container 16.

[0033] FIG. 6 shows an exemplary embodiment of the generator product 2, wherein a drip
chamber 44 is incorporated in the tubing 10 to facilitate tracking or identification of an amount
of eluant flowing into the generator 22. The drip chamber 44 may facilitate measurement of
the eluant passing between the eluant supply container 4 and the generator 22 in a variety of
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ways, For example, an cbserver can manually calculate the amount of transferred eluant by
counting the drops that pass through the drip chamber 44. For instance, thirty drops of the
eluant may correspond tc one milliliter of eluant. As ancther example, in the embodiment
illustrated in FIG. 7, an electronic drop counter 46 may he utilized to count the drops passing
through the drip chamber 44 by, for example, detecting motion in the drip chamber 44. In one
embodiment, the drop counter 48 may include an infra-red light emitting diode (LED) 48 and a
photo detector 50. The LED 48 and photo detector 50 are alighed such that the photo
detector 50 receives a light beam from the LED 48. When a drop passes through the drop
counter 46, it breaks the light beam and the drop counter 46 outputs and/or stores data
corresponding to the break. This facilitates measurement of the number of drops and the
provision of metrics relating to the amount of eluant being passed from the eluant supply
container 4 through the drip chamber 44 and into the generator 22. Metrics can be calculated
from the data retrieved by the drop counter 46 manually, in the drop counter 48 itself, or in
other devices capable of receiving data and performing calculations.

[0D34] As illustrated in FIG. 7, the drop counter 46 may be communicatively coupled to a
display 52 for display of metrics relating to the elution process. The drop counter 46 may be
coupled to an electronic device and/or computer 54 '(e.g., a laptop computer) to store data,
facilitate communication with other devices, and/or perform calculations relating to the elution
process. |t should be noted that in some embodiment, the display 52 may be incorporated
inta the computer 54. In other words, rather than having a separate display 52, a computer
screen 56 of the computer 54 may be utilized for displaying data associated with the elution
process, For example, a volume associated with the number of counted drops {(e.g., thirty
drops corresponds to one milliliter) can be calculated and displayed on the computer screen
586. A time associated with each counted drop can be displayed on the computer screen 56.
The volume and/or time associated with each elution process may be iracked and displayed
to enable a user (or the computer 54) to estimate when the generator will be ready for ancther
elution process. For example, a value corresponding to an expected radioactivity level of an
elution at a certain time can be calculated and displayed on the computer screen 58. By
further example, a user (or the computer) can determine an actual radioactivity level of an
eluate at a given time. The radioactivity level information can be programmed into the
computer 54 i that information is not already in the computer, for example, which can
incorporate other data (e.g., time data from the drop counter 46) to deiermine an expected
radioactivity level at a specified future time. In some embodiments, a certain time when an
elution should be performed, based on data from the drop counter 46 and/or predefined data
(e.g., a calculated expected radioactivity level), can be calculated and displayed on the
computer screen 56,
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[6038] FIG. 8 shows another exemplary embodiment of the generator product 2, wherein
the eluant supply container (here, a bag) 4 may be utilized with a manifold or spiitter 80 to
supply a plurality of generators 22, each disposed within a shielded container 16. As
illustrated, this generator product 2 may have a variety of different measurement and
visualization features that may complement or supplement one another. The single bulk
supply of eluant (e.g., eluant supply container 4) may increase the likelihood that the individual
generators 22 have sufficient eluant during individual or simultaneous operation. In addition,
the total eluate output from all of the generators may be tracked or visualized by comparing
the eluant level inside the bag 4 against the index marks 18.

[0038]  Still referring to FIG. 8, the computer 54 may be coupled to each of a plurality of
drop counters 468 and/or displays 52 that provide data relating to elution processes in each of
the generators 22, thus enabling collection and provision of data relating to generator usage
individually and/or collectively. For example, based on time stamped usage data and related
calculations, the computer 54 may indicate that a particular generator 22 in a set of generators
should be milked before the others based on a greater likelirood that it may produce an eluate
with an appropriate and/or desired radioactivity level. Further, having a single source of
eluant may facilitate rapid replacement of the sluant source (e.g., eluant supply container or
bag 4) for multipie generators 22. It should be noted that in the embodiment illustrated in FIG.
8, the eluant supply container or bag 4 may be a transparent or transiucent rigid container or a
collapsible plastic bag with or without a vent to facilitate flow. Thus, the level of eluant may be
directly visualized in the container or bag 4. In some embaodiments, the container or bag 4
may be mounted on or hung from a scale 57 to measure weight changes in the container or
bag 4 and, thus, track the amount of eluant flowing into the generators. For example, an initial
weight of the container or bag 4 may be weighed as a reference, followed by a manual or
electreonic tracking of reduced weight of the container or bag 4. Alternatively, a separate scale
57 may be attached independently to each of a pluraiity of eluate supply containers for the
generators 22,

[0037] FIG. 9 shows an exemplary embodiment of the generator product 2, wherein the
eluant supply container 4 may be at least partially shielded and may include a visualization
window 66 that facilitates viewing and measurement of eluant levels in the bottle 4. The
window 66 may operate as a visualization portal, which may include index marks 19 that can
operate as a measurement feature corresponding to volume or another metric. Further, the
illustrated embodiment may include the drip chamber 44 and drop counter 46 disposed within
the shielded container 16. Again, the drop counter 48 may be communicatively coupled to the
display 52, which may be disposed on the outside of the shielded container 15 to facilitate
visual access or identification of the eluant level. Indeed, because the display 52 provides
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virtual visual access to the eluant supply, the eluant supply container 4 can be disposed within
the shielded container, as illustrated by FIG. 10. It should be noted that in FIG. 10 additional
access to the eluant level in the eluant supply container 4 may be provided by a [evel gauge
68 at least partially external to the shielded container. The level gauge 88 can be electronic
{e.g., sensor, switches, and electronic display) or manual {e.g., sight glass, circular sight port,
or float).

[0038] While the invention may be susceptible to various modifications and aliernative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein. However, it should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover all
medifications, equivalents, and alternatives falling within the spirit and scope of the invention
as defined by the following appended claims.

11
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CLAIMS:

1. A system, comprising:
a radioactivity shielded container;
a radioisotope generator disposed within the radicactivity shielded container; and
an elution supply mechanism comprising:
an eluant supply container at least partially external to the radioactivily shielded

container;
a conduit extending between an inlet of the radicisoiope generator and an
outlet of the eluant supply container; and

an eluant visualization portal.

2. The system of claim 1, wherein the elution supply mechanism comprises a drip

chamber.

3. The system of claim 2, wherein the eluant visualization portal comprises a
transparent or transiucent portion of the drip chamber.,

4. The system of claim 2, comprising a drop counter coupled to the drip chamber.

5. The system of claim 4, comprising an electronic measurement device
communicatively coupled to the drop counter.

6. The system of claim 4, wherein the electronic measurement device comprises a
computer.

7. The system of claim 1, wherein the radicactivity shielded container comprises a
radioactivity shielded lid including an aperture having the conduit extending therethrough.

8. The system of claim 7, wherein the aperture is disposed along an edge of the
radioactivity shielded lid.

8. The system of claim 1, wherein the radioaclivity shielded container comprises a

radioactivity shielded lid having a hollow nipple coupled to the conduit.

12
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10. The system‘of claim 1, wherein the eluant visualization portal comprises a
transparent or translucent portion of the eluant supply container having demarcations
corresponding to levels of eluant in the eluant supply container.

11. The system of claim 1, wherein the outlet of the elution supply container
comprises a conduit splitter coupled to the conduit and at least one other conduit that leads o
a different radiocisotope generator.

12. The system of claim 1, wherein the elution supply mechanism comprises a pump.

13. The system of claim 12, wherein the pump comprises an eluant measurement

system.

14. A system, comprising: -
a radiation shielded container comprising a receptacle and a cover disposad over an
opening in the receptacle;
a radiocisofope generator disposed within the receptacle; and
an eluant supply mechanism comprising:
an eluant supply container;
a conduit coupled with the eluant suppiy container and the radicisctope
generator, the conduit disposed at least partially within the shielded container; and

an eluant measurement device coupled 1o the eluant supply mechanism.

15. The system of claim 14, wherein the cover includes an aperture having the conduit
extending therethrough.

16. The system of claim 14, wherein the conduit comprises a length of flexible tubing.
17. The system of claim 14, wherein the conduit comprises a hollow needle.

18. The system of claim 14, wherein the eluant measurement device comprises an
eluant level gauge coupled with the eluant supply container.

19. The system of claim 14, wherein the eluant measurement device comprises a drip
chamber.

13
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20. The system of claim 19, wherein the eluant measurement device comprises a
drop counter coupled to the drip chamber.

21. The system of claim 14, wherein the eluant measurement device is at least
partiaily disposed inside the radiation shielded container.

22. The system of claim 21, wherein the eluant measurement device comprises a
drop counter disposed within the radiation shielded container.

23. The system of claim 14, comprising an electronic display disposed at least
partially external to the radiation shielded container and coupled to the eluant measurement
device.

24. The system of claim 14, wherein the eluant measurement device comprises a

scale.

25. A method of operating a radiocisotope elution system, comprising:

receiving an amount of sluant into a radioisotope generator disposed inside a radiatlion
shielded container;

visually indicating an amount of the eluant received by the radioisotope generator,
wherein the visually indicating occurs at a location outside the radiation shielded container;
and

eluting radioaciive material from the radicisotope generator.

26. The method of claim 25, comprising calculating a metric based on the amount of

eluant received into the radioisotope generator.

27. The method of ¢claim 26, comprising calculating a suggested time for performing a
future elution based on the metric.

28. The method of claim 25, comprising creating a time stamp when the amount of
eluant is received.

29. The method of claim 25, comprising measuring the amount of eluant received
from within the radiation shielded container.

14
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30. The method of claim 29, wherein measuring comprises counting drops of the

eluant.

31. The method of claim 25, wherein visually indicating comprises electronically

displaying a metlric of the amount of eluant received.

32. The method of claim 25, wherein visually indicating comprises providing a visual
line of sight to the eluant.

33. The method of ¢laim 25, wherein measuring comprises weighing the eluant with a

scale,

34. A system, comprising:
a radiation shielded lid comprising an aperture,; and
an eluant supply mechanism comprising:
an eluant supply container;
a conduit coupled to the eluant supply container and at least partially disposed
in the aperture; and
an eluant measurement feature.

35. The system of claim 34, wherein the eluant measurement feature comprises a drip
chamber and an electronic drop counter coupled to the drip chamber.

38. The system of claim 34, wherein the eluant measurement feature comprises an

eluant visualization portal.

37. The system of claim 34, wherein the eluant measurement feature comprise a

scale.
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RADIOCISOTOPE GENERATION SYSTEM HAVING PARTIAL ELUTION CAPABILITY

FIELD OF THE INVENTION
Ths present inventiion relates generally to radicisotope generation systems, and more
particularly to radioisotope generation systems that facilitate dispensing of a desired amount of eluate

from a radioisotope generator.

BACKGROUND

Radioisotope gencrators are used o obtain a solution comprising a daughter radioisotope (e.g.,
technetium-99) from a parent radioisotope {e.g., molybdenum-99) which produces the daughter
radicisotope by radioactive decay. One common radioisotope generator includes a columm containing
the parent radigisctope adsorbed on a carrier medium (e.g., alumina}. The carrier medium has a
relatively higher adsorptive capacity for the parent radioisotope and a relatively lower adsorptive
capacity for the daughier radioisotope. As the parent radicisctope decays, a quantity of the desired
daughter radioisotope is produced in the column. The column can be washed by passing a suitable
sluant (e.g., a sterile saline solution) through the column such that the resulting eluate contains the
daughter radioisotope (e.g., in the form of a disselved salt), which makes the eluate useful in nuclear.
medicine. For example, the eluate may be adapted for intravenous administration for any of a variety of
diagnostic and/or therapeutic procedures.

To obtain a quantity of the eluate from the generator, a container (e.g., a vial) may be connected
to an cutlet of the column at a tapping point of the generator to receive the eluate containing the
daughter radioisotope. The container may be an evacuated container, in which case the partial vacuum
in the container is used to draw eluant through the column from an eluant reservoir in fluid
communication with an inlet to the column, thereby eluting the daughter radioisotope from the column.
Using vacuum pressure in the container to draw eluate out of the generator avoids the need to pressurize
the radioactive materials, as would be the result if the fluids were pumped through the column, thereby
reducing the risk of accidental release of radioactive materials.

Another advantage of using vacuum pressure in the container to draw eluate out of the
generator column is the elimination of the need for moving parts to cause the fluid flow. This may make
the system more resistant to mechanical failure and may also render operation of the system relatively
simple and clean. Because the eluate may be dispensed directly from the outlet of the generator column
to the confainer, there is no need to clean an intermediate chamber/reservoir of the type used in some
prior art systems (e.g., U.S. Patent No. 4,625,118). Unnecessary cleaning is not only undesirable from
the standpoint of the cost (in materials and time) of the cleaning itself, but in some circumstances frace

residues of clea:ﬁng chemicals can also have a negative impact of the yield from the system, as noted in
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U.8. Patent No. 5,580,541. Thus, the simplicity of using vacuum pressure in an evacuated container to
draw eluate from the generator direcily into the container is desirable for a variety of reasons.

The same generator column may be used to fill a number of containers with eluate before the
radioisotopes in the column are spent, The amount of eluate needed at any time may vary depending on
the number of prescriptions that need to be filled by the radiopharmacy and/or the remaining
concentration of radioisotopes in the generator column. One way to vary the amount of eluate drawn
from the column is to vary the volume of the containers. For example, different sized containers having
volumes ranging from about 5 ml to about 30 ml. are common. In particular, standard elution vials
having volumes of 5 mL, 10 mL, or 20 mL are currently available in the industry and may be used to
facilitate dispensing of the corresponding amount of eluate from the generator column.

Unfortunately, the use of multiple different types of containers has significant disadvantages.
For example, a radiopharmacy may use different labels, rubber stoppers, flanged metal caps, lead
shields, and/or spacers to handle different sized containers, requiring the radiopharmacy to keep
supplies of these items in stock for each type of container. Likewise, packaging for transport of the
filled containers to healthcare facilities must also account for the different dimensions of the containers.

Amnother way to vary the amount of eluate dispensed to a container is to interrupt the elution
process before the container is completely filled. For example, U.S. Pat. Mo. 4,387,303 discloses a
system that permits an elution process to be interrupted before the container is completely filled. In
particular, the radiopharmacist estimates when to interrupt the dispensing process based on a desire to
only partially {ill the container tc a certain amount. The process is interrupted simply by manually
removing the container from the generator tap. By interrupﬁng the elution process at the right time, the
container could be partially filled to obtain any desired amount of sluate equal to or less than the
capacity of the vial. Another advantage of interrupting the elution process before a container is filled to
capacity is that it is easier to draw the eluate from the container when it is not compietely filled.

Unfortunately, it is not easy to identify the level of the elnate in a partially filled container. For
instance, the container may be housed in a radiation shield that prevents visual inspection of the level of
eluate in the container. Educated guesswork and/or irial and error are generally used to interrupt the
elution based on an estimate of how much eluate is in the container. However, use of this method can
easily lead to overfilling or underfilling of a coniziner, both of which may result in undesirable
inefficiencies. Even if it is possible for a person to visually monitor the level of eluate in the container
{(e.g., through a leaded glass window in the radiation shield), a person would have to dedicate some of
his or her attention to monitoring the elution process to stop it at the right time. This would detract from
the person's ability to do other things. Further, if the person were distracted, it would be easy to fill the
container more than intended.

Thus, some may say there is a need for a radioisotope generation system that facilitates

dispensing of a desired amount of sluate from a radicisotope generator.
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SUMMARY

One aspect of the invention is directed to a radioisotope generation system for dispensing a
radioactive eluate (i.e., an sluate including a radioisotope) into a container for holding such an eluate.

A radioisotope generator of the system is operable to dispense the eluate into the container. While the
eluate is being dispensed by the generator into the container, a monitoring system monitors the amount
of eluate dispensed into the container and generates a signal indicative of the amount of eluate
dispensed into the container.

Angpther aspect of the invention is dirccted to a radioisotope generation system having a

-radioisotope generator that is operable to dispense radioactive eluate. An chution shield of the system
has an internal eavity for receiving the eluate dispensed from the generafor and is constructed at least in
part of a radiation-absorbing material. A monitoring system monitors the dispensing of eluate by the
generator o the cavity of the shicld and is operable to generate a signal in responss to the dispensing of
a desired amount of eluate into the cavity and/or the elapsing of a predetermined elapsed time during
which eluate is dispensed into the cavity.

Still another aspect of the invention is directed to a radioisotope generation system that includes
a radioisotope generator for dispensing radioactive eluate. This system also includes a dispensed eluate
sensor that may be used to sense an amount of cluate that has been dispensed from the generator, and a
signaling device that is communicatively connected with the sensor. Incidentally, “communicatively
connected” or the like herein refers to a relationship of first and second components characterized in
that at least an electrical signal can be conveyed at least from one of the components to the other.

Yet another aspect of the invention is directed to a method for dispensing a radioactive eluate.
In this methad, eluate is dispensed from a radioisotope generator into a container while the container
and the generator are in fluid communication. Incidentally, “fluid communication™ or the like herein
refers to a relationship between at least first and second components of a systen; this relationship being
such that a substance(s) (e.g., a liquid and/or gas} may flow through the system at least from one of the
components to the other. In any event, in this method, the dispensing of the eluate into the container is
monitorad (e.g., nsing one or more appropriate sensors). Further, a signal (e.g., visible and/or audible)
indicative of an amount of eluate dispensed is provided.

Still yet another aspect of the invention is directed to a method of providing a radicactive
eluate, In this method, eluate is dispensed from a radioisotope generator into a cavity of an elution
shield. An amount of cluate in the cavity is monitored during at least a portion of the eluate being
dispensed. A signal (e.g., visible and/or audible) is automatically generated in response to detecting a
desired amount of eluate in the cavity and/or a passing of a predetermined elapsed time during which
the eluate is dispensed.

In yet another aspect, the present invention is directed to 2 method of providing a radioactive
eluate. In this method, eluate is dispensed from a radioisotope generator into a container while the

container and the generator are in fluid communication. An amount of the eluate that is dispensed into
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the container is determined, and a signal (e.g., visible and/or audible) is electronically triggered as a
result of the amount of eluate that is determined (e.g., a threshold amount).

In still yet another aspect of the invention, an amount of radioactive eluate eluted from a
radioisotope generation system in an clution procedure is determined. In addition, an electrical
condition of the system is changed based on the amount of eluate that is determined to be eluted. By
way of example, a change in electrical condition may refer to a closing and/or opening of an electrical
circnit of the system. As another example, a change in elecirical condition may refer to an alteration of
an electrical signal between first and second components of the system. As still another example, a
change in electrical condition may refer io a change in capacitance between first and second electrical
conductors of the system.

Various refinements exist of the features noted in relation to the above-mentioned aspects of
the present invention. Further features may also be ingorporated in the above-mentioned aspects of the
present invention as well. These refinements and additional features may exist individually or in any
combination. For instance, various features discussed below in relation to any of the illustrated
embodiments of the present invention may be incorporated into any of the aspects of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
. Fig. 1 is a schematic diagram of a radioisotope generation system according to one embodiment

of the present invention;

Fig. 2 is an enlarged view of a portion of the system of Fig. 1 illustrating a moniforing system
thereof; _

Fig. 3 is a schematic diagram of a radicisofope generation system similar to the system of Fig. 1
but further having an automatic interruption system.

Fig. 4 is an enlarged schematic diagram of an alternative embodiment of the monitoring system
of Figs. 1 and 3;

Fig. 5 is an enlarged schematic diagram of a monitoring system according to another alternative
embodiment;

Fig. 6 is an eniarged schematic diagram of a monitoring system of sﬁll another alternative
embodiment;

Fig. 7 is a schematic diagram of an alternative embodiment of & radiation generation system of
the present invention; and

Fig. 8 is a schematic diagram of one embaodiment of a selector useful with the radiation
generation system of Figs. 1,3 and 7.

Corresponding reference characters indicate corresponding parts throughout the drawings,
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DETAILED DESCRITPTION CF ILLUSTRATED EMBODIMENTS

Referring now to the drawings, an in particular to Fig. 1, a radicisotope generation system of
the present invention is generally designated 101. The system comprises a radioisotope generator
having a column 103 containing a carrier, having a parent radioisotope (e.g., Molybdenum - 99) that
decays into a daughter radioisotope (e.g., Technetium - 99m), adsorbed thereon. The generator column
103 may be enclosed in a conventional radiation-shield 1035 as shown in the embodiment of Fig. 1. The
generator columnp 103 has an inlet 107, which may be connected to an eluant reservoir 111 by a suitable
inlet conduit 113. The column 103 also has an outlet 117 that may be connected to a tapping point 119
by a suitable outlet conduit 121.

The eluant reservoir 111 contains eluant {e.g., saline solution or other fluid capable of eluting
the daughter radicisotope from the generator column}, with the reservoir sized to contain enough eluant
for muliiple elutions. Hlowever, the eluant reservoir may alternatively be sized to contain no more
eluant than is sufficient for a single elution without departing from the scope of the invention. The
eluant reservoir may be a flexible (e.g., collapsible) bag or a substantially rigid container without
departing from the scope of the invention. Where the container is rigid, a pressure relief system (e.g., a
filtered vent to atmosphere) may be used so that withdrawal of eluant from the eluant reservoir does not
create g vacuum in the eluant reservoir. The eluant reservoir 111 may be suitably mounted on the
system 101 above the level of the generator column 103 as shown in Fig. 1.

The tapping point 119 may be constructed fo allow a container 125 to be mounted thercon for
fluid conununication between the container and the generator column 103 via the outlet conduit 121.
For example, in onc embodiment (illustrated in Fig. 1) a hollow needle 127 capable of piercing a
septum on the container 125 may be attached to the end of the outlet conduit 121 to serve as the tapping
point. The system 101 may be configured so the tapping point 119 is above the level of the generator
column 103 as in the illusirated embodiment. The system 101 may be configured so that the tapping
point 119 is also at about the same level as the eluant reservoir 111.

The radicisotope generation system 101 may further comprise an elution shield 131 constructed
to have an internal cavity 133 for receiving the eluate from the generator column 103 via the output
conduit 121 and tapping point 119. In particular embodiments, the elution shield 131 may be
constructed to house the container 125 within the internal cavity 133 thereof with the container
connected to the generator at the tapping point as illustrated in Fig. 1. For example, the elution shield
131 shown in the drawings is constructed to have a cavity 133 sized and shaped to hold the container
125 and an opening 139 through which the needle 127 may be inserted to provide fluid communication
between the container and the generator column 103 while the container is in the cavity. Other
configurations of the radioisotope generation system are also contemplated to be within the scope of the
invention, as long as the system is operable to dispense cluate to the cavity of the elution shield, and in

particular embodiments to a container disposed in the cavity.
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Fluid flow through the system 101 may be suitably controlled by one or more valves. For
example, the system 101 may include at least one pinch valve 141, which is operable to selectively
block the flow of eluate through the outlet conduit 121 to the container 125 (broadly, the internal cavity
133 of the elution shield 131). The pinch valve 141 may in part define an interruption system of the
type described in U.S. Patent No. 4,387,303, which is hereby incotporated by reference to the extent it
is consistent, for allowing the flow of eluate to from the generator column 103 to the container 125 1o
be interrupted before the container is filled to its maximum volume. The term "maximum volume" as
used in reference to the container 125 refers to that volume to which an evacuated container would be
filled if the slution process were allowed to proceed uniil the pressure in the container increased enough
to stop the inflow of fhuids.

The elution shield 131 inéy comprise one or more radiation-absorbing materials (c.g., lead,
tungsten, depleted uranium, etc.) fo protect workers from radiation emitted by the eluate after it is
received in the container 125, Those skilled in the art will know how to construct an elution shield
having a sufficient amount of radiation-absorbing material in view of the type and amount of radiation
expected to provide a desired level of protection against radiation exposure. The elution shield 131 may
be substantially opaque, as indicated in the drawings, which inhibits manual monitoring of the amount
of eluate in the container 125. However, the present invention is not limited to generation systems
having opaque ejution shields. Accordingly, an elution shield having a viewing window (e.g., leaded
glass window) that allows viewing of the contents of the elution shield is comtemplated to be within the
scope of the invention,

The generation system 101 also comprises a moniioring system 151 capable of automatically
monitoring the dispensing of eluate from the generator column 103 to the container 125, e.g., to
monitor the amount of cluate dispensed into the container (broadly, into the cavity 133}. The
monitoring system 151 may generally be any system operable to automatically determine (e.g., sense,
measure, meter, calculate, or otherwise gauge) the amount of einate in the container 125 as eluate is
dispensed from the generator column 103 into the container. For example, a radioisotope gencration
system may include a dispenéed eluate sensor capable of determining the amount of eluate eluted from
a generator communicatively connected to a signaling device. The dispensed eluate sensor may be a
component of the elution shield 131, associated with other components of a radioisotope generation
system or even be characterized as a component of the system in and of itself. It is contemplated that
the monitoring system 151 may be operable to monitor the dispensing of eluate on a substantially
continuous basis or on an intermittent basis.

Referring to Fig. 2, one embodiment of a suitable monitoring system comprises a liquid level
sensor 161 capable of detecting the level of the eluate in the container 125. For example, an infrared
LED 163 and corresponding infrared detector 165 (e.g., photo diode) may be mounted inside the cavity
133 of the elution shield 131 in spaced relation to one another. The LED 163 (upon operation of the
monitoring system) emits light (e.g., infrared light) which reflects off the upper surface 167 of the
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liquid back to the detector 165. Data from the detector 165 is fransmitted {(e.g., by hardwiring or
wireless transmission) to a suitable processor 171 having circuitry and/or sofiware enabling it to
determine the path length of the reflected light based on the data, and thereby to determins the fluid
level of the eluate in the container 125 as a function of the path length of the reflected light. The
teachings disclosed in 17 8. Patent No. 5,291,031, which is hereby incorporated by reference to the
extent it is consistent, may be used to construct a suitable processor capable of measuring the path
length of the refiected light. It is contemplated that the container may be configured (e.g, contoured) fo
alter the path of light from the LED 163 to the upper surface 167 of the liguid and/or from the upper
surface of the liguid to the infrared detector 165 to facilitate operation of level sensor 161. For example,
the container may focus the light in a manner analogous to a lens. It is also coniemplated that one or
more lenses that are distinet from the container may be used to focus the light. Purther, the use of the
tevel sensor 161 without any lenses and/or with a container that is not configured to modify the path of
light in any particular way is within the scope of the invention.

The fluid level in the container 125 corresponds to the amount of eluate in the container.
Accordingly, the processor 171 (Fig. 1) is also capable of determining the corresponding amount of
cluate in the container 125 based at least in part on the determined fluid level in the container. In
particular embaodiments, the processor 171 may further compare the determined amount of eluate in the
containar 125 to a desired amount of eluate to be dispensed into the container.

The monitoring system 151 is further operable to generate a signal once it determines that a
desired amount of eluate has been received by (e.g.. dispensed into) the container 125 (broadly, the
internal cavity 133 of the elution shield 131). In one emboediment, the signal may be perceptible exterior
of the elution shield 131, and in particular it may be perceptible to lnmunans (such as radiopharmacists or
other operators of the generation system). For example, the signal may be a light (breadly, a visual
signal) or noise (broadly, an audible signal) perceptible to workers to alert them that it is time to
interrupt the elution process. The monitoring system 151 illustrated in Figs. [ and 2, for instance,
comprises a piezoelectric speaker 175 (broadly, a signaling device) activated by the processor 171 once
the processor deternines that the desired amount of eluate has been dispensed into the container 125 to
make an audible noise perceptible to a worker in the vicinity. The signaling device may be a component
of the elution shicld 131, as indicated for example by commection of the piezoelectric speaker 175 to the
elution shield in Fig. 2. In some embodiments, the processor 117 may function as a signaling device
and may be operable to change an electrical condition of the system (e.g., open and/or close a circuit of
the system, change a volkage applied to one or more compoenents of the system, etc.) in a manner that is
in and of itself imperceptible to unaided humans, although such a change in an electrical condition of
the system by the processor may ultimately produce a tangible result (e.g., activation of an interruption
system as described below) that may be perceptible to humans, if any are in a position to observe the

result.
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The generation system 101 may also comprise a selector in commmunication with the processor
171 and operable to allow a user to pre-select (e.g. prior to operation of the radioisotope generator to
dispense eluate into the container) the desired amount of eluate to be dispensed into the container 125.
Virtually any device capable of providing user input to the processor 171 can be used as the selector.
For example, the selector may comprise a hall effect sensor dial 181 as illustrated in Fig. 8, a set of
buttons, a potentiometer, a touch screen display, a computer terminal, or the like. The selector may be
operable to allow the user to pre-select the desired amount of eluate from a set of predetermined desired
amounis. For example, in the illustrated embodiment of Fig. 8, the hall effect sensor dial has indicia 183
that indicates the desired amount of eluate to be dispensed and a sef of magnetic elemenis 185 and hall
effect sensors 187 positioned to determine which of the indicia is aligned with a fixed marking 189
(e.g., a selection arrow). In other embodiments, the selector may instead bs operable to allow the user
to select any desired amount of eluate within a range of permissible amounts. For example, the selector
may allow the user 1o select a set amount of eluate, or the selector may allow the user to select a certain
fill percentage (e.g., 25%, 50%, etc.) of the container.

It is understood that the system 101 may also permit the user to opt to fill the container 125 to
its maximum volume, such as by including on the selector a sctting for disabling the monitoring sysiem
151 or selecting a desired amount of eluate about equal to the maximum volume of the container. It
may be more desirable to stop the dispensing just before the container 125 is filled to its maximum
volume {e.g., to facilitate piercing the septum of the container to draw eluate into a syringe) rather than
disable the monitoring system 151.

According to one embodiment of a method of the present invention for dispensing a desired
amount of eluate to the container 1235 (broadly, the cavity 133 of the elution shield 131), a user uses the
selector to pre-select a desired amount of eluate to be dispensed from the generator column 103 into the
container. An evacuated container 125 may be loaded into the elution shield 131 and connected to the
generator column 103 by insertion of the needle 127 through a septum of the container. The pinch valve
141 may be opened (if it was initially closed) such that the vacuum pressure in the container 125
induces the sluant to flow from the eluant reservoir 111, through the inlet conduit 113 and into
generator column 103 while eluate comprising the desired danghter radioisotope flows out of the
generator eolumn, through the outlet conduit 121, and into the cavity 133, and in the illustrated
embodiment into the container. The vacuunm pressure in the evacuated container 125 may induce the
flow without pressurizing either the eluant or efuate above atmospheric pressure.

The monitoring system 151 monitors the dispensing of eluate into the container 125, For
example, for the embodiment illustrated in Figs. 1 and 2, the infrared LED 163 may emit light that is
detected by the detector 165 afier reflecting off of the upper surface 167 of the eluate in the container
125. The processor 171 determines the amount of eluate in the container 125 based on the fluid level
data it receives from the detector 165, When the precessor 171 determines that ithe amount of eluate in

the container 125 is in a range from about equal to through greater than the pre-selected desired amount
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ot eluate, the processor activates the piezoelectric speaker 175 (e.g., by changing a voltage applied to
one or more electrodes of the piezoelectric speaker) to produce an audible signal. The processor 117
may activate the piezoelectric speaker when it determines a threshold amount of eluate has been eluted
from the generator 103, In one embodiment, the processor 117 activates the piezoelectric speaker just
before the amount of eluate in the container reaches the desired amount of eluate to account for the
expected delay between activation of the speaker 175 and manual interruption of the elution process.

A person in the vicinity of the radicisotope generation system 101 {e.g., a radiopharmacist or
other worker) may perceive the signal (e.g., see in the case of a visual signal and/or hear in the case of
an audible signal) from the monitoring system 151 and thereby be alerted to the fact that the desired
quantity of eluate has been dispensed into the container 125. The person may then interrupt the flow of
oluate into the container 125 (e.g., by manually closing the pinch valve 141 and/or by disconnecting the
container 125 from the outlet conduit 121). After the radioisotope generation process is complete, the
user may use the selector to change the desired amount of eluvate to a different amount and repeat the
process to obtain a different amount of eluate in another container.

With reference now to Fig, 3, in another embodiment of a radicisotope generation system 201
of the present invention the system may further comprise an interruption system operable fo
automatically (as opposed to manually) interrupt the dispensing of eluate info the container 125 in
response to an electranic signal generated by the monitoring system 151 once the determined amount of
eluate in the container is approximately equal to the desired amoumt of eluate. For example, the
processor 117 may alter an electrical condition of the system (e.g., open and/or close a circuit of the
system, change a voltage applied to a component of the system, etc.) to activate the interruption system.
1t is understood that the electronic signal generated by the monitoring system 151 to activate the
interruption system may be instead of, or in addition to, a signal that is perceptible exterior of the
elution shield 131 (e.g., an audible or visible signal).

The mterruption system may comprise a valve actuator 209 operable to close the pinch valve
141 in response to the signal from the monitoring system 151. Other suitable interruption systems may
comprise an actuator (not shown) operable to disconnect the container 125 from the generator column
103 by withdrawing the needle 127 from the container in response to the signal from the monitoring
system 151, such as by movement of the container, movement of the needle, or both. Construction and
operation of the generation system 201 of Fig, 3 is otherwise substantislly the same as the construction
and operation of the system 101 of Fig. 1.

It is understood that suitable monitoring systems other than that illustrated in Figs. 1-3 and
described previously may be used without departing from the scope of this invention. For example,
Fig. 4 illustrates a portion 351 of one aiternative embodiment of a suitable monitoring system
comprising an ultrasonic Hquid level sensor 361 having an ultrasonic transmitter and receiver (e.g., a
resonator 363 that transits ultrasound in an active mode and receives ultrasound in a passive mode)

mounted in the cavity 133 of the elution shield 131. Operation of the liquid Ievel sensor 361 shown in

2434 of 2568



WO 2007/030249 PCT/USZ006/030766

Fig. 4 involves emitting ulirasonic energy {(e.g., a burst or chirp) from the transmitter 363 and deteciing
the echo of the ultrasonic energy reflecting off the fluid level surface 167 of the eluate. Data from the
ulirasonic detector 363 may be transmitted {by wire or wirelessly} to the processor 171 whereby the
processor determines the level of the eluate based on the data relating to the echo, The processor 171
may determine the amount of cluate in the container 125 (broadly, the cavity 133 of the elution shield
131) based at least in part on the determined fluid level of the eluate.

Another embodiment of a suitable monitoring system 451 is illustrated in part in Fig. 5. Such a
monitoring system 451 comprises an inductive liquid level sensor 461. The inductive sensor comprises
a conductive coil 463 turning about at least a part of the cavity 133 of the elution shield 131, and in the
illustrated embodiment about the outer surface of the container 125 within the cavity. The inductance
of the coil 463 may vary depending on the fluid leve] of eluate in the container 125. Operation of the
monitoring system 451 of Fig. 5 may include measuring the inductance of the coil 463 and using the
processor 171 to determine the level of eluate in the container 125 based on the inductance of the coil.
Similarly, a capacitive sensor (not shown) comprising a pair of parallel conductors in opposing relation
to one another may be positioned in the cavity so that the capacitance of the conductors varies
depending of the level or eluate in the container 125, in which case the monitoring may include
measuring the capacitance of the conductors and using the processor 171 io determine the lovel of
eluate as a function thereof. As in previous embodiments, the fluid level of eluate corresponds to the
amount of eluate in the container 125 (broadly, the cavity 133).

Fig. 6 illustrates part of yet another embodiment of a suitable monitoring system 551 in which
the monitoring system comprises one or more pressure sensors 563 operable to determine the weight of
the gluate in the container 125 (broadly, the cavity 133). For example, a pressure sensor 363 may be
positioned in the cavity 133 of the elution shield 131 with the weight of the container 125 bearing down
against the sensor, Data from the pressure sensor 563 may be sent to the processor 171, which
correlaies the pressure exerted on the pressure sensor to the weight of eluate in the container 125, The
weight of the eluate corresponds to the amount of eluate in the container 125. A system incorporating
the monitoring system 5351 of Fig. 6 may otherwise operate substantially the same as the systems 101,
201 shown in Figs. 1-3.

Fig. 7 illustrates another embodiment of a radicisotope generation system 601 of the present
invention similar to the systems of Figs. 1 and 3. The monitoring system of this embodiment, however,
comptises a timer 691 operable to monitor an elapsed time during which eluate is dispensed from the
generator column 103 into the container 125 (broadly, the cavity 133 of the elution shield 131). In
particular, the elapsed time may be monitored relative to the time at which dispensing of eluate into the
container 125 is initiated. The timer 691 can be used to gauge the amount of eluate dispensed into the
container 125 based on previously calibrated data regarding the amount of time required for eluate to
accumulate in the container under similar operating conditions. In this case, the monitoring system 651

may be operable to generate a signal in response to a predetermined elapsed time corresponding to a
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desired amount of eluate to be dispensed into the container 125. The selector may be operable to pre-
select the predetermined elapsed time during which eluate is to be dispensed into the container 125.

Tn one embodiment the timer 691 may comprise a timer initiation system 693 adapted to start
the timer automatically upon connection of the container 125 (and/or the elution shield 131) to the
outlet conduit 121. For example, one or mare sensors 695 (e.g., a hall effect sensor, optical sensor,
RFID sensor, proximity sensor, or the like) may generate a signal upon connection of the container 125
to the outlet conduit 121, The timer 691 may be operable to begin monitoring the elapsed time in
response to the signal indicating that the comtainer 125 has been connected to the outlet conduit 121.
Alternatively, the timer 691 may be started manually by a person when he or she connects the container
125 to the outlet conduit 121 without departing from the scope of the invention.

It is understood that the configuration of the radicisotope generation system can be different
from the configurations discussed above and shown in the drawings without departing from the scope
of the invention. Although the systems described and shown above involve dispensing of eluate into a
container housed within an elution shield, it is understood that the elution system can dispense eluate
directly into the cavity of the shield, or that the container may be unshielded, without departing from
the scope of the invention.

Although a pinch valve is used to facilitate interruption of the slution in the illustrated
embodiments, other types of valves could be used instead without departing from the scope of the
invention. Likewise, the invention is operabic without any valving as disconnection of the vacuum
pressure source (2.g., the partially filled container) may be sufficient to inmterrupt the elution process in
and of itself.

While in each of the illustrated embodiments the monitoring system generates a signal upon
determining that the amount of eluate dispensed into the container is approximately equal to a desired
amount of eluate, i is contemplated that the monitoring system may instead, or may additionally,
generate a continuous or intermittent signal prior to the desired amount of eluate being dispensed into
the container, e.g., indicative of the determined amount of eluate in the container (broadly, the cavily).
For example, in one embodiment the signal may comprise visual or audible signals that indicate various
incremental amounts of eluate dispensed into the container. Examples of such signals include, without
limitation, lights, digital displays, alphanumeric displays or other suitable visual indicators of the
amount of eluate dispensed into the container. Other examples include audible signals that may or may
not increase in intensity as the amount of eluate in the container increases.

When introducing elements of the present invention or the preferred embodiments therecof, the
articles *a”, “an”, “the”, and “said™ are intended to mean that there are one or more of the elaments.
The terms “comprising”, “including”, and “having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements. Moreover, the use of “top” and “bottom”
and variations of these terms is made for convenience, but does not require any particnlar orientation of

the components.
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As various changes could be made in the above producis and methods without departing from
the scope of the invention, it is intended that all matter contained in the above description and shown in

the accompanying drawings shall be interpreted as illustrative and not in a limiting sense.
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CLAIMS:

What is claimed is

1. A radioisciope generation system comprising:

a radioisotope generator operable to dispense radioactive eluate into a container; and

a monitoring system operable while the radiation generator system dispenses eluate into the
container to monitor the amount of eluate dispensed into the container and to generate a signal

indicative of the amount of eluate dispensed into the container.

2. A radioisotope generation system as in claim 1 wherein the monitoring system is operable o

generate a signal when a desired amount of eluate has been dispensed into the container.

3. A radioisotope generation system as in claim 2 further comprising a sclector for selectively

setting the desired amount of eluate to be dispensed into the container.

4. A radioisotope generation system as in claim 2 wherein the generation system is operabie to

automatically interrupt dispensing of the eluate into the container in response to the signal.

5. A radioisotope genecration system as in claim 1 wherein the signal is perceptible exterior of

the container.

6. A radioisotope generation system as in claim 5 wherein the signal is at least one of visuaily

and audibly perceptible exterior of the container.
7. A radicisolope generation system as in claim 1 wherein the signal is perceptible by a human.

8. A radicisotope generation system as in claim 1 wherein the monitoring system comprises a
level sensor operable to sense a leve!l of eluate in the container, the level corresponding to the amount of

eluate in the container.

9. A radioisotope generation system as in claim 8 wherein the level sensor is selected from the
group consisting of optical sensors, infrared sensors, ultrasonic sensors, inductive sensors, and

capacitive sensors.

10. A radioisotope generation system as in claim 1 wherein the monitoring system comprises a
timer operable to monitor an elapsed time during which eluate is dispensed into the container, the
elapsed time being relative to a time at which the dispensing of eluate into the container is initiated, the

elapsed time comresponding to the amount of eluate in the container.
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11. A radioisotope generation system as in claim 10 wherein the monitoring system is operable
to generate a signal following dispensing of eluate into the container for a predetermined elapsed time
wherein the predetermined elapsed time corresponds to a desired amount of eluate to be dispensed into

the container.

12. A radioisotope generation system as in claim 11 wherein the predetermined elapsed time is

selectively adjustable at least prior to the dispensing of eluate into the container being initiated.

13. A radioisotope generation system as in claim 190 farther comprising a timer initiation

systemn operable to avtomatically start the timer when dispensing of eluate into the container is initiated.

14. A radioisotope generation system as in claim 13 wherein the timer initiation system

comprises a sensor selected from the group consisting of hall effect sensors, optical sensors, and RFID

tags.

15. A radioisotope generation system as in claim 1| wherein the monitoring system comprises a
sensor operable 1o determine the woight of eluate in the container, the weight corresponding to the

amount of elyate in the container.

16. A method for dispensing radioactive eluate, the method comprising:

dispensing eluate from a radioisotope generator into a container while the container and the
generator are in fluid communication;

monitoring the dispensing; and

providing a signal indicative of an amount of the eluate dispensed into the container.
17. A method as in claim 16 wherein the providing comprises providing a signal when the
amount of eluate in the contatner is approximately equal to a desired amount of elnate, the method

further comprising interrupting the dispensing of eluate into the container in response to the signal.

18. A method as in claim 17 wherein the interrupting comprises antomatically interrupting the

dispensing of eluate info the container in response to the signal.

19. A method as in claim 17 wherein the interrupting comprises manually interrupting the

dispensing of cluate into the container in response to the signal.
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20. A method as in claim 17 further eomprising selectively adjusting the desired amount of
eluate to be dispensed into the container, the selectively adjusting being conducted prior to the

operating of the radioisotope generator.

21, A method as in claim 16 wherein the monitoring comprises monitoring an clapsed time,
starting from initiation of the dispensing, during which eluate is dispensed into the container, the

elapsed time corresponding to the amount of eluate dispensed into the container.

22. A method as in claim 16 wherein the monitoring comprises sensing a level of eluate in the

container, the level corresponding to an amount of eluate dispensed into the container.

23. A method as in claim 16 wherein the monitoring comprises sensing a weight of the eluate

in the container, the weight corresponding fo an amount of eluats dispensed into the container.

24. A method as in claim 16 further comprising generating an electrical signal based on the

monitoring,
25. A method as in claim 24 wherein the providing results from the elecirical signal generated.

26. A radioisotope generation system comprising:

a radioisotope generator operable to dispense elnate;

an elution shield having an internal cavity for receiving eluate dispensed from the gensrator, the
elstion shield being constructed at least in part of a radiation-absorbing material; and

a monitoring system for monitoring the dispensing of eluate by the generator to the cavity of
the shield, the monitoring system being operabie to generate a signal in response to at least one of
receipt of a desired amount of eluate in the cavity and elapse of a predetermined time period during

which eluate is dispensed into the cavity.

27. A radioisotope generation system as in claim 26 further comprising a container disposed in
the cavity for receiving the eluate therein, the container being adapted to hold a maximum volume of
eluate, the monitoring system being capable of generating the signal in response to receipt of a desired
amount of eluate in the container, the desired amount of eluate being less than the maximum volume of

the container,

28. A radioisotope generation system as in claim 26 further comprising a container disposed in
the cavity for receiving the eluate therein, the container being adapted to hold 2 maximum volume of

eluate, the monitoring system being capable of generating the signal in response to a predetermined
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elapsed time during which eluate is dispensed into the container, the predetermined elapsed time

corresponding to a desired amount of eluate to be dispensed into the container.

29, A radioisotope generation system as in claim 26 wherein the generation system is operable

to automatically interrupt dispensing of the eluate into the cavity in response to the signal.

30. A radioisotope generation system as in claim 26 wherein the signal is perceptible exterior
of the elution shield.

31. A radioisotope generation system as in claim 30 wherein the signal is at least one of

visually and audibly perceptible exterior of the elution shield.

32. A radicisotope generation system as in claim 26 wherein the signal is perceptible by a

human.

33. A radwisctope generation system as in claim 26 wherein the moniforing system comprises
a level sensor operable to sense the level of eluate in the cavity, the level corresponding to the amount

of eluate in the cavity.

34. A radioisotope generation system as in claim 26 wherein the monitoring system comprises
a timer operable to monitor an elapsed time during which eluate is dispensed into the cavity, the elapsed
time being relative to a time at which the dispensing of eluate into the cavity is initiated, the elapsed
time corresponding to the amount of eluate in the cavity, the monitoring system being operable to
generate a signal following dispensing of eluate iuto the cavity for a predetermined elapsed time

wherein the predetermined elapsed time corresponds o the desired amount of eluate in the cavity.

35, A radioisotope generation systemn as in claim 34 further comprising a timer initiation

system operable to automatically start the timer when dispensing of eluate into the cavity is initiated.

36. A radioisctope generation system as in claim 34 wherein the predetermined elapsed timse is

selectively adjustable at least prior to the dispensing of eluate into the cavity being initiated.

37. A radioisotope generation system as in c¢laim 26 wherein the monitoring system comprises
a sensor operable to determine the weight of eluate in the cavity, the weight corresponding to the
amount of eluate in the cavity.

38. A method of producing radicactive eluate, the method comprising:
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dispensing eluate from a radicisotope generator into a cavity of an elution shield;
monitoring an amount of eluate in the cavity during at least a portion of the dispensing; and
automatically generating a signal in response to detecting at least one of a desired amount of

eluate in the cavity and a passing of a predetermined elapsed time during the dispensing.

39. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a
container disposed in the cavity of the elution shield, the container being adapted to hold & maximum
volume of eluate, whersin the automatically generating occurs in response to receipt of a desired

amount of eluate in the container, the desired amount being less than the maximum volume.

40. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a
container disposed in the cavity of the elution shield, the container being adapted to hold a maximum
volume of eluate, wherein the automatically generating occurs in response fo the passing of a
predetermined elapsed time during which eluate is dispensed into the container, the predetermined

elapsed time corresponding to an amount of eluate in the container less than the maximum volume.

41. A method as in claim 38 further comprising manually interrupfing the dispensing in

response to the signal.

42. A method as in claim 38 further comprising automatically interrupting the dispensing in

response to the signal.

43. A method as in claim 38, wherein the monitoring comprises sensing a level of dispensed

¢lsate in the cavity, the level corresponding to the amount of eluate in the cavity.

44 A method as in claim 38, wherein the monitoring comprises sensing a weight of the eluate

in the cavity, the weight corresponding to the amount of eluate in the cavity.

45. A method as in claim 38 further comprising selectively varying at least one of the desired
amount of eluate in the cavity and the predetermined elapsed time during which eluate is dispensed into

the cavity, wherein the selectively varying occurs prior to the dispensing,

46. A radioisotope generation system comprising:
a radioisotope generator for dispensing radioactive eluate; and

a dispensed eluate sensor capable of determining an amount of eluate eluted from the generator;

and

a signaling device communicatively connected with the sensor.
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47, A system as in claim 46 wherein the sensor comprises at least one of an optical sensor, an

infrared sensor, an ultrasonic sensor, an inductive sensor, and a capacitive sensor.

48. A system as in claim 46 wherein the signaling device is capable of providing at least one of

an audio signal and a visual signal,

49, A system as in claim 46 further comprising an elution shieid having an internal cavity for
receiving cluate dispensed from the generator, wherein the elution shield is constructed at least in part
of a radiation-shielding material, and wherein at least one of the dispensed eluate sensor and the

signaling device is a component of the elution shield.

50. A system as in claim 49 wherein the dispensed eluate sensor and the signaling device are

components of the elution shield.

51. A method of dispensing a radioactive eluate comprising:
determining an amount of radicactive eluate eluted from a radioisotope generator of a
radioisotope generation system in an elution procedure; and

changing an electrical condition of the system based on the determining.

52. A method as in claim 51, wherein the changing comprises closing an electrical circuit of

the system.

53. A method as in claim 51, wherein the changing comprises opening an electrical circuit of

the system,

54. A method as in claim 51, wherein the changing occurs as a result of determining a
threshold amouat of the eluate.

55. A method as in claim 51, further comprising providing at least one of an audible signal and

a visual signal as a result of the changing.

56. A method as in claim 51, wherein the changing comprises altering an electrical signal

between first and second components of the system.

57. A method as in claim 51, wherein the changing comprises changing a voltage applied {0 a

companent of the system.
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{34) Title: SYSTEM AND METHOD FOR ELUTING RADIOISOTOPE TO A CONTAINER DISPOSED QUTSIDE OF A RA-

DIGISOTOPE GENERATOR ASSEMBLY

(57) Abstraci: The inveniicn, in one characicrization, may be said to be directed o a radiopharmaceutical system that may be
&= utilized in radioisotope elution procedures. In some embodiments, the system may inchide a radioisotope generator assembly having
&= aradiation shield with a receptacle and a cover disposed over the receptacle. The system may also include a radieisotope generator
dispased in the receptacle below the cover. Some embodiments of the system may include an eluate exiraction mechanism having
an elnate conduit fluidly coupled tc a hollow output needle of the radioisotope generator, and a radiation shielded housing disposed
outside the radiation shield. The cluate extraction mechanism also may include a hollow needle fluidly coupled to the eluate conduit
opposite the radioisotope generator, wherein the hollow needle is disposed inside the radiation shielded housing.
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SYSTEM AND METHOD FOR ELUTING RADIOISOTOPE TO A CONTAINER DISPOSED
OUTSIDE OF A RADIOCISOTOPE GENERATOR ASSEMBLY

FIELD OF THE INVENTION

{0001] The invention relates generally to the field of nuclear medicine. Specifically, the invention
relates io a system and method for eluting a radicisotope from a radioisofope generator to an eluate

container disposed outside of an auxiliary shield containing the radicisotope generator. -

BACKGROUND

[0002] This section is infended to introduce the reader to various aspects of art that may be related
to various aspects of the present invention, which are described and/or claimed below. This discussion
is believed to be helpful in providing the reader with background information to facilitate a better
understanding of the various aspects of the pr@senf invention. Accordingly, it should be understood that

these statements ate to be read in this light, and not as admissions of prior art.

[0003] Nuclear medicine utilizes radioactive material for diagnostic and therapeutic purposes by
injecting a patient with a small dose of the radioactive material, which concentrates in certain organs or
biological regions of the patient. Radioactive maierials typically used for nuclear medicine include
Technetium-99m, Indium-113m, and Strontivm-87m among others. Some radioactive materials
naturally concentrate toward a particular tissue, for example, iodine concentrates toward the thyroid.
However, radioactive materials are often combined with a tagging or organ-seeking agent, which
targets the radicactive material for the desired organ or biologic region of the patient. These radioactive
materials alone or in combination with a tagging agent may be to as radiopharmaceuticals in the field of
nuclear medicine. At relatively lower doses of the radiopharmaceutical, a radiation imaging system
(e.g.., a gamma camera) provides an image of the organ or biological region that collects the
radiopharmaceutical. Irregularities in the image are often indicative of a pathclogic condition, such as
cancer. Higher doses of the radiopharmaceutical may be used to deliver a therapeutic dose of radiation

directly to the pethologie tissue, such as cancer cells.

[0004] A variety of systems are used to generate, enclose, transport, dispense, and administer
radiopharmaceuticals, Unfortunately, these systems often use different containers and shielding
structures and, thus, the radiopharmaceuticals tend to be repeatedly exchanged from one container fo
another during the various steps from clution to eventual administration to a patient. In addition, these
gystems often invalve repeated connection and disconnection of components, such as male and female
connectors of containers. Unfortunately, the male connectors can be damaged due to misalignment

with the corresponding female connectors. For example, hollow needies can be bent, crushed, or
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broken due to misalignment with female connectors. As a result, the systems may operate less
effectively or become completely useless. If the systems contain radiopharmaceuticals, then the
damaged connectors can result in monetary losses, delays with respect to nuclear medicine procedures,

and/or undesired exposure of technicians (or other personnel) to radiation.

SUMMARY

[6005] The present invention, in cerisin embodiments, is directed to removability and replaceability
of a hollow needle that pierces an eluate container (e.g., a septum thereof) in a radioisotope elution
system. Specifically, in some embodiments, a removable hollow needle may be coupled to a
radioisotope generator via an eluate conduit, which in turn may be coupled to an ouiput needle of the
radioisotope generator. Instead of direéﬁy coupling the eluate container with the output needle of the
generator, the removable hollow needie may be used for connections and disconnections with the eluate
container. In this manmner, the removable hollow needle may reduce the likelihood of damage to the
generator output ncedle, while possibly reducing the cost and downtime associated with any potential
damage to the removable hollow needle. In some embodiments, the removable hollow needle may be
disposed outside of a radiation shield that is disposed about the radioisotope generator. As such, 2 user
may access and replace the removable hollow needle without opening the radiation shield. Some
embodiments of the present invention may enable a user ¢ access and view the eluate container without

opening the radiation shield.

[0006] Certain aspecis conmmensurate in scope with the originally claimed invention are set forth
below. It should be understood that these aspects are presented mercly fo provide the reader with a
brief summary of certain forms the invention might take and that these aspecis are not intended to limit
the scope of the invention. Indeed, the invention may encompass a variety of features and aspects that

may not be set forth below.

[ao07] A first aspect of the invention is directed to a radiopharmaceutical system that includes a
radioisotope generator assembly and an eluate extraction mechanism. The radioisotope generator
assembly includes a radiation shield having a receptacle, a cover disposed over the receptacle, and a
radioisotope generator disposed in the receptacle below the cover. The eluate extraction mechanism
includes an eluate conduit fluidly coupled to a hollow output needle of the radioisotope generator, a
radiation shielded housing disposed outside the radiation shield, and a hollow needle fluidly coupled to
the cluate conduit opposite the radioisotope generator. The hollow needle of the generator is disposed
inside the radiation shielded housing of the eluate exiraction mechanism. Incidentally, “fluidly
coupled” or the like herein refers to a joining of a first component to a second component or to
one or more components which may be connected with the second component, or 10 joining the

first component to part of a system that includes the second component so that the molecules of
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a substance(s) (such as a liquid or gas) are capable of flowing through the system, including
through both the first and second components.

[0008] A second aspect of the invention is directed to an eluate extraction mechanism that includes
a radiation shielded housing and an eluate conduit. The eluate conduit has a radioisotope generator end
disposed outside the radiation shielded housing and an opposite end disposed inside the radiation
shielded housing. The eluate extraction mechanism also includes a hollow injection needle finidly
coupled 1o the opposite end of the eluate conduit. In addition, the eluaie extraction mechanism includes
a plunger coupled to the radiation shielded housing movably through a guide structure. The plunger is
typically coupled to the hollow injection needls inside the radiation shielded housing.

10009] Yet a third aspect of the invention is directed to an eluate exfraction mechanism that
includes a radiation shielded housing and a shielded eluate collection assembly. This shielded eluate
collection assembly may be disposed removably inside the radiation shielded housing adjacent a door
of the housing. The ecluate extraction mechanism includes an eluate conduit having a radioisotope
generator end disposed outside the radiation shielded housing and an opposite end disposed inside the
radiation shielded housing. In addition, the eluate extraction mechanism includes a hollow needle
fluidly coupled to the opposite end of the eluate conduit. The hollow needle may be moved between a

conmected position and 2 disconnected position relative to the shielded eluate colfection assembly.

[6010] Still a fourth aspect of the invention is directed to a method of using a radiopharmaceutical
system. In this method, an eluant is supplied into a radicisotope generator, and a radioisotope is sluted
in the radioisotope generator. An cluate (including the radioisotope) is received at an output of the
radioisotope generator. This eluate flows from the output through an eluate conduit and a hollow

needle that is removably inserted, via movement of a plunger, into an eluate container.

[601%] Various refinements exist of the features nofed above in relation to the various aspects of the
present invention. Further features may also be incorporated in these various aspects as well, These
refinements and additional features may exist individually or in any combination. For instance, various
features discussed below in relation to one or more of the specific embodiments may be incorporated
into any of the above-described aspects of the present invention alone or in any combination. Apain,
the brief summary presented above is intended only to familiarize the reader with certain aspects and

contexts of the present invention without limitation to the ¢laimed subject matter,

BRIEF DESCRIPTION OF THE FIGURES

[6012] These and other aspects, featurcs, and advantages of the present invention will become
better understood when the following detailed description is read with reference to the accompanying

figures in which like characters represent like parts throughout the figures, wherein:
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[0013] FIG. 1 is a front perspsctive view of an exemplary embodiment of a radioisotope elution
system including an eluste extraction mechanism disposed outside a radioisotope generator assembly,
wherein the eluate extraction mechanism is disposed above a cover of an auxiliary shicld containing a

radioisotope generator, and the eluate exiraction mechanism includes a plunger;

[0014] FIG. 2 is a rear perspective view of the radioisotope elution system as illustrated in FIG. 1,

further illustrating a door coupled to the eluate extraction mechanism via a hinge;

[G015] FIG. 3 is a cross-sectional side view of the radioisctope elution system as illustrated in
FIGS. 1 and 2, further illustrating the eluate extraction mechanism in an open, non-circulating
configuration, wherein the door is rotated open and the plunger includes a hollow injection needle

uncoupled from an eluate container;

[0016] FIG. 4 is a cross-sectional side view of the radioisotope elution system as illustrated in FIG.
3, further illustrating the eluate exiraction mechanism in a closed, circulating configuration, wherein the

door is rotated closed and the hollow injection needle is coupled to the eluate container;

[0017] FIG. 5 is a rear perspective view of the radioisotope elution system as illustrated in FIG. 4,
further illusirating an open viewing slot in a shielded eluate assembly having the e¢luate container

disposed inside;

[0018] FIG. 6 is a cross-sectional side view of the radioisotope slution system as illustrated in FIG.
3, further illustrating the shielded eluate assembly removed from the eluate extraction mechanism when
the hollow injection needle is uncoupled from the eluate container and the door is disposed in an open

position;

[0019] FIG. 7 is an exploded cross-sectional side view of the radioisotope elution system as
illustrated in FIG. 6, illustrating the holiow injection needle removed from the plunger of the eluate

exfraction mechanism;

[0020] FIG. 8 is an exploded cross-sectionsal view of the eluale exiraction mechanism as iflustrated
in FIG. 7, further illustrating details of the hollow injection needle removed from the plunger of the

gluate extraction mechanism;

[0021] FIG. 9 is a top perspective view of an exemplary embodiment of the plunger as illusirated in
FIG. 8, further illustrating a removable fluid coupling disposed at a bottom side of the plunger;

[0022} FIG. 10 is a bottomn perspective view of the plunger as iHlustrated in FIG. 9;
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10023] FIG. 11 is an exploded perspective view of the plunger as illustraied in FIGS. 9 and 10,
further illustrating the removable fluid coupling having 2 bossed portion or rail exploded laterally from

a slot in the bottom side of the plunger;

[0024} FIG. 12 is a side view of an embodiment of the removable fluid coupling as illustrated in
FIGS. 9-11;

[0025] FIG. 13 is a bottom view of an embodiment of the plunger as illustrated in FIGS. 9-11,
further illustrating the plunger without the removable fluid coupling;

[0026]) FIGS. 14 and 15 are rear perspective views of the cluate extraction mechanism as illustrated
in FIGS. 1-8, further illustrating an alignment adapter disposed about an eluate conduit of the cluate

extraction mechanism;

{0027} FIG. 16 is a flowchart illustrating an exemplary embodiment of a nuclear medicine process
using a radiopharmaceutical acquired by the radioisotope elution system as illustrated in FIGS. 1-15;

[0025] FIG. 17 is a block diagram illustrating an exemplary embodiment of a radiopharmacy or
system utilizing the radioisotope elution system as illustrated in FIGS. 1-15; and

[0029] FIG. 18 is a block diagram illustrating an exemplary embodiment of a2 nuclear imaging
system utilizing a radiopharmaceutical acquired by the radiocisotope elution system as illustrated in
FIGS. 1-15.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0030] One or more specific embodiments of the present invention will be described belové. In an
effort to provide a concise description of these embodiments, all features of an actual implementation
may not be described in the specification. It should be appreciated that in the development of any such
actual implemerntation, as in any engineering or design project, numerous implementation-specific
decisions must be made to achieve the developers® specific goals, such as compliance with system-
related and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and time
cansuming, but would nevertheless be a routine undertaking of design, fabrication, and manufacture for

those of ordinary skill having the benefit of this disclosure.

[0031] FIGS. 1 and 2 are perspective views of an exemplary embodiment of a radioisotope elution
system 10 having an eluate extraction mechanism 12 mounted outside, and specifically on top of, a
radioisotope generator assembly 14. The radioisotope generator assembly 14 may include a radiation

shielded container or auxiliary shield 16, which may receive and at least substantially encloss a
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radioisotope generator 18 and an eluant supply container 20 as discussed below with reference to FIG.
3. The eluate extraction mechanism 12 and the auxiliary shield 16 may include a variety of radiation-
shielding materials, such as lead, tungsten, tungsten impregnated plastic and/or another suitable
radiation shielding material. The eluate exfraction mechanism 12 may be mounted at least partially or
entirely outside of the auxiliary shield 16 in a variety of configurations, orientations, and positions, such
that an elution process may be performed to output an eluate to a position outside of the auxiliary shield
16. For example, the eluate extraction mechanism 12 may be mounted along a generally horizontal
surface on top of a cover 22 that generally closes a receptacle 24 of the anxiliary shield 16.
Alternatively, the eluate extraction mechanism 12 may be mounted to the auxiliary shield 16 along a
generally vertical surface or a side of the auxiliary shield 16. Alternatively, the cluate exiraction
mechanism 12 may be mounted separate from the radioisotope generator assembly 14. For example,
the eluate extraction mechanism 12 may be disposed next to, above, below, or in a variety of remote
locations relative to the radioisofope generator assembly 14, wherein an cluate conduit 52 may couple
the eluate extraction mechanism 12 to the radioisotope generator assembly 14 as discussed in further

detail below with reference to FIG. 3.

[0032] In the illustrated embodiment of FIGS. 1 and 2, the eluate extraction mechanism 12 may be
remavably coupled to the cover 22, such that the eluale extraction mechanism 12 can be installed and
removed without removing the cover 22 from the receptacle 24. In this manner, the eluate extraction
mechanism 12 inay improve the containment of radicactivity from the radioisotope generator 18
disposed within the auxiliary shield 16. If the radioisotope generator assembly 14 is not being used for
an elution process, then the eluate extraction mechanism 12 may be removed and replaced with a
radiation shiclded plug that may extend info and/or cover the passage 48 in the cover 22. If an elution
process is desired now or in the near future, then the radiation shielded plug may be removed and
replaced with the eluate extraction mechanismm 12 on or over the cover 22. The eluaie exiraction
mechanism 12 may be removably coupled to the cover 22 hy a variety of fasteners and alignment
structures. For example, the fasteners may include sgrews, bolts, or other threaded fasieners. The
fasteners also may inciude latches or tool free connectors, such as snap-fit mechanisms, boss members
that mate with keyhole slots, and so forth. The fasteners may also include hinges, adhesives, and
compressive or interference fits. Alternatively, the eluate extraction mechanism 12 and the cover 22

may be integrally formed as one structure, which may be mounted on top of the auxiliary shield 16.

[0033] FIG. 3 is a cross-sectional side view of an embodiment of the radioisotope clution system 10
as illustrated in FIGS. 1 and 2, further illustrating the eluate extraction mechanism 12 in an open, non-
circulating configuration on top of the radioisotope generator assembly 14. As illustrated, the
radicisotope generator assembly 14 may include the auxiliary shield 16 and the radioisotope generator
18 disposed in the receptacie 24 below the cover 22 of the auxiliary shield 16. The radicisotope

generator assembly 14 also may include the elnant supply container 20 coupled to one or more hollow
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input needles 26 of the radioisotope generator 18. For example, the one or more hollow input needles
26 may pierce a flexible insert 28, such as a rubber material, disposed within a head 30 of the eluant
supply container 20. In this manner, the one or more hollow input needles 26 fluidly couple the cluant
supply container 20 with an internal radioisotope element, such as molybdenum-99, disposed inside the
radioisotope generator 18. The eluant supply container 20 may be disposed entirely or at least
substantially inside the auxiliary shield 16 in the receptacle 24 below the cover 22, as illustrated in FIG.
3. Alternatively, the eluant supply container 20 may be disposed at least partially or entirely outside the -
auxiliary shield 16 in other embodiments of the radioisotope elution system 10. As discussed in further
detail below, the eluant supply container 20 may hold a variety of eluants, such as a saline sclution,
suitable for eluting a radioisotope (e.g., technetium-99m) from the radioisotope generator 18 into the

eluate extraction mechanism 12.

[0034] As illustrated in FIG. 3, the eluate exfraction mechanism 12 may have a shielded eluate
assembly 34 disposed removably inside a radiation shielded housing 36 on top of the cover 22. The
illustrated radiation shielded housing 36 may have a variety of shapes and configurations. For example,
the radiation shislded housing 36 may have a generally L-shaped or angled structure having a top or
clongated housing portion 38 and a bottom housing portion 40.

0035 The radiation shielded housing 36 also may have a cover alignment member 42 disposed
about an opening 44 in a base 46. In cerfain embodiments, the cover alignment member 42 may
improve the alignment of the eluate extraction mechanism 12 with a passage 48 through the cover 22 of
the auxiliary shicld 16. For example, the base 46 may have a generally fiat bottom surface 50, and the
cover alignment member 42 may protrude cutwardly from the flat surface 50. In view of this
protruding charaeteristic, the cover alignment member 42 may fit or extend at least partially inside or
through the passage 48 when the cluate extract mechanism 12 is mounted on the cover 22. In this
manner, the cover alipnment member 42 may mcrease the likelihood of proper alignment with the
radicisotope generator 18 disposed inside the auxiliary shield 16. For example, the cover alignment
member 42 may improve alignment between conduits, hollow needles, and various connections

between the eluate extraction mschanism 12 and the radioisotope generator 18.

f0036] Regarding the various fluid connections, the eluate extraction mechanism 12 of FIG. 3, for
example, may include an eluate conduit 52 that may pass through the radiation shielded housing 36 and
the passage 48 in the cover 22. At one end, the eluate conduit 52 may be coupled with a hollow output
needle 54 on the radivisotope generator 18. At an opposite end from the hollow oufput needle 54, the
eluate conduit 52 may be coupled to a plunger 56 movably coupled to the eluate extraction mechanism
12 along a path of travel, e.g., a linear path of vertical motion. For example, the plunger 56 may be
moveably disposed in a guide structure or passage 58 within the top or elongated housing portion 38 of

the eluate extraction mechanism 12. The plunger 56 also may include a hollow injection needle 60 or
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another suitable fluid connector. Thus, the plunger 56 and the hollow injection needie 60 may be
jointly moved along a path of travel between a connected position and a disconnection position between
the hollow injection needle 60 and an eluate container 74 as discussed in further detail below. The
hollow injection needle 60, or other suitable fluid connector, may be removably coupled to the elnate
conduit 52 via a releasable fastener 62. For example, the fastener 62 may include a luer connection, a

compression fit mechanism, a threaded joint, snap-fit members, latches, or another release mechanism.

(0637 As discussed in detail below, the hollow injection needle 60 may be accessed, removed,
serviced, or replaced independent and remote from the hollow output needle 54 on the radioisatope
generator 18. Morsover, the coupling of the eluate conduit 52 and the hollow output needle 54 may be
maintained during the life or use of a radioisotope generator 18, thereby reducing the likelihood of
bending or damaging the hollow outpui needle 54. Instead, over the course of repeated use of the
radioisotope elution systemn 10, the hollow injection needle 60 may be repeatedly connected and
disconnected with the shielded eluate assembly 34. In view of the removability of the hollow injection
needie 60, any bending or damage may be easily and cheaply serviced by replacing the needle 60 rather
than the entire radioisotope generator 18. Moreover, the hollow injection needle 60 is disposed outside
the auxiliary shield 16, such that servicing may be performed without removing the cover 22 and being

exposed to radiation from the radioisotope generator 18.

[0038] As further illustrated in FIG. 3, the shielded eluate assembly 34 may be inserted and
removed from a region 64 generally below the plunger 56 via a door opening 66 along a side of the top
or elongated housing portion 38. The radiation shielded housing 36 also includes a selective access
door 68 having a hinge 70 coupled to the elongated housing portion 38 adjacent the door opening 66.
Accordingly, radiation shielded housing 36 including the door 68 may provide substantially continuous
radioactive shielding about the shielded eluate assembly 34 cutside of the auxiliary shield 16, while the
door 68 and opening 66 may enable a user to view and selectively access the shielded eluate assembly
34 quickly and easily without opening the auxiliary shisld 16. In addition, as discussed below, the
shielded eluate assembly 34 may have a variety of features, such as a slot 93 and a door 924, to enable
viewing of the extracted cluate. As illustrated in FIG. 3, the door 68 can open and close the door
opening 66 for selective access, insertion, and removal of the shieided eluate assembly 34. In other
embodiments, the door 68 may be coupled to the radiation shielded housing 36 via a sliding
mechanism, a spring-loaded mechanism, a swinging mechanism, or another suitable opening and
closing mechanism configured fo enable selective access, viewing, insertion, and removal of the

shieided elnate assembly 34.

[¢639] The shielded eluate assembly 34 as illusirated in FIG. 3 may include an eluate container
shield 72 disposed about an eluate container 74, such as an evacuated vial, bottle, or other container in a

vacuum condition. The eluate container shield 72 may include a variety of radiation-shielding
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materials, such as lead, tungsten, tungsten impregnated plastic and/or another snitabie radiation
shielding material. The elnate container 74 may include a variety of transparent or f{ranshucent
materials, such as glass. The eluate container shield 72 may include a cap 76 coupled to a shielded cup
structure 78, such that the eluate container 74 may be generally aligned with an opening 80 through the
cap 76. The cap 76 may be coupled to the shielded cup structure 78 via threads, an interference fit, a
snap-fit mechanism, or another suifable attachment mechanism. The eluate container 74 may be
aligned with the opening 80 via a variety of alignment mechanisms, such as an alignment adapter or
ring 82 disposed about the eluate container 74 inside the shielded cup structurs 78. Alternatively, the
opening 80 may have a protruding portion facing _downward}y toward a head 84 of the clhuate container

74, such that the head 84 may be aligned with the opening 30.

[0040] The sluate extraction mechanism 12 as illustraied in FIG. 3 may also include a variety of
alignment mechanisms to improve alignment of the shielded eluate assembly 34 relative to the hollow
injection needle 60 coupled to the plunger 56. For example, the eluate extraction mechanism 12 may
include one or more alignment members or tabs 86 along the base 46 of the radiation shielded housing
84. The alignment muembers or tabs 86 may increase the likelihood that the shielded eluate assembly 34
fits snugly between the tab 86 and the door 68 when the door 68 is closed over the door opening 66. In
addition to the snug fit, the alignment members or tabs 86 may position a center of the head 84 (and
longitudinal axis) of the eluate container 74 with a longitudinal axis of the hollow injection needle 60
and the direction of mation of the plunger 56. In this manner, the hollow injection needle 60 may be
connected and disconnected in a generally centered and straight direction into and out of the eluate
confainer 74, thereby reducing the likelihood of bending or damaging the hollow injection needle 60.
Again, a variety of fasteners, aﬁgnment mechanisms, containers, and configurations of the eluate
extraction mechanism 12 may be emploved to elute a radioisotope to the shiclded eluate assembly 34

generally cutside the confines of the radioisotope generator assembly 14,

[0041] FIG. 4 is a cross-sectional side view of and embodiment of the radioisotope elution system
18 as illustrated in FIG. 3, further illustrating the eluate extraction mechanism 12 disposed in a closed,
fluidly coupled configuration with the radioisotope generator assembly 14. As illustrated by arrow 88,
the door 68 has been rotated about the hinge 70 to close the door opening 66, such that the shislded
eluate assembly 34 may be snuggly fit between the alignment tab 86 and the door 68. In this manner,
the alignment tab 86 and the door 68 can secure and align the opening 80 in the eluate container shield
72 in a generally centered position with the hollow injection needle 60 of the plunger 56. In addition,
the head 84 of the cluate container 74 may be generally alipned or centered with the opening 80 and the
hollow injection needle 60 via the alignment adapter or ring 82 disposed about the eluate container 74
inside the shielded cup structure 78. With the cluate container 74 generally aligned or centered with the

hollow injection needle 60, the plunger 56 may be depressed downwardly as indicated by arrow 90 to

2461 of 2568



WO 2007/149108 PCT/US2006/033442

pierce the hollow injection needle 60 into the cluate container 74 through a flexible insert 92, such as 2
rubber material, in the head 84 of the elnate container 74.

[0042] In ceriain embodiments, the eluate container 74 may be in vacuum, such that the pressure
differential between the ehiant supply container 20 and the eluate container 74 facilitates circulation of
the eluant 32 through the radioisclope generator 18 and out through the eluate conduit 52 into the sluate
container 74. As the eluant 32, ¢.g., a saline solution, circulates through the radioisotope generator 18,
the circulating eluant 32 generslly washes out or eluies a radioisotope, e.g., Technetium-99m. For
example, one embodiment of the radioisotope generator 18 includes a radiation shielded outer casing
(e.g., lead shell} that encloses a radioactive parent, such as molybdenum-99, adsorbed fo the surfaces of
beads of alumina or a resin exchange column. Inside the radioisotope generator 18, the parent
molybdenum-99 transforms, with a half-life of about 67 hours, into metastable technetium-99m. The
daughter radioisotope, e.g., techuetium-99m, is generally held less tightly than the parent radioisotope,
e.g molybdenum-99, within the radioisotope generator 18. Accordingly, the daughter radioisotope,
e.g., technetium-99m, can he extracted or washed out with a suitable eluant, such as an oxidant-free
physiolagic saline solution. The eluate output from the radioisotope generator 18 into the eluate
container 74 generally includes the eluant 32 and the washed out or ehited radioisotope from within the
radioisotope generator 18. Upon recejving the desired amount of eluate within the sluate container 74,
the plunger 56 may be withdrawn outwardly from the shicided cluate assembly 34, such that the
circulation and output of eluate is terminated. As discussed in further detail below, the extracted
daughter radioisotope can then, if desired, be combined with a tagging agent to facilitate diagnosis or

treatment of a patient (s.g., in 8 nuclear medicine facility).

[0043] After or during the elufion process, the door 68 may be rotated open to view the level or
amount of eluate collected within the elnate container 74. For example, the eluate container shield 72
may include one or more viewing windows or openings to enable a user to view the quantity of eluate
within the container 74. FIG. 5 is a rear perspective view of an embodiment of the radioisotope elution
system 10 of FIG. 4, further illusirating the eluate extraction mechanism 12 with the plunger 56
depressed and the door 68 opened to enable viewing of the eluate through a viewing window or slot 93
in the shielded cup structure 78 of the shielded cluate assembly 34. The slot 93, if included, also may
be removably covered by a door 54 disposed along the outer walls of the shielded cup structure 78. In
certain embodiments, the door 94 may include a sliding door, a rotating door, a sleeve disposed about
the shielded eluate assembly 34, or another suitable mechanism for opening and closing the viewing

window or slot 93,

10044] FIG. 6 is a cross-sectional side view of an embodiment of the elution system 14 of FIGS. 3
and 4, further illustrating the plunger 56 withdrawn in an upward direction as indicated by arrow 96, the

door 68 opened in a counterclockwise direction as indicated by arrow 98, and the shielded eluate

10
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assembly 34 withdrawn from the eluate extraction mechanism 12 in an outward direction as indicated
by arrow 100. In certain embodiments, the shielded eluate assembly 34 may be a radiopharmaceutical
dosing assembly, such that one or more doses of the radioisotope may be extracted directly into a
syringe or other container for delivery to a hospital or other medical facility. In other words, the eluate
extraction mechanism 12 may reduce the number of shielded containers involved in the
radiopharmaceutical preparation process within a radiopharmacy. For example, the elvate extraction
mechanism 12 may eliminate the use of a shielded eluate container configured to fit within the passage
48 in the cover 22 and/or with the top side of the radioisotope generator 18 inside the auxiliary shield
16. Thus, the cluate extraction mechanism 12 enables output of the eluate directly into the shielded
eluate assembly 34, which may then be used to prepare one or more radiopharmaceutical doses without

first transferring the eluate to another shielded container assembly.

[06045] FIG, 7 is an exploded cross-sectional side view of an embodiment of the radioisotope
elution system 10 of FIG. 6, further illustrating the removability and replaceability of wvarious
componenis including the hollow injection needle 80 of the eluate extraction mechanism 12. In
addition, FIG. 8 is an exploded cross-sectional side view of an embodiment of the cluate extraction
mechanism 12, further #lustrating the removability and replaceability of the hollow injection needls 60.
As illustrated, if the hollow injection needle 60 becomes damaged, bent, clogged, or inoperable during
an ehition process, then the hollow injection needle 60 may be removed and replaced with another
needle 60 to ensure proper circulation of fluids through the elution systemn 10 into the shielded cluate
assembly 34. The eluate extraction mechanism 12 and the removable hellow injection needle 60 may
increase the life and operational efficiency of the radioisotope generator assembly 14, for example, by
subgtantially reducing the likelihood of an inoperable generator assembly 14 that may bs caused by

damage to the hollow output needle 54 coupled 1o the radioisotope generator 18, among other reasons.

[0046] In other words, after making the initial connection between the hollow output ncedle 54 of
the radioisotope generator 18 and the eluate conduit 52 of the eluate extraction mechanism 12, the
connections and disconnections with the eluate container 74 may be made with the plunger 56 and the
hollow injection needle 60 rather than the hollow output needle 54. For example, each time an amount
of eluate is desired from the radioisotope generator 18, the hollow injection needle 60 may be inserted
into the eluate container 74 and then removed after the amount of eluate is collected in the container 74,
However, the eluate conduit 32 may remain continuously coupled to the hollow output needle 54 of the
radioisotope generator 18 during each elution process. Therefore, any likelihood of potential damage to
the elnate output connectors (e.g., hollow needles) may be moved away from the radioisotope generator
18 to the eluate extraction mechanism 12. Any potential damage to hollow injection needle 60 can be
easily and cheaply addressed by replacing the hollow injection needle 60, whereas the relatively lower
potential for damage to the hollow ouiput needle 54 may be addressed by replacing the entire

radioisotope generator 18. For these reasons, the removability and replaceability of the hollow
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injection needle 60 may reduce downtime, costs, and difficulty in repairing the system 10 in the event

of damage to the eluate output connectors.

[0047] FIGS. 9-13 are various views of an embodiment of the plunger 56, further illusirating
connection mechanisms for the eluate conduit 52 and the hollow injection needle 60. FIGS, 8 and 10
are top and botiom perspective views of the plunger 56 illustrating a removable fluid coupling 57 that
may be removably coupled to a bottom side 59 of the plunger 56. As illustrated in FIGS. 9 and 10, the
removable fluid coupling 57 may include an elnate conduit connector 61 extending laterally from the
coupling 57, such that the cluate conduit 52 can fit securely and removably about the connector 61.
The illustrated eluate conduit connector 61 also may include a variety of raised and lowered portions,
such as a series of rings 63, to resist separation between the eluate conduit 52 {(e.g., a flexible tube) and
the connector 61. In the illustrated embodiment, the connector 61 is oriented at about 90 degrees
relative to the hotlow injection needle 60. However, the connector 61 may be oriented at a variety of
angles in other embodiments of the plunger 56. The hollow injection needle 60 may be generally
aligned with & centerline 65 of the plunger 56, such that the needle 60 can be inserted and removed ina
straight direction relative fo the centerline of the eluate contaimer 74. In certain embodiments, the
hollow injection needle 60 may be removably coupled to the removable fluid coupling 57.
Alternatively, the hollow injection needle 60 may be an integral portion of the removable fluid coupling
57. In either embodiment, the hollow injection needle 60 may be quickly removed and inexpensively

replaced if the needie 60 becomes damaged during use.

[0048] For example, turning to FIG. 11, the plunger 56 may include a siot 67 (e.g., a T-shaped slof)
to receive a bossed portion or rail 69 (e.g., a T-shaped head) of the removable fluid coupling 57. As
illustrated in FIG. 11, the slot 67 may include a narrow outer opening 71 leading into an enfarged inner
channel 73. Similarly, the bossed portion 6% may include a narrow inmer portion 75 leading to an
enlarged outer portion 77. FIG. 12 is a side view of the removable fluid coupling 57, further illustrating
the geometry of the portions 75 and 77. As indicated by arrow 79 in FIG. 11, the fluid coupling 57 may
removably couple with the plunger 56 by laterally or horizontally moving the bossed portion ot rail 69
into the slot 67. In this manner, the fluid coupling 57 may be vertically interlocked with the plunger 56.
In addition, the top of the bossed portion or rail 69 may include a detent 81 to interlock removably with
a protrusion 83 inside the slot 67, as illustrated in FIGS. 11 and 13. In certain embodiments, the detent
81 illustrated in FIG. 11 may be a concave recess, and the protrusion 83 illustrated in FIG. 13 may be a
convex protrusion or ball-shaped portion. FIG. 13 is a bottom view of the plunger 56 illustrating an
ernbodiment of the protrusion 83 positioned toward the interior or center of the plunger 56. At this
interior position, the protrusion 83 may engage the detent 81 as the bossed portion or rail 69 of the
removable fluid coupling 57 slides into the slot 67 of the plunger 56. In certain embodiments, the
protrusion 83 and the detent 81 may snap-fit together, thereby removably securing the bossed portion or

rail 69 in a lateral or horizontal direction relative to the slot 67. In this manner, a user may quickly
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install, remove, and replace the removable fluid coupling 67 relative to the slot 67 and rail 69 via the
vertical interlocking between the slot 67 and rail 69 and the horizontal interlocking between the detent
81 and protrusion 83. In other embodiments, the removable fluid coupling 67 may be coupled to the
plunger 56 via threads, latches, pin and grooves, and so forth.

[0049] Referring again to FIG. 11, the plunger 56 may include one or more guiding rails 85, which
may extend vertically lengthwise along the exterior of the plunger 56. These guiding rails 85 may have
a generally rectangular geometry or another suitable geometry, which slides lengthwise along a mating
portion of the guide structure or passage 58 within the radiation shielded housing 36, In this manner,
the guiding rails 85 may ensure proper alignment of the hollow injection needle 60 relative to the eluate
container 74 aund, also, ensure proper positioning of the ehiate conduit connecior 61 relative to the
eluate conduit 52. However, other embodiments of the plunger 56 may cmploy a variety of alternative

alignment mechanisms.

[6050] FIGS. 14 and 15 are perspective views of an embodiment of the eluate exiraction
mechanism 12, further illustrating alignment features that may facilitate alignment with the radioisotope
generator assembly 14. As illustrated, the radiation shielding housing 84 has a generally L-shaped or
90 degree slbow-shaped geometry. However, any other suitable shapes, structures, or geomelries are
within the scope of the disclosed system. Moreover, the cover alignment member 42 may have a
variety of shapes and configurations to facilitate alignment of the eluate extraction mechanism 12 and
the eluate conduit 52 with the radioisotope generator assembly [4. For example, the cover alignment
member 42 may have an elongated portion 102, such as an alignment adapter, that may be configured to
fit and align with the passage 48 in the cover 22 and a top portion of the radioisotope generator 18. The
elongated portion 102 may be an integral part of the eluate extraction mechanism 12 or the elongated
portion 102 may be a removable structure having a suitable fastener, such as threads, latches, or snap-fit
members, among other fasteners. In addition, the conduit 52 may be at least partially rigid (or rigidly
supported) to facilitate the connection and alignment with the hollow output needle 54 of the
radioisotope generator 18, For example, the eluate conduit 52 may be supported along most of its
length by the alignment portion 102, such that the eluats conduit 52 may be generally centered with the
hollow output needle 54 of the radicisotope generator 18 during insertion and removal of the eluate
extraction mechanism 12 relative to the cover 22. However, a variety of mounting mechanisms and

alignment devices may be utilized with the eluate extraction mechanism 12.

{0031] FIG. 16 is a flowchart illustrating an exemplary nuclear medicine process utilizing the
radicactive isotope produced by the elution system 10 ilustrated with reference to FIGS. 1-15. As
illustrated, the process 104 begins by providing a radicactive isotope for nuclear medicine at block 106,
For example, block 106 may include eluting technetium-99m from the radicisotope generator 18
tltustrated and described in detail above. At block 108, the process 104 proceeds by providing a
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tagging agent (e.g., an epitope or other appropriate biological direciing moiety) adapted to target the
radioisotope for a specific portion, e.g., an organ, of a patient. At block 119, the process 104 then
proceeds by combining the radioactive isotope with the tagging agent to provide a radiopharmaceuwtical
for nuclear medicine. In certain embodiments, the radicactive isotope may have natural tendencies to
concentrate toward a particular organ or tissue and, thus, the radioactive isotope may be characterized
as a radiopharmaceutical without adding any supplemental tagging agent. At block 112, the process
104 then may proceed by extracting one or more doses of the radiopharmaccutical into a syringe or
another container, such as a container suifable for administering the radiopharmaceutical to a patient in
a nuclear medicine facility or hospital. At block 114, the process 104 proceeds by injecting or generally
administering a dose of the radiopharmaceutical into a patient. Afier a pre-selected time, the process
104 proceeds by detecting/imaging the radiopharmaceutical tagged to the patient’s organ or tissue
{block 116). For example, block 116 may include using a gamma camera or other radiogapﬁic
imaging device to detect the radiopharmaceutical disposed on or in or bound to tissue of a brain, a

heart, a tiver, a tumor, a cancerous tissue, or various other organs or diseased tissue.

[0052] FIG. 17 is a block diagram of an exemplary system 118 for providing a syringe having a
radiopharmaceutical disposed therein for use in a nuclear medicine application. As illustrated, the
system 118 includes the radioisotope elution system 10 previously described with regard to FIGS, 1-15.
The system 118 also includes a radiopharmaceutical production systemn 120, which functions to
combine 2 radioisotope 122 {e.g., technetium-99m solution acquired through use of the radicisotope
elution system 10} with a tagging agent 124. In some embodiment, this radiopharmacentical production
system 120 may refer to or include what are known in the art as “kits” (e.g., Technescan® kit for
preparation of a diagnostic radiopharmaceutical). Again, the tagging agent may include a variety of
substances that are attracted to or targeted for a particular portion (e.g., organ, tissue, tumor, cancer,
etc.} of the patient. As a result, the radiopharmaceutical production system 120 produces or may be
utilized to produce a radiopharmaceutical including the radicisotope 122 and the tagging agent 124, as
indicated by block 126. The illustrated system 118 may also include a radiopharmaceutical dispensing
system 128, which facilitates extraction of the radiopharmaceutical into a vial or syringe 130, In certain
embodiments, the various components and functions of the system 118 are disposed within a
radiopharmacy, which prepares the syringe 130 of the radiopharmaceutical for use in a nuclear
medicine application. For example, the syringe 130 may be prepared and delivered to a medical facility

for use i diagnosis or treatment of a patient.

[0053] FIG. 18 is a block diagram of an exemplary nuclear medicine imaging system 132 utilizing
the syringe 130 of radiopharmaceutical provided using the system 118 of FIG. 12. As illustrated, the
nuclear medicine imagining system 132 includes a radiation detector 134 having a scintillator 136 and a
photo detector 138. In response to radiation 140 emitted from a tagged organ within a patient 142, the
scintillator 136 emits light that is sensed and converted to electronic signals by the photo detector 138.
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Although not illustrated, the imaging system 132 also can include a collimator to collimate the radiation
140 directed toward the radiation detector 134. The illustrated imaging system 132 also includes
detector acquisition circuitry 144 and image processing circuitty 146. The detector acquisition circuitry
144 generally controls the acquisition of electronic signals from the radiation detector 134. The image
processing circuitry 146 may be employed to process the electromic signals, execute examination
protocols, and so forth. The illustrated imaging system 132 also includes a user interface 148 to
facilitate user interaction with the image processing circuitry 146 and other components of the imaging
system 132. As aresult, the imaging system 132 produces an image 150 of the tagged organ within the
patient 142. Again, the foregoing procedures and resulting image 150 directly benefit from the
radiopharmacentical produced by the elution system 10 as illustrated and described with reference to
FIGS. 1-15.

[0054] When introducing elements of the present invention or various smbodiments thereof, the
articles #a”, “an”, “the”, and “said” are intended to mean that there are one or more of the elements,

37 e,

The terms “comprising”, “including”, and “having” ate intended to be inclusive and mean that there
may be additional elements other then the listed elements. Moreover, the use of “top”, “bottom®,
“above”, “below™ and variations of these terms is made for convenience, but does not require any

particular orientation of the components.

[0055] While the invention may be susceptiible to various modifications and alternative forms,
specific embodimenis have been shown by way of example in the figures and have been described in
detail herein. However, it should be understood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is fo cover all modifications, esquivalents, and
alternatives falling within the spirit and scope of the invention as defined by the following appended

claims.
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CLATIMS:

1. A radiopharmaceutical system, comprising:
a radicisotope generator assembly, comprising:
a radiation shield having a receptacle and a cover disposed over the receptacle; and
a radioisctope generator disposed in the receptacle below the cover; and
an eluate extraction mechanism, comprising:
an eliate conduit fluidly coupled to a hollow output needle of the radioisotope
generator;
a radiation shielded housing disposed outside the radiation shield; and
a bhollow needle fluidly coupled to the eluate conduit opposiie fhe radioisotope

generator wherein the hollow needle is disposed inside the radiation shielded housing.

2. The radiopharmaceutical system of claim 1, wherein the eluate conduit is disposed at

least mostly within the radiation shield and the radiation shielded housing.

3. The radiopharmaceutical system of claim 1, wherein the hollow needle is mounted

along a path of movement within the radiation shielded housing.

4. The radiopharmaceutical system of claim 1, further comprising an eluate container,
wherein the eluate container is disposed removably inside the radiation shiclded housing adjacent a

door.

5 The radiopharmaceutical system of claim 4, wherein the radiation shiclded housing

comprises an alignment member disposed adjacent the eluate container opposite the door.

6. The radiopharmaceutical system of claim 1, further comprising an eluate container,
wherein the eluate container is disposed inside an eluate container shield comprising a radiation

shielding material, wherein the eluate container shield comprises an eluate container viewing window.
7. The radiopharmaceutical system of claim 1, further comprising an eluate container,
wherein the eluate container is disposed inside an cluate container shield comprising a radiation

shielding material, wherein an alignment adaptfer is disposed between the eluate container and the slnate

container shield,

8. The radiopharmaceutical system of claim 1, wherein the radiation shielded housing is

mounted on top of the cover.
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9, The radiopharmaceutical system of claim 8, wherein the radiation shiclded housing

comprises an alignment portion disposed at least partially into a passage in the cover.

10. The radiopharmaceutical system of claim 9, wherein the eluate conduit extends through

the alignment portion and the passage.

11. The radiopharmaceutical system of claim 1, wherein the hollow needle is coupled to a

plunger via a releasable fastener.

12. The radiopharmaceutical system of claim 11, wherein the releasable fastener comprises

a lusr connector.

13. The radiopharmaceutical system of claim 1, comprising an eluant supply container

fluidly coupled to the radioisotope generator.

14, The radiopharmaceutical system of claim 13, wherein the eluant supply container is

disposed inside the radiation shield.

15. An eluate extraction mechanism, comprising:

a radiation shielded housing;

an eluate conduit having a radicisotope generator end disposed outside the radiation shielded
housing and an opposite end disposed inside the radiation shielded housing;

a hollow injection needle fluidly coupled to the opposite end of the eluate conduif; and

& plunger coupled to the radiation shielded housing movably through a guide structure, wherein

the plunger is coupled fo the hollow injection needle inside the radiation shielded housing.

18, The eluate extraction mechanism of claim 15, wherein the hollow imjection needle

comprises 2 release mechanism,

17. The eluate extraction mechanism of claim 13, wherein the plunger has a path of travel
including a connected position and a disconnected position between the hollow injection needie and an
eluate container disposed inside the radiation shielded housing.

18. The eluate extraction mechanism of claim 17, wherein the eluate container is disposed

removably inside the radiation shielded housing adjacent a door.
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i9. The eluate extraction mechanism of claim 17, wherein the eluate container is disposed
inside an eluate container shield comprising a radiation shielding material, wherein the eluate container
shield comprises a viewing window and the eluate confainer comprises a transparent or translucent

material.

20. The eluate extraction mechanism of claim 15, wherein the sluate extraction mechanisio

comprises a generator alignment portion protruding from a base of the radiation shielded housing.

21. An eluate extraction mechanisim, comprising:

a radiation shielded housing comprising a deor;

a shielded eluate collection assembly disposed removably inside the radiation shiclded housing
adjacent the door; '

an eluate conduit having a radioisotope generator end disposed outside the radiation shielded
housing and an opposite end disposed inside the radiation shielded housing; and 7

a hollow needle fluidiy coupled to the opposite end of the eluate conduit, wherein the hollow
needle includes a connected position and a disconnected position relative to the shielded eluate

collection assembly.

22. The eluate extraction mechanism of claim 21, comprising an actuator disposed through

the radiation shielded housing and coupled to the hollow needle.

23. The eluate extraction mechanism of claim 21, wherein the shielded eluate collection
assembly comprises an eluate container disposed inside an eluate container shield comprising a
radiation shielding material, wherein the eluate container shield comprises a viewing window and the

eluate container comprises a transparent or translucent material.

24, The eluate extraction mechanism of claim 21, wherein the eluate extraction mechanism

comprises a generator alignment portion protruding from a base of the radiation shielded housing.

25. A method of using a radiopharmaceutical system, the method comprising:

supplying an eluant into & radicisotope gensrator;

eluting a radioisotope in the radioisotope generator;

receiving an eluate at an output of the radioisotope generaior; and

flowing the eluate from the output along an eluate conduit to 8 hollow needle that is removably

inserted into an eluate container via a plunger.

I8
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26. The method of claim 25, wherein flowing comprises transferring the eluate through a
radiation shield disposed about the radicisotope generator and directly into a radiation shielded housing
disposed outside the radiation shield, wherein the radiation shielded housing is disposed about the

eluate container, the hollow needle, and at least a portion of the plunger.
27. The method of claim 25, comprising maintaining a continuous connection between the
output and the ehuate conduit during connections and disconnections between the hollow needle and the

. eluate container.

28. The method of claim 25, comprising enabling selective viewing of the eluate within the

eluate container via a window.

29. The method of claim 25, comprising enabling salective access to the eluate container

via a door.

30. The method of claim 25, comprising guiding the plunger along a path of movement !

between an engaged position and a disengaged position with the eluate confainer.

19

2471 of 2568



6033442

PCT/US200

WO 200

FIG. 1

1/15

2472 of 2568



WO 2007/149108 PCT/US2006/033442

2/15

2473 of 2568



2474 of 2568

WO 2007/149108

t«—ge -

PCT/US2006/633442

\<88

12 62 38
Iy —1 58 68
60 -l 2 70
36 64 80 66
10 40 7%@#_—34
\ ‘o 9284 72
A4~ 7432
22— 42—TH\56 46
14 16 5
] |- 20
FENE -
[ | __-32
24,.-@
\
—— 30
54— ] 28
-.7'_'26
\x

3/15



WO 2007/149108 PCT/US2006/633442

r a0
56
38
12\‘ 58 64

70
w
~60

40
/—'é ~72 76
20 42 —
14 16 46
N 50
20
rd U
48 22 [
—= 39
24-/—@ \\ . 3
\\
— |30
54— 28
26

AN

4/15

2475 of 2568



PCT/US2006/033442

WO 2007/149108

FIG. 5

5/15

2476 of 2568



2477 of 2568

WO 2007/149108

PCT/US2006/633442

—_
42
14 16 22
e
48
R— =30
54— i .08
/f-ze
18— 3 i
\\\

6/15



WO 2007/149108 PCT/US2006/033442

FIG. 7 <

16
A 7,
\
,
24

N

=il

T/15

2478 of 2568



WO 2007/149108 PCT/US2006/033442

56
38 58
12 58
N
i 70
64 ! k266 80
- 5 76
40 36 so_ ir% | a4 1
TH9? T H «—34
-------- - 1 78
44 52/ "J
72
N Y <
82
f_—l_ﬂ_’l [ I N
| (N

8/15

2479 of 2568



WO 2007/149108 PCT/US2006/033442

9/15

2480 of 2568



WO 2007/149108 PCT/US2006/033442

FIG. 11

10/15

2481 of 2568



2482 of 2568

WO 2007/149108

61

63

FIG. 12
i _— 69
75
=
\—l I LT
[ O et
60

11/15



WO 2007/149108 PCT/US2006/033442

FIG. 13

12/15

2483 of 2568



2484 of 2568

WO 2007/149108 PCT/US2006/033442

56
12\ A\ \___)\ .8
40 — \\ 70
FIG. 14 s\‘ \\ I £
N 3 ~
‘ \\\ l 3466

/ng

_—102 FIG. 15

L

13/15




2485 of 2568

WO 2007/149108

PCT/US2006/033442

PROVIDING A RADIOACTIVE
ISOTOPE FOR NUCLEAR MEDICINE

¥

PROVIDING A TAGGING AGENT _/
TO TARGET A SPECIFIC PORTION
(e.g., ORGAN) OF A PATIENT

3

COMBINING THE RADIOACTIVE ISOTOPE | 444
WITH THE TAGGING AGENT TO
PROVIDE A RADIOPHARMACEUTICAL -/

FOR NUCLEAR MEDICINE

1

EXTRACTING ONE OR MORE DOSES 112
OF THE RADIOPHARMACEUTICAL | /
INTO A SYRINGE

INJECTING DOSE OF 114
RADIOPHARMACEUTICAL |/

INTO PATIENT
DETECTING / IMAGING 116
RADIOPHARMACGEUTICAL W

CONCENTRATED IN PATIENT'S
ORGAN
FIG. 16

14/15



2486 of 2568

WO 2007/149108

PCT/US2006/033442

118
/‘

15/15

124
RADIOISOTOPE 10 TAGGING AGENTH
ELUTION SYSTEM -
74\ fgg i 120
RADIOPHARMACEUTICALL /
DOSING ELUANT PRODUGTION -SYSTEM
conTAINER] |coNTAINER] | [RADIOISOTOPE
‘ \ i 126
Y 18 122 RADIOPHARMACEUTICAL]
RADIOISOTOPE| ) (RADIOISGTOPE AND
GENERATOR TAGGING AGENT)
, 128
RADIOPHARMACEUTICAL | J
DISPENSING SYSTEM
FIG. 17 i 10
SYRINGE
130 132
N 140 Y 12
SYRINGE \ J
142 RADIATION DETECTOR
" RADIATION | 136
PATIENT EMITTED FROM SCINTILLATOR
TAGGED ORGAN [FhoTo DETECTORH— 138
148 146
N N ¥ 144
USER |_, [imaGE PROCESSING] __[DETECTOR AcQuUISITION] ./
INTERFACE CIRCUITRY CIRCUITRY
150 r
IMAGE OF
TAGGED ORGAN FIG. 18



Electronic Patent Application Fee Transmittal

Application Number:

12137364

Filing Date:

11-Jun-2008

Title of Invention:

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE

AND/OR OPERATION AND METHODS OF USE

First Named Inventor/Applicant Name:

Steve Hidem

Filer:

Elisabeth Lacy Belden

Attorney Docket Number:

56782.1.7

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Late filing fee for oath or declaration

1051 1

130

130

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

2487 of 2568




. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension - 2 months with $0 paid 1252 1 490 490
Miscellaneous:
Total in USD ($) 620

2488 of 2568




PTO/SB/22 (10-08)

Approved for use through 10/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE

Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)

FY 2009 56782.1.7
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)
Application Number 12/137,364 Filed June 11, 2008

For  Infusion Systems Including Computer-Facilitated Maintenance and/or Operation and Methods of Use

Art Unit 2628 Examiner

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee
[] One month (37 CFR 1.17(a)(1)) $130 $65 $
Two months (37 CFR 1.17(a)(2)) $490 $245 $490
|:| Three months (37 CFR 1.17(a)(3)) $1110 $555 $
[] Four months (37 CFR 1.17(a)(4)) $1730 $865 $
[] Five months (37 CFR 1.17(a)(5)) $2350 $1175 $

Applicant claims small entity status. See 37 CFR 1.27.
A check in the amount of the fee is enclosed.
Payment by credit card. FofikRTOR2038 s atasHEdX

The Director has already been authorized to charge fees in this application to a Deposit Account.

KO OO

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 061910

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

| am the |:| applicant/inventor.

|:| assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number 50,751

|:| attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

/Elisabeth Lacy Belden/ October 24, 2008
Signature Date
Elisabeth Lacy Belden 612-492-7000
Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Totalof 1 forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

2489 of 2568



2490 of 2568

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b){d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions

of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0Q/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary

components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/R0O/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
12/137,364 06/11/2008 2628 1650 56782.1.7 24 5
CONFIRMATION NO. 7377
22859 FILING RECEIPT

INTELLECTUAL PROPERTY GROUP

FREDRIKSON 5 8RO, P O A
200 SOUTH SIXTH STREET

SUITE 4000

MINNEAPOLIS, MN 55402

Date Mailed: 06/24/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Steve Hidem, Residence Not Provided;

Aaron Fontaine, Residence Not Provided;

Janet Paris, Residence Not Provided;

Patrick McDonald, Residence Not Provided;

Kathryn Hunter, Residence Not Provided;
Assignment For Published Patent Application

BRACCO DIAGNOSTICS, INC., Princeton, NJ
Power of Attorney: None

Domestic Priority data as claimed by applicant

Foreign Applications

If Required, Foreign Filing License Granted: 06/23/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/137,364

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
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Title

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR
OPERATION AND METHODS OF USE

Preliminary Class
345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/137,364 06/11/2008 Steve Hidem 56782.1.7
CONFIRMATION NO. 7377
22859 FORMALITIES LETTER

INTELLECTUAL PROPERTY GROUP

FREDRIKEON 5 BYRON, PA T

200 SOUTH SIXTH STREET
SUITE 4000
MINNEAPOLIS, MN 55402

Date Mailed: 06/24/2008

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

«» The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

* Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

* Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in
height. See Figure(s) 5A-10.

« The drawings submitted to the Office are not electronically reproducible because portions of figures 4-10
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

page 1 of 2
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« To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing
items identified in this notice.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a non-small entity
» $130 Surcharge.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mduong/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/SB/14 (07-07)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persoens are required to respond to a collection of information unless it contains a valid CMB control number.

) ) Attorney Docket Number | 56782.1.7
Application Data Sheet 37 CFR 1.76

Application Number

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND

Title of Invention | ' ~Ha F USE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Poartions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:
Applicant 1

Applicant Authority ®Inventor | (JLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Steve Hidem

Residence Information (Select One) (¢ US Residency () NonUS Residency () Active US Military Service

City State/Province Country of Residenceii

Citizenship under 37 CFR 1.41(b}) i
Mailing Address of Applicant:

Address 1

Address 2

City State/Province

Postal Code Countryi

Applicant 2

Applicant Authority ®nventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Aaron Fontaine

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City State/Province Country of Residence i

Citizenship under 37 CFR 1.41(b}) i
Mailing Address of Applicant:

Address 1

Address 2

City State/Province

Postal Code Countryi

Applicant 3

Applicant Authority (e Inventor | ()Legal Representative under 35U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Janet Paris

Residence Information (Select One) (8} US Residency () Non US Residency () Active US Military Service

City State/Province Country of Residencei
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PTO/SB/14 (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 56782.1.7

Application Data Sheet 37 CFR 1.76

Application Number

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND

Title of Invention | \\-—'\oHe oF USE

Citizenship under 37 CFR 1.41(b) i
Mailing Address of Applicant:

Address 1

Address 2

City State/Province

Postal Code Countryi

Applicant 4

Applicant Authority ®nventor | (OLegal Representative under 35U.8.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Patrick McDonald

Residence Information (Select One) (¢ US Residency () Non US Residency () Active US Military Service

City State/Province Country of Residence i

Citizenship under 37 CFR 1.41(b) i
Mailing Address of Applicant:

Address 1

Address 2

City State/Province

Postal Code Countryi

Applicant §

Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Kathryn Hunter

Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service

City State/Province Country of Residencei

Citizenship under 37 CFR 1.41(b}) i
Mailing Address of Applicant:

Address 1

Address 2

City State/Province
Postal Code Countryi

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 22859
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PTO/SB/14 (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 56782.1.7

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND
METHODS OF USE

Email Address | AddEmail |  [Remove Emaill

Application Information:

Title of the Invention I(I)\IFI:IlEJF?L?_II\IOSNYEJEI\I<I/|SE_II_I\II_%_[l)J§)I(I)\IFGUCS(EMPUTER—FACILITATED MAINTENANCE AND/OR
Attorney Docket Number| 56782.1.7 Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any} Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 23 Suggested Figure for Publication (if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.

[[] ©. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in ancther country, or under a multilateral international agreement, that requires publication at
eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: (e) Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 22859

Domestic Benefit/National Stage Information:

This section allows for the applicant to either ¢laim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 US.C. 119(e) or 120, and 37 CFR 1.78{a){2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Add

Foreign Priority Information:
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Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 56782.1.7

Application Data Sheet 37 CFR 1.76

Application Number

INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND

Title of Invention | \\-—'\oHe oF USE

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

[ Remove |
Application Number Country i Parent Filing Date (YYYY-MM-DD} Priority Claimed
(O Yes (® No
Additional Foreign Priority Data may be generated within this form by selecting the o

Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1
If the Assignee is an Organization check here.

Organization Name Bracce Diagnostics, Inc.

Mailing Address Information:

Address 1 107 College Road East

Address 2

City Princeton State/Province NJ

Country i| US Postal Code 08540

Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add

button. Add

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature [/Charles D. Segelbaum/ Date (YYYY-MM-DD)| 2008-06-11

First Name | Charles D. Last Name | Segelbaum Registration Number | 42138

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USFPTO to process) an application. Confidentiality is governed by 35 U.S.C_ 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

2503 f 26682



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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INFUSION SYSTEMS INCLUDING COMPUTER-FACILITATED MAINTENANCE

AND/OR OPERATION AND METHODS OF USE

RELATED APPLICATIONS

[01]

The present application is related to the following commonly assigned utility
patent applications, all of which are filed concurrently herewith and all of which
are hereby incorporated by reference in their entireties: Practitioner Docket No.
56782.1.5, entitled: SHIELDING ASSEMBLIES FOR INFUSION SYSTEMS;
Practitioner Docket No. 56782.1.6, entitled: INFUSION SYSTEM
CONFIGURATIONS; and Practitioner Docket No. 56782.1.8, entitled: CABINET
STRUCTURES SUPPORTING INFUSION SYSTEMS.

TECHNICAL FIELD

[02]

The present invention pertains to systems that generate and infuse
radiopharmaceuticals, and, more particularly, to systems including computer-
facilitated maintenance and/or operation.

BACKGROUND

[03]

[04]
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Nuclear medicine employs radioactive material for therapy and diagnostic
imaging. Positron emission tomography (PET) is one type of diagnostic imaging,
which utilizes doses of radiopharmaceutical, for example, generated by elution
within a radiocisotope generator, that are injected, or infused into a patient. The
infused dose of radiopharmaceutical is absorbed by cells of a target organ, of the
patient, and emits radiation, which is detected by a PET scanner, in order to
generate an image of the organ. An example of a radioactive isotope, which may
be used for PET, is Rubidium-82 (produced by the decay of Strontium-82); and
an example of a radioisotope generator, which yields a saline solution of
Rubidium-82, via elution, is the CardioGen-82® available from Bracco
Diagnostics Inc. (Princeton, NJ).

Set up, maintenance and operational procedures for infusion systems that both
generate and inject doses of radiopharmaceuticals are relatively involved in order
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to assure the safety and efficacy of each injected dose for the patient. Efficiency
in carrying out these procedures is highly desirable for technical personnel, who
work with these systems on a routine basis and would like to avoid unnecessarily
prolonged exposure to radioactive radiation. Thus there is a need for new
system configurations that facilitate more efficient set up, maintenance and
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[05]

[06]

[07]

[08]

[09]

[10]

[11]
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The following drawings are illustrative of particular embodiments of the present
invention and therefore do not limit the scope of the invention. The drawings are
not to scale (unless so stated) and are intended for use in conjunction with the
explanations in the following detailed description. Embodiments of the present
invention will hereinafter be described in conjunction with the appended
drawings, wherein like numerals denote like elements.

Figure 1A is a first perspective view of an infusion system, according to some
embodiments of the present invention.

Figure 1B is another perspective view of a portion of a cabinet structure of the
system shown in Figure 1A, according to some embodiments.

Figure 1C is a second perspective view of the system shown in Figure 1A,
according to some embodiments.

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

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

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

Figure 3A is another perspective view of the shielding assembly shown in Figure
2A.
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Figure 3B is a perspective view of the infusion circuit, shown in Figure 1C,
configured and routed, according to some embodiments.
Figure 3C is a perspective view of a disposable infusion circuit subassembly,
according to some embodiments.
Figure 3D is a frame for the subassembly shown in Figure 3C, according to some
embodiments.
Figure 4 is a main menu screen shot from an interface of a computer, which may
be included in systems of the present invention, according to some
embodiments.
Figure 5A is a schematic showing a first group of successive screen shots from
the computer interface, according to some embodiments.
Figure 5B is a pair of screen shots from the computer interface, which provide
indications related to eluant volume levels in a reservoir of the system, according
to some embodiments.
Figure 5C is a schematic showing a second group of successive screen shots
from the computer interface, according to some embodiments.
Figure 6 is a schematic showing a third group of successive screen shots from
the computer interface, according to some embodiments.
Figures 7A-C are schematics showing a fourth group of successive screen shots
from the computer interface, according to some embodiments.
Figures 8A-B are schematics showing a fifth group of successive screen shots
from the computer interface, according to some embodiments.
Figures 9A-C are schematics showing a sixth group of successive screen shots
from the computer interface, according to some embodiments.
Figure 10 is a schematic showing a seventh group of successive screen shots
from the computer interface, according to some embodiments.
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DETAILED DESCRIPTION
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The following detailed description is exemplary in nature and is not intended to
limit the scope, applicability, or configuration of the invention in any way. Rather,
the following description provides practical illustrations for implementing
exemplary embodiments. Utilizing the teaching provided herein, those skilled in
the art will recognize that many of the examples have suitable alternatives that
can be utilized.

Figure 1A is a first perspective view of an infusion system 10, according to some
embodiments of the present invention, wherein system 10 is shown supported by
a cabinet structure, which includes a platform 113 (seen better in Figure 2B) and
a shell 13; shell 13 extends upward from a skirt 11, that surrounds platform 113,
to surrounds an interior space in which a portion of infusion system 10 is
contained (-seen in Figure 1C). Shell may be formed from panels of injection-
molded polyurethane fitted together according to methods known to those skilled
in the art. Figure 1A illustrates the cabinet structure of system 10 including a grip
or handle 14, which extends laterally from shell 13, in proximity to an upper
surface 131 thereof, and a post 142, which extends upward from shell 13, and to
which a work surface, or tray 16 and a computer 17 are, preferably, attached, via
an ergonomic, positionable mount. According to some embodiments, computer
17 is coupled to a controller of system 10, which is mounted within the interior
space surrounded by shell 13, and a monitor 172 of computer 17 not only
displays indications of system operation for a user of system 10, but also serves
as a device for user input (e.g. touch screen input). However, according to
alternate embodiments, another type of user input device, known to those skilled
in the art, may be employed by computer 17. Other types of user input devices
may included, for example, a keyboard, a series of control buttons or levers, a
barcode reader (or other reader of encoded information), a scanner, a computer
readable medium containing pertinent data, etc. The user input device may be
mounted on the cabinet structure of system 10, as shown, or may be tethered
thereto; alternatively the user input device may be remote from system 10, for
example, located in a separate control room. According to some additional
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embodiments, another user input device, for example, in addition to a touch
screen of computer 17, may be remote from system 10 and used to start and
stop infusions. Operation of system 10, which is facilitated by computer 17, will
be described below, in conjunction with Figures 4-2C.
Figure 1A further illustrates two pairs of wheels 121, 122, mounted to an
underside of platform 113, to make system 10 mobile; handle 14 is shown
located at an elevation suitable for a person to grasp in order to maneuver
system 10, from one location for another, upon pairs of wheels 121, 122.
According to some preferred embodiments, one or both pairs of wheels 121, 122,
are casters, allowing for rotation in a horizontal plane (swivel), in order to provide
additional flexibility for maneuvering system 10 in relatively tight spaces.
Figure 1B is a perspective view of a portion of system 10, on a side 111 of the
cabinet structure, which is in proximity to wheels 121. Figure 1B illustrates a
lever or pedal 125, which is located for activation by a foot of the person, who
grasps handle 14 to maneuver system 10. In a neutral position, pedal 125 allows
wheels 121, 122 to rotate, and, if embodied as casters, to swivel freely. Pedal
125 may be depressed to a first position which prevents a swiveling of wheels
122, according to those embodiments in which wheels 122 are casters, and may
be further depressed to brake wheels 121, 122 from rolling and swiveling, upon
reaching a desired location. Figure 1B further illustrates a rear access panel
174, for example, providing access to circuit boards of the aforementioned
controller contained within the interior space surrounded shell 13, an optional
lock 184, to secure panel 174, a power jack 118, for connecting system 10 {o a
power source, and a printer 117 for providing documentation of each patient
infusion carried out by system 10, and of system quality control test results. In
some embodiments, system 10 may further include one or more additional
connectors, or ports (not shown), which allow system 10 to be coupled to, for
communication with, other devices used for nuclear imaging procedures.
Figure 1A further illustrates upper surface 131 of shell 13 including several
openings 133, 135, 139 formed therein. Figure 1C is a partially exploded
perspective view of system 10, wherein a removable access panel 132 is shown
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as a contoured portion of upper surface 131, which, when exposed, by lifting
away a bin 18, that mates therewith, may be removed from another opening 137
formed in upper surface 131. Figure 1C also provides a better view of another
panel 134 which may be lifted away from opening 139. According to the
illustrated embodiment, openings 139 and 137 provide a user of system 10 with
independent access to separate portions of infusion system 10, which are
contained within shell 13, for example, to set up and maintain system 10; and
openings 133 and 135 provide passageways for tubing lines to pass through
shell 13. Figure 1C further illustrates an optional switch 102, which in case of an
emergency, may be activated to abort function of system 10. With reference to
Figures 1A and 1C, it may be appreciated that an arrangement of features
formed in upper surface 131 of shell 13, in conjunction with bin 18, tray 16 and
computer 17, provide a relatively ergonomic and organized work area for
technical personnel who operate system 10.
Turning now to Figure 1D, a schematic of an infusion circuit 300, which may be
incorporated by system 10, is shown. Figure 1D illustrates circuit 300 generally
divided into a first part 300A, which includes components mounted outside shell
13, and a second part 300B, which includes components mounted within the
interior space surrounded by shell 13. (Parts 300A and 300B are delineated by
dotted lines in Figure 1D.) Figure 1D further illustrates second part 300B of
circuit 300 including a portion contained within a shielding assembly 200, which
is designated schematically as a dashed line. Some embodiments of shielding
assembly 200 will be described in greater detail, in conjunction with Figures 2A-B
and 3A-B, below.
According to the illustrated embodiment, circuit 300 includes an eluant reservoir
15, for example, a bag, bottle or other container, containing saline as the eluant,
which is shown hanging from a post, or hanger 141 above upper surface 131 of
shell 13 in Figure 1A; a syringe pump 33, for pumping the eluant from reservoir
15, and a pressure syringe 34, for monitoring pumping pressure; a filter 37, which
may also serve as a bubble trap, for the pumped eluant; a radioisotope generator
21, through which the filtered eluant is pumped to create a radioactive eluate, for
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example an eluate carrying Rubidium-82 that is generated by the decay of
Strontium-82, via elution, within a column of generator 21; and an activity
detector 25, for measuring the activity of the eluate discharged from generator
21, in order to provide feedback for directing the flow of the eluate, via a
divergence valve 35WP, either to a waste bottle 23 or through a patient line
305p, for example, to inject a dose of the radiopharmaceutical eluate into a
patient. With reference back to Figure 1A, patient line 305p is shown extending
out from shell 13, through opening 135, to a distal end thereof, which, according
to some embodiments, includes a filter. Patient line 305p may be coupled to
another line that includes a patient injection needle (not shown). Alternatively,
patient line 305p may be coupled to another line (not shown), which extends
from a source of another active substance, for example, a stress agent; the other
line is coupled to the line that includes the patient injection needle, in order to
permit injection of the additional active substance. Figure 1D illustrates an eluant
tubing line 301 coupled to reservoir 15 and to pump 33, and, with reference to
Figures 1A-B, it may be appreciated that opening 133 provides the passageway
for tubing line 301 to enter the interior space surrounded by shell 13. According
to some preferred embodiments, opening 133 includes a grommet-type seal that
prevents leakage of eluant, which may spill from reservoir 15, into the interior
space through opening 133, while allowing a user to assemble tubing line 301
through opening 133. Likewise opening 135, which provides a passageway for
patient line 305p, may include a grommet-type seal.
Figure 1D further illustrates another eluant tubing line 302 coupled to pump 33
and a divergence valve 35BG, which may either direct pumped eluant through a
tubing line 304, to generator 21, or direct the pumped eluant through a by-pass
tubing line 303, directly to patient line 305p. Divergence valve 35BG, as well as
divergence valve 35WP, which directs eluate from an eluate tubing line 305
either to a waste line 305w or to patient line 305p, may each be automatically
operated by a corresponding servomotor (not shown), coupled to the controller
(not shown) of system 10, which controller receives feedback from activity
detector 25. When system 10 is operating for automatic infusion, to deliver a
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dose of radiopharmaceutical to a patient, for example, Rubidium-82 for
diagnostic imaging, divergence valve 35BG is initially set to direct eluant to
generator 21 and divergence valve 35WP is set to direct eluate from generator
into waste bottle 23, until activity detector 25 detects the desired activity of the
eluate, at which time the feedback from activity detector 25 causes the controller
to direct the corresponding servo-motor to re-set valve 35WP for diverting the
flow of eluate into patient line 305p. According to some embodiments, once a
prescribed volume of the eluate has passed through patient line 305p, the
controller directs the corresponding servomotor to re-set divergence valve 35BG
for diverting the flow of eluant through by-pass line 303 and into patient line 305p
in order to flush, or push any eluate remaining in patient line 305p into the
patient. According to some embodiments, the controller may also direct the
corresponding servomotor to re-set divergence valve 35WP back toward waste
bottle 23, prior to the flush through by-pass line 303, in order to prevent back flow
of eluant, through line 305, toward generator 21.
With further reference to Figure 1D, it may be appreciated that shielding
assembly 200 encloses those portions of circuit 300 from which radioactive
radiation may emanate, with the exception of that portion of patient line 305p,
which must extend out from shielding assembly 200 in order to be coupled to the
patient for injection, or in order to be coupled to shielded sample vials, as will be
described below. Thus, technical personnel, who operate system 10, are
protected from radiation by shielding assembly 200, except at those times when
an infusion is taking place, or when quality control tests require collection of
eluate into sample vials. During infusions and quality control test sample
collection, all technical personnel are typically in another room, or otherwise
distanced from system 10, in order to avoid exposure to radiation during the
infusion, and, according to some preferred embodiments of the present invention,
system 10 includes at least one means for informing technical personnel that an
infusion is about to take place or is taking place. With reference back to Figures
1A and 1C, system 10 is shown including a light projector 100, mounted on post
142. According to the illustrated embodiment, projector 100, projects a light
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signal upward, for maximum visibility, when pump 33 is pumping eluant and
elution is taking place within generator 21, or at all times when pump 33 is
pumping eluant. According to some embodiments, the light signal flashes on and
off when the eluate is being diverted from generator 21 into waste bottle 23, and
the light signal shines steadily when the eluate is being diverted through patient
line 305p, or visa versa. According to other embodiments, a projector 100 shines
a light having a first color, to indicate that eluate is being diverted to waste bottle
23, and then shines a light having a second, different color, to indicate that eluate
is being directed to patient line 305p for infusion. Light projector 100 may further
project a more rapidly flashing light, for example, for approximately five seconds,
once a peak bolus of radioactivity is detected in the eluate, to provide further
information to technical personnel. Alternative means of informing technical
personnel that an infusion is taking place may also be incorporated by system
10, for example, including audible alarms or other types of visible or readable
signals that are apparent at a distance from system, including in the control
room.
When maintenance of system 10 requires the emptying waste bottle 23, relatively
easy access to waste bottle 23 is provided through opening 139 in top surface
131 of shell 13. It should be noted that technical personnel are preferably trained
to empty waste bottle 23 at times when the eluate, contained in waste bottle 23,
has decayed sufficiently to ensure that the radioactivity thereof has fallen below a
threshold to be safe. Opening 139 is preferably located at an elevation of
between approximately 2 feet and approximately 3 feet; for example, opening
139 may be at an elevation of approximately 24 inches, with respect to a lower
surface of platform 113, or at an elevation of approximately 32 inches, with
respect to a ground surface upon which wheels 121, 122 rest. According to the
illustrated embodiment, opening 139 is accessed by lifting panel 134; just within
opening 139, a shielded lid or door 223 (Figure 2A) may be lifted away from a
compartment of shielding assembly 200 that contains waste bottle 23. With
further reference to Figure 1C, it may be appreciated that opening 137 provides
access to other portions of circuit 300 for additional maintenance procedures,
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such as changing out generator 21 and/or other components of circuit 300, as
will be described below.
Figures 1A and 1C further illustrate a pair of relatively shallow external recesses
190, which are formed in upper surface 131 of shell 13, for example, in order to
catch any spills from infusion system; one of recesses 190 is shown located in
proximity to post, or hanger 141, which holds reservoir 15, and in proximity to
opening 133, through which tubing line 301 passes. Another recess 192 is
shown formed in upper surface 131; a width and depth of recess 192 may
accommodate storage of technical documentation associated with infusion
system 10, for example, a technical manual and/or maintenance records, or
printouts from printer 117 (Figure 1B). With reference to Figure 1C, upper
surface 131 of shell 13 is shown to also include additional recesses 101, which
are each sized to hold a shielded test vial, which contains samples from infusion
system 10, for example, for breakthrough testing and/or calibration, which will be
described in greater detail, below. Additional receptacles 180 are shown formed
in bin 18, on either side of a handle 182, which facilitates removal of bin 18 away
from shell 13. Technical personnel may, thus, conveniently transport bin 18 to a
storage area for a collection of supplies, for example, sharps, gloves, tubing
lines, etc..., into one or more receptacles 180 thereof, and/or to a waste
container where separate receptacles 180 of bin 18 may be emptied of waste,
such as packaging for the aforementioned supplies, for example, deposited
therein during infusion procedures.
Figure 2A is a perspective view of shielding assembly 200, according to some
embodiments of the present invention. With reference to Figures 1C and 2A,
together, it may be appreciated that opening 137, in upper surface 131 of shell
13, provides access to a lid or door 221 of a sidewall 201 of shielding assembly
200, which sidewall 201 encloses a compartment sized to contain a radioisotope
generator of system 10, for example, generator 21, previously introduced.
According to the illustrated embodiment, opening 137 and door 221 are located
at a lower elevation, for example, with respect to platform 113, than are opening
139 and lid 223, which provide access to the compartment being formed by a

10
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sidewall 203 of shielding assembly 200 to contain waste bottle 23, as previously
described. When panel 132 is separated from shell 13, and door 221 opened,
generator 21 may be lifted out from an opening 231 (Figure 3A) which mates with
door 221 of sidewall 201. A weight of generator 21, which includes its own
shielding, may be between approximately 23 and approximately 25 pounds, thus,
according to some preferred embodiments of the present invention, the elevation
of each of openings 137 and 231, with respect to the lowermost portion of the
cabinet structure, is between approximately 1 foot and approximately 2 feet, in
order to facilitate an ergonomic stance for technical personnel to lift generator 21
out from the compartment. According to an exemplary embodiment, when
shielding assembly 200 is contained in the cabinet structure of Figure 1A,
openings 137 and 231 are located at an elevation of approximately 12 inches,
with respect to the lower surface of platform 113, or at an elevation of
approximately 19 inches, with respect to the ground surface upon which wheels
121, 122 rest. Figure 1C further illustrates access panel 132 including a security
lock 138, which mates with a framework 19 of system 10, shown in Figure 2B, in
order to limit access to generator 21.
Figures 1C and 2A further illustrate a lid or a door 225 of another sidewall 205
(Figure 3A) of shielding assembly 200, which encloses another compartment that
is accessible through opening 137 of shell 13, and which is located adjacent the
compartment enclosed by sidewall 201. Each of doors 221, 225 are shown
being attached by a corresponding hinge H, and another door 227 is shown
attached to sidewall 203 by another hinge H. Figure 2A illustrates each of lid 223
and doors 221, 225, 227 including a handle 232, 212, 252 and 272, respectively,
for moving lid 223 and doors 221, 225, 227, in order to provide access to the
corresponding compartments, which can be seen in Figures 3A-B. Figure 2A
further illustrates optional thumb screws 290, one securing lid 223 to sidewall 203
and another securing door 221 to sidewall 201, or other means for securing the
doors, which are known to those skilled in the art, may be incorporated. Each
sidewall 201, 203, 205 and the corresponding lid/door 223, 221, 225, 227 thereof
may be individually cast from 3% antimony lead, or from other known shielding

11
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materials, and then assembled together according to methods known to those
skilled in the art.
According to the illustrated embodiment, doors 221, 225 are hinged to open in an
upward direction, per arrows D and C, and, with reference back to Figure 1C, a
latch component 191 is provided to hold each of doors 221, 225 in an opened
position, thereby, preventing doors 221, 225 from falling closed, which could
pinch/crush fingers of technical personnel and/or tubing lines of circuit 300, when
in the midst of a maintenance procedure. Figure 2B is a perspective view of
framework 19 of the cabinet structure of system 10, according to some
embodiments, to which latch component 191 is mounted; Figure 2B includes an
enlarged detailed view of latch component 191, according to some embodiments.
Figure 2B illustrates latch component 191 including a first pin 193, corresponding
to door 225, and a second pin 195, corresponding to door 221; each pin 193, 195
includes a lever end 193A, 193B, respectively, and a holding end 193B, 195B,
respectively. An edge of each door 221, 225, upon opening of doors 221, 225,
may push past the holding end 195B, 193B of the corresponding pin 195, 193, in
a first direction, per arrow F, and then may rest against a respective side S95
and S93 of each end 195B, 193B, until the corresponding lever end 195A, 193A
is rotated in a counter-clockwise direction, per arrow cc, thereby moving the
corresponding holding end 193B, 195B to make way for the closing of doors 221,
225. Doors 221, 225 being held by latch component 121 in an open position may
be seen in Figure 3A.
With further reference to Figure 2A, according to some preferred embodiments of
the present invention, an edge of door 225 overlaps door 221 to prevent door
221 from being opened, per arrow D, if door 225 is not opened, per arrow C; and
an edge of door 227 overlaps an edge of door 225 to prevent door 225 from
being opened if door 227 is not opened, per arrow B; and an edge of lid 223
overlaps door 227 to prevent door 227 from being opened if lid 223 is not
opened, per arrow A. Thus, access to the compartment enclosed by sidewall
201 and containing generator 21 is only systematically allowed through a
sequential opening of lid 223 and doors 227, 225, 221, since, when generator 21

12
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is replaced it is typically desirable to also replace those portions of circuit 300
which are shielded behind lid 223 and doors 227, 225. The routing of these
portions of circuit 300 will be described in conjunction with Figures 3A-C.
Figure 3A is another perspective view of shielding assembly 200, according to
some embodiments of the present invention. In Figure 3A, lid 223 and doors
221, 225, and 227 are opened to provide a view into openings 233, 235 and 231
of sidewalls 203, 205 and 201, respectively, and into a passageway 207, which is
formed in sidewall 203, opposite the compartment, which contains waste bottle
23. Passageway 207 is shown extending vertically along sidewall 203 and
having a grooved extension 213 formed in a perimeter surface of opening 233.
An optional retaining member 237, for example, formed from an elongate strip of
resilient plastic having a generally c-shape cross-section, is shown being
mounted along a length of passageway 207 to hold lines 305w and 305p in place
within passageway 207. Figure 3A further illustrates a pair of passageways 251b
and 251g, which are formed as grooves in a portion of sidewall 205, and another
pair of passageways 215i and 2150, which are formed as grooves in a portion of
sidewall 201. A routing of portions of tubing circuit 300 (Figure 1D) through
passageways 207, 251b, 251c¢, 215i and 2150 is shown in Figure 3B.
Figure 3B illustrates tubing line 304 being routed through passageways 251g and
215i, eluate tubing line 305 being routed through passageway 2150, and both
waste line 305w and patient line 305p being routed along passageway 207.
Waste line 305w further extends through grooved extension 213 to waste bottle
23, and patient line 305p further extends outward from shielding assembly 200,
for example, to extend out through opening 135 in upper surface 131 of shell 13
(Figure 1A). According to the illustrated embodiment, each passageway formed
in shielding assembly 200, by being accessible along a length thereof, can
facilitate a relatively easy routing of the corresponding tubing line therethrough,
when the corresponding lid/door is open, and a depth of each passageway
prevents pinching and/or crushing of the corresponding tubing line routed
therethrough, when the corresponding lid/door is closed down thereover.

13
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Figure 3A further illustrates sidewall 205 including a valve actuator receptacle
253, into which divergence valve 35WP is mounted, to be controlled by one of
the servomotors (not shown) of system 10, and an opening 325 for activity
detector 25. Activity detector 25 is mounted in a shielded well 255 that extends
downward from opening 325 (shown in Figure 3B), and, with reference to Figure
3B, tubing line 305 passes over opening 325 so that detector 25 can detect an
activity of the eluate, which passes therethrough. According to some
embodiments, the positioning, within the compartment enclosed by sidewall 205,
of the components of the portion of infusion circuit 300 which are shown routed
therein, is facilitated by providing the components mounted in a frame 39 as a
disposable subassembly 390, an embodiment of which is illustrated by Figures
3C-D.
Figure 3C is a perspective view of subassembly 390, and Figure 3D is a
perspective view of frame 39. According to the embodiment illustrated by Figure
3D, frame 39 is formed from mating trays 39A, 39B, for example, formed from a
thermoformed plastic, which fit together to capture, therebetween, and hold, in
fixed relation to a perimeter edge of frame 39, divergence valve 35WP and
portions of eluant tubing line 304, by-pass tubing line 303, eluate tubing line 305,
waste line 305w and patient line 305p. Figure 3C illustrates the perimeter edge
divided into a first side 391, a second side 392, opposite first side 391, a third
side 393, extending between first and second sides 391, 392, and a fourth side
394, opposite third side 393. Although Figure 3D shows trays 39A, 39B
individually formed for fitting together, according to alternate embodiments,
mating trays of frame 39 may be parts of a continuous sheet of plastic folded
over on itself.
According to the illustrated embodiment, an end 404A, of eluant line 304, and an
end 403, of by-pass line 303 extend from third side 393 of frame 39 to couple
with divergence valve 35BG and an upstream section of eluant tubing line 302.
Figure 3C further illustrates an opposite end 404B of eluant line extending from
first side 391 of frame 39, alongside a similarly extending end 405 of eluate line
305, and ends 406 and 407 of patient line 305p and waste line 305w,
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respectively, extending from second side 392 of frame 39. Although ends 406,
407 are shown extending upward from tray 39a, as they would within shielding
assembly 200, it should be appreciated that the tubing lines of circuit 300 are
preferably flexible and would drop down under their own weight rather than
extending upward, as shown, if not supported. Referring back to Figure 1D, in
conjunction with Figure 3C, it can be seen that fittings are provided for coupling
subassembly 390 into circuit 300: a first fitting 311 couples the section of eluant
line 302 to filter 37; a second fitting 312 couples eluant line 304 to an inlet port of
generator 21; a third fitting 313, which may incorporate a check valve, couples
eluate line 305 to an outlet port of generator 21; a fourth fitting 314 couples waste
line 305w to waste bottle 23; and a fifth fitting 315 couples patient line 305p to
an extension thereof, which extends outside shell 13 (designated by the dotted
line). Each of the fittings 311, 312, 313, 314, 315 may be of the Luer type, or any
other suitable type that is known to those skilled in the art.
As previously mentioned, when generator 21 is replaced, it is typically desirable
to also replace those portions of circuit 300 which are shielded behind lid 223
and doors 227, 225, and, in those instances wherein system 10 is moved to a
new site each day, these portions may be replaced daily. Thus, according to the
illustrated embodiment, these portions are conveniently held together by frame
39, as subassembly 390, in order to facilitate relatively speedy removal and
replacement, while assuring a proper assembly orientation, via registration with
features formed in sidewall 205 (Figure 3A), for example: registration of
divergence valve 35WP with valve actuator receptacle 253, registration of tubing
line ends 403 and 404A with passageways 251b and 251g, respectively,
registration of tubing line ends 404B and 405 with passageways 215i and 2150,
respectively, and registration of tubing line ends 406 and 407 with passageway
207.
With further reference to Figure 3B, other portions of tubing circuit 300 are
shown. Figure 3B illustrates eluant tubing line 301 extending from reservoir 15,
outside of shell 13 (Figure 1A), to syringe pump 33, which is mounted to an
actuating platform 433. According to the illustrated embodiment, platform 433 is
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actuated by another servomotor (not shown) of system 10, which is controlled by
the controller and computer 17 of system 10, to cause a plunger of pump 33 to
move, per arrow I, so as to draw in eluant, from reservoir 15, through tubing line
301, and then to cause the plunger to move in the opposite direction so as to
pump the eluant, through tubing line 302, to either generator 21 or to by-pass line
303. Although the illustrated embodiment includes syringe pump 33, other
suitable pumps, known to those skilled in the art, may be substituted for pump
33, in order to draw eluant from reservoir 15 and to pump the eluant throughout
circuit 300. Although not shown, it should be appreciated that divergence valve
35BG is fitted into another valve actuating receptacle mounted within shell 13
and coupled to yet another servomotor (not shown) of system 10.
Figure 3B further illustrates a filter holder 317 that is mounted alongside an
interior surface of shell 13 to hold filter 37 (Figure 1D) of tubing line 302. Filter
holder 317, like frame 39 for subassembly 320, may be formed from a
thermoformed plastic sheet; holder 317 may have a clam-shell structure to
enclose filter 37 in an interior space, yet allow tubing line 302, on either side of
filter 37, to extend out from the interior space, in between opposing sides of the
clam-shell structure. Holder 317 is shown including an appendage 307 for
hanging holder 317 from a structure (not shown) inside shell 13.
Turning now to Figures 4-9C details concerning computer-facilitated operation of
system 10 will be described, according to some embodiments of the present
invention. As previously mentioned, and with reference back to Figure 1A,
computer 17 of system 10 includes monitor 172, which, preferably, not only
displays indications of system operation to inform a user of system 10, but is also
configured as a touch screen to receive input from the user. It should be
understood that computer 17 is coupled to the controller of system 10, which may
be mounted within the interior space surrounded by shell 13. Although Figure 1A
shows computer 17 mounted to post 142 of system 10, for direct hardwiring to
the controller of system 10, according to some alternate embodiments, computer
17 is coupled to the controller via a flexible lead that allows computer 17 to be
positioned somewhat remotely from those portions of system 10, from which
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radioactive radiation may emanate; or, according to some other embodiments,
computer 17 is wirelessly coupled, for example, via two-way telemetry, to the
controller of system 10, for even greater flexibility in positioning computer 17
away from radioactive radiation.
According to some preferred embodiments, computer 17 is pre-programmed to
guide the user, via monitor 172, through procedures necessary to maintain
system 10, to perform quality control tests on system 10, and to operate system
10 for patient infusions, as well as to interact with the user, via the touch-screen
capability of monitor 172, according to preferred embodiments, in order to track
volumes of eluant and eluate contained within system 10, to track a time from
completion of each elution performed by system 10, to calculate one or more
system parameters for the quality control tests, and to perform various data
operations. It should be understood that screen shots shown in Figures 4-9C are
exemplary in nature and are presented to provide an outline of some methods of
the present invention in which computer 17 facilitates the aforementioned
procedures, without limiting the scope of the invention to any particular computer
interface format.
Figure 4 is a screen shot of a main menu 470, which is presented by computer
17 on monitor 172, according to some embodiments. Main menu 470 includes a
listing of each computer-facilitated operation that may be selected by the user,
once the user has logged on.
Figure 5A is a schematic showing a series of screen shots which includes a log
in screen 570. After the user enters the appropriate information into data entry
fields of log in screen 570, computer 17 presents a request for the user to
confirm the volume of eluant that is within reservoir 15 (e.g. saline in saline bag),
via a screen 571, and then brings up main menu 470. According to some
embodiments, when the user touch-selects the data entry fields of screen 570 or
571, or of any of the other screens presented herein, below, a virtual keyboard is
displayed for touch-select data entry into the selected data entry field; alternately,
computer 17 may be augmented with another type of device for user data entry,
examples of which include, without limitation, a peripheral keyboard device, a
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storage medium (i.e. disk) reader, a scanner, a barcode reader (or other reader
of encoded information), a hand control (i.e. mouse, joy stick, etc...).
If the user determines that the volume of eluant/saline is insufficient, the user
selects a menu item 573, to replace the saline bag, which leads computer 17 to
prompt the user to enter a quantity of saline contained by the new saline bag, via
a screen 574. Thus, computer 17 uses either the confirmed eluant/saline
volume, via screen 571, or the newly entered eluant/saline volume, via screen
574, as a baseline from which to track depletion of reservoir volume, via
activations of pump 33, in the operation of system 10. With reference to Figure
5B, during the operation of system 10, when computer 17 detects that the eluant
reservoir/saline bag has been depleted to a predetermined volume threshold,
computer 17 warns the user, via a screen 577. If the user has disregarded
screen 577 and continues to deplete the saline bag, computer 17 detects when
the saline bag is empty and provides indication of the same to the user, via a
screen 578. To replenish the reservoir/saline bag, the user may either refill the
reservoir/bag or replace the empty reservoir/bag with a full reservoir/bag.
According to some embodiments, system 10 automatically precludes any further
operation of the system until the reservoir is replenished.
In addition to tracking the volume of eluant in reservoir 15, computer 17 also
tracks a volume of the eluate which is discharged from generator 21 into waste
bottle 23. With reference to Figure 5C, an item 583 is provided in main menu
470, to be selected by the user when the user empties waste bottle 23. When
the user selects item 583, computer 17 presents a screen 584, by which the user
may effectively command computer 17 to set a waste bottle level indicator to
zero, once the user has emptied waste bottle 23. Typically, the user, when
powering up system 10 for operation, each day, will either empty waste bottle 23,
or confirm that waste bottle 23 was emptied at the end of operation the previous
day, and utilize screen 584 to set the waste bottle level indicator to zero. Thus,
computer 17, can track the filling of waste bottle 23 via monitoring of the
operation of pump 33 and divergence valve 35WP, and provide an indication to
the user when waste bottle 23 needs to be emptied, for example, via
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presentation of screen 584, in order to warn the user that, unless emptied, the
waste bottle will overflow. According to some embodiments, system 10
automatically precludes any further operation of the system until the waste bottle
is emptied.
In addition to the above maintenance steps related to eluant and eluate volumes
of system 10, the user of system 10 will typically perform quality control tests
each day, prior to any patient infusions. With reference to Figure 6, according to
preferred methods, prior to performing the quality control tests (outlined in
conjunction with Figures 7A-C and 8A-B), the user may select an item 675 from
main menu 470, in order to direct system 10 to wash the column of generator 21.
During the generator column wash, which is performed by pumping a
predetermined volume of eluant, for example, approximately 50 milliliters,
through generator 21 and into waste bottle 23, computer 17 provides an
indication, via a screen 676, that the wash is in progress. Also, during the
generator column wash, the system may provide a signal to indicate that eluate it
being diverted to waste bottle 23, for example, light projector 100 (Figure 1C)
may project a flashing light signal, as previously described.
Figure 6 further illustrates a screen 677, which is presented by computer 17 upon
completion of the column wash, and which provides an indication of a time lapse
since the completion of the wash, in terms of a time countdown, until a
subsequent elution process may be effectively carried out. While screen 677 is
displayed, system 10 may be refilling, from reservoir 15, pump 33, which has a
capacity of approximately 55 milliliters, according to some embodiments.
According to some preferred embodiments of the present invention, computer 17
starts a timer once any elution process is completed and informs the user of the
time lapse, either in terms of the time countdown (screen 677), or in terms of a
time from completion of the elution, for example, as will be described in
conjunction with Figure 7B. According to an exemplary embodiment, wherein
generator 21 is the CardioGen-82® that yields a saline solution of Rubidium-82,
produced by the decay of Strontium-82, via the elution, a time required between
two effective elution processes is approximately 10 minutes.
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Once the appropriate amount of time has lapsed, after the elution process of
generator column wash, a first quality control test may be performed. With
reference to Figure 7A, the user may select, from main menu 470, an item 773A,
which directs computer 17 to begin a sequence for breakthrough testing. In
conjunction with the selection of item 773A, the user attaches a needle to an end
of patient line 305p and inserts the needle into to a test vial, for the collection of
an eluate sample therefrom, and, according to Figure 7A, computer 17 presents
a screen 774, which instructs the user to insert the test vial into a vial shield,
which may be held in recess 101 of shell 13 (Figure 1C).
Figure 7A further illustrates a subsequent screen 775, by which computer 17
receives input, from the user, for system 10 to start the breakthrough elution,
followed by a screen 776, which provides both an indication that the elution is in
progress and an option for the user to abort the elution. As previously described,
the system may provide a signal to indicate that elution is in progress, for
example, light projector 100 (Figure 1C) may project a flashing light signal during
that portion of the elution process when eluate is diverted from generator 21
through waste line 305w and into waste bottle 23, and then a steady light signal
during that portion of the elution process when the eluate is diverted from
generator 21 through patient line 305p and into the test vial, for example, once
activity detector 25 detects a dose rate of approximately 1.0 mCi/sec in the
eluate discharged from generator 21. Another type of light signal, for example,
the more rapidly flashing light, as previously described, may be projected when a
peak bolus of radioactivity is detected in the eluate.
Upon completion of the elution process for breakthrough testing, computer 17
presents a screen 777, shown in Figure 7B, which, like screen 677, provides an
indication of a time lapse since the completion of the elution, but now in terms of
a time since completion of the breakthrough elution process. When the user
transfers the vial containing the sample of eluate into a dose calibrator, to
measure the activity of the sample, the user may make a note of the time lapse
indicated on screen 777. With further reference to Figure 7B, once the user has
received the activity measure from the dose calibrator, the user proceeds to a
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screen 778, which includes data entry fields for the activity measure and the time
between that at which the dose calibrator measured the activity of the sample
and that at which the elution was completed. The user may enter the data via
the touch-screen interface of monitor 172, or via any of the other aforementioned
devices for user data entry. According to some alternate embodiments,
computer 17 may receive the data, electronically, from the dose calibrator, either
via wireless communication or a cable connection.
After the data is entered by the user, computer 17 presents screen 779, from
which the user moves back to main menu 470 to perform a system calibration,
for example, as will be described in conjunction with Figures 8A-B, although the
breakthrough testing is not completed. With reference back to Figure 7A, an item
773B is shown, somewhat faded, in main menu 470; item 773B may only be
effectively selected following the completion of steps for item 773A, so as to
perform a second stage of breakthrough testing. In the second stage, the
breakthrough of the sample of eluate collected in the test vial for the
breakthrough testing is measured, at a time of approximately 60 minutes from the
completion of the elution that produced the sample. With reference to Figure 7C,
after the user has selected item 773B from main menu 470, in order to direct
computer 17 to provide breakthrough test results, a screen 781 is displayed.
Screen 781 includes, for reference, the values previously entered by the user in
screen 778, along with another pair of data entry fields into which the useris
instructed to enter the breakthrough reading of the sample at 60 minutes and the
background radiation reading, respectively. After the user enters this remaining
information, as described above, computer 17 may calculate and then display, on
a screen 782, the breakthrough test results. According to the illustrated
embodiment, computer 17 also displays on screen 782 pre-programmed
allowable limits for the results, so that the user may verify that the breakthrough
test results are in compliance with acceptable limits, before moving on to a
patient infusion. According to some embodiments, system 10 will not allow an
infusion if the results exceed the acceptable limits, and may present a screen
explaining that the results are outside the acceptable limits; the screen may
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further direct the user to contact the generator supplier, for example, to order a
replacement generator.
With reference to Figure 8A, during the aforementioned 60 minute time period,
while waiting to complete the breakthrough testing, the user may perform
calibration by selecting item 873 from main menu 470. Upon selection of item
873, computer 17 presents a screen 874, which instructs the user to insert a new
test vial into an elution vial shield. In addition to placing the vial in the shield, the
user, preferably, replaces patient line 305p with a new patient line, and then
attaches a needle to the end of the new patient line for insertion into the test vial,
in order to collect an eluate sample therefrom. After performing these steps, the
user may move to screen 875, wherein a plurality of data entry fields are
presented; all or some of the fields may be filled in with pre-programmed default
parameters, which the user has an option to change, if necessary. Once the
user confirms entry of desired parameters for the calibration, the user may enter
a command, via interaction with a subsequent screen 876, to start the calibration
elution.
With reference to Figure 8B, after computer 17 starts the elution process, a
screen 87 informs the user that the calibration elution is in progress and provides
an option to abort the elution. As previously described, the system may provide
an indication that elution is in progress, for example, light projector 100 (Figure
1C) may project a flashing light signal during that portion of the elution process
when eluate is diverted from generator 21 through waste line 305w and into
waste bottle 23, and then a steady light signal during that portion of the elution
process when activity detector 25 has detected that a prescribed dose rate
threshold is reached, for example, 1.0 mCi/sec, and the eluate is being diverted
from generator 21, through the new patient line, and into the test vial. Another
type of light signal, for example, the more rapidly flashing light, as previously
described, may be projected when a peak bolus of radioactivity is detected in the
eluate. Upon completion of the elution process for calibration, computer 17
presents a screen 878, which provides an indication of a time lapse since the
completion of the elution, in terms of a time since completion of the calibration
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elution process. When the user transfers the vial containing the sample of eluate
into the dose calibrator, to measure the activity of the sample, the user may
make a note of the time lapse indicated on screen 878. With further reference to
Figure 8B, once the user has received the activity measure from the dose
calibrator, the user proceeds to a screen 879, which includes data entry fields for
the activity measure and the time, with respect to the completion of elution, at
which the dose calibrator measured the activity of the sample. Once the data is
input by the user, as described above, computer calculates a calibration
coefficient, or ratio, and presents the ratio on a screen 880. According to Figure
8B, screen 880 further provides an indication of a desirable range for the
calibration ratio and presents an option for the user to reject the calculated ratio,
in which case, the user may instruct computer 17 to recalculate the ratio.
With reference to Figure 9A, upon completion of the above-described quality
control tests, the user may select an item 971, from main menu 470, in order to
direct system 10 to begin a procedure for the generation and automatic infusion
of a radiopharmaceutical into a patient. As previously described, system 10
infuses the patient with the radiopharmaceutical so that nuclear diagnostic
imaging equipment, for example, a PET scanner, can create images of an organ
of the patient, which absorbs the radiopharmaceutical, via detection of
radioactive radiation therefrom. According to Figure 9A, upon selection of item
971, computer 17 presents a screen 972 which includes a data entry field for a
patient identification number. This identification number that is entered by the
user is retained by computer 17, in conjunction with the pertinent system
parameters associated with the patient’s infusion. After the user enters the
patient identification number, computer 17 directs, per a screen 973, the user to
attach a new patient line and to purge the patient line of air. A subsequent
screen 974 presented by computer 17 includes data entry fields by which the
user may establish parameters for the automatic infusion; all or some of the fields
may be filled in with pre-programmed default parameters, which the user has an
option to change, if necessary.
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With reference to Figure 9B, if pump 33 does not contain enough eluant/saline
for the patient infusion, computer 17 will present a warning, via a screen 901,
which includes an option for the user to direct the refilling of pump 33, via a
subsequent screen 902. Once pump 33 has been filled, computer 17 presents
an indication to the user, via a screen 903. According to some embodiments, if
the user does not re-fill pump 33, yet attempts to proceed with an infusion,
system 10 will preclude the infusion and present another screen, that
communicates to the user that no infusion is possible, if the pump is not refilled,
and asking the user to refill the pump, as in screen 901. When pump 33 contains
a sufficient volume of eluant for the patient infusion, computer 17 presents a
screen 975, which is shown in Figure 9C, and allows the user to enter a
command for system 10 to start the patient infusion. During the infusion,
computer 17 provides the user with an indication that the infusion is in process
and with a option for the user to abort the infusion, via a screen 976. As
previously described, the system may provide an indication that an elution is in
progress, for example, light projector 100 (Figure 1C) may project a flashing light
signal during that portion of the elution process when eluate is diverted from
generator 21 through waste line 305w and into waste bottle 23, and then a
steady light signal during that portion of the elution process when activity detector
25 has detected that a prescribed dose rate threshold is reached, for example,
1.0 mCi/sec, and the eluate is being diverted from generator 21, through the new
patient line for infusion into the patient. Another type of light signal, for example,
the more rapidly flashing light, previously described, may be projected when a
peak bolus of radioactivity is detected in the eluate. At the completion of the
infusion, a screen 977 is displayed by computer 17 to inform the user of the
completion of the infusion and a time since the completion. Computer 17 also
displays a summary of the infusion, per screen 978.
Printer 117 (Figure 1B) may be activated to print out a hard copy of the infusion
summary, on which the patient identification number and pertinent system
parameters are also printed, for reference. Alternatively, or in addition, according
to some embodiments, the summary of the infusion, which includes the patient

24



[65]

2529 of 2568

Utility Patent Application

Practitioner Docket No. 56782.1.7
identification number and pertinent system parameters, may be downloaded onto
a computer readable storage device to be transferred to one or more remote
computers and/or automatically transferred thereto, via wireless communication
or a cable connection. The one or more remote computers may be included, for
example, in a hospital information system, and/or an inventory system, and/or a
billing system, and/or in a medical imaging system. With reference back to
Figure 9A the user may select an item 995, from main menu 470, in order have
system 10 perform data operations, such as, archiving a data base of patient
infusion information and quality control test results, transmitting patient infusion
summary records to USB mass storage devices, and various types of data
filtering, for example, according to date ranges and/or patient identification
numbers, for example, to search for a particular set of data and/or to compile a
summary report of related sets of data.
Turning now to Figure 10, an item 981 for computer-facilitated purging of the
tubing lines of system 10 is shown included in main menu 470. When a user
selects item 281, computer 17 guides the user to select either an air purge or a
saline purge. The direction provided by computer 17 is not explicitly laid out
herein, for a saline purge, as procedures for saline purging should be readily
apparent to those skilled in the art, with reference to the schematic of infusion
circuit 300 shown in Figure 1D. A saline purge of circuit 300 is desired to assure
that all the air is removed from circuit 300 when a new generator and/or a new
complete or partial tubing set is installed. An air purge of the tubing lines of
circuit 300 may be performed after removing reservoir 15, by-passing generator
21, by connecting tubing line 304 to tubing line 305, and coupling patient line
305p to a vial, for example, as is directed by the computer interface, in screens
983 and 984 shown in Figure 10. The air purge is desirable for blowing out the
tubing lines, thereby removing all remaining eluant and eluate, prior to installing a
new generator and/or prior to transporting system 10 from one site to another. If
generator 21 is not depleted and will be used in system 10 at the new site, it is
important to by-pass the generator prior to purging the tubing lines of circuit 300
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with air, so that air is not blown across the generator, since air through generator
21 may compromise both the function and the aseptic nature of generator 21.
According to preferred embodiments, once the user has followed the instructions
presented in screens 983 and 984 and selects to start the air purge, for example,
via screen 985, computer 17 directs the controller of system 10 to carry out a
complete air purge, in which pump 33 and divergence valves 35BG and 35WP
are automatically controlled. The automated air purge preferably includes the
following steps, which may be best understood with reference to tubing circuit
300 in Figure 1D: pumping any remaining volume of eluant left in pump 33,
through lines 302, 304, 305 and 305w, to waste bottle 23; refilling pump 33 with
air and pumping the air through lines 302, 304, 305 and 305w, into waste bottle
23 (lines 304 and 305 have been previously connected directly to one another, in
order to by-pass generator 21; if generator 21 is depleted and will be replaced
with a new generator, pumping air through generator 21 may be acceptable);
refilling pump 33 with air and then pumping a portion of the air through lines 302,
304, 305 and 305p, into the vial, and then a remaining portion of the air through
lines 302, 304, 303 and 305p, into the vial. With reference to Figure 1D and the
previous description of divergence valves 35BG, 35WP, it should be understood
how divergence valves 35BG, 35WP are automatically controlled to carry out the
above steps.
The purge operations, which are facilitated by selecting item 981 from main
menu 470, may also be accessed via the selection of an item 991 for generator
setup. When the user selects item 991, computer 17 may present an option for
guidance in removing an old, depleted, generator and a set of tubing lines, prior
to installing the new generator, or an option to just be guided in the installation of
the new generator.
In the foregoing detailed description, the invention has been described with
reference to specific embodiments. However, it may be appreciated that various
modifications and changes can be made without departing from the scope of the
invention as set forth in the appended claims.
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We claim:
1. A method for operating an infusion system, the system comprising an eluant
reservoir, a pump coupled to the reservoir, an infusion tubing circuit, a radioisotope
generator, an activity detector, a waste bottle and a computer including a computer
interface, the infusion tubing circuit including an eluant line coupled to the pump and to
the generator, a waste line coupled to the generator and to the waste bottle, and a
patient line coupled to the generator, the method comprising:
entering, into the computer, via the computer interface, a command to activate the
pump in order to generate an eluate from a portion of a volume of eluant pumped
through the generator, via an elution within the generator;
receiving an indication, from the computer, via the computer interface, that the
elution is completed, when the pump has completed pumping the portion of the
volume of eluant; and
receiving an indication, from the computer, via the computer interface, of time lapsed

since the elution was completed.

2. The method of claim 1, further comprising:
entering, into the computer, via a computer interface, the volume of eluant contained
in the reservoir, prior to the elution; and
receiving, from the computer interface, an indication of a volume of eluant in the
reservoir, based upon tracking the portion of the volume of eluant that is pumped

from the reservoir.
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3. The method of claim 1, further comprising:

4.

5.

2532 of 2568

coupling the patient line of the infusion tubing circuit to a first shielded test vial, in
order to collect a first sample of the eluate from the patient line during the elution;

measuring an activity of the first sample; and

entering into the computer, via the computer interface, the measured activity of the
first sample and a time between completion of the elution and the measuring of

the activity so that the computer may calculate a breakthrough of the generator.

The method of claim 3, further comprising:

selecting a breakthrough test procedure of the computer, via the computer interface,
prior to entering the command to activate the pump; and

wherein coupling the patient line to the first shielded test vial is instructed by the
computer interface, after selecting the breakthrough test.

The method of claim 3, further comprising:

exchanging the patient line of the infusion tubing circuit for a first new patient line,
after collecting the first sample;

coupling the first new patient line to a second shielded test vial;

repeating the steps of claim 1, after exchanging the patient line, wherein the pump is
activated a second time and a second elution takes place, in order to fill the
second vial with a second sample of the eluate from the first new patient line;

measuring an activity of the second sample; and

entering into the computer, via the computer interface, the measured activity of the
second sample and a time between completion of the second elution and the
measuring of the activity of the second sample, so that the computer may
calculate a calibration coefficient for the infusion system based on the measured
activity of the second sample and an activity of the eluate detected, during the
second elution, by the activity detector of the system.
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6. The method of claim 5, further comprising:

7.

8.

selecting a calibration procedure of the computer, via the computer interface, prior to
entering the command to activate the pump for the second time; and
wherein coupling the first new patient line to the second shielded test vial is

instructed by the computer interface, after selecting the calibration procedure.

The method of claim 5, further comprising:

exchanging the first new patient line of the infusion tubing circuit for a second new
patient line, after the computer calculates the calibration coefficient;

purging air from the second patient line;

coupling the second new patient line to a patient, after purging; and

repeating the steps of claim 1, after exchanging the first new patient line for the
second new patient line, wherein the pump is activated a third time and a third

elution takes place, in order to inject a dose of the eluate to the patient from the
second patient line.

The method of claim 7, further comprising receiving a report from the computer,

upon completion of the third elution, the report including a patient identification number
and at least one quantification of the dose of the eluate.

9. The method of claim 1, further comprising:

2533 of 2568

coupling the patient line to a shielded test vial in order to collect a sample of the
eluate from the patient line during the elution;

measuring an activity of the sample; and

entering into the computer, via the computer interface, the measured activity of the
sample and a time between completion of the elution and measuring of the
activity, so that the computer may calculate a calibration coefficient for the
infusion system based on the measured activity and an activity of the eluate
detected, during elution, by the activity detector of the system.
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10. The method of claim 9, further comprising:
selecting a calibration procedure of the computer, via the computer interface, prior to
entering the command to activate the pump; and
wherein coupling the patient line to the shielded test vial is instructed by the
computer interface, after selecting the calibration procedure.

11. The method of claim 1, further comprising:
purging air from the patient line;
coupling the patient line to a patient, after purging, in order to inject a dose of the
eluate to the patient from the patient line; and
receiving a report from the computer, upon completion of the elution, the report
including a patient identification number and at least one quantification of the
dose of the eluate.

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

13. The method of claim 1, further comprising:
receiving an indication, from the system, that the eluate is being diverted, from the
generator, through the waste line of the infusion tubing circuit, when the pump is
activated;
receiving an indication, from the system, that the eluate is being diverted from the
generator, through the patient line of the infusion tubing circuit, when the pump is
activated;

14. The method of claim 13, wherein:
the system further comprises a light projector;
the indication that the eluate is being diverted through the waste line comprises a
flashing light projection from the light projector; and
the indication that the eluate is being diverted through the patient line comprises a
solid light projection from the light projector.
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15. The method of claim 13, further comprising receiving an indication from the system
that a peak bolus of radioactivity has been detected, in the eluate, by the activity
detector.

16. The method of claim 15, wherein:
the system further comprises a light projector; and
the indication that the peak bolus of radioactivity has been detected comprises a
flashing light from the light projector.

17. The method of claim 1, further comprising:
entering, into the computer, via the computer interface, a command to set a waste
bottle level indicator to zero, when the waste bottle is empty and prior to entering
the command to activate the pump; and
receiving, from the computer, via the computer interface, an indication that the waste
bottle needs to be emptied, based upon the computer tracking a volume of the
eluate that is diverted, from the generator, through the waste line of the infusion

tubing circuit.

18. A computer readable medium having computer executable instructions for
executing a method for maintaining an infusion system, the method comprising:
receiving, via a graphical user interface, a volume of eluant contained in a reservoir
of the infusion system prior to activating a pump of the infusion system to pump a
portion of the volume of eluant through a radioisotope generator of the system in
order to generate, via elution, an eluate;
tracking the portion of the volume of eluant that is pumped from the reservoir;
providing an indication of a volume of eluant within the reservoir; and
tracking a volume of the eluate that is diverted from the generator to the waste
bottle;
providing an indication that the waste bottle needs to be emptied.
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19 The computer readable medium of claim 18, further including receiving, via the
graphical user interface, a command to set a waste bottle level indicator to zero when

the waste bottle is empty.

20. A computer readable medium having computer executable instructions for
executing a method of calibrating an activity detector of an infusion system, the method
comprising:
receiving a calibration command;
receiving calibration parameters relating to an elution process;
activating a pump of the infusion system to initiate the elution process, the elution
process producing a sample of an eluate;
tracking a time from the end of the elution process;
receiving from the activity detector of the infusion system an activity level detected
during the elution process;
receiving a measured activity level of the eluate sample obtained from a dose
calibrator;
receiving a time measured from the completion of the elution process to the
measurement of the activity level by the dose calibrator;
calculating a calibration coefficient for the infusion system based on the measured
activity level of the eluate sample and activity level detected during the elution
process; and
providing the calibration coefficient as an output.

21. A computer readable medium having computer executable instructions for
executing a method of conducting a breakthrough test of a radioisotope generator of an
infusion system, the method comprising:
receiving a breakthrough test command;
activating a pump of the infusion system to initiate an elution process, the elution
process using the generator to produce a sample of an eluate from a patient line;
tracking a time lapsed from the end of the elution process;
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receiving a measured activity level of the eluate sample obtained from a dose
calibrator;
receiving a time measured from the completion of the elution process to the
measurement of the activity level by the dose calibrator;
calculating a breakthrough of the radioisotope generator based on the measured
activity level and the time between completion of the elution process and the
measuring of the activity level; and
providing the breakthrough of the generator as an output.

22. The computer readable medium of claim 21, further comprising:
receiving a second measured activity level of the eluate sample obtained from a
dose calibrator, the second measured activity level being a measurement taken

at predetermined time period after the completion of the elution process.

23. The computer readable medium of claim 21, wherein the predetermined time period
is 60 minutes after completion of the elution process.
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24. A method for purging a tubing circuit of an infusion system with air, the system
comprising a pump coupled to the tubing circuit, a radioisotope generator, a waste
bottle and a computer including a computer interface, the method comprising:

receiving instructions from the computer, via the computer interface, to disconnect
the pump from an eluant reservoir of the system, and to by-pass the generator by
disconnecting an eluant line and an eluate line, of the tubing circuit, from the
generator, and connecting the eluant line to the eluate line; and

entering, into the computer, via the computer interface, a command to perform an air
purge of the tubing circuit, the air purge being automated, via the computer, to
perform purges of individual portions of the tubing circuit, in sequence, via
control of the pump and of two divergence valves of the tubing circuit;

wherein a first valve, of the two divergence valves, is located between a first portion
of the eluate line and two downstream portions of the eluate line, a first of the two
downstream portions extending to a waste bottle of the system and a second of
the two downstream portions extending to a vial outside the system;

a second valve, of the two divergence valves, is located between a first portion of
the eluant line, extending from the pump, and two downstream portions of the
eluant line, a first of the two downstream portions of the eluant line being
connected to the first portion of the eluate line, and a second of the two
downstream portions of the eluant line being connected to the second of the two

downstream portions of the eluate line.
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ABSTRACT

Methods for setting up, maintaining and operating a radiopharmaceutical infusion
system, that includes a radiocisotope 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 parameters for quality
control, and/or to perform purges of the system.

4363039 1.DOC
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