
WO 2007/104133 PCT/CA2007 /000295 

- 24 -

WE CLAIM: 

1. A method of controlling an 82Sr/82Rb elution system 

having a generator valve for proportioning a flow of 

saline solution between an 82Sr/ 82Rb generator and a 

bypass line coupled to an outlet of the generator 

such that saline solution 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 values; and 

between successive elution runs, adjusting at least 

one performance parameter of the elution system 

based on the accumulated error data. 

2. 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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3. A method as claimed in claim 2, wherein the 

accumulated error data comprises the computed error 

values as a function of an estimated flow ratio. 

4. A method as claimed in claim 3, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

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. 

5. 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. 

6. 

7. 

A method as claimed in claim 5, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

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 

adjusting the upper 

of: 

in claim 6, wherein the step of 

1 imi t parameter comprises steps 

if the calculated slope is zero, reducing the 

upper limit parameter by a predetermined 

increment; and 
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otherwise, calculating an adjusted upper limit 

parameter value using the calculated slope. 

8. 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. 

9. A method as claimed in claim 8, wherein the step of 

tuning a performance model of the generator valve 

comprises a step of adjusting a hysteresis factor H 

based on the difference between the predicted and 

actual elution durations. 

10. A method as claimed in claim 1, further comprising a 

step of enforcing a predetermined delay between 

successive elution runs. 

11. A method as claimed in claim 1, further comprising 

steps of: 

12. 

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, 

plurality of operating modes comprise: 

wherein the 

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 line 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. 

13. 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. 

14. A method as claimed in claim 1, further comprising 

steps of: 

15. 

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 claim 14, wherein 

predetermined schedule defines a daily protocol. 

the 

16. 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 more 

of: 

a performance of the generator; 

a proportionality constant between the concentration 

parameter value and the instantaneous activity 

concentration of the active saline solution. 

A method as claimed in claim 16, wherein the 

calibrated performance of the generator comprises 

either one or both of: 

82Rb activity concentration vs. eluted volume; and 

82Sr breakthrough. 

18. A positron detector for detecting instantaneous 82Rb 

activity concentration of an active saline solution 

generated by an 82Sr/82Rb 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 least a portion of the feed line, 

for shielding at least the scintillation fiber 

from spurious radiation. 

19. 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 

5 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 m the nuclear diagnostics is the positron 

emission tomography (PET). Such short and ultra-short living isotopes as C-11, 0-15, N-13, 

10 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 82Sr (t112 = 25.6 days)----+ 82Rb (t112 = 75 seconds) and 68Ge (t112 = 271 days)----+ 68Ga 

15 (t112 = 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 

20 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 

25 4,562,829, 1986), said system comprising: an eluent 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; 

30 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 carrymg 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 m that an automated strontium-

5 rubidium infusion system comprises: an eluent 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 

10 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. 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 

15 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 

20 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 eluate surplus collecting and storing means may be 

25 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 

30 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 

PCT/RU 2008/000211 

An automated strontium-rubidium infusion system includes means for generating 

25 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 

30 having an eluent 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 eluate 

5 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 easier the access to the main protective container 23 during 

recharging a generator system (there are removal of the transporting container with the used 

10 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 

15 filling the syringe pump with an eluent (a 0.9% NaCl solution); a system for transporting an 

eluent and an eluate to a patient or an eluent and eluate 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; 

20 eluate 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 

25 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 

30 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 

5 (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. 

10 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-

15 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 eluate, 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 is used when a necessary Rb-82 activity amount has been made and should be 

20 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 

25 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 

30 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 1 7 .. 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 eluate waste 
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receptacle 20. If an air bubble is not detected, the eluate 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 

10 of the protective box. 

15 

20 

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 

25 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 

30 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 8, 9, and reception of information about an 
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eluate 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 

5 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 

10 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 

15 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 

20 detectors, while detection of said air bubbles immediately results in direction of the eluent and 

eluate wastes to the eluent 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 eluent 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, 

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, 

15 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 

20 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 

25 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 m 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 

30 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 

5 containers, said main protection container being mounted stationary on a shelf of a bogie. 

10 

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) Abstract: The invention relates to medical engineering. The inventive automated strontium-rubidium infusion system com-
0 prises a container with eluent, a strontium-rubidium generator with a filter and a pressure sensor and an eluate infusion unit, which 
~ are connected by means of a transporting system provided with pipes and two three-way valves, radioactivity measuring means and 
-- a control and operating unit. An eluent container is connected to a syringe pump via the first valve, the second three-way valve is 
QO connected to the eluate infusion unit and a waste re~eptacle via the second filter. First and second air bubbles detectors are connected g to the control and operating unit. The second three-way valve is connected to the first three-way valve and to the input of the stron­
M tium-rubidium generator. The generator output is connected to the fourth valve which is connected to the third valve. The first air 

0 
bubbles detector is placed between the eluent container and the first valve and the second air bubbles detector is placed between the 
fourth and second valves. 

~ 
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(OBSCHESTVO S OGRANICHENNOY OTVET­
STVENNOSTIU "PATENT-GARANT"); lllmo30BM 
Ha6epe"JKHM, LI,. 6, crp. 4-5, MocKBa, 115114, Moscow 
(RU). 

(81) YKa3aHHbie rocyJJ;apcTsa (ecHu 1te yKa3aHo UHa•te, OHR 

Ka:)ICOozo euoa HG'lfUOHar1bH01"i oxpaHbl): AE, AG, AL, 
AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, 
BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, 
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

I lllll llllllll II llllll lllll lllll lllll llll I II Ill lllll lllll lllll 111111111111111111111111111111111 

OM, PG, PH, PL, PT, RO, RS, SC, SD, SE, SG, SK, SL, 
SM, SV, SY, Tl, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, ZA, ZM, ZW. 

(84) YKa3aHHbie rocy)]apcTBa (ecmt 11e yKa3a110 1111a<te, dRR 

KG;JFC0020 euoa peZUOHCLHbHOlJ oxpaHbl): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), eBpa3HHCKHH (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), eBponeiicKHH naTeHT (AT, BE, BG, CH, CY, CZ, DE, 
DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
LV, MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

,Ll.eKJiapau:HH B COOTBeTCTBHH c npaBHJIOM 4.17: 
06 aemopcmee U3o6pememm (npaeu.Ho 4.17 (iv)) 

Ony6JI11Kosaua: 
c om<temoM o JHC:)ICOyHapoOHOM noucKe 

(57) Petl>epaT: }fao6peTeHHe OTHOCHTC5f K Me)lHT_(HHCKOH TeXHHKe. ABTO'v!aTH3HpOBaHHa5f CTpOHUHH - py6H;:cHeBa5f HHQJY3HOHHa5f 
CHCTeMa conep"JKHT eMKOCTL c 3JIIOeHTOM, CTpOHUHtt-py6HJIHeBLIH reHepaTop c QJlEILTpOM H )laT'fHKO'v! JJaBJTeHH5f, cpe)lCTBO mm 
HHQlY3HH 3JTIOaTa, coe)lHHeHHble CHCTeMOH TpaHCIIOpTHpOBKH c Tpy6onpOBO]JaMH H J:IBYM5r TpeXXO)lOBLIMH KJJanaHaMH, cpe,IICTBa 
mm H3MepeHH5f pa;:cnoaKTHBHOCTH H 6JIOK KOHTpOJI5f H ynpaBJieHH5f. EMKOCTL c 3JIIOeHTOM qepe3 nepBbIH KJianaH coe)lHHeHa co 
rnnpm1eBLIM HaCOCOM, BTOpOH TpeXXOJ:(OBOH KclanaH coe]JJ-!HeH 'Iepe3 BTOpOH QJHJTLTP co cpeJJCTBOM )lJI5f HHQJY3HH 3JIIOaTa H co 
c6opHHKOM OTXOJ:(OB. TlepBLIH H BTOpott )leTeKTOpLI B03JJYWHLIX ny3LrpbKOB 110,[(K,IIO'feHbl K 6clOKY KOHTPOJI5f H ynpaBJieHH5f. 
BTopott TpeXXO)JOBOH KJJanaH CB5f3aH c nepBbIM TpeXXOJJ:OBbIM KJianaHOM H BXO)lOM CTpOHUHtt-py6nµHeBoro reHepaTopa. BLIXOll 
reHepaTopa IIOJJ:KJIIO'feH K 'feTBepTOMY KJialiaHy, COeJJ:HHeHHOMY c TpeTLHM KJiarraHOM. TlepBLIH JJeTeKTOp B03JlYll1HbIX ny3&1p&KOB 
ycTaHOBJieH MeJK)JY eMKOCTL!O c 3JIIOeHTOM H nepBbIM KJianaHOM, a BTOpOH J:(eTeKTOp - Me)l()ly 'feTBepTbIM H BTOpbIM KJianaHaMH. 
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ABTOM3TH3HpOB3HH3H CTpOHI.J;HH - py6HJJ:HeBaH Hmj>y3HOHH3H CHCTeMa 

I-bo6peTeHHe OTHOCHTC.SI K Me.llHU:HHCKOH TeXHHKe, B l:JaCTHOCTH K 

5 cpe.n.cTBaM aBTOMaTH3aI.J;HH npou:ecca npOH3BO.l(CTBa .l(HarHOCTH'leCKoro paCTBOpa 

OT pa,n:HOHYKJIH.l(HOro CTpOHI.J;Hli-py6H.n.HeBoro reHepaTopa H .l(HCTaHI.J;HOHHOro 

npose,n:eHHH KOHTpOnHpyeMOH HHtPY3HH, c aBTOMan1qecKHM KOHTpOJieM 

OCHOBHbIX. xapaKTepHCTHK rrpou;ecca, TaKHX KaK BeJIHqHHa BBO.llHMOH 

aKTHBHOCTH, senHqHHa OKKJII03HH, HamI'lHe B03JJ:YIIIHbIX rry3bipeli, a TaK)l{e Bee H 

I 0 aKTHBHOCTb paCTBOpa B KOHTeHHepe c OTXO.llaMH. 

0.UHHM H3 HaH6onee nepcneKTHBHbIX HanpasneHHH B H,n:epHOH 

,l(HarHOCTHKe HBJI.SleTC.SI Il03HTpOHH0-3MHCCHOHHaH TOMorpatl>1u1 (TI3T). 

)J;n.SI pa6oThI B TI3T-u;eHTpax HCIIOJib3YIOT Taime KopoTKO H ynI>Tpa-

KOpOTKO)l{HBYI.UHe H30TOIIbI KaK C-11, 0-15, N-13, F-18. 3TO 

15 o6.R3bIBaeT HMeTb Ha MeCTe rrpoBe,n:eHH.SI ,!lHarHOCTHKH U:HKJIOTpOHbI ):(JI.SI 

20 

Hapa6oTKH TaKMx H30Torros. Bo3MO)l{HOCTH TI3T-.n:MarHOCTHKH Moryr 

cymecTBeHHo pacmMpeHbI IIpH HCIIOJib30BaHHH reHepaTOpHbIX 

CHCTeM, BpeM5I )KH3Hl:I MaTepl:IHCKOro pa.n.HoHYKJIM.Ua KOTOpbIX 

rrpeBb!maeT BpeM.SI )Kl:l3HH Hapa6aTbrnaeMbIX Ha 

u;HKJIOTpoHax TI3T-ueHTpOB pa.uHoHyKJIHD.OB. HaH6onee rrepcrreKTHBHhIMH 

cpeD.H H30TOITHbIX reHepaTopoB D.JI.SI TI3T CTO.SIT reHepaTopHbie cHcTeM:&I 

82Sr (t112=25,6 D.Heli) -7 82Rb (t112=75 ceK) H 
68

Ge (t112=271 D.Heii) -7 68
Ga 

(t112=68,) MHH). 

Tio3TOMY B rrpHMeHeHHH K reHepaTopHbIM H30TorraM MO)KHO rosopHTb o 

25 CHa6)l{eHHH HMH JII06bIX KJIHHHK, o6na.n.aiomttx TI3T-CKaHHepaMH, B paMKax 

perMoHa, rocynapcTsa HJIH rpyrrrrhI rocynapcTB. 

HaH6orrhlnee rrpHMeHeHHe rettepaTopHbie cacTeMbI Moryr HaHTH B 

CMOHTHpOBaHHbIX B aBTOTpeH:nepax TaK Ha3bIBaeMbIX M06HJibHbIX TI3T, 

Bbl3bIBaeMhIX .um1 o6cny)KHBaHH.SI KJUfHHK, He HMeIOI.UHX He TOJibKO co6CTBeHHbIX 

30 U:HKJIOTpOHOB, HO H co6CTBeHHbIX TI3T-cKaHHepoB. TipH OTCYTCTBHH «IIpHB.Sl3KH» 

TaKoro M06Hn:&Horo TI3T-cKaHHepa K H30TOnHoli 6aJe cymecTBeHHO 

pacnmpHeTCH pa,n:11yc o6cny)KJfBaeMOH HM TeppHTOpHH. 
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H3BeCTHa cTpOHIJJ1li-pyfo1.zu1emm 11:H<i>y3HOHaJI CHCTeMa npoH3BO.Il.CTBa 

.n;HarHOCTHqecKoro paCTBOpa OT pa,n:HOHYKJIH.Il.HOro CTpOHUHH-py6H.Il.HeBoro 

reHeparnpa H rrpoBe.n;eHmI KOHTpOJrnpyeMOH HH<i>Y3HH (US 4562829, 1986), 

BKJIJOqruoru:aJI eMKOCTb c 3JIIOeHTOM, coe.IJ.HHeHH)'IO COOTBeTCTBYIOII(HMH 

5 Tpy6orrpoBO.IJ.aMH CHCTeMbI TpaHCIIOpTHpOBKH qepe3 nepBbIH TpeXXO,l{OBOH 

KJiarraH c IIIIIpHUeBhIM HaCOCOM, CTpOHUHli-py6H.IJ.HeB.bIB reHepaTop c rrepB.bIMH 

<i>HJibTpOM H .n;aTqHKOM ,n:aBJieHIUI Ha BXO,l{e, BTopoH: TpexXO.Il.OBOH KJiarraH, rrepBoe 

OTBepCTHe KOToporo IIO.Il.KJIIOqeHO qepe3 BTOpoii <i>HJI.bTp K cpe,n:CTBY .n:m1 

HH<i>Y3HH 3JIIOaTa nauHeHry, a BTOpoe - K cpe.Il.CTBY ,l{JUI c6opa H xpaHeHHH 

l 0 H3JUIIIIKOB 3JIIOaTa, cpe,n:CTBa .rum H3MepeH.1UI pa,n:JIOaKTHBHOCTH H CHCTeMa 

KOHTpOJUI H yrrpaBJICHHH. H3BeCTHaJI CHCTeMa He HBJIHeTCH OIITHMaJibHOH no 

CTeneHH 3alI(HTbl OT pa,n:HOaKTHBHOro IB~eHHH H ITO cpoKy CJIY)l(6.bl 

reHepaTOpHOH KOJIOHKH. 

Ilpe.n:naraeMoe H3o6peTeHHe HarrpaBneHo Ha ycTpaHeHHe rrepe1mcneHHhIX 

15 He.Il.OCTaTKOB. )],ocnrraeMhIH rrpH ee HCIIOJib30BaHHH Texm1qeCKHH pe3yJihTaT 

3aKJIJOqaeTCH B IIOBbllIICHIUf 3<l><l>eKTHBHOCTH rrpoBe.n;eHHH .n:11arHOCTJ1qCCKOH 

rrpoue.n:yphI 3a cqeT aBTOMaTH3aQHH rrpouenypnl HH<i>Y3HH, CHH)l(eHHH .Il.03 

He)l(eJiaTeJibHOro pa,n:HOaKTHBHOrO o6~eHHH rrau:HeHTa H o6cny)l(JIBaIOII(ero 

rrepcoHana, yBeJmqeHHH cpOKOB 3KCIIJiyaTaQHH reHepaTOpHOH KOJIOHKH. 

20 Cyru:HOCTh npe,n:naraeMoro .M3o6peTeHMH 3aKJII0qaeTCH B TOM, 'ITO 

aBTOMaTH3HpOBaHHaJI CTpOHUHH - py6M.n;HeBaJI HH<i>Y3HOHHaJI CHCTeMa, co.n:ep)l(HT 

eMKOCTb c 3JIIOeHTOM, CTpOHUHii-py6H.Il.HCBhIH reHepaTop c <i>HJibTpOM H 

.n;aTqHKOM .Il.aBJICHHH Ha BXO)J,e, cpe)J,CTBO )J,JI,SI HH<i>Y3HH 3JIIOaTa rrauHeHTy, 

coe.n:irneHHhie CHCTeMOH TpaHCITOPTJIPOBKH c Tpy6orrpoBO)J,aMH H .Il.BYMH 

25 TpeXXO.Il.OBbIMH KJianaHaMH, cpe,Il,CTBa '.n:m1 H3MepeHHH pa,n:110aKTHBHOCTH H 6noK 

KOHTpOJIH H ynpaBJiemrn. I1p11qeM eMKOCTb c 3JIIOeHTOM "'!epe3 nepBoe H BTOpoe 

OTBepCTHH nepBoro TpeXXO.Il.OBOro KnarraHa coe.n;HHeHa c rnnpHUeBbIM HaCOCOM, 

rrepBoe OTBepCTHe BTOporo TpeXXO.Il.OBOro KJianaHa IlO.Il.KJIJOqeHO 

Tpy6onpOBO.Il.aMH qepe3 BTOpoH: <PmibTp K cpe,Il,CTBY .Il.JIH HH<i>Y3HH 3JIIOaTa 

30 rrauHeHTy, a BTOpoe OTBepcni:e - K c6opHHKY OTXO.Il.OB. B cncTeMy 
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.uorroJIHHTeJihHO BBe.n:eHhI TpeTHH H qeTBepThIH TPexxo.n:OBhie KnarraHhI, rrepBhIH H 

BTopoii .neTeKTOphI B03.Ll)'llIHbIX IIY3biphKOB, IlO,UKJIIOqeHHbie K 6JIOKY KOHTpOJUI H 

ynpaBJieHHH, CB.Sl3aHHOro c KOMIIbIOTepoM, npH 3TOM Tpenlii Tpexxo.uoBOH 

KJiaIIaH CBH3aH rrepBbIM H BTOpbIM OTBepcn:UIMH qepe3 Tpy6onpoBO.Ubl c TpeThHM 

5 OTBepCTHeM nepsoro TPCXXO.UOBOro KJiarratta H BXO.UOM CTPOHI{HH - py6H,U.Hesoro 

reHepaTopa, COOTBCTCTBeHHO. BbIXO.U reHepaTopa IIO.UKJIIO'IeH K nepBOMY 

oTsepcTHIO qeTBepToro TPexxo.nosoro KJiarraHa, nptt'IeM TPen,e OTBepcTHe 

TPeThero KJiarraHa H BTopoe OTBepcTHe 'IeTBepToro KJiarraHa CBH3aHbl 

Tpy6orrpoBO,UOM, nepBbIH .ueTeKTOp B03.UYI1IHbIX ny3hlpbKOB ycTaHOBJieH Ha 

I 0 Tpy6orrpoBo.n:e Me)K.[{y eMKOCThIO c 3JIIOeHTOM H rrepBhIM OTBepcTHeM nepsoro 

KnarraHa, a BTopoii .ueTeKTop ycTaHOBJieH Ha TPY6orrpoBo.ue Me)l{,n:y TPeThHMH 

OTBepCTHHMH "leTBepToro H BToporo KJiarraHOB. 

KpoMe Toro, cpe.n:cTBa .n:mr H3MepeHHH pa.n:HoaKTHBHOCTH BKJIIO'IaIOT 

rrepBbIH H BTopoii .uaT"IHKH aKTHBHOCTli. TipH 3TOM rrepBbIH .uaT'IHK aKTHBHOCTH 

15 pa3MemeH Ha TPY6orrposo.ue Me)K.[{y TPeTbHMH oTsepcTHHM.H 'IeTsepToro H 

BToporo KJiarraHOB H BhIIIOJIHeH B BHJ(e 6eTa-.ueTeKTOpa. 

Pa.n:HaUHOHHax 3am11Ta cpe,n:cTBa .LlJUI c6opa H xpatteHHH H3JHillIKOB 

3JIIOaTa MO)l(eT 6hITb BhIIIOJIHeHa B BH.Ue 3all{HTHoro 6oKca, BKJIIO'IaIO:W:ero 

cpe.ucTBO KOHTPOJUI Beca OTXO.UOB B BH.Ue .uaT'IHKa ycHJIHH, a B oTBepcTHH 

20 3all{HTHOro 6oKca ycTaHOBJieH BTOpoii ,n:aT'IHK aKTHBHOCTH .[{JUI orrpe.ueneHHH 

ypoBHH pa.uHOaKTHBHOCTH OTXO.UOB B BH,Ue raMMa-neTeKTOp. 

KonoHKa CTpOHI{HH - py6H.n:Heaoro reHepaTopa HMeeT pa,n:HauHOHHYJO 

3all{HTy, BKJIIO'IaIO:W:YIO, rrpe.urro'ITHTeJibHO, BHellIHHH OCHOBHOH H 

TPaHCIIOpTHbIB 3a:W:HTHhie KOHTeiiHepbI, rrpH 3TOM OCHOBHOH 3all{HTHhIB 

25 KOHTeHHep CTaUHOHapHO ycTaHOBJieH Ha IlOJIKe TeJie)l(KH. 

30 

CHcTeMa ycTattaBJIHBaeTcx B 3aKpb1TOM nepeMemaeMOM Kopnyce. KpoMe 

Toro, Koprryc CHa6)1(eH C.UBHraIOmeiicH CTOJieIIIHHI{eH. 

CymHOCTb H306peTeHH5I IIOHCHHeTCH cne.uyIO:W:HMH qepTe)l(aMH: 

<l>Hr. 1 - cxeMa HH<j>y3HOHHOH CHCTeMhI; 

<j>Hr. 2 - rrpencTasJieH o6mttli BH.U reHepaTopHo:H ycTaHOBKH c6oKy; 
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qrn:r. 3 - o6ll(HH BH)J. reHepaTOpHOH ycTaHOBKH CBepxy. 

HmKe rrepe1u-1crreH1>I ycrroBHbie o6o3Haqemrn:, Hcrrorr1>3yeM1>1e Ha qepeDKe: 

I - eMKOCTb c 3JIIOeHTOM 

2, 3, 4, 5 - TpeXXO)J.OBbie KJiarraHbI 

6, 7 - .II.aTqHKH aKTHBHOCTM 

8, 9 - .II.aTqHKH )J.aBJieHH» 

10 - rnrrpHuesoH: Hacoc 

11 - CT}JOHUMH:-py6H,D.HeBbIH reHepaTop 

12 - 6rroK KOHTporr» H yrrpasnemrn: 

13 - .naTqMK Beca 

14 - y.II.arreHHbIH KOMilbIOTep 

15, 16 - cpHJibTpbI 

I 7, 18 - .neTeKTop1>1 B03.D:YIIIHbIX rry3bipbKOB 

19 - cpe.II.CTBo .nrr» MHcpy3Mll 3JIIOaTa rrauHeHry (Hrna) 

20 - c6opHHK OTXO)J.OB 3JIIOeHTa H 3JIIOaTa 

21 - rrepeMemaeMbIH Koprryc 

22 - IIITaTHB 

23 - 3all(MTHblli KOHTeliHep CTpOHI.J;llH - py6H)J.HeBoro reHepaTopa 

24 - 3all(HTHblli KOHTeHHep )J.JI}I 6eTa - .neTeKTOpa 

25 - llCToqHHK IIHTaHfUI 

26 - 3all(HTHhlli 6oKC eMKOCTH )];JI.SI OTXO)J.OB 

27 - C)J.BHraIOll(MCH CTOJieIIIHHIJ.a. 

ABTOMaTH3HpoBaHHM CTpOHUHH - py6H)J.HeBa» HHcpy3HOHHM CHCTeMa 

25 BKJIJOqaeT B ce6» cpe.II.CTBa .II.JI» reHepaUHH py6H)J.H»-82 B paCTBOpe, KOTOpbIH 

MO)l(:eT 6bITb BBe.l{eH IlaIJ.fleHTy, a MMeHHO CTIJOHIJ;HH-py6H,D.HeBbIR reHepaTop 11 

( cpHr.1 ), o6bJqHOro THIIa B rpaHCIIOpTHOM KOHTeHHepe. 3TOT KOHTeHHep 

IlOMemaeTCH B 3all(HTHbIH BHeIIIHHH OCHOBHOH KOHTeiiHep 23 H COBMeCTHO c 

IIOCJie.II.HHM ocym:eCTBJIHeT cpyHKU:HIO OCHOBHOH Pa.II.HauHOHHOH 3all(HThI. 

30 CHcTeMa B c6ope MO)l(eT ycTaHasmrnaThC5I B rrepeMemaeMOM Koprryce 21 ( qrnr. 
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2), 3aKphITbIM ,L(eKopanIBHbIMH rraHeJUIMH (He IIOKa3aHo ). Ha CTOJieUIHHI!e 

ycTaHoBJieH IllTanrn 22 c yKperrJieHHOM Ha HeM eMKOCTbIO c 3JIIOeHTOM 1. KpoMe 

Toro, 3,L(eCb ycTaHOBJieH IllIIPHIIeBOH Hacoc 10 H KOMffbIOTep 14. Ha BepxHe:ti 

rronKe rrepeMemaeMoro Koprryca 21 ycTaHOBJieHbI: 

- OCHOBHOH 3alllHTHbIM KOHTeH:ttep 23, BHYTPb KOTOporo IIOMemeH 

CTaH.n:apTHblH TpaHCIIOpTHblH KOHTe:tiHep co CTpOHIIHH-py6H,L(HeBblM 

rettepaTopoM 11; 

- 3alllHTHbIB 60KC 24 c pa3MemeHHbIM BHyTpH Hero .n:eTeKTOpOM 6eTa­

aKTHBHOCTH, H3MepSIIOlllllM aKTHBHOCTb paCTBOpa, rrporne.n:rnero qepe3 

CTpOHIIllH-py6H,L(lleBbIH rettepaTop; 

- MCTOqHllK ITMTaHHSI 25. 

Ha Hm1rneli IlOJIKe pa3MemeH 3allIMTHbIH 60KC 26, BHyTpH KOToporo 

pacrronaraeTCSI c6opHMK OTXO,L(OB 3JIIOeHTa H 3JIIOaTa. 

Ha qmr. 3 BepXHSIH KpblllIKa KOHTe:H:Hepa 23 OTKllHYTa, qTo II03BOJrneT 

15 YBH,L(en, IlOJIOCTb, BHYTPb KOTOpOH IIOMemaeTCH TpaHCIIOpTHhIB KOHTeMHep co 

CTpOHIIMH-py6M,L(HeBbIM reHepaTopoM 11. L,{JIH Toro, qT06bI o6nerqHTb ,L(OCTyn K 

OCHOBHOMY 3alllMTHOMY KOHTeHHepy 23 BO BpeM.H rrepe3apSI,L(KH reHepaTOpHOH 

CHCTeMbl (M3BJieKaeTCH TpaHcnopTHbll KOHTeliHep c OTpa60TaB11IeH: KOJIOHKOH 

CTpOHIIHH-py6n.n:neBoro reHepaTopa 11 ll ycTaHaBJIHBaeTCH TpaHCilOpTHbIH 

20 KOHTeH:ttep co CBe)l(eH reHepaTOpHOH KOJIOHKOH) - qaCTb CTOJielllHHIIbl 

BbIITOJIHeHa B BH,n:e C,L(BllraIOme:H:csi: CTOJielllHMIIbI 27, 06ecneq1rna10meii y.n;o6CTBO 

np11 pa6oTe. 

KpoMe Toro, CHCTeMa BKJIIOqaeT B ce6si: cpe,ncTBa ,L(JUI rrpoBe.n:em·rn 

HH<PY3HH, a H:MeHHO (qmr. 1): urnp1n.i:eaoii ,llHCTaHIIllOHHO ynpaBJIHeMblH 

25 HH<i:>Y3HOHHhIH Hacoc 10, IIITOK KOToporo IIpHBO,llllTCH B .n:eli:CTBHe, HanpH:Mep, 

IIIarOBbIM ,llBHraTeJieM; cpe,n;CTBa ,ll;JUI aBTOMaTH3HpOBaHHOrO 3aITOJIHeHHH 

IIInpm1eBoro Hacoca 3JIIOeHTOM 1 (0.9 % pacTBopoM NaCl); cncTeMy 

TpaHCIIOpTHpOBKH 3JIIOeHTa ll 3JIIOaTa ,L(O rrauHeHTa llJIH c6opHHKa OTXO,L(OB 

3JIIOeHTa H 3JIIOaTa, CHa6)l(eHHYIO MHOrOXO,L(OBbIMH (TpeXXO,L(OBhIMH) KJiarraHaMM 

30 2 - 5 (<i:>Hr.1), ocymecTBJIHIOlllHMH BeTBJieHHe CHCTeMbl TpaHCIIOpTMpOBKll B 
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COOTBeTCTBHH c rrporpaMMOH rrpoBe,lleHHH pa6oT; aHTH6aKTepmUibHbie cpe,llCTBa 

3aIIIHTbI, a MMeHHO aHTM6aKTepHaJibHbie cpHJibTpbI 15 H 16 Ha BXO,lle H BbIXO,lle 

CHCTeMbI TpaHCIIOpTHpOBKH; cpe,llCTBa H3MepeHH.SI aKTHBHOCTH 3JIIOaTa ,llJIH 

TeKymero KOHTpOJUI H )1;03HpOBaHHSI rrpH HHcpy3HH B rrauHeHTa 6 H 7; cpe,llCTBa 

5 H3MepeHH.SI ,llaBJieHmI 8 H 9 B TpaHCIIOpTHOH CHCTeMe, B TOM qttcne H ,llJI51 

H3MepeHH51 OKKJII03HH; c6opHHK OTXO,llOB 3JIIOeHTa H 3JIIOaTa 20, B TOM qifCJie c 

H3MepeHHeM BeJrn:qHHbl aKTHBHOCTll II aeca paCTBopa B eMKOCTH )J;JI51 OTXO,llOB 13 

H ocymecTBJieHH.SI 3aIUHThl OT pa,llHOaKTHBHOCTH; cpe,llCTBa 

aBTOMani3HpOBaHHOro KOHTpOJIH BCero rrpouecca 3JIIOauHH H ero COCTaBHbIX 

10 qacTeii 12, ocymecTBmieMoro c rroMOIUbIO 6opToaoro HJIH y.n;aneHHoro 

KOMIIbIOTepoB 14. 

B OIIHCbIBaeMOH CHCTeMe eMKOCTb c 3JIIOeHTOM 1 ( COJIHHbIM 

paCTBOpoM) COe.ll;HHeHa rrnaCTHKOBbIM cpHTHHrOM c Tpy6orrpOBO,llOM (HarrpHMep, 

rpy6o~OH ,llJIH HHcpy3HH, KOTOpaSI HMeeT BHeIIIHHH ,llHaMeTp 2.5 MM rrpH 

15 BHyTpeHHeM ,llHaMeTpe 1.5 MM). Orpe3KH TaKHX rpy6oqeK (Tpy6orrpoao.n;b1) .uanee 

HCIIOJib3yIOTC51 )J;JI51 rrocrpoeHHH aceH: TpaHCIIOpTHOH CHCTeMbl ,llJISI HHcpy3HH. 

~yro:H: Kotteu rpy6orrpoao.ua rro.n;coe.n;HHeH qepe3 .ueTeKTop ao3,n:ymHbIX 

rry3blpbKOB 1 7' KOTOpbIH, B cnyqae rrpOXO)l{,lleHmI B03.llYIIIHOro rry3blpbKa, 

Bbipa6aTbIBaeT CHrHan Ha 6JIOK KOHTpOJIH H yrrpaBJieHmI 12, KOTOpbIH 

20 Bhlpa6an,rnaeT yrrpasnHIOIUMH c1rrHan Ha KJiarraHbI 2, 3, 4 M 5, B pe3yJibTaTe qero, 

pacTBop 3JIIOeHTa, co.uep)l(amttli B03JJ:YIIIHbIH rry3bipeK, y,n:ansteTc.si B c6opHMK 

OTXO,llOB 3JIIOeHTa H 3JIIOaTa 20, He rrpoXOM KOJIOHKY CTpOHUHH-py6H,llHeBoro 

reHepaTopa 11. 

KnarraH 2 ocymecTBJIHeT rrepeBO,ll 1rncpy3MOHHOH CHCTeMbI B O,llHH H3 

25 ,llByx B03MO)l(HbIX pe)l(HMOB pa60TbI: (1) 3aIIOJIHeHHe mrrpHua rrpH pa6oTe 

rrrnpHuesoro Hacoca 10 Ha BCaCbIBaHHe COJIHHOro paCTBOpa H3 eMKOCTH c 

3JIIOeHTOM 1 (qepe3 rrepsoe H BTOpoe OTBepcnrn KJiarraHa) HJIH (2) HHcpy3HIO, T.e. 

rro.z:i;aqy comrnoro pacTsopa H3 3arr01rneHHoro rnrrpHua rrmpHuesoro ttacoca 10 B 

HHcpy3HOHHYIO CHCTeMy (qepe3 rrepsoe H TpeTbe OTBepcnrn KJiarratta). 
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TpexxonosoH: Krrana.H 2 nanee coenMHeH orpe3KOM coe.n:MHMTerrhHOH 

Tpy6KH c rrepBhIM OTBepcTMeM rpeTI>ero rpexxo.n:osoro KrranaHa 4, BTopoe 

OTBepCTlle KOTOporo coe.n:1rneHO qepe3 rrepBhIH $HJihT}) 15 c BXOL{OM KOJIOHKH 

crpoHUMli-py6HnHeBoro rettepaTopa 11. KoHTporrh naBnemrn Ha Bxo.n:e B KOJIOHKY 

5 cTpom.:t:HH:-py6Hn1-ieBoro reHepaTopa 11 ocymecTBJUieTC}I rrepBhIM .n:aTqHKOM 

naBrremrn 8. 

TpeThHM OTBepcTHeM KrrarraH 4, qepe3 orpe3oK coe.n:ttHHTerrhHOH 

Tpy6KH, noncoe.n:HHeH KO BTopoMy OTBepcTmo qeTBepToro rpexxo.n:oaoro 

KJiarraHa 5. 3TOT KJiarraH TaK)Ke llMeeT coenHHeHH}I c BhIXOnHOH rpy6KOH 

10 KOJIOHKll crpOHUllH-py6II.n:IIeBoro reHepaTopa 11 (rrepaoe OTBepCTHe) ll 

rrponorr)KeHJieM HH$Y3MOHHOH CllCTeMbl Ha TpeTbeM OTBepCTllH. 

B pe)KHMe pa6oThI ump11ueaoro Hacoca «irn$y3HH» rrapa 

rpexxo.n:oBhIX KJiarraHOB 4, 5, pa60TaH CHHXpOHHO, II03BOJI}JeT JIH6o npoKaqHB3Th 

comrnoii pacTBop 113 rnnpm:i:a 10 1'.Iepe3 KOJIOHKY crpottu.11:H-py611.u11eBoro 

15 reHepaTopa nanhrne B HH<l>Y3HOHHYIO CHCTeMy y)Ke B BH.n:e 3JIIOaTa, T.e. paCTBOpa, 

o6oramettHoro Rb-82, JIH6o npoKa"!HBaTh coJUIHoH: pacTaop B HH$Y3HOHHyIO 

CHCTeMy, MHHYH CTpOHUHR-py6HnIIeBhIH reHepaTop 11. 3TOT pe)KHM pa60Thl 

Tor.n:a, Kor.n:a Heo6xonttMoe KOJIHqecTBO aKTHBHOCTH Rb-82 

Hapa6oTaHo Ii OHO L{OJDKHO 6hITh .n:ocTaBJieHO rrauHeHTY 19, a HH<l>Y3HOHHaH 

20 CHCTeMa nom1rna 6bITh 3aITOJIHeHa HeaKTllBHbIM COJIHHhIM paCTBOpOM Ha KOHeu 

IIH<l>Y3HH B rrauHeHTa. ilpH HCIIOJih30Ba.HHll pe)KHMa npoKaqKlf comrnoro 

paCTBopa rrpaKTHqeCKH BCH fIH$y3HOHHaH CllCTeMa, 3a HCKmoqeHHeM 

coenHHIITerri.ttoro rpy6onpoBo.n:a OT ai.rxona H3 crpoHUHli-py6HnHeBoro 

reHepaTopa no qeTBepToro TpexxonoBoro KJiarratta, 6y.n:eT 3anoJIHeHa 

25 Hepa.n:HoaKTHBHhIM COJUIHhIM pacTBOpOM H He 6yner HBJI}!ThC.SI HCTOqHJIKOM 

L{OilOJIHHTeJibHOH He)KeJiaTeJibHOH pa,n:HOaKTHBHOCTH Ha nau.tteHTa H 

o6cny)KHBaIOII.lllH rrepcoHarr; KpoMe Toro, o6neM COJI}!Horo pacTBopa, 

Heo6xo,z1;1-1MhIH nIDI nonasmrna.HII}I Hapa6oTa.HHoro 3JIIOaTa B rrau.tteHTa He 6y.n:eT 

rrpoxonHTb qepe3 KOJIOHKY CTpOHUHli-py6H.n:IIeBoro reHepaTopa H HCTOII:(aTb ee, 

30 T.K. H3BeCTHO, qTo IlOTeHUlUI reHepaTopa 3aBIICHT He TOJihKO OT apeMeHH ero 
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3KcrrnyaTaIJ,HH, HO TaK:>Ke H OT o6neMa rrporry:meHHoro qepe3 Hero con.si:Horo 

pacTBOpa. 

Ha Tpy6orrpoBo.ne OT TpeThero OTBepcTmI qeTBepToro Tpexxo.noBoro 

KJiarratta 5 ~o TpeThero OTBepcTHM BToporo rpexxo~oBoro KJiarraHa 3 

5 ycTaHOBJieHbI rrepBblH )leTeKTOp pa.zurnaKTHBHOCTH 6 (6eTa-.neTeKTop) H BTOpOH 

,ZieTeKTOp B03.lIYIIIHbIX rry3bipbKOB 18, aIIaJIOrHqHbIH rrepBOMy .neTeKTopy 

ITY3blpbKOB 1 7. IIpH o6Hapy:>KeHHH B03.n;ynmoro rry3bipbKa, .neTeKTop 18 

Bbipa6aTbIBaeT CHrmllI Ha 6JIOK KOHrpom1 H yrrpaaJieHH.SI, KOTOpbIH B:&ipa6aThIBaeT 

yrrpaBIDIIOIUHH ClffHaJI Ha KJiaIIaH BToporo rpexxo,ZioBoro KJiarraHa 3. B 

10 pe3yJibTaTe, 3JIIOaT CO,Ziep:>KaIUHH B03,ll:YIIIHblll rry3:&1peK, y.n;an.SieTC.SI B c6opHHK 

oTXo.nos 3JIIOeHTa H 3JIIOaTa 20. EcnH B03.lIYIIIH:&Iii rry3:&1peK He o6Hapy:>KeH, 

3JIIOaT HarrpaaIDieTc.SI qepe3 rrepsoe OTBepcTHe rpexxo.n;oBoro KnarraHa 3 11 BTopoM: 

q:mJibip 16 B rrau:11eHTa, T.e. Ha HTJIY 19 

.LJ:eTeKTOp pa,n:HOaKTHBHOCTll 6 pa6oTaeT B pe)l{HMe pean:&Horo speMeHH 

15 H H3Mep.SieT aKT.HBHOCT:& Rb-82 B MecTe pacrrono:>KeHH.SI .neTeKTopa 18. 

KoHipOJib 3a HarroJIHem1eM c6opH.11Ka JIIDI oTxo.n:oB )l{H.lIKOCThIO 

ocy:meCTBJI.SieTC.SI c IIOMOIUblO .n:arqH.Ka YCMJI.Hll (He IIOKa3aH) . .D:IDI H3Mepemrn: 

pa,n:H.OaKTHBHOCTH, co.ri:ep:>Ka:meiicsi: B c6opHHKe JJ:JI.SI OTXO)lOB 3JIIOeHTa H 3JIIOaTa 

HCIIOJI:&3yeTC.SI BTopoii .n:aT<IllK pa,n:HOaKTHBHOCTll 7 (raMMa-.neTeKTop). 

20 Pa,n:HaU:HOHHasI 3aIUHTa cpe.z:i;cTsa .ZJ:JISI c6opa H xpaHeHHSI H3JIHIIIKOB 3JIIOaTa 

BbIITOJIHeHa B BH)le 3aIUHTHOro 6oKca, B COCTaB KOTOporo BKJIJOqeH .n;arqHK 

yc.11mur, a B OTBepcT.H.H 3arn;.HTHoro 6oKca ycTaHOBJieH BTOpo:H: .n;arqHK 

aKT.HBHOCTH. 

IIpH ocyrn;eCTBJieHHH HH$Y3.H.H B rrau:MeHTa BTOpoli TpeXXO)lOBOH 

25 KnarraH 3 rrepeKJIJOqeH Ha rrporrycKaHHe 3JIIOaTa Ha rpy6orrposo.ri: coe.z:i;11HeHHbIH c 

H:rnoii 19 qepe3 MHnmmoposcKHH $Hnhrp 16. Ha 3TOM orpe3Ke ycTaHOBJieH 

BTOpo:H: .n;aTqlfK .naBJieHH.SI 9, II03BOJI.SIIOIUHH ll3Mep.SITb .n:asrreHHe OKKJII03.Hll rrp.11 

sse.neHHH pacTsopa, co.z:i;ep:>Ka:mero Rb-82, s rrau:HeHTa. 
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Tipouecc pa60ThI CTpOHUHH-py6H.Z:(lleBOH HH$Y3HOHHOH CHCTeMhI 

IIpOHCXO.UHT IIO.U ynpaBrreHHeM yrrpasmnomeii KOMIIbIOTepHOH rrporpaMMhI, B 

KOTOpoH: IIpOIIHChIBaeTC.H COCTO.HHHe Ka)l()loro H3 ycTpOHCTB, BXO.U.HIIl;HX B 

HH$Y3HOHHYJO CHCTeMy, Ha MOMeHT Haqarra H OKOHqaiurn: BbIIIOJIHemrn mara, 

5 TaK)Ke nponHChIBaIOTC.H .ueikTBH.H 3THX YCTPOMCTB 11 ycnoBHJI 11x 

<PYHKUHOHHpOBamrn B HOpMarrhHbIX ycnomrnx H B crryqae B03HHKHOBemrn 

aBapHHHOH CHTyaUHH. 

,[(JIJI HCKJil01IeHHJI neperrOJIHeHH.H B c6opHHKe OTXO)J.OB 3JIIOeHTa H 

3JIIOaTa 20 pa.uHOaKTHBHOH )Kl{.l\KOCTH, ocymecTBJI.HeTC.H JJ.HCTaHUHOHHhlli 

10 KOHTpOJih 3a rrpe.ueJihHbIM 3HaqeHHeM ee ypoBHJI c IlOMOIIl;blO .uarqH:Ka ycHJIH.H, 

IIpH 3TOM KOHTPOJIHpyeTe.H o6rn;RH Bee rapbl H )KH,llKOeTH, ocymecTBJI.HeTeJI 

TeKylil;HM KOHTPOJib 3a 3HaqeHHeM aeca (o6neMa) )KH)J.KOCTH H 3a rrpe.uenbHbIM 

ero 3HaqeHHeM. KpoMe Toro, $HKCHpy.H Bee nycTOM Tapbl .UJIJI c6opa OTXO)lOB, 

eHeTeMa pernaMeHTHoro onpoea 6noKa KOHTpOJIJI H ynpaBJieHH.H ycTaHOBKH 

15 nonyqaeT HH$opMal(HlO 0 TOM, qTo Tapa yeTaHOBJieHa B KOHTeMHepe. 

MaKCHMaJibHbIH o6neM OTXO.UOB B Tape coeTaBJI.HeT 250 MJI. 

bJIOK KOHTPOJIJI H ynpasneHH.H IIO)J.KJIIOqeH K y.uarreHHOMY KOMIIbIOTepy, 

Ha .n:Hcrrnee KOToporo oTo6pa)Kaere.SI rpa$HqecKax MHeMocxeMa reHepaTopHoro 

ycrpOMCTBa, 06ecneqHBa10max Ha6n10.n:eHHe KOHTPOJIHpyeMbIX rrapaMerpoB B 

20 aBTOMaTHqecKOM pe)KHMe H orrepaTHBHOro yrrpaBJieH.H.H OT)J.eJihHhIMH 

3JieMeHTaMH (3rreKrpOMarHHTHbIMH rpeXXO.UOBhIMH KJiaIIaHaMH 2 - 5, HaeoCOM 

10) B pyqHOM pe)KHMe. CxeMa Il03BOJIJieT Ha6rr10.uaTh 3a TeKyrn;HM COCTO.HHHeM 

BCex 3JieMeHTOB OIIHebIBaeMOH eueTeMbI HHci>Y3HH (KJiaIIaHOB 2-5, .uereKTOpOB 

B03.UYllIHhIX rry3bipbKOB 17, 18) H 3a pa6oToH: mrrpRUeBoro Hacoca 10. TaK)l{e 

25 oHa rro3BOJIJieT rronyqarh 1rn$opMaUHIO o napaMerpax .uasnemrn B MarHcTpan5Ix 

OT .uarq.HKOB .uaBJieHH.H 8, 9, aKTHBHOCTH 3JIIOaTa Ha BhIXO.Ue H3 reHeparopHOM 

KOJIOHKH 11 H eyMMapHOH aKTHBHOCTH, Beca eMKOCTH c6opHHKa OTXO,!l,OB 

3JIIOeHTa H 3JIIOaTa 20, aKTHBHOeTH B eMKOCTH c OTXOD,aMH OT .ueTeKTOpOB 6,7. 

ErroK KOHTPOJIJI H yrrpaaneHRJI 12 cHeTeMbI eBJI3aH c yrrpaBJI.HIOIIl;HMH 

30 3JieMeHTaMH reHeparopHoii ycTaHOBKH - ::meKTpoMarHHTHhIMH TPexxo.n:oBhIMH 
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KJiarraHaMH 2, 3, 4, 5 H HacocoM I 0, a TaKlKe BKmoqaeT ::>JieMeHTbI .l(JIH c6opa H 

o6pa60TKH CHrHaJIOB c .n:aPmKOB 6, 7 (,n:aTqHKll pa.n:HOaKTHBHOCTll), 8, 9 (,n:aTqHKH 

.n:rurnemrn:), 17, 18 (,n:eTeKTOpbI B03.IJ:YIIIHbIX rry3bipbKOB ). EJioK yrrpaBJieHHH 12 

CBH3aH c IIaHeJibHhIM rrepcomUibHbIM KOMIIbIOTepoM (PPC) HJIH JII06bIM .upyrHM 

5 y.n:aneHHbIM KOMIIbIOTepoM (14) no KaHaJIY Ethernet. OH noJiyqaeT KOMaH,n:bI OT 

PPC HJHI y.uaneHHoro KOMIIbIOTepa Ha BbIIIOJIHeHHe oT,n:eJihHhIX maros 

rrporpaMMbl pa6oThI reHepaTOpHOM ycTaHOBKH H irncpopMHpyeT HX 0 TeKyrn;eM 

COCTOHHHH yrrpaBJUleMbIX HM 3JieMeHTOB H COCTOHHHH .n.aT11HKOB CHCTeMhl. 

OrrHchrnaeMM cHcTeMa IIOBhrmaeT 6e3orracnocTb 3KCIIJiyaTaU:HH, TaK 

10 KaK aBTOMaTH3al(HH rrpou:ecca HHcpynuI II03BOJIHJia 3HaqH:TeJibHO COKpaTHTb 

pa.n;HOaKTHBHOe o6nyqeHHe 3a cqeT BBe,n:eHHH B CHCTeMy ,IlOIIOJIHHTeJibHbIX 

KJiarraHOB, o6ecrreqHBaIOIIJ;HX BeTBJieHHe rpy6orrposo.n:os. B pe3ynI:.TaTe, 

IIOHBHJiaCb B03M0)l(HOCTb .uo.n:asmrnaHH.SI Hapa6oTaHHoro 3JIIOaTa B rrau:rreHTa 

3JIIOeHTOM, MHHYH CTpOHU:Hli - py6H,UHeBhili reHepaTop. ITpH 3TOM rpy6orrposo.n: 

15 rrpoKaqHsaeTCH Hepa.n;HOaKTHBHbIM 3JIIOeHTOM H He rrpOHCXO,I{HT 

.l(OIIOJIHHTeJlhHOro HCTOIIJ;emrn CTpOHI(HH - py611.n:HeBoro reHepaTopa, qTo 

yse1111qMsaeT cpoK ero 3KCrrJiyaTal(HH. KpoMe Toro, HCKJIJOqaeTCH pHCK 

co.n:ep)l(aHHH B03.UYIIIHhIX ny3hiphKOB B 3JIIOaHTe, .n:ocTaBJIHeMoro rrauMeHTy, 3a 

C"lfeT BBe,n:eHHH B CHCTeMy .ueTeKTOpOB B03JJ:YIIIHhlX IIY3blpbKOB, rrpH 

20 o6Hapy)l(emm KOTOpbIX, 3JIIOeHT cpa3y HarrpaBJIHeTCH K c6opHHKY OTXO,I{OB 

3JIIOeHTa H 3JIIOaTa qepe3 OTBeTBJieHHH Tpy6orrposo.n:a, He HCTOIIJ;aH CTpOHUHH -

py6M,UHeBbIH rettepaTop. 
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<l>opMyJia H306peTeHHH 

1. ABTOMannHpOBaIIHM CTpOHUHH - py6t.UlHeBaH J·rncpy3HOHHaH 

5 CHCTeMa, conep)l{aIUaH eMKOCTb c 3ITJOeHTOM, CT}JOHUHii-py6H)lHeBbIH reHepaTop 

c cpHnbTpOM H naT1IHKOM )laBJieHirn: Ha BXO,ll.e, cpe,ll.CTBO ,ll.JUI HHcpy3HH 3JIIOaTa 

nauMeHTy, coenHHeHHbie CHCTeMOll TpaHcnopTHpOBKH c Tpy6onpoBO.l].aMH H 

JlBYM51 TpeXXO.UOBbIMH KJiarraHaMH, cpe.IJ.CTBa .UJI51 H3MepeHH51 pa.uMoaKTHBHOCTH H 

6JIOK KOHTpOmI H ynpaBJieHHH, rrpH1IeM eMKOCTh c 3JIIOeHTOM qepe3 rrepBoe H 

10 BTopoe OTBepcTHH rrepsoro -rpexxo.uosoro KnarraHa coe.n.HHeHa c IIInpHUeBhIM 

15 

20 

25 

30 

HaCOCOM, rrepBoe OTBepCTHe BTOporo TpexXO,ll,OBoro KJianaHa IIO,ll,KJII01IeHO 

rpy6orrposo.uaMH qepe3 BTopo:H: cpHJibTp K cpe.n.crBy .n:mi: HHcpy3HH 3JIJOaTa 

rrauHeHTY, a BTOpoe OTBepCTHe - K c6opHHKY OTXO,ll,OB, OTJIH1IaIOIUMCH TeM, qTo 

.uorronmnenbHO sse.neHbI TP~THH H qeTsepThIH -rpexxo.uoBhie KJiaIIaHhI, nepBhiii 11 
i 

~ I 6 BTOpoa .ueTeKTOphI B03.ZJ:YIIIH)'>IX IIY3hipbKOB, ITO.U.KJIJOqeHHhie K JIOKY KOHT}JOJ151 H 

I ~ ~ 
yrrpaBJieHHH, CBH3aHHoro Ci KOMIThIOTepoM, rrpH 3TOM TpeTHH TpexXO,ll,OBOH 

I . . 
KJiaIIaH CB513aH rrepBbIM H BTppbIM OTBepCTHHMH qepe3 Tpy6onpoBOllhI c -rpeThHM 

I . ~ 6 
OTBepCTHeM rrepsoro Tpexxoposoro KJiarraHa H BXO.UOM CTpOHUHH - PY H,llHeBoro 

I 
reHeparopa, COOTBeTCTBeH1iO, BhIXOll reHepaTopa IIO.IJ.KJIJOqeH K rrepBOMY 

I 
OTBepCTHIO qeTBepToro Tp~XXOL(OBOrO KJiarraHa, rrpHqeM TpeThe OTBepcn1e 

I 
TpeThero KJiaIIaHa H BTOpoe OTBepCTHe qeTBepToro KJiarraHa CBH3aHb1 

I 
Tpy6onpoBO,ll,OM, nepBhIM 4eTeKTOp B03llYIIlHbIX rry3blpbKOB ycTaHOBJieH Ha 

I 
Tpy6orrposo.ue Me)l{,lly eMKO~ThIO c 3JIIOeHTOM H rrepBhIM OTBepCTHeM rrepsoro 

I . 
KJiamrna, a BTOpoH: ,lleTeKTOp ycTaHOBJieH Ha -rpy6orrpoBO.Ue Me)K)ly rpeTbHMH 

. I 
OTBepCTHHMH qersepToro H BToporo KnarraHOB. 

2. CHcTeMa no rr.11, OTJIHqaiomrui:c.sr TeM, l'.ITO cpe.ucTBa .D.JIH H3MepeHH.SI 

I ~ ~ 
pru:urnaKTHBHOCTH BKJUoqaIO'I' nepBbIH H BTOpOH ,llaTl'.IHKH aKTHBHOCTH. 

3. C11cTeMa rro tj.2, OTJIHqaJOIUMC5l. TeM, qTo rreps1>1H: .naTLIHK 

aKTHBHOCTH pa3MemeH Ha: rpy6orrposo.ue Me)l{,lly TpeTbl1MH OTBepcnrnMH 

I 
LieTBeproro H BToporo KJiana*1oB H BhIIIOnHeH B BH)J,e 6eTa-.neTeKTopa. 

4. CttcTeMa no n.11, OTJIWfaIOIUruIC» TeM, "<ITO pa.n;HaUHOHHruI 3ilIUHTa 

I 
c6opHHKa OTXO.llOB BhITIOITHeHa B BH,lle 3aIUHTHOrO 6oKca, BKJUO"tfaIOmero 

I 
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12 
cpe.IJ,CTBO KOHTpOJrn Beca OTXO.IJ,OB, BbIIIOJIHeHHOro B 

yc:mnuI, a B OTBepcnu1 

3alllHTHOfO 6oKca ycTaHOBJieH BTOpOH .IJ,aT'!HK aKTHBHOCTH .IJ,JIH orrpe.IJ,eJieHHH 

pa.Il,HOaKTHBHOCTH OTXO.IJ,OB, B BU.IJ,e ra.MMa-.IJ,eTeKTOpa. 

5. CHcTeMa no rr.1, OTJIH'IaIOillaHCH TeM, ~o cTpottu;i1Il. - py6H.IJ,HeBhIH 

reHepaTOp HMeeT pa.IJ,tia.UHOHHYIO 3aIJJJITy, BKJIIO'!a10m:y10 BHeUIHHH OCHOBHOH H 

TpaHcrropTHbIH 3amHTHbie KOHTeHHepbI, rrpH 3TOM OCHOBHOM 3am:HTHbIH 

KOHTeHHep CTaIJ;HOHapHO ycTattOBJieH Ha IlOJIKe TeJie>KKH. 

6. CttcTeMa no rr. l, OTJIH'IaIOID:IDICH TeM, ~o otta ycTaHOBJieHa B 

l 0 3aKpbITOM rrepeMew;aeMOM Koprryce. 

7. CHcTeMa no rr.6, OTJIH'Iruomaacsi: TeM, 'ITO Koprryc ctta6)l{eH c.IJ,Bttra10melicsi: 

CTOJieillHHUeH. 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/RU2008/000211 

A. CLASSIFICATION OF SUBJECT MATTER A61M 51168 (2006.01) 
A61M 36106 (2006.01) 

According to International Patent Classification (IPC) or to both national classification and IPC 
A61B 6/0() (2006.01)_ 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

A61 M 36/00-36/06, 5/00-5/155, AGIB 6/00-6/10, A61 M 5/168 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

http://www. uspto. gov; http://depatisnet.dpma.de; http://ep.espacenel.com;http://www.fips.ru; 
http://www.eapatis.com 

c. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

A US 4562829 A (E.R. SQUIBB & SONS, INC.), 07.01.1986, 1-7 
the abstract, figure 1 

A EP 0310148 A (E.R. SQUIBB & SONS, INC), 05.04.1988, 1-7 
the claims, figure 

A RU 2219959 C2 (FEDERALNOE GOSUDARSTVENNOE 1-7 
UNITARNOE PREDPRIYATIE NAUCHNO-ISSLEDOVATELSKY 
INSTITUT ELEKTROMEKHANIKI) 27.12.2003, the claims, figure 1 

D Further documents are listed in the continuation of Box C. D See patent family annex. 

"' Special categories of cited documents: "T' later document published after the international filing date or priority 
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand 

to be of particular relevance the principle or theory underlying the invention 

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 
filing date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be special reason (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use. exhibition or other combined with one or more other such documents, such combination 
means being obvious to a person skilled in the art 

"P" document published prior to the international filing date but later than "&" document member of the same patent family 
the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

24 July 2008 04 September 2008 

Name and mailing address of the ISA/ Authorized officer 

RU 

Facsimile No. Telephone No. 

Form PCT/ISA/210 (second sheet) (April 2005) 
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Me)l{.UyHapo.uHIDI 3IDIBKa N2 

QTqET 0 ME)l{,Ll;YHAPO,Ll;HOM IIOHCKE PCT/RU 2008/000211 

A. KJIACCH<l>HKAL(H.H flPE,[{MET A H30EPETEHH.H: A61M 51168 (2006.01) 
A61M 36106 (2006.01) 

CornacHo Me)l{.UyHapo.uHoii naTeHTHoii KJiaccmpHKaU:HH MIIK A61B 6100 (2006.01) 
B. OEJIACTH flOHCKA: 

IIposepeHHhiii MffHHM)'M .uoKyMeHTaU:Hff ( CHCTeMa KJiaccH<liHKau:HH c ffH.UeKCaMH KJiaccH<liHKau:RH): 

)J.pyrIDI nposepeHHIDI .UOK)'MeHTaL{ffll B TOH Mepe, B KaKOH OHa BKJII04eHa B IlOHCKOBhie no.u6opKH: 

A61M 36/00-36/06, 5100-51155, A61B 6/00-6/10, A61M 5/168 

3JieKTpOHHWI 6a3a .uaHHhJX, HCilOJih30BaBIIIIDIC.!I npH IlOHCKe (Ha3BaHHe 6a3bl H, ecJIH, B03MO)l{H0, HCilOJib3yeMbie IlOHCKOBhle 

TepMHHhI): http://www. uspto. gov; http://depatisnet.dpma.de; http://ep.espacenet.com;http://www.fips.ru; 

http://www.eapatis.com 

C. }J;OKYMEHThI, cqHT AIOIIUfEC.H PEJIEBAHTHhIMH: 

KaTeropH.11* lJ,HTHpyeMhie .UOK)'MeHThl c JKa3aHHeM, r.ue 3TO B03MO)l{HO, peJieBaHTHhJX 4aCTeii 0THOCHTC.!I K IlYHKTY N!! 

A US 4562829 A (E.R. SQUIBB & SONS, INC.) 07.01.1986, peqiepaT, <l>Hr. I 1-7 

A EP 0310148 A (E.R. SQUIBB & SONS, INC) 05.04.1989, 4JopMyna, 4JRr. 1-7 

A RU 2219959 C2 (<l>E)J.EPAJihHOE rOCY)J.APCTBEHHOE YHHTAPHOE l-7 

IIPE)J.IIPIDITHE HAYqHO-HCCJIE)J.OBA TEJihCKHH l1HCTI1TYT 

3JIEKTPOMEXAHI1Kl1) 27.12.2003, 4JopMyna, qrnr. I 

--1ocne.ll}'IOllltte AOK)'MeHTbI yKa3attbl B npo.110JIJKeHHtt rpa!fib1 C. I l.11attHbie 0 naTeHTIIX-attanorax YKB38Hbl B npHJIOJKeHHH 

• Oco6ble Karerop>rn ccblnO'!HbIX llOK}'MeHTOB: T 6onee noJllHHli llOK}'Me>rr, ony6nHKOBaHHbili nocne naTbl 

A llOK}'Me>IT, onpe11en>110ll{Hli 06uU1li ypoBeHb TeXHHKH H He C'!>rra!OllJHHC>I Me>HJl)'HapO.UHOli fi01l3'1H HnH npHOpHTeTII, HO npHse.ueHHblli 

oco6o peneBa>ITHhIM Jl.IDI DOHHM3HHJI npHHUHila HJIH reopHH, Ha KOTOpbIX 

E 6oJiee paHHUI 33HBKa HJlH nareHT, 
0

HO ony6nHKOBaHHa>I Ha .uazy OCHOBbIB8eTC>I H306pereHHe 

Me1K.LzyHapo.nttoH no.na'Ui mm rrocne Hee x .llOK)'MeHT, HMeIOmHli HaH60.1ee 6JIH3KOO OTHOIIJCHHe K npe.uMe'I)' 

L llOK)'Me>IT, no.ueepraIOllJHH COMHeHHlO npHT>I3aHHe (>1) Ha npHOp>rreT, IlOHCKa; 33JIBJICHHOe H306peTeHHe He 0611.a.naeT HOBHJHOH HJIH 

HJIH KOTOpbili IIpHBOAHTCll C UCJiblO YCTIIHOBJICHH>l )laTbl ny6JIHKaI{HH H3o6penrreJibCKHM ypOBHeM, B cpasHeHHH c JlOK)'MeHTOM, B3HTbIM 

.llpyroro CChlJIO'LfHOro .UOKYMCHTa~ a TIUOKe B ApyrHx ue1111x (KaK ytcaJaJio) B OT.llCJJbHOCTH 

y .llOJCYMe>IT, HMelOIJlHH HaH6onee 6JIH3KOe OTHOllleHHe K npe)lMe'I)' 

0 .D.OK}'MeHT, OTHOCJilUHHCH K yCTHOMy pacKpbITHIO, HCilOJlbJOBamno, nOHCKa; 3a>IBJieHHOO H306peTeHHe He o6rranaeT H300peTaTCJibCKHM 

31CCilOHHposaHHIO H T . .ll. ypoeHeM, KOr)la .ll.OK}'Me>IT B3llT B CO'!eTaHHH c O.UHHM HnH HeCKOJib-

p llOK}'Me>IT, ony6JIHKOBaHHblH llO )laTbl MClK.llYHapOllHOli no.ua'IH, HO KHMH JlOK)'MeHTilMH TOH >Ke KareropHH, TaKfill KOM6HH3UH>l 

nocne Jl3Thl ncnpaw11.saeMoro npttopHTeTa .ilOKj'MeHTOB 011eBHJl,Ha JlJUI cneUHanHCTII 

& .ll.OKj'MeHT, RBJUUOIUHHC.R nareHTOM-aHanoroM 

)J.aTa .uei1CTBHTeJibHOro 3aseprneH11.11 Me)l{.uyHapo.n- ~aTa OTnpaBKH Hacroiuuero OT4eTa 0 Me)l{.uyHapo,nHOM IlOHCKe: 

HOro nOHCKa: 24 HIOJISI 2008 (24.07.2008) 04 ceHT.116pS1 2008 (04.09.2008) 

Ha11MeH0BaHl1e 11 aD.pec ISNRU YnoJIHOMoqettttoe JIHQO: 

<l>fY <I>HIIC, P<I>, 123995, MocKsa, r-59, rcn-5, JI. lfopenattoea 

Eepe)l{KOBCKIDI Ha6., 30, l 
<l>aKc:( 499) 243-3337 Te11ed>ott N2 (499) 240-25-91 

<l>opMa PCT/ISA/210 (ernpofi JIHCT)(moJih 2008) 
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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. 
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submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
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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 
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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 US PTO 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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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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INTELLECTUAL PROPERTY GROUP 
FREDRIKSON & BYRON, P.A. 
200 SOUTH SIXTH STREET 
SUITE 4000 
MINNEAPOLIS, MN 55402 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Stephen E. Hidem 56782.1.7 
CONFIRMATION NO. 7377 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!l]~~1~~1~~UHHHt111111111111111111111111 

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 
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22859 
Customer Number 

Patent 
Case No.: 56782.1.7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Application No.: 

Filed: 

Stephen E. Hidem 

12/137,364 

June 11, 2008 

Group Art Unit: 2628 

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 3 7 C.F .R. § § 1.16 and 1.1 7, 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. 

October 24 2008 
Date 

Fredrikson & Byron, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, MN 55402-1425 USA 
Telephone: (612) 492-7000 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Elisabeth Lacy Belden/ 
Elisabeth Lacy Belden 
Registration No. 50,751 

2332 of 2568



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 Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless it dis la s a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent Owner: Stephen E. Hidem et al. 

Application No./Patent No.: _1_2_/_13_7_.,._3_6_4 ___________ Filed/Issue Date: _J_u_n_e_1_1 ... ,_2_0_0_8 _________ _ 

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. [Z] the assignee of the entire right, title, and interest; or 

2. D 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. [Z] An assignment 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. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

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:--------------------

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

Reel Frame ________ _ or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet. 

[Z] 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 assignment 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. ~ MPEP 302.08] 

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

/Elisabeth Lacy Belden/ October 24, 2008 
Signature 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 .0. 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. 

2. 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. 

3. 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. 

4. 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 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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)). 

7. 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. 

8. 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. 

9. 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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POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I 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: 

1i<:J Practitioners associated with the Customer Number: I 22859 

I 
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: 

1i<:J The address associated with the Customer Number: I 22859 

I OR 

LJ Firm or 
Individual Name 

Address 
City I State I Zip 
Country 
Telephone I Email I 

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 Attorney 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 

, 
Signature It~ 
Name M1c.haJ ~. V'hn rtt;~ Date s-/Cf/cf 
Title ~\Onr[U, (blM4 /{ Telepho~~ 

{Ant..,Cf ...-t.?o;s 

' 
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Doc Code: OATH 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 
. I'd OMB t I b Under the Paoerwork Reduction Act of 1995 no oersons are reauired to resoond to a collection of information unless it contains a va 1 con ro num er. 

r Attorney Docket 
56782.1.7 DECLARATION FOR UTILITY OR Number 

DESIGN First Named Inventor Stephen E. Hidem 

PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63) Application Number 12/137,364 

D Declaration 0 Declaration Filing Date June 11, 2008 
Submitted OR Submitted after Initial 
With Initial Filing (surcharge Art Unit 

2628 
Filing (37 CFR 1.16 (f)) 

required) Examiner Name 

I hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name; 
and (2) I 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 

the application of which 

D is attached hereto 

OR 

(Title of the Invention) 

0 was filed on (MM/DDIYYYY) .__!0_6_!1_1_12_0_0_8 ___ __. as United States Application Number or PCT International 

Application Number I 12/137,364 and was amended on (MM/DD/YYYY) '-------~I (if applicable). 

I hereby state that I 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 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 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 1of3] 

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 benem 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 1.11and1.14. 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, ca/11-800-PT0-9199 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 

I 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. 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Number(s\ Country lMM/DDNYYYl Not Claimed YES NO 

D D D 
D D D 
D D D 
D D D 

D Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto. 

[Page 2 of3] 
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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 Panerwork Reduction Act of 1995 no oersons are renuired to resnond to a collection oflnformation unless It contains a valid OMB control number. 

DECLARATION - Utility or Design Patent Application 

Direct all 0 The address I'~ I OR D Correspondence 
correspondence to: associated with address below 

Customer Number: 

Name 

Address 

. ------··-·-· ·--··-·· -·-· -- -·- --- ·--·····--· .. ·--·--·-··-·--· ............... ,_ .. --· 
City State ZIP 

Country I Telephone I 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 PT0-2038 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 appllcation) or issuance of a patent. Furthermore, the record from ah 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 PT0-2038 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 PTOISBI01) 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. 

I 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 vaHdity of the application or any patent issued thereon. 

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

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

Stephen E. Hidem -
lnjj~ Si~:e ~ li/t&/~ 
Re~ ence: City State I Country I Citizenship 
Plymouth MN us us 
Mailing Address 

4710 Juneau Lane N. 

City State I~ ~~Atte,, 
Country 

Plymouth MN us 

171 Additional inventors or a leaal reoresentatlve are belna named on the 2 suoolemental sheetls\ PTO/SB/02A or 02LR attached hereto. 

[Page 3 of3] 
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Under1heP 

DECLARATION 

Name of Additional Jolnt Inventor, If any: I D A petltlOo has been fllt!d for thl& unsigned ln~ntor 

Given Name (first and middle Clf anvn F11m11v Name or Surname 

AaronM. Fontaine 

lnVfHlt~~~ Siana < - -- - Dale °t/J..6/08 

Fridley MN jus us 
Residence: Citv State Countrv CltizenshlD 

5663 w. Bavarian Pass 

MaUina Address 

Fridley MN 55432 us 
Cltv State ZIP CounlrV 

Name of Additional Joint Inventor, if any: I D A petition has been filed for tills unsigned lnventor 

Given Name (first.and middle (rf any)) Family Name or Sumame 

JanetL Gelbtlcli 

Inventor's ~~cfJ~ At<q ~7( Jcc8 
SfJ:lnature Date 

New Albany ""' Ull us us 
Residence: CHv State Counhv ,_.,.. 

4204 Shetland Court 

Maillna Address 

N@WAlbany N¥- f 1'l 47150 us 
Cltv State 7in Countrv 

Name of Additional Joint Inventor, If any: I D A petition has been .filed for this unsigned inventor 

Given Name (flnst and middle (If any)) Family Name or surname 

Patrick M. McDonald 

lnventots 
Sia nature Date 

Omaha NE us OS 
Residence: Cltv State Country Citfzenshio 

15395 NlcholaS Strfff 

Mailing Address 

Omaha NE 68154 us 
Cltv State Zio Countrv 
Tlia collll<llion ct lnlonnalion iii reqult:ed by 85 u.s.c. 115 8lld 37 Ci-R 1.63. 1nuinfomtlllon II requi111dio obtain or~ a~ nalll by1he PltiCWhlcf1llwfile 
(and by the .USPTO to f)RIOllllli) an appBCiltion. ~&lily is ~ by 35' u.s.c. 122 and 37 CFl't 1._11 ancl 1 ,14. Thia oollectlon is 11411malfld to tallB _21 
minutes to complete, Including gathering, preparf~. and submitting th$~ llPfllicatlon foon to Che USPT0.11me will var/ dependng upon the ln<llvldual 
case. Any comments on the amount of time you require to comp1• thia form WldfOr auggestionl for Alducing !!We btrden, Should be eent to the Chief lnfom1ation 
omcer, U.S. Patent and Tredemaril Office, u;s. Department of Commlilclt, P.O. Box 1460, Alexandria, VA 22313-1450. 00 NOT SEND FEES OR COMPLETED 
FORMS TO THIS A.OORESS. SEND lO: CommlMloner for Patents, p .o. BOX 1450, Alexandria, VA 22313-f460. 

ff you need ass/$t®.ce in completing the fOfm, CB// 1-B(X).,pTQ.9199 (1-8<J0..71Ji}.9199)an<I Sfl/fJCtoptlon 2. 
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Under the Pa erwork Reduction Act of 1995 no 

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 
ersons are re uired to res ond to a collection of information unless it contains a valid OMB control number. 

DECLARATION 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)) 

Kathryn M. 

Inventor's 
Sianature 

Knoxville TN 

Residence: City State 

1312 Judy Reagan Lane 

Mailina Address 

Knoxville TN 

City State 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)) 

Inventor's 
Signature 

Residence: City State 

Mailing Address 

City State 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)) 

Inventor's 
Sianature 

Residence: City State 

Mailina Address 

City State 

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Pa e-2-- of-2 __ 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Hunter 

Date 

lus us 
Country Citizenship 

37931 us 
Zip Country 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

Country Citizenship 

Zip Country 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

Country Citizenshio 

Zip Country 
This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The information 1s required to obtain or retain a benefit by the public which 1s to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11and1.14. 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, ca/11-800-PT0-9199 (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. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

8. 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. 

9. 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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Doc Code: OATH 

u d h p n er t e aoerwor kRd. Actf . d e uct1on o 1995 no oersons are reouire 

r 
DECLARATION FOR UTILITY OR 

DESIGN 
PATENT APPLICATION 

(37 CFR 1.63) 

D Declaration 0 Declaration 
Submitted OR Submitted after Initial 
With Initial Filing (surcharge 
Filing (37 CFR 1.16 (f)) 

required) 

PTO/SB/01 (05-08) 
Approved for use through 06/30/201 O. OMB 0651--0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
to resoon d t II . f. f f I tt t . rd OMB t I b o a co ect1on o m orma ion un ess con ams a va 1 con ro num er. 

Attorney Docket 
56782.1.7 Number 

First Named Inventor Stephen E. Hidem 

COMPLETE IF KNOWN 

Application Number 12/137,364 
Filing Date June 11, 2008 

Art Unit 2628 
Examiner Name 

I hereby declare that: (1) Each inventor's residence, mailing address, and citizenship are as stated below next to their name; 
and (2) I 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 oatent is souaht on the invention entitled: 

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

the application of which 

D is attached hereto 

OR 

(Title of the Invention) 

0 was filed on (MM/DDIYYYY) 1~0_6_11_1_12_0_08 ____ ~ as United States Application Number or PCT International 

Application Number I 12/137,364 and was amended on (MM/DDIYYYY) I (if applicable). 
~~~~~~~~ 

I hereby state that I 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 

[Z] 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 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 of3] 

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 beneftt 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 1.11and1.14. 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-PT0-9199 and select option 2. 
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PTO/SB/01 (05-08) 
Approved for use through 06/30/201 O. 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 

I 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. 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberls\ Countrv IMM/DD/YYYY\ Not Claimed YES NO 

D D D 
D D D 
D D D 
D D D 

D Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached hereto. 
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PTO/SB/01 (05-08) 
Approved for use through 06/30/201 O. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no nersons are renuired to resoond to a collection of information unless It contains a valid OMB control number. 

DECLARATION - Utility or Design Patent Application 

Direct all 0 The address I"'" I 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 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 PT0-2038 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 PT0-2038 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. 

I 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: I D A oetition has been filed for this unsioned inventor 
Given Name (first and middle [if any]) Family Name or Surname 

Stephen E. Hid em 

Inventor's Signature Date 

Residence: City I State I Country I Citizenship 
Plymouth MN us us 
Mailing Address 

4710 Juneau Lane N. 

City I State I Zip Country 

Plymouth MN us us 

0 Additional inventors or a le;ial representative are bein;i named on the 2 supplemental sheet(s) PTO/SB/02A or 02LR attached hereto. 
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DECLARATION 

Name of Additional Joint Inventor, if any: 
GiwnNarne 

AilronM. 

Inventor's 

5$63 W. 8-rlan Pas 

Mal Address 

Fridley 

c 

MN 
Slate 

Name of Additional Joint Inventor, If any: 

JamrtL 

lmlentor's 
s· naae 

NewAlb8ny 

Residence: C 

Glvoo Name (flrzt and middle {If any)) 

Ma Address 

NY 
State 

NY 

State 

Name of Additional Joint Inventor, if any: 

Given Name (list and middle (If any)) 

Mai Address 

ADDl110NAL INVENTOR(S) 
Supplemanlal Slleat 

D A plllitiun has been tied for 1hls unsigned lnllen1Dr 

Dale 

us 
Ctizensh 

us 
Cou 

D A pel!lon has been filed for lhis unsigned im1antor 

D .A 

Family Name or Surname 

47160 

2i 

Cate 

us 
Cou 

has been 1iled for this~ lnvanlor 

Famly Name or SUrname 

Date 

us 
Cltlz.enshl 

Thlll c:ollecllan or Jnformallon Is lllqUlreel lly 35 u.s.c. 115 mtt ':fl CFR Ul3.. The fnlonnMlon Is required to olllllln or Nlain a benelll by the plbllc which is to tllD 
(111nd by lhe USPTO 1c ..->an lllfllllalllon. Canlldenllalty Is IJ(1WIMed by as U.S.C. 122 and 31CFR1.11 and 1.14. Tl*" ccUec:llar1 is Nlimolll9d to._. Zt 
mhlla to complele. including pthering, prwpartng, me! 11UbniU1n; ht complelecl appicatiQn form to the USPTO. T- 'Alil VMY depemlng ~ lhe lndlvlduai 
cmo. Nr/ _......_on l10 amount offme you l9qUire to _..,..this tam lnl/ar~ for reducing aw bUl'den, should be ..itto the Chlel"ldbmultion 
Olli<:er, U.S. Ps&enl and Tlllltemerk Otfiae, U.S. Department of Commmce, P.O. Bax 1450. AlllXandrla, VA 22313-1450. DO NOT SaD Fl$S OR COMPLETED 
FORMSTOTHISAOOR£SS. SENDTO: CDlllllllHlola'farPatant.. P.O. Sox 1460, Aluandrlll, VA22313-14&0. 

If you nfHKI ~win wmp/tlting the bm, ceJI 1-«JO.PT0-9199 (1-«10-786-9199) and select option 2. 
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:::

Pai?eN!o!!t Reslus1j9!l A.dpt 19!1§ DRpimrepl!9!l!rpd1p,~~ttlf--~splll!l!D':: ::: : 
( __ DECLARATION j aupp1ern11nta1sha~=~ __ ]=--~-~) 

?TOl$8/D:zA (07-01) 
AppiOYOd JQI' uw 1111a1qi Q6/30J2D11J. OMB 0851-0032 

U.S. Pldlml: .ndT ...... Olllca; U.S. DEPAATMENT OF COMMERCE 

Name of AddHlonal Joint Inventor, If 1 D A pet111or1 hG been tied far ttll5 unaigned invamor 

Knoll\'tlle 
Residence: 

1312 JUcly Reagan I.al& 

Ma» Adclren 

Name of Addltlonal Joint Inventor, If any: · 

loventoni 
SI ra 

Reslclenoe: Cl 

Gillen Name (1ht and middle (lfany)) 

MalM Addrm;s 

c 

Name of Addltlonal Joint Inventor, If any: 

lnWntor'I 
s ture 

Residence: Cit 

Given Name (fln;t and middle (lfany)} 

State 

Faml Name or Surname 

us 
Co 

D A petiion haa been filed !'« lhia unsigned 111YBnk>r 

Famiy Nania er Si.mame 

Citimnlihi 

z Count 

D A petition has been filed tor1his unalgrted Inventor 

Family Name or SumamCI 

Cllim 

Thi• collaolion ol lllfomlallon 18 reqUt..S br 35 IJ. • 1.$$. Tbe lnformaliClll 111 ID or .-.taln 11 bemllt bit tlMI pubk wl1lc;h la lo e 
(and b;" Iha USPTO to ?l'l>Cll8$.) W\ appl~ Ccmlldentlelly le governed by 36 U.S.C. 122 .Id SI C:F'R 1.11 and 1.14. TJ!le Qllllldon le nllmad to late 21 
~et. to comfllete, lllClllCllng 1111111~ pftlP9!fn11o an::l 1lllbmlltlnQ1 Ille c:omplllted appllmilon bm t> fie USPro. Tl mo w11 Wit'/ c1epene1111g upon the lndMduMI 
cme. Afll/ CD111ments on 1hll amounl ~· dm9 )'CU requlM to c:olllplele llill faml andfor 11ugg"11on6 for llHb:fTG UH burden, ~ bo '81'11 iCI Ille Chief lnfarmaUon 
Ollcer, U.S. Pnint and Trademarlt C>tno.. U.S. Dapaitmenl or corm111-. P.O •. BDll 14611, Alelcandlla, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FOR~ TO THISADORESS. 81iND ro: Commllsloner forPaWnta, P.O. Box 1.UO, Alex.ndrill,, VA zm~-1450. 

"you need 88Sflillmoe in oompletJng the !bnn, Clfl1t 1-800-PT0-9199 (1-BtJ0.~100) and~ 1JPt1on :J. 
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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. 

2. 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. 

3. 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. 

4. 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 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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)). 

7. 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. 

8. 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. 

9. 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 US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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Shielding device for a reservoir comprising a radioactive 

material. 

The invention relates to a shielding device for a 

reservoir comprising a radioactive 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 radioactive 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. 

Radioactive isotopes having a half-life up to a 

few days are frequently used in medicine for diagnostic 

purposes. One radioactive isotope frequently used for 

diagnostic examinations is technetium-99~. 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 radioactive 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 

isotope is not possible. 

However, very short-living radioactive isotopes having a 

half-life up to a few minutes, for example gold-195~, ru~ 

bidium-82 and krypton-Bl~, are suitable for such above­

-mentioned examinations. Krypton-Bl~ is used for lung 

function examinations, while rubidium-82 and gold-195~ 

have proved suitahle for blood circulation studies. An 

interesting application of gold-195~ was described recent­

ly in Netherlands non-prepublished Patent Application 

8201591 in the name of Applicants. 

35 Gold-195~ 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 suitable to enable a good 

observation 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-195~ 

from the radioactive parent isotope mercury-195~ 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 ~be can withdraw a quanti­

ty of radioactive 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 radiation 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 suffi­

cient safety upon storage and transport. The screening 

jacket surrounding the generator is generally considered 

to be an i-flsufficient safety against radioactive 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 a regular replacement, should also 

be readily accessible for the reservoir with radioactive 

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-99~, a radioactive 

isotope having a comparatively long half-life, and all of 

which are fixedly arranged. 

When a very short-living radioactive isotope is 

used for diagnostic purposes, the time between the prepa­

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

gold-195~ 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 clinic in which radioa~tive isotopes for 

diagnostic purposes are used, tha 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 obvious to give the very short­

living material to be used for the examination, in parti­

cular a generator for producing a very short-living iso­

tope, a fixed place close to the detection apparatus. It 

is feasible that high requirements as regards the shiel­

ding from radioactive radiation have to be imposed upon 

such 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 also other personnel accompanying the patient 

will have to be shielded from unnecessary radioactive ra­

diation. Moreover it is 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 around 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 

35 usually in various directions by means of the gamma 

camera, so 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 
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restricts the possibilities of moving the bed with the 

patient with respect to the gamma camera. This disad­

vantage is the larger since, for reasons which will 

be stated hereinafter, the connection between the 

source of the radioactive material and the patient 

should be as short as possibl~. 

(2) Assembling of the device must take place for the 

greater part under aseptic conditions because the 

radioactive material must be introduced into the 

patient's body directly and cannot be previously sub­

jected to a separate sterilization. 

Because the device with radioactive material, in par­

ticular the radio isotope generator, will be used for 

a longer period of time, such an assembling shoula be 

carried out under so-called laminar flow conditions, 

and therefore requires provisions which are particu­

larly difficult to realize in an examination room. 

(3) Another important disadvantage relates to the working 

with radioactive material upon assembling the device. 

As a matter of fact, the shielding from radioactive 

radiation is not yet optimum during the assembly, so 

that such an assembly, in which large quantities of 

not yet optimally shielded activity are handled, 

should therefore take place in a so-called hot-lab of 

a nuclear medical department of a clinic 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 radioisotope 

generator, which does not exhibit the above-mentioned dis­

advantages. 

For that purpose, the shielding device according 

35 to the invention is provided with means with which the 

device can be moved forward. The complete device compri­

sing radioactive material can now be assembled in suitable 

rooms intended for this purpose and can then be whee1ed to 
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the examination room beside the patient's bed. Because the 

shielding device can be freely shifted, the device can be 

moved at will around the patient during the examination. 

Such a movable shielding device for a column for a radio­

isotope 9enerator is moreover more flexible because the 

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

example, a rubidium-krypton-81~, a strontium-rubidium 82 

or a mercury-gold 195~ 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 requirements. This involves, for example, that the 

device should be sufficiently stable and be protected as 

well as possible from calamities, for example, a fire; in 

the latter case, of course, it should be prevented that 

the radioactive radiation can pass the-shielding device 

and enter the examination room • 

. Preferably the device in addition comprises pro­

visions for the safe handling of radioactive material, 

such as a receptacle 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, preferably five, casters to be 

able to easily turn and manoeuvre the heavy device in the 

restricted space around a patient. As a result of the lead 

cover, a shieldiilg device according to the invention ap­

proaches a weight of approximately 360 kg. 

Furthermore it is desired to provide the device 

with a grip at a height which is suitable for hand-move­

ment. For this purpose, a grip consisting of a circumfe­

rential tubular or rod-shaped member connected to 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 ~~terial. For example, 

when a gold-195m generator is us~a, the generator column 

must first be rinsed several times with eluent before an 

eluate is obtained having a composition which is suffi­

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 radioactive liquid has to be introdu­

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 

means to move the device are present, a central part of 

reduced ouEside diameter in which the lead cover for the 

reservoir containing radioactive material is present, and 

a top part which comprises: the lead closure for the ac­

cess in the cover, the grip, the access to the shielded 

space for the waste reservoir and the means to introduce a 

radioactive liquid 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 

source and the operating personnel is increased, for 

example, _by a fac~or of approximately 2. As a result of 

this the radiation received is still further reduced, for 

example, by a factor of approximately 4 as compared with 

the radiation at the outer surface of the shielded reser­

voir. 

Lead is vulnerable because is is a soft metal. 

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

the ~ase of a 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 requirements which are 

imposed upon the storage of radioactive material in 

various countries, of a lead vessel w~ich is open at its 

top and which is enclosed between sheet material of iron 

or steel, protected on the outside against corrosion, or 

of stainless steel, while the open top end accessible for 

the reservoir can be closed by a lead lid provided with 

the same sheet material on the outside, an aperture for a 

connection between the reservoir and the means for 

introducing a radioactive liquid into a patient's body 

being present in the lid or between the vessel and the 

lid. 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 of the shielding system. 

It cannot always be avoided that a little radio-

active liquld 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 lid can be sealingly connected. 

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 

35 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 rinsing of formulating 
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liquid to the eluate; and a tube which is connected on one 

side to the means for adding the rinsing or formulating 

liquid and which on its other side has a member which can 

be connected to an auxiliary means to admit liquids to the 

blood vessels or body cavities of a p~tient. 

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 liquids, cocks to enable or block the passage of li­

quids, and connection provisions for the means provided in 

the block both mutually and to the tubes which are 

connected to the reservoirs, 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 lid of the lead vessel and the lid is provided with 

a bore to let pass connecting tubes from the generator to 

the auxiliary means for injection and from the auxiliary 

means to tlie waste fluid receptacle thereby shielding the 

environment as far as possible from radiation emanating 

from these tubes when radioactive liquid passes through 

them. The above embodiment has the advantage that an 

optimum safety can be reached inspite of the excess 

pressure at which generally the radioactive liquid is 

administered to 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 imposed upon the volume to 

be administered to the patient and in which the 

radioactive 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 app1ications. In order to enable 

suer. examinations, the vo1ume 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 

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 

I-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 23 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 compri~es a lead vessel 26 which is enclosed between 

stove-enamelled sheet iron 27. A second vessel 29 which is 

manufactured from stainless steel and comprises a radially 

outwardly projecting flange 28 is provided in the vessel. 

The generator 31 is placed in vessel 29. Between the bot­

toms 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-195~ 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 

closed on its top side by means of a lead lid 36 mounted 
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in stove-enamelled sheet iron 35 and connected to the ves­

sel so as to be pivotable at 37. For compensation of the 

weight of the lid, a spring mechanism 38 is provided. The 

lid 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 lid 36 for leading through two connection 

tubes, the outlets of which are framed in a suitable mount 

45, comprising a steel tube encased in lead, erected on 

the lid of the lead vessel 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 

be placed. 

A small lead v~ssel 41, also mounted in stove­

-enamelled sheet iron, for a receptacle 12a for waste ma­

terial is present in an aperture of the top 40, which ves­

sel is connected to the large vessel 27 and can be closed 

by means of a lead lid 43 provided with a grip 44. 

On·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. 

Figure 3 shows a waste overflow bottle 12b placed 

on top 40. The inlet of the overflow bottle is connected 

to the outlet tube llb of receptacle 12a. 

As shown in Figure 1, two reservoirs 1 and 2 for 

eluent and rinsing or formulating liquid, respectively, 

are 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 to a three­

-way cock 4b via two yalves Ba and Sb. 

The use of the device shown will be explained 

with reference to figure 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. 

During operation of the device the tube connec­

tions are provided between eluent reservoir 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 4~, 

the reservoir with rinsing or formulating liquid 2 and 

valve 8~, the drain aperture of the generator column 15 

and valve 8£, 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. 

When the device is used, first three-way cock 4b 

is opened to communicate-the eluate duct 7 through cock 

10£ and valve 8£ with the waste fluid receptacle 12~. 

Overflow bottle 12£ is connected to receptacle 12a through 

a tube llb and serves as an extra safety. By means of 

three-way cock 4~, 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 3£. After opening the cock lOa, syringe 9 is 

filled with a saline solution from reservoir 2 (through 

valve B~); the tube is then closed by clamping by means of 

clamb 17. After having turned three-way cock 4~, the con­

tents of syringe 5 are injected through tube 6 into the 

generator column 14 at 13; after-rinsing is carried out 

with 2 ml of saline solution from syringe 9. All the wash 

liquid (eluate) rinsed through the column and leaving the 

generator column at 15, as well as the rinsing liquid is 

collected through tubes 7 and lla in the waste receptacle 

12a. 

After having repeated this operation several 

times, the generator is ready for connection to a patient. 

For that purpose, a sterile tube, connected to three-way 

cock 4£, 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 liquid 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 injected directly 

into the patient. A11 remaining r~dioactivity is then re­

moved from the device by rinsing with 10 ml of saline so­

lution from 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 outlet 

aperture, in particular a column for a radio-isotope gene­

rator, comprising a lead cover for the reservoir in which 

a closable access for the reservoi~ 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 radioactive material. 

3. A device as claimed in Claim l or 2, characte­

rized in that the device comprises on its lower side at 

~east 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, cha~acterized 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 
25 

30 

35 

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 6, 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 radioactive material is present, and a top 

part which comprises: the lead closure for the access in 

the cover, the grip, the access to the shielded space for 

the waste reservoir and the means to introduce a radioac­

tive liquid into a patient's body. 

2389 of 2568



5 

15 

20 

25 

30 

35 

0102121 

-14-

B. A device as claimed in Claim 7, character~zed 

in that the lead cover for the reservoir consists of a 

lead vessel 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 

reservoir and the means for introducing a radioactive 

liquid into a patient's body being present in the lid or 

between the vessel and the lid. 

9. 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 lid can be sealingly connected, is present be­

tween the substantially lead vessel and the reservoir. 

IO. 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 out of the 

column into a patient's body; means to add a rinsing or 

formulating liquid 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 liquid to 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 liquids, cocks to 

enable or block the passage of liquids, and connection 

means for the means accomodated in the block both mutually 
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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 RADIOISOTOPE GENERATOR 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the field 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 extraction 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 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 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 radioactive 

material, which concentrates in certain organs or biological regions of the patient. Radioactive 

materials typically used for nuclear medicine include Technetium-99m, lndium-113m, and 

Strontium-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 

radioactive material for the desired organ or biologic region of the patient. These radioactive 

materials alone or in combination with a tagging agent are typically defined as 

radiopharmaceuticals in the field 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 biological 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/or the amount of extracted el1,.1ate 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 

[0005J The present invention, in certain 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 eluting a radioisotope from a generator product in the 

field of nuclear medicine. 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 to 

when a generator is available for milking. Other embodiments 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 screen or computer. 

[0006] Certain aspects commensurate in scope with the originally claimed 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 to limit the scope of the invention. Indeed, the invention may 

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

[0007] 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 

container, 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 radioisotope 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 eluant measurement device is coupled to the eluant supply mechanism. 

[0009] A third aspect of the present invention is directed to a method of using a 

radioisotope 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 

shielded container. In addition, radioactive material is eluted from the radioisotope 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 measurement feature. 

[0011] Various refinements exist of the features noted 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. 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 description 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 bottle, a vented spike, a stop cock, tubing, a 

shielded lid, a shielded lid plug, and a shielded container; 

[0014] 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 into the shielded container; 

[0015] FIG. 3 is a top view of an exemplary embodiment of a portion 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 to the generator via an inlet needle and the lid 

plug may be replaced by an elution assembly; 

[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; 

[0019] 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 electronic drop counter may be utilized to count the drops passing 

through the drip chamber; 

[0020] FIG. 8 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein the eluant supply may be utilized with a splitter or manifold to 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 eluant supply bottle may be at least partially shielded and may include a 

visualization window that facilitates viewing and measurement of eluant levels in the bottle, 

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 bottle, the drip chamber, and the drop counter may be 

disposed within the shielded container, and wherein the display may be positioned external to 

the shielded container along with a portion of a level gauge coupled to the eluant supply 

bottle. 

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 embodiments, 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 decisions 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 to another. Such a development effort would be a routine 
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undertaking of design, fabrication, and manufacture for those of ordinary skill having the 

benefit of this disclosure. 

[0024] The embodiments discussed in detail below relate to a system and method .for 

facilitating efficient extraction of radioactive material (e.g., a radioisotope) from a radioisotope 

generator during a radioisotope elution process. Indeed, embodiments of the present 

invention facilitate efficient use of time and resources by providing direct or indirect visual 

access to an eluant supply and/or an eluate output during a radioisotope 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 eluting a 

radioisotope from a 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 and/or output container, and so forth. 

[0025] FIG. 1 shows an exemplary embodiment of a generator product 2 that includes a 

visually accessible eluant supply container (here, a bottle) 4, a vented spike 6, a stop cock 8, 

tubing 10, a radioactivity shielded lid 12, a radioactivity shielded lid plug 14, and a radioactivity 

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 radioisotope elution system and/or a radioisotope generator 

assembly. A radioisotope generator assembly may include a radioisotope generator, a 

radioactivity shielded container, an efuant supply container, a radioactivity shielded lid, and a 

lid plug. A radioisotope elution system may include the radioisotope generator assembly, 

wherein the lid plug is replaced with an elution assembly that includes an eluate output 

container and an elution shield surrounding the eluate output container. 

[0026] 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 16, thereby 

providing a visualization portal into the bottle 4. In some embodiments, the supply bottle 4 

may be partially external and/or partially internal to the shielded 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 eluant 18 

disposed within the bottle 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 bottle 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 liquid or gas) may be substantially 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 translucent, which further facilitates 

observation 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 evacuated. 

Accordingly, the vented spike 6 may allow filtered air to enter into the bottle 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 6. The 

stopcock 8 may enable a user to regulate flow of the eluant 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 into the shielded container 16 through the lid 12 via an 

aperture 20 in the lid 12. In some embodiments, the aperture 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 between the edge of the lid 12 and the shielded container 16. The 

aperture 20 is illustrated in FIG. 2, which is a partial cross-sectional view of the generator 

product 2, wherein the tubing 10 passes through the aperture 20 disposed along the edge of 

the lid 10 and into the shielded container 16. Specifically, FIG. 2 illustrates the tubing 10 

passing between the lid 1 O 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 needle, 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 

likelihood of backflow from 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 

form 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 aperture 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 embodiments, 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 generator 22 via a hollow inlet needle 28 and the lid plug 14 has 

been be replaced by an elution assembly 28. The illustrated elution assembly 28 includes an 

elution shield 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 bottle 34 may be coupled to 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 enable eluate residing in the generator 22 to circulate through the generator 

22 and into the evacuated collection bottle 34. The generator 22 is a shielded container that 

holds a parent radioisotope, such as Molybdenum-99 absorbed to alumina beads or another 

suitable exchange medium. The daughter radioisotope (e.g., Technetium-99M) 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 

bottle 34 may facilitate eluate residing in the generator 22 to begin filling the bottle 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 bottle 34. For example, a user can observe the volume 

of eluant 18 leaving the eluant supply container 4 by comparing the eluant level in the supply 

bottle 4 over time with the index marks 19. This visualization may tend to facilitate 

determining when the elution process is complete (e.g., the eluate collection bottle 34 is full), 

andlor 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 not 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 eluate collection bottle 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 to collect the eluate. While the syringe pump 40 may drive the 

elution, the graduations or volumetric marks 19 may enable a user to measure and/or observe 

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 eluant supplied to the generator 22. For example, the system may include an 

electricaVmechanical scale, flow meter, and so forth. Moreover, the measurements may be 

visualized by a user directly or indirectly via a remote monitoring system, e.g., a computer. It 

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. 

[00331 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 observer 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 to one milliliter of eluant. As another example, in the embodiment 

illustrated in FIG. 7, an electronic drop counter 46 may be 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 46 may include an infra-red light emitting diode (LED) 48 and a 

photo detector 50. The LED 48 and photo detector 50 are aligned 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 46 itself, or in 

other devices capable of receiving data and performing calculations. 

[0034] 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. It should be noted that in some embodiment, the display 52 may be incorporated 

into 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 

56. 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 tracked and displayed 

to enable a user (or the computer 54) to estimate when the generator will be ready for another 

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 56. 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 if 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 determine 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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[0035] 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 splitter 60 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 19. 

[0036] Still referring to FIG. 8, the computer 54 may be coupled to each of a plurality of 

drop counters 46 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 likelihood 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 eluant source (e.g., eluant supply container or 

bag 4) for multiple generators 22. ft should be noted that in the embodiment illustrated in FIG. 

8, the eluant supply container or bag 4 may be a transparent or translucent 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 embodiments, 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 

electronic tracking of reduced weight of the container or bag 4. Alternatively, a separate scale 

57 may be attached independently to each of a plurality 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 46 may be communicatively coupled to the 

display 52, which may be disposed on the outside of the shielded container 16 to facilitate 

visual access or identification of the eluant level. Indeed, because the display 52 provides 

10 

2406 of 2568



WO 2007/016170 PCT/US2006/029055 

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 level gauge 

68 at least partially external to the shielded container. The level gauge 68 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 alternative 

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 

modifications, equivalents, and alternatives falling within the spirit and scope of the invention 

as defined by the following appended claims. 
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CLAINIS: 

1. A system, comprising: 

a radioactivity shielded container; 

a radioisotope generator disposed within the radioactivity shielded container; and 

an elution supply mechanism comprising: 

an eluant supply container at least partially external to the radioactivity shielded 

container; 

a conduit extending between an inlet of the radioisotope 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 translucent 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 radioactivity 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. 

9. The system of claim 1, wherein the radioactivity shielded container comprises a 

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

a different radioisotope 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 disposed over an 

opening in the receptacle; 

a radioisotope generator disposed within the receptacle; and 

an eluant supply mechanism comprising: 

an eluant supply container; 

a conduit coupled with the eluant supply container and the radioisotope 

generator, the conduit disposed at least partially within the shielded container; and 

an eluant measurement device coupled to 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. 
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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 

partially 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 radioisotope elution system, comprising: 

receiving an amount of eluant into a radioisotope generator disposed inside a radiation 

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 radioactive material from the radioisotope 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. 
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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 metric 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. 

scale. 

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

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. 

36. 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. 

15 

2411 of 2568



WO 2007/016170 PCT!US2006/029055 

1/8 

2~ 

FIG. 1 

FIG. 2 

2412 of 2568



WO 2007/016170 PCT/US2006/029055 

2 18 

2" 

FIG. 3 

2413 of 2568

W0 20071016170 PCTstzfiflfiiOZS’GSS

2/8

 
FIG. 3

2413 of 2568



WO 2007/016170 PCT/US2006/029055 

3 /8 

4 

FIG. 4 

2414 of 2568

3/8

 
 

  

 
 

.k-
LE;—

  

2414 of 2568



WO 2007/016170 PCT/US2006/029055 

4 /8 

10 

FIG. 6 

2415 of 2568

W0 2007;016173 PCTFUSEGOGI‘OZS’GSS

 
2415 of 2568



WO 2007/016170 

5 /8 

FIG. 7 

52 

VOLUME 
TIME 

ACTIVITY 

PCT/US2006/029055 

2416 of 2568



WO 2007/016170 PCT!US2006/029055 

6 /8 

00 . 
<!) 

LL 

2417 of 2568



WO 2007/016170 

7 18 

PCT/US2006/029055 

FIG. 9 

/2 

2418 of 2568

PCTIU520015}029855W0 20(37I01617fi

7/8

 
2418 of 2568



WO 2007/016170 PCT/US2006/029055 

818 

68 

FIG. 10 

2419 of 2568

PCTIUSZDBfifBZQGSSW0 20971816170

8/8

 
2419 of 2568



INTERNATION AL SEARCH R EPORT 
International application No 

PCT/US2006/029055 
A. CLASSIFICATION OF SUBJECT MATTER 
INV. A61N5/00 G21F5/015 G21G4/08 

A~rding to International Pate tit Classification (!PG) or to both national class!flcatlon and fPG 

B. FIELDS SEARCHED 

Mtn;mum documentation searched (classification system followed Oy classiffcatiOn symbols) 

A61N G21F G21G 

Documentation searched other than minimum doctlmen\anon to uie extent that such documents are lnciuded ln the fields searched 

Electronic data base consulted during the international sea'"ch (name o1 data base and. where practical, search 1erms used} 

EPO-Interna1 

C. DOCUMENTS CONSmERED TO BE RELEVANT 

CategofY'" Cltation of document. with indication, where appropriate, of the relevant passages Relevant to claim No. 

x EP 0 102 121 A (BYK MALLINCKRODT CIL BV 1-3, 
[NL]) 7 March 1984 (1984-03-07) 7-10, 

14-19, 
24,25, 
32,34, 
36,37 

y page 11, 1 ine 13 - 1 ine 32; figures 1,4 20,23, 
31,35 

----
y us 4 321 461 A (WALTER JR DAVID E ET AL) 20,23, 

23 March 1982 (1982-03-23) 31,35 
abstract; claims 1-14; figures 1,3 

----
x us 3 774 036 A (GERHART J) 1,12,13, 

20 November 1973 (1973-11-20) 25,32 
y 

I 
abstract; 1-3,7, 

I column 4, 1 ine 47 - 1 ine 49; cla1ms 1,12; 10,14-19 

I figures 1,4 
-----

i -/--

[]] Further documenIB are listed in the continuatlon of Box C, [] See patent family annex. 

"' Special categories of cited documents : 
"TH later doc1.anent published after the lntern.ationa.1 fUlng date 

"'A" document defining ttie general state of the art whkm ls not or priofity date and not 1n conflict with the application but 

consk:lared lo 00 of particular relevance cited to understand tha principle or thaor/ underlylng the 
tnvention 

"E~ earller docoment but published on or after the inte-mationa1 "X" document of part'.cular relevance; the claimed invenllon tiling date cannot be -considered novel or cannot be considered to 
"L" document whrch may throw doUbts on prlorJty cl'alm(s) or Involve an Inventive step when the documsntls taken alone 

which ls cited to establlsh the pubflcetion date of another "Y" document of part1cular relevance; the clalmed Jnventton ctta11on or Otliet special reason (as specified) cannot be considered to lnvolve- an :nventive step when the 
~o" document referring to an oral disclosure, use, exhlbition or document is oomblned ';\1th one or more other such docu-

other means ments, such combination belng obvlOtls to a person akilied 
"P" document pUbllshed prior to the intemaHonaJ filing date but in \he art. 

la1er than the priority date claimed h&" document member of the same patent tamHy 

Date of tne acitlal cnmpletlon oi the international search Date o1 mamrg of the lntemattonal search report 

24 November 2006 05/12/2006 
Name and mailing address ot the lSAI Authorized officer 

European Patent Office, P.8. 5S1 B Patentlaan 2 
NL- 2280 HV Rljswijk 

Tel. (+31-70j 340-2040, Tx:. 31 651 epo nl, Smith, Chr1stopher Fax: {+31-70) ,'340-:3016 

Ferm PCT/lSA/2fO (second sheet) (April 2005} 

page 1 of 2 
2420 of 2568



INTERNATIONAL SEARCH REPORT 

C{Contlriuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category'" Citation of document, with indication, where appropriate, of the relevant passages 

Y WO 03/069632 A2 (SIGMA TAU IND FARMACEUTI 
[IT]; PAGANELLI GIOVANNI [IT]; CHINOL 
MARCO [) 21 August 2003 (2003-08-21) 

A 

page 3, line 13 - line 33; claims 1,7; 
figures 1-5 

EP 0 005 606 A (SHUKLA VISHNU SHANKER) 
28 November 1979 (1979-11-28) 

Form PCT/!SAf21 O (cont11uatror. of second stieat) (April 2005) 

International application No 

PCT/US2006/029055 

Relevant to claim No. 

1-3,7, 
10,14-19 

page 2 of 2 

2421 of 2568



INTERNATIONAL SEARCH REPORT 

lnternatlonal app!lcation No. 
PCT/US2006/029055 

Box II Observations where certain claims were found unsearchable (Continualion of item 2 of first sheet) 

This !nterna!ional Search Report has not been establisl;ed in respect of certain claims under Article 17(2){a) for the folfovving reasons: 

1. D Glaims Nos.: 
because they relate lo subject matter not required to be searched by this AUthorily, namely: 

2. D Claims Nos.: 
because they ralate to parts of the International Application that do not comply wtth the prescribed requirements to such 
an extent that no mean!ngfUI International Sea:-ch can be carried out. speciticany: 

3. , D Claims Nos.: 
because they are dependent claims and are not drafted In accordance with the second and third senten<:es of Rule 6.4\a). 

Box Ill Observations where unity of Invention is lacking (Continuation of item 3 of first sheet) 

This fntemalionat Searching Authority found multiple inventions in this international application, as foUows: 

see additional sheet 

1. O As all required additional search lees were tmely paid by the applicant, 1his lnlemalional Search Report covers all 
searchable cJaims. 

2. [XJ As all searchable claims could be searched wilhout effort justifying an additional fee, this Au1hority did not Invite payment 
of any additional lee. 

3. O As only some of the required additional search foos were tlmefy pald by the applicant, this International Search Report 
covers only those claims tor \Vhich tees were paid, specifically claims Nos.: 

4. 0 No required addlllonal search fees were timely paid by the applicant. Consequently, lhis International Search Report is 
restricted to the invention tirs: mentioned in the claims; it Is covered by claims Nos.: · 

Remark on Protest D The additional search lees were accompanied by the applicant's protest. 

D No protest accompanied the payment of additional searcl1 fees. 

Form PGT/ISAl210 (conlinuatiooolfirstshee! (2)) (January 2004) 

2422 of 2568



lnternational Application No. PCT /US2006 /029055 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-20, 23-26, 28, 31-32, 34-37 

A splitter in the conduit coupled to at least one other 
radioisotope generator. 

2. claims: 1-10, 12-26, 28-32, 34-37 

A measurement device within the shielded container. 

3. claims: 1-10, 12-20, 23-28, 31-32, 34-37 

Calculation of a future elution time based on a metric. 

4. claims: 1-10, 12-20, 23-26, 28, 31-37 

Weiging the eluant with a scale. 

2423 of 2568



INTERNATIONAL SEARCH REPORT 
lnfonnation on patent family members 

Patent document 
cited in search report 

EP 0102121 

us 4321461 

us 3774036 

WO 03069632 

EP 0005606 

A 

A 

A 

A2 

A 

Ferm '?CT/\SA!2:101pa1ent iamlly armext (April 2005) 

I Publication 
date I 

07-03-1984 NONE 

23-03-1982 NONE 

20-11-1973 NONE 

21-08-2003 AU 
BR 
CA 
CN 
EP 
IT 
JP 
MX 
us 

28-11-1979 AU 
us 

International appUcatlon No 

PCT/US2006/029055 
Patent famlly 
member(s) 

2003209692 Al 
0307561 A 
2472777 Al 
1630914 A 
1474809 A2 

RM20020071 Al 
2005517936 T 
PA04007693 A 
2005154275 Al 

4690379 A 
4233973 A 

I Publ!cation 
date 

04-09-2003 
11-01-2005 
21-08-2003 
22-06-2005 
10-11-2004 
11-08-2003 
16-06-2005 
10-11-2004 
14-07-2005 

15-11-1979 
18-11-1980 

2424 of 2568



-----

----
M 
< 
Q', 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
15 March 2007 (15.03.2007) 

(51) International Patent Classification: 
G21G4/08 (2006.01) B65B 3100 (2006.01) 

(21) International Application Number: 

PCT 

PCT/US2006/030766 

(22) International Filing Date: 8 August 2006 (08.08.2006) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
60/706,793 9 August 2005 (09.08.2005) US 

(71) Applicant (for all designated States except US): 
MALLINCKRODT INC. [US/US]; 675 Mcdonnell 
Boulevard, P.o. Box 5840, St. Louis, "Missouri 63134 
(US). 

(72) Inventor; and 
(75) Inventor/Applicant (for US only): GIBSON, Chad, M. 

[US/US]; 1533 Northview Avenue, Cincinnati, Ohio45223 
(US). 

(74) Agents: SEURER, Jerad, G. et al.; Mallinckrodt Inc., 675 
McDonnell Boulevard, P.O. Box 5840, St. Louis, Missouri 
63134 (US). 

I Ill lllllll II lllll lllll lllll Ill llll I II lllllll llll lllll 111111111111111111111111111111 

(10) International Publication Number 

WO 2007/030249 A2 
(81) Designated States (unless othenvise indicated. for every 

kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CL, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, Fl, 
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, 
LU, LY, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, 
SD, SE, SG, SK, SL, SM, SY, TJ, Tl\1, TN, TR, TT, TZ, 
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protecrion available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, JlvID, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IB, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 
without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid­
ance Notes on Codes and Abbreviations" appearing at the begin­
ning of each regular issue of the PCT Gaz.elte. 

"-.:t' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s (54) Title: RADIOISOTOPE GENERATION SYSTEM HAVING PARTIAL ELUTION CAPABILITY 

~ 
0 (57) Abstract: In a radioisotope generation system and method for dispensing a radioactive eluate, a radioisotope generator is 
't::: operable to dispense the eluate. During dispensjng. a monitoring system may monitor the dispensed amount of eluate and may 
O generate a signal indicative of the amount of eluate dispensed. In particular embodiments, the monitoring system may generate a 
Q signal corresponding to the dispensing of a desired amount of eluate. The monitoring system may particularly monitor the level of 
N fluid in a cavity or container into which the eluate is dispensed, the weight of the eluate dispense-d, an eJapsed time during which 
O the eluate is dispensed, and/or other characteristic of the dispensed eluate, each of which may be corresponded to the amount of 
:;;;,,... dispensed eluate. The system may be equipped with an interruption system that interrupts the dispensing of the eluate in response 
~ to the signal generated by the monitoring system. 

2425 of 2568



WO 2007/0302'19 PCT!US2006/030766 

RADIOISOTOPE GENERATION SYSTEM HAVING PARTIAL ELUTION CAPABILITY 

FIELD OF THE INVENTION 

The present invention relates generally to radioisotope generation systems, and more 

particularly to radioisotope generation systems that facilitate dispensing of a desired amount of eluate 

from a radioisotope generator. 

BACKGROUND 

Radioisotope generators are used to obtain a solution comprising a daughter radioisotope (e.g., 

technetium-99) from a parent radioisotope (e.g., molybdemun-99) which produces the daughter 

radioisotope by radioactive decay. One common radioisotope generator includes a column containing 

the parent radioisotope 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 daughter radioisotope. As the parent radioisotope decays, a quantity of the desired 

daughter radioisotope is produced in the column. The column can be washed by passing a suitable 

eluant (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 dissolved 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 outlet 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 tl1e container, 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 trace 

residues of cleaning chemicals can also have a negative impact of the yield from the system, as noted in 
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U.S. Patent No. 5,580,541. Thus, the simplicity of using vacuum pressure in an evacuated container to 

draw eluate from the generator directly 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. fu 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 radiophannacy 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. 

Another 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. No. 4,387,303 discloses a 

system that permits an elution process to be interrupted before the container is completely filled. fu 

particular, the radiopharmacist estimates when to interrupt the dispensing process based on a desire to 

only partially fill the container to a certain amount. The process is interrupted simply by manually 

removing the container from the generator tap. By interrupting the elution process at the right time, the 

container could be partially filled to obtain any desired amount of eluate 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 completely filled. 

Unfortunately, it is not easy to identify the level of the eluate 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 trial 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 container, 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, ifthe 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 eluate from a radioisotope 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 eluate 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. 

Another aspect of the invention is directed to a radioisotope generation system having a 

radioisotope generator that is operable to dispense radioactive eluate. An elution shield of the system 

has an internal cavity for receiving the eluate dispensed from the generator and is constructed at least in 

part of a radiation-absorbing material. A monitoring system monitors the dispensing of eluate by the 

generator to the cavity of the shield and is operable to generate a signal in response 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 eluate 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 method, 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 system; 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 

monitored (e.g., using 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 radioactive 

eluate. In this method, eluate is dispensed from a radioisotope generator into a cavity of an elution 

shield. An amount of eluate 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 a 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 contalner 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 elution 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 

circuit of the system. As another example, a change in electrical condition may refer to an alteration of 

an electrical signal between f'.rrst and second components of the system. As still another example, a 

change in electrical condition may refer to 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 incorporated 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. I 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. I illustrating a monitoring system 

thereof, 

Fig. 3 is a schematic diagram ofa radioisotope generation system similar to the system of Fig. I 

but further having an automatic interruption system. 

Fig. 4 is an enlarged schematic diagram of an alternative embodiment of the monitoring system 

ofFigs. 1 and 3; 

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

embodiment; 

Fig. 6 is an enlarged schematic diagram of a monitoring system of still another alternative 

embodiment; 

Fig. 7 is a schematic diagram of an alternative embodiment of a radiation generation system of 

the present invention; and 

Fig. 8 is a schematic diagram of one embodiment 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 OF ILLUSTRATED EfvIBODilVIENTS 

Referring now to the drawings, an in particular to Fig. 1, a radioisotope generation system of 

the present invention is generally designated 101. The system comprises a radioisotope generator 

having a column I 03 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 I 05 as shov.m in the embodiment of Fig. 1. The 

generator column 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 radioisotope from the generator column), with the reservoir sized to contain enough eluant 

for multiple elutions. However, 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 a 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 to allow a container 125 to be mounted thereon for 

fluid communication between the container and the generator column 103 via the outlet conduit 121. 

For example, in one 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 illustrated 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 radioisotope 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 offue radioisotope generation system are also contemplated to be within the scope of the 

invention, as long as the system is operable to dispense eluate 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 incorporated by reference to the extent it 

is consistent, for allowing the flow of eluate to from the generator column 103 to the container 125 to 

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 elution process were allowed to proceed until the pressure in the container increased enough 

to stop the inflow of fluids. 

The elution shield 131 may comprise one or more radiation-absorbing materials (e.g., lead, 

tungsten, depleted uranium, etc.) to 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 elution 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 contemplated to be within the 

scope of the invention. 

The generation system 101 also comprises a monitoring 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 eluate 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 eluate in the container 125 as eluate is 

dispensed from the generator column 103 into the container. For example, a radioisotope generation 

system may include a dispensed 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 transmitted (e.g., by hardwiring or 

wireless transmission) to a suitable processor 171 having circuitry and/or software enabling it to 

determine the path length of the reflected light based on the data, and thereby to determine 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 U.S. 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 reflected light. It is contemplated that the container may be configured (e.g., contoured) to 

alter the path of light from the LED 163 to the upper surface 167 of the liquid and/or from the upper 

surface of the liquid to the infrared detector 165 to facilitate operation oflevel sensor 161. For example, 

the container may focus the light in a manner analogous to a lens. It is also contemplated that one or 

more lenses that are distinct from the container may be used to focus the light. Further, the use of the 

level 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 

eluate in the container 125 based at least in part on the determined fluid level in the container. In 

particular embodiments, the processor 1 71 may further compare the determined amount of eluate in the 

container 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 embodiment, the signal may be perceptible exterior 

of the elution shield 131, and in particular it may be perceptible to humans (such as radiopharmacists or 

other operators of the generation system). For example, the signal may be a light (broadly, 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. 1and2, for instance, 

comprises a piezoelectric speaker 175 (broadly, a signaling device) activated by the processor 171 once 

the processor determines that the desired amount of eluate has been dispensed into the container 125 to 

make an audible noise perceptible to a worker in the viciuity. The signaling device may be a component 

of the elution shield 131, as indicated for example by connection 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 voltage applied to one or more components 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 10 I may also comprise a selector in communication 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 

amounts. 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 set of magnetic elements 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 be 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 to 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 setting for disabling the monitoring system 

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 dispensingjust 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 125 (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 eluant to flow from the eluant reservoir 111, through the inlet conduit 113 and into 

generator column 103 while eluate comprising the desired daughter radioisotope flows out of the 

generator column, through the outlet conduit 121, and into the cavity 133, and in the illustrated 

embodiment into the container. The vacuum pressure in the evacuated container 125 may induce the 

flow without pressurizing either the eluant or eluate 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 after 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 processor 171 determines that the 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 radioisotope 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 l 5 I 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 

eluate 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 eluate 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 radioisotope generation system 201 

of the present invention the system may further comprise an interruption system operable to 

automatically (as opposed to manually) interrupt the dispensing of eluate into the container 125 in 

response to an electronic signal generated by the monitoring system 151 once the determined amount of 

eluate in the container is approximately equal to the desired amount of eluate. For example, the 

processor 11 7 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. 

It 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 interruption 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 substantially the same as the construction 

and operation of the system 101 ofFig. 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 alternative embodiment of a suitable monitoring system 

comprising an ultrasonic liquid 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 level sensor 361 shown in 
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Fig. 4 involves emitting ultrasonic energy (e.g., a burst or chirp) from the transmitter 363 and detecting 

the echo of the ultrasonic energy reflecting off the fluid level surface 167 of the eluate. Data from the 

ultrasonic 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 eluate 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 level 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 to determine the level 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 ofa suitable monitoring system 551 in which 

the monitoring system comprises one or more pressure sensors 563 operable to determine the weight of 

the eluate in the container 125 (broadly, the cavity 133). For example, a pressure sensor 563 may be 

pcsitioned 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 

correlates 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 551 of Fig. 6 mey otherwise operate substantially the same as the systems 101, 

201 shown in Figs. 1-3. 

Fig. 7 illustrates another embodiment of a radioisotope generation system 601 of the present 

invention similar to the systems of Figs. 1 and 3. The monitoring system of this embodiment, however, 

comprises 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 l31). 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. 

In one embodiment the timer 691 may comprise a timer initiation system 693 adapted to start 

the timer automatically upon connection ofthe container 125 (and/or the elution shield 131) to the 

outlet conduit 121. For example, one or more 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 container 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 radioisotope 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 elution in the illustrated 

embodiments, other types of valves could be used instead without departing from the scope of the 

invention. Likewise, the invention is operable without any valving as disconnection of the vacuum 

pressure source (e.g., the partially filled container) may be sufficient to interrupt the elution process in 

and of itself. 

\Vhile 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, it 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 cavity). 

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 thereof, the 

articles "a", "an", "the", and "said" are intended to mean that there are one or more of the elements. 

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 particular orientation of 

the components. 
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As various changes could be made in the above products 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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CLATh1S: 

What is claimed is 

1. A radioisotope 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 to 

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 selector 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 operable to 

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

5. A radioisotope generation 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 visually 

and audibly perceptible exterior of the container. 

7. A radioisotope generation system as in claim 1 wherein the signal is perceptible by a human. 

8. A radioisotope generation system as in claim 1 wherein the monitoring system comprises a 

level sensor operable to sense a level 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 corresponding 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 10 further comprising a timer initiation 

system operable to automatically 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 l wherein the monitoring system comprises a 

sensor operable to determine the weight of eluate in the container, the weight corresponding to the 

amount of eluate 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. 

1 7. A method as in claim 16 wherein the providing comprises providing a signal when the 

amount of eluate in the container is approximately equal to a desired amount of eluate, 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 automatically interrupting the 

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

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

dispensing of eluate into the container in response to the signal. 
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20. A method as in claim 17 further comprising 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 elapsed 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 to an amount of eluate 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 electrical signal generated. 

26. A radioisotope generation system comprising: 

a radioisotope generator operable to dispense eluate; 

an elution shield having an internal cavity for receiving eluate dispensed from the generator, the 

elution 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 operable 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 a 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 radioisotope generation system as in claim 26 wherein the signal is perceptible by a 

human. 

33. A radioisotope generation system as in claim 26 wherein the monitoring 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 into the cavity for a predetermined elapsed time 

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

35. A radioisotope generation system 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 radioisotope generation system as in claim 34 wherein the predetermined elapsed time is 

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

37. A radioisotope generation system as in claim 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. 

3 8. A method of producing radioactive eluate, the method comprising: 
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dispensing eluate from a radioisotope 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 a maximum 

volume of eluate, wherein 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 to 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 interrupting 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 

eluate 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 shield having an internal cavity for 

receiving eluate 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 radioactive 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 amount 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 to a 

component of the system. 
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SYSTEM AND METHOD FOR ELUTING RADIOISOTOPE TO A CONTAINER DISPOSED 
OUTSIDE OF A RADIOISOTOPE GENERATOR ASSEMBLY 

FIELD OF THE INVENTION 

[0001) The invention relates generally to the field of nuclear medicine. Specifically, the invention 

relates to a system and method for eluting a radioisotope from a radioisotope generator to an eluate 

container disposed outside of an auxiliary shield containing the radioisotope generator. 

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 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 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 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 materials typically used for nuclear medicine include 

Technetium-99m, Indium-l l3m, and Strontium-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 radioactive 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 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 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 to 

another during the various steps from elution to eventual administration to a patient. In addition, these 

systems often involve 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 needles 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 

(0005] The present invention, in certain 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 output needle of the 

radioisotope generator. fostead of directly coupling the eluate container with the output needle of the 

generator, the removable hollow needle may be used for connections and disconnections with the eluate 

container. In this manner, 1he removable hollow needle may reduce the likelihood of damage to the 

generator output needle, while possibly reducing the cost and downtime associated v.ith 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, a user 

may access and replace the removable hollow needle without opening the radiation shield. Some 

embodiments of the present invention may enable a user to access and view the eluate container without 

opening the radiation shield. 

(0006) Certain aspects commensurate in scope with the originally claimed 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 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. 

[0007) 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 eluate conduit opposite the radioisotope generator. The hollow needle of the generator is disposed 

inside the radiation shielded housing of the eluate extraction 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 vvith the second component, or to 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 fluidly 

coupled to the opposite end of the eluate conduit. In addition, the eluate 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 needle inside the radiation shielded housing. 

[0009) Yet a third aspect of the invention is directed to an eluate extraction 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 eluate 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 

connected position a11d a disconnected position relative to the shielded eluate collection assembly. 

[0010) 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 radioisotope generator, and a radioisotope is eluted 

in the radioisotope generator. An eluate (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. 

[0011) Various refinements exist of the featmes noted above in relation to the various aspects of the 

present invention. Further features may also be incorporated in these various aspects as well. These 

rermements 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. 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 FIGURES 

[0012] These and other aspects, features, 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 perspective view of an exemplary embodiment of a radioisotope elution 

system including an eluate extraction mechanism disposed outside a radioisotope generator assembly, 

wherein the eluate extraction mechanism is disposed above a cover of an auxiliary shield containing a 

radioisotope generator, and the eluate extraction 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; 

[0015] FIG. 3 is a cross-sectional side view of the radioisotope elution system as illustrated in 

FIGS. I and 2, further illustrating the eluate extraction mechanism in an open, non-circulating 

confignration, 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 extraction 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 illustrating an open viewing slot in a shielded eluate assembly having the eluate container 

disposed inside; 

[0018] FIG. 6 is a cross-sectional side view of the radioisotope elntion system as illustrated in FIG. 

5, 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 hollow injection needle removed from the plunger of the eluate 

extraction mechanism; 

[00201 FIG. 8 is an exploded cross-sectional view of the eluate extraction mechanism as illustrated 

in FIG. 7, fnrther illustrating details of the hollow injection needle removed from the plunger of the 

eluate extraction mechanism; 

[0021] FIG. 9 is a top perspective view of an exemplary embodiment of the plunger as illustrated in 

FIG. 8, further illustrating a removable fluid coupling disposed at a bottom side of the plunger; 

[0022] FIG. 10 is a bottom perspective view of the plunger as illustrated in FIG. 9; 
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[0023] FIG. 11 is an exploded perspective view of the plunger as illustrated in FIGS. 9 and 10, 

further illustrating the removable fluid coupling having a 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 pltmger as illustrated in FIGS. 9-11, 

further illustrating the pltmger without the removable fluid coupling; 

[0026) FIGS. 14 and IS are rear perspective views of the eluate extraction mechanism as illustrated 

in FIGS. 1-8, further illustrating an alignment adapter disposed about an eluate conduit of the eluate 

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; 

[0028] FIG. 17 is a block diagram illustrating an exemplary embodiment of a radiophannacy 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 a nuclear imaging 

system utilizing a radiophannaceutical acquired by the radioisotope 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 below. 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 implementation, 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 

consuming, 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 enclose 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 ofradiation­

shielding materials, such as lead, tungsten, tungsten impregnated plastic and/or another suitable 

radiation shielding material. The eluate extraction 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 auxiliary 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 eluate extraction 

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 radioisotope generator assembly 14, wherein an eluate 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. 

[00321 In the illustrated embodiment of FIGS. I and 2, the eluate extraction mechanism 12 may be 

removably coupled to the cover 22, such that the eluate 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 may improve the containment of radioactivity from the radioisotope generator l& 

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 shielded plug that may extend into 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 mechanism 12 on or over the cover 22. The eluate extraction 

mechanism 12 may be removably coupled to the cover 22 by a variety of fasteners and alignment 

structures. For example, the fasteners may include screws, bolts, or other threaded fasteners. The 

fasteners also may include 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 elution 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 

radioisotope generator assembly 14 may include the auxiliary shield 16 and the radioisotope generator 

18 disposed in the receptacle 24 below the cover 22 of the auxiliary shield 16. The radioisotope 

generator assembly 14 also may include the eluant 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 eluant 

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 solution, 

suitable for eluting a radioisotope (e.g., technetium-99m) from the radioisotope generator 18 into the 

eluate extraction mechanism 12. 

[00341 As illustrated in FIG. 3, the eluate extraction 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 shielded housing 36 may have a generally L-shaped or angled structure having a top or 

elongated 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 certain 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 shield 16. For example, the base 46 may have a generally flat bottom surface 50, and the 

cover alignment member 42 may protrude outwardly from the flat surface 50. In view of this 

protruding characteristic, the cover alignment member 42 may fit or extend at least partially inside or 

through the passage 48 when the eluate extract mechanism 12 is mounted on the cover 22. In this 

manner, the cover alignment member 42 may increase the likelihood of proper alignment with the 

radioisotope 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 mechanism 12 and the radioisotope generator 18. 

[0036] 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 radioisotope generator 18. At an opposite end from the hollow output 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 needle 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 eluate 

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. 

(0037] 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 radioisotope 

generator 18. Moreover, 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 output needle 54. Instead, over the course of repeated use of the 

radioisotope elution system 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 

needle 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 ahoui the shielded eluate assembly 34 outside 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 311d easily without opening the auxiliary shield 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 94, to enable 

viewing of the extracted eluate. As illustrated in FIG. 3, the door 68 can open and close the door 

opening 66 for selective access, insertion, and removal of the shielded 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 =ther suitable opening and 

closing mechanism configured to enable selective access, viewing, insertion, and removal of the 

shielded eluate assembly 34. 

[0039] 11ie shielded eluate assembly 34 as illustrated 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 rnay include a variety of radiation-shielding 
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materials, such as lead, tungsten, tungsten impregnated plastic and/or another suitable radiation 

shielding material. The eluate container 74 may include a variety of transparent or translucent 

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 suitable 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 structure 78. Alternatively, the 

opening 80 may have a protruding portion facing downwardly toward a head 84 of the eluate container 

74, such that the head 84 may be aligned with the opening 80. 

[0040] The eluate extraction mechanism 12 as illustrated 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 aligmnent members or tabs 86 along the base 46 of the radiation shielded housing 

84. The alignment members 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 motion 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 

container 74, thereby reducing the likelihood of bending or damaging the hollow injection needle 60. 

Again, a variety of fasteners, alignment mechanisms, containers, and configurations of the eluate 

extraction mechanism 12 may be employed to elute a radioisotope to the shielded eluate assembly 34 

generally outside the confines of the radioisotope generator assembly 14. 

[0041] F1G. 4 is a cross-sectional side view of and embodiment of the radioisotope elution system 

I 0 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 shielded 

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 eluate container 74 may be generally aligned 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 eluate 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 
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pierce the hollow injection needle 60 into the eluate container 74 through a flexible insert 92, such as a 

rubber material, in the head 84 of the eluate container 74. 

[0042] In certain embodiments, the eluate container 74 may be in vacuum, such that the pressure 

differential between the eluant supply container 20 and the eluate container 74 facilitates circulation of 

the eluant 32 through the radioisotope generator 18 and out through the eluate conduit 52 into the eluate 

container 74. As the eluant 32, e.g., a saline solution, circulates through the radioisotope generator 18, 

the circulating eluant 32 generally washes out or elutes 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 to 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., technetium-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 be extracted or washed out with a suitable eluant, such as an oxidant-free 

physiologic 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 eluted radioisotope from within the 

radioisotope generator 18. Upon receiving the desired amount of eluate within the eluate container 74, 

the plunger 56 may be withdrawn outwardly from the shielded eluate 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 (e.g., in a nuclear medicine facility). 

[0043] After or during the elution process, the door 68 may be rotated open to view the level or 

amount of eluate collected within the eluate 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 illustrating the eluate extraction mechanism 12 with the plunger 56 

depressed and tl:ie 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 eluate assembly 34. The slot 93, if included, also may 

be removably covered by a door 94 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. 

[0044] FIG. 6 is a cross-sectional side view of an embodiment of the elution system 10 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 
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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 eluate 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 eluate 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 radiophannaceutical doses without 

first transferring the eluate to another shielded container assembly. 

[00451 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 various 

components including the hollow injection needle 60 of the eluate extraction mechanism 12. In 

addition, FIG, 8 is an exploded cross-sectional side view of an embodiment of the eluate extraction 

mechanism 12, further illustrating the removability and replaceability of the hollow injection needle 60. 

As illustrated, if the hollow injection needle 60 becomes damaged, bent, clogged, or inoperable during 

an elution process, then the hollow injection needle 60 may be removed and replaced with another 

needle 60 to ensure proper circulation offlnids through the elution system 10 into the shielded eluate 

assembly 34. The eluate extraction mechanism 12 and the removable hollow injection needle 60 may 

increase the life and operational efficiency of the radioisotope generator assembly 14, for example, by 

substantially reducing the likelihood of an inoperable generator assembly 14 that may be caused by 

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

[0046] In other words, after making the initial connection between the hollow output needle 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 52 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 eluate 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 output 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 l 0 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 illustrating 

connection mechanisms for the eluate conduit 52 and the hollow injection needle 60. FIGS. 9 and 10 

are top and bottom 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 eluate conduit connector 61 extending laterally from the 

coupling 57, such that the eluate 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 hollow 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 a centerline 65 of the plunger 56, such that the needle 60 can be inserted and removed in a 

straight direction relative to the centerline of the eluate container 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 needle 60 becomes damaged during use. 

[0048] For example, turning to FIG. 11, the plunger 56 may include a slot 67 (e.g., a T-shaped slot) 

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 enlarged inner 

channel 73. Similarly, the bossed portion 69 may include a narrow inner 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 or 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 

embodiment 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. fu 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 and, also, ensure proper positioning of the eluate conduit connector 61 relative to the 

eluate conduit 52. However, other embodiments of the plunger 56 may employ a variety of alternative 

alignment mechanisms. 

[0050] FIGS. 14 and 15 are perspective views of an embodiment of the eluate extraction 

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 elbow-shaped geometry. However, any other suitable shapes, structures, or geometries 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 elnate conduit 52 with the radioisotope generator assembly 14. 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. fu 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 eluate conduit 52 may be generally centered with the 

hollow output needle 54 of the radioisotope 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. 

[0051] FIG. 16 is a flowchart illustrating an exemplary nuclear medicine process utilizing the 

radioactive isotope produced by the elution system 10 illustrated with reference to FIGS. 1-15. As 

illustrated, the process I 04 begins by providing a radioactive isotope for nuclear medicine at block I 06. 

For example, block 106 may include eluting technetium-99m from the radioisotope generator 18 

illustrated 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 directing moiety) adapted to target the 

radioisotope for a specific portion, e.g., an organ, of a patient. At block 110, the process 104 then 

proceeds by combining the radioactive isotope with the tagging agent to provide a radiopharmaceutical 

for nuclear medicine. In certain embodiments, the radioactive 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 radiopharmaceutical into a syringe or 

another container, such as a container suitable 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. After a pre-selected time, the process 

104 proceeds by detecting/imaging the radiophannaceutical tagged to the patient's organ or tissue 

(block 116). For example, block 116 may include using a gamma camera or other radiographic 

imaging device to detect the radiopharmaceutical disposed on or in or bound to tissue of a brain, a 

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

[0052] FIG. 17 is a block diagram of an exemplary system I I 8 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 als.o includes a radiopharmaceutical production system 120, which functions to 

combine a radioisotope 122 (e.g., technetium-99m solution acquired through use of the radioisotope 

elution system 10) with a tagging agent 124. In some embodiment, this radiopharmaceutical 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 radioisotope 122 and the tagging agent 124, as 

indicated by block 126. The illustrated system 118 may also include a radiophannaceutical 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 radiophannaceutical for use in a nuclear 

medicine application. For example, the syringe 130 may be prepared and delivered to a medical facility 

for use in 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 circuitry 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 electronic 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 a result, 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 

radiopharmaceutical 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 embodiments thereot: the 

articles "a", "an", "the", and "said" are intended to mean that there are one or more of the elements. 

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", "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 susceptible to various modifications and alternative forms, 

specific embodiments 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 to cover all modifications, equivalents, and 

alternatives falling within the spirit and scope of the invention as defined by the following appended 

claims. 
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CLAIMS: 

1. A radiopharmaceutical system, comprising: 

a radioisotope generator assembly, comprising: 

a radiation shield having a receptacle and a cover disposed over the receptacle; and 

a radioisotope generator disposed in the receptacle below the cover; and 

an eluate extraction mechanism, comprising: 

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 eluate conduit opposite the 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 shielded housing adjacent a 

door. 

5. The radiophannaceutical system of claim 4, wherein the radiation shielded 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 eluate container shield comprising a radiation 

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

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 shielded 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 luer connector. 

13. The radiopharmaceutical system of claim I, 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. 

1 S. An eluate extraction mechanism, comprising: 

a radiation shielded housing; 

an eluate conduit having a radioisotope 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 conduit; and 

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

the plunger is coupled to the hollow iajection needle inside the radiation shielded housing. 

16. The eluate extraction mechanism of claim 15, wherein the hollow injection needle 

comprises a release mechanism. 

17. The eluate extraction mechanism of claim 15, wherein the plunger has a path of travel 

including a connected position and a disconnected position between the hollow injection needle 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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19. The eluate extraction mechanism of claim 17, whereiu 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 container comprises a transparent or translucent 

material. 

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

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

21. An eluate extraction mechanism, comprising: 

a radiation shielded housing comprising a door; 

a shielded eluate collection assembly disposed removably inside the radiation shielded 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 

a hollow needle fluidly 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 

elu,ate 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 a radioisotope generator; 

eluting a radioisotope in the radioisotope generator; 

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

flowing the eluate from the output along an eluate conduit to a hollow needle that is rernovably 

inserted into an eluate container via a plunger. 
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26. The method of claim 25, wherein flowing comprises transferring the eluate through a 

radiation shield disposed about the radioisotope 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 eluate 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 selective 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 container. 
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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 US PTO 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-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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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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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: 
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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/AuthenticateUserlocalEPF.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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9. 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] 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 radioisotope generator, that are injected, or infused into a patient. The 

infused dose of radiopharmaceutical is absorbed by cells of a target organ, of the 

patient, and emits radiation, which is detected by a PET scanner, in order to 

generate an image of the organ. An example of a radioactive isotope, which may 

be used for PET, is Rubidium-82 (produced by the decay of Strontium-82); and 

an example of a radioisotope generator, which yields a saline solution of 

Rubidium-82, via elution, is the CardioGen-82® available from Bracco 

Diagnostics Inc. (Princeton, NJ). 

[04] Set up, maintenance and operational procedures for infusion systems that both 

generate and inject doses of radiopharmaceuticals are relatively involved in order 

1 
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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] 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. 

[06] Figure 1A is a first perspective view of an infusion system, according to some 

embodiments of the present invention. 

[07] Figure 1 B is another perspective view of a portion of a cabinet structure of the 

system shown in Figure 1A, according to some embodiments. 

[08] Figure 1 C is a second perspective view of the system shown in Figure 1 A, 

according to some embodiments. 

[09] Figure 1 D is a schematic of an infusion circuit, according to some embodiments 

of the present invention. 

[1 O] 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. 

[11] 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. 

[12] Figure 3A is another perspective view of the shielding assembly shown in Figure 

2A. 

2 
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[13] Figure 38 is a perspective view of the infusion circuit, shown in Figure 1 C, 

configured and routed, according to some embodiments. 

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

according to some embodiments. 

[15] Figure 30 is a frame for the subassembly shown in Figure 3C, according to some 

embodiments. 

[16] 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. 

[17] Figure 5A is a schematic showing a first group of successive screen shots from 

the computer interface, according to some embodiments. 

[18] Figure 58 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. 

[19] Figure 5C is a schematic showing a second group of successive screen shots 

from the computer interface, according to some embodiments. 

[20] Figure 6 is a schematic showing a third group of successive screen shots from 

the computer interface, according to some embodiments. 

[21] Figures 7 A-C are schematics showing a fourth group of successive screen shots 

from the computer interface, according to some embodiments. 

[22] Figures 8A-8 are schematics showing a fifth group of successive screen shots 

from the computer interface, according to some embodiments. 

[23] Figures 9A-C are schematics showing a sixth group of successive screen shots 

from the computer interface, according to some embodiments. 

[24] 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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[25] 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. 

[26] 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 28) 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 1 C). 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 4-9C. 

[27] 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. 

[28] Figure 1 B 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 1 B 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 1 B further illustrates a rear access panel 

17 4, 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 17 4, a power jack 118, for connecting system 10 to 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. 

[29] Figure 1A further illustrates upper surface 131 of shell 13 including several 

openings 133, 135, 139 formed therein. Figure 1 C 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 1 C 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 1 O; 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 1 A and 1 C, 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. 

[30] Turning now to Figure 1 D, a schematic of an infusion circuit 300, which may be 

incorporated by system 10, is shown. Figure 1 D illustrates circuit 300 generally 

divided into a first part 300A, which includes components mounted outside shell 

13, and a second part 3008, which includes components mounted within the 

interior space surrounded by shell 13. (Parts 300A and 3008 are delineated by 

dotted lines in Figure 1 D.) Figure 1 D further illustrates second part 3008 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-8 

and 3A-8, below. 

[31] 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 1 D illustrates an eluant 

tubing line 301 coupled to reservoir 15 and to pump 33, and, with reference to 

Figures 1 A-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. 

[32] Figure 1 D 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. 

[33] With further reference to Figure 1 D, 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. 

[34] 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 1 C, 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. 

[35] 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. 

[36] Figure 2A is a perspective view of shielding assembly 200, according to some 

embodiments of the present invention. With reference to Figures 1 C 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 
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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 1 C 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. 

[37] Figures 1 C 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 
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materials, and then assembled together according to methods known to those 

skilled in the art. 

[38] 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 1 C, 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 28 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 28 includes an 

enlarged detailed view of latch component 191, according to some embodiments. 

Figure 28 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, 1938, respectively, and a holding end 1938, 1958, 

respectively. An edge of each door 221, 225, upon opening of doors 221, 225, 

may push past the holding end 1958, 1938 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 1958, 1938, until the corresponding lever end 195A, 193A 

is rotated in a counter-clockwise direction, per arrow cc, thereby moving the 

corresponding holding end 1938, 1958 to make way for the closing of doors 221, 

225. Doors 221, 225 being held by latch component 191 in an open position may 

be seen in Figure 3A. 

[39] 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 8; 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 
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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. 

[40] 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 251 b 

and 251 g, 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 1 D) through 

passageways 207, 251b, 251c, 215i and 2150 is shown in Figure 38. 

[41] Figure 38 illustrates tubing line 304 being routed through passageways 251 g 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. 
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[42] 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 38), and, with reference to Figure 

38, 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. 

[43] Figure 3C is a perspective view of subassembly 390, and Figure 30 is a 

perspective view of frame 39. According to the embodiment illustrated by Figure 

30, frame 39 is formed from mating trays 39A, 398, 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 30 shows trays 39A, 398 

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. 

[44] 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 358G and an upstream section of eluant tubing line 302. 

Figure 3C further illustrates an opposite end 4048 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 1 D, 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. 

[45] 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 251 band 251 g, respectively, 

registration of tubing line ends 4048 and 405 with passageways 215i and 2150, 

respectively, and registration of tubing line ends 406 and 407 with passageway 

207. 

[46] With further reference to Figure 38, other portions of tubing circuit 300 are 

shown. Figure 38 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. 

[47] Figure 38 further illustrates a filter holder 317 that is mounted alongside an 

interior surface of shell 13 to hold filter 37 (Figure 1 D) of tubing line 302. Filter 

holder 317, like frame 39 for subassembly 390, 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. 

[48] 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 1 A, 

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. 

[49] 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. 

[50] 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. 

[51] 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 ... ). 

[52] 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 

58, during the opera ti on of system 10, when computer 1 7 detects that the el uant 

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. 

[53] 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. 

[54] 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 7 A-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 1 C) 

may project a flashing light signal, as previously described. 

[55] 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 78. 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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[56] 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 7 A, the user may select, from main menu 4 70, 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 1 C). 

[57] 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. 

[58] Upon completion of the elution process for breakthrough testing, computer 17 

presents a screen 777, shown in Figure 78, 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 78, 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. 

[59] 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-8, although the 

breakthrough testing is not completed. With reference back to Figure 7A, an item 

7738 is shown, somewhat faded, in main menu 4 70; item 7738 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 7738 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 user is 

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. 

[60] 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 4 70. Upon selection of item 

873, computer 17 presents a screen 87 4, 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. 

[61] 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 

1 C) 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 88, 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 

88, 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. 

[62] 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 97 4 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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[63] With reference to Figure 98, if pump 33 does not contain enough eluanUsaline 

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 1 C) 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. 

[64] Printer 117 (Figure 1 B) 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 
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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. 

[65] 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 981, computer 17 guides the user to select either an air purge or a 

saline purge. The direction provided by computer 17 is not explicitly laid out 

herein, for a saline 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 1 D. 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. 

[66] 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 1 D: 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 1 D 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. 

[67] 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. 

[68] 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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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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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. 

4. 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. 

5. 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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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. 

7. 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. 

8. 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: 

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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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 

Utility Patent Application 
Practitioner Docket No. 56782.1. 7 

Methods for setting up, maintaining and operating a radiopharmaceutical infusion 

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

system. The computer includes pre-programmed instructions and a computer interface, 

for interaction with a user of the system, for example, in order to track contained 

volumes of eluant and/or eluate, and/or to track time from completion of an elution 

performed by the system, and/or to calculate one or more system parameters for quality 

control, and/or to perform purges of the system. 
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EXAMINATION FEE 

N/A NIA (37 CFR 1.16(0), (p), or (q)) 
NIA NIA 210 

TOTAL CLAIMS 24 4 X$ 25 X$50 200 (37 CFR 1.16(1)) minus 20 = OR 
INDEPENDENT CLAIMS 5 . 2 X$105 X$210 420 (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due Is 
FEE $260 ($130 for small entity) for each additional 

(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 
35 U.S.C. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 185 370 

• If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1650 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST ADDI- ADDI-
REMAINING NUMBER PRESENT 

<( AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL 
I- AMENDMENT PAID FOR 

FEE($) FEE($) 
z w Total . Minus •• OR 
:::iE = x = x = 
Q (37 CFR 1.16(1)) 
z Independent . Minus . .. = = x = w (37 CFR 1.16(h)) x OR :::iE 
<( Application Size Fee (37 CFR 1.16{s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) NIA OR NIA 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 

(Column 1) (Column 2) (Column 3) OR 

CLAIMS HIGHEST ADDI- ADDI-
REMAINING NUMBER PRESENT 

m AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL 
I- AMENDMENT PAID FOR FEE($) FEE($) 
z 
w Total OR :::iE . Minus .. = x = x = Q (37 CFR 1.16(1)) 
z Independent w . Minus . .. = x = x = :::iE (37 CFR 1.1 S(h)) OR 
<( Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) NIA OR N/A 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 

• If the entry in column 1 is less than the entry in column 2, write ·o· in column 3. .. If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter '20" . ... If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter '3' . 
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information 1s required by 37 CFR 1.16. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 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. Paten· 

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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