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ABSTRACT 

An infusion system may include a strontium-rubidium radioisotope generator that generates a 

radioactive eluate via elution, a beta detector, a gamma detector, and a controller. The beta 

detector and the gamma detector may be positioned to measure beta emissions and gamma 

emissions, respectively, emitted from the radioactive eluate. In some examples, the controller is 

configured to determine an activity of rubidium in the radioactive eluate based on the beta 

emissions measured by the beta detector and determine an activity of strontium in the radioactive 

eluate based on the gamma emissions measured by the gamma detector.
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SYSTEMS AND TECHNIQUES FOR GENERATING, INFUSING, AND 
CONTROLLING RADIOISOTOPE DELIVERY 

CROSS-REFERENCE 

[0001] This application is a divisional application of Australia Patent Application No.  

2017332261, filed on 15 March 2019, which is the national phase entry of International PCT 

Patent Application No. PCT/US2017/052537, filed on 15 March 2019, which claims the benefit 

of U.S. Provisional Patent Application No. 62/397,022, U.S. Provisional Patent Application No.  

62/397,025, and U.S. Provisional Patent Application No. 62/397,026, each of which was filed 

on September 20, 2016. The entire contents of these applications are incorporated herein by 

reference.  

TECHNICAL FIELD 

[0002] This disclosure relates to radiopharmaceuticals used in nuclear medicine and, more 

particularly, to systems and techniques for generating and delivering radiopharmaceuticals.  

BACKGROUND 

[0003] 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. The doses of radiopharmaceutical may be injected or infused into a 

patient prior to or during a PET scan procedure. An infused dose of radiopharmaceutical can be 

absorbed by cells of a target organ of the patient and emit radiation. A PET scanner can detect 

the emitted radiation in order to generate an image of an organ. For example, to image body 

tissue such as the myocardium, a patient may be injected or infused with rubidium-82 (8 2Rb).  

Rubidium-82 may exhibit similar physiological uptake as potassium and, accordingly, may be 

taken into the myocardium following potassium pathways.  

[0004] Rubidium-82 can be generated for nuclear medicine procedures using a strontium

rubidium generator ( 82 Sr/8 2Rb generator). Rubidium-82 is a radioactive decay product of 

strontium-82. Typically, strontium-rubidium generators contain strontium bound to a generator 

column through which an eluant is flushed during operation. As strontium-82 decays to 

rubidium-82, the rubidium-82 may release from the generator column and enter the eluant. The 

resulting stream, which is called an eluate, can be injected or infused into a patient.  

SUMMARY 

In general, the disclosure is directed to devices, systems, components, and techniques for 

generating and/or delivering radioactive liquids. The radioactive liquid may be generated



and infused into a patient during a diagnostic imaging procedure, such as a positron emission 

tomography (PET)/computed tomography (CT) or a positron emission tomography 

(PET)/magnetic resonance imaging (MRI) procedure. Before, during, and/or after a specific 

diagnostic imaging procedure, the radiation level of radioactive liquid generated by an 

infusion system may be measured to determine the activity level (e.g., magnitude of radiation 

emissions) of one or more radioisotope in the radioactive liquid. The activity level of one or 

more radioisotopes may be measured to determine that a radioisotope targeted for infusion 

into a patient during an imaging procedure is at an appropriate level for the specific 

procedure being undertaken. Additionally or alternatively, the activity level of one or more 

radioisotopes may be measured to determine if a radioisotope having a longer half-life than 

the radioisotope targeted for infusion is present above a threshold concentration in the 

radioactive liquid. Such comparatively long-lasting radioisotopes may be contaminants that 

are desirably excluded from infusion into a patient.  

[0006] For example, in the application of a strontium-rubidium radioisotope generator, a 

radioactive eluate containing the radioisotope rubidium-82 (also referred to as 82Rb and Rb

82) can be generated by passing an eluant across a substrate containing bound strontium-82 

(also referred to as 82 Sr and Sr-82). As Sr-82 decays into Rb-82, the Rb-82 may release from 

the substrate, causing the Rb-82 to release into the eluant and thereby generating a 

radioactive eluate via elution. As the radioisotope generator approaches the end of its service 

life, strontium may itself begin releasing into the eluate produced by the generator in addition 

to its decay product Rb-82. The activity level of strontium in the eluate may be monitored to 

help ensure that eluate containing too much strontium (or other contaminating radioisotope) 

is not injected into the patient. This is because Sr-82 has a much longer half-life (25.5 days) 

than the half-life of Rb-82 (76 seconds) and, if injected into the patient, will produce 

radioactive emissions inside of patient for a longer period of time than Rb-82.  

[0007] In some examples according to the present disclosure, an infusion system is described 

that includes multiple detectors positioned to evaluate the safety of radioactive eluate 

generated by a radioisotope generator. The multiple detectors may each be used to determine 

the activity of the same or different radioisotopes in the radioactive eluate. Each detector can 

detect radioactive emissions emitted from the radioactive eluate, and the activity level, or 

concentration, of one or more radioisotopes that may be present in the radioactive eluate can 

be determined therefrom. In some configurations, the multiple detectors are implemented 

using a beta detector and a gamma detector.  
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[0008] A beta detector can measure beta emissions caused by radioactive beta decay. During 

beta decay, a beta particle that is either an electron or a positron is emitted from an atomic 

nucleus. The beta detector can detect beta particles emitted from the radioactive eluate, 

allowing the activity level of a radioisotope assumed to be associated with those beta particles 

to be determined. By contrast, the gamma detector can measure gamma emissions or photons 

caused by radioactive gamma decay. During gamma decay, a stream of high-energy photons 

may be emitted from an atomic nucleus, providing detectable gamma rays. The energy level 

of the gamma rays may vary depending on the specific radioisotope from which the rays are 

emitted. The gamma detector can detect the gamma emissions, for example by measuring a 

full or partial gamma spectrum, allowing the activity level of one or more radioisotopes to be 

determined. A gamma detector can discriminate photons with different energy levels, unlike 

a dose calibrator.  

[0009] Activity measurements made by a beta detector and a gamma detector are 

distinguishable from activity measurements made by a dose calibrator. A dose calibrator is an 

instrument used to assay the activity of a radioactive material prior to clinical use. The 

objective of the assay is to assure that the patient receives the prescribed dose for the 

diagnostic or therapeutic purpose. A dose calibrator includes an electrometer designed to 

measure a wide range of ionization current, spanning from femtoamperes (fA) for beta 

emitters up to tens of picoamperes (pA) for high-energy, high-yield photon emitters. Some 

high-activity assays can even involve microamperes (pA) currents. The accuracy of the 

electrometer depends upon the type and quality of the electrometer and the accuracy of the 

standard reference sources used to calibrate the electrometer. Dose calibrators have no 

intrinsic photon energy discrimination capability. A dose calibrator does not include a 

spectrometer and does not restrict the measurement to specific photon energies to the 

exclusion of others, which a gamma detector is capable of performing.  

[0010] While the configuration of the radioisotope generator system can vary as described 

herein, in some examples, the system includes a beta detector positioned to measure the 

radioactivity of eluate flowing through tubing positioned adjacent the beta detector. The 

gamma detector may also be positioned to measure the radioactivity of eluate flowing 

through tubing or may instead be positioned to measure the radioactivity of a static (non

flowing) portion of radioactive eluate positioned adjacent the gamma detector. For example, 

the radioisotope generator system may include an eluate-receiving container in fluid 

communication with and downstream of infusion tubing in fluid communication with the 

outlet of a radioisotope generator. Radioactive eluate generated by the radioisotope generator 
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can flow through the tubing and past the beta detector before discharging into the eluate

receiving container positioned adjacent the gamma detector.  

[0011] The radioisotope generator system may operate in different modes in which 

measurements from the beta detector and/or the gamma detector are made. For example, 

during a quality control procedure, an infusion tubing line in fluid communication with the 

outlet of the radioisotope generator may be attached to the eluate-receiving container instead 

of a patient catheter. During this quality control procedure, the radioisotope generator may 

produce radioactive eluate that flows through the tubing line, past the beta detector, and into 

the eluate-receiving container. The beta detector may measure beta emissions from the 

radioactive eluate as it flows through the infusion tubing, e.g., to determine an activity level 

of Rb-82 in the eluate. The gamma detector may receive gamma emissions from eluate in the 

eluate-receiving container, e.g., to determine an activity level of Sr-82, strontium-85 (also 

referred to as 85Sr or Sr-85), and/or other contaminants in the eluate.  

[0012] In practice, the activity level of Rb-82 in the eluate flowing through the infusion 

tubing line may be an order of magnitude or more greater than the activity level of any 

contaminants in the eluate. Accordingly, all beta emissions measured by the beta detector 

(including those emitted from Rb-82 and any potential contaminants, such as strontium) may 

be assumed to be emitted from Rb-82 present in the eluate without resolving those emissions 

emitted from any contaminating isotopes. To determine the activity of any such 

contaminating isotopes, the gamma emissions from a static portion of eluate in the eluate

receiving container can be measured. In some applications, the eluate is held in the eluate

receiving container for a period of time sufficient to allow Rb-82 in the eluate to substantially 

decay. This can reduce the amount of interfering gamma radiation (from Rb-82) measured by 

the gamma detector and allow the gamma detector to better detect gamma radiation emitted 

from contaminating radioisotopes (e.g., strontium). The activity level of one or more such 

contaminating radioisotopes can be determined based on the measured gamma emissions. If 

the activity of one or more such contaminating radioisotopes exceeds an allowable limit, the 

radioisotope generator system can prohibit a subsequent patient infusion procedure.  

[0013] In addition to operating in a quality control mode, the radioisotope can also operate in 

a patient infusion mode to perform a patient infusion procedure. During the patient infusion 

procedure, the infusion tubing line in fluid communication with the outlet of the radioisotope 

generator may be attached to a patient catheter. Radioactive eluate generated by the 

radioisotope generator can flow through the tubing and past the beta detector. The 

radioisotope generator system may determine, based on the level of beta emissions measured 
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by the beta detector, the activity of Rb-82 in the eluate produced by the radioisotope 

generator. The radioisotope generator system may divert eluate initially produced by the 

generator to a waste container until a threshold amount of Rb-82 activity is detected in the 

eluate. Upon detecting a threshold amount of Rb-82 activity via the beta detector, the 

generator system may divert the eluate from the waste container to the patient catheter, 

thereby injecting or infusing the patient with the eluate containing the radioactive Rb-82.  

[0014] By configuring the radioisotope generator system with both a beta detector and a 

gamma detector, the radioisotope generator system can provide an integrated system to help 

ensure the safety and accuracy of radioactive eluate generated by the system. The 

combination of detectors can be used to perform a variety of different radioisotope 

measurements and to implement corresponding control schemes and/or quality analyses 

based on those radioisotope measurements. Accordingly, configuring the system with 

multiple detectors (e.g., measuring different types of radioactive emissions) may provide 

more accurate resolution between different radioisotopes and/or allow activities determined 

using multiple detectors to be cross-checked for increased accuracy.  

[0015] In some examples, a radioisotope generator system according to the disclosure is 

configured as a mobile cart carrying a beta detector, a gamma detector, a radioisotope 

generator, a controller, and associated hardware and software to execute the techniques 

describes herein. The radioisotope generator system may also include a shielding assembly 

that provides a barrier to radioactive radiation. The shielding assembly can be mounted on 

the mobile cart and one or more of the other components carried on the cart can be mounted 

in the shielding assembly.  

[0016] In some configurations, the shielding assembly includes a plurality of compartments 

separated by one or more walls of shielding material. For example, the shielding assembly 

may include one compartment containing the radioisotope generator and another 

compartment containing the gamma detector. The compartments of the shielding assembly 

can be arranged to position the compartment containing the gamma detector relative to the 

compartment containing the radioisotope generator so as to reduce background radiation 

emitted by the radioisotope generator from being detected by the gamma detector. If the 

gamma detector is exposed to too much background radiation (e.g., radiation emitted by the 

contents of the generator column), the gamma detector may be saturated and/or unable to 

suitably detect the level of radiation emitted by an eluate sample positioned in front of the 

detector when evaluating the safety of the eluate. Accordingly, ensuring that the gamma 
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detector is appropriately shielding from the radioisotope generator may help ensure the safe 

and efficacious operation of the entire radioisotope generator system.  

[0017] In one example, an infusion system is described that includes a frame that carries a 

beta detector and a gamma detector and is further configured to receive a radioisotope 

generator that generates radioactive eluate via elution. The beta detector is positioned to 

measure beta emissions emitted from the radioactive eluate. The gamma detector is 

positioned to measure gamma emissions emitted from a portion of the radioactive eluate to 

evaluate the safety of the radioactive eluate delivered by the infusion system, e.g., in addition 

to performing other functions such as dose constancy (which may also be referred to as a 

constancy evaluation or constancy check).  

[0018] In another example, an infusion system is described that includes a beta detector, a 

gamma detector, a radioisotope generator, a waste container, an eluate-receiving container, 

and an infusion tubing line. The beta detector is positioned to measure beta emissions 

emitted from radioactive liquid supplied by the radioisotope generator and flowing through 

the infusion tubing line. The gamma detector is positioned to measure gamma emissions 

emitted from a static volume of radioactive liquid received by the eluate-receiving container.  

[0019] In another example, an infusion system is described that includes a movable frame, an 

eluant reservoir, a pump, and a radioisotope generator coupled to the eluant reservoir through 

the pump. The radioisotope generator is configured to generate radioactive eluate containing 

Rb-82 via elution of a column containing Sr-82. The example specifies that the infusion 

system also includes a waste container, an eluate-receiving container, and an infusion tubing 

circuit. The infusion tubing circuit includes an infusion tubing line, an eluate line, and a 

waste line. The eluate line is connected to an outlet of the radioisotope generator, the patent 

line is positioned to provide fluid communication between the eluate line and the eluate

receiving container, and the waste line is positioned to provide fluid communication between 

the eluate line and the waste container. The example also includes a beta detector and a 

gamma detector. The beta detector is positioned to measure beta emissions emitted from 

radioactive eluate generated by the radioisotope generator and flowing through the eluate 

line. The gamma detector is positioned to measure gamma emissions emitted from 

radioactive eluate generated by the radioisotope generator and received by the eluate

receiving container.  

[0020] In another example, an infusion system is described that includes a movable frame, an 

eluant reservoir, a pump, and a radioisotope generator coupled to the eluant reservoir through 

the pump. The radioisotope generator is configured to generate radioactive eluate containing 
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Rb-82 via elution of a column containing Sr-82. The example specifies that the system also 

includes a waste container, an eluate-receiving container, and an infusion tubing circuit. The 

infusion tubing circuit includes an infusion tubing line, an eluate line, and a waste line. The 

eluate line is connected to an outlet of the radioisotope generator, the patent line is positioned 

to provide fluid communication between the eluate line and the eluate-receiving container, 

and the waste line is positioned to provide fluid communication between the eluate line and 

the waste container. The example system also includes radioactive shielding, a beta detector, 

and a gamma detector. The radioactive shield encloses at least a portion of the infusion 

tubing circuit, the beta detector, and the gamma detector. The beta detector is positioned to 

measure beta emissions emitted from radioactive eluate generated by the radioisotope 

generator and flowing through the eluate line. The gamma detector is positioned to measure 

gamma emissions emitted from radioactive eluate generated by the radioisotope generator 

and received by the eluate-receiving container. The system also includes a controller in 

electronic communication with the beta detector and the gamma detector. The controller is 

configured to determine an activity of Rb-82 in the radioactive eluate based on beta emissions 

measured by the beta detector and determine an activity of Sr-82 and/or Sr-85 in the 

radioactive eluate based on gamma emissions measured by the gamma detector (e.g., by 

measuring gamma emissions from the decay product of Sr-82, Rb-82). The controller is 

further configured to control the infusion system to deliver a dose of the radioactive eluate to 

a patient during a patient infusion procedure.  

[0021] In another example, a system is described that includes a shielding assembly that has 

a plurality of compartments each providing a barrier to radioactive radiation. The system 

includes a first compartment configured to receive a radioisotope generator that generates a 

radioactive eluate via elution, a second compartment configured to receive a beta detector, 

and a third compartment configured to receive a gamma detector.  

[0022] In another example, a system is described that includes a shielding assembly that 

includes a plurality of compartments each providing a barrier to radioactive radiation. The 

system includes a first compartment configured to receive and hold a radioisotope generator 

that generates a radioactive eluate via elution and a second compartment configured to 

receive a beta detector and at least a portion of an infusion tubing circuit that is in fluid 

communication with the radioisotope generator. The example specifies that the beta detector 

is positioned to measure beta emissions emitted from radioactive eluate generated by the 

radioisotope generator and flowing through the portion of the infusion tubing circuit. The 

system also includes a third compartment configured to receive an eluate-receiving container 
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and a gamma detector. The gamma detector is positioned to measure gamma emissions 

emitted from a static portion of the radioactive eluate received by the eluate-receiving 

container. In addition, the example states that the system includes a fourth compartment 

configured to receive a waste container.  

[0023] In another example, an infusion system is described that includes a frame that carries 

a beta detector, a gamma detector, and a controller communicatively coupled to the beta 

detector and the gamma detector. The frame is further configured to receive a strontium

rubidium radioisotope generator that generates a radioactive eluate via elution. The example 

specifies that the beta detector is positioned to measure beta emissions emitted from the 

radioactive eluate and the gamma detector is positioned to measure gamma emissions emitted 

from the radioactive eluate. The example also specifies that the controller is configured to 

determine an activity of rubidium in the radioactive eluate based on the beta emissions 

measured by the beta detector and determine an activity of strontium in the radioactive eluate 

based on the gamma emissions measured by the gamma detector.  

[0024] In another example, a method is described that includes pumping an eluant through a 

strontium-rubidium radioisotope generator and thereby generating a radioactive eluate via 

elution. The method involves conveying the radioactive eluate across a beta detector and 

measuring beta emissions emitted from the radioactive eluate generated by the radioisotope 

generator and flowing through an eluate line and determining therefrom an activity of the 

radioactive eluate. The method also involves receiving the radioactive eluate conveyed 

across the beta detector in an eluate-receiving container positioned adjacent a gamma 

detector. In addition, the method includes measuring gamma emissions emitted from the 

radioactive eluate received by the eluate-receiving container and determining therefrom an 

activity of strontium in the radioactive eluate in the eluate-receiving container.  

[0025] The details of one or more examples are set forth in the accompanying drawings and 

the description below. Other features, objects, and advantages will be apparent from the 

description and drawings, and from the claims.  

BRIEF DESCRIPTION OF DRAWINGS 

[0026] FIGS. 1 and 2 are perspective and top views, respectively, of an example infusion 

system that can be used to generate and infuse radioactive liquid.  

[0027] FIG. 3 is a rear view of the system shown in FIGS. 1 and 2 illustrating additional 

example features that can be included in the system.  
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[0028] FIGS. 4 and 5 are perspective and top views, respectively, of the system of FIGS. 1-3 

shown with the cabinet structure removed for purposes of illustration and illustrating an 

example shielding assembly arrangement.  

[0029] FIG. 6 is a block diagram illustrating an example arrangement of components that can 

included in the system of FIGS. 1-5 to generate radioactive eluate and detect radioactive 

emissions.  

[0030] FIGS. 7A and 7B are perspective views of an example configuration of the shielding 

assembly from FIGS. 4 and 5 shown removed from the cart frame for purposes of illustration.  

[0031] FIG. 7C is a perspective view of the example shielding assembly from FIGS. 7A and 

7B shown sectionalized along the A-A sectional line indicated on FIG. 7A.  

[0032] FIG. 7D is a side view of the example shielding assembly from FIGS. 7A and 7B 

shown sectionalized along the B-B sectional line indicated on FIG. 7A.  

[0033] FIG. 7E is a top view of the example shielding assembly from FIGS. 7A and 7B 

illustrating an example arrangement of compartments in which a radiation path passes 

through one or more sidewall sections defining the compartments.  

[0034] FIG. 7F is exploded view of a portion of the example shielding assembly from FIG.  

7D showing an example arrangement of an eluate-receiving container relative to a gamma 

detector.  

[0035] FIG. 8 is a flow diagram of an example technique that may be used to perform a 

patient infusion procedure to infuse radioactive liquid into a patient.  

[0036] FIG. 9 is a flow diagram of an example technique that may be used to perform a 

quality control procedure.  

[0037] FIGS. 10-16 describe exemplary calibration and quality control test that may be 

periodically performed on an infusion system according to the disclosure.  

DETAILED DESCRIPTION 

[0038] In general, the disclosure relates to systems, components, and techniques for 

generating radioactive liquids, infusing radioactive liquids into patients, and ensuring the 

safety, accuracy, and quality of the radioactive liquids so generated. The described systems, 

components, and techniques can be implemented to detect and quantify multiple different 

radioisotopes. In some examples, a system includes multiple detectors positioned at different 

locations along the fluid pathway from a radioisotope source to measure one or more 

radioisotopes present in the fluid provided by the radioisotope source. The radioactive 

emissions detected and measured by the multiple detectors, alone or in combination, can be 
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used to determine the activity of one or more radioisotopes present in the system. If the 

system determines that the activity of one or more radioisotopes is within allowable limits, 

the system may permit and control delivery of radioactive liquid from the radioisotope source 

to a patient. By contrast, if the system determines that the activity of one or more 

radioisotopes is outside of an allowable limit, for example during a quality control procedure, 

the system may prevent infusion into a patient during a subsequent patient infusion procedure 

until the issue is resolved.  

[0039] In some examples described herein, a radioisotope generator system includes a beta 

detector and a gamma detector positioned downstream of the radioisotope generator that 

generates radioactive eluate via elution. During a patient infusion procedure, an infusion 

tubing circuit can connect an outlet of the radioisotope generator to a patient catheter. The 

infusion tubing circuit can be positioned adjacent the beta detector such that, as eluate flows 

through the infusion tubing circuit, the eluate passes over the beta detector. Beta emissions 

emitted by the eluate can be detected by the beta detector and the activity of a radioisotope 

associated with those beta emissions determined.  

[0040] To execute a quality control procedure, the infusion tubing circuit can be connected to 

an eluate-receiving container instead of a patient catheter. The eluate-receiving container 

may be a vessel positioned adjacent to the gamma detector such that gamma emissions 

emitted by eluate received in the container can be detected by the gamma detector. During 

operation, an amount of eluate sufficient to partially or fully fill the eluate-receiving container 

can be generated and supplied to the eluate-receiving container. The gamma detector can 

then measure gamma emissions emitted by the eluate in the receiving container, e.g., to 

determine the activity of one or more radioisotopes present in the eluate. In some 

applications, beta emissions measured by the beta detector are used to determine the activity 

of Rb-82 in the eluate while gamma emissions measured by the gamma detector are used to 

determine the activity of contaminants such as strontium in the eluate.  

[0041] A multi-detector system that facilitates measurement of different types of radioactive 

decay products from the same radioactive liquid sample may be integrated with the 

radioisotope generator that produces the radioactive liquid so measured. This can provide an 

integrated system for convenient use in, and deployment to, different clinical locations. For 

example, an integrated system, which may or may not be mobile, can include a frame that 

carries a beta detector and a gamma detector and is further configured to receive a 

radioisotope generator that generates radioactive eluate via elution. The beta detector can be 

supported on the frame either directly or indirectly, e.g., via radioactive shielding material.  
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Similarly, the gamma detector can be supported on the frame either directly or indirectly, 

e.g., also via radioactive shielding material. The beta detector and the gamma detector can be 

positioned to measure beta and gamma emissions, respectively, from radioactive eluate 

discharged from the radioisotope generator. For example, the gamma detector can be 

positioned to measure gamma emissions from a portion of the radioactive eluate that allows 

for the safety of the radioactive eluate delivered by the overall infusion system to be 

evaluated. An infusion system can have a variety of features, functionalities, and components 

as described herein.  

[0042] FIGS. 1 and 2 are perspective and top views, respectively, of an example infusion 

system 10 that can be used to generate and infuse radiopharmaceutical liquid. Inthe 

illustrated example, system 10 includes a cabinet structure 12 mounted on wheels 14 so as to 

be movable. System 10 also includes a user interface 16 that can be electronically and/or 

communicatively coupled to a controller that controls the operation of the infusion system.  

As described in greater detail below, cabinet structure 12 may house a radioisotope generator 

and multiple detectors configured to detect radioactive decay products, such as beta 

emissions and gamma emissions. In operation, the radioisotope generator may generate 

radioactive eluate via elution with an eluant. The eluate may be delivered proximate a beta 

detector to measure beta emissions emanating from the eluate and/or proximate a gamma 

detector to measure gamma emissions emanating from the eluate. A controller associated 

with system 10 may control operation of the system based on the measured beta emissions 

and/or measured gamma emissions.  

[0043] Cabinet structure 12 may be a shell or a housing that defines an interior space 

configured to contain various components of system 10. For example, cabinet structure 12 

may be configured (e.g., sized and/or shaped) to contain a shielding assembly in which 

radioactive materials of system 10 are contained, a pump to pump liquid through a 

radioisotope generator in the cabinet structure, a controller that controls operation of system 

10, and/or other components of the system. Cabinet structure 12 may be fabricated from 

durable polymeric materials, light weight metals, or other suitable materials. In some 

examples, cabinet structure is fabricated from a radiation-resistant or impregnated polymeric 

material to prevent degradation of the cabinet structure in the event that radioactive liquid is 

inadvertently spilled on the cabinet structure.  

[0044] Cabinet structure 12 may include one or more openings, doors, and/or removable 

portions to access an interior of the cabinet structure and components contained therein. In 

the illustrated example, cabinet structure 12 includes an opening 18 formed in the upper 
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surface of the structure through which a portion of a shielding assembly extends and is 

accessible. As will be discussed in greater detail below, the portion of the shielding assembly 

extending through opening 18 may include a door to access a compartment that receives a 

portion of an infusion tubing circuit and/or a door to access a compartment into which an 

eluate-receiving container is inserted. As further illustrated, cabinet structure 12 may include 

a removable portion 20 that can be removed from a remainder of the cabinet structure to 

access an interior of the structure. In some examples, removable portion 20 provides access 

to a door of a shielding assembly compartment containing a radioisotope generator.  

[0045] In the example of FIGS. 1 and 2, cabinet structure 12 is mounted on wheels 14.  

Wheels 14 may be useful to allow system 10 to be easily moved from one location to another 

location, e.g., to perform patient infusion procedures in different locations or to perform 

maintenances or repair tasks. To prevent system 10 from inadvertently moving after being 

positioned in a desired location, the system may include a brake system that prevents the 

system from being moved when engaged. As shown in FIG. 2, system 10 includes a brake 

system the includes at least one peddle mounted at the rear end of the cabinet structure, which 

is illustrated as including a first peddle 20A to engage the brake system and a second peddle 

20B to disengage the brake system. The peddles 20A and 20B can be operatively connected 

to a mechanical interlock, friction pad, or other structure that, once engaged, inhibits 

movement of system 10. Pushing first peddle 20A downwardly with respect to gravity can 

engage the brake system while pushing second peddle 20B downwardly with respect to 

gravity can disengage the brake system. In other configurations, system 10 may only have a 

single break peddle that is pressed to both engage and disengage the break system, a hand 

control to engage and disengage the break system, or yet other engagement feature. When 

configured with multiple brake pedals as shown in FIG. 2, the pedals can be color indexed to 

indicate engagement (e.g., red for stop) and disengagement (e.g., green for go).  

[0046] As mentioned above, system 10 also includes user interface 16. User interface 16 

may include a display screen as illustrated or other output media, and user input media. For 

example, user interface may include a keyboard, mouse, depressible buttons, switches, and/or 

touch screen interface. In some examples, user interface 16 may be configured to provide 

visual, audible, and/or tactile feedback to a user. User interface 16 may be communicatively 

coupled (e.g., via a wired or wireless connection) to a controller that controls the operation of 

system 10. A clinician or other user may interact with system 10 through user interface 16, 

e.g., to change or establish the parameters of a patient infusion procedure, change or establish 

the parameters of a quality control procedure, view historical or maintenance information, or 
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otherwise interact with system 10. In one example, user interface 16 is implemented as a 

touchscreen having a screen that a user can physically touch to communicate with system 10.  

[0047] In the illustrated example, user interface 16 is shown as a display or touch screen 

mounted on a pole extending vertically from cabinet structure 12. When so configured, user 

interface 16 may be rotatably coupled to the mounting pole so as to be swiveled to any 

rotational position desired by a user and/or translated to different vertical positions. While 

user interface 16 is illustrated as being physically attached to cabinet structure 12, in other 

applications, user interface 16 may be physically separated from the cabinet structure. For 

example, user interface 16 may be provided through a mobile communication device (e.g., 

smart phone, tablet computer) or otherwise physically separate from cabinet structure 12 and 

communicatively coupled to components contained therein.  

[0048] System 10 can include a variety of other features and functionalities. FIG. 3 is a rear 

view of system 10 shown in FIGS. 1 and 2 illustrating additional example features that can be 

included on the system. In this example, system 10 includes a handle 22 extending outwardly 

from cabinet structure 12 to provide a surface that an operator can grasp to move the system 

from one location to another location. System 10 also includes a power connection 24. In 

different examples, system 10 may be powered via a wired connection to wall or mains 

power, via a rechargeable battery, or through a combination of power sources. Power 

connection 24 may be a socket to which an electrical cable can be connected or may be an 

electrical cable, for example that is retractable inside of cabinet structure 12, to enable 

connection to an external power source. Power delivered to system 10 via power connection 

24 may be used to directly power the various electrical components of the system, such as a 

controller and/or pump, or may provide power to a battery contained within cabinet structure 

12 that then powers the various components of the system.  

[0049] In some examples, system 10 may also include a printer 26 that can provide printed 

summaries, reports, or other printed media relating to system 10. For example, printer 26 

may be used to generate patient reports containing data related to a specific patient infusion 

procedure undertaken. The patient report may be incorporated into a patient's file, shared 

with the caregiver, or otherwise used to document care delivered using the infusion system.  

As another example, printer 26 may be used to generate maintenance reports indicating the 

status of one or more components within system 10, document maintenance undertaken on 

the system, or otherwise record action taken on the system. Printer 26 can be 

communicatively coupled to a controller that controls the overall operation of system 10. In 
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some examples, an operator may interact with the user interface 16 to request one or more 

reports or other printed outputs be generated using printer 26.  

[0050] Although handle 22, power connection 24, and printer 26 are illustrated as being 

positioned on the rear side of cabinet structure 12 in the configuration of FIG. 3, it should be 

appreciated that the features may be positioned at other locations on system 10 while still 

providing the functionality described herein.  

[0051] As briefly discussed above, system 10 may include a shielding assembly that blocks 

radioactive radiation emitted by radioactive materials within the system. FIGS. 4 and 5 are 

perspective and top views, respectively, of system 10 from FIGS. 1-3 shown with cabinet 

structure 12 removed for purposes of illustration and illustrating an example shielding 

assembly arrangement. As shown in this example, system 10 includes a shielding assembly 

28 carried by a frame 30. In particular, in the illustrated configuration, shielding assembly 28 

is mounted to a shielding assembly frame 32 which, in turn, is mounted to a cart frame 30.  

[0052] In general, frame 30 may be any rigid structure that defines a surface configured (e.g., 

sized and/or shaped) to receive and hold shielding assembly 28. Frame 30 may have one or 

more horizontally oriented members 34 on which a bottom surface of shielding assembly 28 

rests when the shielding assembly is inserted onto the frame. In some examples, frame 30 

also includes one or more vertically extending members that extend along sidewalls of 

shielding assembly 28, when the shielding assembly is installed in the frame. For example, 

as illustrated in the configuration of FIG. 4, shielding assembly 28 includes a first vertical 

wall surface 36A, a second vertical wall surface 36B, and a rear vertical wall surface 36C that 

collectively define an opening configured to receive and surround around at least a portion of 

shielding assembly 28. Configuring system 10 with frame 30 can be useful to provide a 

structure that supports shielding assembly 28 and/or helps protect the shielding assembly 

from damage or inadvertent physical contact. In the illustrated configuration, wheels 14 are 

operatively (e.g., mechanically) connected to frame 30 and, more particularly, horizontally 

oriented member 34 of the frame. In other examples as indicated above, system 10 does not 

include wheels 14.  

[0053] In some examples, a pump that pumps liquid through system 10 is carried by frame 30 

inside of cabinet structure 12 (in examples in which system 10 includes an additional exterior 

cabinet structure). For example, with reference to FIG. 5, frame 30 defines a space 38 offset 

from shielding assembly 28 that is configured to receive a pump 40. In particular, with the 

illustrated example, space 38 is positioned between a second vertical wall surface 36B of 

frame 30 and shielding assembly 28, when the shielding assembly is installed on the frame.  
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Space 38 can be configured (e.g., sized and/or shaped) to receive pump 40 and/or other 

components of system 10 such as a controller, one or more servomotors to control valves, or 

other operational hardware to enable system 10 to provide the functions described herein.  

Such an arrangement may be useful to co-locate hardware components of system 10 not in 

direct contact with radioactive materials with other components contained in shielding 

assembly 28 that are in direct contact with radioactive emissions emitted by radioactive liquid 

generated using the system.  

[0054] In FIGS. 4 and 5, shielding assembly 28 is mounted to shielding assembly frame 32 

which, in turn, can be installed on frame 30 that defines a mobile cart frame. For example, 

shielding assembly 28 may be physically and/or mechanically connected to shielding 

assembly frame 32, such that the shielding assembly is in direct physical contact with the 

shielding assembly frame. In turn, shielding assembly frame 32 can be received in a space 

defined by horizontally oriented member 34 and vertically oriented sidewalls 36A-C, e.g., 

such that the shielding assembly frame 32 is in physical contact with frame 30. Shielding 

assembly frame 32, similar to frame 30, maybe a rigid structure that surrounds and or 

encloses at least a portion of the sidewalls of shielding assembly 28. For example, shielding 

assembly frame 32 may provide mechanical rigidity and/or support for shielding assembly 28 

to allow the shielding assembly to be transported outside of system 10.  

[0055] To enable efficient installation of shielding assembly 28 onto frame 30, shielding 

assembly frame 32 may include multiple hooks 42 positioned about a perimeter of the 

shielding assembly that can be engaged by a lifting device to lift shielding assembly frame 

32, and the shielding assembly carried 28 thereon, for installation onto cart frame 30. During 

assembly or maintenance, an operator may attach a lifting mechanism such as a crane or 

block and tackle to hooks 42 to enable shielding assembly 28 to be lifted and installed on cart 

frame 30. Pump 40 and other components of system 10 carried by frame 30 outside of 

shielding assembly 28 may or may not also be physically attached to shielding assembly 

frame 32. In some examples, shielding assembly frame 32 carries only shielding assembly 28 

and does not carry other components that are received on frame 30 adjacent to shielding 

assembly 28, such as pump 40, a controller controlling the operation of system 10, and other 

related hardware or software.  

[0056] When system 10 includes frame 30 and/or shielding assembly frame 32, each frame 

may typically be made of a rigid material such as a rigid metal or plastic that provide 

structural integrity to the overall system. While FIGS. 4 and 5 illustrate one example 

arrangement of respective frames that can receive various hardware components of system 
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10, it should be appreciated that in other configurations, system 10 does not include a 

separate shielding assembly frame and cart frame, or may have a different configuration or 

arrangement of frame members than that illustrated.  

[0057] Shielding assembly 28 and frame 30 can receive and hold various components of 

system 10 that enable the system to perform the functions attributed to it herein. For 

example, as briefly indicated above, system 10 may include a radioisotope generator that 

generates radioactive eluate via an elution with an eluant. The system may include a 

radioisotope generator that contains radioactive material in order to generate the radioactive 

eluate via elution. The system may also include multiple detectors, such as a beta detector 

and a gamma detector, positioned downstream of the radioisotope generator to measure 

radioactive emissions emitted by radioactive eluate produced using the generator.  

[0058] FIG. 6 is a block diagram illustrating an example arrangement of components that can 

included in system 10 to generate radioactive eluate and detect radioactive emissions. In the 

example, system 10 includes an eluant reservoir 50, previously-described pump 40, a 

radioisotope generator 52, a waste container 54, an eluate-receiving container 56, a beta 

detector 58, and a gamma detector 60. One or more fluid tubing lines can connect the various 

components of system 10 together.  

[0059] For example, in the configuration of FIG. 6, pump 40 receives eluant from eluant 

reservoir 50, pressurizes the eluant, and discharges pressurized eluant into an eluant line 62.  

A first diverter valve 64 controls the flow of eluant to one of a radioisotope generator inlet 

line 66 and a radioisotope generator bypass line 68. Eluant flowing through radioisotope 

generator bypass line 68 bypasses radioisotope generator 52 and can flow directly into an 

infusion tubing line 70. Infusion tubing line 70 can be in fluid communication with either 

eluate-receiving container 56 (e.g., during a quality control procedure) or a patient catheter 72 

(e.g., during a patient infusion procedure). A second multi-way valve 74 controls a flow of 

eluate generated by elution within radioisotope generator 52 and received from a radioisotope 

generator discharge line 75 to either the infusion tubing line 70 or a waste line 76. Waste line 

76 can be connected to waste container 54.  

[0060] During operation, radioisotope generator 52 can generate radioactive eluate via 

elution. For example, radioisotope generator 52 may be a strontium-rubidium generator 

containing Sr-82 bound on a support material, such as stannic oxide or tin oxide. Rb-82 is a 

daughter decay product of Sr-82 and binds less strongly to the support material than the 

strontium. As pressurized eluant from eluant reservoir 50 is passed through the radioisotope 

generator, the eluant may release Rb-82 so as to generate a radioactive eluate. For example, 
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when the eluant is a saline (NaCl) solution, sodium ions in the saline can displace Rb-82 in 

the generator so as to elute a Rb-82 chloride solution.  

[0061] In other examples, radioisotope generator 52 can generate different types of decay 

products besides Rb-82. The type of daughter decay product produced by radioisotope 

generator 52 can be controlled by selecting the type of radioisotope loaded onto the generator 

support material. Example types of radioisotope generators that can be used as radioisotope 

generator 52 include, but are not limited to, 99Mo/ 99mTc (parent molybdenum-99 bound on a 

support material to produce daughter decay product technetium-99m); 9°Sr/9 Y (parent 

strontium-90 bound on a support material to produce daughter decay product yttrium-90); 

1 8 8W/ 1"Re (parent tungsten-188 bound on a support material to produce daughter decay 

product rhenium-188); and 68Ge/6 Ga (parent germanium-68 bound on a support material to 

produce daughter decay product gallium-68). Yet other types of radioisotope generators that 

can be used as radioisotope generator 52 include: 4 2 Ar4 2 K; 44 T/4 4 Sc; 52Fe/ 52mMn; 72Se/ 72As; 

8
3Rb/8 3

mKr; io 3Pd/io 3mRh; io 9 Cd/io 9 mAg; i 3 Sn/ii 3 mn; 1 1 8Te/118 Sb; 13 2 Te/ 1 321; 1
37Cs/1 37

mBa; 

14 0Ba/ 14 0La; 134Ce/ 134 La; 1 44 Ce/144Pr; 140Nd/ 140Pr; 1 6 6DY/ 1 66 Ho; 67 Tm/r1 67 mEr; 172 Hf/172 Lu; 

178W/ 17 8Ta; 9 iOs/191mr; 1940s/194 r; 226Ra/ 2 22Rn; and 225 Ac/ 2 13Bi.  

[0062] To measure the radioactivity of one or more radioisotopes in the radioactive eluate 

generated via elution in system 10, the system may include multiple detectors configured to 

receive and measure different radioactive emissions produced by the radioactive eluate. For 

example, as shown in the example of FIG. 6, system 10 may include a beta detector 58 and a 

gamma detector 60. Beta detector 58 can be positioned downstream of radioisotope 

generator 52 to measure beta emissions emitted by radioactive eluate produced by the 

generator. Gamma detector 60 can also be positioned downstream of radioisotope generator 

52 to measure gamma emissions emitted by the radioactive eluate produced by the generator.  

[0063] The specific locations of beta detector 58 and gamma detector 60 can vary. However, 

in the example of FIG. 6, beta detector 58 is positioned between an outlet of radioisotope 

generator 52 and second multi-way valve 74, which is upstream of waste container 54 and 

infusion tubing 70 along the fluid pathway from the radioisotope generator. By contrast, 

gamma detector 60 is positioned downstream of the outlet of the radioisotope generator 52 

and beta detector 58. For example, gamma detector 60 may be positioned downstream of the 

second multi-way valve 74 along the fluid pathway of infusion tubing 70.  

[0064] In operation, beta detector 58 can measure beta emissions emitted by radioactive 

eluate generated by and discharged from radioisotope generator 52. In some examples, beta 

detector 58 is positioned in close proximity to radioisotope generator discharge line 75 such 
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that the beta detector can detect beta emissions emitted from radioactive eluate present in the 

discharge line. The radioactive eluate may be flowing through the radioisotope generator 

discharge line 75 toward infusion tubing 70 and/or waste line 76. Alternatively, the 

radioactive eluate may be supplied to the radioisotope generator discharge line 75 and held 

static (non-flowing) while the beta detector 58 measures beta emissions emitted from the 

radioactive eluate. In yet other configurations, an eluate-receiving reservoir may be provided 

in fluid communication with radioisotope generator discharge line 75, for example via an 

additional multi-way valve, and beta detector 58 positioned to measure beta emissions from 

the radioactive eluate supplied to the eluate-receiving reservoir. In any configuration, beta 

detector 58 may measure beta emissions from radioactive eluate generated by the generator in 

order to detect and/or quantify one or more radioisotopes present in the radioactive eluate.  

[0065] System 10 also includes a gamma detector 60. In operation, gamma detector 60 can 

measure gamma emissions emitted by radioactive eluate generated by and discharged from 

radioisotope generator 52. For example, radioactive eluate generated by radioisotope 

generator 52 may be discharged through radioisotope generator discharge line 75, diverter 

valve 74, infusion tubing 70, and supplied to eluate-receiving container 56. Gamma detector 

60 may be positioned in close proximity to eluate-receiving container 56 in order to detect 

gamma emissions emitted by the portion of radioactive eluate delivered to the receiving 

container. For example, a clinician may attach an outlet of infusion tubing 70 to an inlet of 

eluate-receiving container 56 in order to supply radioactive eluate to the receiving container.  

Upon subsequently controlling pump 40 to generate radioactive eluate that is supplied to the 

eluate-receiving container 56, gamma detector 60 may measure gamma emissions emitted by 

the radioactive eluate.  

[0066] While FIG. 6 illustrates one example location for gamma detector 60, other locations 

may be used. For example, gamma detector 60 may be positioned in close proximity to a 

tubing line downstream of radioisotope generator 52, such as radioisotope generator 

discharge line 75 and/or infusion tubing 70. In these examples, gamma detector may measure 

gamma emissions emitted by radioactive eluate flowing through the tubing line or a static 

(non-flowing) portion of radioactive eluate held within the tubing line. Independent of the 

specific location of the gamma detector with in system 10, gamma detector 60 may measure 

gamma emissions from radioactive eluate generated by the radioisotope generator 52 in order 

to detect and/or quantify one or more radioisotopes present in the radioactive eluate.  

[0067] For example, gamma emissions measured by gamma detector 60 may be used to 

detect and/or quantify one or more contaminating radioisotopes in radioactive eluate 
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generated by radioisotope generator 52, while beta emissions measured by beta detector 58 

may be used to detect and/or quantify one or more radioisotopes in the radioactive eluate 

targeted for patient infusion. In some examples, beta detector 58 measures beta emissions 

from radioactive eluate flowing through radioisotope generator discharge line 75 toward 

eluate-receiving container 56. Once the radioactive eluate has passed beta detector 58 and 

filled eluate-receiving container 56, either partially or fully, gamma detector 60 may measure 

gamma emissions from that portion of radioactive eluate supplied to the receiving container.  

In these applications, gamma detector 60 may measure gamma emissions from a portion of 

radioactive eluate also emitting beta emissions which were detected by beta detector 58 as the 

radioactive eluate flowed towards the eluate-receiving container 56. In other operational 

configurations, beta detector 58 and gamma detector 60 may not measure radioactive 

emissions from the same portion or volume of radioactive eluate but may measure radioactive 

emissions from different portions of radioactive eluate.  

[0068] Radioisotope generator system 10 in the example of FIG. 6 also includes a controller 

80. Controller 80 may be communicatively coupled (e.g., via a wired or wireless connection) 

to the various pump(s), valves, and other components of system 10, including beta detector 

58 and gamma detector 60, so as to send and receive electronic control signals and 

information between controller 80 and the communicatively coupled components. For 

example, controller 80 may receive data generated by beta detector 58 indicative of the 

magnitude of beta emissions detected by the detector. Controller 80 may further receive data 

generated by gamma detector 60 indicative of the amount and type (e.g., spectral distribution) 

of gamma emissions detected by the detector. Controller 80 may further process the data to 

determine an activity of different isotopes in the eluate from which beta detector 58 and 

gamma detector 60 detected beta emissions and gamma emissions, respectively. Controller 

80 may also manage the overall operation of radioisotope generator system 10, including 

initiating and controlling patient dosing procedures, controlling the various valves and 

pump(s) in the system, receiving and processing signals from beta detector 58 and gamma 

detector 60, and the like.  

[0069] In operation, beta detector 58 can detect beta emissions emanating from radioactive 

eluate positioned in front of the detector. Beta detector 58 can include a variety of 

components to detect and process beta emission signals. In some configurations, beta 

detector 58 is implemented using a solid-state detector element such as a PIN photodiode. In 

these configurations, the solid-state detector element can directly convert impinging 

radioactive energy into electrons in the semiconductor material of the detector. The electrons 
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can then be amplified into a usable signal (e.g., received by controller 80). In some 

examples, beta detector 58 includes a scintillator, which converts impinging radioactive 

energy into light pulses, which is then captured by an attached photon-to-electron converter 

such as a photomultiplier tube or avalanche photodiode. The choice of the scintillator can 

determine the sensitivity and the countrate performance. For example, beta detector 58 may 

be implemented using a plastic scintillator when high sensitivity and high countrate 

performance are desired.  

[0070] During operation, gamma detector 60 can detect gamma ray emissions emanating 

from a portion of eluate positioned in close proximity to the detector, e.g., statically 

positioned in eluate-receiving container 56. Gamma detector 60 may include a variety of 

different components to detect and process gamma ray radiation signals, such as a pulse 

sorter (e.g., multichannel analyzer), amplifiers, rate meters, peak position stabilizers, and the 

like. In one example, gamma detector comprises a scintillation detector. In another example, 

gamma detector comprises a solid-state semiconductor detector.  

[0071] The specific type of gamma detector selected for detector 60 can vary based on a 

variety of factors such as, e.g., the required resolution of the detector, the physical 

requirements for practically implementing the detector in a system (e.g., cooling 

requirements), the expected sophistication of the personnel operating the detector, and the 

like. In some applications, gamma detector 60 is a scintillator-type detector, such as a 

comparatively low-resolution alkali halide (e.g., Nal, CsI) or bismuth germanate (e.g., 

Bi4Ge3O12, or BGO). In other applications, gamma detector 60 incorporates a higher-Z 

metallic species. An example is lutetium oxyorthosilicate, Lu2(SiO4)O(Ce) or LSO, which, 

though slightly better in resolution than BGO, may have limited applicability because of its 

relatively high intrinsic radiation. As another example, gamma detector 60 may be a cerium

doped lanthanum, such as LaCl3(Ce) or LaBr3(Ce).  

[0072] In other applications, gamma detector 60 is a solid-state semiconductor-type detector, 

such as a planar germanium detector. For instance, as another example, gamma detector 60 

may be a solid-state semiconductor-type telluride detector, such as cadmium-telluride or 

cadmium-zinc-telluride semiconductor detector. Gamma detector 60 may be operated at 

room (ambient) temperature or may be cooled below room temperature (e.g., by a cooling 

device incorporated into radioisotope generator system 10) to increase the resolution of 

detector.  

[0073] Gamma detector 60 can generate gamma ray spectroscopy data. For example, the 

detector may include a passive material that waits for a gamma interaction to occur in the 
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detector volume. Example interactions may be photoelectric effects, Compton effects, and 

pair production. When a gamma ray undergoes a Compton interaction or pair production, for 

instance, a portion of the energy may escape from the detector volume without being 

absorbed so that the background rate in the spectrum is increased by one count. This count 

may appear in a channel below the channel that corresponds to the full energy of the gamma 

ray.  

[0074] A voltage pulse produced by gamma detector 60 can be shaped by a multichannel 

analyzer associated with the detector. The multichannel analyzer may take a small voltage 

signal produced by the detector, reshape it into a Gaussian or trapezoidal shape, and convert 

the signal into a digital signal. The number of channels provided by the multichannel 

analyzer can vary but, in some examples, is selected from one of 512, 1024, 2048, 4096, 

8192, or 16384 channels. The choice of the number of channels may depend on the 

resolution of the system, the energy range being studied, and the processing capabilities of 

the system.  

[0075] Data generated by gamma detector 60 in response to detecting gamma ray emissions 

may be in the form of a gamma ray spectrum that includes peaks. The peaks may correspond 

to different energy levels emitted by the same or different isotopes within an eluate sample 

under analysis. These peaks can also be called lines by analogy to optical spectroscopy. The 

width of the peaks may be determined by the resolution of the detector, with the horizontal 

position of a peak being the energy of a gamma ray and the area of the peak being determined 

by the intensity of the gamma ray and/or the efficiency of the detector.  

[0076] During operation (either a patient infusion procedure, a quality control procedure, a 

calibration procedure, or other operating procedure), controller 80 may receive data generated 

by beta detector 58 and/or gamma detector 60 indicative of beta emissions and gamma 

emissions detected by the respective detectors. Controller 80 may process the data to 

determine an activity of one or more radioisotopes in the radioactive eluate from which beta 

detector 58 and/or gamma detector 60 detected beta emissions and/or gamma emissions, 

respectively. Controller 80 may manage operation of system 10 based on the determined 

activity of the one or more radioisotopes.  

[0077] For example, when radioisotope generator 52 is implemented using a strontium

rubidium radioisotope generator, controller 80 may receive data from beta detector 58 

indicative of beta emissions measured from radioactive eluate flowing through radioisotope 

generator discharge line 75. Controller 80 may not be able to resolve different radioisotopes 

from the beta emissions measured by beta detector 58 but may instead be programmed to 
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assume that all such beta emissions are attributable to radioactive Rb-82 present in the 

radioactive eluate, since Rb-82 may be expected to be the predominant radioactive species 

present. Accordingly, with reference to data stored in memory, controller 80 may determine 

an activity of Rb-82 present in the radioactive eluate supplied from radioisotope generator 52 

based on a cumulative magnitude of beta emissions measured by beta detector 58.  

[0078] Controller 80 may further receive in such examples data from gamma detector 60 

indicative of gamma emissions measured from a portion of radioactive eluate supplied to 

eluate-receiving container 56. Controller 80 may determine which species of one or more 

other radioisotopes are present in the radioactive eluate and/or an activity level of those 

species based on the received data from the gamma detector. For example, controller 80 may 

determine which species of radioisotopes and/or an activity of those radioisotopes are present 

in the radioactive eluate based on the amount and type (e.g., spectral distribution) of gamma 

emissions detected by gamma detector 60. For instance, controller 80 may determine an 

activity of Sr-82 and/or Sr-85 present in the radioactive eluate, if any, which can be 

contaminants to the Rb-82 radioisotope intended for patient infusion procedure.  

[0079] Controller 80 may control operation of system 10 based on the measured activity of 

the radioisotope intended for patient infusion (for example Rb-82) and/or based on the 

measured activity of one or more radioisotopes species that are contaminants to such 

radioisotope (for example, Sr-82 and/or Sr-85). Controller 80 may compare the activity of 

one or more individual isotopes to one or more thresholds stored in memory and control 

operation of system 10 based on the comparison. Controller 80 may take a variety of actions 

when a threshold is exceeded. As one example, controller 80 may initiate a user alert (e.g., a 

visual, textual, mechanical (e.g., vibratory), audible user alert), e.g., by controlling user 

interface 16 to deliver the alert. As another example, controller 80 may shut down pump 40 

so as to cease generating eluate. As yet another example, controller 80 may control second 

multi-way valve 74 to divert elute from infusion tubing 70 to waste line 76.  

[0080] As noted above, system 10 may include a waste container 54 and an eluate-receiving 

container 56. Waste container 54 and eluate-receiving container 56 may each be structures 

configured to receive and hold liquid received from upstream tubing. In different examples, 

waste container 54 and/or eluate-receiving container 56 may be reservoirs permanently 

formed in shielding assembly 28 (FIGS. 4 and 5) or maybe removable from the shielding 

assembly. For example, waste container 54 and/or eluate-receiving container 56 may be a 

vessel (e.g., bottle, vial, canister, or other receptacle) configured to receive radioactive eluate, 

each of which is removable from shielding assembly 28.  
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[0081] In general, waste container 54 is intended to receive radioactive eluate produced upon 

activation of system 10, as pump 40 pumps eluant through radioisotope generator 52 toward 

waste container 54. For example, in operation, pump 40 may pump eluant through 

radioisotope generator 52 while controller 80 controls second multi-way valve 74 to direct 

radioactive eluate toward waste container 54. Upon determining that the radioactive eluate 

produced by radioisotope generator 52 has reached a threshold level of activity, controller 80 

may control second multi-way valve 74 to direct the radioactive eluate to infusion tubing 70 

(and to patient catheter 72 or eluate-receiving container 56 coupled thereto) instead of toward 

waste container 54. Controller 80 may determine that the radioactive eluate produced by 

radioisotope generator 52 has a threshold level of activity based on the beta emissions 

measured by beta detector 58, e.g., and threshold information stored in memory associated 

with the controller. In different examples, waste container 54 may be sized to hold a volume 

of liquid received from radioisotope generator 52 of at least 100 mL, such as at least 250 mL, 

or greater than or equal to 500 mL. As one example, waste container 54 may be sized to hold 

from250 mL to 1 L.  

[0082] In contrast to waste container 54 which is intended to receive radioactive eluate 

produced by radioisotope generator 52 that is designated as waste, eluate-receiving container 

56 can receive patient-infusible radioactive eluate produced the radioisotope generator.  

Eluate-receiving container 56 may receive and hold a portion of the radioactive eluate 

produced by the radioisotope generator (e.g., after controller 80 has actuated multi-way valve 

74 to redirect the radioactive eluate being produced from waste line 76 to infusion tubing 70).  

While eluate-receiving container 56 is being filled with radioactive eluate and/or after the 

eluate-receiving container has filled, gamma detector 60 may measure gamma emissions 

emanating from the radioactive eluate. In some examples, beta detector 58 measures beta 

emissions from radioactive eluate flowing through radioisotope generator discharge line 75 as 

the eluate flows to eluate-receiving container 56, whereupon gamma detector 60 measures 

gamma omissions from that same portion of eluate whose beta emissions were previously 

measured by the beta detector.  

[0083] Controller 80 may determine an activity of one or more radioisotopes present in the 

radioactive eluate received by an eluate-receiving container 56 based on the gamma 

emissions measured by gamma detector 60. If controller 80 determines that an activity of one 

or more radioisotopes present in the radioactive eluate exceeds an allowable limit (e.g., with 

reference to thresholds stored in a memory associate with the controller) the controller may 

alert the user, for example via user interface 16. Additionally or alternatively, controller 80 
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may prevent a subsequent patient infusion procedure until it is determined that a radioisotope 

generator 52 (or replacement thereof) can produce radioactive eluate that does not contain 

one or more radioisotopes that exceed allowable limit. In this way, gamma detector 60 may 

be positioned to evaluate the quality of radioactive eluate produced by radioisotope generator 

52 and help ensure that the radioactive eluate produced by the radioisotope generator (e.g., 

eluate that will subsequently be produced during one or more subsequent elutions of the 

generator) is safe for patient infusion.  

[0084] Although eluate-receiving container 56 can have a number of different configurations, 

in some examples, the eluate-receiving container is sized smaller than waste container 54.  

For example, eluate-receiving container 56 may be sized to receive and hold a volume of 

liquid less than 500 mL, such as less than 250 mL or less than 100 mL. In one example, 

eluate-receiving container is sized to hold from 10 mL to 100 mL. Further, while eluate

receiving container 56 can be implemented using a variety of different types of containers, in 

some examples, the eluate-receiving container is fabricated of glass or plastic, such as a glass 

vial or bottle, or a plastic syringe or container. Such a structure may be useful in that the 

glass vial may limit the extent to which gamma emissions are blocked or attenuated by the 

eluate-receiving container, or may be more uniform, allowing gamma detector 60 to 

adequately detect gamma emissions emitted by the radioactive eluate delivered to the 

container.  

[0085] In practice, eluate-receiving container 56 may be reused for multiple quality control 

procedures or may be disposable after each quality control procedure. For instance, in some 

applications, an operator may select a new, previously unused, eluate-receiving container and 

insert the container into an appropriate compartment of shielding assembly 28. After 

performing the quality control procedure, the operator can remove the eluate-receiving 

container, discard the contents of the container appropriately, and then discard the container 

itself Typically, waste container 54 is a reusable structure, for example fabricated from 

metal glass or other compatible material, that may be removed and emptied from shielding 

assembly 28 periodically but is not discarded after use.  

[0086] As discussed above with respect to FIGS. 4 and 5, system 10 may include a shielding 

assembly28. Shielding assembly 28 can house various components of system 10 exposed to 

and/or in contact with radioactive eluate. FIGS. 7A and 7B are perspective views of an 

example configuration of shielding assembly 28 from FIGS. 4 and 5, shown removed from 

cart frame 30 for purposes of illustration. FIG. 7A illustrates shielding assembly 28 with 
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doors attached, while FIG. 7B illustrates the shielding assembly with doors removed to show 

an example arrangement of internal features.  

[0087] In general, shielding assembly 28 may be formed of one or more materials that 

provide a barrier to radioactive radiation. The type of material or materials used to fabricate 

the shielding assembly and the thicknesses of those materials may vary, for example, 

depending on the type and size of radioisotope generator 52 used in the system and, 

correspondingly, the amount of radiation shielding needed. In general, the thickness and/or 

configuration of the radiation shielding material used to form shielding assembly 28 may be 

effective to attenuate radiation emanating from inside of the shielding assembly to a level 

which is safe for operating personnel to work around system 10. For example, when anew 

strontium-rubidium generator is installed in shielding assembly 28, it may contain 200 

millicuries of radiation. Shielding assembly 28 may block that radiation so the radiation level 

outside of the shielding assembly does not exceed that which is allowable for operating 

personnel surrounding the shielding assembly.  

[0088] In some examples, shielding assembly 28 is fabricated from lead or lead alloys or 

other high density materials. Shielding assembly 28 may have a wall thickness greater than 

25 millimeters, such as greater than 50 millimeters. For example, shielding assembly 28 may 

have a wall thickness ranging from 50 millimeters to 250 millimeters, such as from 65 

millimeters to 150 millimeters. Further, as discussed in greater detail below, shielding 

assembly 28 may include different compartments specifically arranged relative to each other 

to effective shield radiation sources from radiation sensitive components.  

[0089] With reference to FIGS. 7A and 7B, shielding assembly 28 can have at least one 

sidewall 100 that provides a barrier to radioactive radiation and defines a compartment 

configured to receive one or more components of system 10. In some examples, shielding 

assembly 28 defines only a single compartment, e.g., containing at least radioisotope 

generator 52 (FIG. 6). In other examples, including the example illustrated in FIGS. 7A and 

7B, shielding assembly 28 has a plurality of compartments each separated from each other by 

at least one wall of radiation shielding material. For example, shielding assembly 28 may 

include a first compartment 102 configured to receive radioisotope generator 52, a second 

compartment 104 configured to receive beta detector 58, and a third compartment 106 

configured to receive gamma detector 60. Shielding assembly 28 can include one or more 

additional compartments, such as a fourth compartment 108 configured to receive waste 

container 54 and/or a sidewall compartment 110 configured to receive one or more fluid 

tubing lines.  
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[0090] In general, the different compartments of shielding assembly 28 may be configured to 

position the different components received in each respective compartment at a desired 

location relative to each other. For example, first compartment 102 that is configured to 

receive radioisotope generator 52 may be positioned at a location upstream of second 

compartment 104 and third compartment 106. As a result, radioactive eluate generated by 

radioisotope generator 52 can flow downstream to beta detector 58 and/or gamma detector 60 

in order to measure an activity of one or more radioactive species that may be present in the 

radioactive eluate. As another example, when gamma detector 60 is located downstream of 

beta detector 58, second compartment 104 that is configured to receive the beta detector can 

be positioned at a location upstream of third compartment 106 that is configured to receive 

gamma detector 60.  

[0091] Positioning radioisotope generator 52 relative to beta detector 58 and/or gamma 

detector 60 via shielding assembly 28 can be useful to help properly shield the detectors from 

radioactive radiation emitted by the generator. As discussed above, radioisotope generator 52 

can contain a radioactive material, for example strontium-82, which emits radioactive 

radiation. Nuclear decay of the radioactive material contained in radioisotope generator 52 

can produce a decay product, or isotope, that is released into eluant pumped through the 

generator for injection into a patient undergoing a diagnostic imaging procedure. Since 

radioisotope generator 52 provides the source of nuclear material for the entire radioisotope 

generator system, the magnitude of radioactive admissions emitted by the generator, and 

more particularly radioactive material contained on and/or in the generator, may provide the 

strongest radioactive admissions signal in the system. As a result, if radioisotope generator 

52 is not properly shielded from beta detector 58 and/or gamma detector 60, the detectors 

may be overwhelmed by detection of radioactive emissions emitted from the generator itself 

as opposed to radioactive emissions from the radioactive eluate generated by the generator, 

which may be desirably measured. Accordingly, shielding assembly 28 can be configured to 

help shield beta detector 58 and gamma detector 60 from radioisotope generator 52 while still 

allowing radioactive eluate produced by the generator to flow from one compartment to 

another compartment, for example, to allow the beta detector and the gamma detector to 

detect emissions from the eluate.  

[0092] In some examples, radioisotope generator 52, beta detector 58, and gamma detector 

60 are each positioned in different planes both horizontally and vertically. For example, 

shielding assembly 28 may be divided into an infinite number of infinitesimally thick planes 

extending in the X-Y direction indicated on FIGS. 7A and 7B and positioned at different 
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vertical elevations in the Z-direction indicated on the figures (horizontal planes). Similarly, 

shielding assembly 28 may be divided into an infinite number of infinitesimally thick planes 

extending in the Z-X direction indicated on FIGS. 7A and 7B and positioned at different 

locations along the length of the assembly in the Y-direction indicated on the figures (vertical 

planes). Radioisotope generator 52, beta detector 58, and gamma detector 60 may be 

arranged relative to each other so they are each in a different horizontal plane and/or a 

different vertical plane. When so arranged, there may be at least one horizontal plane and/or 

at least one vertical plane that intersects a respective one of radioisotope generator 52, beta 

detector 58, and gamma detector 60 but does not intersect the other two components. Such 

an arrangement may help maximize a distance between radioisotope generator 52 and beta 

detector 58 and/or gamma detector 60, for example, to increase an amount of shielding 

present between the radioisotope generator and one or both detectors.  

[0093] In some configurations, gamma detector 60 is positioned at a higher elevation (e.g., in 

the positive Z-direction indicated on FIGS. 7A and 7B) than the elevation at which 

radioisotope generator 52 is positioned. Additionally or alternatively, gamma detector 60 

may be positioned at a location that is a laterally offset (e.g., in the X-direction and/or Y

direction indicated on FIGS. 7A and 7B) relative to radioisotope generator 52. Offsetting 

gamma detector 60 relative to radioisotope generator 52 both vertically and laterally may be 

useful to help maximize an amount of shielding material present between the gamma detector 

and the radioisotope generator.  

[0094] Each compartment of shielding assembly 28 may define a cavity that partially or fully 

surrounds a respective component received in the compartment, e.g., to partially or fully 

surround the component with radioactive shielding material. In the example of FIGS. 7A and 

7B, first compartment 102 is defined by a sidewall 102A and a base or bottom wall 102B.  

The sidewall 102A may extend vertically upwardly (in the positive Z-direction indicated on 

FIGS. 7A and 7B) from the base wall 102B and define an opening 102C (on FIG. 7B) 

through which radioisotope generator 52 can be inserted.  

[0095] Second compartment 104 may also include a sidewall 104A and a base or bottom wall 

104B. The sidewall 104A may extend vertically upwardly (in the positive Z-direction 

indicated on the figures) from the base wall 104B to form a cavity bound collectively by the 

sidewall 104A and the base wall 104B. In some examples, the sidewall 104A may also 

extend vertically downwardly (in the negative Z-direction indicated on the figures) from the 

base wall 104B to form an additional cavity on the bottom side of the base wall bound by the 

sidewall 104A and, on the top side, by base wall 104B. Independent of whether sidewall 
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104A extends vertically above and/or below base wall 104B, in configurations in which 

second compartment 104 includes base wall 104B, an opening 112 may be formed through 

the base wall 104B. The opening may be a region extending through the thickness of base 

wall 104B that is devoid of radiation shielding material. When so configured, beta detector 

58 may be positioned on one side of base wall 104B at opening 112 and/or extending through 

the opening. For example, beta detector 58 may be positioned under base wall 104B and 

surrounded by a portion of sidewall 104A extending vertically downwardly from the base 

wall.  

[0096] In instances in which beta detector 58 is positioned on one side of base wall 104B 

(e.g., on underside of the base wall as discussed above), a tubing line can be positioned on the 

opposite side of the base wall. For example, a tubing line that is part of an infusion tubing 

circuit may be positioned in second compartment 104, for example with the tubing line 

positioned over opening 112. In the configuration of FIGS. 7A and 7B, sidewall 104A 

defines an opening 104C (on FIG. 7B) through which a tubing line (e.g., which may be part 

of an infusion tubing circuit) can be installed in the compartment. Installing the tubing line in 

the second compartment 104 can position the tubing line to extend over opening 112 and the 

beta detector 58 positioned under the opening and/or extending upwardly through the 

opening. As a result, when radioactive eluate is supplied to and/or through the tubing line, 

the radioactive eluate may be positioned in and/or pass through the portion of the tubing line 

extending over opening 112. Beta detector 58 can detect beta emissions emanating from the 

radioactive eluate in the portion of the tubing positioned over opening 112, for example, 

while passing through base wall 104B via the opening.  

[0097] When the second compartment 104 is intended to receive an infusion tubing circuit 

that includes one or more tubing lines arranged as discussed with respect to FIG. 6, the 

portion of the infusion tubing circuit positioned in the compartment may include a portion of 

radioisotope generator discharge line 75, a portion of waste line 76, second multi-way valve 

74, and a portion of infusion tubing 70. To enable second multi-way valve 74 to be 

operatively connected to a control device (e.g., motor) through shielding assembly 28, second 

compartment 104 may also include a second opening 114 (e.g., as illustrated on FIG. 7B) 

formed through the base wall 104B. The second opening 114 may be sized and positioned to 

enable second multi-way valve 74 to be operatively connected to a control device positioned 

outside of the shielding assembly. During use, an operator may install a portion of an 

infusion tubing circuit through opening 104C into second compartment 104 such that 

sidewall 104A and base wall 104B collectively bound the portion of the inserted infusion 
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tubing circuit with the material that provides a barrier to radioactive radiation. The second 

multi-way valve 74 can be operatively connected with the control device through second 

opening 114, and a portion of the infusion tubing circuit, such as radioisotope generator 

discharge line 75, can be positioned to extend over opening 112 to enable beta detector 58 to 

detect beta emissions through the opening and the portion of tubing positioned there over.  

[0098] As noted above, shielding assembly 28 in the example of FIGS. 7A and 7B also 

includes a third compartment 106. Third compartment 106 may be defined by a sidewall 

106A that forms an opening 106B. Third compartment 106 can be configured (e.g., sized 

and/or shaped) to receive gamma detector 60. In addition, the third compartment 106 may be 

configured to be placed in fluid communication with the infusion tubing 70, when the 

infusion tubing is installed in shielding assembly 28. During operation, such as a quality 

control procedure, radioactive eluate generated by radioisotope generator 52 positioned in 

first compartment 102 can flow through one or more tubing lines of the infusion tubing 

circuit to gamma detector 60 in third compartment 106. Radioactive eluate so delivered to 

the third compartment 106 can emit gamma emissions that can be detected by the gamma 

detector 60 in the compartment.  

[0099] In some examples, third compartment 106 is configured (e.g., sized and/or shaped) to 

receive an eluate-receiving container through opening 106B. For example, after gamma 

detector 60 is installed in third compartment 106, the eluate-receiving container may be 

positioned in the compartment adjacent to and/or over the gamma detector. Infusiontubing 

line 70 can then be placed in fluid communication with the eluate-receiving container such 

that, when eluant is pumped through the radioisotope generator, eluate generated by the 

generator can flow towards the eluate-receiving container and partially or fully fill the 

container. Once suitably filled, a static (non-flowing) portion of radioactive eluate can be 

positioned in third compartment 106 along with gamma detector 60. The static portion of 

radioactive eluate can emit gamma emissions that can be detected by gamma detector 60, for 

example to determine an activity of one or more radioisotopes present in the radioactive 

eluate.  

[00100] In some examples, including the example illustrated in FIGS. 7A and 7B, shielding 

assembly 28 includes one or more additional compartments besides first compartment 102, 

second compartment 104, and third compartment 106. For example, shielding assembly 28 

may include fourth compartment 108 that is configured to receive and hold a waste container 

(e.g., waste container 54 from FIG. 6). Fourth compartment 108 may include a sidewall 

108A and a base wall 108B. The sidewall 108A of the fourth compartment can extend 
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vertically from the base wall 108B to define an opening 108C through which waste container 

54 can be inserted into the compartment. The sidewall 108A and base wall 108B can 

collectively bound a space configured to receive and hold the waste container. When waste 

container 54 is installed in fourth compartment 108, waste line 76 may be placed in fluid 

communication with the waste container.  

[00101] To enable the various tubing lines of the radioisotope generator system to extend 

from one compartment to an adjacent compartment, shielding assembly 28 may include 

additional tubing pathways and/or tubing compartments to facilitate routing of the tubing 

lines. In the example of FIG. 7A and 7B, shielding assembly 28 includes a sidewall 

compartment110. The sidewall compartment 110 in this example is defined by a recessed 

cavity formed in sidewall 108A of fourth compartment 108. In particular, in the illustrated 

arrangement, sidewall compartment 110 extends vertically (in the Z-direction indicated on 

FIG. 7B) along the exterior surface of sidewall 108A defining the fourth compartment 108 

configured to receive waste container 54. Sidewall compartment 110 can be configured to 

receive one or more portions of tubing, such as at least a portion of infusion tubing 70 and at 

least a portion of waste line 76.  

[00102] When installed, waste line 76 may extend from second multi-way valve 74 

positioned over opening 114 in second compartment 104 through sidewall compartment 110 

to fourth compartment 108. Similarly, infusion tubing 70 may extend from second multi-way 

valve 74 positioned over opening 114 in second compartment 104 through sidewall 

compartment 110 and subsequently out of the sidewall compartment. In different 

configurations, infusion tubing 70 may or may not exit shielding assembly 28 before 

returning to the shielding assembly by having an outlet of infusion tubing 70 positioned in 

third compartment 106, for example in fluid communication with an eluate-receiving 

container positioned in the third compartment.  

[00103] Shielding assembly 28 may include additional tubing pathways formed in or through 

one or more sidewalls to find the compartments of the assembly in order to facilitate routing 

of tubing between adjacent compartments. For example, the sidewall 104A defining second 

compartment 104 may include an eluant tubing pathway 116 formed through the sidewall.  

As another example, the sidewall 102A defining first compartment 102 may include an eluate 

tubing pathway 118A and a generator discharge tubing pathway (which may also be referred 

to as an eluate tubing pathway) 118B. When so configured, eluant line 62 (FIG. 6) can enter 

shielding assembly 28 via eluant tubing pathway 116 and further extend from the second 

compartment 104 into the first compartment 102 via eluant tubing pathway 118A. Eluate line 
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62 can be connected with pump 40 on one end (e.g., outside of shielding assembly 28, in 

configurations where the pump is located outside of the shielding assembly) and with 

radioisotope generator 52 in first compartment 102 on an opposite end. Radioactive eluate 

produced via the generator can discharge via radioisotope generator discharge line 75 and can 

flow out of first compartment 102 via radioisotope generator discharge line 75 positioned in 

eluate tubing pathway 118B.  

[00104] To secure eluant line 62 in eluant tubing pathway 118A and radioisotope generator 

discharge line 75 in eluate tubing pathway 118B, respectively, shielding assembly 28 may 

include a tube lock 120. Tube lock 120 may be a structure which is movable over eluant 

tubing pathway 118A and eluate tubing pathway 118B to secure or lock each tube in a 

respective pathway. This can prevent one or more of the tubes from inadvertently coming out 

of its respective pathway and being crushed when the door enclosing first compartment 102 

or second compartment 104 is closed.  

[00105] As briefly discussed above, when shielding assembly 28 is configured with multiple 

compartments, the compartments may be arranged relative to each other to help shield beta 

detector 58 and/or gamma detector 60 from radioactive emissions emanating from 

radioisotope generator 52 itself This can allow one or both detectors to detect radioactive 

emissions associated with radioactive eluate generated by the generator rather than 

radioactive emissions associated with the generator itself In applications where the 

radioisotope generator system includes both a beta detector and a gamma detector, the 

gamma detector may be more sensitive to background radiation from the radioisotope 

generator than the beta detector. That is, the gamma detector may be more prone to being 

saturated by being exposed to gamma emissions emanating from the radioisotope generator 

itself than the beta detector. For these and other reasons, the gamma detector may be 

positioned in such a way relative to the radioisotope generator so as to try and minimize 

exposure to gamma radiation from the radioisotope generator, for example, by maximizing an 

amount of shielding material positioned between the gamma detector and radioisotope 

generator.  

[00106] In general, the amount of shielding material positioned between gamma detector 60 

and radioisotope generator 52 may be increased by positioning one or more compartments of 

shielding assembly 28 between first compartment 102 and third compartment 106 rather than 

positioning the compartments directly adjacent to each other. In some examples, shielding 

assembly 28 is configured so that at least one compartment is positioned between first 

compartment 102 and third compartment 106 (e.g., along the length of the shielding assembly 
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in the Y-direction indicated on FIGS. 7A and 7B and/or vertically in the Z-direction indicated 

on the figures). For example, second compartment 104 may be positioned between first 

compartment 102 that is configured to receive radioisotope generator 52 and third 

compartment 106 that is configured to house gamma detector 60. As a result, the sidewall 

102A defining first compartment 102, the sidewall 104A defining the second compartment 

104, and the sidewall 106A defining the third compartment, in each case formed of material 

that provides a barrier to radioactive radiation, can be located between the radioisotope 

generator 52 and gamma detector 60, when installed in shielding assembly 28. Thus, the 

amount of shielding material present between radioisotope generator 52 and gamma detector 

60 may be the combined thicknesses of the sidewalls.  

[00107] In configurations where shielding assembly 28 includes more than three 

compartments, such as illustrated in the example of FIGS. 7A and 7B, one or more of the 

other compartments may also be positioned between first compartment 102 and third 

compartment 106. In the illustrated example, fourth compartment 108 is also positioned 

between the first compartment 102 and third compartment 106. In this arrangement, both 

second compartment 104 and fourth compartment 108 (as well as sidewall compartment 110) 

are located between first compartment 102 and third compartment 106. As a result, the 

sidewall 102A defining first compartment 102, the sidewall 104A defining the second 

compartment 104, the sidewall 108A defining the fourth compartment 108, and the sidewall 

106A defining the third compartment, in each case formed of material that provides a barrier 

to radioactive radiation, can be located between the radioisotope generator 52 and gamma 

detector 60, when installed in shielding assembly 28. Again, the amount of shielding 

material present between radioisotope generator 52 and gamma detector 60 may be the 

combined thicknesses of the sidewalls, providing increased shielding protection as opposed to 

if fewer sidewalls or a lesser thickness of sidewall material was located between the 

components.  

[00108] Independent of whether shielding assembly 28 includes one or more compartments 

between first compartment 102 and third compartment 106, offsetting the location of gamma 

detector 60 in third compartment 106 relative to the location of radioisotope generator 52 in 

first compartment 102 (e.g., horizontally and/or vertically) may be useful to increase the 

amount of shielding material present between the gamma detector and radioisotope generator.  

Offsetting the two components relative to each other in three-dimensional space can increase 

the amount of shielding material positioned between the components, thereby increasing the 

amount of radiation blocked by the shielding material.  
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[00109] In practice, a radiation path may be defined from radioisotope generator 52 to 

gamma detector 60 when the components are installed in shielding assembly 28. The 

radiation path may be a linear path or route taken by that portion of the radioactive emissions 

(e.g., beta particles and/or gamma rays) emitted by the radioisotope generator that travel to 

the gamma detector (e.g., can be detected by the gamma detector if not otherwise blocked).  

The radiation path may be the shortest linear distance between radioisotope generator 52 and 

gamma detector 60 (e.g., the active surface of the gamma detector that detectors gamma 

rays). Depending on the configuration of the radioisotope generator system, the shortest 

linear distance may be from the top of radioisotope generator 52 to the top of gamma detector 

60, which is configured to detect radioactive emissions emanating from radioactive eluate 

received in the third compartment 106.  

[00110] The shielding material forming the one or more sidewalls 100 of shielding assembly 

28 can block radiation along the radiation path from the radioisotope generator to the gamma 

detector, for example to prevent gamma detector 60 from detecting background radiation 

from radioisotope generator 52 above a desired level. This can be useful to help ensure that 

gamma detector 60 accurately measures the radioactivity of radioactive eluate generated by 

the generator and conveyed to third compartment 106 and does not erroneously measure 

radioactive active emissions emitted by the generator itself as being as being attributable to 

the radioactive eluate.  

[00111] FIG. 7C is a perspective view of shielding assembly 28 from FIGS. 7A and 7B 

shown sectionalized along the A-A sectional line indicated on FIG. 7A, while FIG. 7D is a 

side view of shielding assembly 28 from FIGS. 7A and 7B shown sectionalized along the B

B sectional line indicated on FIG. 7A. FIG. 7D illustrates shielding assembly 28 without 

doors attached for purposes of illustration. As shown in this example, a radiation path 130 is 

defined from radioisotope generator 52 in first compartment 102 to gamma detector 60 in 

third compartment 106. Radiation path 130 passes through at least a portion of the first 

compartment 102 (e.g., sidewall 102A of the compartment) and at least a portion of third 

compartment 106 (e.g., sidewall 106A of the compartment). When shielding assembly 28 

includes one or more other compartments positioned between first compartment 102 and third 

compartment 106, radiation path 130 may or may not also pass through portions of those one 

or more other compartments.  

[00112] For example, in the illustrated configuration, radiation path 130 passes through first 

compartment 102, second compartment 104, and fourth compartment 108, before passing into 

the third compartment 106. Depending on the arrangement of the different compartments, 

33



radiation path 130 may pass through a side wall and/or base wall defining each compartment.  

In the example of FIGS. 7C and 7D, radiation path 130 extends from radioisotope generator 

52 in first compartment 102 through sidewall 102A, through sidewall 104A which is shared 

and coextensive with sidewall 102A, through sidewall 108A, and finally through sidewall 

106A before reaching the active surface of gamma detector 60 that detects gamma emissions.  

In effect, radiation path 130 defines an axis extending from and/or through radioisotope 

generator 52 and gamma detector 60 that transects (e.g., cuts across) the second compartment 

104 and fourth compartment 108 between first compartment 102 and third compartment 106.  

Because gamma radiation emitted from radioisotope generator 52 needs to travel through 

each of these surfaces that provide a barrier to radioactive radiation before reaching gamma 

detector 60, the amount of gamma radiation reaching the detector is reduced as compared to 

if less shielding material were provided between the radioisotope generator and the gamma 

detector. In turn, this reduces the amount of background radiation, or amount of ambient 

radiation, that gamma detector 60 may detect even when radioactive eluate is not supplied to 

third compartment 106.  

[00113] In some examples, third compartment 106 and /or gamma detector 60 located in the 

compartment is positioned at a different elevation with respect to ground than first 

compartment 102 and/or radioisotope generator 52 positioned in the compartment. This may 

increase the amount of shielding material positioned along radiation path 130, for example, 

by extending the length of the path as opposed to if the gamma detector 60 is at the same 

elevation as radioisotope generator 52. By positioning third compartment 106 and/or gamma 

detector 60 at a different elevation relative to first compartment 102 and/or radioisotope 

generator 52, the length of radiation path 130 can be increased without needing to increase 

the overall footprint of the radioisotope generator system, as may otherwise be needed to 

increase the length of the radiation path without changing elevation.  

[00114] In different examples, third compartment 106 and/or gamma detector 60 may be 

located at a higher elevation or a lower elevation with respect to ground relative to first 

compartment 102 and/or radioisotope generator 52. In the illustrated example, third 

compartment 106 and gamma detector 60 contained therein are both positioned at a higher 

elevation with respect to ground than first compartment 102 and radioisotope generator 52 

contained therein. Positioning third compartment 106 at a higher elevation than the first 

compartment 102 may be useful to provide an ergonomically efficient arrangement. In 

practice, radioisotope generator 52 may be a comparatively heavy component that is replaced 

on a comparatively infrequent basis. Positioning radioisotope generator 52 close to ground 
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can be helpful so the operator does not need to lift radioisotope generator 52 to a high height 

when replacing it. By contrast, an eluate-receiving container positioned in third compartment 

106 may be replaced on a comparatively frequent basis, such as once per day. Further, the 

eluate-receiving container may be a comparatively light component that is easily lifted.  

Accordingly, positioning third compartment 106 at a higher elevation than first compartment 

102 can be helpful, for example so that an operator does not need to bend over or bend over 

too far to replace the eluate-receiving container. In addition, positioning first compartment 

102 at a lower elevation than third compartment 106 may lower the center of gravity of 

system 10, making the system more stable.  

[00115] In some examples, radiation path 130 extends at a non-zero degree angle 132 with 

respect to ground to position radioisotope generator 52 and gamma detector 60 at different 

elevations. While angle 132 may vary, in some examples, the angle ranges from 30 to 75 

with respect to ground. In other examples, the angle ranges from 30° to 40°, from 40° to 45, 

from 450 to 500, from 500 to 60, or from 60 to 75°. In one particular example, the angle 

ranges from 430 to 47°. The angle may be positive if gamma detector 60 is at a higher 

elevation than radioisotope generator 52 or may be negative if gamma detector 60 is at a 

lower elevation the radioisotope generator 52.  

[00116] When the third compartment 106 is positioned at a higher elevation with respect to 

ground than first compartment 102, the top surface of the opening 106C of the third 

compartment (e.g., rim of the compartment) may be higher than the top surface of the 

opening 102C of the first compartment (e.g., rim of the compartment). In some examples, the 

opening of the third compartment is at least 10 centimeters higher than the opening of the 

first compartment, such as at least 25 centimeters higher or at least 30 centimeters higher.  

For example, the opening of the third compartment may range from 10 centimeters to 100 

centimeters higher than the opening of the first compartment, such as from 20 centimeters to 

50 centimeters. Additionally or alternatively, the opening of the third compartment may be 

spaced horizontally (e.g., in the X and/or Y-direction indicated on FIG. 7C) from the opening 

of the first compartment, for example to increase the separation distance between the 

compartments and the amount of shielding material positioned there between. For example, 

the opening 106C of the third compartment may be spaced at least 20 centimeters from the 

opening of the first compartment, such as at least 35 centimeters. In some examples, the 

opening 106C of the third compartment is spaced from 20 centimeters to 50 centimeters from 

the opening of the first compartment. In each case, the horizontal distance between the 
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openings of the compartments can be measured from the center of one compartment to the 

center of the other compartment.  

[00117] Independent of the specific way in which first compartment 102 and radioisotope 

generator 52 contained therein are arranged relative to third compartment 106 and gamma 

detector 60 contained therein, shielding assembly 28 may provide a sufficient amount of 

radiation shielding material between the radioisotope generator and gamma detector. The 

amount of shielding material present between radioisotope generator 52 and gamma detector 

60 may be effective to ensure that background radiation in the third compartment caused by 

the radioisotope generator is sufficiently low for the gamma detector to detect a desired level 

of radiation emitted by radioactive eluate in the third compartment, for example when the 

radioactive eluate is supplied to an eluate-receiving container in the compartment. In some 

examples, the desired level of radiation is less than 0.6 microcuries of Sr-82. For example, 

the desired level of radiation may be less than 0.5 microcuries of Sr-82, less than 0.4 

microcuries of Sr-82, less than 0.3 microcuries of Sr-82, less than 0.2 microcuries of Sr-82, or 

less than 0.1 microcuries of Sr-82. In yet other applications, the desired level of radiation is 

less than 0.05 microcuries of Sr-82, less than 0.02 microcuries of Sr-82, or less than 0.01 

microcuries of Sr-82. Since the activity of radioactive eluate in the eluate-receiving container 

(e.g., after decay of an initially-present short-lived radioisotope such as Rb-82) may be 

expected to be less than this level of radiation, gamma detector 60 may beneficially detect 

radiation levels below this level without interference of background radiation. While the total 

amount of radiation shielding material positioned along radiation path 130 may vary, in some 

examples, shielding assembly 28 has at least 20 centimeters of shielding material positioned 

on the pathway (e.g., such that the radiation path needs to travel through this length of 

material before reaching gamma detector 60), such as at least 30 centimeters of shielding 

material. For example, shielding assembly 28 may be configured to provide from 20 

centimeters to 50 centimeters of shielding material on the pathway, such as from 30 

centimeters to 40 centimeters of shielding material.  

[00118] To increase the amount of shielding material located along radiation path 130, the 

compartments may be arranged so the radiation path crosses preferentially through sidewalls 

defining the compartments rather than the void space of the compartments themselves. That 

is, instead of configuring the compartments so that radiation path 130 passes preferentially 

through the open areas of the compartments, the compartments may be arranged relative to 

each other so that the radiation path passes through sidewall sections of the compartments.  
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[00119] FIG. 7E is atop view of shielding assembly 28 from FIGS. 7A and 7B (shown with 

doors removed) illustrating an example arrangement of compartments in which radiation path 

130 passes through one or more sidewall sections defining the compartments. For example, 

in the illustrated configuration, fourth compartment 108 is a laterally offset (in the X

direction indicated on FIG. 7E) from radiation path 130 such that the radiation path travels 

through sidewall 108A instead of the void space in the center of the compartment. This can 

help maximize radiation shielding provided by the fourth compartment, as compared to if the 

fourth compartment 108 is centered about it the radiation path. Since radiation path 130 may 

be dictated by the position of a gamma detector 60 and radioisotope generator 52, fourth 

compartment 108 can be laterally offset from the radiation path by controlling the position of 

third compartment 106 (which contains gamma detector 60) and first compartment 102 

(which contains radioisotope generator 52) relative to the fourth compartment.  

[00120] In some examples, third compartment 106 is arranged relative to fourth compartment 

108 such that an axis 134 bisecting fourth compartment 108 (e.g., that is parallel to the length 

of shielding assembly 28 in the Y-direction indicated on FIG. 7E) is offset from an axis 136 

bisecting third compartment 106 (e.g., that is also parallel to the length of shielding assembly 

28). Each axis may bisect a respective compartment by dividing the compartment into two 

equally sized halves. The axis 136 bisecting third compartment 106 may be offset relative to 

the fourth compartment 108 such that the axis is co-linear with a section of sidewall 108A of 

the fourth compartment. In the illustrated configuration, fourth compartment 108 includes a 

section of sidewall 138 that is arcuate shaped and a section of sidewall 140 that is planar or 

linear. The arcuate section of sidewall 138 and the linear section of sidewall 140 may be 

contiguous with each other and, in combination, form sidewall 108A. With this arrangement, 

the linear section of sidewall 140 is coaxial with axis 136 that bisects third compartment 106.  

As a result, radiation emissions traveling along radiation path 130 in the illustrated 

configuration must travel through substantially the entire length of the linear section of 

sidewall 140 before reaching gamma detector 60, which may increase the likelihood of the 

radiation being blocked before reaching the gamma detector.  

[00121] In some examples, the compartments of shielding assembly 28 are arranged relative 

to each other such that radiation path 130 travels through a greater length of shielding 

material than void space (e.g., for some or all of the compartments). For example, in FIG. 7E 

the compartments are arranged so that radiation path 130 travels through a length of shielding 

material defining sidewall 108A (e.g., linear section of sidewall 140) that is greater than a 

length the radiation path travels through the void space or cavity formed by sidewall 108A.  
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As illustrated, radiation path 130 does not travel through any length of void space defining 

fourth compartment 108. However, if third compartment 106 were moved so that axis 136 is 

closer to axis 134, the radiation path may cross through a portion of the void space defining 

the compartment. In this regard, while arranging third compartment 106 and/or fourth 

compartment 108 relative to each other to align radiation path 130 with one or more sidewall 

sections can be helpful to increase the amount of radiation shielding, it should be appreciated 

that the shielding assembly in accordance with the disclosure is not limited to this example 

arrangement of components. In other configurations, for example, third compartment 106 

and fourth compartment 108 may be aligned so that axis 134 is coaxial with axis 136.  

[00122] In configurations where the third compartment 106 and fourth compartment 108 are 

offset from each other, the axis 134 bisecting the fourth compartment may be offset from the 

axis 136 bisecting the third compartment by a distance 142. For example, the compartments 

may be offset relative to each other by a distance of at least 2 centimeters, such as at least 4 

centimeters, a distance ranging from 2 centimeters to 10 centimeters, or a distance ranging 

from 4 centimeters to 6 centimeters. When the third compartment 106 and fourth 

compartment 108 are offset relative to each other, radiation path 130 may pass through an 

offset side of the fourth compartment rather than directly through the center of the 

compartment. That is, radiation path 130 may not bisect the bisect the compartment which 

may cause the radiation path to cross the largest void space of the compartment but may 

instead be offset preferentially to one side of the compartment or the other side of the 

compartment relative to the bisecting axis. In some examples, fourth compartment is offset 

relative to radiation path 130 such that the radiation path passes through less than 10 

centimeters devoid of shielding material inside of the container, such as less than 5 

centimeters devoid of shielding material. Where radiation path 130 crosses the void space of 

fourth compartment 108 between side wall surfaces, the length of the chord formed between 

where the radiation path intersects the two sidewall surfaces can be considered the length 

through which the radiation path passes that is devoid of shielding material.  

[00123] While the third compartment 106 and fourth compartment 108 can have different 

positions and configurations as described herein, in the illustrated example of FIG. 7E, third 

compartment 106 is positioned laterally offset of and directly adjacent to fourth compartment 

108. In this example, third compartment 106 and fourth compartment 108 share an adjoining 

section of sidewall 144. In some examples, one or more (e.g., all) of the compartments of 

shielding assembly 28 are formed is physically separate structures that are then join together 

to form a unitary shielding assembly. For example, third compartment 106 and fourth 
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compartment 108 may be fabricated (e.g., cast, machined, molded) as separate structures and 

then placed in direct contact with each other to form shared sidewall 144. In other examples, 

one or more (e.g., all) of the compartments of shielding assembly 28 are formed together to 

provide a permanent and physically joined structure. For example, third compartment 106 

and fourth compartment 108 may be fabricated together as a permanently joined structure.  

[00124] While first compartment 102, third compartment 106, and fourth compartment 108 

are illustrated as defining a substantially circular-shaped compartment and second 

compartment 104 is illustrated as defining a substantially rectangular-shaped compartment, 

the compartments can define other shapes. In general, each compartment can define any 

polygonal (e.g., square, hexagonal) or arcuate (e.g., circular, elliptical) shape, or even 

combinations of polygonal and arcuate shapes. Accordingly, while each compartment of 

shielding assembly 28 is described herein as being defined by a sidewall, it should be 

appreciated that the sidewall may be a single contiguous sidewall or may have multiple 

individual sidewall sections which, collectively, define the sidewall. The specific shape of 

each compartment may vary based on the size and shape of the component of components 

intended to be inserted into the compartment.  

[00125] With further reference to FIG. 7D, base wall 104B of second compartment 104 may 

define a top surface 144A and a bottom surface 144B opposite the top surface. When beta 

detector 58 is positioned below top surface 144A (and optionally below bottom surface 

144B), second compartment 104 may include an extension portion 146 extending 

downwardly from the base wall 102B to protect beta detector 58 along its length. Extension 

portion 146 can be configured (e.g., sized and/or shaped) to receive beta detector 58.  

Extension portion 146 may have a height 148 (e.g., in the Z-direction indicated on FIG. 7D) 

greater than the length of beta detector 58. In some examples, extension portion 146 has a 

height 148 greater than or equal to the height of first compartment 102, e.g., such that the 

extension portion extends downwardly to the same position or below that to which first 

compartment 102 extends.  

[00126] To facilitate installation and removal of beta detector 58 as well as electrical 

communication between the beta detector and a controller that controls the infusion system 

(e.g., via wiring), an opening may be formed in extension portion 146. In some examples, the 

bottom end 150 of extension portion 146 is open or devoid of material. When so configured, 

beta detector 58 may be inserted into and removed from the extension portion via the open 

bottom end. Additionally, electrical communication between beta detector 58 and a 

controller communicatively coupled to the beta detector may be provided via one or more 
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cables that extend from the controller to the beta detector through the open bottom and of 

extension portion 146.  

[00127] With continued reference to FIG. 7D, third compartment 106 may have a height 152 

(e.g., in the Z-direction indicated on FIG. 7D) greater than the length of beta detector 58. In 

some examples, third compartment 106 has a height 152 greater than or equal to the height of 

fourth compartment 108. In some examples, third compartment 106 extends from a location 

that is coplanar with base wall 104B of second compartment 104 vertically upwardly. For 

example, third compartment 106 may extend vertically upwardly to an elevation equal to or 

higher than the opening of fourth compartment 108. In other configurations, third 

compartment 106 may extend below a location that is coplanar with base wall 104B.  

[00128] Independent of the specific height of third compartment 106, the compartment may 

have an opening to facilitate installation and removal of gamma detector 60. The opening 

may also provide access for electrical communication between the gamma detector and a 

controller that controls the infusion system (e.g., wiring). In some examples, the bottom and 

154 of third compartment 106 is open or devoid of material. When so configured, gamma 

detector 60 may be inserted into and removed from third compartment 106 via the open 

bottom end.  

[00129] In other configurations, third compartment 106 may have an opening in sidewall 

106A through which gamma detector 60 can be inserted and removed. In these 

configurations, third compartment 106 may include a side pocket or cavity to receive a 

gamma detector. In yet other configurations, gamma detector 60 may be inserted through the 

open top end of third compartment 106 rather than through a separate access port. When 

gamma detector 60 includes open bottom and 154, however electrical communication 

between gamma detector 60 and a controller communicatively coupled to the gamma detector 

may be provided via one or more cables that extend from the controller to the gamma 

detector through the open bottom and of third compartment 106.  

[00130] The specific dimensions of the compartments of shielding assembly 28 may vary, for 

example, based on the size and configuration of components used in the system. In some 

examples, the thickness of sidewall 102A ranges from 35 millimeters to 100 millimeters, the 

thickness of sidewall 104A ranges from 80 millimeters to 140 millimeters, and the combined 

thickness of sidewall 106A and sidewall 108A ranges from 125 millimeters to 175 

millimeters. The foregoing dimensions are provided for purposes of illustration, and it 

should be appreciated that the shielding assembly in accordance with the disclosure is not 

necessarily limited in this respect.  
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[00131] To enclose the openings defined by the compartments of shielding assembly 28, each 

compartment may have a corresponding door. Each door may be opened by an operator to 

insert and/or remove components and closed to provide an enclosed barrier to radioactive 

radiation and components contained therein. Each door may be formed of the same or of 

different material used to form the least one sidewall 100 of shielding assembly 28 and may 

provide a barrier to radioactive radiation. With reference to FIG. 7A, each compartment of 

shielding assembly 28 is illustrated as including a door.  

[00132] Specifically, in the illustrated configuration, first compartment 102 is enclosed by a 

door 102D, second compartment 104 is enclosed by a door 104D, third compartment 106 is 

enclosed by a door 106D, fourth compartment 108 is enclosed by a door 108D, and sidewall 

compartment 110 is enclosed by a sidewall door 1OD. Each door can be selectively opened 

to provide access to the respective compartment enclosed by the door. Each door can further 

be selectively closed to cover the opening providing access to the respective compartment 

with radiation shielding material.  

[00133] In the example of FIG. 7A, first compartment 102, second compartment 104, third 

compartment 106, and fourth compartment 108 each define an opening that is oriented 

upwards with respect to gravity (e.g., defines an opening in the X-Y plane that can be 

accessed in the Z-direction indicated on the figure). In such an example, first door 102D 

second door 104D, third door 106D, and fourth door 108D may each open upwardly with 

respect to gravity to access a corresponding compartment enclosed by the door. This can 

allow an operator to insert and remove components from a respective one of the 

compartments by moving the door upwardly or downwardly in the vertical direction. In other 

configurations, however, the opening defined by one or more of the compartments may not 

open upwardly with respect to gravity. For example, one or more (e.g., all) of the 

compartments may have a permanently enclosed top surface formed of radiation shielding 

material and may define an opening through a sidewall forming the compartment. In these 

examples, a door used to provide selective access to the opening formed in the sidewall may 

open laterally rather than upwardly with respect to gravity. Other opening arrangements and 

door configurations for shielding assembly 28 can also be used in a shielding assembly in 

accordance with the disclosure, and the disclosure is not necessarily limited in this respect.  

[00134] In some examples, one or more of the doors of shielding assembly 28 may include 

interlocks or overlapping door segments to prevent one or more of the doors from 

inadvertently being opened. For example, one door may have a portion that overlaps an 

adjacent door, preventing the adjacent door from being opened before the door providing the 
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overlapping portion is first opened. As one example arrangement, sidewall door 11OD may 

overlap second door 104D which, in turn may overlap first door 102D. As a result, second 

door 104D cannot be opened in such a configuration before sidewall door 11OD is opened.  

Similarly, first door 102D cannot be opened in such a configuration before second door 104D 

is opened. In some configurations, fourth door 108D also overlaps sidewall door 11OD such 

that the sidewall door cannot be opened before the fourth door is opened. In general, 

arranging one or more doors to overlap with each other can be useful to help prevent 

inadvertent opening of one or more of the compartments of shielding assembly 28. For 

example, first compartment 102 may contain the greatest source of radioactive radiation 

when the radioisotope generator 52 is installed in the compartment. For this reason, shielding 

assembly 28 may be arranged so at least door 102D is overlapped by adjacent door, helping 

to prevent an operator from inadvertently opening the compartment containing the largest 

source of radiation.  

[00135] The third compartment 106 containing the gamma detector 60 and/or an eluate

receiving container 56 may also include a door 106D. Door 106D can be opened to install 

eluate-receiving container 56 over gamma detector 60 and closed to enclose the eluate

receiving container in the compartment for receiving radioactive eluate from the radioisotope 

generator. To place the eluate-receiving container positioned in third compartment 106 in 

fluid communication with the radioisotope generator, an infusion tubing line may extend into 

the compartment and be in fluid communication with the eluate-receiving container. In some 

examples, sidewall 106A of the third compartment 106 has an opening or channel formed 

therein through which infusion tubing 70 passes to place eluate-receiving container 56 in 

fluid communication with the radioisotope generator. In other examples, door 106D may 

include an opening through which infusion tubing 70 can pass and be coupled to the eluate

receiving container.  

[00136] In the example of FIG. 7A, third door 106D includes an opening 158 that is 

configured (e.g., sized and/or shaped) to receive infusion tubing 70. When assembled, 

infusion tubing 70 can extend out of shielding assembly 28 (e.g., through an opening in the 

sidewall of the fourth compartment 108 or sidewall compartment 110) and then reenter the 

shielding assembly through opening 158. A distal or terminal end of infusion tubing 70 may 

project into the third compartment 106 through opening 158 in door 106D and be in fluid 

communication with eluate-receiving container 56 contained therein.  

[00137] Eluate-receiving container 56 can have a variety of different configurations and be 

arranged in a number of different ways relative to gamma detector 60 in third compartment 
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106. FIG. 7F is an exploded view of a portion of shielding assembly 28 from FIG. 7D 

showing an example arrangement of eluate-receiving container 56 to gamma detector 60. As 

shown in this example, eluate-receiving container 56 is positioned in third compartment 106 

at a location that is vertically above the gamma detector 60 (e.g., in the Z-direction indicated 

on FIG. 7E). In particular, in the illustrated arrangement, eluate-receiving container 56 and 

gamma detector 60 are arranged coaxially along their lengths about axis 160.  

[00138] In general, ensuring that eluate-receiving container 56 is appropriately and repeatably 

positionable relative to gamma detector 60 can help ensure that gamma emissions measured 

by gamma detector 60 are accurate and appropriately calibrated. If eluate-receiving container 

56 is positioned too close to gamma detector 60, small changes in the separation distance 

between the two components (e.g., as eluate-receiving container 56 is removed and reinserted 

into third compartment 106) can lead to measurement inconsistencies by the gamma detector.  

By contrast, if eluate-receiving container 56 is positioned too far away from gamma detector 

60, it may be challenging for the gamma detector to accurately detect low level gamma 

emissions.  

[00139] In some examples, eluate-receiving container 56 is received in third compartment 

106 such that a bottom-most surface of the container is spaced a distance from the top of 

gamma detector 60. For example, a bottom-most surface of eluate-receiving container 56 

may be positioned a distance 162 from gamma detector. The separation distance 162 may 

range from 5 millimeters to 100 millimeters, such as from 8 millimeters to 65 millimeters, or 

from 10 millimeters to 30 millimeters. In some examples, the separation distance 162 is 

defined relative to the overall length of eluate-receiving container 56. For example, the 

separation distance 162 may range from 0.1 to 1.5 times the overall length of eluate-receiving 

container 56, such as from 0.2 to 0.5 times the overall length of the eluate-receiving 

container. For instance, in the example where eluate-receiving container 56 has a length of 

approximately 80 millimeters and the separation distance is 0.25 times the overall length of 

the container, separation distance 162 can be approximately 20 millimeters.  

[00140] In some examples, eluate-receiving container 56 is positionable inside of third 

compartment 106 without having an intermediate structure positioned between the container 

and gamma detector 60. Third compartment 106 may have an interior ridge, rim, or other 

support structure on which eluate-receiving container 56 can be positioned or otherwise 

supported to hold the container in the compartment above the gamma detector 60. In other 

examples, an insert 164 may be positioned in third compartment 106 between eluate

receiving container 56 and gamma detector 60. The insert 164 may serve different functions, 
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such as a liquid collection barrier for radioactive eluate inadvertently spilled out of eluate

receiving container 56 and/or a positioning structure to position eluate-receiving container 56 

in compartment 106 at a controlled location relative to gamma detector 60.  

[00141] When used, insert 164 may be permanently mounted in third compartment 106 or 

may be insertable into and removable from the compartment. For example, insert 164 may 

be a structure that has a closed bottom end and is removable from third compartment 106 (via 

the open top end of the compartment). Insert 164 can collect radioactive eluate (or its decay 

product) that is inadvertently spilled and prevent the liquid from falling on gamma detector 

60.  

[00142] To retain insert 164 in third compartment 106, sidewall 106A may have an inwardly 

extending support means (a support means that extends towards a center of the compartment).  

In different examples, the support means may be a shoulder, a ridge, and/or a different 

inwardly protruding element. In the illustrated example, sidewall 106A has an inwardly 

extending ridge 166 on which a bottom surface of insert 164 may rest (or, in instances where 

insert 164 is not used, a bottom of eluate-receiving container 56 may rest). Additionally or 

alternatively, insert 164 may have a collar 168 extending outwardly from its body that is 

configured to rest on the rim defining the opening of third compartment 106. Independent of 

the specific features utilized to retain insert 164 in third compartment 106, the insert may 

hold the eluate-receiving container 56, when the inserted therein, at a fixed position and 

orientation with respect to gamma detector 60. This can help ensure repeatable 

measurements using gamma detector 60.  

[00143] As discussed above with respect to FIG. 6, system 10 can be used to generate 

radioactive eluate that is infused (injected) into a patient, e.g., during a diagnostic imaging 

procedure. In practice, system 10 may operate in multiple modes of operation, one of which 

is a patient infusion mode. System 10 may deliver radioactive eluate to a patient during the 

patient infusion mode. System 10 may also generate radioactive eluate in one or more other 

modes in which the eluate is not delivered to a patient, e.g., to help ensure the safety, quality, 

and/or accuracy of radioactive eluate supplied during a subsequent patient infusion.  

[00144] As one example, system 10 may be subject to periodic quality control (QC) checks 

where the system is operated without having infusion tubing 70 connected to a patient line 

72. During a quality control mode of operation, radioactive eluate produced by system 10 

may be analyzed to determine the radioactivity of one or more species of radioisotopes 

present in the radioactive eluate. If the activity level of one or more radioisotopes exceeds a 

predetermined/threshold limit, system 10 may be taken out of service to prevent a subsequent 
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patient infusion procedure until the activity level of one or more radioisotopes in the 

radioactive eluate produced using the system are back within allowable limits.  

[00145] For example, when the radioisotope generator 52 is implemented as a strontium

rubidium radioisotope generator, radioactive eluate produced using the generator may be 

evaluated to determine if radioactive strontium is releasing from the generator as eluant flows 

across and/or through the generator. Since strontium has a longer half-life than Rb-82, the 

amount of strontium infused into a patient with radioactive eluate is typically minimized.  

The process of determining the amount of strontium present in the radioactive eluate may be 

referred to as breakthrough testing since it may measure the extent to which strontium is 

breaking through into the radioactive eluate.  

[00146] As another example, system 10 may be subject to periodic constancy checks in 

which the system is again operated without having infusion tubing 70 connected to patient 

line 72. During a constancy evaluation mode of operation, activity measurements made using 

beta detector 58 may be evaluated, e.g., cross checked, to determine whether the system is 

producing accurate and precise measurements. If activity measurements made using beta 

detector 58 deviate from measurements made using a validating apparatus, e.g., by more than 

a predetermined/threshold amount, the system be recalibrated to help ensure efficacious and 

accurate operation of system 10.  

[00147] FIG. 8 is a flow diagram of an example technique that may be used to perform a 

patient infusion procedure to infuse radioactive liquid into a patient, e.g., during a diagnostic 

imaging procedure. For example, the technique of FIG. 8 may be used by system 10 to 

generate radioactive eluate and infuse the radioactive eluate into a patient. The technique of 

FIG. 8 will be described with respect to system 10, and more particularly the arrangement of 

exemplary components described with respect to FIG. 6 above, for purposes of illustration.  

However, it should be appreciated that the technique may be performed by systems having 

other arrangements of components and configurations, as described herein.  

[00148] To initiate a patient infusion procedure, an operator may interact with system 10 to 

set the parameters of the infusion and to initiate the infusion procedure. System 10may 

receive parameters for the infusion via user interface 16, via a remote computing device 

communicatively coupled to system 10, or through yet other communication interfaces.  

Example parameters that may be set include, but are not limited to, the total activity to be 

dosed to a patient, the flow rate of radioactive eluate to be dosed to the patient, and/or the 

volume of radioactive eluate to be dosed to the patient. Once the appropriate parameters 
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establishing the characteristics of the infusion procedure are programmed and stored, system 

10 may begin generating radioactive eluate that is infused into the patient.  

[00149] As shown in the example of FIG. 8, a patient infusion procedure may start by 

controlling second multi-way valve 74 to place radioisotope generator discharge line 75 in 

fluid communication with waste container 54 via waste line 76 (200). If second multi-way 

valve 74 is initially positioned so radioisotope generator discharge line 75 is in fluid 

communication with waste container 54, controller 80 may control system 10 to proceed with 

the infusion procedure without first actuating the valve. However, if second multi-way valve 

74 is positioned so radioisotope generator discharge line 75 is in fluid communication with 

infusion tubing 70, controller 80 may control second multi-way valve 74 (e.g., by controlling 

an actuator associated with the valve) to place the radioisotope generator discharge line in 

fluid communication with the waste container. In some examples, controller 80 receives a 

signal from a sensor or switch associated with second multi-way valve 74 indicating the 

position of the valve and, correspondingly, which line radioisotope generator discharge line 

75 is in fluid communication with through the valve.  

[00150] In addition to or in lieu of controlling second multi-way valve 74, controller 80 may 

check the position of first multi-way valve 64 and/or control the valve to change the position 

of the valve before proceeding with the patient infusion procedure. For example, if first 

multi-way valve 64 is positioned to direct eluant through bypass line 68, controller 80 may 

control the valve (e.g., by controlling an actuator attached to the valve) to place eluant line 62 

in fluid communication with the radioisotope generator inlet line 66. In some examples, 

controller receives a signal from a sensor or switch associated with first multi-way valve 64 

indicating the position of the valve and, correspondingly, which line eluant line 62 is in fluid 

communication with the valve.  

[00151] With first multi-way valve 64 positioned to direct eluant through radioisotope 

generator inlet line 66 and second multi-way valve 74 positioned to direct radioactive eluate 

from radioisotope generator discharge line 75 to waste container 54, controller 80 can control 

pump 40 to pump eluant from eluant reservoir 50. Under the operation of controller 80, 

pump 40 can pump eluant from eluant reservoir 50 through radioisotope generator 52, and 

thereby generate the radioactive eluate via elution through the generator. In different 

examples, pump 40 may pump eluate at a constant flow rate or a flowrate that varies over 

time. In some examples, pump 40 pumps eluant at a rate ranging from 10 milliliters/minute 

to 100 mL/minute, such as a rate ranging from 25 mL/minute to 75 mL/minute. Radioactive 

eluate generated typically flows at the same rate as the rate at which pump 40 pumps eluant.  
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[00152] As eluant flows through radioisotope generator 52, a radioactive decay product of a 

parents radioisotope bound in the generator may release and enter the flowing eluant, thereby 

generating the radioactive eluate. The type of eluant used may be selected based on the 

characteristics of the parent radioisotope and support material used for radioisotope generator 

52. Example eluants that may be used include aqueous-based liquids such as saline (e.g., 

0.1-1 M NaCl). For example, in the case of a strontium-rubidium radioisotope generator, a 

Normal (isotonic) saline may be used as an eluant to elute Rb-82 that has decayed from Sr-82 

bound on a support material.  

[00153] Radioactive eluate generated by radioisotope generator 52 can be conveyed to beta 

detector 58, allowing the radioactivity level (also referred to as activity) of the eluate to be 

determined based on measurements made by the beta detector (204). In some configurations, 

radioactive eluate is supplied to tubing or a reservoir positioned proximate to beta detector 

58, allowing the beta detector to measure beta emissions emanating from a stopped and static 

volume of fluid positioned in front of the detector. In other configurations, beta detector 58 

can detect beta emissions emanating from radioactive eluate flowing through tubing 

positioned proximate to the detector. For example, beta detector 58 may detect beta 

emissions emanating from radioactive eluate as the eluate flows through radioisotope 

generator discharge line 75 to waste container 54. Controller 80 may receive a signal from 

beta detector 58 indicative of the beta emissions measured by the beta detector.  

[00154] Controller 80 may determine the activity of the radioactive eluate based on the beta 

emissions measured by beta detector 58. For example, controller 80 may compare a 

magnitude of the beta emissions measured by beta detector 58 to calibration information 

stored in memory relating different beta emission levels to different radioactive eluate 

activity levels. Controller 80 can then determine the activity of the radioactive eluate with 

reference to the calibration information and the beta emissions measured by beta detector 58 

for the current radioactive eluate flowing through radioisotope generator discharge line 75.  

With all measurements made by system 10, controller 80 may account for radioactive decay 

between the radioisotope generator and a respective detector as the radioactive eluate travels 

through one or more tubing lines.  

[00155] Because beta emissions from different radioisotopes are not easily distinguishable 

from each other, controller 80 may not be able to resolve what portion of the measured 

activity is attributable to one radioisotope as opposed to one or more other radioisotopes that 

may be present in the radioactive eluate. In instances where the radioactive decay product 

present in the radioactive eluate is assumed to be the predominant radioisotope species, 
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controller 80 may set the measured activity of the radioactive eluate as the activity 

corresponding to the radioactive decay product. For example, in the case of a strontium 

rubidium radioisotope generator, the activity of radioactive eluate determined using beta 

detector 58 may be assumed to be the activity of Rb-82 present in the radioactive eluate. This 

is because the activity of any other radioisotopes that are present in the radioactive eluate 

may be assumed to be significantly (e.g., orders of magnitude) smaller than the activity of 

Rb-82 present in the radioactive eluate.  

[00156] In some examples, pump 40 continuously pumps eluant through radioisotope 

generator and radioactive eluate is delivered to waste container 54 until the activity level of 

the radioactive eluate reaches a threshold level. Radioactive eluate generated by radioisotope 

generator 52 after the generator has been inactive for a period of time may initially have a 

lower activity than radioactive eluate generated during continued elution of the generator.  

For example, the activity of bolus radioactive eluate produced using generator 52 may follow 

an activity curve that varies based on the volume of eluant passed through the generator and 

the time since the start of the elution. As additional eluant is flowed through the radioisotope 

generator and time progresses, the activity may decrease from the peak activity to an 

equilibrium.  

[00157] In some examples, radioactive eluate generated by radioisotope generator 52 is 

supplied to waste container 54 until the radioactive eluate reaches a minimum threshold 

activity value. The minimum threshold activity value can be stored in a memory associated 

with controller 80. In operation, controller 80 can compare the current activity of the 

radioactive eluate produced using generator 52 to the activity stored in memory (206).  

Controller 80 may determine when to actuate second multi-way valve 74 to direct radioactive 

eluate from waste container 54 to infusion tubing 70, and correspondingly patient line 72, 

based on the comparison (208).  

[00158] Since the peak activity of radioactive eluate generated by radioisotope generator 52 

may vary over the service life of the generator, the minimum activity threshold may be set 

relative to one or more previous elution / infusion procedures performed by the radioisotope 

generator system. For example, for each elution performed by system 10, controller 80 may 

store in a memory associated with the controller a peak radioactivity detected during that 

elution, e.g., as measured via beta detector 58. During a subsequent elution, controller 80 

may reference the peak radioactivity, which may also be considered a maximum 

radioactivity, measured during a prior elution. Controller 80 may use that maximum 

radioactivity from the prior run as a threshold for controlling the radioisotope generator 
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during the subsequent run. In some examples, the threshold is a percentage of the maximum 

radioactivity measured during a prior elution run, such as an immediate prior elution run.  

The immediate prior elution run may be the elution run performed before the current elution 

run being controlled without any intervening elution having been performed between the two 

evolutions. For example, the threshold may be an activity value falling within a range from 

5% to 15% of the magnitude of maximum radioactivity detected during a prior elution run, 

such as from 8% to 12% of the magnitude of maximum activity, or approximately 10% of the 

magnitude of the maximum activity. In other examples, the threshold may not be determined 

based on a prior radioactivity measurement measured using system 10 but may instead be a 

value stored in a memory associated with controller 80. The value may be set by a facility in 

charge of system 10, the manufacturer of system 10, or yet other party with control over 

system 10.  

[00159] In the example of FIG. 8, controller 80 controls second multi-way valve 74 to divert 

radioactive eluate from waste container 54 to the patient via infusion tubing 70 and patient 

line 72 connected to the infusion tubing (210). Upon determining that the activity of 

radioactive eluate flowing through radioisotope generator discharge line 75 via beta detector 

58 has reached the threshold (e.g., equals or exceeds the threshold), controller 80 may control 

second multi-way valve 74 (e.g., by controlling an actuator associated with the valve) to 

deliver the radioactive eluate to the patient. Pump 40 may continue pumping the eluant 

through radioisotope generator 52, thereby delivering radioactive eluate to the patient, until a 

desired amount of radioactive eluate has been delivered to the patient.  

[00160] In some examples, the desired amount of radioactive eluate is a set volume of eluate 

programmed to be delivered to the patient. Controller 80 can determine the volume of 

radioactive eluate delivered to the patient, e.g., based on knowledge of the rate at which 

pump 40 pumps and the duration the pump has pumped radioactive eluate. Additionally or 

alternatively, system 10 may include one or more flow sensors providing measurements to 

controller 80 concerning the volume of eluant and/or volume of radioactive eluate flowing 

through one or more tubing lines of the system.  

[00161] In some examples, controller 80 tracks the cumulative volume of radioactive eluate 

generated by radioisotope generator 52, e.g., from the time at which the generator is installed 

in the system 10. Controller 80 may track the volume of radioactive eluate generated during 

patient infusion procedures as well as other modes of operation where radioactive eluate is 

generated but may not be supplied to a patient, e.g., during QC testing. In some examples, 

controller 80 compares the cumulative volume of radioactive eluate generated by 
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radioisotope generator 52 to an allowable limit and prevents at least any further patient 

infusion of radioactive eluate using the generator when the cumulative volume is determined 

to exceed (e.g., be equal to or greater than) the allowable limit. In these configurations, the 

cumulative volume delivered by the radioisotope generator can act as a control point for 

determining when the generator should be taken out of service. While the allowable limit can 

vary based on a variety of factors such as the size and capacity of the radioisotope generator, 

in some examples, the allowable limit is less than 250 L, such as less than 150 L, less than 

100 L, less than 50 L, or less than 25 L. For example, the allowable limit may range from 5 

L to 100 L, such as from 10 L to 60 L, from 15 L to 40 L, or from 17 L to 30 L. In one 

particular example, the allowable limit is 17 L. In another particular example, the allowable 

limit is 30 L. System 10 can have hardware and/or software locks that engage to prevent a 

subsequent patient infusion procedure once the allowable limit is reached. For example, 

controller 80 may prevent pump 40 from pumping eluant once the allowable limit has been 

exceeded.  

[00162] In addition to or in lieu of controlling the desired amount of radioactive eluate based 

on the volume of eluate delivered to the patient, controller 80 may control the desired amount 

of radioactive eluate based on the cumulative amount of radioactivity delivered to the patient 

(e.g., adjusting for radioactive decay during delivery). Controller 80 may control pump 40 to 

deliver eluant to radioisotope generator 52, thereby delivering radioactive eluate to the 

patient, until the cumulative amount of radioactivity delivered to the patient reaches a set 

limit. Controller 80 can determine the cumulative amount of radioactivity delivered to the 

patient by measuring the activity of the radioactive eluate via beta detector 58 during the 

delivery of the radioactive eluate to the patient. When controller 80 determines that the set 

amount of radioactivity has been delivered to the patient, controller 80 may control pump 40 

to cease pumping the eluant and/or control one or more valves in system 10 to redirect flow 

through the system.  

[00163] In some examples, controller 80 controls first multi-way valve 64 to redirect eluant 

flowing through system 10 from radioisotope generator inlet line 66 to bypass line 68.  

Controller 80 may or may not control second multi-way valve 74 to place radioisotope 

generator discharge line 75 in fluid communication with the waste line 76 instead of infusion 

tubing line 70. Controller 80 may control pump 40 to pump eluant through bypass line 68 

into infusion tubing 70 and patient line 72. Controller 80 may control the pump to pump a 

volume of eluant through the lines sufficient to flush residual radioactive eluate present in the 

lines from the lines into the patient. This may help remove residual sources of radioactivity 
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from the environment surrounding the patient which may otherwise act as interference during 

subsequent diagnostic imaging. Independent of whether controller 80 controls system 10 to 

provide an eluant flush following delivery of radioactive eluate to the patient, controller 80 

can terminate operation of pump 40 to terminate the patient infusion procedure (212).  

[00164] As noted above, system 10 may be used to generate and deliver radioactive eluate in 

other applications in which infusion tubing 70 is not connected to a patient. As one example, 

system 10 may generate radioactive eluate that is subject to quality control evaluation during 

a quality control mode of operation. During the quality control mode of operation, 

radioactive eluate produced by system 10 may be analyzed to determine the radioactivity of 

one or more species of radioisotopes present in the radioactive eluate. In practice, when 

eluant is passed through a radioisotope generator containing a parent radioisotope bound on a 

support material, a daughter decay product radioisotope that binds less tightly to the support 

material than the parent radioisotope can release into the eluant to form the radioactive eluate.  

One or more other radioisotopes besides the daughter decay product intended to be eluted 

into the eluant may also enter the liquid. Periodic quality control evaluation of the 

radioactive eluate may be performed to determine the activity level of these one or more 

other radioisotopes to help ensure that the activity level does not exceed a determine limit.  

[00165] For example, in the case of a strontium-rubidium radioisotope generator, when eluant 

is passed through the generator, Rb-82 may be generated as a radioactive decay product from 

Sr-82 contained in the radioisotope generator, thereby generating the radioactive eluate. The 

eluate may contain radioisotopes besides Rb-82, with the number and magnitude of the 

radioisotopes varying, e.g., based on the operational performance of the generator. For 

example, as the generator is used to generate doses of Rb-82, Sr-82 and/or Sr-85 may release 

from the generator and also enter the eluate. As another example, cesium-131 may enter the 

eluate in trace amounts. Accordingly, the total amount of radioactivity measured from the 

radioactive eluate may not be attributable to one particular radioisotope but may instead be 

the sum amount of radioactivity emitted by each of the different radioisotopes present in the 

eluate.  

[00166] During quality control evaluation, the activity of one or more radioisotopes present 

in the radioactive eluate (e.g., in addition to or in lieu of the decay product targeted for 

generation by the radioisotope generator) may be determined and compared to one or more 

allowable thresholds. FIG. 9 is a flow diagram of an example technique that may be used to 

perform a quality control procedure. For example, the technique of FIG. 9 may be used by 

system 10 to help ensure that radioactive eluate generated by radioisotope generator 52 meets 
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the standards set for patient infusion. As with FIG. 8, the technique of FIG. 9 will be 

described with respect to system 10, and more particularly the arrangement of exemplary 

components described with respect to FIG. 6 above, for purposes of illustration. However, it 

should be appreciated that the technique may be performed by systems having other 

arrangements of components and configurations, as described herein.  

[00167] In the technique of FIG. 9, controller 80 can control system 10 to deliver radioactive 

eluate to the eluate-receiving container 56 positioned proximate to a gamma detector 60 

(220). To initiate the process, an operator may insert eluate-receiving container 56 into third 

compartment 106 of shielding assembly 28 and close third door 106D to enclose the 

container in the compartment. Before or after positioning third door 106D over the opening 

of the third compartment 106, the operator can insert the end of infusion tubing 70 into the 

eluate-receiving container 56 to place the infusion tubing in fluid communication with the 

eluate-receiving container. For example, the operator may insert eluate-receiving container 

56 in the third compartment 106 of shielding assembly 28, position third door 106D over the 

opening of the compartment through which the eluate-receiving container was inserted, and 

then insert the terminal end of infusion tubing line 70 through opening 158 of the door. In 

some configurations, the terminal end of infusion tubing line 70 includes a needle such that 

inserting the infusion tubing line 70 through the opening in the third door involves inserting 

the needle through the opening. The eluate-receiving container 56 may or may not include a 

septum that is pierced by the needle on the terminal end of infusion tubing line 70 to place the 

infusion tubing line in fluid communication with the eluate-receiving container.  

Alternatively, the eluate-receiving container 56 in infusion tubing line 70 may be connected 

using a variety of different mechanical connection features such as threaded connectors, Luer 

lock connectors, or yet other types of mechanical joining features.  

[00168] Independent of how infusion tubing line 70 is placed in fluid communication with 

eluate-receiving container 56, the resulting arrangement may place radioisotope generator 52 

in fluid communication with the eluate-receiving container via second multi-way valve 74.  

That is, when arranged to perform a quality control elution, the outlet of infusion tubing 70 

can be placed in communication with eluate-receiving container 56 and not in communication 

with patient line 72 or any patient connected to the patient line. When so arranged, 

radioactive eluate generated by radioisotope generator 52 can be supplied to eluate-receiving 

container 56 for evaluation by gamma detector 60 instead of being delivered to a patient 

during a patient infusion procedure.  
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[00169] Once system 10 is suitably arranged to allow eluate-receiving container 56 to receive 

radioactive eluate from radioisotope generator 52, controller 80 can control the system to 

generate radioactive eluate that is supplied to the eluate-receiving container. In some 

examples, controller 80 initiates a quality control elution in response to instructions received 

via user interface 16 by an operator to perform the quality control elution. For example, 

controller 80 may execute software that guides the operator through one or more steps to 

appropriately arrange the components of system 10 for the quality control elution and 

receives feedback (e.g., via sensors and/or the operator via the user interface) confirming that 

the components are appropriately arranged before generating radioactive eluate. Controller 

80 can control system 10 to execute the quality control elution immediately after arranging 

the components of system 10 to perform the elution or at a delayed time after the components 

have been arranged for the quality control elution.  

[00170] In instances where the quality control procedure takes a comparatively long time to 

execute, for example, an operator may set system 10 to perform a quality control elution at a 

time when the system is not typically used for patient infusion procedures. For example, 

system 10 may be set to perform a quality control procedure at a preset time in the day, such 

as over the midnight hour or in the evening. As examples, system may be set to perform the 

quality control elution at a time between 5 PM in the evening and 7 AM the next day, such as 

between 8 PM in the evening and 6 AM the next day, or between 12 PM and 4 AM the next 

day in the time zone where the system is located. The operator may install eluate-receiving 

container 56 and/or tubing in place the eluate-receiving container in fluid communication 

with the tubing prior to leaving the system unattended. Thereafter, system 10 operating under 

the control of controller 80 may execute the quality control procedure at a subsequent 

preprogramed time. The quality control results may then be available to the operator when 

they return to the system.  

[00171] Regardless of the time at which system 10 executes the quality control elution, 

controller 80 can control pump 40 to pump eluant through radioisotope generator 52, thereby 

generating the radioactive eluate that is supplied to the eluate-receiving container. In some 

examples, radioactive eluate generated by radioisotope generator 52 is supplied directly to 

eluate-receiving container 56 via infusion tubing 70 without diverting an initial portion of the 

radioactive eluate to waste container 54. In other examples, radioactive eluate generated by 

radioisotope generator 52 is initially directed to waste container 54 until a threshold level of 

activity is reached as determined via beta detector 58. Upon determining that radioactive 

eluate being generated by radioisotope generator 52 has reached a threshold level of activity, 
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controller 80 can control second multi-way valve 74 to direct radioactive eluate flowing from 

radioisotope generator discharge line 75 to infusion tubing 70 (and eluate-receiving container 

56 connected thereto) instead of to waste container 54.  

[00172] For example, controller 80 may follow steps 200-208 discussed above with respect 

to FIG. 8 during a quality control elution to supply radioactive eluate to eluate-receiving 

container 56. Controller 80 can divert radioactive eluate initially generated by radioisotope 

generator 52 to waste container 54 until the activity of the radioactive eluate as determined 

via beta emissions measured by beta detector 58 reaches a threshold. Upon the activity of 

radioactive eluate generated by radioisotope generator 52 reaching the threshold, controller 

80 can control multi-way valve 74 to direct the radioactive eluate to eluate-receiving 

container 56.  

[00173] Pump 40 can continue supplying eluant to radioisotope generator 52 and thereby 

supply radioactive eluate to eluate-receiving container 56 until a desired amount of 

radioactive eluate is supplied to the container. In some examples, the desired amount of 

radioactive eluate is a pre-established volume of radioactive eluate, e.g., based on the size of 

eluate-receiving container 56. Controller 80 can control pump 40 to supply an amount of 

radioactive eluate to eluate-receiving container 56 sufficient to at least partially, and in some 

cases fully, fill the eluate-receiving container with radioactive eluate. In some embodiments, 

eluate-receiving container 56 may be filled to greater than 50% of its maximum volume with 

radioactive eluate, such as from 50% to 100% of its maximum volume, greater than 75% of 

its maximum volume, or from 60% to 90% of its maximum volume. The total volume to 

which eluate-receiving container 56 is filled during a quality control procedure, which may 

be referred to as a quality control (QC) threshold volume may be greater than 5 mL, such as 

from 5 mL to 100 mL or from 5 mL to 50 mL. As examples, the QC threshold volume may 

range from 10 mL to 20 mL, from 20 mL to 30 mL, from 30 mL to 40 mL, from 40 mL to 50 

mL, from 50 mL to 75 mL, or from 75 mL to 100 mL. For example, in one specification 

application, the QC threshold volume is about 50 mL.  

[00174] In addition to or in lieu of controlling the amount of radioactive eluate supplied to 

eluate-receiving container 56 based on volume, controller 80 may control the amount of 

radioactive eluate supplied to the container based on activity measurements made by beta 

detector 58. As radioactive eluate flows past the beta detector 58 to eluate-receiving 

container 56, the beta detector can measure the beta emissions emitted by the radioactive 

eluate. Controller 80 can receive a signal from beta detector 58 indicative of the beta 

emissions measured by beta detector 58 and may compare a magnitude of the beta emissions 
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measured by the beta detector to calibration information stored in memory relating different 

beta emission levels to different radioactive eluate activity levels. Controller 80 may 

determine a cumulative amount of activity delivered to eluate-receiving container 56 based 

on the activity of the radioactive eluate measured by the beta detector and/or the flow rate of 

the radioactive eluate (e.g., adjusting for radioactive decay during delivery). Controller 80 

can compare the cumulative amount of activity delivered to eluate-receiving container 56, 

which may be referred to as an accumulated radioactive dose supplied to the container, to one 

or more thresholds stored in a memory associated with the controller.  

[00175] For example, controller 80 may compare the cumulative amount of activity supplied 

to eluate-receiving container 56 to a quality control (Q C)threshold level stored in a memory 

associated with the controller. The QC threshold level may be programmed, e.g., by an 

operator or manufacturer of system 10. In some examples, the QC threshold level is greater 

than 5 mCi, such as greater than 15 mCi. For example, the QC threshold level may range 

from 5 mCi to 75 mCi, such as from 10 mCi to 60 mCi, from 15 mCi to 50 mCi, or from 20 

mCi to 40 mCi. In one specific example, the threshold QC level is approximately 30 mCi.  

The threshold QC level can be the total activity of the radioactive eluate supplied to eluate

receiving container 56 as measured by beta detector 58 and as corrected for radioactive decay 

during delivery based on time and half-life. Where a single radioisotope is assumed to be the 

dominant source of radioactivity, the threshold level may be assumed to correspond to that 

radioisotope. In the example of a strontium-rubidium radioisotope generator where Rb-82 is 

expected to be the dominant source of activity in the radioactive eluate flowing past the beta 

detector 58, the threshold QC level activity may be designated as a threshold QC level of Rb

82.  

[00176] Upon determining that the accumulated radioactive dose of radioactive eluate 

supplied to eluate-receiving container 56 has reached the QC threshold level, controller 80 

can control pump 40 to cease pumping eluant through radioisotope generator 52.  

Accordingly, in these examples, the amount of activity delivered to eluate-receiving container 

56 can act as a control point for determining how much volume of radioactive eluate to 

deliver to the container. Controller 80 may also monitor the volume of radioactive eluate 

delivered to eluate-receiving container 56 and control pump 40 to cease pumping if the 

eluate-receiving container will exceed its maximum capacity, even if the QC threshold level 

has not been reached. In these circumstances, controller 80 may issue a user alert via user 

interface 16 indicating an issue with the quality control testing.  
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[00177] In the technique of FIG. 9, gamma detector 60 measures gamma emissions emitted 

by radioactive eluate supplied to eluate-receiving container 56 (220). Gamma detector 60 can 

continuously measure gamma emissions, e.g., during filling of eluate-receiving container 56 

and/or after the eluate-receiving container has suitably filled with radioactive eluate.  

Alternatively, gamma detector 60 may periodically sample gamma emissions, e.g., at one or 

more times after eluate-receiving container 56 has suitably filled with radioactive eluate.  

[00178] In some examples, gamma detector 60 measures gamma emissions emanating from 

radioactive eluate in eluate-receiving container 56 at least upon the container being initially 

filled when the pump stopped pumping radioactive eluate to the container. Gamma detector 

60 can measure gamma emissions emanating from radioactive eluate in eluate-receiving 

container at one or more times after the container has filled with radioactive eluate, in 

addition to or in lieu of measuring the gamma emissions upon the container being initially 

filled. For example, gamma detector 60 may measure gamma emissions emanating from 

radioactive eluate in eluate-receiving container 56 after a period of time sufficient for 

substantially all the initial daughter radioisotope (e.g., Rb-82) in the radioactive eluate to 

decay.  

[00179] In some examples, the period of time sufficient for substantially all the initial 

daughter radioisotope to decay is at least 3 half-lives of the daughter radioisotope, such as at 

least 5 half-lives of the daughter radioisotope. In the case of Rb-82 which has a half-life of 

about 76 seconds, the period of time may be greater than 15 minutes, such as greater than 20 

minutes, or greater than 30 minutes. For example, the period of time may range from 15 

minutes to one hour, such as 25 minutes to 45 minutes. Controller 80 can control gamma 

detector 60 to measure gamma emissions emanating from radioactive eluate in the eluate

receiving container 56 after the period of time has passed from the filling of the eluate

receiving container. As noted above, gamma detector 60 may or may not continuously 

measure gamma emissions emanating from the radioactive eluate both before and after the 

period of time has passed.  

[00180] The gamma emission energies measured by gamma detector 60 may vary depending 

on the type of radioisotope generator utilized for radioisotope generator 52 and, 

correspondingly, the gamma emission energies of specific radioisotopes produced by the 

generator. In some examples, gamma detector 60 is implemented as a wide range detector 

that detects a large gamma spectrum. In other examples, gamma detector is implemented as a 

narrow range detector or is windowed to detect a comparatively narrower gamma spectrum.  
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[00181] In some applications, such as when radioisotope generator 52 is implemented as a 

strontium-rubidium radioisotope generator, gamma detector 60 may be configured to measure 

gamma emissions at least in a range from 400 kilo-electron volts (keV) to 600 keV, such as 

from 450 keV to 550 keV, from 465 keV to 537 keV, or from 511 keV to 514 keV. In some 

examples, gamma detector 60 measures gamma emissions at least at a gamma emission 

energy of 511 keV and/or 514 keV. In general, the gamma emission energy ranges detected 

by gamma detector 60 may be set depending on the gamma emission energies of one or more 

radioisotopes of interest for measurement.  

[00182] Gamma detector 60 can send, and controller 80 can receive, a signal indicative of the 

gamma emissions measured by the gamma detector. In the technique of FIG. 9, controller 80 

determines the presence and/or activity of one or more radioisotopes present in the 

radioactive eluate based on the measured gamma emissions (224). Controller 80 may 

determine the amount of activity associated with a particular energy line of the gamma 

spectrum which corresponds to a particular radioisotope, thereby determining the activity of 

that radioisotope.  

[00183] In general, activity may be reported in Becquerel (Bq) or Curie (Ci) and is a function 

of the composition of a particular radioisotope and the amount of the radioisotope in the 

radioactive eluate. To determine the amount of activity associated with a particular 

radioisotope, controller 80 may identify a region of interest of the gamma spectrum 

encompassing the energy line corresponding to that radioisotope and integrate the area under 

the peak for that energy line. The region of interest may be a region defined between two 

different energy lines that includes the peak of interest and bounds the region under which the 

peak area is integrated to determine corresponding activity.  

[00184] In the case of a strontium-rubidium radioisotope generator, controller 80 may 

determine an activity of Sr-82 and/or Sr-85 and/or any other desired radioisotopes of interest.  

In some examples, controller 80 can determine an activity of Sr-82 by determining an activity 

associated with the 511 keV line of the gamma spectrum. In general, the activity of Sr-82 

may not be measured directly via gamma emissions but may be measured by measuring the 

activity of Rb-82, which is the decay product of Sr-82 and can emit gamma emissions at the 

511 keV energy line. In instances where the gamma spectrum is measured after a period of 

time sufficient for substantially all initial Rb-82 present in the radioactive eluate supplied 

from radioisotope generator 52 to decay, Rb-82 emissions measured at the 511 keV energy 

line may be assumed to be Rb-82 decayed from Sr-82 present in the radioactive eluate, 

thereby providing a measurement of the Sr-82 activity. Controller 80 can determine the net 
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peak integral count in the region of interest encompassing the 511 keV line to determine the 

activity of Sr-82. Controller 80 may then store the determined activity of Sr-82 in a memory 

associated with the controller.  

[00185] As another example, controller 80 can determine an activity of Sr-85 by determining 

an activity associated with the 514 keV line of the gamma spectrum. Controller 80 can 

determine the net peak integral count in the region of interest encompassing the 514keV line 

to determine the activity of Sr-85. Controller 80 may then store the determined activity of Sr

85 in a memory associated with the controller.  

[00186] In applications where both the activity of Sr-82 and Sr-85 are determined, controller 

can determine the respective activity of each radioisotope by gamma spectrum analysis as 

discussed above. Alternatively, controller 80 may determine the activity of one of Sr-82 or 

Sr-85 by gamma spectrum analysis as discussed above and determine the activity of the other 

strontium radioisotope with reference to a ratio stored in memory relating the activity of Sr

82 to the activity of Sr-85. The activity of Sr-82 may be related to the activity of strontinum

85 by a known radioisotope ratio, which may be stored in memory associated with controller 

80. Controller 80 can determine the activity of one radioisotope by multiplying the 

determined activity of the other radioisotope by the stored ratio. In some examples, 

controller 80 sums the determined activity of Sr-82 and the determined activity of Sr-85 to 

identify the total strontium activity in the radioactive eluate.  

[00187] If desired, controller 80 can identify the amount of activity associated with other 

radioisotopes in the radioactive eluate based on the gamma emission data received from 

gamma detector 60. Controller 80 can identify region(s) of interest encompassing other 

gamma emission energy lines corresponding to the radioisotopes and determine a net peak 

integral count for each energy line. Each energy line may correspond to a particular 

radioisotope, and the correspondence between different energy lines and different 

radioisotopes may be stored in a memory associated with the controller. Additional details 

on gamma detector arrangements and gamma emission processing can be found in US Patent 

Publication No. US2015/0260855, entitled "REAL TIME NUCLEAR ISOTOPE 

DETECTION," the entire contents of which are incorporated herein by reference.  

[00188] Activity measurements made for one or more radioisotopes in the radioactive eluate 

can be stored and/or used for variety of purposes in radioisotope generator system 10. In the 

example of FIG. 9, controller 80 determines if one or more of the radioisotopes exceeds an 

allowable limit (226). Controller 80 can compare the determined activity of a particular 

radioisotope to a threshold stored in memory associated with the controller. For example, 
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controller 80 may compare a determined activity of Sr-82 to an allowable limit for Sr-82 

stored in memory. As examples, the allowable limit for Sr-82 may be a Sr-82 level of less 

than 0.05 pCi per millicurie of Rb-82, such as less than 0.02 pCi per millicurie of Rb-82, 

about 0.02 pCi per millicurie of Rb-82, less than 0.01 pCi per millicurie of Rb-82, or about 

0.01 pCi per millicurie of Rb-82. As another example, controller 80 may compare a 

determined activity of Sr-85 to an allowable limit for Sr-85 stored in memory. As examples, 

the allowable limit for Sr-85 may be a Sr-85 level of less than 0.5 pCi per millicurie of Rb

82, such as less than 0.2 pCi per millicurie of Rb-82, about 0.2 pCi per millicurie of Rb-82, 

less than 0.1 pCi per millicurie of Rb-82, or about 0.1 pCi per millicurie of Rb-82.  

[00189] The Rb-82 activity level used to evaluate whether the determined activity of Sr-82 

and/or Sr-85 exceeds an allowable limit may be a Rb-82 activity (e.g., maximum or minimum 

Rb-82 activity level) determined via the beta detector 58 or gamma detector 60. In one 

application, the Rb-82 activity level used to evaluate whether the determined activity of Sr-82 

and/or Sr-85 exceeds an allowable limit is a fixed value, such as about 10 millicurie. In other 

examples, the fixed value of Rb-82 is in the range from 10 millicurie Rb-82 to 100 millicurie 

Rb-82, such as 20 millicurie, 30 millicurie, 40 millicurie, 50 millicurie, 60 millicurie, 70 

millicurie, 80 millicurie, or 90 millicurie. In one embodiment, controller 80 determines 

strontium levels, as a ratio of Sr-82 (in pCi) to Rb-82 (in mCi), with a true positive rate of at 

least 95% with a 95% confidence level, at 0.01 pCi Sr-82 per millicurie of Rb-82. In another 

embodiment, controller 80 determines detect strontium levels, as a ratio of Sr-85 (in pCi) to 

Rb-82 (in mCi), with a true positive rate of at least 95% with a 95% confidence level, at 0.1 

pCi Sr-85 per millicurie of Rb-82.  

[00190] System 10 can take a variety of different actions if the determined activity of one or 

more radioisotopes during a quality control procedure is determined to exceed an allowable 

limit. In some examples, controller 80 may initiate a user alert (e.g., a visual, textual, 

mechanical (e.g., vibratory), audible user alert) such as via user interface 16, indicating that a 

measured radioisotope in the radioactive eluate produced using the radioisotope generator 52 

has exceeded allowable limit. Additionally or alternatively, controller 80 may control system 

10 to prevent a subsequent patient infusion procedure if it is determined that a radioisotope in 

the radioactive eluate has exceeded an allowable limit. System 10 can have hardware and/or 

software locks that engage to prevent a subsequent patient infusion procedure once the 

allowable limit is reached. For example, controller 80 may prevent pump 40 from pumping 

eluant once the allowable limit has been exceeded. In some examples, controller 80 

electronically transmits a message indicating that a radioisotope in the radioactive eluate has 
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exceeded allowable limit to an offsite location, e.g., for monitoring and/or evaluating the 

operation of the radioisotope generator.  

[00191] System 10 may be used to generate and deliver radioactive eluate in yet other 

applications in which infusion tubing 70 is not connected to the patient, e.g., to help maintain 

the quality and accuracy of radioactive eluate generated by the system. As yet another 

example, system 10 may generate radioactive eluate as part of a constancy evaluation to 

evaluate the accuracy and/or precision of activity measurements being made by beta detector 

58. Since beta detector 58 may be used to control the cumulative amount of activity 

delivered to a patient during a patient infusion procedure, ensuring that the detector is 

appropriately calibrated can help ensure accurate dosing of radioactive eluate.  

[00192] FIGS. 10-16 describe exemplary calibration and quality control ("QC") test(s) that 

may be periodically performed on the infusion system, such as dose calibration using beta 

detector 58 and/or calibration of gamma detector 60 to help ensure the reliability of 

measurements made by the infusion system using one or both detectors. Each performance 

test may be used to evaluate the accuracy and/or precision of activity measurements made by 

the detector undergoing testing. Corrective action such as recalibration or system lockout 

may be taken if a test is found to fall outside of an acceptable limit. Any test or combination 

of tests described may be performed using beta detector 58, gamma detector 60, or both beta 

detector 58 and gamma detector 60 as part of a quality control and/or calibration protocol.  

[00193] For example, QC test(s) performed using the beta detector 58 may include a dose 

calibration test, a dose linearity test, a dose repeatability test, a dose constancy test, and 

combinations thereof QC test(s) performed using the gamma detector 60 may include a 

gamma detector calibration test, a gamma detector repeatability test, a gamma detector 

linearity test, and combinations thereof In some examples, a column wash is performed on 

radioisotope generator 52 priorto executing a QC test or series of QC test. Thecolunmwash 

can involve pumping a fixed volume of eluant through radioisotope generator 52 and 

directing the resulting eluate to waste container 54. The fixed volume may range from 10 ml 

to 100 ml, such as from 25 ml to 75 ml, or from 35 ml to 65 ml. The column wash can push 

eluate that remained stationary in radioisotope generator 52 over time out of the generator 

and move the generator chemistry out of the equilibrium state and into the steady state. A 

column wash may be performed before any patient infusion procedure as well.  

[00194] When calibrating gamma detector 60, a detector energy window calibration QC test 

may be performed with (e.g., prior to) any of the other QC test(s) to be performed on the 

detector. A source of radioisotope that has a gamma emission energy that is the same as or 
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similar to the parent radioisotope contained in radioisotope generator 52 (e.g., strontium) can 

be positioned for gamma detector 60 to read gamma radiation emitted from the source. The 

source of radioisotope may have a gamma emission energy that is within plus or minus 30% 

of the gamma emission energy of the parent radioisotope contained in radioisotope generator 

52, such as plus or minus 20%, plus or minus 10%, plus or minus 15%, plus or minus 5%, 

plus or minus 1%, or plus or minus 0.5%. Example sources of radioisotope that may be used 

include Sr-82, Sr-85, sodium-22, and cesium-137.  

[00195] The radioisotope source can be introduced into third compartment 106. Operating 

under the control of controller 80, gamma detector 60 can read the gamma spectrum emitted 

by the calibration source. Controller 80 can calculate a difference between the calculated 

peak channel in the gamma spectrum and the expected peak channel. Controller 80 may 

determine if the determined difference deviates by more than a tolerable range. In various 

examples, the tolerable range may be plus or minus 20%, such as plus or minus 10%, or plus 

or minus 5%. Controller 80 may determine if the difference exceeds the tolerable range.  

Controller 80 may take a variety of actions if the determined difference exceeds the tolerable 

range. For example, controller 80 may issue a user alert (e.g., the user interface 16) 

informing an operator if the peak channel exceeds the tolerable range for the expected peak 

channel. Additionally or alternatively, controller 80 may initiate recalibration (e.g., by 

adjusting the voltage so the peak channel is aligned with expected peak channel).  

[00196] As another example when calibrating gamma detector 60, background radiation may 

be measured by the gamma detector in the absence of a specific radioisotope source being 

introduced into third compartment 106. The background radiation may be measured after 

performing the detector energy window calibration but prior to performing any other QC 

test(s) or at other times during the QC protocol. For example, during a daily QC protocol, 

background radiation may be measured before performing other QC tests without performing 

a detector energy window calibration. The background radiation measurement may ensure 

that there are no gamma emitting sources external to system 10 emitting at a level that causes 

distortion or error of the gamma measurements made by gamma detector 60 during a QC test.  

Controller 80 may take a variety of actions if excessive background gamma radiation is 

detected, including those actions described herein.  

[00197] QC test(s) may be performed using beta detector 58 and/or gamma detector 60 at 

appropriate frequencies to maintain the high quality operation of system 10. In some 

examples, a full QC protocol is performed following installation or replacement of a 

component (e.g., tubing line, radioisotope generator, detector), after a major repair is 
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performed on the system (e.g., one performed by a representative of the manufacturer of 

system 10) and/or annually as part of a preventive maintenance plan. Such a full protocol 

may involve performing a gamma detector energy window calibration QC test, a background 

radiation test, a column wash, a gamma detector calibration test, a repeatability test, a gamma 

detector linearity test, a gamma detector constancy test, a dose constancy test, a dose linearity 

test, and/or a dose repeatability test.  

[00198] A smaller QC protocol may be performed on a more frequent basis. Such a protocol 

may involve performing a background radiation test with the gamma detector, a column 

wash, dose constancy test using the beta detector along with parent radioisotope (e.g., 

strontium) level test using the gamma detector, and a gamma detector constancy test.  

Independent of the specific QC test or protocol set of tests performed, the tests may be 

performed at any desired frequency, such as a QC period ranging from every day to every 50 

days, such as from 4 to 45 days, 4 to 10 days, 11 to 17 days, 18 to 24 days, 25 to 31 days, 32 

to 38 days, or 39 to 45 days, or at approximately daily, 7 days, 14 days, 21 days, 28 days, 35 

days, or 42 days. When performing any QC test described herein where eluate is passed 

through tubing, the test may be conducted at one or more flow rates (in which case the test 

may be repeated at multiple flow rates. The flow rates can range from 10 ml/min to 60 

ml/min, such as 20 ml/min, 35 ml/min, or 50 ml/min, although other flow rates can be used 

depending on the configuration of the system and/or desire of the user.  

[00199] FIG. 10 is a flow diagram of an example technique that may be used to perform a 

constancy check procedure. For example, the technique of FIG. 10 may be used by system 

10 to evaluate dose constancy using beta detector 58.  

[00200] To perform dose constancy, controller 80 can control system 10 to deliver 

radioactive eluate to the eluate-receiving container 56 positioned proximate gamma detector 

60 (230). The process of initiating the constancy evaluation and delivering radioactive eluate 

to eluate-receiving container 56 can follow that described above with respect to FIG. 9 in 

connection with the quality control evaluation procedure. For example, to initiate the 

process, an operator may insert eluate-receiving container 56 into third compartment 106 of 

shielding assembly 28 and place infusion tubing 70 in fluid communication with the eluate

receiving container, as discussed above.  

[00201] Once system 10 is suitably arranged to allow eluate-receiving container 56 to receive 

radioactive eluate from radioisotope generator 52, controller 80 can control the system to 

generate radioactive eluate that is supplied to the eluate-receiving container. In some 

examples, controller 80 initiates a constancy elution in response to instructions received via 
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user interface 16 by an operator to perform the constancy elution. For example, controller 80 

may execute software that guides the operator through one or more steps to appropriately 

arrange the components of system 10 for the constancy elution and receives feedback (e.g., 

via sensors and/or the operator via the user interface) confirming that the components are 

appropriately arranged before generating radioactive eluate. Controller 80 can control system 

10 to execute the constancy elution immediately after arranging the components of system 10 

to perform the elution or at a delayed time after the components have been arranged for the 

constancy eluate, as discussed above with respect to the quality control procedure in 

connection with FIG. 9.  

[00202] Controller 80 may follow steps 200-208 discussed above with respect to FIG. 8 

during a quality control elution to supply radioactive eluate to eluate-receiving container 56.  

Controller 80 can divert radioactive eluate initially generated by radioisotope generator 52 to 

waste container 54 until the activity of the radioactive eluate as determined via beta emissions 

measured by beta detector 58 reaches a threshold. Upon the activity of radioactive eluate 

generated by radioisotope generator 52 reaching the threshold, controller 80 can control 

multi-way valve 74 to direct the radioactive eluate to eluate-receiving container 56.  

[00203] Pump 40 can continue supplying eluant to radioisotope generator 52 and thereby 

supply radioactive eluate to eluate-receiving container 56 until a desired amount of 

radioactive eluate is supplied to the container. When controller 80 controls pump 40 to 

supply radioactive eluate to eluate-receiving container 56 until a desired amount of 

radioactive eluate is supplied to the container, the controller can determine the cumulative 

amount of radioactivity delivered to the eluate-receiving container by measuring the activity 

of the radioactive eluate via beta detector 58 during the delivery of the radioactive eluate to 

the container. Controller 80 can also account for radioactive decay between beta detector 58 

and eluate-receiving container 56 (e.g., between the time when the activity is measured by 

beta detector 58 and the time when the activity is measured by gamma detector 60).  

Alternatively, the desired amount of radioactive eluate may be a pre-established volume of 

radioactive eluate and/or a cumulative amount of activity (e.g., corresponding to a QC 

threshold) delivered to eluate-receiving container 56, as also discussed above with respect to 

FIG. 9.  

[00204] As radioactive eluate flows past the beta detector 58 to eluate-receiving container 56, 

the beta detector can measure the beta emissions emitted by the radioactive eluate (232).  

Controller 80 can receive a signal from beta detector 58 indicative of the beta emissions 

measured by beta detector 58 and may compare a magnitude of the beta emissions measured 
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by the beta detector to calibration information stored in memory relating different beta 

emission levels to different radioactive eluate activity levels. Controller 80 may determine a 

cumulative amount of activity delivered to eluate-receiving container 56, which may be 

referred to as an accumulated radioactive dose supplied to the container, based on the activity 

of the radioactive eluate measured by the beta detector and/or the flow rate of the radioactive 

eluate.  

[00205] Upon determining a suitable amount of radioactive eluate has been supplied to 

eluate-receiving container 56, e.g., that the accumulated radioactive dose supplied to eluate

receiving container has reached a threshold level, controller 80 can control pump 40 to cease 

pumping the eluant through radioisotope generator 52. When radioactive eluate stops being 

introduced into eluate-receiving container 56, the filling of the container may be designated 

as being complete. This can establish an end of filling time utilized from which subsequent 

activity may be benchmarked.  

[00206] In the technique of FIG. 10, gamma detector 60 measures gamma emissions emitted 

by radioactive eluate supplied to eluate-receiving container 56 (234). Gamma detector 60 can 

continuously measure gamma emissions, e.g., during filling of eluate-receiving container 56 

and/or after the eluate-receiving container has suitably filled with radioactive eluate.  

Alternatively, gamma detector 60 may periodically sample gamma emissions, e.g., at one or 

more times after eluate-receiving container 56 has suitably filled with radioactive eluate.  

[00207] In some examples, gamma detector 60 measures gamma emissions emanating from 

radioactive eluate in eluate-receiving container 56 within a constancy window, which may be 

a time window measured from the end of the filling of eluate-receiving container 56. For 

example, gamma detector 60 may measure gamma emissions emanating from radioactive 

eluate in eluate-receiving container 56 within a constancy time window ranging from 0 

seconds from the end of the filling of the eluate-receiving container to 1800 seconds after the 

end of the filling, such as from 500 seconds to 1500 seconds from the end of the filling, from 

700 seconds to 1000 seconds from the end of the filling, or from 793 seconds to 807 seconds 

from the end of the filling of the eluate-receiving container. Gamma detector 60 can measure 

gamma emissions emanating from radioactive eluate in eluate-receiving container 

continuously during the duration of the constancy time window or at one or more times 

within the constancy time window.  

[00208] Gamma detector 60 can send, and controller 80 can receive, a signal indicative of the 

gamma emissions measured by the gamma detector. Controller 80 can further determine the 

activity of Rb-82 in the eluate-receiving container based on the gamma emissions measured 
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by gamma detector 60, thereby providing an accumulated constancy gamma activity 

measurement. Controller 80 may determine the amount of activity associated with a 511 keV 

energy line and/or 776 keV energy line of the gamma spectrum which corresponds to Rb-82.  

For example, controller 80 may determine the net peak integral count in a region of the 

gamma spectrum encompassing the 511 keV line and/or 776 keV line to determine the 

activity of Rb-82. Controller 80 may then store the determined activity of Rb-82 in a 

memory associated with the controller.  

[00209] In the technique of FIG. 10, controller 80 compares the activity of Rb-82 determined 

using beta detector 58 to the activity of Rb-82 determined using gamma detector 60, e.g., by 

calculating a constancy ratio (236). For example, controller 80 may calculate a constancy 

ratio based on the accumulated radioactive dose (or beta emission counts) measured by beta 

detector 58 and supplied to eluate-receiving container 56 and the accumulated constancy 

gamma activity (or gamma emission counts) measured by gamma detector 60. The constancy 

ratio may be calculated at least by dividing the accumulated radioactive dose by the 

accumulated constancy gamma activity.  

[00210] In some examples, controller 80 further compares the determined constancy ratio to 

one or more thresholds stored in memory associated with the controller. For example, 

controller 80 may compare the determined constancy ratio to a reference constancy ratio 

stored in memory. Controller 80 may determine if the determined constant ratio deviates 

from the reference conference ratio by more than a tolerable range. In various examples, the 

tolerable range may be plus or minus 20% of the reference constancy ratio, such as plus or 

minus 10% of the reference constancy ratio, or plus or minus 5% of the reference constancy 

ratio. Controller 80 may determine if the constancy ratio exceeds the tolerable range for the 

reference constancy ratio. Controller 80 may take a variety of actions if the determined 

constancy ratio exceeds the tolerable range for the reference constancy ratio.  

[00211] In some examples, controller 80 issues a user alert (e.g., the user interface 16) 

informing an operator if the determined constancy ratio exceeds the tolerable range and/or the 

reference constancy ratio. Additionally or alternatively, controller 80 may initiate a 

calibration check and/or dose recalibration of the system (238). In some examples, controller 

80 initiates calibration check and/or dose calibration by executing software to automatically 

perform such check or calibration or by guiding the operator through steps to perform such 

check or calibration. To perform a dose calibration, a controller associated with system 10 

may generate and store in memory one or more coefficients or other calibration information 
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that is subsequently used by the system to process data generated by beta detector 58 

corresponding to the amount of activity measured by the detector.  

[00212] In some examples, a dose recalibration is performed using a dose calibrator external 

to and separate from system 10. The dose calibrator may itself be calibrated using a primary 

standard. Controller 80 may guide an operator via user interface 16 by providing instructions 

to the operator for generating a sample of radioactive eluate. The sample of radioactive 

eluate can then be transported to the separate dose calibrator and the activity of Rb-82 in the 

sample determined using the dose calibrator. Controller 80 may receive the determined 

activity of Rb-82 from the dose calibrator (e.g., by being wired or wirelessly connected to the 

dose calibrator and/or by operator entry of the information via user interface 16). Controller 

80 can store the determined activity of Rb-82 from the dose calibrator in memory and/or use 

the information to modify calibration settings used by system 10 to process data generated by 

beta detector 58 corresponding to the activity of radioactive eluate flowing through system 

10.  

[00213] As another example, controller 80 may use the activity of Rb-82 determined using 

gamma detector 60 to modify calibration settings used by system 10 to process data generated 

by beta detector 58. For example, controller 80 may store the activity of Rb-82 determined 

using gamma detector 60 in memory and/or use the information to modify calibration settings 

used by system 10 to process data generated by beta detector 58 corresponding to the activity 

of radioactive eluate flowing through system 10.  

[00214] FIG. 11 is a flow diagram of an example technique that may be used to check the 

accuracy of activity measurements made by gamma detector 60. For example, the technique 

of FIG. 11 may be used by system 10 to evaluate whether gamma detector 60 is providing 

accurate and/or precise activity measurements of the radioactive eluate generated by 

radioisotope generator 52.  

[00215] To perform a calibration and accuracy test on gamma detector 60, the gamma 

detector may be exposed to a calibration source having a known (or otherwise expected) level 

of activity (250). The calibration source may be placed in third compartment 106 adjacent 

gamma detector 60 and statically held in the third compartment for a period of time sufficient 

for the gamma detector to measure the activity of the calibration source. For example, when 

the calibration source is a solid material, eluate-receiving container 56 can be removed from 

third compartment 106 and the calibration source can be placed in the compartment.  

Alternatively, if the calibration material is in a liquid state, the calibration material can be 

pumped into eluate-receiving container 56 that is placed in the third compartment.  
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[00216] Typical calibration sources that may be used to evaluate the accuracy of gamma 

detector 60 are NIST (National Institute of Standards and Technology) traceable radioisotope 

standards. The calibration source may be selected to have an activity level similar to that 

observed by gamma detector 60 during typical operation of system 10. For example, the 

calibration source may have an activity level ranging from 0.01 pCi to 2 mCi, such as from 

0.05 to 1 mCi, from 0.1 pCi to 100 pCi, from 1I Ci to 75 pCi, from 25 pCi to 65 pCi, from 

0.1 pCi to 30 pCi, from 1 pCi to 15 pCi, or from 8 pCi to 12 pCi. The calibration source 

may have a known (or otherwise expected) activity level to which the activity level detected 

by gamma detector 60 can be compared.  

[00217] Example isotopes that can be used as a calibration source to evaluate the accuracy of 

gamma detector 60 include, but are not limited to, Na-22, Cs-131, Ga-68, and Ge-68. The 

calibration source may be stored in a shielded well or transport container separate from 

shielding assembly 28. The calibration source may be stored in its shielded housing on or 

near system 10 and removed from its shielded housing and inserted into third compartment 

106 to perform an accuracy test. Alternatively, the calibration source may be brought from 

an external site, for example in a shielded housing, for periodic calibration testing.  

[00218] Controller 80 may execute software that guides the operator through one or more 

steps to appropriately arrange the calibration source in third compartment 106 of system 10 

for the accuracy test. Controller 80 can further control gamma detector 60 to measure the 

activity level of the calibration source received in third compartment 106 (252). Controller 

80 can control gamma detector 60 to measure the activity level of the calibration source 

concurrent with or immediately after inserting the calibration source in the compartment or at 

a delayed time after the source has been placed in the compartment, as discussed above with 

respect to the quality control procedure in connection with FIG. 9.  

[00219] After detecting gamma radiation emanating from the calibration source having the 

known activity, controller 80 may identify a gamma radiation spectrum region of interest 

from which the activity of the sample is determined. In the case of a Na-22 calibration 

source, the region of interest can encompass the 511 keV peak in a gamma ray spectrum 

generated from the sample. Controller 80 can determine the net peak integral count for the 

region of interest to determine the amount of activity measured by gamma detector 60 at the 

energy line.  

[00220] In the technique of FIG. 11, controller 80 compares the measured activity of the 

calibration source to a known activity of the calibration sample (254). System 10 may be 

informed of the known activity of the calibration source, e.g., by entering the known activity 

67



via user interface 16. The activity of the calibration source received by controller 80 can then 

be stored in a memory associated with the controller. Controller 80 can account for the decay 

of the activity of the calibration source using the known half-life of the radionuclide.  

Controller 80 can compare the determined activity of the calibration source as measured by 

gamma detector 60 to the known activity stored in memory. Controller 80 may determine if 

the determined activity deviates from the known activity by more than an acceptable 

threshold. In some examples, the acceptable threshold may be within plus or minus 10% of 

the known activity, such as within plus or minus 5% of the known activity, within plus or 

minus 3% of the known activity, within plus or minus 2% of the known activity, or within 

plus or minus 1% of the known activity.  

[00221] Controller 80 may take a variety of actions if the determined activity of the 

calibration source measured by gamma detector 60 exceeds the acceptable threshold of the 

known activity of the calibration source. In some examples, controller 80 issues a user alert 

(e.g., via user interface 16) informing an operator of the determined activity exceeds the 

acceptable threshold. Additionally or alternatively, controller 80 may calculate and/or store 

calibration data (e.g., a calibration ratio) relating the measured activity of the calibration 

source measured using gamma detector 60 to the known activity of the calibration source.  

Controller 80 can subsequently use this calibration information during operation to adjust 

activity measurements made using gamma detector 60.  

[00222] FIG. 12 is a flow diagram of another example technique that may be used to evaluate 

the repeatability or precision of activity measurements made by gamma detector 60. The 

technique of FIG. 12 may be used by system 10 to evaluate whether gamma detector 60 is 

providing consistent and repeatable activity measurements across multiple sample 

acquisitions of a sample at the same activity level.  

[00223] In the technique of FIG. 12, a repeatability test may be performed on gamma detector 

60 by repeatedly exposing the gamma detector to the same calibration source having a known 

level of activity (256). The calibration source used to perform the repeatability test may be 

selected from any of those discussed above with respect to the accuracy test described in 

connection with FIG. 11. The calibration source may be placed adjacent (e.g., near and/or in 

front of) gamma detector 60, e.g., by inserting the calibration source in third compartment 

106 of shielding assembly 28. The calibration source may be held statically in front of 

gamma detector 60 for a period of time sufficient for the gamma detector to measure the 

activity of the calibration source.  
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[00224] After detecting gamma radiation emanating from the calibration source having the 

known activity, controller 80 may determine the activity of the calibration source (258) as 

discussed above. The calibration source can be removed from third compartment 106, held 

outside of the compartment for a period of time, and reinserted back into the compartment 

(260). That is, the calibration source may be inserted into and removed from the third 

compartment multiple times. Alternatively, the calibration source may be left in third 

compartment 106 and the activity of the calibration source measured multiple times.  

Operating under the control of controller 80, gamma emissions emitted by the calibration 

source can be measured and the activity of the calibration source determined. For example, 

the gamma emissions emitted by the calibration source can be measured each time the 

calibration source is inserted into third compartment 106 and/or multiple times while the 

calibration source remains in the third compartment. As a result, the activity of the 

calibration source can be repeatedly determined to evaluate the consistency with which 

gamma detector 60 measures a sample at the same activity level.  

[00225] In the technique of FIG. 12, the activity of the calibration source may be measured at 

least twice, such as at least 3 times, at least 5 times, or at least 10 times. For example, the 

activity of the calibration source may be measured from 2 times to 20 times, such as from 5 

times to 15 times.  

[00226] After repeatedly measuring the activity of the calibration source a desired number of 

times, the technique of FIG. 12 includes comparing each measured activity to an average of 

multiple of the measured calibration activities (262). In some examples, controller 80 

determines an average (e.g., mean, median) measured activity of the calibration sample based 

on all of the measurements made during the test. Controller 80 may further compare each 

individual measured activity determined during the test to the average measured activity and 

determine if any one measured activity deviates from the average measured activity by more 

than acceptable threshold. In some examples, the acceptable threshold may be within plus or 

minus 10% of the average measured activity, such as within plus or minus 5% of the average 

measured activity, or within plus or minus 2% of the average measured activity.  

[00227] If controller 80 determines that any one of the plurality of measured activities 

exceeds the average measured activity by more than the acceptable threshold, the controller 

may take action to indicate that gamma detector 60 is not producing sufficiently repeatable 

results. In some examples, controller 80 issues a user alert (e.g., via user interface 16) 

informing an operator that gamma detector 60 is not producing sufficiently repeatable results.  
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[00228] FIG. 13 is a flow diagram of an example technique that may be used to evaluate the 

linearity of activity measurements made by gamma detector 60. Evaluation of detector 

linearity can determine if gamma detector 60 is providing a response that is linearly related to 

the activity of the sample being measured over the activity range expected to be observed by 

gamma detector 60 during operation.  

[00229] To evaluate the linearity of gamma detector 60, one or more (e.g., multiple) 

calibration sources each having a known activity can be placed in front of gamma detector 

60. Each individual calibration source (or single calibration source, if only one is used) can 

be selected to have a half-life effective to provide sufficient measurable decay over the time 

span of measurement. If multiple calibration sources are used, the multiple sources can be 

selected so each specific calibration source has a different activity level than each other 

calibration source, providing a range of activities over which gamma detector 60 measures 

gamma emissions. The linearity of the activities measured by gamma detector 60 can be 

evaluated to determine the linearity of the detector.  

[00230] The particular activities of the calibration sources used to evaluate the linearity of 

gamma detector 60 may be selected to cover the range of activities expected to be observed 

by the gamma detector during normal operation. For example, where system 10 is 

implemented so gamma detector 60 measures a comparatively high level of daughter 

radioisotope and also measures a comparatively low level of parent radioisotope in a sample 

under evaluation, the calibration sources may be selected to cover the range from the high 

radioisotope activity level to the low radioisotope level. In some examples, the activity of the 

calibration sources used to measure the linearity of gamma detector 60 may range from 0.01 

pCi to 2 mCi, such as from 0.05 to 1 mCi, from 0.1 pCi to 100 pCi, 0.05 pCi to 50 pCi, or 

0.1 pCi to 30 pCi.  

[00231] The calibration sources used to perform the gamma detector linearity test may be 

selected from any of those discussed above with respect to the accuracy test described in 

connection with FIG. 11. In some examples, the same type of calibration source (e.g., Na-22) 

at different activity levels is used to test the linearity of gamma detector 60. In other 

examples, multiple different types of calibration sources at different activity levels are used to 

test the linearity of gamma detector 60. For example, one type of calibration source at 

different activity levels may be used to test the comparatively low end of the activity range 

and another type of calibration source at different activity levels may be used to test the 

comparatively high end of the activity range. For example, a solid calibration source (e.g., 

Na-22) may be used to evaluate the low end of the linearity range and a liquid calibration 
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source (e.g., daughter radioisotope such as Rb-82 generated by generator 52) may be used to 

evaluate the high end of the linearity range.  

[00232] In the example of FIG. 13, a calibration source having a first activity level can be 

placed in front of gamma detector 60, e.g., by inserting the calibration source in third 

compartment 106 of shielding assembly 28 (270). The calibration source may be held 

statically adjacent to gamma detector 60 for a period of time sufficient for the gamma 

detector to measure the activity of the calibration source. After detecting gamma radiation 

emanating from the calibration source having the first activity level, controller 80 can 

measure the activity level of the calibration source (272) as discussed above and store the 

measured activity in a memory associated with the controller.  

[00233] A calibration source having a second activity level different than the first activity can 

be placed in front of gamma detector 60, e.g., by inserting the calibration source in third 

compartment 106 of shielding assembly 28 (274). Again, the calibration source may be held 

statically in front of gamma detector 60 for a period of time sufficient for the gamma detector 

to measure the activity of the calibration source. After detecting gamma radiation emanating 

from the calibration source having the second activity level, controller 80 can measure the 

activity level of the calibration source (274) as discussed above and store the measured 

activity in a memory associated with the controller.  

[00234] One or more additional calibration sources each having a different activity level than 

each other, and than the first and second calibration sources already measured by gamma 

detector 60, may also be placed in front of the gamma detector (278). Gamma detector 60 

may measure the activity of the additional calibration source(s) and store the measured 

activity in a memory associated with the controller. In some examples, at least three 

calibration sources are used having different activity levels over an expected activity range 

that gamma detector 60 is expected to measure during operation. In some other examples at 

least five calibration sources having different activity levels are used.  

[00235] After measuring the activity levels of a suitable number of calibration sources, the 

technique of FIG. 13 involves linearly regressing the data and determining an R-squared 

value for the measured activity values. R-squared is a statistical measure of how close the 

data are to a fitted regression line. Controller 80 may determine an R-squared value for the 

measured activity values of the different calibration sources. Controller 80 may further 

compared the determined R-squared value to a threshold stored in memory. In some 

examples, the threshold may require the R-squared value be greater than 80%, such as greater 

than 90%, greater than 95%, or greater than 98%. If controller 80 determines that the R
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squared value is below the required threshold, the controller may take action to indicate that 

gamma detector 60 is not producing sufficiently linear results. In some examples, controller 

80 issues a user alert (e.g., via user interface 16) informing an operator that gamma detector 

60 is not producing sufficiently linear results.  

[00236] As noted, the calibration sources used to measure the linearity of gamma detector 60 

may range in activity level from the comparatively high activity levels associated with a 

daughter radioisotope (e.g., Rb-82) to comparatively low activity levels associated with a 

parent radioisotope and/or contaminant radioisotope (e.g., Sr-82, Sr-85). In some examples, 

system 10 operating under the control of controller 80 is configured to perform multiple 

gamma detector linearity tests, including one covering the high range of activity levels 

expected to be observed by gamma detector 60 and one covering the low range of activity 

levels expected to be observed by the gamma detector.  

[00237] In some applications when so configured, controller 80 may control system 10 to 

generate radioactive eluate via radioisotope generator 52 to provide a radioisotope source for 

testing one of the linearity ranges (e.g., the comparatively high activity range). Controller 80 

may follow steps 200-208 discussed above with respect to FIG. 8 during a quality control 

elution to supply radioactive eluate to eluate-receiving container 56. Controller 80 can divert 

radioactive eluate initially generated by radioisotope generator 52 to waste container 54 until 

the activity of the radioactive eluate as determined via beta emissions measured by beta 

detector 58 reaches a threshold. Upon the activity of radioactive eluate generated by 

radioisotope generator 52 reaching the threshold, controller 80 can control multi-way valve 

74 to direct the radioactive eluate to eluate-receiving container 56.  

[00238] Gamma detector 60 can measure gamma emissions emitted by radioactive eluate 

supplied to eluate-receiving container 56. Gamma detector 60 can continuously measure 

gamma emissions, e.g., during filling of eluate-receiving container 56 and/or after the eluate

receiving container has suitably filled with radioactive eluate. Gamma detector 60 may 

periodically sample gamma emissions, e.g., at one or more times after eluate-receiving 

container 56 has suitably filled with radioactive eluate.  

[00239] The linearity of gamma detector 60 may be tested across a range of activity levels 

associated with the daughter radioisotope in the radioactive eluate supplied to the eluate

receiving container, e.g., as the daughter radioisotope decays to progressively lower activity 

levels. To perform the gamma detector linearity testing across this range, activity levels 

measured by gamma detector 60 across multiple pre-determined periods following the end of 

elution may be used to evaluate linearity. In some embodiments of the present invention, the 
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multiple pre-determined periods can range from 500 seconds to 1600 seconds, from 600 

seconds to 1300 seconds, from 700 seconds to 1200 seconds, or from 750 seconds to 1100 

seconds. For example, gamma detector 60 may make a first activity measurement within a 

time range from 600 to 950 seconds following the end of elution, such as from 700 to 800 

seconds, from 725 to 775 seconds, or at approximately 750 seconds. Gamma detector 60 

may make a second activity measurement at a later time within a range from 650 to 1000 

seconds following the end of elution, such as from 750 to 850 seconds, from 775 to 825 

seconds, or at approximately 800 seconds. Gamma detector 60 may make a third activity 

measurement at a yet later time within a range from 950 to 1250 seconds following the end of 

elution, such as from 1050 to 1150 seconds, from 1075 to 1125 seconds, or at approximately 

1100seconds. Activity measurements at different time periods including earlier or later 

times (and/or additional measurements within the overall time) may be made and included as 

part of the linearity calculation as needed.  

[00240] In either case, the resulting measured activity levels of radioactive eluate in eluate

receiving container 56 made by gamma detector 60 can be evaluated for linearity. Controller 

80 may linearly regress the data and determine an R-squared value for the measured activity 

values at the different times. Controller 80 may further compared the determined R-squared 

value to a threshold stored in memory, as discussed above.  

[00241] To measure the linearity of gamma detector 60 across a comparatively low range of 

activity levels associated with the parent radioisotope and/or contaminants in the radioactive 

eluate delivered to the eluate-receiving container, external calibration sources (e.g., Na-22) 

may be inserted into third compartment 106. The external calibration sources may range in 

activity level from approximately 0.1 pCi to approximately 10 pCi, which may correspond to 

the range of parent radioisotope activity levels that may be observed by gamma detector 60 

during operation. The linearity of activity measurements made using the external calibration 

sources may be regressed and an R-squared value calculated, as discussed above. Controller 

80 may further compared the determined R-squared value to a threshold stored in memory, as 

further discussed above.  

[00242] FIG. 14 is a flow diagram of an example technique that may be used to perform a 

dose calibration using beta detector 58. To perform a calibration according to the example 

technique, an outlet of infusion tubing line 70 can be attached to an eluate collection 

container. Eluate-receiving container 56 may be used as the eluate collection container 

during calibration, or an eluate collection container having a different configuration can be 

used. For example, the eluate collection container attached to infusion tubing line 70 may be 
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configured to be inserted into third compartment 106 of shielding assembly 28, into another 

shielded container, and/or directly into a dose calibrator configured to measure the activity of 

the contents therein.  

[00243] To perform calibration, controller 80 can control system 10 to deliver radioactive 

eluate to the eluate collection container (292). The process of initiating the calibration and 

delivering radioactive eluate to the eluate collection container can follow that described 

above with respect to FIG. 9 in connection with the quality control evaluation procedure. For 

example, to initiate the process, an operator may attach infusion tubing line 70 to the eluate 

collection container and interact with system 10 (e.g., via user interface 16) to elute a sample 

of radioactive Rb-82 to the container. The eluate collection container may or may not be 

inserted into a dose calibrator prior to initiating elution.  

[00244] In some examples, infusion tubing line 70 extends from system 10 to an eluate 

collection container positioned in a dose calibrator located off board the mobile cart (e.g., on 

a counter or table adjacent to the cart). In other configurations, system 10 may include an 

onboard dose calibrator that is contained on the mobile cart and is movable therewith. In 

either case, controller 80 may receive data generated by the dose calibrator via wired or 

wireless communication with the dose calibrator and/or via user entry using user interface 16.  

In some examples, the eluate collection container is positioned in third compartment 106 of 

shielding assembly 28 and gamma detector 60 is used to generate data for dose calibration.  

[00245] Once system 10 is suitably arranged to allow the eluate collection container to 

receive radioactive eluate from radioisotope generator 52, controller 80 can control the 

system to generate radioactive eluate that is supplied to the eluate collection container. In 

some examples, controller 80 initiates a calibration elution in response to instructions 

received via user interface 16 by an operator to perform the calibration elution. For example, 

controller 80 may execute software that guides the operator through one or more steps to 

appropriately arrange the components of system 10 for the calibration elution and receives 

feedback (e.g., via sensors and/or the operator via the user interface) confirming that the 

components are appropriately arranged before generating radioactive eluate. Controller 80 

can control system 10 to execute the calibration elution immediately after arranging the 

components of system 10 to perform the elution or at a delayed time after the components 

have been arranged for the calibration elution, as discussed above with respect to the quality 

control procedure in connection with FIG. 9.  

[00246] Controller 80 may follow steps 200-208 discussed above with respect to FIG. 8 

during a quality control elution to supply radioactive eluate to eluate collection container.  
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Controller 80 can divert radioactive eluate initially generated by radioisotope generator 52 to 

waste container 54 until the activity of the radioactive eluate as determined via beta emissions 

measured by beta detector 58 reaches a threshold. Upon the activity of radioactive eluate 

generated by radioisotope generator 52 reaching the threshold, controller 80 can control 

multi-way valve 74 to direct the radioactive eluate to eluate collection container.  

Alternatively, controller 80 may deliver an initial eluted volume of eluate to the eluate 

collection container without first diverting to waste container 54.  

[00247] Pump 40 can continue supplying eluant to radioisotope generator 52 and thereby 

supply radioactive eluate to the eluate collection container until a desired amount of 

radioactive eluate is supplied to the container. As radioactive eluate flows past the beta 

detector 58 to the eluate collection container, the beta detector can measure the beta 

emissions emitted by the radioactive eluate. Controller 80 can determine an activity of the 

eluate (294), for example by receiving a signal from beta detector 58 indicative of the beta 

emissions measured by beta detector 58 and may compare a magnitude of the beta emissions 

measured by the beta detector to calibration information stored in memory relating different 

beta emission levels to different radioactive eluate activity levels. Controller 80 may 

determine a cumulative amount of activity delivered to eluate collection container, based on 

the activity of the radioactive eluate measured by the beta detector and/or the flow rate of the 

radioactive eluate.  

[00248] In the technique of FIG. 14, the activity of the eluate delivered to the eluate 

collection container is also measured by a dose calibrator. The activity of the eluate received 

by the collection container may be measured continuously from filling of the container 

through completion of the calibration measurement or at one or more discrete time periods 

during calibration. For example, the activity of the eluate in the container may be measured 

following the end of elution, when pump 40 ceases pumping eluant through radioisotope 

generator 52 to generate eluate or controller 80 controls multi-way valve 74 to direct the 

radioactive eluate to waste container 54 instead of the eluate collection container. In some 

examples, the activity of the eluate in the eluate collection container is measured at least once 

between 1 minute following the end of elution and 10 minutes following the end of elution, 

such as between 2 minutes following the end of elution and 7 minutes following the end of 

elution. In different examples, the activity of the eluate may be measured at 2:30, 3:45, or 

5:00 minutes after the end of elution.  

[00249] Controller 80 of system 10 (or another controller) can calculate a calibration ratio 

based on the cumulative activity of the eluate supplied to the eluate collection container 
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measured by beta detector 58 and the corresponding activity measured by the dose calibrator 

(e.g., along with the time the activity is measured). The controller may calculate a ratio by 

dividing the activity measured by the external dose calibrator by the cumulative activity 

measured by beta detector 58. Controller may adjust the activity measured by the dose 

calibrator to account for radioactive decay between the time of elution and when the activity 

measurement was made using information indicative of the amount of time that passed 

between the end of elution and when the activity measurement was made. The controller 

may store the calibration ratio in a memory associated with the controller for reference and 

adjustment of activity measurements made by beta detector 58 during subsequent use.  

[00250] In some examples, controller 80 compares the calculated calibration ratio to a 

previously calculated calibration ratio stored in memory (300). The prior calibration ratio 

may be that which was generated during the calibration test performed immediately prior to 

the calibration being currently performed. Controller 80 may determine whether the newly

calculated calibration ratio deviates from the previously calculated calibration ratio by more 

than acceptable threshold. In some examples, system 10 requires the newly-calculated 

calibration ratio to be within plus or minus 10% of the previously calculated calibration ratio, 

such as within plus or minus 5% of the previously calculated calibration ratio, within plus or 

minus 2% of the previously calculated calibration ratio, or within plus or minus 1% of the 

previously calculated calibration ratio.  

[00251] If the newly-calculated calibration ratio deviates from the previously calculated 

calibration ratio by more than the acceptable threshold controller 80 may take action to 

indicate the discrepancy. In some examples, controller 80 issues a user alert (e.g., via user 

interface 16) instructing the user to repeat the calibration process. If, after multiple rounds of 

the performing the calibration procedure, the newly-calculated calibration ratio continues to 

deviate from the previously calculated calibration ratio (the ratio that was last accepted by the 

system), controller 80 may issue a user alert instructing the user to contact maintenance 

personnel, such as a manufacturer representative. Controller 80 may further prohibit 

continued use of the system and/or a patient infusion procedure until the system has been 

evaluated by an authorized representative. Controller 80 may provide such a response after at 

least two rounds of attempted calibration, such as from 2 rounds to 8 rounds, or from 3 

rounds to 5 rounds.  

[00252] In some examples, the calibration technique of FIG. 14 is performed multiple times 

at different flow rates, and different calibration ratios corresponding to each flow rate are 

stored in a memory associated with the controller. For example, the calibration technique 
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may be performed once at a comparatively low flow rate, e.g., ranging from 5 ml/min to 35 

ml/min, such as from 15 ml/min to 25 ml/min, or at 20 ml/min. The calibration technique 

may also be performed at a comparatively high flow rate, e.g., ranging from 25 ml/min to 100 

ml/min, such as from 40 ml/min to 60 ml/min, or at 50 ml/min. Controller 80 may execute 

software that guides a user to perform the multiple iterations of calibration and further control 

pump 40 to pump at the different flow rates during calibration.  

[00253] FIG. 15 is a flow diagram of an example technique that may be used to evaluate 

dose linearity using beta detector 58. Evaluation of dose linearity can determine if beta 

detector 58 is providing a response that is linearly related to the activity of the sample being 

measured over the activity range expected to be observed by beta detector 58 during 

operation.  

[00254] One embodiment involves evaluating beta detector linearity where multiple 

calibration sources each having a known activity are placed over beta detector 58. The 

multiple calibration sources can be selected so each specific calibration source has a different 

activity level than each other calibration source, providing a range of activities over which 

beta detector 58 measures beta emissions. The linearity of the activities measured by beta 

detector 58 can be evaluated to determine the linearity of beta detector 58.  

[00255] The specific activities of the calibration sources used to evaluate dose linearity using 

beta detector 58 may be selected to cover the range of activities expected to be observed by 

the beta detector during normal operation. For example, where system 10 is implemented so 

beta detector 58 measures a comparatively high level of daughter radioisotope, the calibration 

sources may be selected to cover the range of daughter radioisotope activity levels expected 

to be observed during operation. In some examples, the activity of the calibration sources 

used to measure dose linearity using beta detector 58 may range from 5 mCi to 100 mCi, such 

as from 10 mCi to 50 mCi, or 15 mCi to 30 mCi.  

[00256] Another embodiment involves evaluating dose linearity using beta detector 58 where 

liquid calibration sources are used by flowing the liquid calibration sources through the 

tubing line positioned adjacent beta detector 58. For example, controller 80 may control 

system 10 to generate radioactive eluate via radioisotope generator 52 to provide a 

radioisotope source for testing the dose linearity using beta detector 58 (310). Itis 

appreciated that dose linearity covers contributions from more system components than beta 

detector linearity.  

[00257] Controller 80 may follow steps similar to steps 200-208 discussed above with 

respect to FIG. 8 during a quality control elution to supply radioactive eluate to eluate
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receiving container 56. Controller 80 can divert radioactive eluate generated by radioisotope 

generator 52 and flowing past beta detector 58 during the dose linearity test to waste 

container 54. Beta detector 58 can measure beta emissions emitted by radioactive eluate 

flowing through the tubing line positioned adjacent the beta detector (312).  

[00258] Controller 80 can control system 10 to generate radioactive eluate having different 

activity levels of daughter radioisotope to perform the dose linearity test (314). The activity 

of the eluate generated by system 10 may vary during the course of elution as the activity 

ramps up to a peak bolus and then attenuates to an equilibrium state. In some examples, at 

three different activity levels of eluate are measured by beta detector 58 during dose linearity 

testing. One of the activity levels may range from 10 mCi to 20 mCi, such as 15 mCi. A 

second of the activity levels may range from 20 mCi to 40 mCi, such as 30 mCi. A third of 

the activity levels may range from 50 mCi to 100 mCi, such as 60 mCi. Additional or 

different activity levels may be used for dose linearity testing.  

[00259] Beta detector 58 may measure the activity of the calibration sources and/or eluate 

samples at different activity levels and the measured activity can be stored in a memory 

associated with controller 80. After measuring the activity levels of a suitable number of 

calibration sources and/or samples, the technique of FIG. 15 involves linearly regressing the 

data and determining an R-squared value for the measured activity values (316). R-squared 

is a statistical measure of how close the data are to a fitted regression line. Controller 80 may 

determine an R-squared value for the measured activity values of the different calibration 

sources. Controller 80 may further compare the determined R-squared value to a threshold 

stored in memory. In some examples, the threshold may require the R-squared value be 

greater than 80%, such as greater than 90%, greater than 95%, or greater than 98%. If 

controller 80 determines that the R-squared value is below the required threshold, the 

controller may take action to indicate that beta detector 58 is not producing sufficiently linear 

results. In some examples, controller 80 issues a user alert (e.g., via user interface 16) 

informing an operator that beta detector 58 is not producing sufficiently linear results.  

[00260] In some examples where eluate samples having different activity levels are used for 

dose linearity testing, the testing process may be performed multiple times at different flow 

rates. For example, the dose linearity testing technique may be performed once at a 

comparatively low flow rate, e.g., ranging from 5 ml/min to 35 ml/min, such as from 15 

ml/min to 25 ml/min, or at 20 ml/min. The dose linearity testing technique may also be 

performed at a comparatively high flow rate, e.g., ranging from 25 ml/min to 100 ml/min, 

such as from 40 ml/min to 60 ml/min, or at 50 ml/min. Controller 80 may execute software 
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that guides a user to perform the multiple iterations of the dose linearity testing and further 

control pump 40 to pump at the different flow rates during testing.  

[00261] FIG. 16 is a flow diagram of an example technique that may be used to evaluate the 

repeatability or precision of activity measurements made by beta detector 58. The technique 

of FIG. 16 may be used by system 10 to evaluate whether beta detector 58 is providing 

consistent and repeatable activity measurements across multiple sample acquisitions of a 

sample at the same activity level.  

[00262] In the technique of FIG. 16, a dose repeatability test may be performed using beta 

detector 58 by repeatedly exposing the beta detector to the same calibration source having a 

known level of activity. A liquid calibration source may be passed through the tubing line 

positioned adjacent beta detector 58. For example, controller 80 may control system 10 to 

generate radioactive eluate via radioisotope generator 52 to provide a radioisotope source for 

testing the constancy of beta detector 58 (320).  

[00263] Controller 80 may follow steps similar to steps 200-208 discussed above with 

respect to FIG. 8 during a quality control elution to supply radioactive eluate to eluate

receiving container 56. Controller 80 can divert radioactive eluate generated by radioisotope 

generator 52 and flowing past beta detector 58 during the constancy test to waste container 

54. Beta detector 58 can measure beta emissions emitted by radioactive eluate flowing 

through the tubing line positioned adjacent the beta detector (322).  

[00264] The target activity of the radioactive eluate flowing through the tubing line may 

range from 10 mCi to 100 mCi, such as from 20 mCi to 50 mCi, or from 25 mCi to 35 mCi.  

For example, the target activity level may be 30 mCi, although other activity levels can be 

used. The radioactive eluate may be supplied at flow rates ranging from 5 ml/min to 100 

ml/min, such as from 20 ml/min to 50 ml/min, although other flow rates can be used.  

[00265] After detecting beta emissions emanating from the eluate flowing through the tubing 

line, controller 80 may determine the activity of the calibration eluate (322). Controller 80 

can cease generating radioactive eluate and wait a period of time sufficient to allow 

radioisotope generator 52 to recover (324). Thereafter, controller 80 can again control 

system 10 to generate radioactive eluate having the same target activity as that generated 

initially during constancy testing (326). System 10 may generate, and beta detector 58 may 

measure, at least two samples of eluate having the target activity, such as at least 5, or at least 

10. For example, system 10 may generate, and beta detector 58 may measure, from 2 to 20 

samples, such as from 5 to 15 samples.  
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[00266] After measuring the activity of repeated samples a desired number of times, the 

technique of FIG. 16 includes comparing each measured activity to an average of multiple of 

the measured calibration activities (328). In some examples, controller 80 determines an 

average (e.g., mean, median) measured activity of the calibration sample based on all of the 

measurements made during the test. Controller 80 may further compare each individual 

measured activity determined during the test to the average measured activity and determine 

if any one measured activity deviates from the average measured activity by more than 

acceptable threshold. In some examples, the acceptable threshold may be within plus or 

minus 10% of the average measured activity, such as within plus or minus 5% of the average 

measured activity, or within plus or minus 2% of the average measured activity.  

[00267] If controller 80 determines that any one of the plurality of measured activities 

exceeds the average measured activity by more than the acceptable threshold, the controller 

may take action to indicate that beta detector 58 is not producing sufficiently repeatable 

results. In some examples, controller 80 issues a user alert (e.g., via user interface 16) 

informing an operator that beta detector 58 is not producing sufficiently repeatable results.  

[00268] The techniques described in this disclosure may be implemented, at least in part, in 

hardware, software, firmware or any combination thereof For example, various aspects of 

the described techniques may be implemented within one or more processors, including one 

or more microprocessors, digital signal processors (DSPs), application specific integrated 

circuits (ASICs), field programmable gate arrays (FPGAs), or any other equivalent integrated 

or discrete logic circuitry, as well as any combinations of such components. The term 

".processor" may generally refer to any of the foregoing logic circuitry, alone or in 

combination with other logic circuitry, or any other equivalent circuitry. A control unit 

comprising hardware may also perform one or more of the techniques of this disclosure.  

[00269] Such hardware, software, and firmware may be implemented within the same device 

or within separate devices to support the various operations and functions described in this 

disclosure. In addition, any of the described units, modules or components may be 

implemented together or separately as discrete but interoperable logic devices. Depiction of 

different features as modules or units is intended to highlight different functional aspects and 

does not necessarily imply that such modules or units must be realized by separate hardware 

or software components. Rather, functionality associated with one or more modules or units 

may be performed by separate hardware or software components, or integrated within 

common or separate hardware or software components.  

80



[00270] The techniques described in this disclosure may also be embodied or encoded in a 

non-transitory computer-readable medium, such as a computer-readable storage medium, 

containing instructions. Instructions embedded or encoded in a computer-readable storage 

medium may cause a programmable processor, or other processor, to perform the method, 

e.g., when the instructions are executed. Non-transitory computer readable storage media 

may include volatile and/or non-volatile memory forms including, e.g., random access 

memory (RAM), magnetoresistive random access memory (MRAM), read only memory 

(ROM), programmable read only memory (PROM), erasable programmable read only 

memory (EPROM), electronically erasable programmable read only memory (EEPROM), 

flash memory, a hard disk, a CD-ROM, a floppy disk, a cassette, magnetic media, optical 

media, or other computer readable media.  

[00271] The following examples may provide additional details about radioisotope delivery 

systems in accordance with the disclosure.  

Example 1 

[00272] Sr-82 and Sr-85 samples covering the range of activity levels that may be observed 

during operation of a strontium-rubidium radioisotope generator were compared using three 

exemplary measurement systems: a CZT gamma detector, a dose Calibrator, and a high

purity germanium gamma detector (HPGe). Ten activity readings were made across the 

range of activity levels for each of the detectors. The results are presented in Table 1 below.  

Table 1: Comparison of measurements by the three detector systems 

HPGe Gamma Detector Sr-82 CZT Gamma Detector Dose Calibrator Level# 

ID Sr-82 Sr-85 Ratio Sr-82 Readi Sr-82 Sr
% % t*C1 Error % Sr-85 ng 85 

ttCi CV ttCi /mCi ttCi C tCi ng tiEro pC1 CV C V /m1 C %* CV** C1 Ci ptCi Error C 
Rb-82 0 I * tCi 

1 7.04 0.5 10.40 0.1 0.2350 6.21 11.89 9.080 11.19 6.5 6.71 9.61 
___ 88 61 ___1 0.31 ____ 8 __ 

2 3.42 0.7 5.083 0.2 0.1143 3.09 9.67 4.529 5.63 3.3 3.54 4.84 
___ 97 6 ___8 0.44 11 

3 0.76 1.5 825 0.4 0.0255 0.70 7.26 1.037 1.25 0.7 3.92 1.07 
45 8 __ 9 0.93 3 

4 0.220 0.6105 0.0143 0.39 8.98 0.570 0.74 -._1.48 0.64 
85 1 9 1 125 3 

5 0.4 2.6 030 0.7 0.0082 0.2 8.98 0.326 0.38 02 8.86 0.33 
50 6 ___3 1.64 2 

6 0.14 3.4 0.208 0.8 0.0047 0.13 7.75 0.192 0.24 0.1 0.68 0.21 
20 5 ___1 __ 2.14 4 

7 0.07 4.6 0.114 1.1 0.0026 0.06 12.77 0.101 0.11 0.0 18.28 0.09 
91 2 9 2.91 6 
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8 0.05 5.8 0.073 1.4 0.0017 0.04 12.18 0.064 0.06 0.0 29.63 0.05 01 5 4 3.62 4 

9 0.02 5.9 0.042 1.4 0.0009 0.02 3.50 0.039 0.03 0.0 37.00 0.03 80 1 7 4.51 2 

10 0.01 5.7 0.024 1.3 0.0005 0.01 1.48 0.022 0.03 0.0 7 0.03 52 0 5 5.87 2 15.78 

11 0.01 5.5 0.016 1.3 0.0004 0.00 18.43 0.013 0.01 0.0 46.74 0.01 
10 0 9 6.97 1 

12 0 401 9 0010 1.4 0.0003 0.00 42.21 0.009 0.04 0.0 126.3 0.03 
04 1 4 16 8.25 2 8 

**CV = et Counts) x 100 ,#Based on 30 mCi Rb-82, * % Error = (HPGE-DC or CZT) X100 
Net Counts HPGe 

[00273] The date in Table 1 were interpreted relative to three exemplary ratios or limits, 

designated an alert limit, and expiry limit, and a legal limit. For Sr-82, the values 

corresponding to these limits for purposes of the experiment 0.002, 0.01, and 0.02 pCi Sr-82 

per mCi of Rb-82, respectively. For Sr-85, the values corresponding to these limits for 

purposes of the experiment were ten-fold higher than the Sr-82 limits, or 0.02, 0.1, and 0.2 

ptCi Sr-85 per mCi of Rb-82, respectively. The ten-fold increase corresponds to a maximum 

ratio of Sr-85/ Sr-82 of 10.  

[00274] Samples were measured with the CZT detector using a 600 second acquisition.  

Background radiation was measured before the samples and corrected automatically by the 

infusion system for each strontium activity calculation. The % CV for the CZT detector data 

(Sr-82/85) was determined based on net counts and was < 4 % down to and including the 

Alert Limit (0.002) or a total Sr-82/85 content of 0.1 pCi and still only approximately 8% at a 

ratio of 0.0003 almost 10-fold lower.  

[00275] Counting times for the HPGe detector were adjusted to obtain good counting 

statistics with a maximum CV of approximately 6 %. The Sr85/82 ratio of 1.462 

corresponded approximately that of the example Sr/Rb generator used for the experiment at 

the end of its 42-day life starting from an initial ratio of <1. The higher proportion of Sr-85 

leads to more counts than for Sr-82 and the lower CVs seen in Table 1.  

[00276] For the dose calibrator, the reading of each sample was allowed to stabilize for 

approximately 30 second before recording the result.  

[00277] The data show that both the dose calibrator and the CZT detector were able to 

accurately measure Sr82/85 radioactivity levels down to below the Expiry Limit (ratio 0.01).  

However, whereas the CZT detector still exhibited an acceptable error down to a ratio of 

0.0004 the Dose Calibrator exhibited unacceptable error at 0.0017, just below the Alert Limit, 

under the experimental conditions used. Any apparent errors in the readings provided by the 

CZT detector were uniform down to the second lowest sample but all positive, which 
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suggests good precision but inaccuracy due to insufficient calibration. The errors of the dose 

calibrator were larger at lower levels and both positive and negative, suggesting accuracy at 

higher levels but a lack of precision at lower levels.  

[00278] The data show that the CZT detector made precise measurements down to 

radioactivity levels well below those encountered at the Alert Limit while the dose calibrator 

lacked precision at radioactivity levels at or lower than the Alert Limit. This is consistent with 

counting statistics (indicating that sufficient counts are being recorded to achieve a desired 

precision). A dose calibrator may have a limited measurement resolution of only 0.01pCi. This 

is typically caused by the resolution of the display, which cause rounding or truncation errors.  

Independent of and additive to any inherent uncertainty in the measurement, the minimum 

change that can be registered with dose calibrators exhibiting such precision for a total Sr-82/85 

dose of 0.06 + 0.01 pCi at the Alert Limit for 30 mCi Rb-82 is plus or minus 17 %.  

[002791 The data show that the CZT used in the example was more precise than the dose 

calibrator at Sr-82/85 levels encountered near the Alert Limit.  

[002801 Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common general 

knowledge in the field.  

[002811 Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise", "comprising", and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, 

but not limited to".



CLAIMS 

1. An infusion system comprising: 

a frame that carries a beta detector, a gamma detector, and a controller communicatively 

coupled to the beta detector and the gamma detector, 

wherein the frame is further configured to receive a strontium-rubidium radioisotope 

generator that generates a radioactive eluate via elution, 

the beta detector is positioned to measure beta emissions emitted from the radioactive 

eluate, 

the gamma detector is positioned to measure gamma emissions emitted from the 

radioactive eluate, and 

the controller is configured to determine an activity of rubidium in the radioactive eluate 

based on the beta emissions measured by the beta detector and determine an activity of strontium 

in the radioactive eluate based on the gamma emissions measured by the gamma detector.  

2. The infusion system of claim 1, wherein the gamma detector is positioned to measure the 

gamma emissions emitted from a static portion of the radioactive eluate.  

3. The infusion system of either of claims 1 or 2, wherein the controller is configured to 

control the infusion system to prevent a patient infusion procedure if the determined activity of 

strontium exceeds an allowable limit.  

4. The infusion system of any one of claims 1 to 3, further comprising an infusion tubing 

line configured to receive the radioactive eluate, either directly or indirectly, from the strontium

rubidium radioisotope generator, when the strontium-rubidium radioisotope generator is received 

by the frame.  

5. The infusion system of claim 4, further comprising an eluate-receiving container in fluid 

communication with the infusion tubing line to receive a portion of the radioactive eluate, 

thereby providing a static portion of the radioactive eluate.  

6. The infusion system of claim 5, 

wherein the beta detector is positioned to measure the beta emissions emitted from the 

radioactive eluate flowing through the infusion tubing line; and



the gamma detector is positioned to measure the gamma emissions emitted from the static 

portion of the radioactive eluate in the eluate-receiving container.  

7. The infusion system of any one of claims 1 to 6, further comprising the strontium

rubidium radioisotope generator received by the frame, wherein the strontium-rubidium 

radioisotope generator is configured to generate the radioactive eluate containing rubidium-82 

via elution of a column containing strontium-82.  

8. The infusion system of any one of claims 1 to 7, further comprising: 

an eluant reservoir containing an eluant; 

a pump coupled to the eluant reservoir via an eluant line; 

an eluate-receiving container carried by the frame; 

a waste container carried by the frame; and 

an infusion tubing circuit that includes an infusion tubing line, an eluate line, a waste 

line, and a multi-way divergence valve, wherein the infusion tubing line is in fluid 

communication with the eluate line via the multi-way divergence valve and the waste line is in 

fluid communication with the eluate line via the multi-way divergence valve, 

wherein the beta detector is positioned to measure the beta emissions from the radioactive 

eluate flowing through the eluate line, and the gamma detector is configured to measure the 

gamma emissions from a static portion of the radioactive eluate in the eluate-receiving container 

and received from the infusion tubing line.  

9. The infusion system of claim 8, wherein 

the controller is communicatively coupled to the multi-way divergence valve and 

configured to control flow from the eluate line to a select one of the infusion tubing line and the 

waste line via the multi-way divergence valve; and 

the controller is further configured during a quality control process to: 

control the pump to pump the eluant through the strontium-rubidium radioisotope 

generator and generate the radioactive eluate, 

determine a radioactive activity of the radioactive eluate based on the beta 

emissions measured via the beta detector while the radioactive eluate is directed to the waste 

container,



upon the radioactive activity of the radioactive eluate reaching a threshold level of 

rubidium activity, control the multi-way divergence valve to place the infusion tubing line in 

fluid communication with the eluate line, 

further control the pump to fill the eluate-receiving container with the radioactive 

eluate, 

control the gamma detector to detect the gamma emissions from the radioactive 

eluate in the eluate-receiving container after a period of time sufficient for substantially all 

rubidium in the radioactive eluate to decay, and 

determine the activity of strontium in the eluate-receiving container based on the 

gamma emissions measured by the gamma detector.  

10. The infusion system of any one of claims 1 to 9, wherein the controller is further 

configured to compare the determined activity of strontium to an allowable limit and control the 

infusion system to prevent a patient infusion procedure if the determined activity of strontium 

exceeds the allowable limit.  

11. The infusion system of either of claims 9 or 10, wherein the threshold level of rubidium 

activity ranges from 5% to 15% of a maximum rubidium activity detected during the immediate 

prior quality control process.  

12. The infusion system of claim 8, wherein the controller is communicatively coupled to the 

multi-way divergence valve and configured to control flow from the eluate line to a select one of 

the infusion tubing line and the waste line via the multi-way divergence valve; and 

the controller is further configured to: 

control the pump to pump the eluant through the strontium-rubidium radioisotope 

generator and generate the radioactive eluate flowing through the eluate line to the waste line and 

the waste container, 

control the beta detector to measure the beta emissions from the radioactive eluate 

flowing through the eluate line to the waste line and determine therefrom the activity of the 

radioactive eluate; 

upon the activity of the radioactive eluate reaching a threshold level, control the 

multi-way divergence valve to place the infusion tubing line in fluid communication with the 

eluate line,



control the beta detector to measure the beta emissions from the radioactive eluate 

flowing through the eluate line to the eluate-receiving container via the infusion tubing line and 

determine therefrom an accumulated rubidium radioactive dose supplied to the eluate-receiving 

container, 

upon determining that the accumulated rubidium radioactive dose has reached a 

QC threshold level, control the pump to cease pumping the eluant through the strontium

rubidium radioisotope generator, thereby establishing a time from which an end of filling of the 

eluate-receiving container is measured, 

control the gamma detector to measure the gamma emissions from the radioactive 

eluate in the eluate-receiving container within a constancy time window after the end of filling of 

the eluate-receiving container and determine therefrom an accumulated constancy gamma 

activity, and 

calculate a constancy ratio based on the accumulated rubidium radioactive dose 

supplied to the eluate-receiving container and the accumulated constancy gamma activity.  

13. The infusion system of claim 8, wherein the controller is communicatively coupled to the 

multi-way divergence valve and configured to control flow from the eluate line to a select one of 

the infusion tubing line and the waste line via the multi-way divergence valve; and 

the controller is further configured to: 

control the pump to pump the eluant through the strontium-rubidium radioisotope 

generator and generate the radioactive eluate flowing through the eluate line to the waste line and 

the waste container, 

control the beta detector to measure the beta emissions from the radioactive eluate 

flowing through the eluate line to the waste line and determine therefrom the activity of the 

radioactive eluate; 

upon the activity of the radioactive eluate reaching a threshold level, control the 

multi-way divergence valve to place the infusion tubing line in fluid communication with the 

eluate line, 

control the beta detector to measure the beta emissions from the radioactive eluate 

flowing through the eluate line to the eluate-receiving container via the infusion tubing line and 

determine therefrom an accumulated rubidium radioactive dose supplied to the eluate-receiving 

container, 

determine a total volume of the radioactive eluate flowing to the eluate-receiving 

container,



upon determining that the total volume of the radioactive eluate flowing to the 

eluate-receiving container has reached a QC threshold volume, control the pump to cease 

pumping the eluant through the strontium-rubidium radioisotope generator, thereby establishing 

a time from which an end of filling of the eluate-receiving container is measured, 

control the gamma detector to measure the gamma emissions from the radioactive 

eluate in the eluate-receiving container within a constancy time window after the end of filling of 

the eluate-receiving container and determine therefrom an accumulated constancy gamma 

activity, and 

calculate a constancy ratio based on the accumulated rubidium radioactive dose 

supplied to the eluate-receiving container and the accumulated constancy gamma activity.  

14. The infusion system of any one of claims 1 to 13, wherein the controller is configured to 

determine a cumulative volume of the radioactive eluate generated by the radioisotope generator, 

when installed in the infusion system and the controller is configured to control the infusion 

system to prevent a patient infusion procedure if the cumulative volume of the radioactive eluate 

exceeds an allowable limit.  

15. A method comprising: 

pumping an eluant through a strontium-rubidium radioisotope generator and thereby 

generating a radioactive eluate via elution; 

conveying the radioactive eluate across a beta detector and measuring beta emissions 

emitted from the radioactive eluate generated by the radioisotope generator and flowing through 

an eluate line and determining therefrom an activity of the radioactive eluate; 

receiving the radioactive eluate conveyed across the beta detector in an eluate-receiving 

container positioned adjacent a gamma detector; and 

measuring gamma emissions emitted from the radioactive eluate received by the eluate

receiving container and determining therefrom an activity of strontium in the radioactive eluate 

in the eluate-receiving container.  

16. The method of claim 15, wherein the radioactive eluate received by the eluate-receiving 

container provides a static portion of the radioactive eluate from which the gamma emissions are 

measured.



17. The method of either of claims 15 or 16, wherein conveying the radioactive eluate across 

the beta detector comprises conveying the radioactive eluate through tubing positioned in front 

of the beta detector and in fluid communication with a waste container until the activity of the 

radioactive eluate exceeds a threshold and then diverting the flow of the radioactive eluate to the 

eluate-receiving container.  

18. The method of any one of claims 15 to 17, further comprising, prior to measuring the 

gamma emissions emitted from the radioactive eluate received by the eluate-receiving container, 

holding the radioactive eluate in the eluate-receiving container an amount of time sufficient to 

allow substantially all rubidium-82 initially present in the radioactive eluate to decay.  

19. The method of any one of claims 15 to 18, further comprising comparing the determined 

activity of strontium to a breakthrough threshold and preventing a patient infusion procedure if 

the determined activity of strontium to the breakthrough threshold.  

20. The method of any one of claims 15 to 19, wherein 

conveying the radioactive eluate across the beta detector comprises conveying the 

radioactive eluate through tubing positioned in front of the beta detector and in fluid 

communication with a waste container until the activity of the radioactive eluate exceeds a 

threshold and then diverting the flow of the radioactive eluatetotheeluate-receiving container; 

measuring the beta emissions emitted from the radioactive eluate generated by the 

radioisotope generator comprises measuring the beta emissions from the radioactive eluate 

flowing through the eluate line to the eluate-receiving container and determining therefrom an 

accumulated rubidium radioactive dose supplied to the eluate-receiving container; and 

measuring the gamma emissions emitted from the radioactive eluate received by the 

eluate-receiving container comprises measuring the gamma emissions emitted from the 

radioactive eluate in the eluate-receiving container within a constancy time window after the end 

of filling of the eluate-receiving container and determining therefrom an accumulated constancy 

gamma activity.
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