
WO 2006/129301 PCT /IL2006/000562 

a short effective transmission range, e.g., no more than between about 20 and 40 cm, such 

as about 30 cm. Such a short range reduces the likelihood of accidental communication 

with a data carrier other than the intended data carrier. 

For some applications, a portion of the patient information stored in the data 

5 carrier is also printed in human- and/or machine-readable form on the data carrier. For 

example, a name 172 and identification code 174 of the patient, and/or a barcode 176 may 

be printed on the data carrier. 

Data carrier 24 comprises circuitry 178, which comprises memory and logic. For 

some applications, data carrier 24 is passive, in which case it is configured to receive 

10 energy from communication element 240. For other applications, data carrier 24 

comprises a power source (not shown). For some applications in which the data carrier 

comprises a power source, the data carrier comprises a communication element for 

communicating and/or energizing another electronic apparatus. Alternatively or 

additionally, the data carrier comprises a communication element configured for wireless 

15 cbmmunication. 

For some applications, data carrier 24 further comprises a user output 180 for 

outputting information to the patient or healthcare workers. For example, output 180 may 

comprise a display screen, light, and/or sound generator, which circuitry 178 drives to 

communicate information, such as when communications have been established with 

20 other elements of system 10, e.g., data carrier 120, administration system 26, imaging 

system 28, and/or patient management system 160. For some applications, circuitry 178 

is configured to additionally function as an alarm clock; for example, the circuitry may 

drive display 180 to alert the patient prior to a scheduled administration or imaging 

procedure. 

25 

30 

Typically, for safety purposes, upon completion of all the imaging procedures 

associated with a given patient-specific data carrier 24, system 10 permanently disables 

the data carrier, in order to ensure that the data carrier is not accidentally reused for 

another patient. 

The patient management system 

Reference is made to Fig. 4, which is a schematic illustration of patient 

management system 160, in accordance with an embodiment of the present invention. 
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Patient management system 160 manages patient-related administrative and medical 

information, and typically comprises at least one workstation 200 in communication with 

one or more servers 202. Typically, workstation 200 and servers 202 comprise standard 

personal computers and/or computer servers with appropriate memory, communication 

5 interfaces and software for carrying out the functions prescribed by relevant embodiments 

of the present invention. This software may be downloaded to the workstation and 

servers in electronic form over a network, for example, or it may alternatively be supplied 

on tangible media, such as CD-ROM. 

System 160 performs the following functions: 

10 • receives and registers new patients into system 10, typically into 

management and control component 150 thereof; 

• assigns patient identification codes; 

• assigns, issues, and transfers information to patient-specific data carriers 

24; 

15 • receives and tracks patient prescriptions for radiopharmaceuticals, and 

20 

communicates the prescriptions to other elements of system 10, such as 

dispensing system 20, administration system 26, and/or management and 

control component 150; and/or 

• suggests and assigns imaging protocols based on the patient's imaging 

needs and patient-specific information. 

During reception of a new patient 204, healthcare worker 206 manually enters 

patient information into workstation 200. Alternatively or additionally, all or a portion of 

the patient information is provided electronically by another healthcare system or 

electronic information source. System 160 typically verifies the healthcare worker's 

25 identity and access privileges by interrogating a computer-commuticatable identity tag 

208 held by the worker, and/or by checking the validity of a password entered into 

30 

workstation 200 by the healthcare worker. 

The patient information provided to system 160 typically includes: 

• the patient's general details, such as name, age, gender, address, telephone number, 

profession, attending and/or treating physician, health insurance plan, and next of 
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kin; 

• the patient's medical profile, such as medical condition, medical history, family 

medical history, BMI, weight, allergies, sensitivity to one or more chemical 

compounds, metabolic rate, and other physiological conditions; 

5 • medications prescribed to the patient; 

• the patient's imaging history; and/or 

• information regarding the desired imaging, including reason for imaging, type of 

imaging, body structure or organ to be imaged, and known or suspected pathology. 

In an embodiment of the present invention, upon entry of such patient information 

10 into patient management system 160, the system automatically suggests one or more 

imaging protocols that may be appropriate for the patient's imaging needs and medical 

condition. When making such suggestion, the system takes into consideration, in addition 

to the information regarding the desired imaging, such factors as the patient's general 

details, medical profile, imaging history, and guidelines for medication interactions. The 

15 system typically selects the suggested protocol(s) from a database of preconfigured 

protocols, which is described hereinbelow with reference to Figs. 6A-E. Healthcare 

worker 206 selects one of the suggested protocols, or selects another non-suggested 

protocol directly from the protocol database. 

For some applications, the system suggests one or more customizations of the 

20 selected protocol, as described hereinbelow with reference to Figs. 6A-E, which the 

healthcare worker may accept, decline, or modify, in whole or in part. These suggested 

customizations are typically based on (a) physiological parameters of the patient, such as 

age, weight, BMI, metabolic rate, and/or hemodynamic state, and/or kinetic parameters of 

the radiopharmaceutical agent as determined during previous imaging procedures 

25 performed on the patient, and/or (b) a medical profile group to which the patient is 

assigned, such as high, normal, or low BMI, or high BMI - diabetic, or high BMI - normal 

metabolic rate. (For some applications, such profile groups are stored in a database of 

management and control component 150.) Alternatively or additionally, the healthcare 

worker may customize the protocol manually. 

30 Upon selection and customization of the protocol, patient management system 160 

schedules, typically automatically: 
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• a specific imaging system 28 capable of performing the selected imaging 

procedure; 

• a date and time for performing the imaging. procedure; and. 

• a date(s) and time(s) for administration of labeled radiopharmaceutical 

5 agent(s). 

Patient management system 160 transmits the entered and generated 

patient-specific information, including the selected protocol, to the patient's 

patient-specific data carrier 24. The transmitted patient-specific information typically 

includes: 

10 • the patient's identification code and name; 

15 

• an identifier of the selected imaging protocol(s), such as a name and/or an 

identification code thereof, and/or additional imaging protocol 

information, such as described hereinbelow with reference to Figs. 6A-E; 

• an identifier of the selected administration protocol(s), such as a name 

and/or an identification code thereof; 

• the scheduled imaging system 28; 

• the scheduled imaging date and time; 

• the scheduled administration date(s) and time(s); 

• the patient's personal details; 

20 • the patient's medical profile; and/or 

• the patient's imaging history. 

The patient management system transmits an order for one or more 

patient-specific doses of the appropriate labeled radiopharmaceutical agent(s) to 

dispensing system 20, such as via management and control component 150. Typically, 

25 the patient management system additionally transmits at least a portion of the entered and 

generated patient-specific information to one or more of: (a) management and control 

component 150, (b) dose calculation system 152, (c) administration system 26, and/or (d) 

imaging system 28. Typically, a different subset of the information is transmitted to each 

of these entities. 
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As described hereinabove with reference to Fig. 3, for some applications, a portion 

of the patient information stored in data carrier 24 is also printed in human- and/or 

machine-readable form on the data carrier. For example, a name 172 and identification 

code 174 of the patient, and/or a barcode 176 may be printed on the data carrier. For such 

5 applications, system 160 comprises a printer 210, which is configured to print the 

information directly on data carrier 24, or to print the information on an adhesive label, 

which healthcare worker 206 attaches to data carrier 24. For some applications, printer 

210 comprises communication element 240, and the printer is configured to both print the 

information on the data carrier and transmit the information to the data carrier, typically 

10 generally at the same time. 

In an embodiment of the present invention, system 10 comprises at least one web 

server, which is configured to accept orders for an imaging procedure over an intranet or 

the Internet, placed by a physician or other healthcare worker. Such orders can typically 

be modified up until a deadline, such as midnight before the day of the scheduled imaging 

15 procedure. 

The management and control component 

Reference is again made to Fig. 1. In an embodiment of the present invention, 

system 10 comprises management and control component 150, which coordinates a 

portion of the interaction and communication among the elements of system 10. The 

20 remainder of the interaction and communication occurs directly between the elements of 

the system, and/or via other elements of the system. For some applications, component 

150 issues a password and/or computer-communicatable identity tags 208 to healthcare 

workers 206 authorized to interact with one or more elements of system 10. For example, 

tag 208 may comprise an RFID tag, smart card, disk-on-key (e.g., a USB key), minidisk, 

25 or other electronic memory, or a machine-readable code, e.g., a barcode. As appropriate, 

healthcare workers 206 may be assigned various permission levels, such as permission to 

view or modify particular system and/or patient data. 

Typically, management and control component 150 comprises one or more 

standard personal computers or servers with appropriate memory, communication 

30 interfaces and software for carrying out the :functions prescribed by relevant embodiments 

of the present invention. This software may be downloaded to the management and 

control component in electronic form over a network, for example, or it may alternatively 
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be supplied on tangible media, such as CD-ROM. 

The dose calculation system 

Reference is made to Fig. 5, which is a schematic illustration of 

radiopharmaceutical dose calculation system 152, in accordance with an embodiment of 

5 the present invention. The dose calculation system manages and tracks, typically 

automatically, radiopharmaceutical inventory, ordering, dose dispensing, and disposal. 

Typically, the dose calculation system comprises one or more standard personal 

computers or servers with appropriate memory, communication interfaces and software 

for carrying out the functions prescribed by relevant embodiments of the present 

10 invention. This software may be downloaded to the dose calculation system in electronic 

form over a network, for example, or it may alternatively be supplied on tangible media, 

such as CD-ROM. The dose calculation system receives information from dispensing 

system 20 regarding doses drawn from the inventory. 

Dose calculation system 152 typically comprises: 

15 • an ordering sub-system 154, which orders radiopbarmaceutical products 

from radiopharmaceutical manufacturers, distributors, and/or 

radiopharmacies, typically automatically, such as when the dose 

calculation system identifies that inventories of a given 

radiopharmaceutical are lower than needed; 

20 • a receipt and verification sub-system 155, which manages the receipt and 

25 

30 

registration of radiopharmaceutical products. The receipt and verification 

sub-system checks the received products against orders placed by the 

ordering sub-system, and typically performs license management. When a 

received mother vial 104 includes a mother vial data carrier 106, the 

sub-system reads information contained in the data carrier to verify that 

the order has been accurately fulfilled, and, typically, verifies the 

authenticity of the mother vial; 

• a dose calculation sub-system 156, which calculates customized doses of 

labeled radiopham1aceutical agents for patients based on patient-specific 

information, protocol information, and/or prescription information, and 

communicates the customized doses to patient management system 160 
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and/or dispensing system 20; and/or 

• a waste-disposal sub-system 157, which tracks radioactive waste disposal 

by system 10, such as disposal of radioactive materials contained in waste 

container 512, described hereinbelow with reference to Fig. 12. For some 

applications, sub-system 157 additionally tracks radioactive waste disposal 

of materials in the clinical environment not associated with system 10. 

Ordering sub-system 154 and waste-disposal sub-system 157 typically operate in 

accordance with per country requirements for radiopharmaceutical use. A reporting 

sub-system reports to relevant nuclear regulatory commissions as required, based on 

10 information obtained from the other sub-systems. 

In an embodiment of the present invention, dose calculation sub-system 156 

designs a cocktail of labeled radiopharrnaceutical agents or a series of labeled 

radiopharrnaceutical agents to carry out the desired imaging. When designing such a 

cocktail or series, the sub-system considers constraints imposed by the physical properties 

15 of the agents and by the patient history, and other requirements, such as safety and 

efficacy requirements. The sub-system determines an appropriate dose for the specific 

patient having particular physiological parameters (e.g., weight, BMI, and age), and 

determines the times at which multiple agents are to be administered to the patient in 

order to achieve optimal imaging. 

20 For some applications, sub-system 156 determines that a plurality of labeled 

radiopharrnaceutical agents are to be administered together and thus must be combined in 

a single preparation, i.e., a cocktail. For other applications, the sub-system determines 

that a plurality of labeled radiopharmaceutical agents are to be administered separately at 

different times and thus must be contained in separate containers 22. As appropriate, 

25 sub-system 156 takes into consideration differing half-lives of the plurality of labeled 

radiopharmaceutical agents, in conjunction with the prescribed time of the imaging 

procedure. For example, a simultaneous imaging protocol is provided for assessing 

cardiac perfusion using a cocktail comprising Tc-99m sestamibi injected at rest, and 

thallium-201 injected at stress, wherein the desired activities at imaging time of the 

30 Tc-99m sestamibi and the thallium are 6 mCi and 4 mCi, respectively. When calculating 

the necessary activity of the dispensed dose, sub-system 156 accounts for the respective 

half-lives of Tc-99m (6 hours) and thallium-201 (64 hours) in view of the planned time 
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interval between the dispensing time and administration time. For example, if dispensing 

is performed 24 hours before administration, sub-system 156 calculates the activities of 

the Tc-99m and thallium-201 at the time of dispensing to be 96 mCi and 5.5 mCi, 

respectively. 

5 Protocol information 

Reference is made to Figs. 6A-E, which is a table showing exemplary 

preconfigured SPECT protocols and parameters thereof, in accordance with respective 

embodiments of the present invention. These protocols are appropriate, for example, for 

use with the SPECT imaging methods and apparatus described hereinbelow with 

10 reference to Fig. 11, and/or in the co-assigned patent applications and/or patent 

application publications incorporated herein by reference hereinabove. For some 

applications, the techniques described herein utilize additional protocols described in 

above-mentioned International Application PCT/IL2005/001l73, International 

Application PCT/IL2005/001215, filed November 16, 2005, above-mentioned US 

15 Provisional Patent Application 60/628,105, above-mentioned US Provisional Patent 

Application 60/675,892, or in one or more of the other co-assigned patent applications 

and/or patent application publications incorporated herein by reference. Alternatively or 

additionally, the techniques described herein utilize protocols for non-SPECT imaging 

modalities, such as PET or CT, or other imaging modalities known in the art. The 

20 preconfigured protocols are stored in a database, which is typically used by patient 

management system 160 for suggesting protocols and/or by dose calculation sub-system 

156, as described hereinabove with reference to Figs. 4 and 5, respectively. 

For each of the exemplary protocols shown in Fig. 6A, the table indicates general 

parameters for a rest phase and a stress phase of the protocol. For example, for the "single 

25 isotope I low dose I fast imaging" protocol, the table shows that the radiopharmaceutical 

(RP) for the rest phase of the protocol is less than 0.3 mCi of Thallium, that the waiting 

time after injection of the radiopharmaceutical is 2 minutes, and that the image acquisition 

duration is 15 minutes. Parameters for the stress phase are similarly indicated, with the 

addition of the type of stress (exercise, e.g., treadmill or bicycle, or pharmaceutical, e.g., 

30 adenosine). The "thallium stress perfusion" and 11simultaneous dual isotope stress 

perfusion" protocols are optionally dynamic. 

For each of the exemplary protocols shown in Figs. 6B-E, the table indicates 
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administration parameters, detector parameters, scanning parameters, and analysis 

parameters for the protocol. For example, for Protocol A of Figs. 6B-C ("Cardiac 

mapping"), the table indicates: 

• the labeled radiopharmaceutical agent is Tc-99-sestamibi (MIBI); 

5 • the protocol is a fast protocol, with image acquisition completed prior to 

10 

15 

20 

25 

30 

substantial uptake of the agent by the liver; 

• the injection is by a single bolus; 

• image acquisition begins either about 2 minutes after injection, or during 

or immediately administration, for applications in which the administration 

is performed while the patient is already placed at camera 452 (Fig. 11); 

• the detected photon energy is 140 KeV with an energy resolution of 15%, 

i.e., the total range of energy levels detected by the detectors 454 of 

camera 452 (Fig. 11) is set to be 15% of the emitted energy level of the 

labeled radiopharmaceutical agent (140 Kev). Typically, this range is not 

centered around the emitted energy level, but instead is shifted towards 

lower energy levels; 

• the total scan time is 120 seconds; 

• four detectors 454 of camera 452 are assigned as outer (distal) detectors, 

and six detectors 454 are assigned as inner (proximal) detectors, as 

described hereinbelow with reference to Fig. 11; 

• each of the inner detectors has an angular range of between 90 and 120 

degrees, and each of the outer detectors has an angular range of between 

40 and 60 degrees; 

• the total number of angular orientations assumed by the detectors in 

aggregate is 1200, i.e., 10 detectors times 120 orientations each; 

• each angular step of the inner detectors is one degree, and each angular 

step of the outer detectors is 0.3 to 0.5 degrees (corresponding to the range 

of 40 to 60 degrees described above); . 

• the dwell time at each step is one second, for both the inner and outer 

detectors; 
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• the imaging procedure is gated using 16 to 32 frames; 

• the analyses to be performed include intensity image and ejection fraction. 

For some applications, the protocol information includes additional information 

not shown in Figs. 6B-E, such as: 

5 • additional scanning parameters, such as whether the detectors perform 

10 

15 

20 

multiple scans (in all the protocols shown in the table, the detectors 

typically perform a single scan); and 

• additional analysis parameters, such as: 

• saturation handling (in the first cardiac mapping protocol shown in the 

table, no saturation handling is performed, while in the second cardiac 

mapping protocol shown in the table, the analysis is configured to 

dismiss saturated pixels); 

• whether the analysis handles scatter from multiple sources (in the 

protocols shown in the table, the analysis does not handle scatter from 

multiple sources); 

• reconstruction resolution (in all of the protocols shown in the table, the 

image reconstruction resolution is 2.5 mm in the z-direction, and 5 mm 

in the x- and y-directions); and 

• parameters that provide the diagnosis system (e.g., expert system) with 

information regarding how to interpret the results of the imaging study, 

such as kinetic parameters, predefined pathological values, or 

patient-specific physiological parameters (e.g., BMI, age, or a group to 

which the patient is assigned). 

Reference is made to Protocol E of Figs. 6B-C. In this cardiac mapping protocol, 

25 simultaneous image acquisition is performed using, typically using full conventional 

doses of both thallium and MIBI-Tc. The detected photon energy of the thallium is 167 

KeV, rather than the 72 KeV that is conventionally detected during nuclear imaging 

procedures. Unlike conventional SPECT cameras, the camera described hereinbelow with 

reference to Fig. 11 is sufficiently sensitive to detect a clinically-relevant count of the 

30 relatively low percentage (8%) of photons emitted at the 167 Ke V energy level. 
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(Detection of 72 Ke V energy is generally, not practical when a conventional dose of 

MIBI-Tc is used, because the scatter from the 140 KeV energy level of MIBI-Tc masks 

the 72 KeV photons emitted by the thallium.) 

Reference is made to Protocol I of Figs. 6D-E. In this cardiac dynamic mapping 

5 protocol, image acquisition typically begins prior to administration of the 

radiophannaceutical agent, such as at one minute prior to administration, as shown in the 

table. This allows the imaging system to complete one full scan of the region of interest 

prior to administration of the radiopharmaceutical agent, in order to ensure that the 

imaging system is able to acquire photons of radiation beginning immediately after the 

10 radiopharmaceutical agent is administered. 

Typically, a selected preconfigured protocol is customized based on physiological 

parameters of the specific patient, and/or a medical profile group of the patient, as 

described hereinabove with reference to Fig. 4. Such customization typically includes 

customization of the radiopharmaceutical agent, administration parameters, and/or 

15 imaging parameters. 

For some· applications, one or more of the following parameters of the 

radiopharmaceutical agent are customized: 

• the dose, or for multiple radiophannaceutical agents, the respective doses; 

• the radioactivity; 

20 • for cocktails, the ratio of the different radiopharmaceutical agents; and/or 

• the volume of the dose, or for multiple radiopharmaceutical agents, the 

volumes of the respective doses. 

For some applications, one or more of the following parameters of the 

administration are customized: 

25 • the dose administered, or for multiple radiophannaceutical agents, the 

30 

respective doses per administration; 

• the type of administration, e.g., a single bolus, a plurality of boluses (e.g., 

two boluses), pulsatile administration, or constant drip administration; 

• the labeled radiopharmaceutical agent for each administration, whether a 

single agent or a cocktail of agents; 
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• the time of the administration with respect to the time of imaging; 

• the timings of multiple administrations with respect to each other and with 

respect to other activities, such as rest or stress .(physical or 

pharmacological); 

5 • the administration device, e.g., a syringe, a dual-needle syringe, a pump, or 

an IV line; and/or 

• the mode of administration, e.g., manual, automatic, or computer driven. 

For some applications, one or more of the following parameters of the imaging 

procedure are customized~ For some applications, such parameters are separately 

10 specified for individual components of camera 452 of imaging system 28, or groups of 

components, such as for individual detectors 454 or groups of detectors of camera 452, 

described hereinbelow with reference to Fig. 11. 

• total acquisition time, and/or acquisition time for a plurality of phases of 

acquisition; 

15 • detector scanning plan, including detector motions, such as detector 

angular and translational motions, detector step size (i.e., the density of the 

step size, typically expressed in degrees), number of detectors utilized for 

image acquisition, and detector dwell time at each view; 

• detector sensitivity; 

20 • detection energy resolution; 

• detector calibration plan; 

• definition of the region of interest (ROI); 

• gating parameters; 

• energy bands, i.e., a plurality of non-overlapping energy windows; 

25 • collimator positioning, shape, structure, and orientation; 

• multiple/interlaced scans; 

• zooming parameters; 

• uniformity/non-uniformity of scan; 
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• Compton scatter map calculation and correction parameters; 

• optimal energy window; 

• optimal energy resolution, i.e:, ·the range of energy level windows for 

which detection is enabled; and/or 

5 • adaptivity of scan pattern to acquired counts, e.g., active vision parameters 

(as described m the above-mentioned International Application 

PCT/IL2005/001l73). 

In an embodiment of the present invention, system 10 uses high definition 

protocols in conjunction with SPECT imaging techniques to enable personalized 

10 functional imaging at higher speeds and resolutions than can be achieved using 

conventional radiopharmaceutical protocols and imaging technology, using imaging 

techniques described herein and/or incorporated herein by reference. Alternatively or 

additionally, the system uses low dose protocols that enable personalized functional 

imaging at higher resolutions but with substantially lower doses than possible using 

15 conventional methods. 

In an embodiment of the present invention, system 10 uses a protocol pursuant to 

which a patient undergoes a rest thallium (Tl-201-thallous chloride) and stress 

Tc-99-sestamibi (MIBI) study having a total study duration of between about 60 and 

about 90 minutes, and a total image acquisition duration of between about 0.5 and about 6 

20 minutes, e.g., about four minutes. For example, pursuant to the protocol: 

• about 3 mCi of thallium may be administered to the patient as a bolus IV 

injection, 

• the patient may rest for between about 10 and about 15 minutes, 

• an image acquisition having a duration of about two minutes may be 

25 performed, 

• the patient may be physically stressed, 

• about 20-30 mCi of Tc-99-sestamibi may be administered as a bolus IV 

injection, and 

• a second image acquisition having a duration of about two minutes may be 

30 performed. 
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Such dual-isotope imaging is generally useful for assessing myocardial perfusion 

of patients with suspected ischemic syndromes and a variety of other conditions. 

Alternatively, in an embodiment, the rest phase is performed using an approximately 8 to 

10 mCi dose of Tc-99-sestamibi, in which case image acquisition typically commences 

5 about 30 minutes after injection of the sestamibi. Further alternatively, in an 

embodiment, image acquisition for the rest phase is performed about two minutes after 

injection of the thallium, the stress is pharmacological (e.g., using adenosine ), and image 

acquisition for the stress phase is performed essentially immediately after injection of the 

sestamibi. Still further alternatively, in an embodiment, the rest phase is performed using 

10 Tc-99-sestamibi, and image acquisition commences essentially immediately upon 

injection of a dose of about 8 to 10 mCi. 

In accordance with respective embodiments of the present invention, 

dual-radiopharmaceutical protocols include the administration and simultaneous imaging 

of the following combinations of labeled radiopharmaceutical agents. Typically, the 

15 labeled radiopharmaceutical agents are administered as a mixture (i.e., a cocktail) before 

or during a simultaneous imaging procedure; alternatively, the labeled 

radiopharmaceutical agents are administered separately before or during a simultaneous 

imaging procedure. 

20 

25 

30 

• (a) I-123 BMIPP, a fatty acid imaging agent that has been available in 

Japan for many years, and is currently in Phase III clinical trials in the 

United States, and (b) a myocardial perfusion agent (e.g., Tc-99m 

sestamibi, Tc-99m tetrofosmin, or Tl-201-thallous chloride), for 

simultaneously studying myocardial perfusion and fatty acid metabolism; 

• (a) Tl-201-thallous chloride and (b) Tc-99m pertechnetate, for 

differentiating an organ from its anatomical surroundings, such as 

differentiating parathyroid glands from the thyroid gland; 

• (a) In-111 DTPA, and (b) Tc-99m-MAG3, for differentiating pathological 

processes in a given organ, such as performing differential diagnosis of a 

hypo-perfused kidney, e.g., to study true glomerular filtration rate and 

tubular secretion simultaneously; 

• a cocktail of labeled radiopharmaceutical agents, for studying cancer, 

including simultaneous diagnosis, prediction of therapy response, and 
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monitoring of therapy, such as simultaneously identifying a tumor, and 

characterizing tumor perfusion and metabolic activity, e.g., in order to 

provide a disease signature; and 

• the combinations shown in the following table. 
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TABLEl 

First Second Second 

radiopharmaceutical First application radiopharmaceutical application 

201Tl Myocardial Tc-99m-teboroxime Myocardial 

perfusion Tc-99m-sestamibi perfusion 

Tc-99m-tetrophosmin 

201TI Myocardial Tc-99m-PYP Infarct Imaging 

perfusion 

201TI Myocardial Tc-99m-Annexin Apoptosis 

perfusion 

201TI Myocardial 123I-BMIPP Hypoxia 

perfusion 

Tc-99m-teboroxime Myocardial 11 lrn-Annexin Apoptosis 

perfusion 

Tc-99m-teboroxime Myocardial 123I-Fatty acid Metabolism 

perfusion 

1 llin-WBC Infection Tc-99m-SC Bone Marrow 

11 lin-DTPA Kidney (GFR) Tc-99m-MAG3 Kidney (tubular 

secretion) 

Tc-99m-RBC Blood pool 
I 111 In-Prostascint Prostate cancer 
I 

Tc-99m-HMPAO Cerebral blood 123I-IBZM DopamineD2 

flow receptors 

In an embodiment of the present invention, system 10 uses protocols for studying 

the kinetics of thallium. For some applications, such protocols provide dynamic 

information regarding myocardial function, such as blood flow, rate of thallium uptake, 

5 thallium accumulation/redistribution, thallium metabolism, and/or thallium and/or 

metabolite secretion and/or wash-out (active or passive). Kinetic perfusion 
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radiopharmaceutical modeling provides absolute myocardial perfusion measurements, 

coronary flow reserve, and parametric representation of cellular function. 

In accordance with respective embodiments of the present invention, thallium 

protocols include: 

5 • protocols using a conventional dose of thallium, with a substantially 

10 

15 

20 

25 

reduced SPECT image acquisition duration, e.g., less than about 6 

minutes, such as less than about 2 minutes, e.g., about 0.5 minutes. By 

way of comparison, conventional thallium SPECT imaging procedures 

generally have image acquisition durations of between about 10 and about 

20 minutes. For some applications, the thallium protocol is customized for 

a specific patient, as described hereinabove; 

• protocols using a conventional dose of thallium and a conventional image 

acquisition duration, with a substantially increased image resolution. For 

some applications, acquired photon counts are at least 5 times greater than 

those acquired using conventional SPECT techniques, e.g., at least 10 

times greater, resulting in an image with substantially higher resolution; 

and 

• dynamic protocols for myocardial perfusion studies that provide absolute 

quantitative measurements. For example, images of the heart may be 

reconstructed from list mode data, with a temporal resolution of 5-10 

seconds. This temporal resolution is typically appropriate for the 

measurement of the kinetics of uptake and wash-out of thallium from the 

myocardium, as well as those of an input bolus as it passes through the left 

ventricle. Such data enables the measurement of absolute myocardial 

blood flow at rest and during peak stress. 

In an embodiment of the present invention, system I 0 uses protocols for cardiac 

stress testing studies, using, for example, Tc99m-sestamibi, Tc-99m tetrofosmin, or 

thallium. Such protocols differentiate between healthy cardiac tissue and scarred or 

poorly perfused cardiac tissue. Perfusion defects that appear after exercise or 

30 pharmacologic stress suggest either vascular occlusion or myocardial infarction. For 

some applications, such studies are performed gated to the patient's ECG, in order to study 

cardiac wall motion. Wall motion studies allow calculation of key cardiac function 
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parameters, such as ejection :fraction and estimated cardiac output. 

In accordance with respective embodiments of the present invention, cardiac stress 

testing protocols, which use, for example, Tc99m-sestamibi, Tc-99m tetrofosmin, or 

thallium, include: 

5 • protocols using a conventional dose, with a substantially reduced SPECT 

10 

15 

20 

25 

image acquisition duration, e.g., less than about 6 minutes, such as less 

than about 2 minutes, e.g., about 0.5 minutes. By way of comparison, 

conventional cardiac stress testing SPECT imaging procedures generally 

have image acquisition durations of between about 10 and about 20 

minutes. For some applications, the protocol is customized for a specific 

patient, as described hereinabove. For some applications, such as when 

the protocol uses Tc99m-sestamibi, image acquisition is performed 

immediately following administration of the labeled radiophannaceutical 

agent, before the agent reaches the liver, thereby reducing interference by 

the liver on the resulting images. 

• protocols using a dose of the labeled radiopharmaceutical agent that is 

substantially lower than conventional SPECT protocols using the agent. 

For example, the dose may be between about 50% and about 90% lower 

than a conventional dose, e.g., about 50% lower than a conventional dose. 

By using the image acquisition techniques described herein and/or 

incorporated herein by reference, even at such reduced doses, acquired 

photon counts are typically at least 5 times greater than those acquired 

using conventional SPECT techniques at conventional SPECT doses, e.g., 

at 10 times greater, and image acquisition duration is typically about 50% 

less than conventional durations, e.g., about 80% less (such as four 

minutes instead of20 minutes). Alternatively, the dose may be reduced by 

about 90%, and the image acquisition duration is approximately the same 

as conventional image acquisition durations. 

In an embodiment of the present invention, system 10 uses Tc-99m teboroxime for 

30 perfonning a SPECT myocardial perfusion study. This radiophannaceutical is extracted 

by the myocardium in proportion to myocardial blood flow throughout the entire range of 

achievable flow rates. When conventional imaging techniques are used, the wash-out rate 
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of Tc-99m teboroxime from cardiac tissue is so rapid that there is inadequate time for 

imaging, because the radiopharmaceutical rapidly and avidly accumulates in the liver, 

which emits gamma rays that blind the imaging of the heart. By using the imaging 

techniques described herein and/or incorporated herein by reference, sufficient photon 

5 counts are obtained in an image acquisition period of no more than approximately two 

minutes, immediately following administration. The use of such a short period enables 

the completion of image acquisition prior to substantial uptake of the radiopharmaceutical 

by the liver, thereby enabling the effective clinical use of Tc-99m teboroxime for cardiac 

imaging. 

10 In an embodiment of the present invention, a dynamic multiple isotope 

15 

20 

combination protocol is provided for studying different pathological processes of the 

same organ, such as studying acute myocardial ischemia. In accordance with this 

protocol, the following labeled radiopharmaceutical agents are administered as bolus IV 

injections: 

(a) an approximately 2 mCi dose of I-123-BMIPP, followed by a wait 

of about 48 hours; 

(b) an approximately 1 mCi dose ofTl-201-thallous chloride; and 

( c) either (i) an approximately 10 mCi dose of Tc-99m-sestamibi or 

(ii) an approximately 10 mCi dose ofTc-99m-teboroxime. 

Agents (b) and ( c) are administered as a cocktail, or as separate injections at 

approximately the same time. Simultaneous image acquisition of all three 

radiopharmaceutical agents is performed during or soon after administration of agents (b) 

and (c), typically using an up to about 30 minute acquisition time, such as between about 

5 and about 15 minutes, which is faster than that of standard imaging protocols. 

25 Typically, camera 452 of imaging system 28, described hereinbelow with reference to 

Fig. 11, performs image acquisition using an energy window of between about 2% and 

about 10% of the emitted energy levels of the radiopharmaceutical agents. Typically, 

detectors 454 of camera 452 sweep the region of interest once every approximately 10 to 

approximately 15 seconds. The I-123-BMIPP identifies the ischemic/infarcted area of the 

30 myocardium, while the other radiopharmaceutical agents identify the perfused area of the 

myocardium. Simultaneous imaging provides more accurate identification of myocardial 

perfusion pathologies than is generally possible using conventional imaging techniques 
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and protocols. 

In an embodiment of the present invention, system 10 uses one or more of the 

protocols described in the above-mentioned US provisional application filed on even date 

herewith, entitled, "Imaging protocols." 

In some embodiments of the present invention, the protocols described herein 

(including those shown in Figs. 6A-E), and in the co-assigned patent applications 

incorporated herein by reference, are performed using values that vary from those 

provided in the protocols by+/- 20%, e.g.,+/- 5%, +/- 10%, or+/- 15%. Furthermore, in 

some embodiments, the protocols are performed with a range of doses from 50%, 75%, 

10 90%, or 100% of the dosage value given for the respective protocol, up to 10 times the 

dosage value given for the respective protocol (such as up to 2, 4, 6, or 8 times the given 

dosage value). For example, a dose shown as 3 mCi for a given protocol may, in some 

embodiments, have a range of 1.5 mCi to 30 mCi, or from 2.7 mCi to 6 mCi. Similarly, 

in some embodiments, the protocols are performed with a range of acquisition durations 

15 (total scan times) from 50%, 75%, 90%, or 100% of the duration value given for the 

respective protocol, up to 5 times the duration value given for the respective protocol, 

such as up to 1.5, 2, 3, or 4 times the given duration value. Other protocol values, such as 

waiting times, energy windows/resolution, angular range, angular step, and dwell time, 

may also have a range from 50%, 75%, 90%, or 100% of the value given for the 

20 respective protocol, up to 5 times the value given for the respective protocol, such up to 

1.5, 2, 3, or 4 times the given value. 

In respective embodiments of the present invention, all of the protocols described 

herein and/or in the co-assigned patent applications incorporated herein by reference are 

enabled to generate clinically-valuable images. A 11clinically-valuable image" is an image 

25 of an intra-body region of interest (ROI) containing the labeled radiopharmaceutical 

agent(s), which image fulfills one or more of the following criteria: 

30 

• the image is generated according to a protocol, including at the 

radiopharmaceutical dose specified by the protocol, using a high-definition 

SPECT can1era, for example, camera 452 of imaging system 28, described 

hereinbelow with reference to Fig. 11, which camera, during the imaging 

of the ROI, is capable of acquiring at least one of 5000 photons emitted 

from the ROI during the image acquisition procedure, such as at least one 
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of4000,3000,2500,2000, 1500, 1200, 1000,800,600,400,200, 100,or 

50 photons emitted from the ROI. In one particular embodiment, the 

camera is capable of acquiring at least one of 2000 photons emitted from 

the ROI during the image acquisition procedure; 

5 • the image is generated according to a protocol, including at the 

radiopharmaceutical dose and image acquisition duration specified by the 

protocol, using a high-definition SPECT camera, for example, camera 452, 

which, during the imaging of the ROI, is capable of acquiring at least 

200,000 photons, such as at least 500,000, 1,000,000, 2,000,000, 

10 3,000,000, 4,000,000, 5,000,000, 8,000,000, or 10,000,000 photons, 

emitted from a portion of the ROI having a volume of no more than 500 

cc, such as a volume of no more than 500 cc, 400 cc, 300 cc, 200 cc, 150 

cc, 1 OOcc, or 50 cc. In one particular embodiment, the camera is capable 

of acquiring at least 1,000,000 photons emitted from a volume of the ROI 

15 

20 

25 

30 

having a volume of no more than 200 cc; 

• the image has a resolution of at least 7x7x7 mm, such as at least 6x6x6 

mm, 5x5x5 mm, 4x4x4 mm, 4x3x3 mm, or 3x3x3 mm, in at least 50% of 

the reconstructed volume, wherein the labeled radiopharmaceutical agent 

as distributed within the ROI has a range of emission-intensities R (which 

is measured as emitted photons I unit time I volume), and wherein at least 

50% of the voxels of the reconstructed three-dimensional 

emission-intensity image of the ROI have inaccuracies ofless than 30% of 

range R, such as less than 25%, 20%, 15%, 10%, 5%, 2%, 1 %, or 0.5% of 

range R. For example, the agent may emit over a range from 0 

photons/second/cc to 101'5 photons/second/cc, such that the range R is 

1 OA5 photons/second/cc, and at least 50% of the voxels of the 

reconstructed three-dimensional intensity image of the ROI have 

inaccuracies of less than 15% of range R, i.e., less than 1.5 x 10/\4 

photons/second/cc. For some applications, the study produce a parametric 

image related to a physiological process occurring in each voxel. In one 

particular embodiment, the· image has· a resolution of at least 5x5x5 mm, 

and at least 50% of the voxel have inaccuracies of less than 15% of range 

R; 
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• the image is generated according to a protocol, including at the 

radiopharrnaceutical dose and image acquisition duration specified by the 

protocol, the image has a resolution of at least 7x7x7 mm, such as at least 

6x6x6 mm, 5x5x5 mm, 4x4x4 mm, 4x3x3 mm, or 3x3x3 mm, wherein the 

labeled radiopharrnaceutical agent has a range of intensities R (photons I 

unit time I volume), and wherein at least 50% of the voxels of the 

reconstructed three-dimensional intensity image of the ROI have 

inaccuracies of less than 30% of range R, such as less than 25%, 20%, 

15%, 10%, 5%, 2%, 1 %, or 0.5% of range R. For some applications, the 

study produce a parametric image related to a physiological process 

occurring in each voxel; and/or 

• the image has a resolution of at least 20x20x20 mm, such as at least 

15x15x15 mm, lOxlOxlO mm, 7x7x7 mm, 5x5x5 mm, 4x4x4 mm, 4x3x3 

mm, or 3x3x3 mm, wherein values of parameters of a physiological 

process modeled by a parametric representation have a range of 

physiological parameter values R, and wherein at least 50% of the voxels 

of the reconstructed parametric three-dimensional image have inaccuracies 

less than 100% of range R, such as less than 70%, 50%, 40%, 30%, 25%, 

20%, 15%, 10%, 5%, 2%, 1%, or 0.5% of range R. For example, the 

physiological process may include blood flow, the values of the 

parameters of the physiological process may have a range from 0 to 100 cc 

I minute, such that the range R is 100 cc I minute, and at least 50% of the 

voxels of the reconstructed parametric three-dimensional image have 

inaccuracies less than 25% of range R, i.e., less than 25 cc I minute. In 

one particular embodiment, the image has a resolution of at least 5x5x5 

mm, and at least 50% of the voxels have inaccuracies of less than 25% of 

range R. 

The mother vial 

Reference is made to Fig. 7, which is a schematic illustration of mother vial 104 

30 and attached data carrier 106, in accordance with an embodiment of the present invention. 

Data carrier 106 is computer-comrnunicatable, and typically comprises an RFID tag, 

smart card, disk-on-key (e.g., a USB key), compact disc, minidisk, disposable 
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computer-readable medium, or other electronic memory, or a machine-readable code, e.g., 

a barcode. Mother vial 104 is shown contained within shielding 272, to which data carrier 

106 is attached. Alternatively, the data carrier is attached directly to the mother vial, or 

otherwise associated with the mother vial, such as by being stored in proximity to the 

5 mother vial, e.g., in a tray that also contains the mother vial. 

10 

15 

20 

25 

Data carrier 106 typically contains at least some of the following information: 

• a coded signature 256, for authenticating mother vial 104; 

• radiopharmaceutical information, a portion of which is typically supplied 

by the manufacturer, and a portion of which is typically generated by 

dispensing system 20 in conjunction with dispensing the 

radiopharmaceutical agent(s). For some applications, a portion of the 

information is generated by mother vial preparation system 700, described 

hereinbelow with reference to Fig. 15, in conjunction with preparing the 

radiopharmaceutical. The information includes, for example: 

the name of and/or information regarding the manufacturer; 

the indicated use(s) (e.g., "Formulation for Cardiac Dynamic Studies"); 

the pre-labeled composition; 

the time of preparation of the labeled radiopharmaceutical agent(s); 

the radioactivity at the time of preparation; 

the total solution volume; 

the pre-labeled-composition expiration date; 

the appropriate labeling isotope(s); 

the decay scheme(s) of the appropriate labeling isotope(s); 

the radiopharmaceutical biodistribution as a function of time; 

the radiopharmaceutical clearance rate; 

the percent clearance by the liver; 

the percent clearance by the kidneys; 

the breakdown rate; 
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the liver uptake as a function of time; and/or 

radiophannaceutical kinetic parameters, such as described 

hereinbelow, which parameters may be stored in one or more lookup 

tables; 

5 • administration protocol information, such as described hereinbelow; 

• image acquisition protocol information, such as described hereinbelow; 

• image reconstruction protocol information, such as described hereinbelow; 

• image analysis protocol information, such as described hereinbelow; 

• expert system protocol information, such as described hereinbelow; 

10 • radiolabeling information, which, for some applications, is generated by 

15 

mother vial preparation system 700, described hereinbelow with reference 

to Fig. 15. Such infommtion includes, for example: 

the labeling radioisotope(s), e.g., Tc-99m; 

time of labeling; 

activity of the radioisotope(s) per volume at the time of labeling; 

total solution volume in the mother vial; and/or 

ratio of radioisotopes (e.g., Tc-99m to Tc-99) at the time oflabeling. 

If the labeled radiopharmaceutical agent stored in the mother vial is radiolabeled 

by mother vial preparation system 700, as described hereinbelow with reference to Fig. 

20 15, the labeling information is provided by the mother vial preparation system. 

Otherwise, the labeling infonnation is provided by the pharmacist and/or conventional 

labeling system that radiolabels the unlabeled radiopharmaceutical agent. 

The radiopharmaceutical kinetic parameters are used by imaging system 28 for 

performing dynamic imaging studies, for example as described in the above-mentioned 

25 International Patent Application PCT/IL2005/001173, and/or in the above-mentioned US 

provisional application filed on even date herewith, entitled, "Imaging protocols". For 

some applications, respective sets of these parameters are provided for: 

• different patient populations, such as a healthy population and populations 

which suffer from various pathologies; 
73 

1787 of 2568



WO 2006/129301 PCT /IL2006/000562 

• different organs and/or tissue types, for example, brain tissue, cardiac 

tissue, liver tissue, and tumor tissue; 

• different pathologies; 

• different patient physiologies; 

5 • different organs, according to the physiology of the specific patient; 

• different patient groups, as expected according to the physiology of the 

specific patient; 

• different pathologies, as expected according to the physiology of the 

specific patient; 

10 • different organs, as measured for the specific patient; 

• different patient groups, as measured for the specific patient; and/or 

• different pathologies, as measured for the specific patient. 

Such kinetic parameters may include, for example: 

• volume of blood in a voxel; 

15 • density of blood in a tissue within a voxel; 

• labeled radiopharmaceutical agent concentration in the blood within a 

voxel; 

• labeled radiopharmaceutical agent concentration in a tissue within a voxel; 

• total labeled radiopharmaceutical agent concentration in a voxel; 

20 • labeled radiopharmaceutical agent concentration in the systemic blood 

circulation; 

• linearity with blood flow; 

• receptor binding for molecular radiotracers; 

• labeled radiopharmaceutical accumulation/redistribution in tissue; 

25 • labeled radiopharmaceutical metabolic rate; 

• diffusion coefficient from the blood to the tissue (i.e., rate of wash-out, 
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passive or active); 

• diffusion coefficient from the tissue to the blood (i.e., rate of uptake, 

passive or active); and/or 

• accumulation rate in a tissue within a voxel. 

5 The administration protocol information is used by administration system 26 to set 

parameters of administration of the labeled radiopharmaceutical agent(s) contained in 

container 22. This protocol information may include, for example: 

• the dose administered, or for multiple radiopharmaceutical agents, the 

respective doses per administration; 

10 • the type of administration, e.g., a single bolus, a plurality of boluses (e.g., 

two boluses), pulsatile administration, or constant drip administration; 

• the labeled radiopharmaceutical agent for each administration, whether a 

single agent or a cocktail of agents; 

• the time of the administration with respect to the time of imaging; 

15 • the timings of multiple administrations with respect to each other and with 

respect to other activities, such as rest or stress (physical or 

pharmacological); 

• the administration device, e.g., a syringe, a dual-needle syringe, a pump, or 

an IV line; 

20 • the mode of administration, e.g., manual, automatic, or computer driven; 

and/or 

• an algorithm for customizing the administration based on physiological 

parameters of the specific patient. 

The image acquisition protocol information is used by imaging system 28 to set 

25 parameters of the image acquisition process. For some applications, such parameters are 

separately specified for individual components of camera 452 of imaging system 28, or 

groups of components, such as for individual detectors 454 or groups of detectors. Such 

acquisition protocol information may include, for example: 

• the name(s) and/or identification code(s) of one or more protocols for 
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which the radiopharmaceutical agent contained in mother vial 104 is 

suitable; 

• total acquisition time, and/or acquisition time for a plurality of phases of 

acquisition; 

5 • detector scanning plan, including detector motions, such as detector 

angular and translational motions, detector step size (typically expressed in 

degrees), and detector dwell time at each view; 

• detector sensitivity; 

• detector energy resolution; 

10 • detector calibration plan; 

• definition of the region of interest (ROI); 

• gating parameters; 

• energy bands, i.e., a plurality of non-overlapping energy windows; 

• collimator positioning, shape, structure, and orientation; 

15 • multiple/interlaced scans; 

• zooming parameters; 

• uniformity/non-uniformity of scan; 

• Compton scatter map calculation and correction parameters; 

• optimal energy window; 

20 • optimal energy resolution, i.e., the range of energy window levels 

detected; and/ or 

• adaptivity of scan pattern to acquired counts, e.g., active vision parameters 

(as described m the above-mentioned International Application 

PCT/IL2005/001173). 

25 For some applications, the optimal energy window is set at least in part 

responsively to the BMI of the patient. For example, the width of the energy window 

(i.e., the energy resolution) may be inversely related to the BMI, because the tissue of 

patients with higher BMis tends to create more scatter. To compensate for narrower 
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energy windows, a longer acquisition time and/or a higher dose of radiopharmaceutical 

agent is typically used. For some applications, the protocol information includes a 

look-up table ofBMis and associated energy windows. For some applications, the energy 

window is non-symmetrical around a peak of the energy curve. 

5 The image reconstruction protocol information is used by imaging system 28 to set 

parameters of the image reconstruction process. Such parameters may include, for 

example: 

• calibration parameters; 

• timing of acquisition; 

10 • reconstruction parameters and algorithms; 

• priors, i.e., mathematical constants signifying pre-imaging phase 

knowledge about system behavior; 

• multi-resolution reconstruction parameters; 

• non-uniform reconstruction grid; 

15 • filters; 

• noise modeling and handling; 

• mode selection; 

• information derived during image acquisition and/or gating; 

• protocols for handling interfering organs; 

20 • protocols describing the precise procedure to be followed m 

radiopharmaceutical administration, time management, patient activity 

status, imaging process, and other parameters that can affect imaging 

results; 

• optimization parameters per dose and/or cocktail of doses; and/or 

25 • attenuation correction paran1eters, which are typically based on 

physiological parameters such as body mass, BMI, and girth. 

For some applications, imaging system 28 uses one or more of these parameters to 

perform the image reconstruction process using techniques described in one or more of 
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the co-assigned patent applications incorporated herein by reference. 

The image analysis protocol information includes analysis algorithms and/or 

parameters of the image analysis process, which are used by imaging system 28 for 

performing diagnostic analysis of the reconstructed image. For some applications, such 

5 analysis includes tracer kinetics analysis. Such parameters may include, for example: 

• information for selection of a model of tracer kinetics; 

• information for selection of one or more time scales for tracer kinetics; 

• tracer parameters; 

• information for analysis of multiple time points; 

10 • information for analysis regarding the clinical meaning of radiation 

distribution within the patient's body for the purpose of making a clinical 

diagnosis regarding the patient's health· state; 

• infom1ation for identifying the signatures of multiple labeled 

radiopharmaceutical agents; and/or 

15 • optimization paranleters per dose and/or cocktail of doses. 

The expert system protocol information, such as expert system rules, is used by 

imaging system 28 to set parameters of the expert system used for assisting with 

diagnosis. For some applications, the expert system is implemented using techniques 

described in the above-mentioned International Application PCT/IL2005/001173, or m 

20 one or more of the other co-assigned patent applications incorporated by reference. Such 

parameters may include, for exan1ple: 

25 

• classification of the patient into a patient population; 

• multi-parameter vectors of radiopharmaceutical kinetic parameters for 

different patient populations, such as a healthy population and populations 

which suffer from various pathologies, and for different tissue types, for 

example, brain tissue, cardiac tissue, liver tissue, or tumor tissue; 

• patient history; 

• multi-dimensional thresholds for defining healthy-disease state; 

• disease signature classifications per pathology and/or organ (typically per 
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patient population); and/or 

• optimization parameters per dose and/or cocktail of doses. 

The portable information-bearing radiopharmaceutical agent container 

Fig. 8 is a schematic illustration of data carrier 120, in accordance with an 

5 embodiment of the present invention. As mentioned above, data carrier 120 is physically 

coupled to radiopharmaceutical agent container 22. Data carrier 120 1s 

computer-communicatable, and typically comprises an RFID tag, smart card, disk-on-key 

(e.g., a USB key), compact disc, minidisk, disposable computer-readable medium, or 

other electronic memory, or a machine-readable code, e.g., a barcode. One or more 

10 commrmication elements 240 are provided for reading data from and transmitting data to 

data carrier 24. Respective communication elements 240 are typically in data 

communication with dispensing system 20 and administration system 26. For some 

applications, communication elements 240 comprise one or more coils for transmitting 

and receiving electromagnetic radiation. Typically, the communication elements are 

15 configured to have a short effective transmission range, e.g., no more than between about 

20 and 40 cm, such as about 30 cm. Such a short range reduces the likelihood of 

accidental communication with a data carrier other than the intended data carrier. 

Data carrier 120 comprises circuitry 250, which comprises memory and logic. For 

some applications, data carrier 120 is passive, in which case it is configured to receive 

20 energy from commrmication element 240. For other applications, data carrier 120 

comprises a power source (not shown). For some applications in which the data carrier 

comprises a power source, the data carrier comprises a communication element for 

commrmicating and/or energizing another electronic apparatus. Alternatively or 

additionally, the data carrier comprises a communication element 252 configured for 

25 wireless communication. For some applications, data carrier 24 further comprises a user 

output 254 for outputting information to the patient or healthcare workers. For example, 

output 254 may comprise a display screen, light, and/or sound generator, which the 

circuitry drives to communicate information, such as when communications have been 

established with other elements of system 10, e.g., data carrier 120, administration system 

30 26, or imaging system 28. For some applications, data carrier 120 further comprises 

coded signature 256, which is typically encrypted, color-coded, or both encrypted and 

color-coded, as described hereinbelow in the section entitled "Signature. 11 
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The information contained in data carrier 120 typically includes some or all of the 

following: 

• an administration-device identification code; 

• an identifier, such as an identification code and/or name, of the patient for 

5 which the specific attached radiopharmaceutical agent container 22 is 

intended; 

10 

• the formulation of the labeled radiopharmaceutical agent( s) contained in 

attached container 22; 

• the time of dispensing of the labeled radiopharmaceutical agent( s) to 

container 22; 

• activity of the labeled radiopharmaceutical agent(s), at the time of 

dispensing of the labeled radiopharmaceutical agent(s) to container 22; 

• the assigned protocol( s) for use with the labeled radiopharmaceutical 

agent(s) contained in attached container 22; 

15 • the intended time(s) and date(s) of administration of the labeled 

20 

25 

radiopharmaceutical agent(s) contained in container 22; 

• the intended activity(ies) of the labeled radiopharmaceutical agent(s) at the 

time of administration thereof; 

• the intended time profile of administration (single bolus, slow-drip 

administration, or any other form of administration); 

• the identification code of mother vial 104 from which the labeled 

radiopharmaceutical agent(s) contained in container 22 were dispensed; 

and/or 

• at least a portion of the radiopharmaceutical information stored in data 

carrier 106 of mother vial 104, as described hereinabove with reference to 

Fig. 7. This information is typically electronically transferred from data 

carrier 106 during dispensing of the labeled radiopharmaceutical agent(s) 

to container 22, as described hereinabove with reference to step 118 of Fig. 

2 and hereinbelow with reference to Fig. 12. 
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As mentioned above, for some applications, all or a portion of the information 

contained in patient-specific data carrier 24 is alternatively or additionally stored in data 

carrier 120. Such information is described hereinabove with reference to Fig. 7. For 

some applications, a portion of the information stored in the data carrier is also printed in 

5 human- and/or machine-readable form on the data carrier and/or on the container, for 

example as a barcode 260, as shown below in Figs. 9A-H. 

10 

In an embodiment of the present invention, radiopharmaceutical agent container 

22 comprises all or a p01tion of a drug administration device, such as a syringe or an 

inhalation device, packaging for an oral dosage form, or radiopharmaceutical packaging. 

Reference is made to Figs. 9A-H, which are schematic illustrations of respective 

embodiments of radiopharmaceutical agent container 22 and data carrier 120, in 

accordance with respective embodiments of the present invention. In all of these 

embodiments, data carrier 120 is physically coupled to agent container 22. 

Fig. 9A is a schematic illustration of radiopharmaceutical agent container 22 

15 comprising a manual syringe 270, in accordance with an embodiment of the present 

invention. Syringe 270 is protected by shielding 272, to which data carrier 120 is 

coupled. Alternatively, the data carrier is coupled directly to an exposed portion of the 

syringe, such as the end of the plunger of the syringe, as shown in the figure. 

Fig. 9B is a schematic illustration of radiopharmaceutical agent container 22 

20 comprising an automatic administration device 280, in accordance with an embodiment of 

the present invention. Device 280 comprises a chamber 282 for containing the labeled 

radiopharmaceutical agent(s), a needle 283, a controller 284, a drive 286, and a power 

source 288. For some applications, controller 284 is preprogrammed with administration 

instructions, while for other applications, the controller is coupled to administration 

25 system 26 and receives an administration signal therefrom prior to administration, or in 

real time during administration. Administration device 280 typically includes an interlock 

290 to prevent administration without verification, for example, of the patient's identity. 

For some applications, device 180 comprises a flow meter 292, which measures the 

volume of labeled radiopharmaceutical agent administered. Controller 284 uses this flow 

30 information for regulating parameters of the administration, such as rate of administration 

and total amount of agent administered. Shielding 272 protects medical personnel from 

the radioactivity of the labeled radio pharmaceutical agent. 
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Fig. 9C is a schematic illustration of a multi-chamber embodiment of 

radiopharmaceutical agent container 22, in accordance with an embodiment of the present 

invention. In this embodiment, container 22 comprises a plurality of chambers in fluid 

isolation from one another, each of which chambers contains a labeled 

5 radiopharmaceutical agent. In the embodiment shown in Fig. 9C, the container comprises 

two such chambers, a first chamber 282A and a second chamber 282B. Alternatively, the 

container comprises more than two chambers (configuration not shown). For some 

multi-chamber applications, container 22 comprises automatic administration device 280, 

as shown in Fig. 9C, while for other multi-chamber applications, container 22 comprises a 

10 plurality of manual syringes 270, as described hereinahove with reference to Fig. 9A 

(multi-chamber configuration not shown). For some applications, a separate needle 283 is 

provided for each injection, while for other applications, container 22 is configured to 

utilize a single needle 283 for the plurality of injections. For example, needle 283 may be 

configured to slide along a needle mount 294, so as to service the plurality of chambers. 

15 Fig. 9D is a schematic illustration of another configuration of radiopharmaceutical 

agent container 22, in accordance with an embodiment of the present invention. In this 

embodiment, container 22 comprises automatic administration device 280, as described 

hereinabove with reference to Fig. 9B, and controller 284 is configured to perform all or a 

portion of the functions of data carrier 120. For some applications, one or more of the 

20 elements of data carrier 120 are provided separately from the controller. For example, 

communication element 252 or user output 254 may be provided separately from the 

controller. 

Figs. 9E-G are schematic illustrations of another configuration of 

radiopharmaceutical agent container 22 comprising manual syringe 270, in accordance 

25 with an embodiment of the present invention. In this embodiment, syringe 270 comprises 

a transmitter 296 fixed with respect to a plunger 298 of the syringe, and shielding 272 is 

configured so as to modulate effective transmission by transmitter 296. For example, 

shielding 272 may be shaped so as to define a longitudinal slot 300 along a portion of the 

shielding. This modulation serves to send, from syringe 270 to administration system 26 

30 and/or imaging system 28, a signal indicative of a time of administration of the labeled 

radiopharmaceutical agent(s) contained in container 22. The techniques of this 

embodiment are typically useful when registration of the time of administration with 

imaging system 28 is important, such as for dynamic studies. 
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Figs. 9E-G respectively illustrate three steps for administration using these 

techniques. Fig. 9E shows a first step, during which transmitter 296 is exposed, and 

therefore effectively transmits a signal. Fig. 9F shows a second step, during which 

transmitter 296 is shielded by shield 272. Fig. 9G shows a third step, in which transmitter 

5 296 is again exposed. This sequence of exposing, shielding, and again exposing the 

transmitter serves to signal that administration has occurred. The receiver of the signal 

(administration system 26 and/or imaging system 28) records the time that this signal is 

detected. For some applications, other techniques are used to automatically transmit an 

indication of when the labeled radiopharmaceutical agent(s) are administered. For 

10 example, a transmitter may be mounted on shield 272, and may send a signal when 

electrical contact is established between electrodes (not shown) on plunger 298 and shield 

272 at the end of complete motion of the plunger into syringe 270. 

Fig. 9H is a schematic illustration of a syringe adaptor 320, in accordance with an 

embodiment of the present invention. Adaptor 320 comprises shielding 272 and data 

15 carrier 120 coupled thereto. The adaptor is configured to placed on a standard 

administration device, such as a standard syringe. In an embodiment of the present 

invention, an adaptor similar to adaptor 320 is provided for use with other components of 

an end-to-end imaging system, such as Tc-99m vials, mother vials, dispensing tools, and 

dilution containers. Alternatively or additionally, data carrier 120 is configured to be 

20 couplable to such other components. 

In an embodiment of the present invention, data carrier 120 is configured to be 

couplable to a standard administration device, such as a syringe. For example, the data 

carrier may be couplable to the barrel, plunger, or conventional shielding of a 

conventional syringe, or another syringe known in the art. 

25 The administration system 

Reference is made to Fig. 10, which is a schematic illustration of administration 

system 26, in accordance with an embodiment of the present invention. Administration 

system 26 comprises a control unit 350, at least one communication element 240, and, for 

some applications, an automated administration device 352. Typically, control unit 350 

30 comprises a standard personal computer or server with appropriate memory, 

communication interfaces and software for carrying out the :functions prescribed by 

relevant embodiments of the present invention. This software may be downloaded to the 
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control unit in electronic form over a network, for example, or it may alternatively be 

supplied on tangible media, such as CD-ROM. For some applications, administration 

system 26 comprises a single communication element 240 that communicates with both 

patient-specific data carrier 24 and data carrier 120 of container 22, while for other 

5 applications the administration system comprises separate communication elements 240 

for communicating with data carriers 120 and 24 respectively. For example, a 

communication element for communicating with data carrier 120 may be integrated into 

or coupled to automated administration device 352. 

Upon authenticating container 22, verifying the identity of the patient, and 

10 performing additional verifications, as described hereinabove with reference to step 122 

of Fig. 2, control unit 350 generates an administration signal that triggers administration 

to the patient of the labeled radiophannaceutical agent(s) stored in container 22. For 

applications in which administration system 26 comprises automated administration 

device 352, container 22 is operatively coupled to device 352, and the signal drives 

15 administration device 352 to administer the labeled radiopharmaceutical agent(s) stored 

therein to the patient. Automated administration device 352 is configured to perform 

intravenous (IV) injection, intramuscular (IM) injection, subcutaneous injection, 

transdermal application, oral administration, nasal administration, inhalation, transcervical 

application, transrectal administration, or another type of administration known in the art. 

20 (It is to be understood that although the administration signal triggers administration of 

the agent, for some applications automated administration device 352 does not administer 

the agent until a healthcare worker provides a final authorization to do so, such as to 

comply with regulatory safety requirements.) For applications in which administration 

system 26 does not comprise automated administration device 352, the administration 

25 signal triggers administration of the agent by instructing a healthcare worker to manually 

administer the agent to the patient. 

For some applications, based on administration protocol information received 

from data carrier 120 of radiopharmaceutical agent container 22 and/or patient-specific 

data carrier 24, control unit 350 customizes the administration of the labeled 

30 radiopharmaceutical agent(s) contained in agent container 22. Such administration 

protocol information typically includes all or a portion of the administration protocol 

information described hereinabove with reference to Fig. 7. For some applications, 

administration system 26 administers a plurality of labeled radiophannaceutical agents, 
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either sequentially or premixed together within a single agent container 22 (i.e., as a 

cocktail). 

For some applications, administration system 26 administers the labeled 

radiophannaceutical agent(s) responsively at least in part to acquisition of a signal 

5 associated with the agent(s). For example, acquisition of the signal may comprise 

detection of photons emitted from the agent(s), in order to determine a radioactivity level. 

For some applications, administration system 26 monitors uptake and/or clearance 

of the labeled radiophannaceutical agent(s) by (a) measuring physiological parameters, 

e.g., from samples of blood, saliva, or secretions, e.g., urine, breath, feces, or sweat, or (b) 

10 by performing an imaging procedure using imaging system 28. For some applications, 

these measurements are used to estimate pharmacokinetics of the radiopharmaceutical 

agent(s) in organs, and/or to predict optimal imaging timing (the optimal time to perform 

the imaging, and/or the optimal timing parameters of the imaging procedure). For some 

applications, based on these estimates, an expected level of uptake of the 

15 radiopharmaceuticals in a target organ is determined, enabling diagnosis of pathologies 

based on absolute uptake levels in the target organ. 

The imaging system 

Reference is made to Fig. 11, which is a schematic illustration of imaging system 

28, in accordance with an embodiment of the present invention. Imaging system 28 

20 comprises a control unit 450, a communication element 240, a camera 452, and an 

imaging workstation 453. Typically, control unit 450 and imaging workstation 453 

comprise one or more standard pe~sonal computers or servers with appropriate memory, 

communication interfaces and software for carrying out the functions prescribed by 

relevant embodiments of the present invention. This software may be downloaded to the 

25 control unit and imaging workstation in electronic form over a network, for example, or it 

may alternatively be supplied on tangible media, such as CD-ROM. 

Control unit 450 typically comprises: (a) image acquisition functionality, which is 

configured to drive camera 452 to perform image acquisition of the patient; (b) image 

reconstruction functionality, which is configured to perform an image reconstruction 

30 procedure on the acquired image; (c) image analysis functionality, which is configured to 

perform an image analysis procedure on the reconstructed image; and ( d) diagnosis 
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functionality, which is configured to perform a diagnostic procedure using the results of 

the image analysis procedure. It will be appreciated that control unit 450 may comprise a 

plurality of personal computers or servers, each of which performs one or more of these 

procedures, and that one or more of these computers or servers may be located remotely 

5 from camera 452. Imaging workstation 453 displays the reconstructed images and allows 

the attending healthcare worker to view and manipulate the images. 

As mentioned above with reference to steps 124 through 130 of Fig. 2, imaging 

system 28 typically customizes one or more of these procedures at least in part 

responsively to imaging protocol information and/or patient-specific information read by 

I 0 communication element 240 from patient-specific data carrier 24. 

For some applications, camera 452 comprises a commercially available diagnostic 

structural or functional camera, such as a SPECT or PET camera, and/or utilizes imaging 

techniques described in one or more of the patents and patent applications described 

hereinabove in the section entitled "Background of the Invention." Alternatively, camera 

15 452 utilizes techniques described in the above-mentioned International Application 

PCT/IL2005/001173, in above-mentioned PCT Publication WO 05/119025, and/or in the 

other above-mentioned co-assigned patent applications and/or patent application 

publications. 

In an embodiment of the present invention, camera 452 comprises a plurality of 

20 detectors 454, each of which is coupled to a respective angular orientator 456. Each of 

the detectors comprises a plurality of gamma ray sensors, such as a pixelated CZT array, 

and a collimator. For example, the array may include 16x64 pixels. Control unit 450 

drives, typically separately, each of the orientators to orient its respective detector in a 

plurality of orientations with respect to a region of interest (ROI). Control unit 450 

25 produces a SPECT image from a plurality of radiation acquisitions acquired with the 

detectors in different relative orientations. 

In an embodiment of the present invention, camera 452 is configured to begin an 

image acquisition procedure by perfonning a relatively brief, preliminary scan, and, based 

on the results of this preliminary scan, to determine one or more parameters of the full 

30 image acquisition procedure, such as dwell time per orientation of each detector 454. 

Typically, this determination further takes into account imaging protocol and/or 

patient-specific information received by imaging system 28 from patient-specific data 
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carrier 24, such as the activity of the labeled radiopharmaceutical agent at the time of 

administration, the time of administration, the patient's BMI (which may be used to 

estimate a perfusion percentage), and the pharmacokinetics of the labeled 

radiopharmaceutical agent. 

5 In an embodiment of the present invention, camera 452 is configured to 

individually set a total angular range of each of detectors 454 responsively to the 

detector's orientation with respect to the ROI. For example, at least one detector closer to 

the ROI (a "proximal detector" or an "inner detector") may have a greater total angular 

range than at least one detector further from the ROI (a "distal detector" or an "outer 

10 detector"). The distal detectors are typically located nearer to the ends of a frame holding 

the detectors, while the proximal detectors are typically located nearer to center of the 

frame. The use of narrower angular ranges for some of the detectors generally reduces the 

photon acquisition time spent by these detectors in orientations aimed outside of the ROI. 

Alternatively, at least one distal detector has a greater total angular range than at least one 

15 proximal detector. In order to reduce the total angular range for a given detector, camera 

452 typically drives the associated angular orientator 456 to: (a) increase the dwell time of 

the detector in at least a portion of its orientations, and/or (b) reduce the angle by which 

the detector is moved during each orienting of the detector. For some applications, 

camera 452 sets the angular range of the detectors based on protocol information received 

20 by imaging system 28 from patient-specific data carrier 24. For example, the number of 

distal and proximal detectors, and their respective angular ranges, may be specified by the 

protocol information, as described hereinabove with reference to Figs. 6B-E. 

In an embodiment of the present invention, camera 452 comprises a plurality of 

detectors 454, each of which is coupled to a respective angular orientator 456. Each of 

25 the detectors comprises a plurality of gamma ray sensors, such as a pixelated CZT array, 

and a collimator. Control unit 450 drives, typically separately, each of the orientators to 

orient its respective detector in a plurality of orientations with respect to a region of 

interest (ROI). Control unit 450 produces a SPECT image from a plurality of radiation 

acquisitions acquired with the detectors in different relative orientations. 

30 In an embodiment, camera 452 is configured to drive one of orientators 456 to 

move its respective detector 454 through a plurality of sequential angular positions, e.g., 

positions 1, 2, 3, ... , 18, 19, and 20. Typically, a linear relationship relates the sequential 
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positions, such that, for example, positions 1, 2, 3, ... , 20 represent 1°, 2°, 3°, ... , 20°, or, 

2°, 4°, 6°, ... , 40°. Alternatively, a non-linear relationship relates the sequential positions. 

Higher or lower angular resolutions are typically obtainable, as well. 

For some applications, camera 452 steps the orientator in a first pass through a 

5 subset of the positions spanning most of the range of positions, and in a second pass the 

camera steps the orientator through a different subset of the positions. At each position, 

data are acquired by the detector. For example, during the first pass, the camera may 

drive the orientator to step through positions 1, 5, 9, 13, and 17, and the detector acquires 

data at each of these positions. During the second pass, the orientator steps through 

10 positions 2, 6, 10, 14, and 18. During two subsequent passes, data are acquired at the 

remainder of the positions. In this manner, a single-direction interlaced scan of the data is 

acquired by camera 452. 

In an embodiment, a back-and-forth interlaced scan is acquired in which data are 

sampled when the orientator is moving in both directions. For example, during the first 

15 pass, the camera may drive the orientator to step through positions 1, 5, 9, 13, and 17. 

During the second pass, the orientator steps through positions 18, 14, 10, 6, and 2. During 

the third pass, the orientator steps through positions 3, 7, 11, 15, and 19, while during the 

fourth pass, the orientator steps through positions 20, 16, 12, 8, and 4. Fifth and higher 

passes, if desired, typically repeat the motions used in the earlier passes. 

20 For some applications, the positions in a pass are not ordered from 

25 

lowest-to-highest or highest-to-lowest. For example the positions of a pass may be 1, 15, 

11, 19, and 17. Typically, the positions are, however, distributed generally evenly 

throughout the range of positions, in order to acquire photon counts representative of the 

entire region of interest. 

As appropriate for a given scanning protocol using interlaced scanning, one or 

more, or even all of orientators 456 are driven to step through their respective positions in 

an interlaced fashion. 

Typically, execution of an interlaced scan as provided by these embodiments of 

the present invention allows an operator of camera 452, such as an imaging technician or 

30 other healthcare worker, to acquire a high-resolution image of the ROI in about 105% to 

115% of the amount of time as would be used if orientator 456 were stepped through the 

positions sequentially. (Typically, each orientation takes between about 50 and about 200 
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msec, depending upon the angle of the step.) The high-resolution image is completely 

acquired after the orientator has stepped through each of its positions. In some cases, 

additional value is attained by interlacing the scanning, however, as this allows the 

perfom1ance of dynamic studies, in which a plurality of images are acquired during a 

5 respective plurality of the time periods, i.e., during each complete pass of the orientator. 

Although each these images is typically of lower resolution than the high-resolution 

image acquired using photon counts acquired during all of the passes, the images 

nevertheless have sufficient resolution to produce clinically-meaningful data for each time 

period of a dynamic study. 

10 For some applications, interlacing the scanning allows an operator to see an initial, 

lower-resolution scan of the ROI. If, for example, an adjustment of any form is desired, 

this can often be seen within the first few seconds of a scan. The present scan is 

terminated, the adjustment made, and a second scan initiated. In the absence of 

interlacing, it is typically necessary to wait until a scan has completed until an assessment 

15 of the scan's results can be made. 

For some applications, it is desirable to know whether the patient has moved 

during a scan. Patient movement is one reason for lower quality images, and when 

identified it can typically be corrected by suitable instruction and then a second scanning 

procedure initiated. Interlaced scanning, as provided by these embodiments of the present 

20 invention, allows the operator to immediately assess whether there has been patient 

movement between one pass and a subsequent pass. In an embodiment, the imaging 

system displays to an operator the scans obtained from the various passes in rapid 

succession at the same location on a monitor. As appropriate, the imaging system cycles 

quickly through the scans repeatedly (e.g., pass 1, pass 2, pass 3, pass 4, pass 1, pass 2, 

25 pass 3, pass 4 ... ), e.g., displaying each scan for between about 0.2 and about 2 seconds, 

allowing an operator to see whether there is jitter between successive scans. If so, patient 

movement is typically the cause and image acquisition is repeated. For some 

applications, the scan is acquired in exactly two passes, e.g., the orientator steps through 

positions 1, 3, 5, ... , 19 during a first pass, and through positions 2, 4, 6, .... , 20 during a 

30 second pass, or through positions 20, 18, 16, ... , 2 during the second pass. 

Images acquired using these techniques, or other non-interlacing techniques 

described herein, are generally used to perform one or more of the following image 
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reconstructions: (a) reconstruction of intensity image, (b) reconstruction of intensity over 

time, followed by fitting a model of the kinetics (which describe for each voxel a 

parameter set describing its time curve), and followed by presenting a three-dimensional 

map of the parameters, and/or (c) direct reconstruction of a three-dimensional parametric 

5 representation, without perfonning a reconstruction of an intensity map, typically by 

plugging an equation of a kinetic model into a reconstruction algorithm, and generating a 

result directly in terms of the value of the parameters per voxel (the parameters may 

include, for example, flow, diffusion coefficients, metabolism rate, or bio-clearance rate). 

The radiophannaceutical dispensing system 

10 Reference is made to Fig. 12, which is a schematic illustration of automated 

radiopharmaceutical dispensing system 20, in accordance with an embodiment of the 

present invention. System 20 comprises a control unit 500, at least one robot 502, and at 

least one communication element 504, which, for some applications, is coupled to robot 

502. Control unit 500 typically comprises a conventional personal computer running a 

15 conventional operating system, such as Windows XP, with appropriate memory, 

communication interfaces and software for carrying out the functions described herein. 

This software may be downloaded to the control unit in electronic form over a network, 

for example, or it may alternatively be supplied on tangible media, such as CD-ROM. 

Control unit 500 is in communication with other elements of system 10, for example via 

20 management and control component 150. The control unit notifies appropriate elements 

of the system upon successful completion of dispensing of a dose. 

At least one radiolabeled mother vial 104 is placed in a shielded vials complex 505 

of dispensing system 20. Control unit 500 authenticates the mother vial, by actuating 

communication element 504 to read authentication information stored in data carrier 106, 

25 and/or by verifying a coded signature 256 coupled to the mother vial, as described 

hereinbelow in the section entitled "Signature." Upon successful authentication, control 

unit 500 actuates communication element 504 to read radiopharmaceutical-related 

information from data carrier 106 of the mother vial, including the radiopharmaceutical 

agent type, isotope type, batch, lot, radiochemical purity (RCP), preparation time, and 

30 half-life information. Dispensing system 20 assays the radioactivity per unit volume of 

the labeled radiopharmaceutical agent contained in the mother vial. Robot 502 picks up 

an empty syringe 506 from a syringe tray 508, draws a predetermined amount of solution 
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from mother vial 104, and brings the syringe to a dose calibrator 510. The syringe used 

for the assaying is typically discarded into a waste container 512. Typically, robot 502 

brings the mother vial to a weighing station 507 for verification that the vial contains the 

indicated solution volume. 

5 Dispensing system 20 receives a patient-specific dose request for at least one 

specific labeled radiopharmaceutical agent, having a specific dose, radioactivity, and 

solution volume. Such a dose is typically calculated by dose calculation sub-system 156 

of dose calculation system 152, as described hereinabove with reference to Fig. 5, and/or 

by patient management system 160, described hereinabove with reference to Fig. 4. 

10 Alternatively or additionally, dispensing system 20 is configured to customize, modify, or 

verify the dose. Further alternatively, dispensing system 20 receives the order from 

another hospital or rad.iopharmacy information system, or the order is manually inputted 

into system 20. 

To fill the request, control unit 500 calculates a required volume of the labeled 

15 radiopharmaceutical agent and a required volume of saline solution for dilution, if any. 

20 

To perform this calculation, control unit 500 uses (a) information read from data carrier 

106 (such as the half-life of the labeling isotope of the labeled radiopharmaceutical agent), 

and (b) the assayed radioactivity of the labeled radiopharmaceutical agent. Alternatively, 

dose calculation sub-system 156 performs all or a portion of this calculation. 

For some applications, control unit 500 authenticates mother vial license 

information read from data carrier 106, in order to verify that a license is available for 

dispensing the requested dose. Dispensing proceeds only if a license is available and 

authenticated. The use of such a license generally provides increased quality control of 

the imaging process, by verifying that only approved manufacturers (or distributors) are 

25 able to provide radiopharmaceutical agents for use with system 10. A lack of precision in 

any aspect of an imaging procedure, which may result from the use of an agent that has 

not been tested and approved for use with system 10, often causes a deterioration of the 

resultant image quality and/or ability to make accurate and/or quantitative diagnoses. 

Control unit 500 actuates robot 502 to pick up an empty radiopharmaceutical agent 

30 container 22 from tray 508. Typically, but not necessarily, container 22 comprises a 

syringe, such as described hereinabove with reference to Figs. 9A-H. Container 22 has 

coupled thereto a data carrier 120. For some applications, syringes 506 and containers 22 
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are stored in a single tray, as shown in Fig. 12, while for other applications, they are 

stored in separate trays. Robot 502 typically authenticates container 22, by actuating 

communication element 504 to read authentication information stored in data carrier 120 

and/or verifying coded signature 245 coupled to the container, as described hereinbelow 

5 in the section entitled usignature." 

Robot 502 removes the needle cap from container 22, turns the container over, and 

brings container 22 to the appropriate mother vial 104. The robot actuates the container to 

draw the calculated volume of labeled radiopharmaceutical agent from the mother vial, 

typically by inserting the needle of container 22 through a membrane of mother vial 104, 

10 and withdrawing a plunger of container 22 until the desired volume of agent has been 

drawn from the mother vial. The robot typically brings the syringe to dose calibrator 510 

for quality control assaying of radioactivity. If necessary, robot 502 brings container 22 

to a saline vial 514, and actuates the container to draw the required volume of saline 

solution into the container. Robot 502 replaces the needle cap on the container, and turns 

15 the container over. Alternatively, saline solution is drawn prior to drawing the labeled 

radiopharmaceutical agent from mother vial 104. For some applications, a needle of the 

container 22 is changed between drawings. 

For dispensing a cocktail of labeled radiopharmaceutical agents, each having a 

respective dose, robot 502 repeats these steps for a plurality of mother vials 104, typically 

20 changing the needle of container 22 between drawings. During dispensing of such a 

cocktail, robot 502 typically draws first from the mother vial containing the lower or 

lowest radiation labeled radiopharmaceutical agent, such as to reduce any effect the 

assaying of the first agent may have on the assaying of the subsequent agent(s). 

System 20 typically performs a quality control check on the dispensed 

25 radiopharmaceutical solution to confirm that the solution contains the desired dose(s) of 

the radiopharmaceutical agent( s) and radioactivity level. 

Control unit 500 activates communication element 504 to write 

radiopharmaceutical information to data carrier 120 of container 22, as described 

hereinabove with reference to Fig. 8 and step 118 of Fig. 2. For some applications, the 

30 data carrier is coupled to the container prior to placement of the container in dispensing 

system 20, while for other applications, robot soi couples a data carrier to each container 

during or after the dispensing process. Similarly, for some applications in which coded 
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signature 256 is provided, the coded signature is attached to container 22 prior to 

placement of the container in dispensing system 20, while for other applications, robot 

502 couples a coded signature to each container during or after the dispensing process. 

Robot 502 brings the filled container to a shield body tray 530, and inserts the 

5 container into a container shield 532. The robot picks up a shield cap 534 from a shield 

cap tray 536, and secures it to container shield 532. For some applications, data carrier 

120 is coupled to shield 532 or cap 534, rather than directly to container 22. 

Alternatively, separate data carriers 120 are coupled to the container and the shield or cap. 

In an embodiment of the present invention, dispensing system 20 comprises a print 

10 area 540, at which dispensing system 20 prints and attaches at least one conventional label 

to container 22, shield 532, and/or cap 534, in order to comply with regulatory labeling 

requirements. The dispensing system typically prints yet another conventional label for 

placement on a basket that holds a plurality of containers 22 for transport within or 

between healthcare facilities. 

15 After the dispensing of container 22 has been completed, robot 502 brings the 

container to a completed container tray (tray not shown in the figure). 

In an embodiment of the present invention, dispensing system 20 comprises at 

least one diluted mother vial which has a greater volume than a conventional mother vial. 

For example, the diluted mother vial may have a volume of at least about 10 ml, e.g., at 

20 least about 20 ml, such as 21 ml, while a conventional mother vial may have a volume of 

less than 10 ml, e.g., less than 7 ml, such as 5.8 ml. The labeled radiopharmaceutical 

agent solution from a conventionally-sized mother vial 104 is transferred to the diluted 

mother vial, and the balance of the additional volume of the diluted mother vial is filled 

with saline solution. The resulting diluted solution is used by dispensing system 20 to fill 

25 containers 22 with low-dose labeled radiopharmaceutical agents useful for performing 

low-dose imaging procedures, such as those described in the above-mentioned 

International Application IL/2005/001173, in above-mentioned PCT Publication WO 

05/119025, or in one or more of the other co-assigned patent applications incorporated 

herein by reference. Alternatively, the resulting lower-dose solution is used for 

30 time-dependent administration protocols, pursuant to which a desired total dose is divided 

into several sub-doses for sequential administration over time. For mechanical handling 

and administration reasons, each sub-dose must have a minimum volume, e.g., at least 1 

93 

1807 of 2568



5 

WO 2006/129301 PCT /IL2006/000562 

ml. 

The information contained in data carrier 106 of conventionally-sized mother vial 

104 is transferred to a data carrier 106 of the dilution mother vial, with appropriate 

adjustments to reflect the diluted dose of the labeled radiopharmaceutical agent. 

In an embodiment of the present invention, a method for automatically dispensing 

a labeled radiophannaceutical agent comprises providing a mother vial having a volume 

of at least 10 ml, e.g., at least 20 ml; filling the mother vial with at least 5 ml of a 

non-diluted labeled radiophannaceutical agent, and with at least 5 ml of saline solution; 

placing the mother vial in automated radiopharmaceutical dispensing system 20; and 

10 dispensing at least one dose from the mother vial to a container. For some applications, 

dispensing system 20 further dilutes the dose by dispensing saline solution to the 

container from a saline solution container. 

It is noted that dispensing system 20 is theoretically able to dispense similar low 

doses to containers 22 by drawing a small volume of labeled radiophannaceutical agent 

15 from a conventionally-sized mother vial, and diluting the agent with saline solution drawn 

from saline vial 512, as described above. However, the drawing of such a small volume 

may present mechanical challenges for achieving precise volumes within acceptable 

variations. 

Reference is made to Figs. 13A-C, which are schematic illustrations of a system 

20 for carrying out a data transfer process, in accordance with an embodiment of the present 

invention. In this embodiment, information is transferred directly from data carrier 106 of 

mother vial 104 to data carrier 120 of container 22 while container 22 draws the labeled 

radiopharmaceutical agent from mother vial 104. As shown in Fig. 13A, container 22 is 

lowered to mother vial 104 (which is contained within shielding 520 of vials complex 

25 505), as indicated by an arrow 522. As shown in Fig. 13B, as container 22 draws labeled 

radiopharmaceutical solution from mother vial 104, data carrier 120 of the container is 

positioned in a vicinity of data carrier 106 of the mother vial. Container 22 is raised from 

mother vial 104, as indicated by an arrow 524 in Fig. 13C. Information transfer takes 

place during one or more of the steps illustrated in Figs. 13A-C. 

30 For some applications, information is transferred to data carrier 120 of container 

22 during assaying of the contents of the container at dose calibrator 510. 
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In an embodiment of the present invention, dispensing system 20 is configured to 

dispense to a plurality of containers 22 for a single patient, or to a plurality of independent 

chambers within a single container 22 (such as first and second chambers 282A and 282B, 

described hereinabove with reference to Fig. 9C). For some applications, the plurality of 

5 containers are permanently coupled to one another, while for other applications the 

plurality of containers are removably coupled to one another. Alternatively, the plurality 

of containers are not coupled to one another, in which case they may be stored in 

association with one another, e.g., in a single tray. 

For some applications, dispensing system 20 utilizes one or more of the dispensing 

10 techniques described in the references mentioned hereinabove in the Background of the 

Invention section, mutatis mutandis. 

In an embodiment of the present invention, system 10 does not comprise 

dispensing system 20. System 10 is instead electronically or manually interfaced with a 

conventional radiopharmacy. Patient management system 160 places orders with the 

15 radiopharmacy for a particular dose of a labeled radiopharrnaceutical agent for a particular 

patient. Upon dispensing of the dose into a conventional container, such as a syringe, data 

carrier 120 is physically coupled to the container, and information is written to the data 

carrier, such as the identity of the labeled radiopharmaceutical agent, the time of 

dispensing, the measured radioactivity level, and/or other information described herein as 

20 being contained in the data carrier, such as with reference to Fig. 8. For some 

applications, system 10 comprises a module for automatically measuring the radioactivity 

level and recording the information in the data carrier. Optionally, the module is in 

communication with system 10, such as via management control component 150, and 

receives additional patient-specific or protocol-related information from system 10, and 

25 records the information in data carrier 120. For some applications, the radiopharmacy 

dispenses the labeled mdiopharmaceutical agent to one of the novel radiopharmaceutical 

agent containers 22 described herein. 

The radioisotope elution system 

Reference is made to Fig. 14, which is a schematic illustration of a radioisotope 

30 automatic elution system 600, in accordance with an embodiment of the present invention. 

System 600 automatically elutes a radioisotope, such as technetium Tc-99m, into 

radioisotope vials 610. The radioisotope is used for radiolabeling the unlabeled 
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radiopharmaceutical agent, as described hereinabove with reference to step 110 of Fig. 2. 

Vials 610 are coupled to radioisotope data carriers 612 containing information about the 

radioisotope, such as a vial code, the time of preparation, the activity at the time of 

preparation, and total solution volume. Labels 612 are computer-communicatable, and 

5 typically comprise an RFID tag, smart card, disk-on-key (e.g., a USB key), compact disc, 

minidisk, disposable computer-readable medium, or other electronic memory, or a 

machine-readable code, e.g., a barcode. For some applications, information contained in 

data carrier 612 is encrypted for enabling authentication. Alternatively or additionally, 

data carrier 612 and/or vial 610 comprise coded signature 256, as described hereinabove. 

10 The coded signature typically comprises an encrypted signature and/or a color-coded 

signature, as described hereinbelow in the section entitled "Signature." 

The automatic elution process typically begins with a determination by dose 

calculation system 152 (Fig. 5) of an optimal elution frequency, for example: 

• 18 hours, 6 hours, 18 hours, 6 hours, ... ,; 

15 • 23 hours, 1 hour, 23 hours, 1 hour, ... ,; 

• 18 hours, 1 hour, 5 hours, 18 hours, 1 hour, 5 hours, ... ,; or 

• 18 hours, 6 hours, 23 hours, 1 hour, 18 hours, 6 hours, 23 hours, 1 hour, ... 

,. 

Dose calculation system 152 electronically notifies a control system 616 of elution 

20 system 600 of the desired elution frequency. For applications in which the radioisotope 

comprises Tc-99m, it will be appreciated that the ratio of Tc-99 to Tc-99m, which is 

determined by the elution frequency, is important for molecular imaging by an antibody, 

and there is generally an optimal range of the ratio of Tc-99 to Tc-99m, which should be 

taken into consideration when preparing Tc-99m with an antibody. Typically, control 

25 system 616 comprises one or more standard personal computers or servers with 

appropriate memory, communication interfaces and software for carrying out the 

functions prescribed by relevant embodiments of the present invention. This software 

may be downloaded to the control system in electronic form over a network, for example, 

or it may alternatively be supplied on tangible media, such as CD-ROM. 

30 Sterile, empty vials 610 of predetermined volumes (e.g., 10 ml or 20 ml), and 

typically comprising caps 618, are placed on a conveyor belt 620. A first robot 622 places 
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a shield 624 on each vial 610. Alternatively, the vials 610 are manually shielded. 

Conveyor belt 620 moves shielded vial 610 into position under a radioisotope generator 

626, such as a TC-99m generator. At a required elution time, a second robot 628 lifts the 

shielded empty vial 610, and, under sterile conditions, removes cap 618 and engages the 

5 shielded empty vial 610 with generator 626. 

Upon engagement of vial 610 with generator 626, both a first electronic valve 630 

of a saline tank 63 2 and a second electronic valve 634 of generator 626 open, and vial 610 

is filled, while a flow meter 636 monitors the amount of saline flow. After flow of a 

predetermined volume, control system 616 automatically shuts first electronic valve 630 

10 of saline tank 632 and second electronic valve 634 of generator 626. 

Filled, shielded vial 610 is automatically disengaged from generator 626, and is 

automatically sealed under sterile conditions with a shielded seal 63 8. Filled, shielded 

vial 610 is lowered back to conveyor belt 620. The conveyor belt moves filled, shielded 

vial 610 past an assaying and labeling station 640, which assays and labels the vial with 

15 data carrier 612, a barcode 642, and/or coded signature 256. For some applications, coded 

signature 256 is placed on data carrier 612, while for other applications it is placed on vial 

610. For still other applications, separate coded signatures 256 are placed on both vial 

610 and data carrier 612, and are used to match the vial with the data carrier. For 

example, a color-coded signature may be printed on vial 610, either prior to the elution or 

20 together with the application of data carrier 612, and an encrypted signature may be stored 

in the data carrier 612. Alternatively, the encrypted signature may be printed. 

It will be appreciated that the elution process is subject to modifications and 

alterations based on communication and information that is received from system 10. For 

example, a log book of elution system 600 may specify a Tc-99m vial of 1000 mCi, yet a 

25 communication request from dose calculation system 152 may modify the order to be a 

Tc-99m vial of200 mCi, based on new requirements, e.g., low-dose administration. 

The nwther vial preparation system 

Reference is made to Fig. 15, which is a schematic illustration of a mother vial 

preparation system 700, in accordance with an embodiment of the present invention. 

30 System 700 automatically labels mother vials 104, containing unlabeled 

radiopharmaceutical agents, with appropriate radioisotopes. System 700 attaches a data 
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carrier 106 to each mother vial 104, and writes the information to the data carrier that is 

described hereinabove with reference to Fig. 7. Alternatively, the manufacturer or 

distributor attaches data carrier 106 to mother vial 104, and writes at least a portion of the 

information to the carrier. 

5 Prior to beginning the radiolabeling process, a control unit 702 of system 700 

authenticates radioisotope vial 610 and mother vial 104, and verifies that radioisotope vial 

610 contains the correct radioisotope at the correct radioactivity, and that mother vial 104 

contains the correct unlabeled radiopharmaceutical agent. For some applications, such 

authentication and/or verification is performed by authenticating coded signature 256 of 

10 data carrier 612 of radioisotope vial 610. For some applications, such authentication 

includes authentication of a commercial license associated with the use of mother vial 

104. Typically, control unit 702 comprises one or more standard personal computers or 

servers with appropriate memory, communication interfaces and software for carrying out 

the functions prescribed by relevant embodiments of the present invention. This software 

15 may be downloaded to the control unit in electronic form over a network, for example, or 

it may alternatively be supplied on tangible media, such as CD-ROM. 

Conveyor belt 620 carries shielded radioisotope vial 610 from radioisotope 

automatic elution system 600 to mother vial preparation system 700. Alternatively, for 

embodiments in which elution system 600 is not provided, the radioisotope vial is 

20 manually placed on conveyor belt 620. The conveyor belt brings vial 610 to a 

radioisotope filling point 710. 

System 700 typically comprises a plurality of dose preparation platforms 712, each 

of which contains premixed mother vials 104 containing unlabeled radiopharmaceutical 

agents that require radio labeling with the radioisotope contained in radioisotope vial 610, 

25 e.g., Tc-99m. In the example shown in Fig. 15, preparation platforms 712 comprise a 

Tc-99m-teboroxime dose preparation platform, a Tc-99m-pertechnetate dose preparation 

platform, a Tc-99m-sestamibi dose preparation platform, and a Tc-99m-MDP dose 

preparation platform. 

A robot 720 picks up a syringe 722 from a first syringe platform 724, or a 

30 micro-syringe 726 from a second syringe platform 728, and travels along a second 

conveyer belt 730 to filling point 710. It will be appreciated that other types syringes 

and/or other dispensing tools may also be used. Upon reaching filling point 710, syringe 
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722 or 726 draws a predetermined amount of radioisotope solution from radioisotope vial 

610. The robot typically travels to an assay station 732, which assays the radioisotope 

solution. Syringe 722 or 726 is then discarded at a discard station 734. 

Robot 720 picks up another syringe 722 or 726 from the platform 724 or 728, fills 

5 the syringe with a predetermined amount of the radioisotope from vial 610, and travels 

along second conveyor belt 730 to one of dose preparation platforms 712. At the dose 

preparation platform, the syringe injects a predetermined amount of radioisotope into 

mother vial 104 of the dose preparation platform, thereby labeling the unlabeled 

radiopharrnaceutical agent contained in the mother vial. 

10 Robot 720 discards the syringe at discard station 734, picks up a new syringe, 

draws a predetermined amount of solution from labeled mother vial 104, and assays the 

solution at assay station 732, in order to determine the radioactivity of the labeled 

radiopharrnaceutical agent contained in mother vial 104. Following the assaying, robot 

720 discards the syringe at discard station 734. Typically, system 700 performs one or 

15 more quality control procedures on the labeled radiopharmaceutical agent. 

System 700 updates data carrier 106 of mother vial 104 with radio labeling 

information, such as the time of labeling, and the activity of the radioisotope at the time of 

labeling, the total solution volume in the mother vial, and the ratio of radioisotopes (e.g., 

Tc-99m to Tc-99) at the time of labeling, for applications in which the unlabeled 

20 radiopharrnaceutical agent is labeled with more than one radioisotope. 

It is noted that system 700 is configurable to vary a radioactivity of the 

radioisotope used to label a given radiopharmaceutical agent in order to produce labeled 

radiopharrnaceutical agents of various levels of radioactivity (for example, 

Tc-99m-teboroxime of 500 mCi and Tc-99m-teboroxime of 50 mCi). For some 

25 applications, system 700 comprises at least one cocktail dose preparation platform 736, 

for labeling a cocktail of radiopharrnaceutical agents (for example, Tl-201-thallous 

chloride, Tc-99m-sestamibi, and I-123-BMIPP). 

It will be appreciated that the mother vial preparation process is subject to 

modifications and alterations based on communication and information that is received 

30 from system 10. For example, a log book of system 700 may specify a mother vial of 500 

mCi, yet a communication request from dose calculation system 152 may modify the 

order to be a mother vial of 200 mCi, based on new requirements, e.g., low-dose 
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administration. 

The exercise room 

In an embodiment of the present invention, system 10 comprises at least one 

exercise room, which comprises one or more pieces of exercise equipment, typically 

5 including at least one treadmill. The exercise room, and the equipment therein, is 

typically in communication with one or more elements of system 10, such as 

patient-specific data carrier 24, management and control component 150, administration 

system 26, data carrier 120 of radiopharmaceutical agent container 22, and/or imaging 

system 28. For example, the exercise room may report the duration, time, and type of 

10 exercise to imaging system 28, administration system 26, and/or management control 

component 150, for synchronizing the exercise with administration and imaging. For 

some applications, the exercise room receives instructions regarding the duration, time, 

and/or type of exercise to be performed for a given patient, and schedules an appropriate 

exercise session in a log book. For some applications, the exercise room sends the patient 

15 an SMS-like message notifying the patient of the scheduled session, and/or reminding the 

patient about a scheduled session. For some applications in which data carrier 24 is 

integrated into watch or bracelet 170, as described hereinabove with reference to Fig. 3, 

watch or bracelet 170 is configured to receive and display the SMS-like message to the 

patient. 

20 Signature 

In accordance with an embodiment of the present invention, coded signature 256 

comprises a signature encrypted using an encryption algorithm, which is either proprietary 

or known in the art, e.g., Advanced Encryption Standard (AES), Data Encryption 

Standard (DES), or Triple DES (3DES). Typically, the encryption algorithm utilizes a 

25 symmetric key cipher, as is known in the art. 

For some applications, coded signature 256 is stored in one of the data carriers 

described herein. Alternatively or additionally, the coded signature is printed on the 

apparatus, e.g., as a barcode. 

For some applications, coded signature 256 comprises a color..,coded signature, 

30 which is implemented using techniques described in the above-mentioned US Patent 

Application Publication 2004/0156081 to Bril et al. Techniques described in the '081 
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publication include the use of an encrypted image comprising an array of printed positions 

formed using a group of inks each of which has a predetermined spectrum. The positions 

are selected to form a predetermined image, either real or virtual, when the image is 

viewed through an optical processor. The optical processor may further use a distortion, 

5 such as a distorted grating or a distorted lens. The correct image is the spectrum, as 

distorted by the optical processor. An image formed using inks having the same colors as 

experienced by the human eye, or even by a standard spectrometer, will fail to form the 

correct predetermined image. Alternatively or additionally, special inks may be used, so 

that no two ink combinations are exactly alike, and only registered ink combinations 

10 provide the correct spectrum. Furthermore, the special inks may be mixtures of 5 or more 

colors. 

Fig. 16A illustrates color spectra 800 of several dyes, for example dyes B, Dl, G, 

D2, and R, each having a well-defined spectral peak, as described in the 1081 publication. 

When dye B and dye G are mixed, the human eye may see a color substantially the same 

15 as the color of dye Dl. When dye Dl and dye D2 are mixed, the human eye may see a 

color substantially the same as the color of dye G. 

Fig. 16B illustrates a color-coded signature 802, as described in the '081 

publication. A color patch 804, which to the human eye may seem a plain orange, for 

example, may have a first portion 806A, consisting of dye B and dye G, combined to form 

20 a hue which is substantially the same as that of dye Dl, and a second portion 806B, 

consisting of dye Dl. To the human eye, the color-coded signature 802 appears as a 

homogeneous patch. 

An optical processor 820 comprises an imaging spectrograph, which comprises a 

grating 822 and, typically, a lens 824. In the example shown in Fig. 16B, the 

25 spectrograph produces three structures: a structure 821 formed by diffraction of dye Dl 

through the grating, a structure 823 formed by diffraction of dye G, and a structure 825 

formed by diffraction of dye B. Optical processor 220 thus reveals the authentic spectra 

of the color-coded signature 802. 

For some applications, optical processor 820 comprises two lenses 824 of 

30 substantially equal power, one to create a parallel beam at the input to the grating, just 

before the grating, and one to create an image at the focal point after the grating. 

Alternatively, a single lens 824, having twice the power of the two lenses, may be placed 
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just before or just after the grating. 

For some applications, a more complex color coding is achieved by using a 

distorted lens or a distorted grating, such that spectral structure 821, 823, and 825 may be 

reproduced only when an optical processor having the exact distortion is used. It will be 

5 appreciated that a single hue may be produced by mixing several dyes, for example, 3, 5, 

or 10. It will be appreciated that each printing house may be allocated only a specific mix 

of dyes, so that no two printing houses may have identical dye combinations, and no two 

printing houses may reproduce the same color-coded signatures 802. 

For some applications, color-coded signature 802 is printed directly on an element 

10 of system 10, for example, on radiopharmaceutical agent container 22 (Fig. 1 ), or on 

radioisotope vial 610 (Fig. 14). Alternatively or additionally, a label, for example, mother 

vial data carrier 106 or data carrier 120 (Fig. 1) is color-coded, or includes a color-coded 

patch or pattern, operative as color-coded signature 802. 

For some applications, an encrypted signature 256 and a color-coded signature 802 

15 are combined. The resulting color-coded machine-readable signature 256 is authenticated 

by optical processor 820. For example, an encrypted signature may be provided on a 

label colored with a coded color. Alternatively or additionally, encrypted signature 256 is 

printed on a color-coded background, or with color-coded dyes. Alternatively or 

additionally, coded signature 256 comprises a color-coded barcode. For some 

20 applications, the color-coded barcode may appear black or another color to the eye, but 

reveal a unique spectrum to optical processor 820. For some applications, the color-coded 

machine-readable signature further comprises a date, to prevent the recycling or re-use of 

signatures. 

Physical key 

25 Reference is made to Fig. 1 7, which is a schematic illustration of a 

computer-readable medium 850, a portion of which is shaped so as to define a physical 

key 852, in accordance with an embodiment of the present invention. A communication 

element 854 is shaped so as to define a dedicated slot 856 having a geometry matching 

that of key 852. Only keys having the particular geometry of slot 856 can be inserted into 

30 the slot. Key 852 thus enables authentication of computer-readable medium 850. 

Computer-readable medium 850 may comprise, for example, a disk-on-key apparatus or a 
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chip, having, for example, a USB-type connector. 

For some applications, patient-specific data carrier 24 comprises 

computer-readable medium 850, and a communication element of imaging system 28 

and/or administration system 26 is shaped so as to define slot 856. Alternatively or 

5 additionally, healthcare worker identity tag 208 comprises computer-readable medium 

850, and workstation 200, elution system 600, dispensing system 20, administration 

system 26, and/or imaging system 28 is shaped so as to define slot 856. For some 

applications, computer-readable medium 850 further comprises coded signature 256, as 

described hereinabove, while for other applications, key 852 is relied upon in lieu of 

10 coded signature 256. 

For some applications, authentication, as described herein, is alternatively or 

additionally based on additional parameters, such as a manufacturer's attribute. 

In an embodiment of the present invention, information is transferred from one 

element of system 10 to another element thereof by physically transferring an electronic 

15 information-carrying chip from one element to the other. For example, upon 

administration of the labeled radiopharmaceutical agent contained in container 22, 

information may be transferred from data carrier 120 to patient-specific data carrier 24 by 

physically transferring a memory chip of data carrier 120 to data carrier 24. 

Managing Compton residuals 

20 Reference is made to Fig. 18, which is a graph showing particle energy vs. photon 

count at a detector 454 of camera 452 of imaging system 28 (Fig. 11 ), in accordance with 

an embodiment of the present invention. In this embodiment, dose calculation sub-system 

156 of radiopharmaceutical dose calculation system 152, described hereinabove with 

reference to Fig. 5, takes Compton residuals into consideration when calculating doses of 

25 a first and a second labeled radiopharmaceutical agent to be mixed togethe1· in a cocktail, 

or to be separately administered for the same image acquisition procedure. If the first 

agent were to be provided at a relatively high dose and the second agent were to be 

provided at a lower dose, the first agent would produce a first peak 900A around a first 

energy level E 1, and the second agent would produce a second peak 902 around a second 

30 energy level E2. A Compton residual 904A produced by the first agent at least partially 

masks second peak 902. For some applications, in order to prevent such masking, dose 
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calculation sub-system 156 reduces the dose of the first agent, thereby producing a first 

peak 900B and a corresponding Compton residual 904B having lower counts than initial 

first peak 900A and Compton residual 904A, respectively. Compton residual 904B is 

sufficiently low so as not to mask second peak 902. By using techniques described 

5 hereinabove and/or incorporated herein by reference, camera 452 is sufficiently sensitive 

to acquire sufficient counts emitted from the lower dose of the second agent. For 

example, the first and second agents may comprise IvlIBI-Tc and thallium, respectively, 

which emit energy at 140 Ke V and 72 Ke V, respectively. 

Alternatively, calculation sub-system 156 determines that the dose of the first 

10 labeled radiopharmaceutical agent cannot be reduced sufficiently to prevent such 

Compton masking. To make such a determination, the sub-system typically takes into 

consideration constraints applied by the physical properties of the first agent, 

patient-specific information, and/or camera 452. The sub-system may thus determine that 

the two agents must be prepared as separate doses for non-simultaneous administration. 

15 Alternatively, the sub-system determines that the dose of the second agent is to be 

increased, so as to prevent the masking. To make such a determination, the sub-system 

typically takes into consideration constraints applied by the physical properties of the first 

agent, patient-specific information, camera 452, and/or safety and/or regulatory 

requirements. 

20 Information-bearing radiopharmaceuticals 

In an embodiment of the present invention, a portion of the patient, 

radiopharmaceutical, and/or protocol information described herein is chemically stored 

together with a labeled radiopharmaceutical agent in a container, such as 

radiopharmaceutical agent container 22 or mother vial 104. For some applications, such 

25 information is chemically stored by providing a chemical indicative of and/or encoding 

the information, and mixing the chemical with the radiopharmaceutical agent. 

Alternatively, such information is chemically stored by attaching a chemical marker 

indicative of the information to the radiopharmaceutical agent, or otherwise chemically 

modifying the radiopharmaceutical agent to store the information. The 

30 information-indicative chemical indicator (i.e., chemical or chemical marker) has 

properties which are machine-readable, for example, using optical, spectral, fluorescence, 

or isotope emission techniques. 
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For some applications, the information is stored by setting a level of a parameter 

of the chemical indicator, such as concentration or radioactivity, which level is indicative 

of the information. For example, a plurality of concentrations 0, Ai, A1, A3, ... ,Amax 

may be defined, each of which represents a respective value. At all of the defined 

5 concentrations, the chemical indicator is biologically inert and/or safe in the body, and 

does not affect the sterility and/or properties of the radiopharmaceutical agent. The 

plurality of concentrations are sufficiently different from one another so as to be 

independently measurable and identifiable, such as by measuring a spectral signature of 

the chemical indicator. For some applications, a plurality of different chemical indicators 

10 are used, each of which has defined levels of a parameter representing respective values. 

The values represented by the plurality of chemical indicators together represent the 

information. 

For some applications, the level of the parameter of the chemical indicator 

changes over time, e.g., the radioactivity of the chemical indicator declines because of 

15 radioactive decay, thereby providing an indication of elapsed time. Such elapsed time 

may be used, for example, to determine the timing of preparation of the 

radiopharmaceutical agent and/or subsequent processes, as well as validating whether 

such timing is within an allowed time window. 

For some applications, dispensing system 20 applies the code to the labeled 

20 radiopharmaceutical agent and/or container 22 during the dispensing process, and 

administration system 26 and/or imaging system 28 reads and verifies the stored 

information. A dedicated reader may be provided for such reading, or a camera of 

imaging system 28 may be configured to perform such reading. 

The scope of the present invention includes embodiments described in the 

25 following applications, which are assigned to the assignee of the present application and 

are incorporated herein by reference. In an embodiment, techniques and apparatus 

described in one or more of the following applications are combined with techniques and 

apparatus described herein: 

• International Application PCT/IL2005/001173, filed November 9, 2005; 

30 International Application PCT/IL2005/000572, filed June 1, 2005; 

International Application PCT/IL2005/000575, filed June 1, 2005; 
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• International Application PCT/IL2005/001215, filed November 16, 2005; 

• US Provisional Application 60/625,971, filed November 9, 2004; 

• US Provisional Application 60/628,105, filed November 17, 2004;· 

• US Provisional Application 60/630,561, filed November 26, 2004; 

5 • US Provisional Application 60/632,236, filed December 2, 2004; 

• US Provisional Application 60/632,515, filed December 3, 2004; 

• US Provisional Application 60/635,630, filed December 14, 2004; 

• US Provisional Application 60/636,088, filed December 16, 2004; 

• US Provisional Application 60/640,215, filed January 3, 2005; 

10 • US Provisional Application 60/648,385, filed February 1, 2005; 

• US Provisional Application 60/648,690, filed February 2, 2005; 

• US Provisional Application 60/675,892, filed April 29, 2005; 

• US Provisional Application 60/691,780, filed June 20, 2005; 

• US Provisional Application 60/700,318, filed July 19, 2005; 

15 • US Provisional Application 60/700,299, filed July 19, 2005; 

• US Provisional Application 601700,317, filed July 19, 2005; 

• US Provisional Application 60/700,753, filed July 20, 2005; 

• US Provisional Application 60/700,752, filed July 20, 2005; 

• US Provisional Application 60/702,979, filed July 28, 2005; 

20 • US Provisional Application 60/720,034, filed September 26, 2005; 

• US Provisional Application 60/720,652, filed September 27, 2005; 

• US Provisional Application 60/720,541, filed September 27, 2005; 

• US Provisional Application 60/750,287, filed December 13, 2005; 

• US Provisional Application 60/750,334, filed December 15, 2005; and/or 

25 • US Provisional Application 60/750,597, filed December 15, 2005. 

As used in the present application, including in the claims, a "clinical 
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environment" means any facility or institution in which at least one of 

radiopharmaceutical preparation, dispensing, and administration occur, including, for 

example, a radiopharmaceutical manufacturing facility, a pharmacy, a hospital, a doctor's 

clinic, a day clinic, an out-patient clinic, a laboratory, and a geriatric center. 

5 It will be appreciated by persons skilled in the art that the present invention is not 

limited to what has been particularly shown and described hereinabove. Rather, the scope 

of the present invention includes both combinations and subcombinations of the various 

features described hereinabove, as well as variations and modifications thereof that are 

not in the prior art, which would occur to persons skilled in the art upon reading the 

10 foregoing description. 
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CLAIMS 

1. Apparatus for use with at least one labeled radiopharmaceutical agent, the 

apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; and 

a portable computer-communicatable data carrier associated with the container, 

the data carrier containing imaging protocol information for use with the at least one 

labeled radiopharmaceutical agent. 

2. The apparatus according to claim 1, wherein the apparatus comprises a device 

configured to write the imaging protocol information to the data carrier. 

3. The apparatus according to claim 1, wherein the data carrier additionally contains 

administration protocol information useful for administering the at least one labeled 

radiopharmaceutical agent. 

4. The apparatus according to claim 1, wherein the imaging protocol information 

comprises instructions for performing an imaging procedure using the at least one labele.~ 

15 radiopharmaceutical agent. 

5. The apparatus according to claim 1, wherein the imaging protocol information 

comprises an identifier of an imaging protocol. 

6. The apparatus according to claim 1, wherein the imaging protocol information 

comprises a parameter of the at least one labeled radiopharmaceutical agent. 

20 7. The apparatus according to claim 1, wherein the imaging protocol information 

comprises a parameter useful for configuring at least one aspect of an imaging procedure 

performed using the at least one labeled radiopharmaceutical agent. 

8. The apparatus according to claim 1, wherein the container contains a single dose 

of the radiopharmaceutical agent, which dose is appropriate for use with the imaging 

25 protocol information. 

9. The apparatus according to claim 1, wherein the container contains a plurality of 

labeled radiopharmaceutical agents mixed together. 

10. The apparatus according to claim 1, wherein the container is shaped so as to define 

a plurality of chambers, each of which contains a respective one of a plurality of labeled 

30 radiopharmaceutical agents. 
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11. The apparatus according to any one of claims 1-10, 

wherein the data carrier comprises a first data carrier, which contains a first 

identifier value, 

wherein the apparatus further comprises a second computer-communicatable data 

5 carrier, which contains a second identifier value, and 

wherein the apparatus is configured to operate responsively to a detection of a 

correspondence between the first and second identifier values. 

12. The apparatus according to claim 11, wherein at least one of the first and second 

data carriers is configured to perform the detection of the correspondence. 

10 13. The apparatus according to claim 11, wherein the apparatus comprises a 

correspondence-detection element configured to perform the detection of the 

correspondence. 

14. The apparatus according to claim 11, wherein at least one of the first and second 

data carriers contains an identifier of a patient to whom the labeled radiopharmaceutical 

15 agent is to be administered. 

15. The apparatus according to claim 11, wherein at least one of the first and second 

identifier values comprises an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 

16. The apparatus according to claim 11, wherein exactly one of the first and second 

20 data carriers comprises a coupling mechanism configured to be coupled to a patient to 

whom the labeled radiopharmaceutical agent is to be administered. 

17. The apparatus according to claim 11, wherein the apparatus comprises an imaging 

system comprising imaging functionality, the imaging system configured, responsively to 

the detection of the correspondence, to drive the imaging functionality to perform an 

25 imaging procedure using the at least one labeled radiopharmaceutical agent. 

18. The apparatus according to any one of claims 1-10, wherein the data carrier is 

physically coupled to the container. 

19. The apparatus according to claim 18, wherein the data carrier contains an 

identifier of a patient to whom the labeled radiopharmaceutical agent is to be. 

30 administered, and wherein the imaging protocol information comprises imaging protocol 

information selected for the patient 
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20. The apparatus according to claim 19, wherein the imaging protocol information 

comprises an identifier of an imaging protocol. 

21. The apparatus according to claim 19, wherein the imaging protocol information 

comprises imaging protocol information customized for the patient. 

5 22. The apparatus according to any one of claims 1-10, wherein the imaging protocol 

information comprises SPECT imaging protocol information. 

23. The apparatus according to claim 22, wherein the SPECT imaging protocol 

information comprises dynamic SPECT imaging protocol information. 

24. The apparatus according to claim 23, wherein the SPECT imaging protocol 

I 0 information comprises at least one kinetic parameter of the at least one labeled 

radiopharmaceutical agent, the at least one kinetic parameter useful for performing a 

dynamic SPECT imaging procedure using the at least one labeled radiopharmaceutical 

agent. 

25. The apparatus according to any one of claims 1-10, comprising an imaging 

15 system, which comprises: 

a communication element, configured to read the imaging protocol information 

from the data carrier; and 

a control unit, comprising imaging functionality, which is configured to perform 

an imaging procedure, and to configure the procedure at least in part responsively to the 

20 imaging protocol information read from the data carrier by the communication element. 

26. The apparatus according to claim 25, wherein the imaging system comprises a 

camera, wherein the imaging :functionality comprises image acquisition :functionality, and 

wherein the image acquisition :functionality is configured to perform an image acquisition 

procedure using the camera, and to configure the procedure at least in part responsively to 

25 the imaging protocol information read from the data carrier by the communication 

element. 

30 

27. The apparatus according to claim 26, wherein the image acquisition :functionality 

configures a total acquisition time of the image acquisition procedure at least in part 

responsively to the imaging protocol information. 

28. The apparatus according to claim 26, wherein the camera comprises a plurality of 

detectors, and wherein the image acquisition :functionality is configured to configure, at 
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least in part responsively to the imaging protocol information, at least one motion of at 

least one of the detectors during the image acquisition procedure. 

29. The apparatus according to claim 26, wherein the control unit is configured to 

configure, at least in part responsively to the imaging protocol information, a waiting time 

5 between administration of the labeled radiopharmaceutical agent and commencement of 

the image acquisition procedure. 

10 

30. The apparatus according to claim 26, wherein the image acquisition functionality 

is configured to perform a gated image acquisition procedure at least in part responsively 

to the imaging protocol information. 

31. The apparatus according to claim 25, wherein the imaging functionality comprises 

image reconstruction functionality, and wherein the image reconstruction functionality is 

configured to perform an image reconstruction procedure, and to configure the procedure 

at least in part responsively to the imaging protocol information read from the data carrier 

by the communication element. 

15 32. The apparatus according to claim 25, wherein the imaging functionality comprises 

image analysis functionality, and wherein the image analysis functionality is configured to 

perform an image analysis procedure, and to configure the procedure at least in part 

responsively to the imaging protocol information read from the data carrier by the 

communication element. 

20 33. The apparatus according to claim 25, wherein the imaging functionality comprises 

diagnosis functionality, and wherein the diagnosis functionality is configured to perform a 

diagnostic procedure, and to configure the procedure at least in part responsively to the 

imaging protocol information read from the data carrier by the communication element. 

34. The apparatus according to claim 25, wherein the imaging procedure includes a 

25 three-dimensional dynamic imaging study, and wherein the imaging functionality is 

configured to perform the three-dimensional dynamic imaging study, and to configure the 

study at least in part responsively to the imaging protocol information read from the data 

carrier by the communication element. 

35. The apparatus according to any one of claims 1-10, wherein the data carrier is not 

30 physically coupled to the container, and wherein the data carrier contains an identifier of a 

patient to whom the labeled radiophrumaceutical agent is to be administered. 
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36. The apparatus according to claim 35, wherein the data carrier comprises a 

coupling mechanism configured to be coupled to the patient. 

37. The apparatus according to claim 35, wherein the data carrier comprises a first 

data carrier, and wherein the apparatus further comprises a second 

5 computer-communicatable data carrier physically coupled to the container, the second 

data carrier containing radiopharmaceutical information regarding the at least one labeled 

radiopharmaceutical agent. 

10 

15 

20 

38. Apparatus for use with at least one labeled radiopharmaceutical agent, the 

apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; and 

a computer-communicatable data carrier associated with the container, the data 

carrier containing authenticatable information regarding a commercial license for use of 

SPECT imaging protocol information with the at least one labeled radiopharmaceutical 

agent. 

39. The apparatus according to claim 38, comprising an imaging system, which 

comprises: 

a communication element, configured to read the authenticatable license 

information from the data carrier; 

a control unit, comprising imaging :functionality, the control unit configured to: 

authenticate the authenticatable license infonnation, and 

only upon authentication, drive the imaging :functionality to perform an imaging 

procedure using the SPECT imaging protocol information. 

40. The apparatus according to claim 38, wherein the apparatus comprises a device 

configured to write the authenticatable license information to the data carrier. 

25 41. The apparatus according to any one of claims 38-40, wherein the data carrier is 

physically coupled to the container. 

30 

42. Apparatus comprising a portable cornputer-communicatable data carrier 

containing authenticatable information regarding a commercial license for use of SPECT 

imaging protocol infom1ation. 

43. The apparatus according to claim 42, wherein the data carrier additionally contains 

patient information regarding a patient upon whom an imaging procedure using the 
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SPECT imaging protocol information is to be performed. 

44. The apparatus according to claim 42, wherein the authenticatable license 

information is encrypted. 

45. The apparatus according to claim 42, wherein the apparatus comprises a device 

5 configured to write the authenticatable license information to the data carrier. 

46. The apparatus according to claim 42, wherein the data carrier comprises a 

coupling mechanism configured to be coupled to a patient upon whom an imaging 

procedure using the SPECT imaging protocol information is to be performed. 

47. The apparatus according to any one of claims 42-46, comprising an imaging 

10 system, which comprises: 

a communication element, configured to read the authenticatable license 

information from the data carrier; 

a control unit, comprising imaging functionality, the control unit configured to: 

authenticate the authenticatable license information, and 

15 only upon authentication, drive the imaging functionality to perform an imaging 

20 

procedure using the SPECT imaging protocol information. 

48. Apparatus comprising: 

a first portable computer-communicatable data carrier containing a first identifier 

value; 

a second portable computer-communicatable data carrier containing a second 

identifier value; and 

an imaging system comprising imaging functionality, the imaging system 

configured, responsively to a detection of a correspondence between the first and second 

identifier values, to drive the imaging functionality to perform an imaging procedure on a 

25 patient. 

49. The apparatus according to claim 48, wherein at least one of the first and second 

data carriers is configured to perform the detection of the correspondence. 

50. The apparatus according to claim 48, wherein the imaging system comprises a 

correspondence-detection element configured to . perform the detection .of the 

30 correspondence. 

51. The apparatus according to claim 48, wherein at least one of the first and second 
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data carriers contains an identifier of a patient to whom the labeled radiophannaceutical 

agent is to be administered. 

52. The apparatus according to claim 48, wherein at least one of the first and second 

identifier values comprises an identifier of a patient to whom the labeled 

5 radiophannaceutical agent is to be administered. 

53. The apparatus according to claim 48, wherein one of the first and second data 

carriers comprises a coupling mechanism configured to be coupled to a patient to whom 

the labeled radiophannaceutical agent is to be administered. 

54. The apparatus according to claim 48, wherein the apparatus comprises a device 

10 configured to write at least one of the first and second identifier values to the respective 

first and second data carriers. 

55. The apparatus according to any one of claims 48-54, 

wherein at least one of the first and second data carriers contains 

radiophannaceutical information regarding at least one labeled radiophannaceutical agent, 

15 wherein the imaging system comprises a communication element, configured to 

read the radiopharmaceutical information from the at least one of the data carriers, and 

wherein the imaging system is configured to configure the imaging procedure at 

least in part responsively to the read radiopharmaceutical information. 

56. The apparatus according to claim 55, wherein the apparatus comprises a container 

20 containing the at least one labeled radiopharmaceutical agent. 

57. The apparatus according to claim 56, wherein one of the first and second data 

carriers is physically coupled to the container. 

58. The apparatus according to any one of claims 48-54, wherein the imaging 

functionality comprises a nuclear camera. 

25 59. The apparatus according to claim 58, wherein the nuclear camera comprises a 

SPECT camera. 

30 

60. Apparatus for use with first and second portable computer-communicatable data 

carriers containing first and second identifier values, respectively, the apparatus 

comprising an imaging system, which comprises: 

imaging functionality; and 
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a control unit configured to drive the imaging functionality to perform an imaging 

procedure on a patient, responsively to a detection of a correspondence between the :first 

and second identifier values. 

6 i. The apparatus according to claim 60, wherein the imaging system comprises a 

5 correspondence-detection element configured to perform the detection of the 

correspondence. 

10 

62. Apparatus for use with at least one labeled radiopharmaceutical agent for 

administration to a patient, the apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; 

a first computer-communicatable data carrier physically coupled to the container, 

the first data carrier containing radiophaimaceutical information regarding the at least one 

labeled radiopharmaceutical agent; and 

a second portable computer-communicatable data carrier containing patient 

information regarding the patient, and imaging protocol information for use with the at 

15 least one labeled radiopharmaceutical agent. 

63. The apparatus according to claim 62, wherein the imaging protocol information 

comprises SPECT imaging protocol information. 

64. The apparatus according to claim 62, wherein the patient information comprises an 

identifier of the patient. 

20 65. The apparatus according to claim 62, wherein the second data carrier comprises a 

coupling mechanism configured to be coupled to the patient. 

66. The apparatus according to claim 62, wherein the first data carrier contains a first 

patient identifier, wherein the patient information contained in the second data carrier 

comprises a second patient identifier, and comprising an administration system, which 

25 comprises: 

30 

a first communication element, configured to read the first patient identifier from 

the first data carrier; 

a second communication element, configure to read the second patient identifier 

from the second data carrier; and 

a control unit, configured to compare the first patient identifier to the second 

patient identifier, and, upon detecting a match, generate an administration signal that 
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triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

67. The apparatus according to claim 62, wherein the first data carrier contains a first 

protocol identifier, wherein the imaging protocol information contained in the second data 

5 carrier comprises a second protocol identifier, and comprising an administration system, 

which comprises: 

a communication element, configured to read the first and second protocol 

identifiers from the first and second data carriers, respectively; and 

a control unit, configured to compare the :first protocol identifier to the second 

10 protocol identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

68. The apparatus according to claim 62, wherein the first data carrier contains a :first 

protocol identifier, wherein the imaging protocol information contained in the second data 

15 carrier comprises a second protocol identifier, and comprising an administration system, 

which comprises: 

a first communication element, configured to read the first protocol identifier from 

the first data carrier; 

a second communication element, configured to read the second protocol identifier 

20 from the second data carrier; and 

25 

a control unit, configured to compare the first protocol identifier to the second 

protocol identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

contained in the container. 

69. The apparatus according to claim 62, comprising an administration system, which 

comprises: 

a communication element; and 

a control unit, configured to: 

generate an administration signal that triggers administration to the patient of the 

30 at least one labeled radiopharmaceutical agent contained in the container, and 

drive the communication element to transmit information regarding the 

administration to the second data carrier. 
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70. The apparatus according to claim 62, wherein the apparatus comprises a device 

configured to write the imaging protocol information to the first data carrier. 

71. The apparatus according to claim 62, wherein the apparatus comprises a device 

configured to write the patient information to the second data carrier. 

5 72. The apparatus according to any one of claims 62-71, wherein the imaging protocol 

information comprises imaging protocol information selected for the patient. 

73. The apparatus according to claim 72, wherein the imaging protocol information 

comprises an identifier of an imaging protocol. 

74. The apparatus according to claim 72, wherein the imaging protocol information 

10 comprises imaging protocol information customized for the patient. 

75. The apparatus according to any one of claims 62-71, wherein the first data carrier 

contains a first patient identifier, wherein the patient information contained in the second 

data carrier includes a second patient identifier, and comprising an administration system, 

which comprises: 

15 a communication element, configured to read the first and second patient 

identifiers from the first and second data carriers, respectively; and 

a control unit, configured to compare the first patient identifier to the second 

patient identifier, and, upon detecting a match, generate an administration signal that 

triggers administration to the patient of the at least one labeled radiopharmaceutical agent 

20 contained in the container. 

25 

76. The apparatus according to claim 75, wherein the administration system comprises 

an automated administration device, configured to administer the at least one labeled 

radiopharmaceutical agent to the patient upon being triggered by the administration 

signal. 

77. The apparatus according to claim 75, wherein the control unit is configured to 

generate the administration signal to trigger the administration of the at least one labeled 

radiopharmaceutical agent by instructing a healthcare worker to administer the at least one 

labeled radiopharmaceutical agent to the patient. 

78. Apparatus for use with at least one labeled radiopharmaceutical agent for 

30 administration to a patient, the apparatus comprising: 

a container containing the at least one labeled radiopharmaceutical agent; 
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a computer-communicatable data carrier associated with the container, the data 

carrier containing data regarding at least one of: the labeled radiopharmaceutical agent 

and the patient; and 

a SPECT imaging system comprising: 

a communication element, configured to read the data; and 

a control unit, configured to utilize the read data to customize at least one 

function of the system selected from the group consisting of: administration of the 

labeled radiopharmaceutical agent, acquisition of a SPECT image of the patient to 

whom the labeled radiopharmaceutical agent is administered, reconstruction of the 

SPECT image, analysis of the SPECT image, and diagnosis of a condition of the 

patient based at least in part on the analysis. 

79. The apparatus according to claim 78, wherein the data carrier contains the data 

regarding the labeled radiopharmaceutical agent. 

80. The apparatus according to claim 78, wherein the data carrier contains the data 

15 regarding the patient. 

81. The apparatus according to claim 78, wherein the control unit is con:6gured to 

utilize the read data to customize the administration of the labeled radiopharmaceutical 

agent. 

82. The apparatus according to claim 78, wherein the control unit is configured to 

20 utilize the read data to customize the acquisition of a SPECT image of the patient to 

whom the labeled radiopharmaceutical agent is administered. 

83. The apparatus according to claim 78, wherein the control unit is configured to 

utilize the read data to customize the reconstruction of the SPECT image. 

84. The apparatus according to claim 78, wherein the control unit is configured to 

25 utilize the read data to customize the analysis of the SPECT image. 

85. The apparatus according to claim 78, wherein the control unit is configured to 

utilize the read data to customize the diagnosis of a condition of the patient based at least 

in part on the analysis. 

86. The apparatus according to any one of claims 78-85, wherein the apparatus 

30 comprises a device configured to write the data to the data carrier. 
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87. A SPECT imaging system for use with a container containing at least one labeled 

radiopharmaceutical agent for administration to a patient, and data regarding at least one 

of: the labeled radiophannaceutical agent and the patient, the system comprising: 

a communication element, configured to read the data; and 

a control unit, configured to utilize the read data to customize at least one function 

of the system selected from the group consisting of: administration of the labeled 

radiopharmaceutical agent, acquisition of a SPECT image of the patient to whom the 

labeled radiopharmaceutical agent is administered, reconstruction of the SPECT image, 

analysis of the SPECT image, and diagnosis of a condition of the patient based at least in 

10 part on the analysis. 

88. The system according to claim 87, wherein the system comprises a device 

configured to write the data to the container. 

89. An automated radiopharmaceutical dispensing system for use with a container and 

a computer-communicatable container data carrier associated with the container, the 

15 system comprising: 

a robot, configured to manipulate the container; 

a communication element; and 

a control unit, configured to: 

receive radiopharmaceutical information regarding at least one labeled 

20 radiopharmaceutical agent, the radiopharmaceutical information selected from the group 

consisting of: imaging protocol information for use with the at least one labeled 

radiopharmaceutical agent, and authenticatable infom1ation regarding a commercial 

license for use of an imaging protocol with the at least one labeled radiopharmaceutical 

agent, 

25 receive patient information regarding a patient, 

drive the robot to automatically dispense a dose of the labeled 

radiopharmaceutical agent to the container, and 

drive the communication element to transmit to the container data carrier at 

least a portion of the radiopharmaceutical information and at least a portion of the patient 

30 information. 

90. The system according to claim 89, wherein the control unit is configured to 

receive the radiopharmaceutical information regarding a plurality of labeled 
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radiophannaceutical agents, and drive the robot to automatically dispense respective 

doses of the labeled radiopharmaceutical agents to the container. 

91. The system according to claim 89, wherein the patient information includes an 

identifier of an imaging protocol assigned to the patient for performance using the dose, 

5 and wherein the control unit is configured to drive the communication element to transmit 

the imaging protocol identifier to the container data carrier. 

92. The system according to claim 89, wherein the control unit is configured to drive 

the communication element to transmit to the container data carrier at least one of: a time 

of dispensing of the labeled radiopharmaceutical agent to the container, and information 

10 regarding a radioactivity of the dose at the time of dispensing. 

93. The system according to claim 89, comprising: 

a mother vial that contains the labeled radiopharmaceutical agent prior to 

dispensing thereof; and 

a computer-communicatable mother vial data carrier associated with the mother 

15 vial, which mother vial data carrier contains the radiopharmaceutical information, 

20 

25 

wherein the control unit is configured to receive the radiophannaceutical 

information from the mother vial data carrier. 

94. The system according to any one of claims 89-93, wherein the 

radiophaimaceutical information comprises the imaging protocol information. 

95. The system according to claim 94, wherein the imaging protocol information 

comprises SPECT imaging protocol information. 

96. The system according to claim 95, wherein the imaging protocol information 

comprises at least one kinetic parameter of the at least one labeled radiopharmaceutical 

agent. 

97. The system according to any one of claims 89-93, wherein the 

radiopharmaceutical information comprises the authenticatable information regarding the 

commercial license. 

98. The system according to claim 97, wherein the information regarding the 

commercial license comprises information.regarding the commercial license for use of a 

30 SPECT imaging protocol with the at least one labeled radiopharmaceutical agent. 

99. The system according to claim 97, wherein the control unit is configured to 
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authenticate the authenticatable license information, and to drive the robot to 

automatically dispense the dose only upon authentication. 

100. Apparatus for use with a container, the apparatus comprising: 

a mother vial having a volume of at least 10 ml, which contains at least 5 ml of a 

5 non-diluted labeled radiopharmaceutical agent, and at least 5 ml of saline solution; and 

an automated radiopharmaceutical dispensing system, configured to contain the 

mother vial, and to dispense at least one dose from the mother vial to the container. 

101. A method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

10 associating a portable computer-communicatable data carrier with the container; 

and 

writing, to the data carrier, imaging protocol information for use with the at least 

one labeled radiopharmaceutical agent. 

102. The method according to claim 101, comprising writing, to the data carrier, 

15 administration protocol information useful for administering the at least one labeled 

radiopharmaceutical agent. 

103. The method according to claim 101, wherein writing the imaging protocol 

information comprises writing instructions for performing an imaging procedure using the 

at least one labeled radiopharmaceutical agent. 

20 104. The method according to claim 101, wherein writing the imaging protocol 

information comprises writing an identifier of an imaging protocol. 

105. The method according to claim 101, wherein writing the imaging protocol 

information comprises writing a parameter of the at least one labeled radiopharmaceutical 

agent. 

25 106. The method according to claim 101, wherein writing the imaging protocol 

information comprises writing a parameter useful for configuring at least one aspect of an 

imaging procedure performed using the at least one labeled radiopharmaceutical agent. 

107. The method according to claim 101, wherein placing comprises placing a single 

dose of the radiopharmaceutical agent in the container, which dose is appropriate for use 

30 with the imaging protocol information. 
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108. The method according to claim 101, wherein placing comprises placing, in the 

container, a plurality oflabeled radiopharmaceutical agents mixed together. 

109. The method according to claim 101, wherein the container is shaped so as to 

define a plurality of chambers, and wherein placing the at least one labeled 

5 radiopharmaceutical agent in the container comprises placing a plurality of labeled 

radiopharmaceutical agents in respective chambers. 

10 

110. The method according to any one of claims 101-109, wherein associating the data 

carrier comprises associating a first data carrier with the container, and wherein the 

method comprises: 

writing a first identifier value to the first data carrier; 

writing a second identifier to a second computer-communicatable data carrier; 

detecting a correspondence between the first and second identifier values; and 

performing an operation responsively to the detecting. 

111. The method according to claim 110, wherein detecting comprises detecting the 

15 correspondence by at least one of the first and second data carriers. 

112. The method according to claim 110, wherein detecting comprises detecting by a 

correspondence-detection element separate from the first and second data carriers. 

113. The method according to claim 110, comprising writing, to at least one of the first 

and second data carriers, an identifier of a patient to whom the labeled 

20 radiopharmaceutical agent is to be administered. 

114. The method according to claim 110, wherein writing at least one of the first and 

second identifier values comprises writing an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 

ll5. The method according to claim 110, comprising coupling exactly one of the first 

25 and second data carriers to a patient to whom the labeled radiopharmaceutical agent is to 

be administered. 

116. The method according to claim 110, wherein performing the operation comprises, 

responsively to the detecting of the correspondence, performing an imaging procedure 

using the at least one labeled radiopharmaceutical agent. 

30 117. The method according to any one of claims 101-109, wherein associating the data 

carrier with the container comprises physically coupling the data carrier to the container. 
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118. The method according to claim 11 7, wherein the data carrier contains an identifier 

of a patient to whom the labeled radiopharmaceutical agent is to be administered, and 

wherein writing the imaging protocol information comprises writing imaging protocol 

information selected for the patient. 

5 119. The method according to claim 118, wherein writing the imaging protocol 

information comprises writing an identifier of an imaging protocol. 

120. The method according to claim 118, wherein writing the imaging protocol 

information comprises writing imaging protocol information customized for the patient. 

121. The method according to any one of claims 101-109, wherein writing the imaging 

10 protocol information comprises writing SPECT imaging protocol information. 

122. The method according to claim 121, wherein writing the SPECT imaging protocol 

information comprises writing dynamic SPECT imaging protocol information. 

123. The method according to claim 122, wherein writing the SPECT imaging protocol 

information comprises writing at least one kinetic parameter of the at least one labeled 

15 radiophannaceutical agent, the at least one kinetic parameter useful for performing a 

dynamic SPECT imaging procedure using the at least one labeled radiopharmaceutical 

agent. 

124. The method according to any one of claims 101-109, comprising: 

reading the imaging protocol information from the data carrier; and 

20 performing an imaging procedure, and configuring the procedure at least in part 

responsively to the imaging protocol information read from the data carrier. 

125. The method according to claim 124, wherein performing the imaging procedure 

comprises performing an image acquisition procedure, and configuring the procedure at 

least in part responsively to the imaging protocol information read from the data carrier. 

25 126. The method according to claim 125, wherein performing the image acquisition 

procedure comprises configuring a total acquisition time of the image acquisition 

procedure at least in part responsively to the imaging protocol information. 

127. The method according to claim 125, wherein performing the image acquisition 

procedure comprises performing the image acquisition procedure using a camera having a 

30 plurality of detectors, and configuring, at least in part responsively to the imaging 

protocol information, at least one motion of at least one of the detectors during the image 
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acquisition procedure. 

128. The method according to claim 125, wherein performing the image acquisition 

procedure comprises configuring, at least in part responsively to the imaging protocol 

information, a waiting time between administration of the labeled radiopharmaceutical 

5 agent and commencement of the image acquisition procedure. 

129. The method according to claim 125, wherein performing the image acquisition 

procedure comprises performing a gated image acquisition procedure at least in part 

responsively to the imaging protocol information. 

130. The method according to claim 124, wherein performing the imaging procedure 

10 comprises performing an image reconstruction procedure, and configuring the procedure 

at least in part responsively to the imaging protocol information read from the data carrier. 

131. The method according to claim 124, wherein performing the imaging procedure 

comprises performing an image analysis procedure, and configuring the procedure at least 

in part responsively to the imaging protocol information read from the data carrier. 

15 132. The method according to claim 124, wherein performing the imaging procedure 

comprises performing a diagnostic procedure, and configuring the procedure at least in 

part responsively to the imaging protocol information read from the data carrier. 

133. The method according to claim 124, wherein perfomling the imaging procedure 

comprises performing a three-dimensional dynamic imaging study, and configuring the 

20 study at least in part responsively to the imaging protocol information read from the data 

carrier. 

134. The method according to any one of claims 101-109, wherein associating the data 

carrier with the container does not comprise physically coupling the data carrier to the 

container, and comprising writing, to the data carrier, an identifier of a patient to whom 

25 the labeled radiopharmaceutical agent is to be administered. 

135. The method according to claim 134, comprising coupling the data carrier to the 

patient. 

136. The method according to claim 134, wherein associating the data carrier comprises 

associating a first data carrier with the container, and comprising writing, to a second 

30 computer-communicatable data carrier, radiopharmaceutical information regarding the at 

least one labeled radiopharmaceutical agent, and physically coupling the second data 
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carrier to the container. 

137. A method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

associating a computer-communicatable data carrier with the container; and 

writing, to the data carrier, authenticatable information regarding a commercial 

license for use of SPECT imaging protocol information with the at least one labeled 

radiopharmaceutical agent. 

138. The method according to claim 137, comprising: 

reading the authenticatable license information from the data carrier; 

authenticating the authenticatable license information; and 

only upon authentication, performing an imaging procedure using the SPECT 

imaging protocol information. 

139. The method according to any one of claims 137-138, wherein associating 

comprises physically coupling the data carrier to the container. 

15 140. A method comprising: 

providing a portable computer-communicatable data carrier; and 

writing, to the data carrier, authenticatable information regarding a commercial 

license for use of SPECT imaging protocol information. 

141. The method according to claim 140, comprising writing, to the data carrier, patient 

20 information regarding a patient upon whom an imaging procedure using the SPECT 

imaging protocol information is to be performed. 

142. The method according to claim 140, wherein writing the authenticatable license 

information comprises encrypting the authenticatable license information. 

143. The method according to claim 140, comprising: 

25 reading the authenticatable license information from the data carrier; 

authenticating the authenticatable license information; and 

only upon authentication, performing an imaging procedure using the SPECT 

imaging protocol info1mation. 

144. The method according to any one of claims 140-143, comprising coupling the data 

30 carrier to a patient upon whom an imaging procedure using the SPECT imaging protocol 
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intonnation is to be performed. 

145. A method comprising: 

writing first and second identifier · values to · first , and second 

computer-com.municatable data carriers, respectively; 

5 detecting a correspondence between the first and second identifier values; and 

perform an imaging procedure on a patient responsively to the detecting. 

146. The method according to claim 145, wherein detecting comprises detecting the 

correspondence by at least one of the first and second data carriers. 

147. The method according to claim 145, wherein detecting comprises detecting by a 

10 correspondence-detection element separate from the first and second data carriers. 

148. The method according to claim 145, comprising writing, to at least one of the first 

and second data carriers, an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 

149. The method according to claim 145, wherein writing at least one of the first and 

15 second identifier values comprises writing an identifier of a patient to whom the labeled 

radiopharmaceutical agent is to be administered. 

150. The method according to claim 145, comprising coupling one of the first and 

second data carriers to a patient to whom the labeled radiopharmaceutical agent is to be 

administered. 

20 151. The method according to any one of claims 145-150, comprising: 

writing, to at least one of the first and second data carriers, radiophannaceutical 

information regarding at least one labeled radiopharmaceutical agent; 

reading the radiopharmaceutical information from the at least one of the data 

carriers; and 

25 configuring the imaging procedure at least m part responsively to the read 

radiopharmaceutical information. 

152. The method according to claim 151, comprising placing the at least one labeled 

radiopharmaceutical agent in a container. 

153. The method according to claim 152, comprising physically coupling one of the 

30 first and second data carriers to the container. 
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154. The method according to any one of claims 145-150, wherein performing the 

imaging procedure comprises performing a nuclear imaging procedure. 

155. The method according to claim 154, wherein performing the nuclear imaging 

procedure comprises performing a SPECT imaging procedure. 

5 156. A method for use with at least one labeled radiopharmaceutical agent for 

administration to a patient, the method comprising: 

placing at least one labeled radiopharmaceutical agent in a container; 

physically coupling a first computer-communicatable data carrier to the container; 

writing, to the first data carrier, radiopharmaceutical information regarding the at 

10 least one labeled radiopharmaceutical agent; and 

writing, to a second portable computer-communicatable data carrier, patient 

information regarding the patient, and imaging prntocol infonnation for use with the at 

least one labeled radiopharmaceutical agent. 

157. The method according to claim 156, wherein writing the imaging protocol 

15 information comprises writing SPECT imaging protocol information. 

158. The method according to claim 156, wherein writing the patient information 

comprises writing an identifier of the patient. 

159. The method according to claim 156, comprising coupling the second data carrier 

to the patient. 

20 160. The method according to claim 156, wherein writing the patient information to the 

second data carrier comprises writing a second patient identifier to the second data carrier, 

and comprising: 

writing a first patient identifier to the first data carrier; 

reading the first and second patient identifiers from the first and second data 

25 carriers, respectively; and 

comparing the first patient identifier to the second patient identifier, and, upon 

detecting a match, generating an administration signal that triggers administration to the 

patient of the at least one labeled radiopharmaceutical agent contained in the container. 

161. The method according to claim 156, wherein writing the imaging protocol . 

30 information to the second data carrier comprises writing a second protocol identifier to the 

second data carrier, and comprising: 
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writing a first protocol identifier to the first data carrier; 

reading the first and second protocol identifiers from the first and second data 

carriers, respectively; and 

comparing the frrst protocol identifier to the second protocol identifier, and, upon 

5 detecting a match, generating an administration signal that triggers administration to the 

patient of the at least one labeled radiopharmaceutical agent contained in the container. 

162. The method according to claim 156, comprising: 

generating an administration signal that triggers administration to the patient of the 

at least one labeled radiopharmaceutical agent contained in the container; and 

10 transmitting information regarding the administration to the second data carrier. 

163. The method according to any one of claims 156-162, wherein writing the imaging 

protocol information to the second data carrier comprises writing imaging protocol 

information selected for the patient. 

164. The method according to claim 163, wherein writing the imaging protocol 

15 information comprises writing an identifier of an imaging protocol. 

165. The method according to claim 163, wherein writing the imaging protocol 

information comprises writing imaging protocol information customized for the patient. 

166. The method according to any one of claims 156-162, wherein writing the patient 

information to the second data carrier comprises writing a second patient identifier to the 

20 second data carrier, and comprising: 

writing a first patient identifier to the first data carrier; 

reading the first and second patient identifiers from the first and second data 

carriers, respectively; and 

comparing the first patient identifier to the second patient identifier, and, upon 

25 detecting a match, generating an administration signal that triggers administration to the 

patient of the at least one labeled radiopharmaceutical agent contained in the container. 

167. The method according to claim 166, comprising automatically administering the at 

least one labeled radiopharmaceutical agent to the patient upon triggering by the 

administration signal. 

30 168. The method according to claim 166, wherein generating the administration signal 

comprises instructing a healthcare worker to administer the at least one labeled 
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radiophannaceutical agent to the patient. 

169. A method comprising: 

placing, in a container, at least one labeled radiopharmaceutical agent for 

administration to a patient; 

5 associating a computer-communicatable data carrier with the container; 

writing data to the data carrier regarding at least one of: the labeled 

radiophannaceutical agent and the patient; 

reading the data from the data carrier at a SPECT imaging system; 

utilizing the read data to customize at least one function of the system selected 

10 from the group consisting of: administration of the labeled radiopharmaceutical agent, 

acquisition of a SPECT image of the patient to whom the labeled radiopharmaceutical 

agent is administered, reconstruction of the SPECT image, analysis of the SPECT image, 

and diagnosis of a condition of the patient based at least in part on the analysis. 

170. The method according to claim 169, wherein writing the data comprises writing 

15 the data regarding the labeled radiopharmaceutical agent. 

1 71. The method according to claim 169, wherein writing the data comprises writing 

the data regarding the patient. 

1 72. The method according to clain1 169, wherein utilizing the read data comprises 

utilizing the read data to customize the administration of the labeled radiopharmaceutical 

20 agent. 

173. The method according to claim 169, wherein utilizing the read data comprises 

utilizing the read data to customize the acquisition of a SPECT image of the patient to 

whom the labeled radiopharmaceutical agent is administered. 

174. The method according to claim 169, wherein utilizing the read data comprises 

25 utilizing the read data to customize the reconstruction of the SPECT image. 

175. The method according to claim 169, wherein utilizing the read data comprises 

utilizing the read data to customize the analysis of the SPECT image. 

176. The method according to any one of claims 169-175, wherein utilizing the read 

data comprises utilizing the read data to customize the diagnosis of a condition of the 

30 patient based at least in part on the analysis. 
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177. A method for use with a container containing at least one labeled 

radiophannaceutical agent for administration to a patient, and data regarding at least one 

of: the labeled radiopharmaceutical agent and the patient, the method comprising: 

reading the data at a SPECT imaging system; and 

utilizing the read data to customize at least one function of the system selected 

from the group consisting of: administration of the labeled radiophannaceutical agent, 

acquisition of a SPECT image of the patient to whom the labeled radiopharmaceutical 

agent is administered, reconstruction of the SPECT image, analysis of the SPECT image, 

and diagnosis of a condition of the patient based at least in part on the analysis. 

10 178. The method according to claim 1 77, comprising ·writing the data to the container. 

179. A method for use with a container and a computer-communicatable container data 

carrier associated with the container, the method comprising: 

receiving, by an automated radiophannaceutical dispensing system, 

radiophannaceutical information regarding at least one labeled radiophannaceutical agent, 

15 the radiopharmaceutical information selected from the group consisting of: imaging 

protocol information for use with the at least one labeled radiophannaceutical agent, and 

authenticatable information regarding a commercial license for use of an imaging protocol 

with the at least one labeled radiopharmaceutical agent; 

20 

receiving, by the dispensing system, patient information regarding a patient; 

automatically robotically dispensing, by the dispensing system, a dose of the 

labeled radiopharmaceutical agent to the container; and 

transmitting to the container data carrier, by the dispensing system, at least a 

portion of the radiopharmaceutical information and at least a portion of the patient 

information. 

25 180. The method according to claim 179, wherein receiving the radiopharmaceutical 

information comprises receiving the radiopharmaceutical information regarding a 

plurality of labeled radiopharmaceutical agents, and wherein dispensing comprises 

dispensing respective doses of the labeled radiopharmaceutical agents to the container. 

181. The method according to claim 179, wherein the patient information includes an 

30 identifier of an imaging protocol assigned to the patient for performance using the dose, 

and wherein transmitting comprises transmitting the imaging protocol identifier to the 

container data carrier. 

130 

1844 of 2568



WO 2006/129301 PCT /IL2006/000562 

182. The method according to claim 179, wherein transmitting comprises transmitting 

to the container data carrier at least one of: a time of dispensing of the labeled 

radiopharmaceutical agent to the container, and information regarding a radioactivity of 

the dose at the time of dispensing. 

5 183. The method according to claim 179, wherein receiving the radiopharmaceutical 

information comprises: 

providing, to the dispensing system, a mother vial that contains the labeled 

radiopharmaceutical agent prior to dispensing thereof, and a computer-communicatable 

mother vial data carrier associated with the mother vial, which mother vial data carrier 

10 contains the radiopharmaceutical information; and 

receiving the radiopharmaceutical information from the mother vial data carrier. 

184. The method according to any one of claims 179-183, wherein receiving the 

radiophannaceutical information comprises receiving the imaging protocol information. 

185. The method according to claim 184, wherein receiving the imaging protocol 

15 information comprises receiving SPECT imaging protocol information. 

186. The method according to claim 185, wherein receiving the imaging protocol 

information comprises receiving at least one kinetic parameter of the at least one labeled 

radiophannaceutical agent. 

187. The method according to any one of claims 179-183, wherein receiving the 

20 radiophannaceutical information comprises receiving the authenticatable information 

regarding the commercial license. 

188. The method according to claim 187, wherein receiving the information regarding 

the commercial license comprises receiving information regarding the commercial license 

for use of a SPECT imaging protocol with the at least one labeled radiopharmaceutical 

25 agent. 

189. The method according to claim 187, wherein dispensing comprises authenticating 

the authenticatable license information, and dispensing the dose only upon authentication. 

190. A method for automatically dispensing a labeled radiopharmaceutical agent to a 

container, comprising: 

3 0 providing a mother vial having a volume of at least 10 ml; 

filling the mother vial with at least 5 ml of a non-diluted labeled 
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radiophannaceutical agent, and with at least 5 ml of saline solution; 

placing the mother vial in an automated radiopharmaceutical dispensing system; 

and 

dispensing at least one dose from the mother vial to the container. 
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(57) Abstract: The medical unit according to the invention 
comprises a shielded enclosure (2) that accommodates means 
(13) for supporting a container (12) comprising a source or a 
generator of radioactive product ( 11 ), means ( 10) for supporting 
a syringe (6), a device of the activity meter type (3), and a 
system of conduits (9, 23, 24) joined to at least one valve (15). 
The syringe support (10), the valve (15) and the radioactive 
source support (13) are arranged vertically relative to one 
another, each facing downwards, said syringe support (10) 
being designed to support said syringe (6) with its plunger (8) 
oriented upwards. The valve (15) and the syringe plunger (8) 
can be manoeuvred for performing the operations of collection, 
dilution and injection. 

(57) Abrege: L'unite medicale selon l'invention comporte une 
enceinte blindee (2) dans laquelle sont loges : des moyens (13) 
support d'un conteneur (12) comprenant une source ou un gene
rateur de produit radioactif (11); des moyens (10) pour le support 
d'une seringue (6); un dispositif de type activimetre (3); et un sys
teme de conduites (9, 23, 24) associe a au moins une vanne (15). 
Le support de seringue ( 10), la vanne (15) et le support de source 
radioactive (13) sont agences verticalement les uns par rapport 
aux autres, respectivement du haut vers le bas, !edit support de 
seringue (10) etant agence pour supporter ladite seringue (6) avec 
son piston (8) oriente vers le haut. La vanne (15) et le piston de 
seringue (8) sont manoeuvrables pour assurer les operations de 
prelevement, de dilution et d'injection. 
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UNITE MEDICALE POUR LE PRELEVEMENT, LE CALIBRAGE, LA DILUTION ET/OU 

L'INJECTION D'UN PRODUIT RADIOACTIF INJECTABLE 

La presente invention concerne le domaine genera! de la medecine nucleaire. 

Elle concerne plus particulierement une unite medicale employee pour le prelevement, 

5 le calibrage, la dilution et/ou !'injection d'une substance radioactive destinee a etre 

injectee a un patient. 

10 

Certaines substances radioactives sont particulierement utiles dans le domaine 

medical, par exemple dans les procedures d'imagerie, a titre d'agents de contraste, ou 

comme agents therapeutiques. 

Pour limiter les doses de radiations re9ues par le patient et par le personnel 

charge des manipulations, on utilise des radioelements de courtes demi-vies a usage 

medical, c'est-a-dire que le niveau de radiation emis par ces produits radioactifs decroit 

rapidement avec le temps. 

Mais de tels produits radioactifs a courte demi-vie rendent problematique 

15 !'administration d'une dose appropriee au patient. Le dosage correspondant doit en 

effet etre tres precis ; ii doit tenir compte du temps necessaire pour la preparation de la 

dose a injecter, et aussi du temps susceptible de separer le moment de la preparation 

de la dose de produit et le moment de !'injection proprement dite de cette dose au 

patient. 

20 En outre, malgre le type de produits mis en reuvre (courte demi-vie), une autre 

contrainte a prendre en compte concerne la radioprotection du personnel medical 

charge de preparer la dose radioactive et de l'injecter au patient. Cette radioprotection 

doit aussi etre effective pour le patient. 

De maniere classique, les doses a injecter sont prelevees dans une seringue 

25 munie d'un blindage approprie, placee elle-meme dans une enceinte blindee equipee 

de moyens de mesure et de contr61e appropries, permettant de prelever dans la 

seringue la dose de produit radioactif recherchee. Ensuite, un operateur recupere la 

seringue blindee et ii se rend aupres du patient pour realiser !'injection. 

Cependant, cette maniere d'operer n'offre pas une securite optimale, tant sur le 

30 plan de la radioprotection pour l'operateur que sur le plan de la precision de la dose 

injectee au patient. 

Le document US-6 767 319 decrit un materiel de calibrage et d'injection de 

produit radioactif visant a limiter I' exposition du personnel a la substance radioactive et 

aussi optimiser la securite du patient. 
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L'installation correspondante comprend trois enceintes radioprotectrices 

independantes, contenant respectivement : 

- des moyens pour le support d'une source en produit radioactif injectable, 

- des moyens pour le support d'une seringue, qui sont equipes de moyens pour la 

5 manceuvre automatique de son piston, et qui sont associes a un dispositif de type 

activimetre pour la mesure en temps reel de l'activite radio-isotopique emise par le 

produit contenu dans la seringue, et 

- un systeme de vannes. 

Ce systeme de vannes est raccorde hydrauliquement, par le biais de tubulures, a 
10 l'enceinte contenant la source mere radioactive, a l'enceinte contenant la seringue, a 

une source de serum physiologique et a un catheter d'injection destine a etre connecte 

au patient. 

Ce materiel comprend encore des moyens destines a piloter le systeme de vannes et 

les moyens de manreuvre du piston de seringue, cela de maniere adaptee pour 

15 assurer, dans un premier temps, le prelevement d'une dose de produit radioactif et/ou 

de serum physiologique au sein de la seringue, et dans un second temps !'ejection au 

travers du catheter d'injection, du produit radioactif et/ou du serum physiologique 

prealablement preleves. La dose de produit radioactif est mesuree par le dispositif 

activimetre au cours du prelevement dans la seringue. 

20 Dans ce materiel, les tubulures reliant l'enceinte contenant le systeme de 

vannes et celles contenant la seringue ou la source radioactive, ne sont pas protegees 

et sont source d'emissions radioactives dans l'environnement. 

De plus, du fait de sa structure, le materiel correspondant est encombrant. En outre, la 

complexite du reseau de tubulures entraine la presence de volumes marts importants. 

25 La presente invention propose une unite medicate originale de calibration et 

d'injection de produits radioactifs, tres compacte, permettant le prelevement, la mesure 

et !'injection des produits avec une grande precision, en toute securite, et avec des 

volumes marts reduits. 

Cette unite medicale est du type comprenant : 

30 - des moyens pour le support d'un conteneur en materiau radioprotecteur dans lequel 

est logee une source ou un generateur de produit radioactif injectable, 

- des moyens pour le support d'une seringue equipee d'un piston, 

- un dispositif de type activimetre pour la mesure en temps reel de l'activite radio-

isotopique emise par le contenu de ladite seringue, et 
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- un systeme de conduites associe a au mains une vanne pour le raccordement 

hydraulique de ladite source radioactive, de ladite seringue, d'une source de serum 

physiologique et d'un catheter d'injection destine a etre connecte au patient, 

ladite vanne et ledit piston de seringue etant manreuvrables pour assurer, d'une part, 

5 une aspiration dudit produit radioactif ou dudit serum physiologique au sein de ladite 

seringue, et d'autre part, une ejection dudit produit radioactif, dudit serum 

physiologique ou d'un melange de ces deux produits, prealablement aspires au sein de 

ladite seringue, cela au travers dudit catheter d'injection, la dose de produit radioactif 

prelevee et injectee par ladite seringue etant mesuree par !edit activimetre. 

10 Conformement a !'invention, !'unite medicale comporte encore une enceinte blindee 

realisee en au mains un materiau radioprotecteur, dans laquelle sent loges le support 

de source radioactive, au mains une partie des moyens support de la seringue, 

l'activimetre, la vanne, et au mains une partie du systeme de conduites. 

De plus, le support de seringue, la vanne et le support de source radioactive sont 

15 agences verticalement les uns par rapport aux autres, respectivement du haut vers le 

bas, le support de seringue etant agence pour porter la seringue verticalement avec 

son piston oriente vers le haut. 

Cet agencement particulier permet a la seringue de prelevement/injection et a la 

source de produit radioactif d'etre tres proches de la vanne, pour obtenir un ensemble 

20 tres compact, avec des volumes marts minimises. 

Selon une caracteristique de realisation, la vanne consiste en une vanne trois 

voies comprenant : 

- une voie superieure, destinee a etre raccordee a la seringue de prelevement et 

d'injection, 

25 - une voie inferieure, destinee a etre raccordee a la source de produit radioactif 

injectable, et 

- une voie laterale, destinee a etre raccordee a une premiere conduite connectee a la 

source de serum physiologique et a une seconde conduite connectee au catheter 

d'injection, lesdites conduites etant equipees chacune d'un clapet anti-retour 

30 convenablement oriente. 

Dans ce cas, l'activimetre a avantageusement une forme generale tubulaire 

delimitant un puits central, d'axe vertical, destine a contenir la seringue, !edit 

activimetre etant muni de deux ouvertures, l'une superieure et l'autre inferieure, cette 

derniere etant orientee en regard de la vanne trois voies et du support de la source 

35 radioactive. 
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Pour reduire les volumes morts dans les conduits de ce materiel, la voie 

superieure de la vanne, destinee a etre raccordee a la seringue, comporte 

avantageusement un opercule hermetique destine a etre perce par l'aiguille equipant 

ladite seringue montee sur son support; de meme, la voie inferieure de la vanne, 

5 destinee a etre raccordee a la source de produit radioactif est avantageusement 

prolongee par une aiguille destinee a percer un opercule obturant le f!acon contenant 

ladite source radioactive. 

Encore selon une caracteristique de realisation de !'invention, !es supports de 

source radioactive et de seringue sont portes chacun par des moyens assurant leur(s) 

10 deplacement(s) selon un axe vertical ou sensiblement vertical, cela entre deux 

positions: 

- une premiere position, dans laquelle un operateur peut charger la source radioactive 

et la seringue sur leurs supports respectifs, ou a !'inverse les decharger, et 

- une seconde position dans laquelle la source radioactive et la seringue sont 

15 raccordees a la vanne. 

Selon cette caracteristique, les moyens de deplacement du support de seringue 

permettent avantageusement son cheminement verticalement au travers d'un orifice 

menage dans l'enceinte blindee, entre : 

- une position superieure de chargement/dechargement, dans laquelle ledit support se 

20 situe au mains partiellement hors de ladite enceinte, et 

- une position inferieure de raccordement, dans laquelle la seringue se positionne au 

sein du logement central de l'activimetre et est raccordee a la vanne. 

De plus, le support de source radioactive chemine avantageusement au sein de 

l'enceinte blindee entre ses positions de chargement/dechargement et de 

25 raccordement ; cette enceinte est encore munie d'une trappe frontale pour permettre 

l'acces d'un operateur au support de source radioactive au moins dans sa position de 

chargement/dechargement. 

Encore selon une autre caracteristique, l'unite medicale comprend des moyens 

de commande informatiques et/ou electroniques aptes a piloter la vanne et les moyens 

30 de manreuvre du piston de seringue, cela de maniere a mettre en reuvre les 

operations de prelevement et d'ejection par la seringue. De meme, les moyens de 

commande informatiques/electroniques pilotent egalement eventuellement les moyens 

de deplacement du support de seringue et du support de source radioactive. 

Dans ce cas, les moyens de manreuvre du piston de la seringue sont 

35 avantageusement de type motoreducteur debrayable, controles par les moyens 
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informatiques/electroniques, pour assurer, d'une part, le prelevement automatique 

d'une dose determinee de produit radioactif au sein de la seringue et, d'autre part, pour 

assurer !'injection de cette dose au patient, soit automatiquement, soit manuellement. 

L'operateur peut en effet, s'il le souhaite, debrayer les moyens motoreducteurs et 

5 controler manuellement !'injection de la dose radioactive au patient. 

Selon toujours une forme de realisation interessante, l'enceinte se compose de 

trois sous-enceintes alignees verticalement !es unes par rapport aux autres, a savoir : 

- une sous-enceinte superieure contenant la seringue et l'activimetre, 

- une sous-enceinte intermediaire contenant la vanne, et 

10 - une sous-enceinte inferieure contenant la source de produit radioactif. 

Ces sous-enceintes sont raccordees deux a deux par des ouvertures traversantes au 

travers desquelles passent certaines des conduites de raccordement hydraulique. 

Pour optimiser encore le traitement des donnees des medicales, les moyens de 

commande informatiques/electroniques sont pourvus d'une connectique pour l'envoi 

15 et/ou la reception de donnees, en particulier pour les echanges avec un serveur 

informatique. 

20 

L'unite medicale selon !'invention peut etre rendue mobile. Pour cela, elle est 

montee sur des roues avantageusement motorisees ; elle integre eventuellement un 

systeme de geofocalisation, par exemple de type GPS. 

L'invention sera encore illustree, sans etre aucunement limitee, par la 

description suivante d'un mode de realisation particulier, donne uniquement a titre 

d'exemple et represente sur res dessins annexes dans lesquels : 

- la figure 1 est une representation schematique, en coupe, d'une unite medicale 

Conforme a !'invention ; 

25 - la figure 2 est une vue en perspective de la structure exteme d'une forme de 

realisation possible de !'unite medicale illustree figure 1. 

Tel que represente sur la figure 1, !'unite medicale 1 Conforme a !'invention 

comprend une enceinte blindee 2 realisee en materiau radioprotecteur dans laquelle 

on trouve un dispositif 3 pour la mesure en temps reel de l'activite radio-isotopique 

30 (activimetre de type ACAD (marque deposee)), de torme generale cylindrique d'axe 

vertical, muni d'une ouverture superieure 4 et d'une ouverture inferieure 5. 

Une seringue classique 6, comprenant un corps 7, un piston 8 et une aiguille 9, 

est installee dans le puits de mesure 3' de l'activimetre 3 (connectee a une unite de 

traitement appropriee) ; cette seringue 6 est montee verticalement sur un support 
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superieur 1 O, son piston 8 etant oriente vers le haut, et done son aiguille 9 etant 

orientee vers le bas. 

Une source ou generateur 11 de produit radioactif est place sous l'activimetre 3, 

en regard de son ouverture inferieure 5. Cette source de produit radioactif 11 est 

5 contenue dans un flacon conditionne dans un conteneur blinde 12 realise en materiau 

radioprotecteur. Le conteneur blinde 12 est loge dans !'enceinte blindee 2, pose sur un 

support 13. 

Une vanne trois voies motorisee 15, logee dans l'enceinte blindee 2 entre la 

seringue 6 et le flacon de source radioactive 11, assure une connexion hydraulique 

1 o appropriee entre ladite seringue 6, led it flacon de source radioactive 11, une poche de 

serum physiologique 16 (exterieure a l'enceinte blindee 2) et un catheter 17 d'injection 

au patient (egalement exterieur a l'enceinte blindee 2). Cette vanne 15 est localisee en 

regard de l'ouverture inferieure 5 de l'activimetre 3, et en regard de la source 

radioactive 11 . 

15 La voie superieure 18 de cette vanne trois voies 15 comporte un opercule 

hermetique destine a etre perce par l'aiguille 9 de la seringue 6. La voie inferieure 19 

de la vanne 15 se prolonge par une aiguille 20 destinee a percer l'opercule hermetique 

21 qui obture le flacon de source radioactive 11. La voie laterale 22 de la vanne 15 est 

connectee, par un raccordement en Y, a une tubulure 23 aboutissant a la poche de 

20 serum physiologique 16, et a une tubulure 24 aboutissant au catheter d'injection 17. 

25 

La tubulure 23 est equipee d'un clapet anti-retour 25 empechant un retour de liquide en 

direction de la poche de serum physiologique 16. La tubulure 24 est egalement 

equipee d'un clapet anti-retour 26 imposant le passage de liquide en direction du 

patient. 

Sur la figure 1, on remarque que le catheter 17 est egalement en 

communication avec une seconde poche 27 de serum physiologique, par le biais d'une 

tubulure 28 et d'un raccordement en Y 29. 

La vanne trois voies 15 a deux positions principales : - une premiere mettant en 

communication ses voies superieure 18 et inferieure 19 (permettant la mise en 

30 communication de la seringue 6 avec la source de produit radioactif 11 pour assurer le 

prelevement d'une dose de produit radioactif dans le corps de seringue 7), et - une 

seconde position, mettant en communication la voie superieure 18 et la voie laterale 22 

(soit pour aspirer du serum physiologique venant de la poche 16 dans le corps de 

seringue 7, lors d'une operation d'aspiration par la seringue 6, soit pour ejecter le 
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liquide contenu dans le corps de seringue 7 dans le catheter d'injection 17, par une 

manreuvre de vidange du corps de seringue 7). 

Une troisieme position possible de la vanne 15 consiste a mettre en communication la 

source de radioelements 11 et les tubulures 23 et 24, cela pour casser la depression 

5 du flacon de source radioactive 11 en autorisant !'aspiration du serum physiologique 

provenant de la poche 16. 

10 

La vanne trois voies 15 est montee fixe a l'interieur de l'enceinte 2 sur l'axe 

vertical ou sensiblement sur l'axe vertical passant par la seringue 6 et la source 11 de 

produit radioactif. 

le support 13 de la source de produit radioactif 11 est mobile verticalement, 

conformement a la fleche d'orientation 30, sous l'action de moyens mecaniques 

appropries (non representes) actionnes manuellement (ou au pied), ou par des 

moyens moteurs ( ega/ement non representes) de maniere a permettre I' integration de 

!'aiguille 20 dans le flacon de source radioactive 11, ou le retrait de cette aiguille 20 

15 dudit flacon. 

L'operateur manreuvre le support mobile 13 dans cette derniere position « extraite » 

lorsqu'il souhaite changer la source de produit radioactif. 

D'autre part, le support 10 de la seringue 6 est egalement mobile verticalement, 

conformement a la fleche d'orientation 31, sous !'action de moyens mecaniques 

20 appropries (non representes) actionnes manuellement ou par des moyens moteurs 

(egalement non representes), de maniere a permettre !'integration de l'aiguille 9 de la 

seringue 6 dans la vanne trois voies 15, ou !'extraction de la seringue 6 au-dessus de 

l'activimetre 3 et hors du conteneur blinde 2, pour realiser les operations de mise en 

place et de retrait de la seringue 6. 

25 Le support 1 O de la seringue 6 est egalement structure pour permettre une 

manreuvre du piston 8 de la seringue depuis l'exterieur du conteneur blinde 2, alors 

que ladite seringue 6 est centree dans le puits de mesure 3' de l'activimetre 3. 

Pour cela, le support 10 comporte une partie cylindrique 32 en prise avec la partie 

arriere du corps de seringue 7, et une partie centrale 33, en forme de piston coulissant 

30 dans la partie cylindrique 32, en prise avec la partie arriere du piston de seringue 8. 

Lorsque le corps de seringue 7 est en position dans le puits de mesure 3' de 

l'activimetre 3, l'extremite superieure du piston coulissant 33 est accessible depuis 

l'exterieur de l'enceinte blindee 2. Cette extremite superieure de piston 33 est associee 

a une motorisation debrayable 34 qui, une fois embrayee, permet l'actionnement 
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automatique du piston de seringue 8 et qui. lorsqu'elle est debrayee, permet 

l'actionnement manue! de ce piston 8. 

Cette particularite offre a l'operateur un choix de gestion, automatique ou manuelle, du 

prelevement de produit radioactif par la seringue 6 et/ou de I' ejection du produit dans le 

5 catheter 17. 

Sur la figure 1, on remarque encore la presence d'une electrovanne a 
pincement 35, positionnee sur la tubulure 23 de la poche de serum physiologique 16. 

Cette electrovanne 35 a pour fonction d'empecher la circulation intempestive de serum 

physiologique au travers de la tubulure 23, avant la connexion du catheter d'injection 

1 o 17 au patient. 

Sur la tubulure 24 d'alimentation du catheter 17, on remarque aussi la presence 

de deux moyens anti-bulles/antibacterien 36 qui se presentent, par exemple, sous la 

forme de filtres, garantissant la sterilite du processus d'injection. 

Toujours sur la figure 1, on remarque que l'enceinte blindee 2 se presente sous 

15 la forme de trois sous-ensembles blindes : 

- un premier ensemble 2~ integre l'activimetre 3 et une partie du support de seringue 

10, 

- un second ensemble 2Q. cloisonne la vanne trois voies motorisee 15, et 

- un troisieme ensemble 2.Q cloisonne le support mobile 13 avec son conteneur blinde 

20 12. 

Les trois sous-enceintes 2g_, 2Q. et 2£ sont superposees ; la connexion entre la 

seringue 6 et la vanne 15 s'effectue au travers d'une ouverture 37 menagee entre 

lesdits sous-ensembles 2~ et 2Q.. La connexion entre la vanne 15 et la source de 

produit radioactif 11 est realisee au travers d'une ouverture 38 menagee entre les 

25 sous-ensembles 2Q. et 2£. 

Le support 1 o de la seringue 6 est realise en materiau radioprotecteur. Ses 

dimensions sont ajustees au mieux dans une ouverture 39 menagee dans la partie 

superieure du sous-ensemble 22. pour obtenir une continuite de blindage en position 

abaissee (c'est-a-dire lorsque la seringue 6 est centree dans le puits de mesure 3' de 

30 l'activimetre 3). 

L'enceinte blindee 2 comporte encore des ouvertures appropriees pour le 

passage des tubulures 23 et 24 re!iees, respectivement, a la poche de serum 

physiologique 16 et au catheter 17. 
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Les principales etapes mises en reuvre au sein de !'unite medicale 1, pour la 

preparation d'une dose determinee de produit radioactif, puis son injection au patient, 

sont detaillees ci-dessous. 

Tout d'abord, la dose de produit radioactif a injecter au patient est preparee au 

5 sein de la seringue 6. 

Pour cela, la seringue 6 (avec son piston 8 en position basse) et la source de produit 

radioactif 11 sont connectees a la vanne trois voies 15 ; ensuite, cette vanne 15 est 

pilotee de sorte que ses voies superieure 18 et inferieure 19 soient raccordees 

hydrauliquement, permettant la mise en communication respectivement de l'aiguille de 

10 seringue 9 avec la source 11 de produit radioactif. 

Le piston de seringue 8 est ensuite manreuvre, vers le haut, pour aspirer la dose 

voulue de produit radioactif dans le corps de seringue 7, qui est mesuree en temps reel 

par l'activimetre 3. Cette dose est notamment fonction du poids du patient. 

La dose preparee au sein de la seringue peut ensuite etre administree au 

15 patient. 

A cet effet, la vanne 15 est a nouveau pilotee, cela de sorte que ses voies superieure 

18 et laterale 22 soient respectivement en communication avec l'aiguille de seringue 9, 

et avec les tubulures 23 et 24 (connectees a la poche 16 de serum physiologique et au 

catheter d'injection 17). 

20 Avant la phase d'injection proprement dite, le piston de seringue 8 peut, si necessaire, 

etre pilote (vers le haut) pour aspirer un volume complementaire de serum 

physiologique provenant de la poche 16; ce volume de serum permet de diluer le 

produit radioactif, et aussi d'obtenir un volume d'injection suffisant. 

La seringue 6 est ensuite vidangee par le deplacement adapte du piston de seringue 8 

25 (vers le bas). Le produit radioactif, eventuellement dilue par le volume complementaire 

de serum physiologique, chemine alors au travers de la tubulure 24 ou ii est filtre par 

les dispositifs 36, puis le long du catheter d'injection 17 jusqu'au patient. 

Suite a cette phase d'injection, l'operateur peut eventuellement mettre en 

reuvre une phase complementaire de rin<;age du corps de seringue 7, de la vanne 15, 

30 et des conduites aval 17 et 24, avec un volume adapte de serum physiologique pour 

assurer !'administration au patient de la totalite de la dose radioactive souhaitee. 

A cet effet, le piston de seringue 8 est manceuvre successivement en aspiration (vers 

le haut) pour prelever un volume determine de serum physiologique en provenance de 

la poche 16, puis manceuvre en ejection (vers le bas) pour ejecter ce volume au 

35 travers de la conduite 24 et du catheter d'ejection 17. 
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Lorsque l'operateur souhaite remplacer la seringue 6 ou la source de produit 

radioactif 11, ii lui suffit de manceuvrer leurs structures supports respectives 10 et 13. 

A titre indicatif, la seringue 6 et la vanne 15 avec ses differentes conduites peuvent 

etre remplacees suite a chaque injection. La seringue 6, d'une part, et la vanne 15 

5 avec son aiguille 20, ses tubulures 23, 24, la poche de serum physiologique 16 et le 

catheter 17, d'autre part, constituent un ensemble sterile a usage unique, rempla9able 

tres facilement apres chaque utilisation. 

Les differents cycles precites de prelevement, de dilution et d'injection de ce 

materiel sont geres par des moyens de commande electroniques/informatiques de type 

1 o automate programmable, aptes a piloter automatiquement les moyens de manreuvre 

34 du piston de seringue 8 et la vanne trois voies 15, de maniere appropriee. 

L'ensemble de ces cycles peut etre totalement automatise. En fonction des besoins, ou 

des souhaits de l'utilisateur, !'injection de la dose radioactive au patient peut aussi etre 

realisee manuellement grace aux moyens debrayables du motoreducteur 34. 

15 Une forme particulierement interessante de l'unite medicate illustree 

schematiquement sur la figure 1, est representee sur la figure 2. 

Sur cette figure 2, l'enceinte blindee 2 qui integre !'ensemble du materiel 

fonctionnel decrit ci-dessus, est montee sur un chassis equipe de quatre roues 40. De 

preference, certaines au moins des roues 40 sont associees a une motorisation, 

20 constituant une simple assistance aux deplacements, ou assurant elle-meme le 

deplacement autonome de l'unite mobile, pilotee a distance par un boTtier a manette 

adapte. 

L'unite mobile 1 peut aussi integrer un systeme de geolocalisation, par exemple 

de type GPS, pour connaitre en permanence son positionnement a distance dans un 

25 batiment. 

Dans la partie inferieure de l'enceinte 2, on remarque la presence d'une trappe 

blindee 41 donnant acces a l'interieur de la sous-enceinte 2£, pour le chargement ou le 

dechargement sur son support 13 du conteneur blinde 12 renfermant la source de 

produit radioactif 11 (en particulier lorsque ce support 13 est en position basse de 

30 chargement/dechargement). 

Dans la partie superieure, on remarque le support de seringue 10, la poche de 

serum physiologique 16 accrochee a un support 42, ainsi qu'un tableau 43 de 

commande et de visualisation, a ecran tactile, integrant !'automate programmable de 

gestion des cycles, ou en relation directe avec celui-ci (par exemple deporte au sein du 

35 chassis de l'unite). Ce tableau de commande, de dialogue et de visualisation 43 
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permet d'effectuer !es operations de calibration (mesure d'activite), et la visualisation 

en temps reel des diverses phases de preparation du transfert (dilution ... ) et 

d'injection du produit radioactif. 

Les moyens de commande electroniques/informatiques correspondants sont 

5 equipes d'une connectique 44 pour l'envoi et/ou la reception de donnees, en particulier 

pour realiser certains echanges avec un serveur informatique situe a proximite ou a 
distance (par exemple par l'intermediaire d'un reseau intranet ou du reseau internet), 

notamment pour realiser une telemaintenance a distance et collecter certaines 

donnees concernant le patient (necessaires notamment a la determination de la dose 

10 de radioelements qui doit lui etre administree}. 

Le chassis de l'unite 1 porte egalement des moyens propres d'energie, par 

exemple de type batteries rechargeables, assurant l'alimentation electrique notamment 

des roues motorisees 40 et des moyens de commande electroniques/informatiques. 

Cette unite mobile blindee 1 constitue une unite autonome permettant la 

15 calibration et !'injection de tous produits radioactifs (en particulier de FOG). Elle est tres 

compacte du fait de la superposition de l'activimetre, de la vanne trois voies et de la 

source de produit radioactif sur le meme axe vertical ou sensiblement sur le meme axe 

vertical, et du fait de la superposition des sous-enceintes 2~, 21:! et 2.Q. Cette unite 

permet un prelevement, une mesure et une injection en toute securite. 
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- REVENDICATIONS -

1.- Unite medicale pour le prelevement, le calibrage, la dilution et/ou !'injection 

d'un produit radioactif, injectable a un patient, laquelle unite (1) comprend au moins : 

- des moyens (13) pour le support d'un conteneur (12) en materiau radioprotecteur 

5 dans lequel est logee une source ou un generateur de produit radioactif injectable (11 ), 

- des moyens (1 O) pour le support d'une seringue (6) equipee d'un piston (8), 

- un dispositif (3) de type activimetre pour la mesure en temps reel de l'activite radio-

isotopique emise par le contenu de ladite seringue (6), et 

- un systeme de conduites (9, 20, 23, 24) associe a au mains une vanne (15) pour le 

10 raccordement hydraulique de ladite source radioactive (11 ), de ladite seringue (6), 

d'une source de serum physiologique (16) et d'un catheter d'injection (17) destine a 
etre connecte au patient, 

ladite vanne (15) et ledit piston de seringue (8) etant manreuvrables pour assurer, 

d'une part, une aspiration dudit produit radioactif (11) ou dudit serum physiologique 

15 (16) au sein de ladite seringue (6), et d'autre part, une ejection dudit produit radioactif 

(11 ), dudit serum physiologique ou d'un melange de ces deux produits, prealablement 

aspire(s) au sein de ladite seringue (6), cela au travers dudit catheter d'injection (17), la 

dose de produit radioactif prelevee et injectee par ladite seringue (6) etant mesuree par 

ledit activimetre (3), 

20 caracterisee en ce qu'elle comporte une enceinte blindee (2) realisee en au mains un 

materiau radioprotecteur, dans laquelle sont loges ledit support (13) de source 

radioactive (11 ), au mains une partie des moyens supports (10) de la seringue (6), ledit 

activimetre (3), ladite vanne (15) et au mains une partie dudit systeme de conduites (9, 

20, 23, 24), et en ce que !edit support de seringue (10), ladite vanne (15) et ledit 

25 support (13) de source radioactive (11) sont agences verticalement les uns par rapport 

aux autres, respectivement du haut vers le bas, ledit support de seringue (10) etant 

agence pour porter ladite seringue (6) avec son piston (8) oriente vers le haut. 

2.- Unite medicale selon la revendication 1, caracterisee en ce que la vanne 

(15) consiste en une vanne trois voies comprenant: 

30 - une voie superieure (18), destinee a etre raccordee a la seringue (6) de prelevement 

et d'injection, 

- une voie inferieure (19), destinee a etre raccordee a la source de produit radioactif 

injectable (11 ), et 

- une voie laterale (22), destinee a etre raccordee a une premiere conduite (23) 

35 connectee a la source de serum physiologique (16) et a une seconde conduite (24) 
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connectee au catheter d'injection (17), lesdites conduites (23, 24) etant equipees 

chacune d'un clapet anti-retour (25, 26) convenablement oriente. 

3.- Unite medicale selon la revendication 2, caracterisee en ce que l'activimetre 

(3) a une forme generale tubulaire delimitant un puits central (3') d'axe vertical, destine 

5 a contenir la seringue (6), !edit activimetre {3) etant muni de deux ouvertures, l'une 

superieure (4) et l'autre inferieure (5), cette derniere etant orientee en regard de la 

vanne trois voies (15) et du support (13) de la source radioactive (11). 

4.- Unite medicale selon l'une quelconque des revendications 2 ou 3, 

caracterisee en ce que la voie superieure (18) de la vanne (15), destinee a etre 

1 o raccordee a la seringue (6), comporte un opercule hermetique destine a etre perce par 

l'aiguille (9) equipant ladite seringue (6). 

5.- Unite medicale selon l'une quelconque des revendications 2 a 4, 

caracterisee en ce que la voie inferieure (19) de la vanne (15), destinee a etre 

raccordee a la source de produit radioactif injectable (11 ), est prolongee par une 

15 aiguille (20) destinee a percer un opercule (21) obturant le flacon contenant ladite 

source radioactive (11 ). 

6.- Unite medicale selon l'une quelconque des revendications 1 a 5, 

caracterisee en ce que !es supports (13, 10) de source radioactive (11) et de seringue 

(6) sont portes chacun par des moyens assurant leur(s) deplacement(s) selon un axe 

20 vertical ou sensiblement vertical, cela entre deux positions : 

- une premiere position, dans laquelle un operateur peut charger la source radioactive 

(11) et la seringue (6) sur leurs supports respectifs (13, 10), ou a !'inverse les 

decharger, et 

- une seconde position dans laquelle la source radioactive (11) et la seringue (6) sont 

25 raccordees a la vanne (15). 

7.- Unite medicale selon la revendication 6, caracterisee en ce que les moyens 

de deplacement du support de seringue (10) permettent son cheminement 

verticalement au travers d'un orifice (39) menage dans l'enceinte blindee (2), entre: 

- une position superieure de chargement/dechargement. dans laquelle ledit support 

30 (10) se situe au moins partiellement hors de ladite enceinte (2), et 

- une position inferieure de raccordement, dans laquelle la seringue (6) se positionne 

au sein du puits central (3') de l'activimetre (3) et est raccordee a la vanne (15). 

8.- Unite medicale selon l'une quelconque des revendications 6 ou 7, 

caracterisee en ce que le support (13) de source radioactive (11) chemine au sein de 

35 l'enceinte blindee (2) entre ses positions de chargement/dechargement et de 
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raccordement, ladite enceinte (2) etant encore munie d'une trappe (41) frontale pour 

permettre l'acces d'un operateur audit support (13) de source radioactive (11) au moins 

dans sa position de chargement/dechargement. 

9.- Unite medicale selon l'une quelconque des revendications 1 a 8, 

5 caracterisee en ce qu'elle comprend encore des moyens de commande informatiques 

eVou electroniques aptes a piloter la vanne (15) et les moyens (33, 34) de manceuvre 

du piston de seringue (8), cela de maniere a mettre en ceuvre les operations de 

prelevement et d'ejection par ladite seringue (6), lesquels moyens de commande 

informatiques/electroniques pilotent egalement eventuellement les moyens de 

10 deplacement du support de seringue (10) et du support de source radioactive (13). 

10.- Unite medicale selon la revendication 9, caracterisee en ce que les moyens 

de manceuvre du piston (8) de la seringue (6) sont de type motoreducteurs 

debrayables (34), controles par les moyens de commande informatiques/electroniques, 

pour assurer, d'une part, le prelevement automatique d'une dose determinee de 

15 produit radioactif au sein de ladite seringue (6), et d'autre part, pour assurer !'injection 

de cette dose au patient, soit automatiquement, soit manuellement. 

11.- Unite medicale se!on l'une quelconque des revendications 1 a 10, 

caracterisee en ce que l'enceinte (2) se compose de trois sous-enceintes (2§., 2Q, 2,g) 

alignees verticalement les unes par rapport aux autres, a savoir - une sous-enceinte 

20 superieure {2§.) contenant la seringue {6) et l'activimetre (3), - une sous-enceinte 

intermediaire (2.Q) contenant la vanne {15), et - une sous-enceinte inferieure (2,g) 

contenant la source de produit radioactif (11 ), lesquelles sous-enceintes {2Q., 2.Q, 2.Q) 

sont raccordees deux a deux par des ouvertures traversantes (37, 38) au travers 

desquelles passent certaines des conduites (9, 20) de raccordement hydraulique. 

25 12.- Unite medicale selon l'une quelconque des revendications 1 a 11, 

caracterisee en ce que les moyens de commande informatiques/electroniques sont 

pourvus d'une connectique (44) pour l'envoi et/ou la reception de donnees, en 

particulier pour les echanges avec un serveur informatique. 

13.- Unite medicale selon l'une quelconque des revendications 1 a 12, 

30 caracterisee en ce qu'elle est montee sur des roues (40) pour la rendre mobile, et en 

ce qu'elle integre eventuellement un systeme de geolocalisation, par exemple de type 

GPS. 
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RADIOPHARMACEUTICAL ADMINISTRATION METHODS, FLUID 
DELIVERY SYSTEMS AND COMPONENTS THEREOF 

BACKGROUND OF THE INVENTION 

[ 1] The present invention relates to methods, systems and components thereof for 

delivering pharmaceutical substances to patients for imaging procedures and, more 

particularly, for delivering radiophannaceuticals to patients for positron emission 

tomography (PET) or single-photon emission computerized tomography (SPECT) 

procedures. 

[2] PET and SPECT are noninvasive, three-dimensional, imaging procedures that 

provide information regarding physiological and biochemical processes in patients. 

PET and SPECT images of, for example, the brain or another organ, are produced by 

injecting the patient with a dose of a radiopharmaceutical (using, for example, fluid 

delivery systems such as those disclosed in U.S. Patent No. 6,767,319, JP 

Publication Nos. 2000-350783 and 2002-306609 and PCT Publication Nos. WO 

2004/091688, WO 2006/007750 and 2004/004787, the disclosures of which are 

incorporated herein by reference) and then creating an image based on the radiation 

emitted by the radiopharmaceutical. The radiopharmaceutical generally includes a 

radioactive substance, such as a radioisotope, that can be absorbed by certain cells in 

the brain or other organs, concentrating it there. 

[ 3] Radioisotopes, especially those with short half-lives, can be relatively safely 

administered to patients in the form of a labeled substrate, ligand, drug, antibody, 

neurotransmitter or other compound or molecule that is normally processed or used 

by the body (for example, glucose). The radioisotope acts as a tracer of specific 

physiological or biological processes. For example, fluorodeoxyglucose (FDG) is a 

normal molecule of glucose, the basic energy fuel of cells, to which is attached a 

radioisotope or radioactive fluor (i.e., F-18). The F-18 radioisotope is produced in a 

cyclotron equipped with a unit to synthesize the FDG molecule. 

[ 4] Cells (for example, in the brain) that are more active in a given period of time after 

an injection of FDG will absorb more FDG because they have a higher metabolism 

and require more energy. The F-18 radioisotope in the FDG molecule experiences a 

radioactive decay, emitting a positron. When a positron collides with an electron, 

annihilation occurs, liberating a burst of energy in the form of two beams of gm1m1a 

rays in opposite directions. The PET scanner detects the emitted gamma rays to 

compile a three dimensional image. 
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[ 5] To allow for cell uptake of the radiopharmaceutical, the patient typically rests for a 

period of time (45-90 minutes for FDG) after the radiopharmaceutical is injected. 

After sufficient time for cell uptake has elapsed, the patient is typically placed on a 

movable bed that slides into the PET (or SPECT or other suitable) scanner. The PET 

scanner includes several rings of radiation detectors. Each detector emits a brief 

pulse of light every time it is struck with a gamma ray coming from the radioisotope 

within the patient's body. The pulse of light is amplified, by for example a 

photomultiplier, and the information is sent to the computer for forming images of 

the patient. 

[ 6] To minimize the radiation dose to patients, radiopharmaceuticals containing 

radioisotopes, such as Flourine-18, Technetium-99, Carbon-11, Copper-64, Gallium-

67, Iodine-123, Nitrogen-13, Oxygen-15, Rubidium-82, Thallium-201, Chromium-

51, Iodine-131, Iodine-151, Iridium-192, Phosphorus-32, Sarnarium-153, and 

Yttrium-90, having relatively short half-lives are typically used for PET and SPECT 

imaging procedures and other radio-therapies. F-18, for example, has a half-life of 

1 09. 7 minutes. 

[ 7] Because of its short half-life, the radioactivity level of the radioisotope will quickly 

decrease after it is manufactured in a cyclotron or a reactor. Consequently, the 

elapsed time (and corresponding decrease in radioactivity level of the radioisotope) 

after synthesis of the radiopharmaceutical must be factored into calculating the 

volume of radiopharmaceutical required to be injected into the patient to deliver the 

desired radioactivity dose. If the time delay after synthesis is long in relation to the 

radioisotope's half-life or if the calculated volume of radiopharmaceutical to be 

injected into the patient is insufficient to deliver the desired radioactivity dose, the 

delivered radioactivity dose may be too low to provide diagnostic-quality images, 

resulting in wasted time and effort and exposing the patient and medical personnel to 

unnecessary radiation. 

[ 8] Further, long-term radiation exposure to technologists and other personnel working 

in the scanner room can pose a significant health risk. Although the half-life of the 

radiopharmaceutical is rather short and the applied dosages are considered an 

acceptable risk to the patient, under current procedures administering personnel are 

exposed each time they work with the radiopharmaceuticals and other contaminated 

materials, such as tubing and syringes, used to inject the radiopharmaceuticals into 

patients. Constant and repeated exposure over an extended period of time can be 

harmful. 
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[ 9] A number of teclmiques are used to reduce radiation exposure to medical personnel, 

including minimizing the time of exposure of personnel, maintaining distance 

between personnel and the source of radiation and shielding personnel from the 

source of radiation. In general, the radiopharmaceuticals are typically delivered to a 

nuclear medicine hospital suite or other medical facility from a radiopharmaceutical 

synthesis facility (within or outside the hospital or medical facility) equipped with a 

cyclotron in, for example, a lead-shielded container (often called a "PIG"). Often, 

the radiopharmaceutical is manually drawn from such containers into a shielded 

syringe. See, for example, U.S. Pat. No. 5,927,351, disclosing a drawing station for 

handling radiopharmaceuticals for use in syringes. Remote injection mechanisms 

can also be used to maintain distance between the operator and the 

radiopharmaceutical. See, for example, U.S. Pat. No. 5,514,071, disclosing an 

apparatus for remotely administering radioactive material from a lead encapsulated 

syringe. Nevertheless, these current procedures and systems still result in 

unnecessary and repeated exposure of technicians and other medical personnel to 

radiation. 

[10] 

[11] 

[12] 

[13] 

It has long been recognized as very desirable to develop devices, systems, 

components and methods for calculating and delivering accurate and effective doses 

of radiopharmaceuticals to patients, while reducing the exposure of administering or 

other medical personnel to such hazardous pharmaceuticals. 

SUMMARY OF THE INVENTION 

The present invention broadly contemplates and provides devices, systems, 

components and methods for accurately calculating or delivering effective doses of 

pharmaceuticals to patients. 

In a first aspect, the invention provides a fluid path set including a tube coil that is 

designed to optimally position one or more volumes of a pharmaceutical within an 

ionization chamber to optimally measure and prepare a pharmaceutical dose for 

administration to a patient. The tube coil may be maintained in a desired 

dimensional geometry by means of a core structure around which the tube coil is 

positioned or coiled. 

The fluid path set includes a medical fluid component comprising a first tubing 

section for connection to a source of a me<lical fluid, a pharmaceutical component 

comprising a second tubing section for connection to a source of a pharmaceutical, a 

coil assembly component comprising a tube coil having a height of approximately 

1.53 inches, a diameter of approximately 1.95 inches and a volume capacity of 
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approximately 12.5 ml, and a connector comprising a first port for connecting the 

first tubing section of the medical fluid component, a second port for connecting the 

second tubing section of the pharmaceutical component and a third port for 

connecting the tube coil of the coil assembly component. 

In a second aspect, the present invention provides a vial access system for inserting a 

cannula into a pharmaceutical container, such as a vial. The vial access system 

includes structures that shields the operator from exposure to hazardous 

pharmaceuticals, such as radiopharmaceuticals, and is designed with an inclined 

bottom surface to tilt the pharmaceutical container from the horizontal and thereby 

allow the cannula to optimally extract the pharmaceutical from the container. 

The vial access system includes a base portion comprising a substantially horizontal 

lower surface and a sloped upper surface adapted to support a vial comprising a 

bottom wall and a substantially cylindrical wall connected thereto. The sloped upper 

surface is adapted to ensure that a residual volume of fluid in the vial gathers in an 

area defined at least partially by a portion of the junction between the bottom wall 

and the cylindrical wall of the vial. 

In a third aspect, the present invention provides a vented cannula for insertion into a 

pharmaceutical container, such as a vial. The vented cannula may be used in the vial 

access system of the present invention or may be fluidly connected to a shielded 

syringe to provide an alternate fluid delivery system. 

The vented cannula includes a main hub comprising two opposed lateral sides and 

defining a fluid port and a vent, a fluid draw needle in connection with the fluid port 

and adapted to be placed within the container, a vent needle in connection with the 

vent and adapted to be placed within the container; and two resilient arms connected 

to the opposed lateral sides of the main hub. Each of the two arms includes a top 

edge and a hook member formed thereon and extending outwardly therefrom. 

[ 18] In a fourth aspect, the present invention provides a fluid deli very system having a 

retractable shielded cover to shield operators of the system from the fluid path 

components and the pharmaceutical contained therein. In another aspect, the fluid 

path components and the pharmaceutical may be disposed in a slidable drawer that 

may be removed from the shielded system to allow access thereto. 

[19] The fluid delivery system includes a housing having an upper surface defining a 

plurality of recessed portions for accommodating one or more components of a fluid 

path set, a cover movably connected to the housing and a locking mechanism 
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[20] 

[21] 

[22] 

[23] 

[24] 

associated with the cover. The cover is adapted to move between a first position that 

exposes the upper surface and a second position that overlies the upper surface, and 

the locking mechanism is adapted to lock the cover in the second position. 

In another aspect, the fluid delivery system includes a syringe comprising a body 

defining a discharge outlet and a plunger movably disposed within the body, a 

connector comprising a valve member and defining first, second and third ports, a 

first tubing segment connected between the discharge outlet of the syringe and the 

first port of the connector, a cannula defining a fluid port, a second tubing segment 

connected between the fluid port of the cannula and the second port of the 

connector, a third tubing segment comprising a first end connected to the third port 

of the connector and a second end comprising a second connector, and a per-patient 

tubing set comprising a first end that is adapted to be connected to the second 

connector on the second end of the third tubing segment and a patient end that is 

adapted to be connected to venous access device in a patient. 

In a fifth aspect, the present invention provides a method of priming the fluid path 

components of the fluid delivery system to remove air therefrom and to prepare the 

system to administer a pharmaceutical dose to a patient.' 

A method of priming at least a portion of a fluid path set in a fluid delivery system 

includes: (1) placing a tubing section of the fluid path set in fluid connection with a 

source of a radiopharmaceutical; (2) placing a portion of the tubing section within a 

dose calibrator of the fluid delivery system; (3) pumping a volume of the 

radiopharmaceutical through the tubing section; (4) monitoring the dose calibrator to 

determine if a measured activity level is substantially equal to or above a 

predetermined activity level; and (5) if the measured activity level is substantially 

equal to or above the predetermined activity level, then concluding that the tubing 

section of the fluid path set has been primed. 

In a sixth aspect, the present invention provides a carrying system for connecting to 

and transporting a vial shield (containing a pharmaceutical vial). The carrying 

system may be used to transport the vial shield to and place the vial shield within the 

fluid delivery system of the present invention. In another aspect, the carrying 

system may be used to position the vial shield within the vial access device of the 

present invention. 

The vial shield carrying system includes a collar unit adapted to removably engage a 

flange on the vial shield and a handle unit adapted to engage the collar unit. The 

collar unit defines two elongated slots formed in a top surface thereof, each of the 
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slots including a pin disposed therein and extending between two opposing walls 

thereof. The handle unit includes a handle connected to a U-shaped cross piece that 

defines two, downwardly extending arms having hook members formed therein. 

The open ends of the hook members are formed on opposite ends of the arms and 

are adapted to engage the pins in the slots of the collar unit through rotation of the 

handle. 

In a seventh aspect, the present invention provides a system and a method for 

calibrating a radiopharmaceutical delivery system in which the difference between 

the expected (based on decay from the initial activity) and measured activities of two 

radioisotopes are used to calculate an estimated error in the measured activity of a 

third radioisotope. In response to a difference between the expected and measured 

activity of the first or the second radioisotope, the gain of the ionization chamber is 

adjusted to eliminate or reduce the error for that radioisotope. When the estimated 

error of the third radioisotope falls within an acceptable range, the activity of the 

third radioisotope is measured to check that the actual error between the expected 

and measured activity of the third radioisotope is substantially similar to the 

estimated error. 

[26] Preferably, the energy levels of the first, second and third radioisotopes are less than, 

greater than, and relatively close to, respectively, the energy level of the radioisotope 

to be delivered by the system to the patient. In addition, the operator may take 

consecutive measurements of the first and second radioisotopes (i.e., in an iterative 

fashion) and adjust the gain of the ionization chamber in response thereto, before 

measuring the activity of the third radioisotope and comparing it against the 

estimated error of the third radioisotope. 

[27] A method of calibrating includes (1) measuring an activity level of a first 

radioisotope in an ionization chamber of the fluid delivery system, the first 

radioisotope having an energy level less than that of the radioisotope to be delivered 

to the patient; (2) comparing the measured activity level of the first radioisotope to 

an expected activity level of the first radioisotope; (3) adjusting the gain of the 

ionization chamber to compensate for the difference, if any, between the measured 

activity and the expected activity of the first radioisotope; ( 4) measuring an activity 

level of a second radioisotope in the ionization chamber of the fluid delivery system, 

the second radioisotope having an energy level similar to or greater than that of the 

radioisotope to be delivered to the patient; (5) comparing the measured activity level 

of the second radioisotope to an expected activity level of the second radioisotope; 

( 6) adjusting the gain of the ionization chamber to compensate for the difference, if 
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any, between the measured activity and the expected activity of the second 

radioisotope; and (7) calculating an estimated error in a measured activity of a third 

radioisotope based on the differences, if any, between the measured activity and the 

expected activity of the first radioisotope and the measured activity and the expected 

activity of the second radioisotope. 

Broadly contemplated herein are improvements in radiopharmaceutical 

administration methods and systems. These inventions include, but are not limited 

to, the configuration and layout of a fluid path set for use in a fluid delivery system, 

arrangements for piercing and drawing fluid from a radiopharmaceutical container 

(such as a vial), arrangements for optimizing the positioning of a tube coil within an 

ionization chamber, a handle I carrying system for transporting vial shields or "pigs" 

that keeps an operator's hand and fingers at a safe distance from a vial access cap, 

and a vial access system that ensures an optimal draw of fluid from a 

radi opharmaceutical container. 

The novel features which are considered characteristic of the present invention are 

set forth herebelow. The invention itself, however, both as to its construction and its 

method of operation, together with additional objects and advantages thereof, will be 

best understood from the following description of the specific embodiments when 

read in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the present invention to be clearly understood and readily practiced, the present 

invention will be described in conjunction with the following figures, wherein like 

reference characters designate the same or similar elements, which figures are 

incorporated into and constitute a part of the specification. 

Fig. lA is a perspective view of a fluid delivery system of the present invention. 

Fig. lB is another perspective view of the fluid delivery system of Fig. IA with the 

shielded cover thereof in a retracted position. 

Fig. IC is a top plm:i view of the fluid delivery system shown in Figs. IA and lB 

with various fluid path components positioned therein. 

Fig. lD is a cross-sectional view taken along line ID-lD of Fig. lA. 

Fig. IE is a cross-sectional view taken along line IE-IE of Fig. IA. 
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[ 3 6] Fig. 2A is a schematic illustration of the multi-patient fluid path set and components 

thereof of the present invention. 

[ 3 7] Fig. 2B is an exploded view showing the multi-patient fluid path set shown in Fig. 

2A connected to a fluid source and disposed above the fluid delivery system shown 

in Figs. IA-IE. 

[ 3 8] Fig. 2C is a perspective view of an alternate embodiment of the multi-patient fluid 

path set of the present invention. 

[ 3 9] Fig. 3A is an elevational view of a preferred embodiment of a coil assembly of the 

present invention. 

[40] 

[ 41] 

[42] 

[43] 

[44] 

[45] 

Fig. 3B is a partial cross-sectional view of Fig. 3A. 

Fig. 3C is a plan view (in partial cross-section) taken along line 3C-3C of Fig. 3A. 

Fig. 3D is a cross-sectional view taken along line 3D-3D of Fig. 3A. 

Fig. 3E is a perspective view of the core element of the coil assembly shown in Fig. 

3A. 

Fig. 3F is an enlarged view of Fig. lD showing the coil assembly in the ionization 

chamber of the fluid delivery system. 

Fig. 4A is an elevational view of preferred embodiments of a vial shield carrying 

system and a vial access system of the present invention. 

[ 4 6] Fig. 4B is a perspective view showing the vial shield, the vial shield carrying system 

and the vial access system of Fig. 4A. 

[ 4 7] Fig. 4C is an elevational view of a pharmaceutical vial that may be used in the fluid 

delivery system of the present invention. 

[ 4 8] Figs. SA-SD are various views of an alternate embodiment of a vial shield carrying 

system of the present invention. 

[ 4 9] Fig. 6A is a bottom perspective view of a preferred embodiment of a vial access 

system of the present invention. 

[ 5 0] Fig. 6B is a top perspective view of the vial access system shown in Fig. 6A. 
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[ 51] Fig. 6C is an exploded, perspective view of a preferred embodiment of the vented 

cannula of the multi-patient fluid path set of the present invention oriented to be 

connected to the cap of the vial access system shown in Figs. 6A-6B. 

[ 52] Fig. 6D is a perspective view (similar to Fig. 4B) showing the vial access system 

and the vial-carrying shield disposed in a well of the fluid delivery system, and the 

vented cannula connected to the cap of the vial access system and in position to be 

lowered and inserted through the septum cap of the vial shield into the 

radiopharmaceutical vial. 

[53] Fig. 6E is another perspective view (similar to Fig. 6D) showing the cap of the vial 

access system lowered into position and the vented cannula thereby inserted into the 

pharmaceutical vial. 

[54] Fig. 6F is an enlarged view of Fig. lE showing the vial access system and the vented 

cannula of the present invention. 

[55] 

[56] 

[57] 

[58] 

[59] 

[60] 

Fig. 6G is a perspective view of the vented cannula shown in Fig. 6C. 

Fig. 6H is an elevational view of the vented cannula shown in Fig. 6G. 

Fig. 61 is a left-side view of the vented cannula shown in Fig. 6H. 

Fig. 61 is a right-side view of the vented cannula shown in Fig. 6H. 

Fig. 7 shows a main screen of a graphical user interface of the present invention. 

Figs. 8, 9, 10, 11, 12A, 12B, 13, 14, 15, 16A, 16B, 17, 18, 19, 20, 21 and 22 are 

various depictions of a graphical user interface for use in system preparation tasks. 

[61] Figs. 23, 24A-F, 25A, 25B, 26A, 26B, 27A, 27B, 28A, 28B, 29, 30A, 30B, 31, 32A 

and 32B are various depictions of a graphical user interface for use in patient 

treatment tasks. 

[ 62] Figs. 33A-C, 34A and 34B are various depictions of a graphical user interface for 

use in injection history/recall operations or tasks. 

[ 63] Figs. 35, 36, 37, 38, 39A, 39B, 40, 41, 42, 43, 44A-D, 45A-D and 46 are various 

<lepictions of a graphical user interface for use in system configuration tasks. 

[ 6 4] Fig. 4 7 A is a perspective view of the vented cannula shown in Figs. 6C and 6G-6J 

being utilized as part of a first alternate fluid delivery system. 
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[65] Fig. 47B is another perspective view showing the first alternate fluid delivery system 

of Fig. 47A. 

[ 66] Fig. 47C is an elevational view of the first alternate fluid delivery system of Figs. 

47A and 478. 

[ 67] Fig. 48 is a perspective view of the vented cannula shown in Figs. 6C and 6G-6J 

being utilized as part of a second alternate fluid delivery system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[ 68] As used herein, the term "pharmaceutical" refers to any substance or drug to be 

injected or otherwise delivered into the body (either human or animal) in a medical 

procedure and includes, but is not limited to, substances used in imaging procedures 

(for example, contrast media) and therapeutic substances. A number of such 

pharmaceutical substances pose a danger to both the patient and the personnel 

administering the substance if not handled and/or injected properly. Examples of 

hazardous pharmaceuticals include, but are not limited to, radiopharmaceuticals, 

biological pharmaceuticals, chemotherapeutic pharmaceuticals and gene therapeutic 

pharmaceuticals. 

[ 6 9] Turning now to the drawings, Figs. lA-1 E show a preferred embodiment of the 

administration, injector or fluid delivery system 10 of the present invention. The 

fluid delivery 10 is preferably a cart-like apparatus 9 having wheels 13 and/or 

casters 12 for allowing the system to be movable. One or more of the wheels 13 

may be lockable to prevent the system 10 from moving once it is in position. The 

system 10 also preferably includes one or more handles 14 for allowing an operator 

to move or position the system 10. Alternately, the fluid delivery system 10 may be 

a stand-alone or fixed-position apparatus. 

[ 7 0] The fluid delivery system 10 includes a display or graphical user interface (GUI) 15 

for programming and operating the system 10. The GUI display 15 is preferably 

attached to one of the handles 14 (as shown) of the system 10. The display 15 may 

be a color display and incorporate touch-screen capability, as known in the art, for 

ease of use. The display 15 may be fixed, but is preferably pivotally c01mected to 

the fluid delivery system 10 (as shown), by means of a movable arm 11 that is 

pivotally connected to a joint 16. Further, the display 15 may be tilted or swiveled 

with respect to the arm 11 to allow for optimal positioning of the display 15 by an 

operator. 

-10-

1894 of 2568



WO 2008/082966 PCT/US2007 /088028 

[ 71] The fluid delivery system 10 preferably includes a retractable lid or cover 20 having 

a primary handle including a latch release I (see Figs. ID and lE) and a secondary 

handle 21. The lid 20 preferably covers an upper surface 103 that de:f!-nes a number 

of recessed portions, such as wells and troughs, into which a vial or container (see 

902 in Fig. 4C) of a pharmaceutical or a radiopharmaceutical (discussed in more 

detail below) and various components of a multi-patient fluid path set (hereinafter 

MPDS; discussed in more detail below) may be positioned during an injection 

procedure. A locking mechanism, such as a combination or a key lock (not shown), 

may be used to lock the lid 20 in a closed position to, for example, prevent use or 

access of the system I 0 by unauthorized personnel. In another embodiment, the 

locking mechanism may be a software-implemented lock, such as a password

protected access point, that is accessible through the display 15 and is adapted to 

lock the cover in a closed position and/or to prevent unauthorized personnel from 

accessing or operating the system I 0. 

[ 7 2] The lid 20 is slidable or retractable (by, for example, using primary handle and latch 

release 1) with respect to the cart 9 to allow for insertion and removal of the vial or 

container 902 and MPDS from the fluid delivery system 10. The lid 20, upper 

surface 103 and various other portions of the cart 9 preferably include suitable 

radioactive shielding (such as lead) for minimizing potential radiation exposure from 

the radiopharmaceutical to the operator. In this manner, the radiophannaceutical 

vial 902 and the components of the MPDS can lie below the plane of surface 103, 

whereupon the surface 103 or one or more portions thereof can be covered by the lid 

20 during use to limit radiation exposure to the operator or other medical personnel. 

Further, instead of a retractable lid 20, surface 103 itself could be disposed on a 

portion of the injector apparatus 10 (e.g., a drawer-type mechanism) that slidably 

displaces with respect to a remainder of the injector apparatus 10. 

(73] As further shown in Figs. IA, IB and ID, the fluid delivery system IO includes a 

pumping mechanism, such as a peristaltic pump 22, a removable/replaceable source 

of medical fluid 23 (such as saline), a printer 24 and an interrupt button 25. The 

peristaltic pump 22 is shown in a closed position in Fig. lA, but may be opened (see 

Figs. lB, IC and 2B) to receive a length of tubing 27(see Figs. IC and 2) in fluid 

connection with the source of medical fluid 23 to inject the fluid into a patient 

(discussed in more detail below). While a peristaltic pump 22 is currently preferred, 

any suitable type of pumping mechanism, such as a piston-driven syringe pump, 

gear pump, rotary pump or in-line pump, may be used. 
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( 7 4] The printer 24 may be used to generate records of the injection and/or imaging 

procedures performed on patients, for inclusion in patients' medical records or for 

billing or inventory purposes. The printer 24 may be pivotally connected to the 

system 10 (see Fig. lB) to allow an operator to load paper or labels into the printer 

24. 

( 7 5] The interrupt button 25 allows an operator to quickly and easily pause or abort an 

injection procedure in the event of, for example, patient discomfort or an emergency, 

without having to resort to the GUI display 15 (which also can be manipulated to 

pause or abort an injection procedure). The interrupt button 25 may be connected to 

LEDs and/or a printed circuit board to provide visual and/or auditory alarms when 

the interrupt button 25 has been activated. 

[76] Turning to Figs. IC-IE, 2A and 2B, additional features and components of the fluid 

delivery system 10, including the upper surface 103, the MPDS 200, a vial access 

device 600 and a single-patient fluid path set 700 (hereinafter SPDS), will be 

discussed. 

[ 7 7] As shown in Fig. 1 C, the upper surface 103 generally defines wells and recesses or 

troughs into which various components of the MPDS are situated. Specifically, a 

first recess or trough 107 accommodates a first tubing section 204 of the MPDS 200 

and a tubing holder 150 for holding the tubing section 204 and preventing it from 

getting kinked or tangled with, for example, the SPDS 700. The first tubing section 

204 may also include the tubing length 27 that is placed within the peristaltic pump 

22 and is in fluid connection with the medical fluid source 23. 

[ 7 8] The first trough 107 leads into a second recess or trough 113 that accommodates a 

second pumping mechanism 180, such as a peristaltic pump, and a T-connector 205 

(preferably including check valves 214, 215) of the MPDS 200. As shown in fig. 

1 C, the second trough 113 also leads to a first well 111 that accommodates a vial 

access device 600 and a radiopharmaceutical vial or container 902 disposed in a vial 

shield or PIG 554 (discussed in more detail below) and to a second well 121 that 

accommodates a dose calibrator or ionization chamber 160 for the fluid delivery 

system 10. As shown in Figs. ID and 3F, the ionization chamber 160 preferably 

accommodates a coil assembly 400 of the MPDS 200 (discussed in more detail 

below). 

[ 7 9] A third recess or trough 125 extends from the second well 121 to a third well 127 

and further along the surface 103 of the fluid delivery system 10. The trough 125 

accommodates a T-connector 222 of the MPDS 200, two pinch valves 170, 172, an 
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air detector 174 and a mount or retainer 176 for holding the connector end 228 of the 

MPDS 200. The pinch valves are preferably powered and controlled by the fluid 

delivery system 10, but alternately could be manually-operated. In another alternate 

embodiment, the pinch valves 170, 172 and the T-connector 222 of the MPDS 200 

may be replaced with a manual or automated 3-way stopcock 

( 8 0] The third well 127 accommodates a waste receptacle or bag 224 for receiving 

medical fluid and/or pharmaceutical that is discarded during, for example, a priming 

procedure (discussed in more detail below) to prepare the system 10 for an injection 

procedure. 

[ 81] As shown in Fig. 1 C, the SPDS 700 includes a length of tubing (preferably coiled, as 

shown) having a first end 702 that is attachable to the connector end 228 of the 

MPDS 200 and a patient end 704 having a luer connector that is attachable to, for 

example, a catheter (not shown) placed in a venous structure of a patient. As 

discussed in more detail below, the MPDS 200 may be used for multiple patients but 

the SPDS 700 is intended to be used on a per-patient basis and discarded after use 

with a single patient to prevent, for example, cross-contamination between patients. 

[82] As can be appreciated after reviewing Fig. IA-IE, the secondary handle 21 of lid 20 

overlies the tubing holder ISO and the mount I 76 when the lid 20 and handle 21 are 

closed to cover the MPDS 200. The secondary handle 21 may be flipped open (from 

the closed position shown in Fig. IA) without retracting the cover 20 to allow an 

operator to connect the SPDS 700 to the MPDS 200( as discussed in more detail 

below). As best shown in Fig. lC, the SPDS 700 may be placed under the 

secondary handle 21 when it is closed. 

[ 8 3] The fluid delivery system 10 further includes a system controller 5 (see Figs. 1 D and 

IE) in communication with the various components thereof, including the GUI 15, 

the pumps 22, ISO, the dose calibrator or ionization chamber 160, the stop button 25, 

the air detector 176, the printer 24 and the motors 30, 31 (see Fig. 3F) for pinch 

valves 170, 172, respectively, for controlling the operation of the system 10. The 

system controller 5 is preferably a single-board computer, including a CPU having a 

main memory. 

[84] As can be appreciated, the wells and troughs formed in the upper surface 103 can be 

sized, configured or arranged as suitable for the length, design or configuration of 

the MPDS 200 or other components thereof, including the radiopharmaceutical vial 

902, vial shield 554, vial access device 600, ionization chamber I60, waste 

receptacle 224, etc. 
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[ 8 5] It should be understood that Fig. 1 C in no way is intended to convey dimensions or 

relative dimensions of the aforementioned recessed portions or MPDS components; 

instead, Fig. 1 C conveys general positional relationships of such recessed portions 

with respect to one another. 

[ 8 6] It should further be understood and appreciated that the recessed portions shown and 

described with respect to Fig. 1 Care preferably encased throughout with suitable 

radioactive shielding to further minimize exposure to an operator. 

[ 8 7] Turning now to Figs. 2A and 2B, a preferred embodiment of the MPDS 200 and 

components thereof will be discussed. In addition, specific details of the coil 

assembly 400 employed in the MPDS 200 are shown and described with respect to 

Figs. 3A-3F and Fig. ID. 

[ 8 8] By way of a general overview, the MPDS 200 in accordance with at least one 

presently preferred embodiment of the present invention allows for FDG (or other 

radiopharmaceutical) to be drawn from a bulk radiopharmaceutical vial 902 and 

placed into a coil assembly 400 that allows an ionization chamber 160 to measure 

the amount of activity in the coil assembly 400. Once the system prepares a dose 

having the desired activity level, the fluid delivery system 10 will deliver the FDG 

dose to the patient (through the SPDS 700). 

[ 8 9] Generally, the MPDS 200 can be considered in terms of four components: ( 1) a 

medical fluid or saline component; (2) an FDG or pharmaceutical component; (3) a 

coil assembly component; and ( 4) a waste component. The saline component 

preferably draws saline out of a bulk source 23 (e.g., via peristaltic pump 22). This is 

then used to prime the MPDS (i.e., remove air therefrom), position FDG in the coil 

assembly 400 in the ionization chamber 160, and then deliver the dose to the patient. 

[ 90] The FDG component preferably serves to draw FDG out of a bulk 

radiopharmaceutical vial 902 (e.g., via peristaltic pump 180) and place the same 

into the fluid path to the ionization chamber 160. 

[ 91] The coil assembly component preferably is employed to position the 

radiopharmaceutical to allow its radioactivity level to be optimally measured by the 

ionization chamber 160. Through the arrangement of the coil assembly 400 (as 

discussed in more detail below), the radiopharmaceutical can be optimally oriented 

and located within the "linear region" of the ionization chamber 160 to more 

accurately measure its activity level and prepare an optimal dose for injection into a 

patient. 
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[ 92] The waste component preferably holds the saline fluid and/or radiopharmaceutical 

that are discarded during the prime and dose preparation procedures, which are 

conducted to prepare the fluid path and the pharmaceutical dose for injection into a 

patient. 

[ 93 J Fig. 2A schematically illustrates the MPDS 200 in accordance with a preferred 

embodiment of the present invention. The MPDS shown in Fig. 2A may preferably 

be pre-connected as shown and may originally be stored in a sterile packet or 

container for use in an injector apparatus, such as fluid delivery system 10, when 

desired. For a non-restrictive and illustrative appreciation of a manner in which 

MPDS 200 can be incorporated in an injector apparatus, simultaneous reference may 

be made to Figs. IA-IE and 2B (and the discussion thereofhereinabove). 

[ 94] Primary components ofMPDS 200 include, as shown, a spike 202 for connecting 

the MPDS to the medical fluid or saline source 23, a vented cannula 208 for 

connecting with a source of FDG or other radiopharmaceutical, a coil assembly 400, 

a T-connector 205 with check valves 2I4, 2I5 for fluidly connecting the saline 

source 23, the radiopharmaceutical source and the coil assembly 400, a waste bag 

224, a connector end 228, and a T-connector 222 for fluidly connecting the coil 

assembly 400, the waste bag 224 and the connector end 228. 

[ 95] In general, MPDS 200 and fluid delivery system 10 are configured for priming (i.e., 

purging air from) the MPDS 200, delivering pharmaceutical (e.g., FDG) to a patient, 

and providing a saline flush, while minimizing or eliminating exposure of 

administering or operating personnel to the detrimental effects of the pharmaceutical 

and minimizing or eliminating creation of contaminated waste. Moreover, MPDS 

200 and other elements of the present invention also facilitate safe delivery of the 

pharmaceutical to multiple destinations (for example, dose delivery to a series of 

patients). 

[96] AT-connector 205 and check valves 2I4, 215 preferably accommodate a first tubing 

section 204 that is in fluid connection with spike 202 and a second tubing section 

210 in fluid connection with cannula 208. The check valves 214, 215 may be 

integrally formed with the T-connector 205 or may be separate components, or they 

could be combined into a single dual check valve. The check valves 214, 215 

prevent saline from being pumped by peristaltic pump 22 into second tubing section 

210 and the pharmaceutical from being pumped by peristaltic pump 180 into the first 

tubing section 204. 
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[ 97] A third tubing section 216 thence preferably leads to coil assembly 400 (including 

tube coil 444), and a fourth tubing section 220 preferably leads from the coil 

assembly 400 to the T-connector 222. As described below, in a preferred 

embodiment the tube coil 444 is formed from a tubing section 217 that has 

dimensions different from those of the third tubing section 216 and the fourth tubing 

section 220. In an alternate embodiment, the third tubing section 216, the tube coil 

444 and the fourth tubing section 220 are formed from the same length of tubing. 

[ 9 8] A fifth tubing section 226 leads from the T-connector 222 to the waste receptacle 

224 and a sixth tubing section 230 leads from the T-connector 222 to the connector 

end 228. As shown above in Fig. IC, the connector end 228 mates with the first end 

702 of the SPDS 700 for delivery of a pharmaceutical to a patient. 

[ 9 9] In a preferred embodiment, the connector end 228 is a swabable luer valve (Part No. 

245204024 provided by Halkey-Roberts Corporation of St. Petersburg, FL) that is 

biased to close or seal off the connector end 228 of the MPDS 200 when the SPDS 

700 is not connected thereto. The swabable luer valve prevents the MPDS 200 from 

being contaminated and allows an operator to swab or clean (by, for example, an 

alcohol wipe) the connector end 228 prior to connecting an SPDS 7000 thereto. 

Alternately, however, the connector end 228 may be a standard luer connector as 

known in the art. 

[100] 

[101] 

As schematically shown in Fig. 2A, the tubing length 27 of the first tubing section 

204 can be placed within pump 22 (indicated by dotted lines) to pump saline or other 

medical fluid from source 23 and a portion of the second tubing section 210 can be 

placed within pump 180 (indicated by dotted lines) to pump a radiopharmaceutical 

from a radiopharmaceutical source. 

Absolute and relative dimensions of the components shown in Fig. 2A, including 

tubing, may be chosen to best suit the applications at hand. Preferably, the first 

tubing section 204 is approximately 56.75 inches in length, has an outer diameter 

(OD) of approximately 0.188 inches and an inner diameter (ID) of approximately 

0.062 inches and has a 45 durometer, the third tubing section 216 is approximately 

15 inches in length, has an OD of approximately 0.163 inches and an ID of 

approximately 0.062 inches and has a 60 durometer, the fourth tubing section 220 is 

approximately 12 inches in length, has an OD of approximately 0.163 inches and an 

ID of approximately 0.062 inches and has a 60 durometer, and the fifth tubing 

section 226 and the sixth tubing section 230 are each approximately 5 inches in 

length, have an OD of approximately 0.163 inches and an ID of approximately 0.062 

inches and have a 60 durometer. The second tubing section 210 is approximately 
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[103] 

[104] 

[105] 

[106] 

8.75 inches in length and is formed of microbore tubing having an OD of about 

0.094 inches and an ID of about 0.032 inches and a 45 durometer. The tubing in 

tube coil 444 preferably is approximately 41 inches in length, has an OD of about 

0.218 inches and an ID of about 0.156 inches and an 80 durometer. 

Preferably, the microbore tubing of second tubing section 210 is formed of, for 

example, silicone, C-Flex, or silicone-like PVC material. Essentially, the use of 

microbore tubing in second tubing section 210 improves volume accuracy and 

thereby improves measured activity accuracy (i.e., of pharmaceutical delivered to 

the patient) and reduces radiopharmaceutical waste. 

By way of tubing material for the other tubing sections 204, 216, 220, 226, 230 and 

tube coil 444, essentially any suitable polymeric material, including standard PVC or 

pump tubing, may be employed. 

In an alternate embodiment of the MPDS 200' shown in Fig. 2C, a conventional 

manifold 228' or stopcock may be substituted for the connector end 228 of the 

MPDS 200 (all other components of the MPDS 200' may be identical or similar to 

those shown in Fig. 2A and are denoted in Fig. 2C by prime notations). As shown in 

Fig. 2C, the manifold 228' includes three outlet ports (preferably including swabable 

valves) to which respective first ends 702' of the SPDSs 700' are connected. By 

connecting the respective patient ends 704 of the SPDSs 700' to, for example, 

catheters placed in patients, pharmaceutical doses can be delivered sequentially or 

concurrently to three separate patients. While the manifold 228' shown in Fig. 2C 

includes three ports for connection to three SPDSs 700', two, four, five or any 

suitable number of ports may be included in manifold 228' for connection with a 

like number of SPDSs 700'. 

Referring again to Figs. 1A-2B, the placement of the MPDS 200 in the fluid delivery 

system 10 and the connection of the SPDS will now be discussed To set up the 

system 10 at, for example, the beginning of the day, the operator lifts the secondary 

handle 21, grasps the primary handle and latch release 1 and retracts the lid 20 to 

reveal the upper surface 103 of the system 10. If a used MPDS 200 is present in the 

system 10, the operator will remove and discard it. 

A new MPDS 200 may be removed from its (typically sterile) packaging and placed 

in the system 10 as shown in Fig. 1 C. This includes placing the waste receptacle 

224 into well 127, placing coil assembly 400 into ionization chamber 160, placing 

second tubing section 210 into operative connection with pump 180, placing the 

tubing length 27 of the first tubing section 204 into operative connection with pump 
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[108] 
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[110] 

22 and tubing holder 150, placing vented cannula 208 into fluid connection with 

radiopharmaceutical source or vial 902 located in well 111, placing fifth tubing 

section 226 in operative connection with pinch valve 170, and placing sixth tubing 

section 230 in operative connection with pinch valve 172, air detector 174 and 

mount 176. A saline source 23 may be hung on hook 6 (see Figs. IA, lB and 2B) or 

otherwise mounted on fluid delivery system 10, and spike2D2 is inserted into port 7 

(see Figs. IA, IB and 2B) of source 23 to fluidly connect the MPDS 200 to the 

source 23. Of course, this installation procedure does not need to completed in the 

order described above, but may be completed in any suitable order consistent with 

the description or drawings hereof. 

After the MPDS 200 is installed and preferably primed (as discussed below), the 

first end 702 of the SPDS 700 is connected to the connector end 228 of the MPDS 

200 and the SPDS 700 is preferably primed to provide a wet connection at the 

patient end 704 of the SPDS 700, which is then com1ected to a catheter (not shown) 

located in a patient. The SPDS 700 is preferably a coiled tubing formed of standard 

PVC, approximately 60 inches in length and having an OD of approximately 0.100 

inches and an ID of approximately 0.060 inches and a 90 durometer. 

As shown in Figs. 2A and 2B, the MPDS 200 includes a coil assembly 400. In the 

broadest sense, coil assembly 400 may include a section of tubing (including 

portions of third and fourth tubing sections 216, 220) that is simply gathered (in a 

coiled or an uncoiled, amorphous fashion) and placed inside ionization chamber 160. 

As shown in Figs. 3A-3F, however, a preferred embodiment of coil assembly 400 

includes a (preferably thermoformed) core element or structure 446 that is preferably 

configured for allowing a tubing section 21 7 to be wrapped thereupon and to assume 

the coiled tube section indicated at 444. As such, the coiled tube section or tube coil 

444 is preferably formed on the core element 446 to facilitate optimal positioning of 

the tube coil 444 within the ionization chamber 160. 

To facilitate positioning of the tube coil 444, the core element 446 preferably 

includes a tube channel 410 defined by shoulders 412, 414 (see Fig. 3B) that retain 

tube coil 444 therebetween to hold the tube coil 444 in position and to prevent tube 

kinking. Further, the upper surface 420 of core element 446 defines an inlet channel 

or groove 422 and an outlet channel or groove 424 to accommodate third tubing 

section 216 and fourth tubing section 220, respectively. 
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[112] 

[113] 

[114] 

[115] 

[116] 

In an alternate embodiment, the core element 446 could include a coiled tube 

channel (not shown) formed therealong to further guide and retain the tubing 

segments or turns that form tube coil 444 between shoulders 412, 414. 

The core element 446 preferably is self-centering when inserted into the sleeve 162 

of the ionization chamber 160 of the fluid delivery system 10 to thereby facilitate 

optimal performance (see Fig. 3F). This may be achieved either through structural 

features of the coil assembly 400, the structure of core element 446 itself, or a 

combination thereofwhen used with the sleeve 162 of the ionization chamber 160. 

As best shown in Fig. 3E, the core element 446 is preferably formed by folding two 

elements (450, 452) together along an integral hinge 455. Suitable form-locking 

mechanisms can be molded onto the core element 446 to facilitate clasping of the 

elements 450, 452 together. 

Figs. IC, ID and 3F show coil assembly 400 positioned concentrically in the sleeve 

162 of the ionization chamber 160. The core element 446 and the tube coil 444 are 

sized and dimensioned so that the coil assembly 400 is optimally positioned within 

the "linear region" of the ionization chamber 160 so that the ionization chamber 160 

can accurately determine the activity level of one or more volumes of 

radiopharmaceutical that is located within the tube coil 444. The "linear region" of 

an ionization chamber is the region in which activity level measurements are 

repeatable and predictable. For the preferred ionization chamber (Model IK-102 

Short Ionization Chamber provided by Veenstra Instruments) used in system 10, the 

"linear region" is located within a window of 5 mm to 65 mm measured from the 

base or bottom wall 160a of the ionization chamber 160 (see Fig. 3F). 

In a preferred embodiment, the tube. coil 444 is comprised of approximately 7 turns 

(see Figs. 3A and 3B) formed from a length of tubing that is approximately 41.0 

inches. As shown in Fig. 3B, the height Hof the tube coil 444 is approximately 1.53 

inches and the diameter D of the tube coil 444 is approximately 1.9 5 inches. The 

tube coil 444 is preferably formed from a tube having an OD of0.218 inches and an 

ID of 0.156 inches. Further, based on the length and ID of the tubing, the tube coil 

444 preferably has a volume capacity of approximately 12.5 ml. 

As discussed heretofore, a source, container or vial 902 (see Fig. 4C) of a 

pharmaceutical or radiopharmaceutical is placed into the fluid delivery system 10 

(e.g., in well 111 formed in upper surface 103) to prepare and perform an injection 

procedure. A radiopharmaceutical container or vial 902 is typically placed in a 

conventional vial shield or PIG 554 for transport by personnel. 
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[122] 

[123] 

Turning now to Figs. 4A and 4B, preferred embodiments of a vial shield carrying 

device or system 500 and a vial access system 600 of the present invention are 

shown. Vial access system 600 is removably disposed within well 111 of fluid 

delivery system 10 and operates to hold vial shield 554 and to access the contents of 

the vial 902 contained therein. (Vial access system 600 will be described in more 

detail below with reference to Figs. 6A-6J. 

As best shown in Fig. 4A, the vial shield 544 (containing a radiopharmaceutical vial 

902) includes a flange 504 formed along a top end thereof and a removable septum 

cap 562 that is securely and removably engaged with the vial shield 544 (e.g., via 

threading) to allow insertion and removal of the vial 902 therefrom. 

As shown in Figs. 4A and 4B, the carrying system 500 includes a collar unit 502 that 

removably engages the flange 504 fanned on the vial shield 554. The collar 502 

may be fanned in two pieces 506, 508 that are pivotally connected together (e.g., at 

one end thereof) to allow the collar 502 to engage and disengage the flange 504. 

The collar 502 includes two elongated slots 510 formed in a top surface therein. As 

best shown in Fig. 4B, the slots 510 each include a pin 512 disposed therein and 

extending between two opposing walls 514 thereof. 

The carrying system 500 further includes a handle unit 520 that engages with the 

collar unit 502 and the septum cap 562 to allow the vial shield 554 (and vial 902) to 

be carried and installed in the fluid delivery system 10. The handle unit 520 

includes a handle 556 that is rigidly connected to a generally U-shaped cross piece 

564a. The cross-piece 564a defines two, downwardly extending arms 530 having 

slots 532 formed thereon. 

The slots 523 each form a slight hook on the ends thereof and are adapted to engage 

and retain a second cross piece 564b that supports a plunger 566 having a generally 

frustoconical shape that mates with a generally frustoconical recess of the septum 

cap 562 (see Fig. 4B). 

The second cross piece 564b is also generally U-shaped and defines two 

downwardly extending arms 534 having hooks 536 formed therein. The open ends 

of the hooks 536 are formed on opposite ends of the arms 534 and are adapted to 

accept and retain the pins 512 in slots 510 of collar 502. The slots 510 are sized to 

provide sufficient clearance for the arms 534 to be inserted thereinto (in a downward 

direction) and for the hooks 536 to engage pins 512 (through rotation of handle 556). 
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[124] 

[125] 
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[127] 

[128] 

The plunger 566 is connected to the second cross piece 564b by means of a 

connector (such as a screw 540) and a spring 538. The plunger 566 is biased by 

spring 538 to ensure a tight fit between the plunger 566 and the septum cap 562. 

To engage and carry the vial shield 554, the collar 502 is connected to the flange 504 

of the vial shield 554 as described above. The handle unit 520 is then moved into 

proximity to the vial shield 554 (by an operator grasping the handle 556 and moving 

the unit 520 into position) and the arms 534 are lowered into the slots 510 of the 

collar 502. At substantially the same time, the plunger 566 is engaged with the 

septum cap 562, with the spring 538 insuring a tight fit between the two. The 

operator then turns the handle unit 520 in a clockwise direction (see Arrow A in Fig. 

4A) to seat the pins 512 in slots 510 into the hooks 536 of arms 534. 

The operator then lifts the combined vial shield 554 and vial carrying system 500 

(by moving the handle unit 520 in an upward direction) and transports it to, for 

example, the fluid delivery system 10. The operator then lowers the vial shield 554 

into the vial access system 600 disposed in well 111 (see Fig. 4A) and rotates the 

handle unit 520 in a counter-clockwise direction to disengage the hooks 536 from 

the pins 512. The operator then lifts the handle 556 in an upward direction to 

remove the arms 534 from the slots 510 and the plunger 566 from the septum cap 

562, thereby leaving the vial shield 554 (with septum cap 562 and collar 502) in vial 

access device 600 in well 111 (see Fig. 4B). 

In a preferred embodiment, the plunger 566 includes radioactive shielding (such as 

lead) to shield the operator from radiation that would otherwise leak through or be 

emitted from the septum of the septum cap 562. Together with the vial shield 554 

and the septum cap 562, the plunger 556 of the vial carrying system 500 shields the 

operator from the radiation emitted by the radiopharmaceutical and prevents 

unnecessary radiation exposure. Further by extending the handle 556 from the vial 

shield 554, the distance between the two functions to also lessen any possible 

radiation exposure to the operator. 

An alternate embodiment of the carrying system is shown in Figs. 5A-5D. As with 

the preferred embodiment described above with respect to Figs. 4A and 4B, the 

carrying system 1500 helps minimize operator exposure to radiation. Dimensions 

shown in Fig. SA are for illustrative and non-restrictive purposes; here they are 

given in inches. As with Figs. 4A and 4B, generally contemplated here is an integral 

carrying system 1500 that enables the vial shield 1554 to be carried and placed in the 

fluid delivery system 10 with minimal operator finger/hand radiation exposure 
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because the design of the carrying system lSOO increases the distance from the vial 

902 contained within the vial shield 1554. 

Shown in Figs. 5A and 5C is a vial shield 1554 with a plunger 1566 of the 

carrying/installation handle system 1500 engaged with the septum cap 1562 of the 

vial shield 1544. The septum cap 1562 engages securely with the vial shield 1554 

(e.g., via threading) to provide suitable radioactive shielding. 

As shown in Figs. SA-SD, a crosspiece 1564a with a central aperture is rigidly 

connected to handle 1556 and is preferably configured to slidably accommodate an 

extension tube 1558. At a free end of extension tube 1558, the plunger 1566 is 

preferably disposed to engage with septum cap 1562. Though this engagement may 

be embodied in essentially any suitable way, here plunger 1566 has a generally 

frustoconical shape that engages with a generally frustoconical recess of septum cap 

1562. 

As further shown in Figs. 5A and 5B (and as can be better appreciated by the 

perspective views in Figs. 5C and 5D), handle 1556 preferably terminates in a ring 

l 564b that is configured for engaging with structural features of cap 1562 (to be 

described more fully below). 

As shown in Fig. 5B, plunger 1566 may be hingedly or pivotably c01mected to 

extension tube 1558 via a hinge or pivot connection 1568, which provides freedom 

of motion to allow the plunger 1566 to mate with the septum cap 1562 without the 

operator having to otherwise place her hand and fingers directly above the septum 

cap 1562 before it is covered by the plunger 1566 (thereby reducing the possibility 

of radiation exposure to the operator). 

While Figs. 5A-5C show handle 1556 in a retracted position, i.e., maximally 

displaced away from plunger 1566, Fig. SD shows in perspective view a different 

stage of the engagement of handle 1556 with vial shield 1554. As such, Figs. 5A-5C 

shows handle 1S56 maximally retracted from plunger 1566 (and, by extension, cap 

1562), while Fig. SD shows handle 1556 in a "fully engaged" configuration with 

respect to cap 1562. 

Preferably, plunger 1566 will initially mate with cap 1562. Thence, handle 1556 is 

preferably moved towards cap 1562 (conceptually progressing from Fig. 5B to 5D) 

such that slots 1570 on ring 1564b fit over and capture posts 1572 (through 

clockwise rotation of handle 1556) on cap 1562. The handle 1556 may then be 

lifted to carry and deposit the vial shield 1554 in the well 111, as described above. 
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The carrying system 1500 is disengaged from the vial shield 1554 through counter

clockwise rotation of the handle 1556 to disengage the capture posts 1572 from the 

slots 1570 on the ring 1564b. Of course, after the contents of the vial 902 are 

depleted, the carrying system 1500 can be attached to the vial shield 1554 as 

described above to remove the vial shield 1554 and the vial 902 from the fluid 

delivery system 10. 

As discussed above with respect to Figs. 4A-4B, the fluid delivery system 10 

includes a vial access system 600 that is removably disposed within well 111 of 

fluid delivery system 10 and is adapted to hold vial shield 554, 1554 and to provide 

access to the contents of the vial 902 within vial shield 554, 1554. 

Because vials (such as vial 902 described herein) typically come in various sizes, 

such as 10 ml, 15 ml, 20 ml and 30 ml, the fluid delivery system 10 of the present 

invention is intended to accommodate various vial sizes. To do so, the fluid delivery 

system 10 may include one or more vial shields and vial access systems (varying 

primarily in size in relation to the prefen-ed embodiment of the vial shields 554, 

1554 and vial access system 600 disclosed and described herein) that are specifically 

sized to accommodate known vial sizes. In a preferred embodiment, three vial 

shields and vial access systems 600 are provided with the fluid delivery system 10, 

and the well 111 is configured and designed to accept each of the vial access 

systems 600. However, the fluid delivery system 10 can be provided with one, four, 

five or any suitable number of vial shields and vial access systems depending on 

evolving needs or changes in the size or shape of the vials. Thus, depending on the 

size of the vial used at a clinical site or for a particular procedure, an operator of the 

fluid delivery system 10 can select the appropriate vial shield and vial access system 

and place it in the well 111 of the fluid delivery system to enable a fluid injection 

procedure. 

Preferred embodiments of the vial access system 600 and the vented cannula 208 of 

the MPDS 200 are described below in relation to Figs. 6A-6J (and with reference to 

Figs. 4A and 4B). Generally, as best shown in Figs. 6A, 6B and 6F, the vial access 

system 600 includes a base portion 670 that preferably includes a sloped surface 

672, the function of which will be more fully appreciated herebelow. Two 

(preferably removable and extendable) support members or pins 67 4 arc provided to 

support and retain a vial shield 554 (i.e., enclosing a vial 902; see Fig. 4C) when it is 

placed on the sloped surface 672 (e.g., after being carried and disposed there using 

the vial shield carrying systems 500, 1500 discussed above). 

-23-

1907 of 2568



WO 2008/082966 PCT/US2007 /088028 

[138] 

[139] 

[140] 

[141] 

As shown, the vial access system 600 further includes a vertical support arm 676 

that is disposed within a housing 678. A cap member 684 and a handle member 682 

are connected to an upper end of the vertical support arm 676. The vertical support 

ann 676 is preferably slidably and rotationally displaceable with respect to the 

housing 678. That is, the arm 676 may slide and rotate with respect to the housing 

678 (see e.g., Figs. 4B and 60) to allow the vial shield 554 to be readily inserted and 

removed therefrom and to lower the vented cannula 208 into the vial 902 contained 

within the vial shield 554 (as discussed in more detail below). 

The handle 682 is used by an operator or technician to insert and remove the vial 

access system 600 from the well 111 of the fluid delivery system 10. The handle 

682 is preferably connected to the vertical support arm 676 via a suitable pivot 

connection (such as a hinge or bolt connection) 680 to permit movement of the 

handle 682 between an extended, carrying position (see Fig. 60) for carrying the 

vial access system 600 and a horizontal or operating position (see Figs. 6B and 6E) 

in which the handle 682 rests on top of the cap 684 (e.g., when the vial access 

system 600 is disposed in the well 111 ), thereby allowing the cover 20 of the fluid 

delivery system 10 to be closed. 

The cap 684 is preferably rigidly connected to the vertical support am1 676 via an 

arm 650 (see Figs. 6A and 60), but it may be pivotally connected to the vertical 

support arm 676 via, for example, a pivot connection (not shown) or adjustably 

connected to the vertical support arm 676 via, for example, a slot (not shown) 

formed in the am1 650. As best shown in Figs. 6E and 6F, when the cap 684 is 

lowered (by sliding the vertical support arm 676 within the housing 678) to insert 

the cannula 208 into the vial 902 within the vial shield 554, and the handle 682 is 

pivoted to a horizontal position atop the cap 684, the cap 684 and the handle 682 

(and thus the remainder of the vial access system 600) lies below or flush with the 

upper surface 103 of the fluid delivery system 10, thereby allowing the cover 20 to 

close over the upper surface 103 of the fluid delivery system 10 and the MPDS 200 

installed therein. The cap 684 preferably includes or is formed with radioactive 

shielding material (e.g., lead) to minimize radiation exposure to personnel from the 

FOG or other radioactive solution contained within the vial 902 in the vial shield 

554. 

As best shown in Figs. 6A and 6C, the underside of cap 684 includes a mounting 

mechanism 686 for accepting the cannula 208 (or other suitable type of spike, 

cannula or needle) for piercing the septum of a vial 902 or other pharmaceutical 

container in the vial shield 554. The mounting mechanism 686 preferably includes 
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two arms 687 that define a groove or slot 688 therebetween. Each of the arms 687 

includes a tab member 690 extending downwardly therefrom. 

The vented cannula 208, in accordance with a preferred embodiment of the present 

invention, may be employed for spiking a pharmaceutical source (such as the 

radiopharmaceutical vial 902 discussed above) and preferably includes a main hub 

332 to which are connected (or integrally formed) two, resilient spring arms 350. 

The spring arms 350 and the main hub 332 cooperate to define two U-shaped 

channels 352 on lateral sides of the main hub 332. 

As shown in Figs. 6C and 6G-6J, each of the spring arms 350 includes a flange or 

hook member 3 70 formed thereon and extending outwardly therefrom. The hook 

members 370 each defines an inclined surface or edge 372 formed thereon. 

The vented cannula 208 further includes a ledge or flange 338 that is connected to or 

integrally formed with the main hub 332 and is disposed in a horizontal plane above 

the two spring anns 350. The ledge 338 and the top edges of the spring arms 350 

cooperate to define horizontal grooves or slots 360 therebetween for accommodating 

the arms 687 of the mounting mechanism 686 on the cap 684 of the vial access 

system 600. 

To connect the cannula 208 to the mounting mechanism 686 on the cap 684, the 

main hub 332 of the cannula 208 is aligned with the slot 688 of the mounting 

mechanism 686 and the arms 687 of the mounting mechanism 686 are aligned with 

the grooves 360 defined between the spring arms 350 and the top ledge 338 of the 

main hub 332. Once the structural elements of the cannula 208 and the mounting 

mechanism 686 are aligned, the cannula 208 is inserted into the mounting 

mechanism 686 until the hook members 370 of the spring arms 350 engage the front 

edges 691 of the tab members 690. Upon further insertion of the cannula 208, the 

front edges 691 of the tab members 690 engage and ride along the inclined surfaces 

372 of the hook members 370, thereby moving the spring arms 350 in an inward 

direction (i.e., toward the vertical axis of cannula 208). This inward movement of 

the hook members 3 70 allows them to clear the front edges 691 of the tab members 

690 and ride along the inner sides 693 thereof until the hook members 3 70 clear the 

tab members 690 and move or snap back into their original position to engage the 

rear edges 692 of the tab members 690. At this point, the cannula 208 is fully 

inserted into and retained by the mounting mechanism 686. To remove the cannula 

208 from the mounting mechanism 686 {e.g., when the MPDS 200 is removed from 

the fluid delivery system 10), the operator pinches the hook members 3 70 together 

(i.e., moves them toward the vertical axis of the cannula 208) until they clear the 
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rear edges 692 of the tab members 690, and then slides the cannula 208 out of 

engagement with the mounting mechanism 686. 

Referring again to Figs. 6C and 6G-6J, the vented cannula 208 includes a longer, 

fluid draw needle 340 in fluid connection with the second tubing section 210 of the 

MPDS 200 via a fluid port 384 and a shorter, vent needle 342 in fluid connection 

with a vent 334. As known in the art, the vent 334 may include a suitable filter for 

filtering the ambient air that is drawn into the vial 902 to allow fluid to be drawn 

therefrom. 

The description now turns to the preferred operation and use of the vial access 

system 600 and the vented cannula 208 of the present invention. When a vial shield 

554 (holding a pharmaceutical vial 902) is to be placed in the vial access system 

600, the vertical support arm 676 is raised to an extended position and rotated (see 

Figs. 2B and 4A) to move the cap 684 out of its normal position above the sloped 

surface 672. The vial shield 554 is then inserted into the well 111 and placed on the 

sloped surface 672 (see Fig. 6F). The support pins 674 engage the vial shield 554 to 

hold it in position on the sloped surface 672. 

After the vial shield 554 is inserted into the vial access system 600 (see Fig. 4B), the 

vented cannula 208 of the MPDS 200 is inserted into the mounting mechanism 686 

on the cap 684 and the cap 684 is rotated back into position (e.g., by turning the 

handle 682) above the septum cap 562 of the vial shield 554 (see Fig. 6D). Then the 

cap 684 is lowered (e.g., by using the handle 682 to urge the vertical support arm 

676 into the housing 678) to insert the fluid draw needle 340 and the vent needle 342 

of the cannula 208 through the septum of the septum cap 562 and into the 

pharmaceutical vial 902 (see Fig. 6F). The handle 682 is then rotated to lie in a 

substantially horizontal orientation on or above the cap 684 (see Figs. lC and 6E), 

thereby allowing the cover 20 of the fluid delivery system 10 to be closed. While 

the preferred method of operating the vial access system 600 and the vented cannula 

208 is provided above, the method and steps can be conducted in any suitable order 

or arrangement to achieve the desired results. 

As best shown in Fig. 6F, the support surface 672 is preferably configured such that 

when a vial is pierced by the fluid draw and vent needles 340, 342 of the cannula 

208, the bottom end of the fluid draw needle 340 will be placed at or near the 

location where the cylindrical wall of the vial 1neets the bottom (floor) of the vial. 

Thus, to the extent that some vials may not have a completely flat bottom or floor 

(e.g., may have a rounded bump with a maximum height at the central longitudinal 

axis of the vial), the fluid draw needle 340 will be in a position to maximally draw 
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fluid from the vial as it collects at the junction of the vial's bottom and cylindrical 

wall (i.e., to avoid waste of the pharmaceutical). Or, even in a flat-bottomed vial, 

such an orientation of the vial will help ensure that fluid maximally gathers and is 

drawn in a closely defined area. 

As discussed above, the dimensions of the vial access system(s) 600 provided with 

the fluid delivery system 10 can preferably be chosen in accordance with dimensions 

of the vial shields and vials to be employed, to ensure that as much fluid from the 

vial is drawn as possible. By way of a non-restrictive example, the sloped surface 

672 could be sloped at an angle of about 10-13 degrees with respect to the 

horizontal. 

Instead of being incorporated into and as part of the MPDS 200 for use with the 

fluid delivery system 10, the vented cannula 208 of the present invention may be 

used in other fluid delivery systems, including ones that use shielded syringes (see 

e.g., U.S. Patent Nos. 5,927,351and5,514,071, the contents of which are 

incorporated herein by reference), for injecting pharmaceuticals or other medical 

fluids into patients. 

As shown in Figs. 47 A-C, the vented cannula 208 may be used with a hand-held 

syringe 380 (preferably held within a conventional lead-shielded container (not 

shown for ease of illustration)) having a discharge outlet 386 and a plunger 381 

slidably disposed therein. The fluid draw needle 340 of the cannula 208 is in fluid 

connection with the shielded syringe 380 by means of a tube 383 connected between 

the discharge outlet 386 of the syringe 380 and the fluid port 384 of the cannula 208. 

The tube 383 preferably includes a connector 387, such as a standard luer connector, 

for removably connecting the tube 383 to the shielded syringe 380. The other end of 

the tube 383 may be non-removably attached to the fluid port 384 of the cannula 208 

by use of, for example, an adhesive. Alternately, the tube 383 may include a 

connector (not shown) for removable connection to the fluid port 3 84 or may be 

press fit and held by friction forces onto the fluid port 384. 

The tube 383 may be fashioned in any length or diameter suitable for the 

application. In use, the fluid draw and vent needles 340, 342 of the cannula 208 are 

inserted into a vial (not shown) containing a pharmaceutical or other fluid. The 

plunger 381 is retracted (moved away from the discharge outlet 386 of the syringe 

380) to aspirate fluid from the vial into the syringe 380. The connector 387 is 

disconnected from the shielded syringe 380 and the syringe 380 is then connected, 

generally via an intermediate tubing (not shown), to a catheter disposed in a patient. 
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The plunger 381 is then advanced (moved toward the discharge outlet 386) to inject 

fluid into the patient. 

As shown in Fig. 48, the vented cannula 208 may also be utilized as part of a second 

alternate fluid delivery system 399 including a shielded (not shmvn for ease of 

illustration), hand-held syringe 380' having a discharge outlet 386' and a plunger 

3 81' slidably disposed therein. In addition to like elements shown in Figs 4 7 A-C, 

the system 399 includes first, second and third tubing segments 390, 391, 392 that 

are connected via a T-connector 393 having an integral stopcock 394. The third 

tubing segment 392 also preferably includes a swabable valve 395 to which the first 

end 702 of the SPDS 700 described above could be connected. Instead of a 

swabable valve 395, it is contemplated that a conventional luer connector could be 

used for suitable applications. 

After the vented cannula 208 is placed in a pharmaceutical source (not shown), the 

stopcock 394 is actuated to open the fluid path between the vented cannula 208 and 

the syringe 380' and to close the path to the third tubing segment 392. The plunger 

is then retracted to aspirate fluid into the syringe 3 80' from the pharmaceutical 

source. The stopcock 394 is then actuated to open the fluid path between the syringe 

380' and the third tubing segment 392 and to close the path to the second tubing 

segment 391. The first end 702 of the SPDS 700 is then preferably connected to the 

swabable valve or luer connector 395, and the plunger 381' is advanced to pump 

fluid to the patient end 704 of the SPDS 700 (e.g., to purge air from the tubing and 

to thereby provide a wet connection between the patient end 704 of the SPDS 700 

and the catheter (not shown) in a patient). The patient end 704 is then connected to 

the catheter and the plunger 381' is advanced again to pump or deliver fluid through 

the SPDS 700 to the patient. 

After the fluid is delivered to the patient, the SPDS 700 is disconnected from the 

patient and the valve or luer connector 395 and is discarded. If another injection is 

to be performed, a new SPDS 700 can be connected to the valve or connector 395 

and the system 399 can be primed to again provide a wet connection at the patient 

end 704 of the SPDS 700. 

The disclosure now turns to the operation of the fluid delivery system 10 and its 

various components. As known in the art, in injection procedures and other fluid 

delivery operations in which pharmaceuticals are delivered to a patient, air is purged 

from the fluid path by pumping an amount of the pharmaceutical and/or a diluent, 

such as saline, through the fluid path to the end of a tubing set (e.g., MPDS 200 or 

SPDS 700) before connecting the tubing set to a catheter in the patient. Such an air 
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purging or "priming" procedure is standard practice to prevent the occurrence of an 

air embolism in a patient, which can cause serious injury or death. Further, the 

dimensions (e.g., length and ID) of the SPDS 700 and the various tubing sections of 

the MPDS 200 (provided above) are necessary for accurate priming, activity 

measurement and delivery of the pharmaceutical to the patient because the system 

10 relies on those dimensions to accurately determine and monitor the volume of 

pharmaceutical and saline that is required for those various operations. 

Referring again to Figs. IC and 2A, once the MPDS 200 is installed in the fluid 

delivery system I 0, the spike 202 is placed in fluid connection with the saline source 

23 and the cannula 208 is inserted into the vial 902 and placed in fluid connection 

with the pharmaceutical therein, the MPDS 200 is primed to remove air therefrom. 

In a preferred method of priming the MPDS 200, the pump 22 is activated to draw 

saline out of source 23 and to move the saline through first tubing section 204, check 

valve 215, T-connector 205 and into third tubing section 216. The pump 180 is then 

activated to draw a small amount of pharmaceutical out of vial 902 and to move the 

pharmaceutical through second tubing section 210, check valve 214, T-connector 

205 and into third tubing section 216. The pump 23 is then activated again to draw 

additional saline from saline source 23 to thereby move the volume of 

pharmaceutical present in third tubing section 216 into the tube coil 444 of coil 

assembly 400 located in the dose calibrator 160. 

To ensure that the second tubing section 210 is primed, the dose calibrator 160 is 

monitored to measure the level of radioactivity in the coil 444. If the dose calibrator 

measures no activity (or an activity level below a predetermined, baseline activity 

level), then the second tubing section 210 has not been appropriately primed and the 

priming process described above needs to be reinitiated by the operator. If the dose 

calibrator measures any activity level (or an activity level above the predetermined, 

baseline activity level), then the system I 0 concludes that the second tubing section 

210 has been correctly primed. 

After the second tubing section 210 is primed, the motor 30 is activated to open the 

pinch valve I 70 and thereby open the fluid path from the fourth tubing section 220 

through the T-connector 222 and the fifth tubing section 226 to the waste receptacle 

224, the motor 31 is activated to close the pinch valve 172 and thereby close the 

fluid path along the sixth tubing section 230, and pump 22 is activated again to 

move the saline and the pharmaceutical in tube coil 444 through fourth tubing 

section 220, T-connector 222, fifth tubing section 226 and into waste receptacle 224. 
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Subsequently, the first end 702 of the SPDS 700 is connected to the connector end 

228 of the MPDS 200. The motor 30 is activated to close the pinch valve 170 (and 

thereby close the fluid path from the fourth tubing section 220 through the T

connector 222 and the fifth tubing section 226 to the waste receptacle 224), the 

motor 31 is activated to open the pinch valve I 72 (and thereby open the fluid path 

along the sixth tubing section 230), and the pump 22 is activated again to move the 

saline through the T-connector 222 and the sixth tubing section 230 to the patient 

end 704 of the SPDS 700. At this point, the entire length of the MPDS 200 and the 

SPDS 700 is primed and the patient end 704 of the SPDS 700 can be connected to 

the catheter or other venous access device placed in a patient. 

In an alternate embodiment, after the phannaceutical is moved into the waste 

receptacle 224, the remainder of the MPDS 200 is primed prior to the SPDS 700 

being com1ected to c01mector end 228 of the MPDS 200. (This alternate priming 

method may be accomplished if the connector end 228 of the MPDS 200 is not the 

preferred swabable luer valve but rather is, for example, a standard luer connector or 

another connector that is not biased to a closed position when disconnected from the 

first end 702 of the SPDS 700.) Then, the first end 702 of the SPDS 700 is 

connected to the connector end 228 of the MPDS 200 and the SPDS 200 is primed 

to provide a wet connection at the patient end 704 of the SPDS 700. 

To accomplish this alternate priming method, the motor 30 is activated to close the 

pinch valve 1 70 (and thereby close the fluid path from the fourth tubing section 220 

through the T-connector 222 and the fifth tubing section 226 to the waste receptacle 

224), the motor 31 is activated to open the pinch valve 172 (and thereby open the 

fluid path along the sixth tubing section 230), and the pump 22 is activated again to 

move the saline through the T-connector 222 and the sixth tubing section 230 to the 

connector end 228 of the MPDS 200. Then, after the first end 702 of the SPDS 700 

is connected to the connector end 228 of the MPDS 200, the pump 22 is activated 

again to move saline through the SPDS 700 to the patient end 704 thereof. 

After the MPDS 200 and the SPDS 700 are primed and the patient end 704 of the 

SPDS 700 is connected to the patient, the system 10 is ready for an injection 

procedure. While preferred and alternate methods of priming the MPDS 200 and the 

SPDS 200 are described above, other methods or steps may be employed or the steps 

above may be rearranged in any suitable manner to purge air from the MPDS 200 

and the SPDS 700. 
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In an alternate embodiment of the MPDS 200, the T-connector 205 and the check 

valves 214, 215 can be replaced with an automated, motor-driven stopcock. T

connector 222 also can be replaced with an automated stopcock as well. 

The disclosure now turns to embodiments of the present invention, as illustrated in 

Figures 7-46, that could conceivably be employed in programming and operating a 

fluid delivery system as broadly contemplated herein. 

Shown schematically in Figures 7-46 are various incarnations of a touch screen 

arrangement 1000 displayed on a graphical user interface, such as GUI 15, that 

could be employed with the fluid delivery system 10. As a non-restrictive example, 

such a touch screen arrangement could be utilized in conjunction with a system 

controller 5 and/or computer of any of a variety of fluid delivery systems as broadly 

contemplated herein. 

In order to clearly and unambiguously communicate to an operator the current status 

of the system 10, a graphical user interface with easily legible symbols and icons, 

including exceedingly user-friendly data entry mechanisms, is broadly 

contemplated. An operator will thus be able to intuitively understand and undertake 

various tasks for operating system 10. 

While a touch screen arrangement is contemplated in connection with Figures 7-46, 

it is to be understood that other types of data entry aITangements are conceivable that 

would achieve an equivalent purpose. For example, soft or hard key entry could be 

used, as well as trackball arrangements, mouse arrangements, or a cursor control 

touch pad (remote from the screen). 

The touch screen arrangement 1000 shown in Figures 7-46 can preferably be 

employed for four categories of tasks, namely: (I) system preparation, (2) patient 

treatment, (3) injection history (i.e., obtaining information regarding previous 

treatments) and (4) system configuration. Preferably, a touch screen arrangement 

1000 will be flexibly and selectably manipulable to accommodate and undertake any 

and all of these tasks as desired. 

System Preparation 

The "system preparation" category includes a number of tasks that are preferably 

performed in the following order to prepare the system 10 for a fluid injection or 

delivery procedure: ( 1) disposing of a used MPDS 200 and vial 902 from, for 

example, the previous day or previous use of the system 10 (if still present in the 

system 1 O); (2) conducting a quality control check or "daily QC" of the system 1 O; 
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(3) installing a new pharmaceutical vial 902 and a new MPDS 200 in the system 1 O; 

and (4) priming the MPDS 200 to remove air therefrom. While the above order is 

the preferred one for preparing the system 10, the tasks may be performed in any 

suitable manner and order for the intended application. 

Fig. 7 conveys a "main" screen visible on touch screen arrangement 1000, which 

may be an initial screen presented to an operator when the system 10 is initially 

activated. 

As such, and as shown in Fig. 7, touch screen arrangement 1000 preferably 

generally depicts at a very high level the fluid path (e.g., MPDS 200 and SPDS 700) 

of the fluid delivery system 10. It can be appreciated that touch screen 1000 can 

easily be "mapped" (i.e., provide a one-to-one correspondence) to major components 

of the MPDS 200, the SPDS 700 and other components of the system 10 such as that 

discussed and illustrated herein with respect to Figs. 1A-6J, but that level of detail is 

generally not required for programming and use of the system 10. 

As shown in Fig. 7, the touch screen shows a saline field 1002 (here in the stylized 

shape of an IV bag), a pharmaceutical or FDG field 1004 (here in the stylized shape 

of a vial) and an ionization chamber graphic 1010. A tubing graphic 1008, as 

shown, encompasses a three-way junction with branches leading, respectively, to 

saline field 1002, FDG field 1004 and ionization chamber graphic 1010. As shown, 

the tubing graphic 1008 is coiled inside the ionization chamber graphic 1010 to 

indicate the tube coil 444 described above. 

Touch screen arrangement I 000 in Fig. 7 shows the system 10 as being in an "idle" 

state. As such, no fluid is shown as being disposed in or moving through tubing 

graphic 1008 and ionization chamber graphic 1010. Further, saline and FDG fields 

1002, 1004 in Fig. 7 both convey an "empty" status, to indicate that the system 10 

has not yet been provided with information regarding the presence and/or amount of 

fluid in the saline source 23 and the vial 902. 

Indicated at 1006 is a touch field showing desired activity (currently displayed as 

15.0 mCi) for an injection procedure to be performed. When the system 10 is 

activated, the desired activity field 1006 preferably displays a default activity value 

that can be pre-programmed into the system 10 or pre-set by the operator. 

Alternately, the desired activity field 1006 can default to the last activity level that 

was programmed into the system 10. Further, a display (read-only) system 

preparation field 1020 includes an associated "setup" button 1022a that, when 

activated, permits system preparation tasks to be performed. 
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Indicated at 1012, 1014, 1016 and 1018, respectively, in Fig. 7 are circular status 

icons that provide quick and easy reference to different aspects of system status and, 

as such, will highlight when an aspect of system status is "on" or "active" or provide 

status information on the system I 0. Thus, icons 1012-1018 from left to right, 

respectively, convey information on the following system aspects: activity present 

1012, fluid motion I injection status 1014, check for air I priming status 1016, and 

system battery status 1018. 

The system battery (not shown) provides power to the system controller 5 and to the 

ionization chamber 160 (to maintain the ionization chamber at its normal operating 

state) in the event that the system 10 is disconnected from an AC power source. The 

system battery is charged while the system 10 is connected to an AC power source. 

Fig. 7 also shows four rectangular touch fields 1020-1023 along the bottom thereof. 

Reset button 1020 is activated to reset or clear information, such as case 

identification information, desired activity level, etc., from the treatment screens (as 

described in more detail below). Configuration button 1021 is activated to access 

the configuration screens for the system 10 (as described in more detail below). 

Records or Injection History button 1022 is activated to access information 

regarding prior injection procedures (as described in more detail below). Help 

button 1023 is activated to access searchable text, FAQs or other information that 

might be provided about the use and operation of the system 10. 

When the setup button I 022a is activated, the touch screen changes to that shown in 

Fig. 8. and "summary" 1030, "setup guide" 1032 and "daily QC" (quality control) 

1034 touch fields preferably appear and the "summary" touch field 1030 is 

activated, prompting the appearance of a summary display 1038. As shown, 

summary display 1038 provides FDG and saline fields 1040, 1044, respectively, as 

well as MPDS tubing field 1048 and waste field 1050. 

In the saline field 1044, a "replace" button 1046 can be activated by the user to 

inform the system I 0 that the saline source 23 has been replaced and to allow the 

user to input the volume of the saline source into the system 10 (see Fig. 13 ). After 

the saline volume is input via pop-up screen 1110 including keypad 1114 in Fig. 13, 

the saline volume is displayed as shown in Fig. 11. In a preferred embodiment, the 

saline source 23 is replaced at the same time that a new vial 902 is placed into the 

system 10. 

As part of the FDG field 1040 in Fig. 8, there are shown a number of informational 

displays (shown here as blank) regarding assay information that can be input by a 
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user into the system 10. An edit button 1042 can be activated by the user to 

facilitate the entry of such information. When the edit button 1042 is activated, the 

display shown in Fig. 10 appears. The user can then input the noted assay 

information (typically provided on the pharmaceutical vial 902) into the system 10. 

Specifically, a lot number can be entered into field 1072, while the activity and 

volume of, for example, FDG or other radiopharmaceutical in the vial can be entered 

into touch fields 1080 and 1082, respectively. In a manner well known to those of 

ordinary skill in the art, the activation of any of these fields can prompt a numerical 

keypad pop-up to assist in data entry, or data can be entered in essentially any other 

suitable manner (e.g., directly via a physical keyboard). 

Further, the assay date of the radiopharmaceutical in the vial is entered in field 1074 

via a calendar button 1074a (which prompts the appearance of a pop-up calendar in 

known manner), or a simplified entry touch field 1074 which selectively permits the 

entry of a day such as "today" or "yesterday" (which is useful for 

radiopharmaceuticals, such as FDG, that have very sh01i half-lives). 

The assay time is entered into touch field 1076 (via a pop-up time field or 

keyboard/keypad entry) and an AM/PM toggle field 1076a. Other functional 

buttons are present, such as "clear all" 1078, "cancel" 1084 and "OK" 1086 buttons, 

to facilitate entry, deletion and/or acceptance of inputted values of the requested 

assay information. When the OK button 1086 is activated to accept the assay 

information shown in Fig. 10, the display shown in Fig. 11 appears. 

Finally, as shown in both Figs. 8 and 11, information regarding the amount of 

radioactivity present in the MPDS tubing 200 is displayed at area 1048, while a 

waste field 1050 is preferably provided to graphically display the quantity of fluid 

and the activity level in the waste receptacle 224. Further, an "OK" button 1036 is 

activated to notify the system 10 that the system preparation tasks have been 

completed. 

Fig. 9 illustrates the display screen that is shown when the "setup guide" touch field 

1032 shown in Fig. 8 is activated. As shown, setup guide 1032 prompts the 

appearance of a setup screen 1053 to assist an operator in physically preparing the 

system 10 for a procedure. Setup screen 1053 preferably includes four tabs 1054, 

1056, 1058, 1060), which each, respectively, assist an operator in a different aspect 

of system setup (here, FDG removal, saline source installation, FDG installation, 

and MPDS installation, respectively). 
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Fig. 9 also shows that FDG tab 1058 has been activated, prompting the appearance 

of display 1062. Up and down arrows 1066, 1068 preferably permit an operator to 

go through numbered procedure steps 1-4 as shown to install FDG vial 902 into the 

system 10, and a graphical image 1064 of the fluid delivery system 10 preferably 

graphically relates each of the numbered procedure steps. Here, for instance, "step 

1" is shown graphically for the unlocking and opening of the cart. After the FDG 

vial 902 is installed in the system I 0, status icon I 012a is highlighted (see Fig. 11) 

because activity is now present in the system 10. 

After the FDG vial 902, the saline source 23 and the MPDS 200 have been installed 

using, for example, the display shown in Fig. 9, and the FDG assay information and 

the saline volume information have been provided to the system (as shown in Fig. 

11), the "purge air" button 1052 shown in Fig. 11 can be activated to prime the 

MPDS 200. When purge air button 1052 is activated, the "Prime MPDS" que1y 

prompt 1100 shown in Fig. 12A is displayed. When the "Yes" button 1101 in Fig. 

12A is activated, the MPDS priming operation described in detail above is 

performed by the system 10 and a "Priming MPDS" status display 1102 is shown 

(see Fig. 12B) to indicate the status and completion of the MPDS priming operation 

to the user. 

After the MPDS 200 is primed by the system 10, a volume of fluid (i.e., a mixture of 

saline and a pharmaceutical (e.g., FDG)) is present in the waste receptacle 224 (as 

described in detail above). The outcome of the MPDS priming operation and the 

current status of the system 10 is displayed to the user, as shown in Fig. 14. 

As Fig. 14 shows, and as compared to the pre-MPDS priming system status shown 

in Fig. 11, the waste receptacle 224 contains 20 ml of waste (i.e., saline and 

pharmaceutical) and has an activity level of 15 mCi, the MPDS tubing has an 

activity level of 2 mCi, the saline source 23 contains 485 ml of saline (compared to 

500 ml in Fig. 11) and the vial 902 contains 15 ml of FDG and has an activity level 

of 374 mCi (compared to 30 ml and an activity level of 700 mCi in Fig. 11). 

As shown in Fig. 14, the "Activity" (i.e., 700.0 mCi) listed in the Assay Information 

section of display 103 8 is the amount of radioactivity provided by the 

radiopharmaceutical at the time it was assayed. The "Total Activity" (i.e., 415 mCi) 

shown next to the FDG display 1040 is the amount of radioactivity currently 

provided by the radiophannaceutical present in the vial 902. The difference (i.e., 

285 mCi) between the "Activity" and the "Total Activity" is calculated from the 

decay rate of the radioisotope and the elapsed time since the radiopharmaceutical 

was assayed. The activity level (i.e., 374 mCi) displayed within the FDG display 
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1040 is the 'extractable activity'; that is, the amount of activity that can be extracted 

from the vial 902. The "extractable activity" is less than the "total activity" because 

there is a small volume of radiopharmaceutical (e.g., approximately 1-2 ml) that 

cannot be extracted from pharmaceutical vials or containers and becomes discarded 

waste. 

Preferably prior to installing and priming the MPDS 200, the operator or other 

personnel should perform a quality control check on the fluid delivery system 10. In 

a preferred embodiment, the quality control check is performed daily, for example at 

the beginning of a work day, to ensure that the fluid delivery system 10 is in good 

working order. The quality control check is initiated by activating the "Daily QC" 

field or button 1034, as shown in Fig. 15. When activated, the "daily QC" touch 

field 1034 prompts the appearance of a QC display 1120 to assist an operator in 

performing a quality control check. A menu of checks to be perfonned preferably 

appears via the following touch fields: zero check (1122), bias adjustment (1124), 

background check ( 1126), constancy/accuracy test (1128) and ionization chamber 

battery (i.e., high voltage) measurement check (1130). In addition, the QC display 

1120 provides a warning prompt 1121 to the operator that no activity (i.e., no 

radiopharmaceutical) should be inside the ionization chamber 160 when the quality 

control check is conducted. 

To the left of each touch field, preferably, is a "check box" or "pass/fail" indicator 

that preferably indicates one of the following four states, as appropriate: highlighted 

(if the corresponding touch field 1122-1130 is activated) to indicate an active test or 

check; not highlighted and blank to indicate an unexecuted test or check; checked 

with a checkmark to indicate a successful test or check; and an "X" to indicate a 

failed test or check. 

The QC display 1120 also includes a "Previous Test" button 1132 and a "Start" 

button 1134. The Previous Test button 1132 is activated to display the results of the 

previous quality control check of the system 10. When the Start button 1134 is 

activated, the tests or checks displayed in the QC display 1120 are initiated. 

Preferably, the checks are conducted in the order presented (i.e., from top to bottom) 

but they may be performed in any suitable order. 

Upon activating the Start button 1134, the "Zero Check" test 1122 is initiated. As 

shown in Fig. l 6A, when the Zero Check test is initiated, the system 10 creates a 

pop-up 1136 that queries the operator as to whether there is activity (i.e., a 

radiopharmaceutical) inside of the ionization chamber 160 of the fluid delivery 

system 10. If the operator activates the "No" touch button 1137 in pop-up 1136, 
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system 10 "zeros out" the ionization chamber by automatically adjusting internal 

parameters so that the output from the ionization chamber indicates no activity. This 

check primarily accounts for environmental background radiation. When the check 

is completed, the system 10 displays a checkmark (see Fig. 16B) in the Zero Check 

display 1122. 

As shown in Fig. 17, the quality control check continues on to the Bias Adjustment 

check, which is similar to the Zero Check above but makes finer adjustments to 

internal biasing parameters to offset the effects of minor current fluctuations due to 

noise within the circuitry of the ionization chamber. The fine adjustments are made 

to ensure consistent activity readings from one measurement to the next. Fig. 1 7 

shows a checkmark in the Bias Adjustment display 1124, thereby indicating that the 

system 10 has successfully adjusted the bias setting. 

Fig. 17 further shows that the Background Check is in progress. As such, field 1126 

is highlighted and a progress bar 1126a indicates the degree of progress (here, 20%). 

The Background Check basically completes the ionization chamber "zeroing" steps 

conducted during the Zero and Bias Adjustment checks. The system 10 takes 

several readings (e.g., 10) from the ionization chamber and captures the average of 

those readings for display to the user. This allows the user to determine whether the 

ionization chamber has been sufficiently zeroed out. 

The next system check is the "Constancy/ Accuracy" test, which is used to monitor 

the performance of the ionization chamber by measuring the same check source at 

intervals over a long period of time. The check source (e.g., Cs-13 7) is placed in the 

ionization chamber and the measured activity is compared to the expected activity 

based on the original assay information (decayed for time) of the check source. This 

ensures that the ionization chamber is providing accurate readings. The measured 

activity is also compared to previous readings of the same check source (decayed for 

time) by the ionization chamber. This ensures that the readings provided by the 

ionization chamber are consistent over time. 

When the system 10 initiates the "Constancy I Accuracy" test, a pop-up 1140 is 

generated (see Fig. 18) to prompt the operator to place a suitable pharmaceutical (in 

this example, Cs-137) in the ionization chamber 160 and to input information about 

the radiopharmaceutical (see data fields in pop-up 1140) into the system 10. In a 

preferred embodiment, the pop-up 1140 automatically includes the 

radiopharmaceutical information from the most recent "Constancy/ Accuracy" test, 

and the operator activates the "Edit" button 1144 to input new and accurate 
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information when necessary. In an alternate embodiment the data fields in pop-up 

1140 could be left blank for filling by the operator. 

After the pharmaceutical is placed in the ionization chamber 160 and the data fields 

in pop-up 1140 are complete and accurate, the operator activates the "OK" button 

1146 to initiate the "Constancy/Accuracy" test. The "Constancy/Accuracy" display 

bar 1128 preferably includes a test progress bar (not shown) similar to bar l 126a in 

Fig. 17 that indicates the degree of progress to the operator. If the operator wishes 

to bypass the Constancy/Accuracy" test, she may activate the "Skip" button 1142 to 

bypass the test and proceed to the "Battery Measurement" test (discussed below with 

respect to Fig. 20). Once the "Constancy/ Accuracy" test is completed, another pop

up 1148 is generated by the system 10 (see Fig. 19) to prompt the operator to 

remove the pharmaceutical from the ionization chamber 160. After the operator 

activates the "OK" button 1149 in pop-up 1148 to inform the system 10 that the 

radiopharmaceutical has been removed from the ionization chamber 160, the system 

10 then initiates the ionization chamber "Battery Measurement" check. 

As shown in Fig. 20, the four previous system checks (see displays 1122-1128) are 

indicated by checkmarks as having been successfully completed. The ionization 

chamber "Battery Measurement" check measures the voltage output provided by a 

battery pack internal to the ionization chamber to ensure that the voltage output is 

sufficient to produce accurate readings from the ionization chamber. The ionization 

chamber "Battery Measurement" check is shown as being 84% completed by 

progress bar 1 l 30a. 

After the "Battery Measurement" check is completed, the system 10 generates a 

"Summary" display screen 1150, as shown in Fig. 21, with specific results for all of 

the checks. If the "Constancy/ Accuracy" test was bypassed by the operator (by 

activating Skip button 1142 in Fig. 18), the system IO generates "Summary" display 

l 150a shown in Fig. 22, which indicates that the "Constancy/ Accuracy" test was 

skipped. 

Screen 1150 also includes a print button 1152 that is activated to, for example, print 

out the test results (via printer 24 of system 10) for the system's maintenance file. In 

addition, the Summary display 1150 includes a New Test button 1154, which is 

activated by the operator to initiate a new series of quality control checks. When the 

New Test button is activated, the display 1120 shown in Fig. 15 is generated and the 

quality control check is conducted again by the system 10. 

Patient Treatment 
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The "Patient Treatment" category of tasks is described below in relation to Figs. 23-

32B. The "Patient Treatment" category includes a number of tasks that are 

preferably performed in the following order to administer or inject a 

radiopharmaceutical into a patient: (1) setting the desired activity level to be 

delivered to the patient; (2) inputting patient and/or case identification information 

into the system 10; (3) connecting the first end 702 of the SPDS 700 to the 

connector end 228 of the MPDS 200; (4) priming the SPDS 700 to remove air 

therefrom; (5) connecting the patient end 704 of the SPDS 700 to the patient; (6) 

conducting a test injection to ensure the integrity of the fluid path to the patient; (7) 

preparing the radiophannaceutical dose to be administered or injected into the 

patient; (8) measuring the activity level of the radio pharmaceutical dose in the dose 

calibrator 160 to ensure that it is equal or substantially equal to the desired activity 

level to be delivered to the patient; (9) discarding the radiopharmaceutical dose if, 

for example, the patient is experiencing discomfort or the measured activity level is 

not equal or substantially equal to the desired activity level; and (10) administering 

or injecting the radiopharmaceutical dose to the patient if the measured activity level 

is equal or substantially equal to the desired activity level. While the above order is 

the preferred one for the "Patient Treatment" tasks, the tasks may be performed in 

any suitable manner and order for the intended application. 

After the operator prepares the system 10 for a fluid delivery procedure by, for 

example, completing the steps set forth above in the "System Preparation" tasks, the 

system 10 generates the display 1000 shown in Fig. 23 which indicates in the upper 

left hand side thereof that the "System is ready." The saline field 1002 indicates that 

500 ml of saline is available and the FDG field 1004 indicates that 700 mCi ofFDG 

are available, as shown. 

As further shown in Fig. 23, the Desired Activity field 1006 indicates that 15.0 mCi 

is the cunent desired activity level. This 15.0 mCi activity level is preferably an 

operator-defined, default setting in the system l 0, but also could be the desired 

activity level that was programmed for the last injection procedure. 

The desired activity level is preferably set by the operator in one of two ways: (1) 

manual input; or (2) a calculation based on patient weight. If the operator wants to 

set the desired activity level by manual input rather than by patient weight, the 

operator activates the "No" button 1202a in display 1006. In response thereto, the 

system 10 generates the display and keypad 1204 shown in Fig. 24A. The operator 

uses the keypad 1204 to input the desired activity level. 
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If instead the operator wants to set the desired activity level based on patient weight, 

the operator activates the "Yes" button 1202b in Fig. 23. Upon activation of the 

"Yes" button 1202b, the system 10 generates the display 1000 and pop-up 120 5 

shown in Fig. 24B, which prompts the operator to "Enter patient weight" (displayed 

in pounds or kilograms in data field 1003) using pop-up 1205. Further, the operator 

can select the formula to be used in calculating the weight-based activity level by 

activating formula touch field 1011. When formula touch field 1011 is activated, the 

pop-up table 1013 shown in Fig. 24C is displayed and the operator is prompted to 

"Select formula." In a preferred embodiment the operator can select up to five 

operator-defined formulas. For example, as shown in Fig. 24C, the operator can 

select among three predefined formulas: (1) Standard (0.1 mCi/lb.); (2) Melanoma 

(0.13 mCi/lb.); and (3) Pediatric (0.07 mCi/lb.). However, the system 10 can 

include more than pre-set or predefined weight-based formulas. For example, the 

system 10 can also include formulas based on other patient parameters, such as 

glucose-level or cardiac output, or scanner parameters, such as acquisition time or 

crystal type. 

Once the formula is selected, the desired activity level is calculated using the 

formula and the patient's weight. The desired activity level (e.g., 13.5 mCi), the 

patient's weight (e.g., 135 lb.) and the formula (e.g., 0.1 mCi/lb.) are displayed in 

field 1006 and the screen display 100 indicates that the "System is ready", as shown 

in Fig. 24D. 

In addition, as displayed in display and keypad 1204 shown in Fig. 24A, in a 

preferred embodiment the system 10 includes pre-defined minimum and maximum 

activity levels that define the operating range (i.e., 5-25 mCi) of the system 10. The 

operating range of the system 10 cannot be altered by the operator, and the system 

10 preferably will not accept a desired activity level (whether manually input or 

calculated based on patient weight or other patient or scanner parameter) that falls 

outside of the system's operating range. In a preferred embodiment, the system will 

default to the maximum or the minimum activity level (i.e., 25 mCi or 5 mCi) if the 

operator attempts to input or the system calculates a desired activity level that is 

greater than the maximum activity level or less than the minimum activity level, 

respectively. 

Furthermore, if desired for safety or medical practice or preference reasons, the 

operator preferably can define her own minimum and maximum desired activity 

levels for the system, as long as they fall within the operating range of the system 

10. For example, the operator can define a minimum desired activity level of 10.0 
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mCi and a maximum desired activity level of 17.5 mCi for the system 10 because 

those two parameters fall within the 5-25 mCi operating range of the system 10. In 

such a case, as shown in Fig 24E, even though the operator inputted a patient weight 

of 5 lb. and chose a formula of 0.1 mCi/lb. (which would resrtlt in a calculated 

desired activity level of 0.5 mCi), the system 10 sets the desired activity level to the 

minimum desired activity level of 10.0 mCi. When the system 10 uses the minimum 

desired activity level instead of a manually input activity level or a calculated 

weight-based activity level, the system I 0 indicates that to the operator by using, for 

example, the downward arrow icon 1006a shown in display field 1006 of Fig. 24E. 

Likewise, as shown in Fig. 24F, even though the operator inputted a patient weight 

of999 lb. and chose a formula ofO.l mCi/lb. (which would result in a calculated 

desired activity level of 99.9 mCi), the system 10 set the desired activity level to the 

maximum desired activity level of 17.5 mCi. When the system I 0 uses the 

maximum desired activity level instead of a manually input activity level or a 

calculated weight-based activity level, the system 10 indicates that to the operator by 

using, for example, the upward arrow icon 1006b shown in display field 1006 of 

Fig. 24F. 

After the desired activity level is programmed or set by the system 10, preferably the 

operator inputs case information including patient identification and injection site 

information into the system 10, as shown in Figs. 25A and 25B. When the operator 

activates the Edit button 1208 in the Case ID field 1206 (see e.g., Fig. 23), the "Case 

Information" pop-up display 1217 shown in Fig. 25A appears. The display 1217 

includes an "Identification" field 1217a and a keypad 1217J for inputting a patent or 

other identification number in field 121 7a. In addition, the display 1217 includes a 

number of "Injection Site" touch buttons 12 l 7b-1217i for identifying and recording 

in the system 10 the site on the patient at which the radiopharmaceutical will be 

administered or injected, including 'Left Antecubital' 1217b, 'Right Antecubital' 

1217c, 'Left Hand' 12 l 7d, 'Right Hand' 1217e, 'Left Foot' 1217f, 'Right Foot' 

1217g, 'Access Port' 1217h and 'Other' 1217i. 

Once the Identification and Injection Site information is input into the system 10, the 

information is displayed in the Case ID field 1206, as shown in Fig. 25B. Further, 

as shown in Fig. 25B, after the requisite inforn1ation is input into the system 10 and 

displayed in the Case ID field 1206, a Patient Preparation field 1210 including a 

Prime touch button 1212 is generated and displayed for the operator. 

Before the Prime button is 1212 is activated, the first end 702 of the SPDS 700 

should be attached to the connector end 228 of the MPDS 200, as discussed in detail 
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above. When the SPDS 700 is connected to the MPDS 700, the operator can 

activate the prime button 1212 to cause the system 10 to prime the SPDS 700 to 

remove air therefrom. 

As shown in Fig. 26A, after the Prime button 1212 is activated the system 10 

indicates that the system is "Priming" the SPDS 700 and generates a progress bar 

1213 (which indicates in Fig. 26A that the priming operation is 17% completed). 

Further, the system 10 highlights the fluid path field 1008 and the coil field I 010 in 

display 1000 to indicate that saline is being pumped from saline source 23 (indicated 

by saline field 1002) through the MPDS 200 and the SPDS 700 to prime the SPDS 

700. After the SPDS priming operation is completed, the system 10 generates a 

prompt display 1215, as shown in Fig. 26B, that queries the operator as to whether 

all air has been expelled or purged from the SPDS 700. If the "Yes" button 12 l 5a is 

activated, the SPDS priming operation is completed and the system 10 is ready to 

conduct a test injection and/or to prepare the pharmaceutical dose for injection into 

the patient, as discussed in more detail below. If, on the other hand, the "No" button 

1215b is activated, the SPDS priming operation is preferably conducted again. 

After the SPDS priming operation is completed, the patient end 704 of the SDPS 

700 is connected to the patient (as described above) and the Patient Preparation 

display field 1210 on the touch screen 1000 includes a "Test Inject" button 1212a, as 

shown in Fig. 28A. If the operator desires to conduct a test injection to, for 

example, ensure the integrity of the fluid path along the MPDS 700, the SPDS 200 

and the patient's vasculature, the operator activates the "Test Injection" button 

1212a and the system 10 pumps saline from the saline source 23 through the MPDS 

200 and the SPDS 700 to the patient. Concurrently, the system 10 generates the 

display shown in Fig. 27A to inform the operator that the system 10 is 'Test 

Injecting" and highlights the fluid path display 1008 from the saline source icon 

1002 to the ionization chamber display 1010. The display I 000 also includes a 

progress bar 1213a to indicate the degree of progress made (here 45%) in 

completing the test injection procedure. 

If the operator needs to pause the test injection due to, for example, patient 

discomfo1i or incorrect positioning of the catheter in the patient, she can activate the 

"Pause" button 1212d in the Patient Preparation" display 1210 (see Fig. 27A) to 

pause the procedure. When the test injection procedure is paused, the system 10 

generates the display shown in Fig. 27B, indicating that the test injection is 

"Paused" and providing a "Resume" button 1212b and a "Stop" button 1212c in the 

Patient Preparation display 1210. To resume or stop the test injection, the operator 
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can activate the corresponding "Resume" and "Stop" buttons, 1212b, 1212c, 

respectively. 

In addition to using the various "Pause" and "Stop" buttons provided by the GUI 

display 15, an operator can also depress the interrupt button 25 on the cabinet 9 of 

the system I 0 to at any time pause or stop a procedure or operation being conducted 

by the system. 

After the test injection is completed or terminated the system I 0 generates the 

display 1000 shown in Fig. 28A, which includes an FDG Dose display 1216 and a 

corresponding "Prepare" button 1218. After the operator activates the "Prepare" 

button 1218, the system 10 generates the display shown in Fig. 28B and begins to 

pump a volume of FOG (or other suitable pharmaceutical or radiopharmaceutical) 

from the vial 902 through the MPDS 200 to the tube coil 444 thereof disposed in the 

ionization chamber 160. As shown in Fig. 28B, to reflect this operation the display 

1000 informs the operator that the system 10 is "Measuring Dose" and highlights the 

fluid path display 1008 from the FOG source display 1004 to the ionization chamber 

display 1010. The display also includes a progress bar l 2 l 4a that shows the 

system's progress (here 78%) in measuring the pharmaceutical dose. 

In a preferred embodiment, the system 10 prepares the pharmaceutical dose in 

accord with the methodology described in PCT Publication No. WO 2006/007750, 

in which the activity level of a first amount of a radioactive liquid is measured and 

used to calculate a second amount of the radioactive liquid that is required for the 

combined amounts to have a pre-determined level of radioactivity to be delivered to 

a patient. The contents of PCT Publication No. 2006/007750 are incorporated 

herein by reference. The dimensions of the coil assembly 400 and the core structure 

446, including the height, diameter and volume of the tube coil 444, the length, 

number of turns, OD and ID of the tubing that forms the tube coil 444, and the 

dimensional location of the "linear region" of the Veenstra IK-102 ionization 

chamber, provided above are necessary to optimally and accurately prepare the 

pharmaceutical dose, whether in accord with the preferred methodology described in 

PCT Publication No. WO 2006/007750 or using another suitable dose preparation 

methodology. 

The stated tube coil 444 dimensions are necessary to optimally position within the 

"linear region" of ionization chamber: (1) the volume(s) of pharmaceutical required 

to deliver the desired activity level to the patient; and (2) the volume of saline 

necessary to position the total volume of pharmaceutical in the tube coil. The tube 

coil 444 could be formed from tubing having a larger ID than that stated above (i.e., 
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0.156 inches), but larger IDs tend to allow the radiopharmaceutical to be diffused 

with the saline (which is used to 'place' or 'position' the radiopharmaceutical within 

the tube coil 444), which may result in the radiopharmaceutical volume or a portion 

thereof being positioned outside of the tube coil 444 and thus outside of the "linear 

region" of the ionization chamber (resulting in inaccurate activity level 

measurements and delivery). Likewise, the tube coil 44 could be formed from 

tubing having a smallerID than 0.156 inches (which would possibly further decrease 

or prevent the diffusion of the radiopharmaceutical with the saline), but the 

dimensions of the tube coil 444 (e.g., length of tubing, coil tube height, number of 

turns) required to maintain a tube coil volume of 12.5 ml would result in the tube 

coil 444 extending beyond the "linear region" of the ionization chamber (resulting in 

inaccurate activity level measurements and delivery). 

Further, the core structure 446 operates to maintain the desired tube coil geometry 

(e.g., tube coil diameter and height) and to properly position the tube coil 444 axially 

and vertically within the sleeve 162 so that the tube coil 444 thereby resides within 

the "linear region" of the ionization chamber 160 (see e.g., Fig. 3F). 

With specific reference to the dose preparation methodology described in PCT 

Publication No. WO 2006/007750, the 12.5 ml volume of the tube coil 444 is 

designed to accommodate two volumes of a radiopharmaceutical from vial 902 

separated by a volume of saline from source 23, regardless of whether the dose is 

prepared shortly after the radiopharmaceutical was assayed (when a small volume of 

the radiopharmaceutical is required to deliver a desired activity level) or after a 

significant amount of time has passed (e.g., in relation to the radioisotope's half-life) 

since the radiopharmaceutical was assayed (when a greater volume of the 

radiopharmaceutical is required to deliver the same desired activity level). As a 

specific example of the above, the 12.5 ml tube coil 444 is designed to 

accommodate: (1) two 1116 ml volumes or "slugs" of a pharmaceutical (for a total 

volume of 1/8 ml) at a concentration of 40 mCi/ml (i.e., highest concentration that 

the system I 0 is designed to handle), separated by a calculated volume of saline 

necessary to fill or substantially fill the remaining tube coil volume; and (2) two 1.5 

ml "slugs" of a pharmaceutical (for a total volume of 3 ml) at a concentration of 1.67 

mCi/ml (i.e., lowest concentration that the system 10 is designed to handle), 

separated by a calculated volume of saline necessary to fill or substantially fill the 

remaining tube coil volume. 

After the dose is pumped by the system 10 into the tube coil 444 disposed within the 

ionization chamber 160, the activity level of the dose is measured by the system 10. 
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The measured activity level is then displayed to the operator and the ionization 

chamber display 1010 is highlighted, as shown in Fig. 29. A new display field 

1006a is generated by the system, showing the measured "Calibrated Activity" (here 

13.5 mCi) of the prepared dose. Just below field 1006a is a "plus/minus" range 

indicator 1224. Range indicator 1224, as shown, includes a center circle 1224a, 

flanked on each side by 10 rectangles. Left and right arrows are also included, 

respectively, at the far left and far right of indicator 1224. Preferably, as shown in 

Fig. 29, center circle highlights when the measured "Calibrated Activity" level is the 

same as the previously programmed, desired activity level (which is the case in Fig. 

29). Otherwise, if the measured activity level is greater or lesser than the desired 

activity level, corresponding rectangles or, in some cases, arrows will highlight to 

the right of the center circle 1224a (for measured activity> desired activity) or to the 

left of the center circle 1224a (for measured activity< desired activity) to visually 

indicate to the operator the difference between the measured and desired activity 

levels. 

In a preferred embodiment, each of the rectangles represents a default value of a 1 % 

discrepancy in the desired to measured activity level, such that three rectangles to 

the right of the center circle l 224a would be highlighted if the measured activity 

level was 3% greater than the desired activity level of 13.5 mCi. If the measured 

activity exceeds the desired activity by more than 10%, then all the rectangles to the 

right of the center circle 1224a and the right arrow would highlight. Preferably, the 

extent of the rectangles in indicator 1224 will convey an acceptable range within 

which the measured activity may fall. Thus, such an acceptable range could be plus 

or minus ten percent or could be another range as deemed appropriate, with each 

rectangle representing one tenth of the positive or negative extent of that range. 

Alternately, however, the default value of each rectangular could be pre-set to 

another value (such as 0.1 mCi) or could be changed by the operator to another 

value more suitable for the intended application. 

In addition to displaying the measured activity level, as shown in Fig. 29 the display 

1000 also generates a "Discard" button 1222 and an "Inject" button 1220 in the FDG 

Dose display 1216. If for example the measured activity is outside of a clinically 

acceptable range for the intended procedure, the operator can activate the "Discard" 

button 1222 to have the system 10 discard the measured dose (i.e., by pumping the 

dose to the waste receptacle 224, as discussed in detail above) and to prepare another 

dose for delivery to the patient. Specifically, when the "Discard" button 1222 is 

activated the system generates the dialog box 1231 shown in Fig. 30A, which 

queries the operator to confirm that the measured dose is to be discarded. If the 
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operator confirms that the measured dose is to be discarded by activating the "Yes" 

button 1231a, the system 10 generates the display shown in Fig. 308, which 

indicates to the operator that the system is "Discarding" and creates a progress bar 

1233 that indicates the status of the "discarding" operation (here 86% completed). 

The display 1000 also highlights the fluid path display 1008 from the saline source 

display 1002 to the ionization chamber display 1010 to indicate that the system 10 is 

pumping saline through the MPDS 200 to push the dose from the tube coil 444 to 

the waste receptacle 224 (as described above). 

If, on the other hand, the operator activates the "No" button 123 lb in Fig. 30A to 

inform the system 10 that she does not want to discard the measured dose, the 

system 10 reverts to the display shown in Fig. 29 and the "Discard" button 1222 and 

the "Inject" button 1220 are again made available to prompt the operator to decide 

whether to discard or to inject the measured pharmaceutical dose. 

If the operator desires to inject the measured dose and thus activates the "Inject" 

button 1220 shown in Fig. 29, the system 10 generates the display shown in Fig. 31 

which indicates to the operator that the system 10 is "Injecting" and, via progress bar 

1223, that the injection operation (in Fig. 31) is 27% completed. The fluid path 

display 1008 between the saline source display 1002 and through the ionization 

chamber display 1010 to the arrow at the end of the fluid path display 1008 is 

highlighted to indicate that the system 10 is pumping saline from the saline source 

23 to push the dose in the ionization chamber 160 through the remainder of the 

MPDS 200 and the SPDS 700 to the patient (as described above). Further, the 

system 10 generates a "Pause" button 1230 in FDG Dose display 1216. As with the 

test injection operation discussed above (see Fig. 27 A), the operator can activate the 

"Pause" button 1230 or the interrupt button 25 to pause the injection procedure. 

After the "Pause" button 1221 is activated, the display shown in Fig. 32A is 

generated and displayed to the operator. The display shown in Fig. 32A informs the 

operator that the system 10 is "Paused" and includes a "Discard" button 1222a and a 

"Resume" button 1230a in the FDG Dose display 1216. 

If the injection needs to be terminated, the operator activates the "Discard" button 
I 

1222a and the system reverts to that shi-iwn anrl rlescriherl ahove with respect to Figs. 

30A and 30B to discard the dose into the waste receptacle 224. However, if the 

procedure can be resumed, the operator activates the "Resume" button l 230a in Fig. 

32A and the injection procedure continues to deliver the measured dose to the 

patient. 
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When the injection procedure is completed, a pop-up 1240 preferably appears as 

shown in Fig. 32B. This pop-up 1240, as shown, preferably contains information 

about the activity and volume of the dose (e.g., FDG) just delivered to the patient, 

the total fluid delivered (which would include saline) and other identifying 

information including, for example, the patient identification number, 

radiopharmaceutical lot number and patient injection site (as shown on the right of 

pop-up 1240). Activating the "OK" button 1242 causes pop-up 1240 to disappear 

and the system to revert to an "Idle" state (as shown in Fig. 7) or a "Ready" state (as 

shown in Fig. 23), while activating the "print" button 1244 prompts the injection 

information to be printed out by the printer 24 for patient, billing, inventory or other 

suitable records. 

Other capabilities and functions not expressly discussed hereinabove or shown in the 

drawings are of course conceivable in accordance with the embodiments of the 

present invention. For instance, if the extraction of a pharmaceutical dose (e.g., 

FDG) from a vial is interrupted for an unforeseeable reason and is nbt prompted by a 

desired "pause'', the system could alert the operator to discard the dose (and in that 

connection present a button for the purpose). 

Injection History 

The disclosure now turns to a discussion of the injection history operations or tasks 

that can be performed using the display 1000, as depicted in Figs. 33A-C, 34A and 

34B. 

The injection history operations or tasks may be prompted by activating the Records 

I Injection History button 1022, which is displayed when the system 10 is in an 

"Idle" state (see e.g., Fig. 7) or a "Ready" state (see e.g., Figs. 23, 24D and 28A). 

Activation of Records button 1022 preferably prompts the appearance of the 

calendar display 1302 shown in Fig. 33A (here 'October 2006'). Highlighted touch 

fields within the calendar display 1302 preferably correspond to those dates of the 

displayed month (here 'October 2006' in field 1309) on which the system 10 was 

used to perform an injection procedure, while those other days of the displayed 

month in which the system 10 was not used are not highlighted. Arrow buttons to 

the left 1309a and right (not shown), respectively, of field 1309 preferably permit 

the operator to scroll through different months to access and retrieve injection 

history information. 

The calendar display 1302 also includes a "Print Summary" button 1304, a "Print 

Days" button 1306 and a "Done" button 1308. Activation of the "Print Summary" 
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button 1304 provides a high-level summary of the injection procedures conducted 

for the specified month (here 'October 2006'), similar to the injection procedure 

information displayed in Fig. 34A. The "Print Days" button 1306 preferably 

prompts the appearance of the display 1302a shown in Fig. 33B. The "Done" button 

1308 can be activated once the operator has completed the necessary injection 

history retrieval operation or task, and the display 1000 then preferably reverts to the 

"Idle" state display (see e.g., Fig. 7) or the "Ready" state display (see e.g., Figs. 23, 

24D and 28A) as appropriate. 

Referring now to Fig. 33B (prompted by activation of"Print Days" button 1306), 

the display 1302a includes an "All Days" touch field 1330 (which is activated in Fig. 

338) including a "Print" button 1334, and a "Range" touch field 1332. If the 

operator mistakenly activated the "Print Days" button 1309 on display 1302 (see 

Fig. 33A), she can activate the "Cancel" button 1336 to return to the display 1302 

shown in Fig. '.33A. If the operator wishes to print the injection history infonnation 

for all the days in the selected month (here 'October 2006'), "Print" button 1334 can 

be activated and the printer 24 will print the injection history records for the days in 

which the system I 0 performed injection procedures. If the operator instead wants to 

access injection history information for a range of days in the selected month, the 

operator can activate the "Range" touch field 1332, which prompts the appearance 

of the display 1302b shown in Fig. 33C. 

As shown in Fig. 33C, the display 1302b includes a "From" touch field 1332a and a 

"To" touch field 1332b which the operator activates to select the "From" and "To" 

dates in the selected month to establish the range of dates for which injection history 

information is to be accessed. Once the date range is selected, the "Print" button 

1334 is activated to prompt the printer 24 to print the injection history information. 

Referring back to Fig. 33A, in addition to activating the "Print Summary" button 

1304 or the "Print Days" button 1306, the operator is also able to activate any of the 

highlighted calendar buttons to access injection history information for that day of 

the selected month. For example, if the operator wanted to retrieve injection history 

information for 10 October 2006, the operator would activate the "10" button 1340 

shown in Fig. 33A and the system IO would generate the display 1310 (including 

selected date field 131 Oa) shown in Fig. 34A. 

As shown in Fig. 34A, a series of display fields 1312 includes information on the lot 

number, case ID, delivery time and delivered activity of a given injection procedure 

conducted on the selected day (here '10 October 2006 (Tuesday)'). Page up 1316 

and page down 1318 arrow buttons are provided to allow the operator to scroll 
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through the procedures conducted on the selected day. Page left 1350 and page right 

1351 arrow buttons are also provided to allow the operator to scroll through and 

select dates prior to or subsequent to the selected '10 October 2006' date displayed 

in date field 13 lOa. A "Month View" button 1320 can be activated to revert to a 

"month view" as shown in Fig. 33A, while the "Print Day" button 1306a can be 

activated to print the injection history details of all injection procedures on the day 

in question (i.e., the day currently being displayed). Further, "magnifying glass" 

touch fields 1314 are provided for each procedure and, upon activation, preferably 

prompts a detailed injection history display 1360 (see Fig. 34B) for the selected 

procedure. 

As shown in Fig. 34B, the detailed injection histo1y display 1360 provides details on 

the specific pharmaceutical injected (here "FDG"), the date (10 October 2006) and 

time (09:15) of injection and the activity level (151 mCi) and volume (5 ml) of the 

injected pharmaceutical. Further, the display 1360 indicates the total volume (35.0 

ml) of injected fluid (pharmaceutical and saline), the Patient Identification number, 

the Lot number of the pharmaceutical and the IV Injection Site on the patient. The 

"Print" button 1363 is activated to print the injection details and the "OK" button 

1362 is activated to revert to the display 1310 shown in Fig. 34A. 

System Configuration 

The disclosure now turns to a discussion of system configuration tasks, as depicted 

in Figures 35-46. The configuration tasks are undertaken to permit an operator to set 

various system preferences, including but not limited to preferences related to the 

following: (1) Language; (2) Date I Time display; (3) Units; (4) Audio; (5) FDG I 

Pharmaceutical dose preparation formulas; (6) Saline volumes; (7) Case Information 

display; (8) Printing; (9) Daily QC isotope reference information; (10) Linearity 

measurement tests; (11) Calibration tests; and (12) Field Service reminders. 

The system configuration tasks may be prompted by activating the Configuration 

button 1021, which is displayed when the system 10 is in an "Idle" state (see e.g., 

Fig. 7) or a «Ready" state (see e.g., Figs. 23, 24D and 28A). Activation of 

Configuration button 1021 preferably prompts the appearance of the "System", 

"Treatment" and "Maintenance" touch fields (1402, 1404 and 1406, respectively) 

shown in Fig. 3 5, each of which when activated prompts the appearance of a distinct 

tabbed menu display 1400a-c (as explained in more detail below). An "OK" bullon 

1418 may be activated when the system configuration tasks are completed, while a 

"default" button" 1416 may be activated to reset the system 10 to the default 

configuration settings. 
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As shown in Fig. 35, the "System" touch field 1402 is activated and the tabbed 

menu display 1400a is provided. On menu display 1400a, tabs for language, 

date/time, units and audio are provided (1408, 1410, 1412, and 1414, respectively), 

and language tab 1408 is activated to prompt a language menu 1420. Preferably, 

language menu 1420 will permit the selection of any of a number of languages to be 

used with the system 10 in accordance with operator or local preferences. 

Fig. 36 shows date/time tab 1410 activated to prompt a date/time display 1422. Via 

a calendar button 1422a, a current date can be set, while date format preferences 

(e.g., European vs. American, etc.) can be set via touch field l422b. A time display 

field l 422c preferably shows the current time and a time edit button l 422d may be 

activated to set the time as well as to select a 12- or 24-hour time format. 

Fig. 37 shows units tab 1412 activated to prompt a display 1424. Display 1424 

preferably permits, via buttons 1426a, 1426b, 1428a, 1428b, a choice of units for 

weight (lbs. vs. kg) and activity (Curies vs. Becquerels), respectively. 

Fig. 38 shows audio tab 1414 activated to prompt a display 1444. "High", "normal" 

and "low" audio volumes (e.g., for prompts or alarms) can be selected via buttons 

l 444a, I 444b and l 444c, respectively. 

Fig. 39A shows the treatment touch field 1404 activated, which generates a second 

tabbed menu display 1400b. On menu display 1400b, tabs for "FDG", "saline", 

"case" and "printing" are provided (1450, 1452, 1454, and 1456, respectively). In 

Fig. 39A, FDG tab 1450 is activated to prompt a display 1460. Preferably, display 

1460 includes an entry field 1462 for entering a default desired activity level (which 

may then automatically appear in field 1006 of Fig. 7). 

The display 1460 further includes a weight-based dosing sub-menu 1460a that 

includes on/off buttons 1464a, 1464b and an "Edit Formulas" button 1466. If the 

operator would like the system 10 to default to a weight-based calculation for 

desired activity level, the operator activates the "On" button 1464a. If a default, 

weight-based calculation for desired activity level is not desired, the operator can 

select the "Off' button 1464b (as shown in Fig. 39A). Further, upon activation of 

the "Edit Formulas" button 1466, the system 10 generates the pop-up edit display 

1470 shown in Fig. 39B to allow the operator to edit existing or add new formulas 

for calculating desired activity level based on, for example, patient weight. 

As shown in Fig. 39B, the edit display 1470 may include a column of five buttons 

1476, each preferably corresponding to a predetermined formula for a procedure 
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type that, for instance, may commonly be repeated. Here, a "Melanoma" button 

1476a is activated to then present a sub-display 1478 which can afford an editing of 

any or all of the following: name of the formula (via button 1478a), multiplier to be 

used in calculating weight-based desired activity level (via touch field 1478b), and 

minimum and maximum desired activity levels (via touch fields 1478c and 1478d, 

respectively). Also, the entire formula can be deleted (via button 1478e) from the 

set 1476, if desired. Further, the operator may enter new formulas into the system 

10 by activating the "New Formula" buttons 1476b 

Fig. 40 shows Saline tab 1452 activated to prompt a display 1480. Display 1480 

preferably contains touch fields 1482, 1484 and 1486, respectively, for pre-selecting 

a default saline bulk size (here 500 ml) for the saline source 23 (if, for example, the 

facility generally uses or will use the same bulk size of saline), an additional saline 

flush volume (e.g., to account for the additional tubing length if the SPDS 700 is 

connected to an IV instead of directly to a catheter in a patient) and a test inject 

volume (here 30 ml). The Default Bulk Size volume entered in 1482, for example, 

can be a quantity that initially appears to an operator at a time when saline is 

installed in the system 10, which can be changed or left alone as appropriate. Any 

data entry in touch fields 1482, 1484, 1486 can be accomplished, e.g., via a keypad 

1488. 

Fig. 41 shows case tab 1454 activated to prompt a display 1490. Display 1490 

preferably permits the operator to set a default preference (via on/off buttons 1492) 

as to whether Case ID information (i.e., for a given patient) can be edited as 

appropriate. Further, the display 1490 allows the operator to set a default injection 

site for the system 10 by activating one of the injection site buttons 1494 provided in 

·display 1490. Of course, the default injection site location can be changed by the 

operator during the preparation steps for the fluid delivery procedure if the actual 

injection site is different from the default injection site. 

Fig. 42 shows printing tab 1456 activated to prompt a display 1502 which allows an 

operator to establish an automatic printing ofrecord labels (e.g., as may be printed at 

the end of an injection procedure) and the quantity of record labels to be printed. 

Finally, Fig. 43A shows maintenance touch field 1406 activated, which generates a 

third tabbed menu display 1400c. On menu display 1400c, tabs for "Daily QC", 

"Linearity", "Calibration" and "Field Service" (1510, 1512, 1514, 1516, 

respectively) are provided. The maintenance tabs relate to general maintenance and 

calibration of the system 10. 
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As shown in Fig. 43, Daily QC tab 1510 is activated to prompt a display 1518. 

Display 1518 allows the operator to input information related to the radioisotope to 

be used to conduct daily QC tests (described above) of the system 10. Specifically, 

Isotope touch field 1520 and Lot Number touch field 1522 permit the operator to 

input the specific radioisotope to be used (here Cs-137) and the lot number thereof, 

respectively. Further, the operator can input the time and date that the radioisotope 

was created (e.g., in a cyclotron or a reactor), as well as the activity level of the 

radioisotope when it was created, in the Time and Activity touch fields 1526, 1524, 

respectively. The Edit button 1526a can be activated to edit the previously entered 

time and date information. 

Fig. 44A shows linearity tab 1512 activated to prompt a display 1530. Display 1530 

prompts the operator for information and assists in conducting a linearity 

measurement for the system 10, which should be conducted every quarter (as noted 

in display 1530). Linearity measurements are based on the known decay of 

radioisotopes and are conducted to ensure that the ionization chamber 160 in the 

system 10 is reliably measuring the activity level of a radioisotope placed therein. 

Specifically, during a linearity measurement the measured activity level of a 

radioisotope is compared to the known activity level of the radioisotope (based on its 

half-life decay) at selected intervals (e.g., every 15 minutes) over a period of time 

(e.g., 24 hours) to determine whether the measured activity level falls within an 

acceptable error range. 

When the linearity tab 1512 is activated, details from the most recent linearity 

measurement are shown in sub-display 1532, while a button 1534 can be activated to 

prompt the appearance of a related graph (of, for example, measured vs. known 

activity level over the measurement period). To conduct a new linearity 

measurement, button 1536 is activated, which preferably generates the display 1540 

shown in Fig. 44B. 

As shown in Fig. 44B, isotope field 1542 may be activated to identify the 

radioisotope to be used for the linearity measurement (here F-18). While isotope 

field 1542 preferably conveys the reference isotope, the activity level of the 

radioisotope (e.g., at the time it was drawn) can be input into activity level field 

1544. In addition, the reference date and time for the activity level (e.g., the date 

and time that the radioisotope was drawn) is input into touch fields 1546 and 1548, 

respectively, by using, for example, a calendar button 1546a and a AM/PM time 

button 1548a. Once the requisite radioisotope information is inputted into display 

1540, the operator can activate the "Begin Measurement" button 1543 to start the 
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linearity measurement. Of course, the operator can activate the "Cancel" button 

1541 to cancel the linearity measurement and return to the display 1530 shown in 

Fig. 44A 

After the "Begin Measurement" button 1543 is activated, the pop-up display 1545 

shown in Fig. 44C is generated to prompt the operator to confirm that the reference 

radioisotope has been placed in the ionization chamber 160. If the operator activates 

the "Yes" button 1545a (as shown in Fig. 44C) to confirm that the F-18 radioisotope 

has been placed in the ionization chamber 160, the system 10 will begin the linearity 

measurement. 

If the operator activates the "No" button 1545b, the display reverts to the display 

1540 shown in Fig. 44B, and the operator can then load the reference radioisotope 

source into the ionization chamber and once again activate the "Begin 

Measurement" button 1543 to start the linearity measurement. 

After the operator activates the "Yes" button l 545a, the display 154 7 shown in Fig. 

44D is generated. In addition to displaying the radioisotope in field 1542 and the 

maximum allowable error for the linearity measurement in field 1552, the display 

1547 also shows the estimated time for completion of the linearity measurement 

(here "23:15:03" hours) and the measured activity (in field 1554), the calculated 

activity (in field 1558) and the current error (in percentage format) (in field 1556). 

The linearity measurement may be aborted via an "Abort" button 1560 and the 

results of the linearity measurement, including a graph of the results, may be printed 

by selecting a "Print" button (not shown). 

As shown in Fig. 45A, activation of calibration tab 1514 prompts the system 10 to 

generate a calibration display 1570, which shows the results of a previous ionization 

chamber calibration routine. Ionization chamber calibration routines are preferably 

conducted upon installation of the system 10 (at, for example, a medical facility) and 

approximately once a year thereafter to ensure that the ionization chamber 160 of the 

system 10 is properly calibrated to operate over the range of energies and activity 

levels of the radiopharmaceuticals for which the ionization chamber 160 is intended 

to be used. In a preferred calibration routine, the gain of the ionization chamber is 

increased or decreased to best fit or adjust the measured activity levels of two or 

three radioisotopes (preferably having energy levels different from (e.g., lower than 

and greater than) the energy levels of the radiopharmaceuticals to be used with the 

system 10) against their known activity levels. 
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By way of a specific example, the system 10 is currently intended to be used to 

administer FDG (which contains the radioisotope F-18) to patients. The energy 

level of F-18 is 511 Ke V. In a first preferred embodiment, three radioisotopes are 

used to calibrate the ionization chamber 160: (1) Co-57 (energy level of 122 KeV; 

less than that ofF-18); (2) Co-60 (energy level of 1333 KeV; greater than that of F-

18); and (3) Cs-137 (energy level of 662 KeV; relatively close to that ofF-18). In a 

second preferred embodiment, two radioisotopes are used for the calibration routine: 

(1) Co-57; and (2) Cs-137. 

Returning to Fig. 45A, the calibration display 1570 includes a sub-display 1571 

conveying previous calibration results for Co-57 (field 157la), Co-60 (field 1571b) 

and Cs-137 (field 157lc), while a button 1574 can be activated to begin a new 

calibration routine. Previous results can also be printed, e.g., via a button 1572. 

Upon activating button 1574, a display 1573 is generated (see Fig. 45B) that 

prompts the operator to place the radioisotope source (here Co-57) in the ionization 

chamber 160. The display 1573 includes a sub-display 1573a that lists various 

information about the isotope, including the isotope's name, the lot number, the date 

and time that the isotope was drawn and the activity level of the isotope when it was 

drawn. Further, the display 1573 includes "Cancel" button 1573b, "Edit" button 

1573c and "OK" button 1573d. The cancel button 1573b is activated to cancel the 

calibration routine, the edit button 1573c is activated to edit the isotope information 

provided in sub-display 1573a and the OK button 1573d is activated (as shown in 

Fig. 45B) to commence the calibration routine with respect to the noted radioisotope 

(here Co-57), as discussed in more detail below. 

If the edit button 1573c in display 1573 is activated, the edit source display 1576 

shown in Fig. 45C appears. The operator can edit the isotope information in display 

1576 by entering the isotope name in field 1580, the lot number in field 1582, the 

activity level (at isotope creation) in field 1584 and the reference time and date (of 

isotope creation) in field 1586 via edit button l 586a. After the isotope information 

is entered, the operator activates the OK button 1578 and the display 1000 reverts to 

the display 1573 shown in Fig. 45B. If the isotope information is now correct, the 

operator can activate the OK button 1573d in display 1573 to commence the 

calibration routine for the noted radioisotope (here Co-57). 

After the OK button 1573d is activated, a tabbed calibration display 1590, including 

touch tabs forCo-57 (tab 1592), Co-60 (tab 1594) and Cs-137 (tab 1596), appears 

(as shown in Fig. 45D) and shows the results of the calibration routine for the noted 

radioisotope (here Co-57). Specifically, the display 1590a for Co-57 tab 1592 
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shows the target or expected activity for Co-57 (in field 1598), the actual measured 

activity for the Co-57 placed in the ionization chamber 160 (in field 1600) and the 

error between the target and measured activity (in field 1602). To thereafter 

compensate for the error (here 1 % ), the low gain of the ionization chamber 

(displayed in field 1604) is adjusted by using the 'plus' and 'minus' buttons 1606, 

respectively. Further, as shown in Fig. 45D, based on the error for Co-57 the system 

10 calculates an estimated error (here 1 %) for Cs-137 and displays it in field 1612. 

Based on the target or expected activity for Cs-137 (entered by the operator and 

displayed in field 1608) and the estimated error, the estimated measured activity is 

calculated by the system 10 and displayed in field 1610. 

The calibration routine is continued by thereafter activating the tab 1594 for the Co-

60 isotope and repeating the steps described above with respect to Figs. 45B-45D. 

To compensate for the error (not shown) between the expected activity and the 

measured activity for Co-60, the high gain of the ionization chamber is adjusted (in 

the same way as shown in Fig. 45D for Co-57). The system 10 then uses the error 

for Co-60 to revise the estimated error for Cs-137, which is then displayed in field 

1612 for the operator. 

The operator may continue the process above (i.e., iteratively conducting Co-57 and 

Co-60 activity measurements and adjusting the low and high gain of the ionization 

chamber) until the estimated error for Cs-137 (whose energy level of 662 KeV is 

relatively close to the 511 Ke V energy level of F-18) is within an acceptable range 

(e.g., 1 % ). At that time, the operator activates the tab 1596 for the Cs-13 7 isotope 

and places the Cs-13 7 source in the ionization chamber to confirm that the 

difference between the expected and measured activity of the Cs-137 isotope is 

substantially similar to or within an acceptable range from the estimated error 

displayed in field 1612. At this point the calibration routine is completed, and the 

results may be printed and/or stored for later accessing by system maintenance 

personnel. As shown, an "abort" button 1614 for terminating the calibration 

procedure is provided for the operator. 

Finally, Fig. 46 shows field service tab 1516 activated to prompt a display 1620 

which can be used to pre-set one or more future reminder dates to undertake 

preventative maintenance for the system 10. 

It is to be appreciated that the systems, devices and methods of the present invention 

can be used in a very wide variety of drug delivery and therapeutic procedures. In 

general, the systems, devices and methods of the present invention are particularly 

suited for use in connection with any hazardous pharmaceutical or substance to be 
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injected into a patient (human or animal). Even pharmaceuticals, such as contrast 

agents or thrombolytic agents, that are not considered to be especially hazardous can 

be beneficially administered via systems broadly contemplated herein and provide 

hospital personnel additional protection against adverse effects. 

To the extent that systems of the present invention can be applicable to radiotherapy 

drugs or pharmaceuticals wherein the drug or pharmaceutical itself is radioactive, it 

is to be appreciated that, as clear to one skilled in the art, maintaining containment of 

radiotherapy pharmaceuticals promotes safety. If the drug or pharmaceutical is 

radioactive, the use of radiation absorbing or leaded shielding will help protect the 

operator and patient from unnecessary radiation. Containment of radiotherapy 

pharmaceutical is discussed in U.S. Patent Application Publication No. 2003-

0004463, the contents of which are incorporated herein by reference. 

\Vhile procedures discussed herein in accordance with embodiments of the present 

invention have generally been described with respect to liquid drugs, it is to be 

understood that they can also apply to powdered drugs with either a liquid or 

gaseous vehicle, or gaseous drugs that are to be delivered to a recipient. 

If not otherwise stated herein, it may be assumed that all components and/ or 

processes described heretofore may, if appropriate, be considered to be 

interchangeable with similar components and/or processes disclosed elsewhere in 

the specification, unless an express indication is made to the contrary. 

If not otherwise stated herein, any and all patents, patent publications, articles and 

other printed publications discussed or mentioned herein are hereby incorporated by 

reference as if set forth in their entirety herein. 

It should be appreciated that the apparatus, systems, components and methods of the 

present invention may be configured and conducted as appropriate for any context at 

hand. The embodiments described above are to be considered in all respects only as 

illustrative and not restrictive. 
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WHAT IS CLAIMED IS: 

1. A fluid path set for use in a fluid delivery system, the fluid path set comprising: 

a medical fluid component comprising a first tubing section for connection to a source of 

a medical fluid; 

a pharmaceutical component comprising a second tubing section for connection to a 

source of a pharmaceutical; 

a coil assembly component comprising a tube coil having a height of approximately 1.53 

inches, a diameter of approximately 1.95 inches and a volume capacity of approximately 12.5 

ml; and 

a connector comprising a first port for connecting the first tubing section of the medical 

fluid component, a second port for connecting the second tubing section of the pharmaceutical 

component and a third port for connecting the tube coil of the coil assembly component. 

2. The fluid path set of Claim 1 wherein the tube coil comprises a tubing section 

having an outer diameter of approximately 0.218 inches, an inner diameter of approximately 

0.156 inches and a length of approximately 41 inches. 

3. The fluid path set of Claim 2 wherein the tube coil is formed in a helical coil of 

approximately 7 turns of the tubing section. 

4. The fluid path set of Claim 3 wherein the coil assembly further comprises a core 

structure around which the tube coil is formed, the core structure comprising an upper shoulder 

and a lower shoulder that define a tube channel therebetween, the upper and lower shoulders 

adapted to retain the tube coil therebetween within the tube channel. 

5. The fluid path set of Claim 4 wherein the core structure further comprises an 

upper surface defining an inlet for accommodating a first end of the tubing section and an outlet 

for accommodating a second end of the tubing section. 

6. The fluid path set of Claim 5 wherein the coil assembly component further 

comprises a third tubing section connected to the third port of the connector and the first end of 

the tubing section and a fourth tubing section connected to the second end of the tubing section. 
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7. The fluid path set of Claim 6, further comprising: 

a waste component comprising a fifth tubing section in connection with a waste 

receptacle; 

a sixth tubing section having a connector end that is adapted to be connected to a single

patient tubing set; and 

a second connector comprising a first port for connecting the fourth tubing section of the 

coil assembly component, a second port for connecting the fifth tubing section of the waste 

component and a third port for connecting the sixth tubing section. 

8. The fluid path set of Claim 7 wherein the connector end comprises a swabable 

luer valve that is biased to a closed position when the single-patient tubing set is not connected 

thereto. 

9. The fluid path set of Claim 7 wl:]erein the connector end comprises a manifold or 

a stopcock each having two or more outlet ports for connection to respective single-patient 

tubing sets. 

10. The fluid path set of Claim 7 wherein the first tubing section is approximately 

56. 75 inches in length and has an outer diameter of approximately 0.188 inches, an inner 

diameter of approximately 0.062 inches and a durometer of 45, the second tubing section is 

approximately 8.75 inches in length and has an outer diameter of approximately 0.094 inches, an 

inner diameter of approximately 0.032 inches and a durometer of 45, the third tubing section is 

approximately 15 inches in length and has an outer diameter of approximately 0.163 inches, an 

inner diameter of approximately 0.062 inches and a durometer of 60, the fourth tubing section is 

approximately 12 inches in length and has an outer diameter of approximately 0.163 inches, an 

inner diameter of approximately 0.062 inches and a durometer of 60, and the fifth tubing section 

and the sixth tubing section are each approximately 5 inches in length and have an outer 

diameter of approximately 0.163 inches, an inner diameter of approximately 0.062 inches and a 

durometer of 60. 

11. The fluid path set of Claim I wherein the first tubing section comprises a first 

check valve and a spike for connecting to the source of a medical fluid and the second tubing 
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section comprises a second check valve and a vented cannula for connecting to the source of a 

pharmaceutical. 

12. The fluid path set of Claim 1 wherein the second tubing section comprises a 

vented cannula comprising: 

a main hub comprising two opposed lateral sides and defining a fluid port and a vent; 

a fluid draw needle in connection with the second tubing section through the fluid port 

and adapted to be placed within the source of a pharmaceutical; 

a vent needle in connection with the vent and adapted to be placed within the source of a 

pharmaceutical; and 

two resilient arms connected to the opposed lateral sides of the main hub, each of the two 

arms comprising a top edge and a hook member formed thereon and extending outwardly 

therefrom. 

13. The fluid path set of Claim 12 wherein the fluid draw needle is longer than the 

vent needle. 

l 4. The fluid path set of Claim 12 wherein the vent comprises a filter. 

15. The fluid path set of Claim 12 wherein the main hub of the vented cannula 

further comprises a ledge extending therefrom in a horizontal plane above the two arms, the 

ledge and the top edges of the two arms cooperating to define horizontal slots therebetween. 

16. The fluid path set of Claim 15 wherein the hook members extend outwardly from 

the arms in a plane substantially normal to the horizontal plane of the ledge. 

1 7. The fluid path set of Claim 12 wherein the main hub and each of the arms 

cooperate to define substantially U-shaped grooves extending along the lateral sides of the main 

hub. 

18. A vented cannula for drawing fluid from a container, the vented cannula 

compnsmg: 
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a main hub comprising two opposed lateral sides and defining a fluid port and a vent; 

a fluid draw needle in connection with the fluid port and adapted to be placed within the 

container; 

a vent needle in connection with the vent and adapted to be placed within the container; 

and 

two resilient arms connected to the opposed lateral sides of the main hub, each of the two 

arms comprising a top edge and a hook member formed thereon and extending outwardly 

therefrom. 

19. The vented cannula of Claim 18 wherein the fluid draw needle is longer than the 

vent needle. 

20. The vented cannula of Claim 18 wherein the vent comprises a filter. 

21. The vented cannula of Claim 18 wherein the main hub of the vented cannula 

further comprises a ledge extending therefrom in a horizontal plane above the two anns, the 

ledge and the top edges of the two arms cooperating to define horizontal slots therebetween. 

22. The vented cannula of Claim 21 wherein the hook members extend outwardly 

from the arms in a plane substantially normal to the horizontal plane of the ledge. 

23. The vented cannula of Claim 18 wherein the main hub and each of the arms 

cooperate to define substantially U-shaped grooves extending along the lateral sides of the main 

hub. 

24. A method of calibrating a fluid delivery system for delivering a pharmaceutical 

containing a radioisotope to a patient, the method comprising: 

measuring an activity level of a first radioisotope in an ionization chamber of the fluid 

delivery system, the first radioisotope having an energy level less than that of the radioisotope to 

be delivered to the patient; 

comparing the measured activity level of the first radioisotope to an expected activity 

level of the first radioisotope; 
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adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the measured activity and the expected activity of the first radioisotope; 

measuring an activity level of a second radioisotope in the ionization chamber of the 

fluid delivery system, the second radioisotope having an energy level similar to or greater than 

that of the radioisotope to be delivered to the patient; 

comparing the measured activity level of the second radioisotope to an expected activity 

level of the second radioisotope; 

adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the measured activity and the expected activity of the second radioisotope; and 

calculating an estimated error in a measured activity of a third radioisotope based on the 

differences, if any, between the measured activity and the expected activity of the first 

radioisotope and the measured activity and the expected activity of the second radioisotope. 

25. The method of Claim 24, further comprising: 

comparing the estimated error in a measured activity of the third radioisotope to a 

predetermined acceptable error or error range; 

if the estimated error is the same as or similar to the predetermined acceptable error or is 

within the predetermined acceptable error range, then measuring an activity level of the third 

radioisotope in the ionization chamber of the fluid delivery system; 

calculating the difference, if any, between the measured activity level of the third 

radioisotope and an expected activity level of the third radioisotope to derive an actual error; and 

determining whether the actual error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range. 

26. The method of Claim 24 wherein the calculating step comprises: 

calculating an initial estimated error in a measured activity of a third radioisotope based 

on the difference, if any, between the measured activity and the expected activity of the first 

radioisotope; and 

calculating a revised estimated error in a measured activity of the third radioisotope 

based on the difference, if any, between the measured activity and the expected activity of the 

second radioisotope. 

27. The method of Claim 26, further comprising: 
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comparing the revised estimated error in a measured activity of the third radioisotope to 

a predetermined acceptable error or error range; 

if the revised estimated error is the same or similar to the predetermined acceptable error 

or is within the predetermined acceptable error range, then measuring an activity level of the 

third radioisotope in the ionization chamber of the fluid delivery system; 

calculating the difference, if any, between the measured activity level of the third 

radioisotope and an expected activity level of the third radioisotope to derive an actual error; and 

determining whether the actual error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range. 

28. The method of Claim 27, further comprising: 

if the revised estimated error is not the same or sin1ilar to the predetermined acceptable 

error or is not within the predetermined acceptable error range, then remeasuring the activity 

level of the first radioisotope in the ionization chamber of the fluid delivery system; 

comparing the remeasured activity level of the first radioisotope to the expected activity 

level of the first radioisotope; 

adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the remeasured activity and the expected activity of the first radioisotope; 

calculating a second revised estimated error in a measured activity of the third 

radioisotope based on the difference, if any, between the remeasured activity and the expected 

activity of the first radioisotope; 

remeasuring the activity level of the second radioisotope in the ionization chamber of the 

fluid delivery system; 

comparing the remeasured activity level of the second radioisotope to the expected 

activity level of the second radioisotope; 

adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the remeasured activity and the expected activity of the second radioisotope; and 

calculating a third revised estimated error in a measured activity of the third radioisotope 

based on the difference, if any, between the remeasured activity and the expected activity of the 

second radioisotope. 

i9. The method of Claim 28, further comprising: 
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comparing the third revised estimated error in a measured activity of the third 

radioisotope to a predetermined acceptable error or error range; 

if the third revised estimated error is the same or similar to the predetermined acceptable 

error or is within the predetermined acceptable error range, then measuring an activity level of 

the third radioisotope in the ionization chamber of the fluid delivery system; 

calculating the difference, if any, between the measured activity level of the third 

radioisotope and an expected activity level of the third radioisotope to derive an actual error; and 

determining whether the actual error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range. 

30. The method of Claim 27, further comprising: 

if the revised estimated error is not the same or similar to the predetermined acceptable 

error or is not within the predetermined acceptable error range, then remeasuring the activity 

level of the first radioisotope in the ionization chamber of the fluid delivery system; 

comparing the remeasured activity level of the first radioisotope to the expected activity 

level of the first radioisotope; 

adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the remeasured activity and the expected activity ofthe first radioisotope; 

calculating a second revised estimated error in a measured activity of the third 

radioisotope based on the difference, if any, between the remeasured activity and the expected 

activity of the first radioisotope; 

comparing the second revised estimated error in a measured activity of the third 

radioisotope to a predetermined acceptable error or error range; 

if the second revised estimated error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range, then measuring an 

activity level of the third radioisotope in the ionization chamber of the fluid delivery system; 

calculating the difference, if any, between the measured activity level of the third 

radioisotope and an expected activity level of the third radioisotope to derive an actual error; 

determining whether the actual error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range; 

if the second revised estimated error is not the same or similar to the predetermined 

acceptable error or is not within the predetermined acceptable error range, then remeasuring the 

activity level of the second radioisotope in the ionization chamber of the fluid delivery system; 
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comparing the remeasured activity level of the second radioisotope to the expected 

activity level of the second radioisotope; 

adjusting the gain of the ionization chamber to compensate for the difference, if any, 

between the remeasured activity and the expected activity of the second radioisotope; and 

calculating a third revised estimated error in a measured activity of the third radioisotope 

based on the difference, if any, between the remeasured activity and the expected activity of the 

second radioisotope. 

31. The method of Claim 30, further comprising: 

comparing the third revised estimated error in a measured activity of the third 

radioisotope to a predetermined acceptable error or error range; 

if the third revised estimated error is the same or similar to the predetermined acceptable 

error or is within the predetermined acceptable error range, then measuring an activity level of 

the third radioisotope in the ionization chamber of the fluid delivery system; 

calculating the difference, if any, between the measured activity level of the third 

radioisotope and an expected activity level of the third radioisotope to derive an actual error; and 

determining whether the actual error is the same or similar to the predetermined 

acceptable error or is within the predetermined acceptable error range. 

32. The method of Claim 24 wherein the radioisotope to be delivered to the patient is 

F-18. 

3 3. The method of Claim 32 wherein the first radioisotope is Co-57, the second 

radioisotope is Co-60 and the third radioisotope is Cs-13 7. 

34. The method of Claim 24 wherein the low gain of the ionization chamber is 

adjusted to compensate for the difference, if any, between the measured activity and the 

expected activity of the first radioisotope and the high gain of the ionization chamber is adjusted 

to compensate for the difference, if any, between the measured activity and the expected activity 

of the second radioisotope. 

35. A vial access system comprising: 
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a base portion comprising a substantially horizontal lower surface and a sloped upper 

surface adapted to support a vial comprising a bottom wall and a substantially cylindrical wall 

connected thereto, the sloped upper surface adapted to ensure that a residual volume of fluid in 

the vial gathers in an area defined at least partially by a portion of the junction between the 

bottom wall and the cylindrical wall of the vial. 

36. The vial access system of Claim 35, further comprising: 

a housing extending vertically from the base portion; 

a vertical support arm comprising an upper end, the vertical support arm movably 

disposed within the housing; and 

a cap member connected to the upper end of the ve1tical support arm and adapted to 

overlie a septum of the vial. 

37. The vial access system of Claim 36 wherein the cap member comprises a 

mounting mechanism disposed on an underside thereof, the mounting mechanism adapted to 

retain a cannula therein for insertion through the septum of the vial. 

3 8. The vial access system of Claim 3 7 wherein the vertical support arm is slidably 

disposed within the housing to allow the cannula to be inserted into and removed from the vial. 

39. The vial access system of Claim 38 wherein the vertical support arm is rotatably 

disposed within the housing to allow the cap member to be rotated into and out of a position that 

overlies the septum of the vial. 

40. The vial access system of Claim 37 wherein the mounting mechanism comprises 

two arms that cooperate to define a slot therebetween, each of the two arms comprising a tab 

member extending downwardly therefrom, each of the tab members comprising a front edge and 

a rear edge. 

41. The vial access system of Claim 36, further comprising a handle member 

pivotally connected to the upper end of the vertical support arm. 
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42. The vial access system of Claim 36 wherein the cap member includes or is 

formed from radioactive shielding material. 

43. The vial access system of Claim 35, further comprising at least one support 

member connected to the base portion for retaining the vial on the sloped upper surface of the 

base portion. 

44. The vial access system of Claim 43 wherein the at least one support member 

comprises two support pins that are connected to the sloped upper surface of the base portion. 

45. The vial access system of Claim 35 wherein the vial is contained within a vial 

shield and the fluid is a radiopharrnaceutical. 

46. The vial access system of Claim 35 wherein the sloped upper surface is sloped at 

an angle of approximately l 0-13 degrees with respect to a horizontal plane. 

47. A method of priming at least a portion of a fluid path set in a fluid delivery 

system, the method comprising: 

placing a tubing section of the fluid path set in fluid connection with a source of a 

radiopharmaceutical; 

placing a portion of the tubing section within a dose calibrator of the fluid delivery 

system; 

pumping a volume of the radiopharmaceutical through the tubing section; 

monitoring the dose calibrator to determine if a measured activity level is substantially 

equal to or above a predetermined activity level; and 

if the measured activity level is substantially equal to or above the predetermined activity 

level, then concluding that the tubing section of the fluid path set has been primed. 

48. The method of Claim 47, further comprising: 

if the measured activity level is zero or below the predetermined activity level, then 

concluding that the tubing section of the fluid path has not been primed; and 

pumping a second volume of the radiopharmaceutical through the tubing section. 
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49. The method of Claim 47, further comprising: 

placing a second tubing section in fluid connection with a source of medical fluid and the 

tubing section; 

pumping a volume of the medical fluid through the second tubing section and at least a 

portion of the tubing section to move the volume of the radiopharmaceutical to the portion of the 

tubing section that is positioned within the dose calibrator. 

50. The method of Claim 49, fu1iher comprising: 

placing the tubing section in fluid connection with a waste receptacle; 

pumping a second volume of the medical fluid through the second tubing section and at 

least a portion of the tubing section to move the volume of the radiopharmaceutical into the 

waste receptacle. 

51. A fluid delivery system, comprising: 

a housing having an upper surface defining a plurality of recessed portions for 

accommodating one or more components of a fluid path set; 

a cover movably connected to the housing and adapted to move between a first position 

that exposes the upper surface and a second position that overlies the upper surface; and. 

a locking mechanism associated with the cover and adapted to lock the cover in the 

second position. 

52. The fluid delivery system of Claim 51 wherein the cover is slidably connected to 

the housing. 

53. The fluid delivery system of Claim 51 wherein the first position allows an 

operator to insert or remove the one or more components of the fluid path set 

54. The fluid delivery system of Claim 51 wherein the plurality of recessed portions 

includes wells and troughs. 

55. The fluid delivery system of Claim 51, further comprising: 
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one or more handles connected to the housing; 

a plurality of wheels or casters connected to the housing; and 

a display connected to the housing. 

56. The fluid delivery system of Claim 51 wherein the cover and the upper surface 

comprises or is formed from a radioactive shielding material. 

57. The fluid delivery system of Claim 51, further comprising: 

a dose calibrator for measuring the radioactivity level of a radiopharmaceutical; 

a pumping mechanism for pumping the radiopharmaceutical; and 

a controller in communication with the dose calibrator and the pumping mechanism. 

58. The fluid delivery system of Claim 51 wherein the locking mechanism comprises 

a mechanical lock that locks the cover to the housing in the second position. 

59. The fluid delivery system of Claim 57 wherein the locking mechanism is a 

software-implemented lock that is in communication with the controller, the software 

implemented lock adapted to lock the cover to the housing in the second position. 

60. The fluid delivery system of Claim 51, further comprising a printer associated 

with the housing. 

61. A vial shield carrying system for carrying a vial shield containing a 

pharmaceutical vial, the vial shield carrying system comprising in combination: 

a collar unit adapted to removably engage a flange on the vial shield, the collar unit 

defining two elongated slots formed in a top surface thereof, each of the slots including a pin 

disposed therein and extending between two opposing walls thereof; and 

a handle unit adapted to engage the collar unit, the handle unit comprising a handle 

connected to a U-shaped cross piece defining two, downwardly extending arms having hook 

members formed therein, the open ends of the hook members formed on opposite ends of the 

arms and adapted to engage the pins in the slots of the collar unit through rotation of the handle. 
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62. The vial shield carrying system of Claim 61, further comprising a plunger 

connected to the U-shaped cross piece and adapted to mate with a septum cap of the vial shield 

when the handle unit engages the collar unit on the vial shield. 

63. The vial shield carrying system of Claim 62, further comprising a spring disposed 

between the plunger and the U-shaped cross piece, the spring adapted to bias the plunger into 

engagement with the septum cap of the vial shield. 

64. The vial shield carrying system of Claim 63 wherein the arms are lowered into 

the slots of the collar unit, the plunger is engaged with the septum cap of the vial shield and the 

handle is rotated in a clockwise direction to scat the pins of the collar unit in the hook members 

of the handle unit. 

65. The vial shield carrying system of Claim 64 wherein the handle is rotated in a 

counter-clockwise direction to disengage the hook members of the handle unit from the pins of 

the collar unit. 

66. The vial shield carrying system of Claim 62 wherein the plunger comprises or is 

formed from a radioactive shielding material. 

67. The vial shield carrying system of Claim 61 wherein the collar unit comprises 

two members that are pivotally connected to allow the collar unit to engage and disengage the 

flange of the vial shield. 

68. A fluid delivery system, comprising: 

a syringe comprising a body defining a discharge outlet and a plunger movably disposed 

within the body; 

a connector comprising a valve member and defining first, second and third ports; 

a first tubing segment connected between the discharge outlet of the syringe and the first 

port of the connector; 

a cannula defining a fluid port; 

a second tubing segment connected between the fluid port of the cannula and the second 

port of the connector; 
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a third tubing segment comprising a first end connected to the third port of the connector 

and a second end comprising a second connector; and 

a per-patient tubing set comprising a first end that is adapted to be connected to the 

second connector on the second end of the third tubing segment and a patient end that is adapted 

to be connected to venous access device in a patient. 

69. The fluid delivery system of Claim 68 wherein the connector comprises a T-

connector and the valve member comprises a stopcock. 

70. The fluid delivery system of Ciaim 68 wherein the second connector comprises a 

swabable valve or a luer connector. 

71. The fluid delivery system of Claim 68 wherein the syringe contains a 

radiophannaceutical and is disposed within a lead-shielded container. 

72. The fluid delivery system of Claim 68 wherein the syringe is a hand-held syringe. 

73. The fluid delivery system of Claim 68 wherein the cannula further comprises: 

a main hub comprising two opposed lateral sides and defining a vent; 

a fluid draw needle in connection with the fluid port and adapted to be placed within a 

fluid container; 

a vent needle in connection with the vent and adapted to be placed within the fluid 

container; and 

two resilient arms connected to the opposed lateral sides of the main hub, each of the two 

arms comprising a top edge and a hook member formed thereon and extending outwardly 

therefrom. 
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STRONTIUM-RUBIDIUM INFUSION SYSTEM 

The present invention relates to a 
strontium-rubidium infusion system. More specif
ically, it relates to a strontium-rubidium infusion 

system which has an in-line, real time dosimetry 
system which can be used to infuse patients with 
Rubidium-82, particularly for firs.t pass ventri

culography studies. More precisely, the present 
invention provides a strontium-rubidium infusion 
system comprising: 

(a.) means for generating rubidium-82 in a 
solution which can be infused into a patient; 

(b) means for collecting a predefined 
volume of solution containing rubidium-82; 

(c) means for measuring the radioactivity 
present in said predefined volume before it is· 
infused into said patient; and 

(d) means for quickly infusing said 
predefined volume of rubidium-82 into said patient 
as a single bolus. 

The present application is related to 
European Patent Application 84301269.1, entitled 
DOSIMETRY SYSTEM FOR STRONTIUM-RUBIDIUM INFUSION 

PUMP, filed February 27, 1984 and published 
25 September 5, 1984 under No. EP 0117752 A2. 
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Current statistics show that approximately 

one-third of all deaths in the United States are 
r; 

rel.ated to coronary artery disease. See, for 

examp1e, Pohost, G •• McKusick, K., and Strauss, w., 
•Physiologic Basis and Utility of Myocardial 

Perfusion Imaging•, Pro_ce~dings of the Second 

International Symposium on Radiopharmaceuticals, 

society of Huclea.D Medicine, New York 1979, pp. 

465-473. This fact has prompted .extensive research 

to more efficiently diagnose and manage this 

disease. Recent advances in r~diopbarmaceutical 

devel.opment and instrument design have established 

myocardial scintigraphy as an important new 

approach for evaluating coronary artexy disease and 

myocard~al perfusion. See, 

R. , Friedman, M. , Tansley, 

Enlander, D. , and Huang, 

for example, Pierson, 

W., Castellana, F., 

P., •cardiovascular 

Nucl.ear Medicine: An overview•, Sem. Nucl. Med., 
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9, 224-240 (1979); Leppo, J., Scheuer, J., Pohost, 

G., Freeman, L., and Strauss, H., 11The Evaluation 

of Ischemic Heart Disease Thallium-201 with 

Comments on Radionuclide Angiography"; Sem. Nucl. 

S Med., 10, 115-126 (1980); Vogel, R., "Quantitative 

Aspects of Myocardial Perfusion Imaqing", Sem. 

Nucl. Med., 10, 146-156 (1980); Chervu, R., 

"Radiopharmaceuticals in Cardiovascular Nuclear 

Medicine", Sem. Nucl. Med., 9, 241-256 (1979); and . . 

10 Pitt, B., and Strauss, B., "Cardiovascular Nuclear 

Medicine", Sem. Nucl. Med., 7, S-6 (1977}. 
Myocardial scintigraphy studies have been 

performed with several isotopes of potassium, 

rubidium, cesium, and thallium (Tl-201), although 

15 the usefulness of all of these nuclides is limited 

by their non-optimal physical properties. In spite 

of its long half-life and low-gamma energy, Tl-201 

is currently the most widely used agent for 

myocardial imaging. See, for example, Poe, N., 

20 "Rationale and Radiopharmaceuticals for Myocardial 

Imaging", Sem. Nucl. Med., 7, 7-14 (1977); Strauss, 

H. and Pitt, B., "Thallium-201 as a Myocardial 

Imaging Agent", Sem. Nucl. Med., 7# 49-58 (1977); 

Botvinick, E., Dunn, R., Rattner, R., and Massie, 

25 B., "A Consideration of Factors ·Affecting the 

Diagnostic Accuracy of Tl-201 Myocardial Perfusion 

Scintigraphy in Detecting Coronary Artery Disease", 

Sem. Nucl. Med., 10, 157-167 (1980); and Wackers, 

F., "Thallium-201 Myocardial Scintigraphy in Acute 

30 Myocardial Infarction and Ischemia 11 , Sem. Nucl. 

Med., 10, 127-145 (1980). 

In diagnostic procedures in which the heart 

is involved, it is desirable for a diagnostician to 

be able to view a patient's heart. Heretofore, 

35 various radioactive materials have been used 
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together with radiological procedures for viewing 

internal. organs of patients. It has been 

difficu1t, however, to view a heart, because the 

radioactive substances which could be used for 

5 viewing the heart have had a very long half-life. 

Thus, using them with patients has involved an 

element of danger and each use reduces the number 

of times that a patient could be infused within 

any given time period. It would, therefore,· be 

10 desirable to have a diagnostic apparatus and 

procedure which could be used with relative safety 

for viewing .the heart. 

Rubidium-82 is a potassium analog. That 

means it acts in a manner similar to potassium when 

15 it is infused into a patient. Thus it builds up at 

a very rapid rate, i.e., within_ seconds, in the 

patient's heart. Rubidium-82 also has the 

advantage of having a very short half-life, 

approximately 76 seconds. Therefore, it decays 

20 after a very short period of time following entry 

into the body, thereby allowing numerous procedures 

to be perfonaed within a relatively short time 

period in a given patient. Rubidium.-82 also has 

the advantage of being observable using a modified 

25 gCUlllRCl -ca.era, such as a gamma camera of the type 
• • J 

manufactured by Searle Radiographies, Inc., called 

the PHO Ga-a IV. A problem with using Rubidium-82 

in a patient involves measuring the amount of 

radiation .infused into the patient. In view of the 

30 very short half-life of Rubidium-82, it has 

heretofore been impractical to measure the 

radioactivity of a particular dose and to then 

i~fuse it into the patient using conventional 

means. An accurate method for measuring the amount 

35 of radiation being infused into the patient would 
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The availability of improved 

instrumentation has stimulated interest in the use 
S of the positron emitter, Rubidiwn-82, for 

myocardial imagi;D~· See, for example, Beller G., 
and Smith, T., "Radionuclide Techniques in the 

Assessment of Myocardial Ischemia and Infarction", 
Circulation, 53 (3, Supp. 1) 123-125 (1976); 

10 Budinger, T., Yano, Y., Derenzo, s., et al., 
"Myocardial Uptake of Rubidium-82 Using Positron 
Emission Tomography11 , J., Nucl. Med. 20, 603 
(1979); Budinger, 'l'., Yano, Y., Derenzo, s., et 
al., "Infarction Sizing and Myocardial Perfusion 

15 Measurements Using Rb-82 and Positron Emission 
'l'omography", Amer. J. Cardiol., 45, 399 (1980). 
Rubidium-82, an analog of the a1kali metal 
potassium, is rapidly cleared from the blood and 
concentrated by the myocardium. The short 

20 half-life of the Rubidium-82 (76 sec) offers the 
unique advantage of permitting repeat perfusion and 
blood flow studies in patients whose clinical 
status is rapidly changing. 

25 

Rubidium-82 is produced by the decay of its 
parent, strontium-82. E. R. Squibb and Sons, Inc. 
has developed a Rubidium-82 generator and infusion 
system which yields an isotonic saline solution of 
Rubidium-82 at physiological pH for rapid 
administration. In animal experiments, the safety 

30 and myocardial uptake of Rubidium-82 has been 
demonstrated. Therefore, this agent has been 
selected as a candidate for clinical trials. 

In the European patent application identified 

above, a system for infusing Rubidium-82 into a 
35 patient while measuring the dose going into the patient 
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was described. That system is usef u1 in myocardial 

scintigrapby studies. In a modification to that 

system, described herein, a system which permits 

both myocardia1 scintigraphy studies, as we11 as 

s first pass ventriculography studies, is described. 

In accordance with the present invention, a 

strontium-rubidium infusion system is described. 

The system includes means for generating 

10 rubidium-82 in a solution which can be inf used into 

a patient. In particular, the strontium-rubidium 

generator, described above, is typically used. 

Generated J:Ubidium-82 is then collected in a piece 

of tubing having a predefined volume.,. This tubing 

15 is ca1l.ed the •dose volume• tubing, and it contains 

the dose volume of rubidium-S2 solution which is to 

be infused. 

The system also includes means for measuring 

the radioactivity present in the dose volume before 

20 the dose volume is infused into the patient and a 

wash syringe for quickly infusing the dose volume 

into the patient as a single bolus. 

25 

In the Drawings:-

FIG. 1 is an overall schematic diagram of 

' the strontium-rubidium infusion system of the 

present invention; 
FIG. 2 is a front view of the infusion pump 

control.· used with the strontium-rubidium infusion 

30 system; 

FIG. 3 is a front view of the dosimetry 

control used with the strontium-rubidium infusion 

system; 
FIG. 4 is a graph of radioactivity measured 

35 (on the y-axis) by the dosimeter probe versus time 
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(on the x-axis); 
FIG. S is a perspective view of the 

dosimetry probe; 

FIG. 6 is a schematic diagram of the 

5 interface between the dosimetry probe of FIG. 4 and 
the dosimetry control circuitry; 

FIG. 7 is a schematic diagram of the circuit 

for the Single Channel Analyzer used to convert and 

shape the raw pulses from the dosimetry probe of 

10 FIG. 4; 

FIG. 8 is a schematic diagram of the circuit 

for the Multiply-Divide circuit used to carry out 

the formula which converts pulses from the single 

Channel Analyzer into radioactivity present in 

15 front of the dosimetry probe; 

20 

FIG. 9 is a schematic diagram of one of the . 
Display Controller circuits used to interface the 

switches and the displays to the other circuitry; 

FIG. 10 is a schematic diagram of the Dose 

Rate circuit used to provide a display of the 
amount of radiation present in the eluate; 

FIG. 11 is a schematic diagram. of the 

Control Circuit which oversees the operation of the 

remainder of the circuitry; and 

25 1 FIG. 12 is a schematic diagram of a valve 

driver circuit. 

R~ferring now to FIG. 1, a saline bag 10 is 

connected, through a bullet nose fitting 12 and a 

30 piece of tubing 14, to a T-shaped two.;..way check 

valve 16 having three arms. A first arm 20 is 

attached to a one-way valve 21 which permits saline 

to enter the check valve 16, but does not allow it 

to exit back into the tubing 14. A second arm 22 

35 includes a check valve 23 which permits saline to 
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exit from the check valve 16 into a filter 24 

through a tube 26, but does not allow it to 

re-enter the check valve 16 from the tube 2 6. An 

automatic syrinqe 18, connected to the check valve 
5 16 fills from the saline bag 10 and pumps out 

through the tubing 26 into the filter 24. Saline 

pumped through the filter 24 enters a· 

strontium-rubidium generator 28 which is of the 

type described more fully in · U. S. Pa tent 
10 4,405,716, issued September 27, 1983, entitled 

82tm GENE~G METHOD AND ELUENT. The generator 

28 is preferab1y enclosed in a lead shield 29. 

Sa1ine pumped through the strontium-rubidium 

15 generator 28 exits the generator 28 through tubing 

30 containing Rubidium-82. The tubing 30 is 

connected ta a diverter valve 33 having a first arm 

35 which connects to a manually operated wash 

syringe 37. The remaiiiing arm 3 9 is connected to a 

20, diverter valve 32 through a length of tubing 41 

which is called the "dose volumeu tubing 41, which 

has a l.ength, DV. The length, DV, of the dose 

volmae tubing, times its cross-sectional area, 

gives its volume, hereinafter referred to as the 

25 •dose volume•. 

Diverter valve 32 has a first arm 34 which 

leads through tubing 38, an antibacterial filter 

40, throU;gh a tube 42, and ultimately to a waste 

collection container 43. The waste collection 

30 container 43 is preferably enclosed in a lead 

shield 45. A second arm 35 of the diverter valve 

32 is connected through tubing 44, an antibacterial 

filter 48, additional tubing so, and into an 

infusion needle 52. The infusion needle 52 is 

35 typically inserted into the arm 54 of a patient 56. 
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In the preferred embodiment of the 

invention, the check valve 16 is a dual back check 

valve of the type made by Beckton Dickenson Inc., 

and the antibacterial filters 24, 40, 48 are of the 
5 type made by Schleicher & Schull as their type 

FP030/3. 

In the operation of the device to perform 

first pass ventriculography studies, the amount of 

radioactivity in the saline eluted from the 

10 strontium-rubidium generator 28 must be measured. 
Accordingly, a dosimetry probe 58 is placed 

adjacent to the tubing 30 where it measures the 

radioactivity of the rubidium-containing saline as 
it enters the the diverter valve 33. The diverter 

15 valve 33 is a three-part valve which permits flow 

from either-the generator to the diverter va1ve 32 

or from the wash syringe 37 to the diverter valve 

32. 

20 

The diyerter valves 32, 33 are connected to 

a dosimetry controller 62 for automatic operation. 

The operation of the dosimetry controller 62 will 

be further explained hereinafter. Based upon the 

signal sent by the dosimetry controller 62 to the 

valves 32, 33, the elution from the generator 28 is 

25 directed through the valves 32, 33 and the dose 

volume tubing 41 into the waste container 43 until 

such time as the minimum dose rate is met. Once 

the min~um dose rate for a first pass study has 
been reached, the dosimetry controller 62 starts 

30 integrating patient volume and dose to fill the 

dose volume tubing 41 with highly radioactive 

eluate. At that point, the valve 33 is switched to 

open the valve between the dose volume tubing 41 

and the wash syringe 37 and close the valve leading 

35 through tubing 30 to the generator 28. Similarly, 
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the diverter valve 32 is switched from the waste 

position to the patient position, and the physician 

performing the study quickly injects saline from 

the wash syringe 37 direc:tJ.y into the patient 56. 

5 That operation performs a number of different 

functions. In particular, it pushes the dose 

volume of radioactive eluate from the dose volume 

tubing 41 into the patient as a single highly 

radioactive bolus. Thereafter, the remaining 
10 saline in the wash syringe 3 7 clears the lines 41, 

44, 50, purging them of radioactivity. 

An advantage of the wash solution clearing 

the patient line of radioactivity is that the line 
does not •glow• in photos taken of the patient. 

15 Such a glowing interferes with data from the 

patient. An advantage of using the manually 

operated wash syringe 37 is that it allows a high 

infusion rate, on the order of 300 milliliters per 

minute, rather than about 50 milliliters per minute 

20 which can be obtained through automatic operati-on. 

The dose volume line 41 is typically of a length 

such that,. together with its diameter, it holds 

between 3 and l.O ccs of fluid. Accordingly, it 

could be 3 to 4 feet long. Because of the length 

25 of the dose volume line 41, the dose volume line 41 

can be placed within a standard dose calibrator of 

the type normally used in such studies. 

According~y 1 while the probe 58 and associated 

electronics are used to determine when to switch 

30 the di vertor valves 32, 33 and while the 

electronics of the present device can also be used 

to measure the dose which is to be infused into the 

patient 56, a standard dose calibrator can also be 

used in first pass ventricularography applications. 

35 As wi11 be explained hereinafter, the 
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present device can also be used in performing 

myocardial perfusion studies of the type described 

in the patent applications referred to earlier. 

In order to use the infusion system, various 

5 procedures must be performed and controlled. In 

particular, the syringe 18 must be purged of air, 

and filled with saline, and the diverter valves 32, 

33 must be positioned. These operatio~s are 

contingent upon a number of factors inc~uding the 

10 total volume to be infused into the patient 56, the 

total dosage to be infused into the patient 56, the 

minimum. radioactivity which must be present in the 

tubing 30 before any eluate is infused into the 

patient 56, the total volume to be infused (Note: 

15 The total volume eluted may differ from the total 

volume infused into the patient 56 as some volume 

is likely to be diverted to waste.). 

The foregoing parameters may be altered from 

the front panel of two different controilers shown 
r . . 

20 in FIGS. 2 and 3. These are the infusion pump 

controller 60 and the dosimetry controller 62, 

repectively. The infusion pump controller 60 

controls the mechanical movement of the syringe's 

plunger 66 via a stepping motor 64 which is 

25 connected to the plunger 66. 

In the preferred embodiment of the 

invention, the syringe 18 is a sterile, disposable 

plastic syringe of the type made by Sherwood 

Medical ·and designated as Part. No. 881.-514031.. 

30 The infusion pump controller 60 limits the movement 

of the syringe plunger 66 based upon optical limit 

detectors 68, 70 which limit the fully di~placed 

and fully extended positions of the plunger 66, 

respectively. The volume control function 

35 performed by the infusion ·pump controller 60 is 
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accomplished by counting the number of pulses sent 
to the steppin9 motor 64. 

With reference to FIG .. 2, the front panel of 

the infusion pump controller 60 is shown. The 

5 infusion pump controller 60 includes an onjof f 

power switch 72 which is used to turn on the power 

to the unit. 
A set of thumbwheel switches 74 is used to 

select the total volume (ml) to be eluted. An LED 

10 display 76 shows the total volume (m1) which has 

been eluted. A momentary contact push-button 
switch 78 is used to start and to stop the movement 

of the plunger 66 in the forward (inject) 

direction. 
15 

20 

A set of push-button potentiometers comprise 
the Flow Rate Control 80 which is used to determine 

the volume per unit time which is infused. The 

Fl.ow Rate eontrol 80 sets the pulse rate into the 

steppinq motor 64. An LED 82 lights when the end 

of travel of the plunger 66, as indi~ated by the 

optica1 l.imit detectors 68, 70 is reached. A pair 

of momentary contact push-button switches 84, 86 

are used to control the purge and refill functions, 

respectively, of the syringe 18. Thus, if the 

25 purge control switch 84 is pushed, and held, the 

plunger 66 continues to move in the forward 

direction until it reaches the forward limit 
detector 68. Similarly, while the refill control 

switch 84 is pressed and held, the plunger 66 

30 continues to move toward the rear limit detector 

70. The speed of movement of the plunger 66 durin9 
purge and refill operations are controlled by 

adjustable screw-type potentiometers SS, 90, 

respectively. 
35 The infusion pump controller 60 is comprised 
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o! a superior Electric Company STM103 Translator 

Module which is interfaced to provide signals 

representative of flow rate, volume eluted, and 

injection. It is also interfaced to be remotely 

S controlled. A pulse called "INIT" indicates that 

the Translator Module has been powered. The "!NIT" 
puls-e is used to reset the - displays on the 

dosimetry module. An "INJECT" signal indicates 

that the pump is injecting. Output pulses, 

10 corresponding to .1 ml steps of the syringe 18, are 

provided. An 11End of Elution" signal is used to 

remotely disable the infusion pump controller 60. 

With reference now to FIG. 3, the dosimetry 

controller 62, is comprised of a number of LED 

15 displays and thumbwheel switch sets. In addition, 

the dosimetry con~oller 62 includes an on/off 

switch 92 for providing power to the unit. 

: 

The first set of thumbwheel switches 94 is 
used to set the volume (ml.) to be infused into the & 

20 patient 56. The LED display 96, immediately above 

the thumbwheel switches 94, displays the volume of 

eluate which has been infused into the patient 56. 

The thumbwheel switches 98 are used to set 

the total dose (mci) which is to be infused into 

25 the patent 56 and the LED display 100 immediately 

above the total dose thumbwheel switches 98 

displays the total dose which has been infused into 

the patient 56. Similarly, the thumbwheel switches 

102 are used to set the dose rate (mCi/sec.).which 

30 is to be used to determine when to switch the 

diverter valve 32 from the waste position to the 

patient 56 position. The actual dose rate which is 

present in the eluate within the tube 30 in front 

of the dosimetry probe 58 is displayed on the LED 

35 display 104. The description of the dose present 
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in the eluate at any qi ven time from the start of 

infusion will be provided hereafter. The dosimetry 

controller 62 further comprises a pair of LED's 

106, 108 which indicate the position of the 

5 diverter valves 32, 33. Only one of these two 

LED's 106, 108,. ~ should be on at any given time. 

Whi.l.e the no:cmal position of the diverter 

valves 32, 33 is toward waste from the generator 

28, except when eluate is being manually infused 

10 into a patient 56, provision must be made to clear 

the tubing 44, SO of any air prior to infusing a 
, 

patient 56. Accordingly, the dosimetry controller 

62 incl.udes a toggle switch 110 which is used to 
hard wire the diverter valve 32 in the patient 56 

15 position. 

20 

The present pref erred embodiment of the 

1.nvention also includes a set of thumbwheel 

switches 1.1.2 which are used to set the flow rate 

which will be used in internal calculations of 

dosimetry controller 62. It is presently 

anticipated by the inventor that a future version 

of the present invention will include automatic 

means for determining the flow rate based upon the 

settings used in the infusion pump controller 60. 

25 Referring now to FIG. 4, a graph of the 

30 

35 

radioactive dosage present in the tubing 30 in 

front of tbe dosimetry probe 58, is shown. In the 

graph, 1;he dosage is measured on the y-axis and 

ti.me is measured on the x-axis. The time is 

referenced with zero being the time that the 

start/stop inject button 78 on the infusion 

contro1ler 60 is pushed to commence infusion. 

For approximately :to seconds there will be 

no radioactivity present in the eluate from the 

strontium-rubidium generator 28. Thereafter, the· 
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dose rate rises at a rapid rate up to a maximum, 

after which the dose rate falls to a level value 

indicative of the steady state regeneration rate of 
the sr-Rb qenerator 28. Thus, when the infusion 

5 starts, there is a delay initially as the dose rate 

builds up, a reduction in dosage after the 

qenerator 28 is partially eluted, ·and then there is 

a dosage representative of the steady state 
regeneration rate of the qenerator 28. 

10 The setting of the dose rate thumbwheel 
switches 102 tells the dosimetry controller 62 at 

what point along the upward slope of the dosage 

curve to start integrating the patient volume 

(i.e., the volume in dose volume line 41 which will 
15 be infused into the patient 56) and the patient 

dose. At that point ~e dose indicated by the 

LED's 100 will start accumulating from zero, where 

it had been: until that point. Similarly, the 

patient 56 volume indicated by the LED's 96 will 

20 start to accumulate as of that time. 
Once highly radioactive eluate is infused 

into the dose volume line 41 it continues to be 

infused until one of various stop indications 

occurs. In particular, when the total patient 56 

25 dose, set by the thumbwheel switches 98, is 

reached, the diverter valve 32 is opened to the 

patient position, diverter valve 33 is closed from 
the generator 28 and opened to the wash syringe 37, 

and the stepping motor 64 stops, thereby preventing 

30 further infusion. Similarly, the diverter valves 

32, 33 are switched, and the stepping motor 64 is 

stopped when the patient volume 96, preset by the 

thumbwheel switches 94 reaches it~ preset value or 
after the total volume to be eluted, set by the 

35 volume thumbwheel switches 74 reaches its preset 
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value; or when the purge limit optical stop 68 of 

the syringe 18 is reachedi or if the start/stop 

inject button 78 is pushed. Any of the foregoing 

events causes the diverter valves 32, 33 to switch, 

5 and causes the stepping motor 64 to stop. Note, 

however. that the purge and refill switches 84, 86 

are disabled as of the time that the start/stop 

inject button 78 is pushed to commence the 
infusion. 

10 Quantizing Radioactivity in a Liquid Stream 

In order to measure the radioactivity in the 

saline solution which passes through the line 30 in 

front of the dosimetry probe 50, it is necessary to 
count the number of disintiqrations which occur in 

15 front of the probe 58. while at the · same time 

keeping track of the flow rate of the saline 

through the tube 30. Given that these quantities 

are known. it is possible to measure the total 

activity in milliCUri~s (mCi) in accordance with 

20 the following formula: 

25 

30 

35 

A= (C)(F) 

(V)(E){CM)(Y) 

Where, A= total activity (mCi); 

c = net counts; ., 
F = flow rate (ml/min); 

v = volume in detector view (ml); 

E = net efficiency {counts per 

minute/disintegration per minute); 

CM = disintegrations/minute to 

milliCUrie conversion factor; and 

Y = net yield of photon. 

In the case of the present invention, the 

above formula can be simplified to: 

A = (C)(F) 

K 
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Where, A = total activity (in milliCuries); 
C =net counts (from probe)~ 
F = the flow rate; and 
K = the calibration factor. 

As noted, the calibration factor, K, takes 

into account the volume in the detector's view, the 

net efficiency of the probe, the conversion factor 
in terms of disintigrations per minute to 

millicuries, and the net yield of photons. These 

10 factors are substantially constant for any given 
probe and tubing combination for a reasonable 

amount of time. Accordingly, provision is made on 

the circuit board to adjust the calibration 
factor, K, when the instrument is serviced. 

15 However, the calibration factor, K, is not user 

adjustable in the normal course of operation. 

Dosimetry Probe 

Referring now to FIG. 5, the dosimetry 

probe sa is comprised of a photomultiplier tube 
20 120, such as the RCA C83009E 14 mm diameter 

10-stage photomultiplier tube manufactured by the 

Electro Optics Division of RCA Corporation in 

Lancaster, Pennsylvania. The photomultiplier tube 

l.20 has a face 122 through which input signals in 

25 the form of' light are received. On the face 122, a 

plastic scintillator 124, such as a Nuclear 

Enterprises Type 102A manufactured in Edinburgh, 

scotlanq, is mounted. In the preferred embodiment 

of the invention, the plastic scintillator 124 is 

30 glued or bonded to the face 122 of the 

photomultiplier tube 120. After the plastic 

scintillator 124 has been bonded to the face 122 of 

the photomultiplier tube 120, an aluminum foil 

covering (not shown) is placed over the face end of 

35 the photomultiplier tube 120, including the plastic 
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scintillator 124. The purpose of the aluminum foil 

covering is to reflect back into the tube 120 any 

light which scintillates from the plastic 

scintillator 124 away from the tube 120. In 

S addition, the aluminum. -foil covering prevents any 

stray light which might come into the area of the 

face l.22 from getting into the tube 120. Following 

the application of the aluminum foil, a light tight 

aateria1, such as black electrical tape is wrapped 

10 over the al.uminUDl foil covered tube 120 in order to 

further prevent any light from entering into the 

tube 120. The tape-wrapped tube 120 is then 

inserted into a mu metal shield 126 which is 

intended to prevent any electromagnetic radiation 

15 effects from affecting the output of the dosimetry 

probe 58. In the preferred embodiment of the 

invention, the dosimetry probe SB is plugged into a 

standard photomultiplier tube socket base 128 

containing a standard resistive biasing network. 

20 Dosimetry Circuitry 

Referring now to FIG. 6, the 

photomultiplier tube socket base J.28 includes a 

resistive network containing biasing resistors for 
placing appropriate bias voltages on the ten 

25 dynodes in the photomultiplier tube 120. 

Accordingly, the high voltage connection to the 

photomultiplier tube base J.28 is automatically 

_biased 1;.o provide appropriate operating voltages to 

the photomultiplier tube 120. The high voltage 

30 supply 130 used in the preferred embodiment of the 

invention is a 0-1000 volt, adjustable Bertan 

PMT-lOA-P power supply manufactured by Bertan 

Associates, Inc., Three Aerial Way, Syosset1 New 

York. In the present application, the high voltage 

35 supply 130 is adjusted to provide an output voltage 
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of 950 volts. The photomultipler tube socket base 

128 is an RCA photomultipler tube socket base, Part 

No. AJ2273. 
An output signal goes from the dosimetry 

5 probe 58 on a line 132 to a coupling network 

comprising a pull up resistor 134, a coupling 

capacitor 136, and a output resistor 138. 

Accordingly, an AC signal having a peak to peak 

maximum of approximately 250 millivolts with 

10 negative going pulses, is provided on output line 

140. 

Single Channel Analyzer 

Referring now to FIG. 7, the schematic 

diagram for a Single Channel Analyzer circuit is 

15 shown. The Single Channe1 Analyzer is used, 

because the pulses on output .J.ine 140 from the 

Dosimetry circuitry are very sharply defined pulses 

which may occur at very high frequencies. In view 

of the fact that it, is important to count all the 

20 pulses, a very high speed comparator, such as an 

AM685 voltage comparator 142, manufactured by 

Advanced Micro Devices, 901 Thompson Place, 

Sunnyvale, California, with emitter-coupled logic 

(ECL) output, - or other suitable very high speed 

25 comparator, must be used. 

A biasing network 141 consisting of a series 

of resistors and capacitors is used as one input to 

the comp~rator 142. In view of the fact that the 
pulses which are handled by the comparator ~42 are 

30 of very short duration, a one-shot circuit 144, 

comprised in the preferred embodiment of the 

invention, of a Motorola Type 1670 master-slave 

flip-flop integrated circuit, is used to stretch 

the pulse width up to a uniform pulse width of 

35 approximately SO nanoseconds. The output signal 
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from the one-shot 144 is fed into a programmable 

divide-by-N circuit 146, which in the preferred 

embodiment of the invention is comprised of a 

Motorola Type 10136 universal hexadecimal counter 

5 integrated circuit. The divide-by-N circuit 146 is 

proqrammable. Accordingly, a very high pulse 

repetition rate coming into the comparator with 

very short pulse widths is reformed by the one-shot 

to have wider, 'UD.iform pulses, and the input signa1 

10 is further reformed by the divide-by-N circuit to. 

bring the pulse repetition rate down into. any 

desirable range. In particular, outputs of the 

divide-by-Ir circuit 146 are provided for N equal to 

2, 4, 8, and 16. 

15 Up through this point in the circuit, the 

20 

devices have a11 been of ECL type in order to be 

able to handle the very high speed pulses which are 

detected by the dosimetry probe 58. In view of the 

fact that it is conventional to use 

transistor-transistor-logic (TTL) integrated 

circuits, a type 10125 ECL-to-TTL level converter 

circuit l.50 is hooked to the output of the 

divide-by-H circuit 146. Thus, the ECL-to-TTL 

level converter circuit 150 transforms the ECL 

25 siqnal. levels into TTL signal levels for further 

processing. The TTL outputs leave the ECL-to-TTL 

level converter circuit 150 on four lines 152, 154, 

156, 158, which correspond to the TTL level of the 

counts into the Single Channel Analyzer divided by 

30 2, 4, 8, and 16, respectively. The counts out on 

the lines 152-158 will be referred to hereafter as 

the •net counts•. 

Multiplier-Divider Circuit 

Referring now to FIG. S, there is a 

35 Multiplier-Divider circuit 160 which converts the 
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net counts from the Single Channel Analyzer 

circuit, described above, into a meaningful 

quantity (millicuries). The Multiplier-Divider 

circuit 160 accepts the "net counts" on an input 

5 line 162 which is connected to one of the lines 
152-158 from the Single Channel Analyzer (i.e., the 

raw counts converted into TTL levels and then 

divided by 2, 4, 8, or 16) and multiplies them by 
the eluate Flow Rate divided by 100. The result is 

10 then divided by a constant, K, in order to carry 

out the formula: 

15 

A = (N)(F) 

K 

Where, A= total activity (in milliCuries); 

N = net counts (from Single Channel 

Analyzer}; 

F = Flow Rate; and 

K = the calibration factor. 

The net counts, N, are first multiplied by a 

20 two digit number corresponding to the eluate Flow 

Rate (entered on the Flow Rate thumbwheel switches 
ll2A, ll2B, corresponding to the most significant 

digit (MSD} and the least significant digit (LSD), 
respectively, the thumb wheel switches 112A, 112B 

25 are on the front panel of the dosimetry controller 
62, shown in FIG. 3. The multiplication is 

accomplished by cascading two XXL Synchronous 
Decade ·Rate Multiplier circuits (F74167), and 

sending their outputs through a NANO gate 168. The 

30 resulting output corresponds to Fout' where: 

F = (N) (F) 
out 100 

The output pulses are of varying duration, 

so they are next fed through a pair of one-shots 
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which process them to have a fixed duration. In 

the preferred embodiment of the invention, the 

first one-shot is comprised of one-half of an 

SN74123 integrated circuit 170. The first one-shot 

5 is negative edge triggered, and it provides a pulse 

output of approximately 200 nanoseconds. Its 

output is- ·double buffered through buffers 172, l. 74 

into a second one-shot which is comprised of 

one-half of a CD4098BE integrated circuit 176 in 

10 order to increase the width of the output pulses, 

so they will be acceptable to a CMOS divider 

integrated circuit 178. The second one-shot is 

configured to be leading edge triggered. 

Xbe output of the second one-shot is then 

l.5 divided by the calibration factor, K, which may 

have a range of between 3 and 9, 999. A CD4059A 

integrated circuit 178 'is used as a programmable 

divide-by-N counter. Programming is accomplished 

via a series of lq DIP switches 180 mounted on the 

20 printed circuit card. Each set of four switches 

corresponds to the BCD settings for 1's 1 10 1 s, 

100 's and 1000 • s. Pull up resistors (not shown) 

are employed in the standard manner so that when 

the DIP switches are open the inputs to the 

25 divide-by-N circuit 178 are pulled high. 

The output of the divider 178 has pulses of 

random widths. so another one-shot, made up of the 

second half of the CD409BBE 176 configured for 

leading edge triggering, is used. This one-shot 

30 provides an output pulse duration of approximately 

20 microseconds. Before leaving the 

Multiplier-Divider circuit 160, the output is 

double buffered through buffers 182, 184 and the 

output signal on line 186 is sent to the Dose Rate 

35 circuit. There will be one dose corrected output 
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pulse on 1 ine 186 for each 0. 01 rnilliCurie of 

activity which passes by the dosimetry probe 58. 

Disolay Controller Circuit 
Referring now to FIG. 9, the schematic 

5 diagram for a Display Controller Circuit 190 is 

shown. There are three Display Controller Circuits 

within the dosimetry controller 62. Each Display 

Controller 190 is used both to interface a set of 

thumbwheel switches 192 and to display the quantity 

10 associated with the particular set of thumbwheel 

switches 192. Thus, there is one Display 

Controller of 190 for Dose Rate (which works with 

thumbwheel switches 102 and LEDs 104) 1 one for 

Patient Volume (which works with thumbwheel 

15 switches 94 and LEDs 96), and one for Dose (which 

works with thumbwheel switches 98 and LEDs 100) • 

Each Display Controller Circ!lit 190 drives four 

seven-segment displays 194, such as MAN71 displays. 

The major component of the Display 

20 Controller Circuit 190 of the preferred embodiment 

of the invention is an Intersil ICM7217IJI 

integrated circuit 196, which is a device which 

provides a direct interface to the seven-segment 

displays 194. Each Display- Controller Circuit 190 

25 allows the user to set a level, by programming 

binary co~ed decimal (BCD) thumbwheel switches 192. 

The levels can then be detected. In this way, a 

preset limit for Dose, for example, will be 

detected and will be used to shut down the infusion 

30 pump. For Dose Rate, the preset level is used to 

switch the position of the diverter valve 32, 

through the valve driver circuit which will be 

explained hereinafter. The Patient Volume can also 

be preset, and the infusion pump can be stopped at 

35 the preset limit. 
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Dose Rate Circuit 

The Dose Rate circuit 200, shown in FIG. 10, 

provides a visual display of the amount of 

radiation present in the eluate. ~e Dose Rate 

5 circuit 200 employs a Display controller Circuit, 

of the type described above. The Dose Rate display 

is constantly updated to provide the user with Dose 

Rate information. The Dose Rate circuit 200, with 

the Display Controller, is programmed to set a 

10 trigger level for switching the eluate from waste 

to the patient 56. 

The Dose Rate circuit 200 uses signals from 

the Mul.tiplier-Divider circuit 160, described 

above, and from the Control .. Board which will be 

15 described hereinafter. The dose corrected output 

pulses on 1ine 186 from the Multiplier-Divider 

circuit 160 described above {i.e., 1 pulse/.01/mCi) 

enter the Dose Rate circuit 200, and are double 

buffered by buffers 202, 204. Th~ buffered pulses 

20 are then fed through one-half of a one-shot 206, 

comprised of a CD4098BE integrated circuit in the 

preferred embodiment of the invention. The output 

from the one-shot 206 is gated through NAND gate 

207 to the Dose Rate Display 104 since there are 

25 three Display Controller Circuits 190,. \vhich are 

used for Dose (circuit "A"), Dose Rate (circuit 

•B•),. and Patient Volume {circuit "C"),. the 

designati~n •Bio• at the output of NAND gate 207 

means pin ~O on input connector 197 (see FIG. 9). 

30 The heart of the Dose Rate circuit 200 is an 

Intersil ICM7207A Oscillator Controller integrated 

circuit 208. This unit, along with a dual one-shot 

comprised of a CD4098BE integrated circuit 210, in 

the preferred embodiment of the invention, provides 

35 all of the control necessary for gating, storing, 
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and resetting the display. 

'l'he outputs of the Dose Rate Display 

Controller Circuit provide an easy interface to 

determine when a predetermined count (corresponding 

5 to the dose rate which was set on thumbwheel 

switches 102) has been reached, and to generate a 

signal which is used to enable the Dose and Patient 

Volume Displays, 100, 96, respectively. 

In the preferred embodiment of the 

10 invention, the signal utilized to enable the Dose 

and Patient Volume Displays 100, 96, respectively, 

is derived from one half of a dual D-type 

flip-flop, such as a CD4013BE integrated circuit 

212. The flip-flop 212 is only enabled during an 

15 injection. The enabling "INJECT" signal is 
generated when the pump ..is injecting. Once an 

injection is started and a user pre-set Dose Rate 

limit set on thumbwheel switches 102 is met, the 

flip-flop 212 latches a positive Q output to enable 

20 the Dose Display and the· Patient Volume Display. 

control Circuit 

· Referring now to FIG. 11, the schematic 

diagram of the Control circuit 220 is shown. The 

purpose of the Control circuit 220 is to "oversee" 

25 ' all other operations. Specifically, the Control 

circuit 220 controls the Dose Display and Patient 

Volume Display. The Control circuit 220 also 

provides timing 

Multiplier-Divider 

for 

circuit 

resetting 

160, and it 

the 

buffers 

30 various inputs and outputs to and from the infusion 

pump control module 60. 

35 

The basic function for turning the infusion 

pump off is the End of Elution signal. The End of 

Elution 

Display 

signal is derived from either the Dose 

100 or the Patient Volume Display 96. 

2067 of 2568



0160303 

- 26 -

These displays 100, 96 are gated to begin counting 

once the Dose Rate trigger level, the Q output from 

flip-flop 212, reaches its preset limit, as defined 

by the Dose Rate thumbwheel switches 102. Then, 

5 once the Dose or Patient Volume is met, as defined 

by the Dose thumbwheel switches 98 and by the 

:eatient Vo1ume thumbwheel switches 94, 

respectively, the Control circuit 220 signals the 

pump to stop. 

10 Valve Driver Circuit 

The Valve Driver circuit 230, shown 

schematica11y in FIG. 12, is used to control the 

switching of the diverter valves 32, 33 which 

direct the eluate either to the patient 56 or to 

15 waste.. '!rhe Valve Driver circuit 230 accepts its 

input from the infusion pump controller or from the 

Patient Line Furge switch 110. The Patient Line 

Purge Switch 110 directly controls the valves 32, 

33. ~ 

20 The diverter valves 32, 33 are two position 

valves ~hich include electrical. switches which 

close individually when the yalves 32, 33 are fully 

. in one of their two positions, i.e. , either the 

patient or waste position for valve 32. Movement 

25 of the valves 32, 33 from one position to the other 

is controlled by an AC motor which includes two 

windings. When the first winding is energized, the 

motor moves in a clockwise direction. When the 

second winding is energized, the motor moves in a 

30 counterclockwise direction. In the preferred 

35 

embodiiuentr one motor controls both diverter valves 

32, 33. At each limit of the valves' movement, 

there is a aicroswitch 232, 234 which senses when 

the valve limit has been reached. -

When one of the microswitches 232, 234 is 
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open, i.e. switch 232, the input to an associated 

inverter 236 is essentially at ground. When the 

switch 232 closes, the input to the inverter 236 

increases to approximately five vol ts. After the 

5 switch 232 again opens, it takes some time, due to 

the RC time constant of the associated resistors 

and capacitor, before the voltage at th~ input of 

the first inverter 236 returns to approximately 

zero. Accordingly, the combination of inverters 

10 and the RC network to which each of the switches 

232, 234 are connected acts as a switch debouncer. 

Thus, the output of inverter 238 will be low when 

switch 232 is closed and high when switch 232 is 

opened. Similarly, the output of inverter 240 will 

15 be low when switch 234 is closed and high when 

switch 234 is opened. 

NAND gate 242 normally has a high output 

voltage. Accordingly, as will be obvious to those 

of ordinary skill in the digital circuitry art, LED 

20 106 will be on when switch 232 is closed. 

Otherwise, LED 106 will be off. Similarly, LED 108 

will be on when switch 234 is closed. Note that 

these LEDs 106, 108 were previously described with 

reference to the dosimetry controller 62 (See FIG. 

25 3). ' 

When both switches 232, 234 are opened at 

the same time, there will be two high signals at 

the inpu~ of NAND gate 254. That will cause NANO 

gate 256 to trigger a monostable multivibrator 

30 comprised of one half of a CD4098BE integrated 

circuit 258 which provides a low going output pulse 

having a duration of approximately 700 milliseconds 

in the preferred embodiment of the invention. The 

particular time period during which this pulse is 

35 low must exceed the time period which it would take 
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for the diverter valves 32 1 33 to be moved from one 

position to the other position.. In the preferred 

embodiment of the invention the movement of the 
• 

diverter valves 32, 33 takes approximately 600 

S mil1iseconds. The outputs from the monostable 

multivibrator are f'ed via EXCLUSIVE OR. gate 260 

into a D-type f1ip-flop 262 comprised of a CD4013BE 

integrated circuit. In the event that the diverter 

va1ves 32, 33 did not move from one position to the 

10 other within the prescribed time period, it is 

presumed that a fault condition occurred1 e.g. one 

of the diverter valves 32, 33 jammed. Accordingly, 

the ope.rater is advised of the fau1t condition by 

both LEDs 106, 108 flashing simultaneous1y. The 

15 fiashinq occurs as a result of the output of the 

flip-fl.op 262 which is connected on line 264 to 
lfAND gate 242 being kept high, thereby causing NAND 

gate 242 to act as an astable multivibra.tor which 

oscillates between high and low outputs thereby 

20 causing the EXCLUSIVE OR gates 248, 250 to change 

states and to flash the LEDs 106, 108. 

At the same time that one output of the 

f1ip-fiop 262 qoes high, the other output, on line 

266 goes low. The signal. on line 266 is normally 

25 high, as it is one input to NAND gate 268. The 

other input to KAND gate 268 is the "End of 

Elution• signal. previously discussed. When both 

inputs tc? !fAllD gate 268 are high the output on line 

270 is high. The output signal on line 270 turns 

30 off the infusion pump when it is low. This is the 

signal. which remotely controls the infusion pump, 

as heretofore described. Thus, in the fault 

condition, when the signal. on line 266 goes low the 

infusion pump is turned off. When there is no 

35 fault condition, the infusion pump will be enabled 
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when the End of Elution signal is high. 

The 11 INJECT" 1 ine which indicates when the 

pump is injecting enters the Valve Controller 

Circuit 230 on line 252. A series of inverters are 

5 used to buffer the INJECT signal in order to obtain 

an output on line 253. The output on line 253 is 

used as the input to a pair of solid state relays 

(not shown) which select between the two windings 

of the motor which drives the diverter valves 32, 

10 33. Thus, when the INJECT line is low the motor 
drives the diverter valves 32, 33 into the Patient 

position, and when the INJECT line is high, the 

motor drives the diverter valves 32, 33 into the 

Waste position. 
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What we clailll is: 

1. A strontium-rubidium infusion system 

comprisinq: 

(a) means for generating rubidium-82 in a 

solution which can be infused into a patient; 

(b) means for collectinq a predefined 

volume of solution containing rubidium-82; 

( c) means for measuring the radioactivity 

present in said predefined volume before it is 

infused into said patient; and 

( d) means for quickly infusing said 

predefined volume of rubidium-82 into said patient 

as a single bolus. 

2. The strontium-rubidium infusion system 

of Claim 1 wherein said means for generating 

rubidium-82 in a solution which can be infused into 

a patient comprises a strontium-rubidium generator. 

3. The strontium-rubidium infusion system 

of Claim 1 or 2 wherein said means for infusing 

said so1ution into a patient comprises a syringe. 

4. The strontium-rubidium infusion system 

of Claim 3 wherein said means for infusing said 

solution into a patient further comprises means for 

electro~echanically operating said syringe. 

5. The strontium-rubidium infusion system 

of Claim 4 wherein said means for 

e1ectromechanically operating said syringe 

comprises a stepper motor which drives means for 

movinq the plunger of said syringe. 
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6. The strontium-rubidium infusion system 
of Claim 5 further comprising electronic means 
for controlling said stepper motor. 

7. The strontium-rubidium infusion system 
of any one of Claims l to 6 wherein said means 
for measuring the radioactivity present in said 
solution as it is infused into said patient 
comprises a dosimetry system. 

8. The strontium-rubidium infusion system 
of Claim 7 wherein said·dosimetry system is 
connected to means for controlling said means 
for infusing. 

9. The strontium-rubidium infusion system 
of any one of Claims 1 to 8 wherein said means 
for quickly infusing said predefined volume of 
rubidium-82 into said patient as a single bolus 
compri~es a manually operated wash syringe. 

10. The strontium-rubidium infusion system 
of Claim 9 wherein said manually operated wash 
syringe is initially filled with saline solution. 
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DOSIMETRY SYSTEM FOR STRONTIUM-RUBIDIUM INFUSION PUMP 

The present invention relates to a strontium
rubidium infusion system. In particular. it relates to 
a strontium-rubidium infusion system which has an 
in-line, real time dosimetry system which can be 
used to infuse patients with Rubidium-82. 

Current statistics show that approximately one
third of all deaths in the United States are related 
to coronary artery disease. See. for example. 
Pohost. G.. McKusick, K., and Strauss. W., 
"Physiologic Basis and Utility of Myocardial Perfu
sion Imaging" Proceedings of the Second Interna
tional Symposium on Radiopharmaceuticals, Soci
ety of Nuclear Medicine. New York 1979, pp. 465-
473, and this fact has prompted extensive research 
to more efficiently diagnose and manage this dis
ease. Recent advances in radiopharmaceutical de
velopment and instrument design have established 
myocardial scintigraphy as an important new ap
proach for evaluating coronary artery disease and 
myocardial perfusion. See, for example, Pierson, 
R., Friedman. M., Tansley. W., Castellana, F .. En
lander. D., and Huang, P., "Cardiovascular Nuclear 
Medicine: An Overview", Sem. Nucl. Med., 9, 224-
240 (1979); Leppo. J., Scheuer, J., Pohost. G., 

Freeman. L., and Strauss. H., "The Evaluation of 
lschemic Heart Disease Thallium-201 with Com
ments on Radionuclide Angiography": Sem. Nucl. 
Med., 10. 115-126 (1980); Vogel, R., "Quantitative 
Aspects of Myocardial Perfusion Imaging". Sem. 
Nucl. Med.. 10. 146-156 (1980); Chervu, R., 
"Radiopharmaceuticals in Cardiovascular Nuclear 
Medicine". Sem. Nucl. Med., 9, 241-256 (1979); 
and Pitt. B., and Strauss, H.. "Cardiovascular Nu
clear Medicine". Sem. Nucl. Med., 7. 3-6 (1977). 

Myocardial scintigraphy studieshave been per
formed with several isotopes of potassium. 
rubidium. cesium. and thallium (T1 -201 ). although 
the usefulness of all of these nuclides is limited by 
their non-optimal physical properties. In spite of its 
long ha!Hfe and low-gamma energy, T1-201 is 
currently the most widely used agent for myocar
dial imaging. See. for example, Poe. N., "Rationale 
and Radiopharmaceuticals for Myocardial Imag
ing". Sem. Nucl. Med., 7. 7-14 (1977): Strauss. H. 
and Pitt, 8 .. "Thallium-201 as a Myocardial Imaging 
Agent". Sem. Nucl. Med .. 7. 49-58 (1977): Bot
vinick. E .. Dunn. R.. Hattner. R .. and Massie. B., "A 
Consideration of Factors Affecting the Diagnostic 
Accuracy of T1 -201 Myocardial Perfusion Scintig
raphy in Detecting Coronary Artery Disease". Sem. 
Nucl. Med., 10. 157-167 (19801: and Wackers. F .. 
"Thal!ium-201 Myocardial Scintigraphy in Acute 
Myocardial Infarction and lschemia". Sem. Nuc!. 
Med .. 10. 127-145 (1980) 

In diagnostic procedures in which the heart is 
involved, it is desirable for a diagnostician to be 
able to view a patient's heart. Heretofore. various 
radioactive materials have been used together with 

s radiological procedures for viewing internal organs 
of patients. It has been difficult. however. to view a 
heart because the radioactive substances which 
could be used for viewing the heart have had a 
very long half-life. Thus, using them with patients 

10 involves an element of danger and also reduces 
the number of times that a patient could be infused 
within any given time period. It would therefore be 
desirable to have a diagnostic apparatus and pro
cedure which could be used with relative safety for 

1 s viewing the heart. 
Rubidium-82 is a potassium analog. That 

means it acts similar to potassium when it is in
fused into a patient Thus it builds up at a very 
rapid rate. i.e.. within seconds, in the patient's 

20 heart. Rubidium-82 also has the advantage of hav
ing a very short half-life, approximately 76 sec
onds. Therefore. it decays after a very short period 
of time following entry into the body, thereby allow
ing numerous procedures to be performed within a 

25 relatively short time period in a given patient. 
Rubidium-82 also has the advantage of being ob
servab E using a modified gamma camera such as 
a gamma camera of the type manufactured by 
Searle Radiographies. Inc .. called the PHO Gamma 

JO IV. A problem with using Rubidium-82 in a patient 
involves keeping track of the amount of radiation 
infused into the patient. In view of the very short 
half-life of Rubidium-82. it is impractical to measure 
the radioactivity of a particular dose and to then 

35 infuse it into the patient using conventional means. 
An accurate method for measuring the amount of 
radiation being infused into the patient would be 
highly desirable for this particular application. 

The availability of improved instrumentation 
-'O has stimulated interest in the use of the positron 

emitter. Rubidium-82, for myocardial imaging. See 
for example. Beller G.. and Smith, T., 
"Radionuclide Techniques in the Assessment of 
Myocardial lschemia and Infarction." Circulation. 53 

-'5 13. Supp. 1) 123-125 (1976); Budinger. T., Yano, Y., 

Derenzo. S., et al.. "Myocardial Uptake of 
Rubidium-82 USTng -Positron Emission Tomog
raphy," J .. Nucl. Med. 20. 603 (1979); Budinger. T., 
Yano. Y .. Derenzo. S .. et al.. "Infarction Sizing and 

so Myocardial Perfusion Measurements Using Rb-82 
and Positron Emission Tomography." Amer. J. Car
diel.. 45, 399 ( 1980). Rubidium-82, an analog of the 
alkali metal potassium. is rapidly cleared from the 
blood and concentrated by the myocardium. The 
short half-life of the Rubidium-82 176 sec/ offers 
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the unique advantage of permitting repeat perfu
sion and blood flow studies in patients whose clini
cal status is rapidly changing. 

Rubidium-82 is produced by the decay of its 
parent, strontium-82. E. R. Squibb and Sons, Inc. 
has developed a Rubidium-82 generator and infu
sion system which yields an isotonic saline solution 
of Rubidium-82 at physiological pH for rapid ad
ministration. ln animal experiments, the safety and 
myocardial uptake of Rubidium-82 has been dem
onstrated. Therefore this agent has been selected 
as a candidate for clinical trials. 

In the Drawing: 
FIG. 1 is an overall schematic diagram of the 

strontium-rubidium infusion system used in con
junction with the present invention; 

FIG. 2 is a front view of the infusion pump 
control used with the strontium-rubidium infusion 
system; 

FIG. 3 is a front view of the dosimetry con
trol used with the strontium-rubidium infusion sys
tem; 

FIG. 4 is a graph of radioactivity measured 
(on the y-axis) by the dosimeter probe versus time 
(on the x-axis); 

FIG. 5 is a perspective view of the dosimetry 
probe; 

FIG. 6 is a schematic diagram of the inter
face between the dosimetry probe of FJG. 4 and 
the dosimetry control circuitry; 

FlG. 7 is a schematic diagram of the circuit 
for the Single Channel Analyzer used to convert 
and 
No. 156.285, entitled 82RB GENERATING METH
OD AND ELUENT, filed on June 4, 1980 by Rudi 
D. Neirinckx, et al. 

Saline pumped through the strontium-rubidium 
generator 28 exits the generator 28 through tubing 
30 containing Rubidium-82. The tubing 30 is con
nected to a diverter valve 32 having a first arm 34 
which leads through tubing 38, an antibacterial filter 
40, and ultimately to waste 42. A second arm 35 of 
the diverter valve 32 is connected through tubing 
44, an antibacterial filter 48, additional tubing 50, 
and into an infusion needle 52. The infusion needle 
52 is typically inserted into the arm 54 of a patient 
56. 

In the preferred embodiment of the invention, 
the check valve 16 is a dual back check valve of 
the type made by Beckton Dickenson Inc .. and the 
antibacterial filters are of the type made by Schlei
cher & Schull as their type FP03013. 

ln the operation of the device, the amount of 
radioactivity in the saline eluted from the strontlum
rubidium generator 28 must be measured as it is 
introduced into the patient 56. Accordingly. a 
dosimetry probe 58 is placed adjacent to the tub-

ing 30 where it measures the radioactivity of the 
rubidium-containing saline as it leaves the gener
ator 28 and enters the diverter valve 32. 

In order to use the infusion system, various 
5 procedures must be performed and controlled. In 

particular, the syringe 18 must be purged of air, 
and filled with saline, and the diverter valve 32 
must be positioned. These operations are contin
gent upon a number of factors including the total 

10 volume to be infused into the patient 56, the total 
dosage to be infused into the patient 56, the mini
mum radioactivity which must be present in the 
tubing 30 before any eluate is infused into the 
patient 56, the total volume to be infused {Note: 

15 The total volume eluted may differ from the total 
volume infused into the patient 56 as some volume 
is likely to be diverted to waste.) 

The foregoing parameters may be altered from 
the front panel of two different controllers shown in 

20 FIGS. 2 and 3. These are the infusion pump con
troller 60 and the dosimetry controller 62. repec
tively. The infusion pump controller 60 controls the 
mechanical movement of the syringe's plunger 66 
via a stepping motor 64 which is connected to the 

25 plunger 66. 
In the preferred embodiment of the invention. 

the syringe 18 is a sterile, disposable plastic sy
ringe of the type made by Sherwood Medical and 
designated as Part. No. 881-514031. The infusion 

30 pump controller 60 limits the movement of the 
syringe plunger 66 based upon optical limit detec
tors 68. 70 which limit the fully displaced and fully 
extended positions of the plunger 66, respectively. 
The volume control function performed by the infu-

35 sion pump controller 60 is accomplished by count
ing the number of pulses sent to the stepping 
motor 64. 

With reference to FIG. 2, the front panel of the 
infusion pump controller 60 is shown. The infusion 

40 pump controller 60 includes an on;off power switch 
72 which is used to turn on the power to the unit. 

A set of thumbwheel switches 74 is used to 
select the total volume (ml) to be eluted. An LED 
display 76 shows the total volume (ml) which has 

45 been eluted. A momentary contact push-button 
switch 78 is used to start and to stop the move
ment of the plunger 66 in the forward (inject) direc
tion. 

A set of push-button potentiometers comprise 
50 the Flow Rate Control 80 which is used to deter

mine the volume per unit time which is infused. 
The Flow Rate Control 80 sets the pulse rate into 
the stepping motor 64. An LED 82 lights when the 
end of travel of the plunger 66, as indicated by the 

55 optical limit detectors 68, 70 is reached. A pair of 
momentary contact push-button switches 84, 86 
are used to control the purge and refill functions, 
respectively. of the syringe 18. Thus. if the purge 

3 
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control switch 84 is pushed, and held, the plunger 
66 continues to move in the forward direction until 
it reaches the forward limit detector 68. Similarly, 
while the refill control switch 84 is pressed and 
held, the plunger 66 continues to move toward the 
rear limit detector 70. The speed of movement of 
the plunger 66 during purge and refill operatiQ[lS 
are controlled by adjustable screw-type potentiom
eters 88, 90, respectively. 

The infusion pump controller 60 is comprised 
of a Superior Electric Company STM103 Translator 
Module which is interfaced to provide signals re
presentative of flow rate. volume eluted. and injec
tion. It is also interfaced to be remotely controlled. 
A pulse called "INIT" indicates that the Translator 
Module has been powered. The "INIT" pulse is 
used to reset the displays on the dosimetry mod
ule. An "INJECT" signal indicates that the pump is 
injecting. Output pulses, corresponding to .1 ml 
steps of the syringe 18, are provided. An "End of 
Elution" signal is used to remotely disable the 
infusion pump controller 60. 

With reference now to FIG. 3, the dosimetry 
controller 62, is comprised of a number of LED 
displays and thumbwheel switch sets. In addition, 
the dosimetry controller 62 includes an onroff 
switch 92 for providing power to the unit. 

The first set of thumbwheel switches 94 is 
used to set the volume (ml) to be infused into the 
patient 56. The LED display 96. immediately above 
the thumbwheel switches 94. displays the volume 
of eluate which has been infused into the patient 
56. 

The thurnbwheel switches 98 are used to set 
the total dose (rnCi) which is to be infused into the 
patent 56 and the LED display 100 immediately 
above the :otai dose thumbwheel switches 98 dis
plays the total dose which has been infused into 
the patient 56. Similarly, the thumbwheel switches 
102 are used to set the dose rate (mCi sec.) which 
is to be used to determine when to switch the 
diverter va:ve 32 from the waste pos1t1on to the 
patient 56 position. The actual dose rate which rs 
present in the eluate within the tube 30 in front of 
the dosimetry probe 58 is displayed on the LED 
display 104. The descnotion of the dose present in 
the eluate at any given time from the start of 
infusion will be provided hereafter. The dosimetry 
controller 62 further comprises a pair of LED's 106. 
108 which indicate the pos1t1on of the d1verter valve 
32. On:y one of these two LED'S 106. 108. should 
be on at any given time. 

While the normai position of the diverter valve 
32 is toward waste. except when eluate 1s being 
infused into a patient 56. provision must be made 
to clear the tubing 44. 50 of any air prior to infusing 
a patient 56_ Accordingly, the cosimetry ccntro!!er 
62 includes a toggle switch 110 which is used to 

hard wire the diverter valve 32 in the patient 56 
position. 

The present preferred embodiment of the in
vention also includes a set or thumbwheel switches 

s 112 which are used to set the flow rate which will 
be used in internal calculations of dosimetry con
troller 62. It is presently anticipated by the inventor 
that a future version of the present mvention will 
include automatic means for determining the flow 

10 rate based upon the settings used in the infusion 
pump controller 60. 

Referring now to FIG. 4, a graph of the radioac
tive dosage present in the tubing 30 in front of the 
dosimetry probe 58, is shown. In the graph, the 

15 dosage is measured on the y-axis and time is 
measured on the x-axis. The time is referenced 
with zero being the time that the start:stop inject 
button 78 on the infusion controller 60 is pushed to 
commence infusion. 

20 For approximately 10 seconds there will be no 
radioactivity present in the eluate from the 
strontium-rubidium generator 28. Thereafter. the 
dose rate rises at a rapid rate up to a maximum. 
after which the dose rate falls to a level value 

2s indicative of the steady state regeneration rate of 
the Sr-Rb generator 28. Thus. when the infusion 
starts, there is a delay initially as the dose rate 
builds up, a reduction in dosage after the generator 
28 is partially eluted, and then there is a dosage 

30 representative of the steady state regeneration rate 
of the generator 28. 

The setting of the dose rate thumbwheel 
switches 1 02 tells the dosimetry controller 62 at 
what point along the upward slope of the dosage 

35 curve to switch the diverter valve 32 from the waste 
position to the patient 56 position whereby the 
eluate will be infused into the patient 56. At that 
point the dose indicated by the LED's 100 will start 
accumulating from zero. where it had been until 

.:o that point. Similarly. the patient 56 volume indi
cated by the LED's 96 will start to accumulate as of 
that time. 

Once eluate is infused into the patient 56. it 

continues to be infused until one of various stop 
.:s indications occurs. In particular. when the total pa

tient 56 dose. set by the thumbwheel switches 98, 
is reached, the diverter valve 32 is returned to the 
waste position. and the stepping motor 64 stops. 
thereby preventing further infusion. Similarly. the 

so diverter valve 32 is switched, and the stepping 
motor 64 is stopped when the patient 56 volume. 
preset by the thumbwheel switches 94 reaches its 
preset value or after the total volume to be eluted. 
set by the volume thurnbwheel switches 74 

ss reaches its preset value: or when the purge limit 
optical stop 68 of the syringe 18 is reached: or if 

:he start stop in1ect button 78 is pushed. Any of the 
foregoing events causes the diverter va,ve 32 to 
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switch to the waste position, and causes the step
ping motor 64 to stop. Note, however. that the 
purge and refill switches 84, 86 are disabled as of 
the time that the starttstop inject button 78 is 
pushed to commence the infusion. 

Quantizing Radioactivity in ~ Liquid Stream 

In order to measure the radioactivity in the 
saline solution which passes through the line 30 in 
front of the dosimetry probe 58, it is necessary to 
count the number of disintigrations which occur in 
front of the probe 58, while at the same time 
keeping track of the flow rate of the saline through 
the tube 30. Given that these quantities are known, 
it is possible to measure the total activity in mil
liCuries (mCi) in accordance with the following for
mula: 

{C) (F) 
A = (V) (E) (CM} (Y) 

Where. A = total activity (mCi); 
C = net counts; 
F = flow rate (ml;min); 
V = volume in detector view (ml); 
E = net efficiency (counts per 
minute:disintegration per minute); 
CM = disintegrations/minute to milliCurie conver
sion factor; and 
Y = net yield of photon. 

In the case of the present invention. the above 
formula can be simplified to: 

A 
(Cl ( F) 

K 

Where. A = total activity (in milliCuries); 
C = net counts (from probe); 
F = the flow rate; and 
K :::; the calibration factor. 

As noted, the calibration factor. K. takes into 
account the volume in the detector's view. the net 
efficiency of the probe. the conversion factor in 
terms of disintigrations pet minute to milliCuries, 
and the net yield of photons. These factors are 
substantially constant for any given probe and tub
ing combination for a reasonable amount of time. 
Accordingly, provision is made on the circuit board 
to adjust the calibration factor. K, when the instru
ment is serviced. However. the calibration factor. K. 
1s not user adjustable in the normal course of 

5 

operation. 

Dosimetry Probe 

Referring now to FIG. 5, the dosimetry probe 
58 is comprised of a photomultiplier tube 120, such 
as the RCA C83009E 14 mm diameter 10-stage 

10 photomultiplier tube manufactured by the Electro 
Optics Division of RCA Corporation in Lancaster. 
Pennsylvania. The photomultiplier tube 120 has a 
face 122 through which input signals in the form of 
light are received. On the face 122, a plastic scintil-

15 lator 124, such as a Nuclear Enterprises Type 
102A manufactured in Edinburgh, Scotland, is 
mounted. In the preferred embodiment of the in
vention, the plastic scintillator 124 is glued or bon
ded to the face 122 of the photomultip!ier tube 120. 

20 After the plastic scintillator 124 has been bonded to 
the face 122 of the photomultiplier tube 120, an 
aluminum foil covering (not shown) is placed over 
the face end of the photomultiplier tube 120, in-. 
eluding the plastic scintillator 124. The purpose of 

25 the aluminum foil covering is to reflect back into 
the tube 120 any light which scintillates from the 
plastic scintillator 124 away from the tube 120. In 
addition, the aluminum foil covering prevents any 
stray light which might come into the area of the 

30 face 122 from getting into the tube 120. Following 
the application of the aluminum toil, a light tight 
material, such as black electrical tape is wrapped 
over the aluminum foil covered tube 120 in order to 
further prevent any light from entering into the tube 

35 120. The tape-wrapped tube 120 is then inserted 
into a mu metal shield 126 which is intended to 
prevent any electromagnetic radiation effects from 
affecting the output of the dosimetry probe 58. In 
the preferred embodiment of the invention, the 

40 dosimetry probe 58 is plugged into a standard 
photomultiplier tube socket base 128 containing a 
standard resistive biasing network. 

45 Dosimetry Circuitry 

Referring now to FIG. 6, the photomultiplier 
tube socket base 128 includes a resistive network 

50 containing biasing resistors for placing appropriate 
bias voltages on the ten dynodes in the photomul
tiplier tube 120. Accordingly, the high voltage con
nection to the photomultiplier tube base 128 is 
automatically biased to provide appropriate operat-

55 ing voltages to the photomultiplier tube 120. The 
high voltage supply 130 used in the preferred 
embodiment of the invention is a 0-1000 volt, ad
justable Bertan PMT-10A-P power supply manufac-

5 
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tured by 8ertan Associates, Inc., Three Aerial Way, 
Syosset, New York. In the present application, the 
high voltage supply 130 is adjusted to provide an 
output voltage of 950 volts. The photornultipler tube 
socket base 128 is an RCA photomultipler tube 
socket base, part No. AJ2273. 

An output signal goes from the dosimetry 
probe 58 on a line 132 to a coupling network 
comprising a pull up resistor 134, a coupling ca
pacitor 136, and a output resistor 138. Accordingly. 
an AC signal having a peak to peak maximum of 
approximateiy 250 millivolts with negative going 
pulses, is provided on output line 140. 

Single Channel Analyzer 

Referring now to FIG. 7, the schematic diagram 
for a Single Channel Analyzer circuit is shown. The 
Single Channel Analyzer is used, because the 
pulses on output line 140 from the Dosimetry cir
cuitry are very sharply defined pulses which may 
occur at very high frequencies. In view of the fact 
that it is important to count all the pulses. a very 
high speed comparator. such as an AM685 voltage 
comparator 142, manufactured by Advanced Micro 
Devices, 901 Thompson Place. Sunnyvale. Califor
nia. with emitter-coupled logic (EGL) output. or 
other suitable very high speed comparator, must 
be used_ 

A biasing network 141 consisting of a series of 
resistors and capacitors is used as one input to the 
comparator 142. In view of the fact that the pulses 
which are handled by the comparator 142 are of 
very short duration. a one-shot circuit 144. com
prised in the preferred embodiment of the inven
tion. of a Motorola Type 1670 master-slave flip-flop 
integrated circuit. is used to stretch the pulse width 
up to a uniform pulse width of approximately 50 
nanoseconds. The output signal from the one-shot 
144 is fed into a programmable divide-by-N circuit 
146. which in the preferred embodiment of the 
invention is comprised of a Motorola Type 10136 
universal hexadecimal counter integrated circuit. 
The divide-by-N circuit 146 is programmable. Ac
cordingly. a very high pulse repetition rate coming 
into the comparator with very short pulse widths is 
reformed by the one-shot to have wider. uniform 
pulses. and the mput signal is further reformed by 
the divide-by-N circuit to bnng the puise repetition 
rate dcwn into any desirable range. ln particular. 
outputs of the divide-by-N circuit 146 are provided 
for N equal to 2. 4. 8. and 16. 

Up through this point in the circuit the devices 
have all been of ECL type in order to be able to 
handle the very high speed pulses which are de
tected by the dcsrmetry prcce 58. In view af the 

fact that it is conventional to use transistor
transistor-logic (TTL) integrated circuits. a type 
10125 ECL-to-TTL level converter circuit 150 is 
hooked to the output of the div1de-by-N circuit 146. 

5 Thus, the ECL-to-TTL level converter circuit 150 
transforms the ECL signal levels into TTL signal 
levels for further processing. The TTL outputs 
leave the EGL-to-TTL level converter circuit 150 on 
four lines 152, 154, 156, 158, which correspond to 

10 the TTL level of the counts into the Single Channel 
Analyzer divided by 2. 4, 8. and 16, respectively. 
The counts out on the lines 152-158 will be re
ferred to hereafter as the "net counts". 

15 

Multiplier-Divider Circuit 

Referring now to FIG. 8, there is a Multiplier-
20 Divider circuit 160 which converts the net counts 

from the Single Channel Analyzer circuit, described 
above. into a meaningful quantity (milliCuries). The 
Multiplier-Divider circuit 160 accepts the "net 
counts" on an input line 162 which is connected to 

2s one of the lines 152-158 from the Single Channel 
Analyzer (i.e., the raw counts converted into TTL 
levels. and then divided by 2. 4, 8, or 16) and 
multiplies them by the eluate Flow Rate divided by 
100. The result is then divided by a constant. K, in 

30 order to carry out the formula: 

35 

.JO 

.JS 

50 

55 

6 

nn <Fl 
A.,.. K 

Where. A = total activity (in m1lliCunes): 
N = net counts (from Single Channel Analyzer): 
F = Flow Rate: and 
K = the calibration factor. 

The net counts. N. are first multiolied by a two 
digit number corresponding to the eluate Flow Rate 
(entered on the Flow Rate thumbwheel switches 
112A. 1128. corresponding to the most significant 
digit (MSD) and the least significant digit (LSD), 
respectively. the thumbwheel switches 112A. 1128 
are on the front panel of tt~e dosimetry controller 
62. shown 1n F!G. 3. The multiplication is accom
plished by cascading two TTL Synchronous Dec
ade Rate Multiplier circuits (F74167). and sending 
their outputs through a NANO gate 168. The result
ing output corresponds to Fout· where: 

Fout 
(N)(F) 

= 100 
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The output pulses are of varying duration, so 
they are next fed through a pair of one-shots which 
process them to have a fixed duration. In the 
preferred embodiment of the invention, the first 
one-shot is comprised of one-half of an SN74123 
integrated circuit 170. The first one-shot is negative 
edge triggered, and it provides a pulse output of 
approximately 200 nano"seconds. Its output is dou
ble buffered through buffers 172, 174 into a second 
one-shot which is comprised of one-half of a 
CD4098BE integrated circuit 176 in order to in
crease the width of the output pulses, so they will 
be acceptable to a CMOS divider integrated circuit 
178. The second one-shot is configured to be lead
ing edge triggered. 

The output of the second one-shot is then 
divided by the calibration factor, K, which may 
have a range of between 3 and 9,999. A C04059A 
integrated circuit 178 is used as a programmable 
divide-by-N counter. Programming is accomplished 
via a series of 16 DIP switches 180 mounted on the 
printed circuit card. Each set of four switches cor
responds to the BCD settings for 1 's, 1 O's, 1 OO's 
and 1000's. Pull up resistors (not shown) are em
ployed in the standard manner so that when the 
DIP switches are open the inputs to the divide-by
N circuit 178 are pulled high. 

The output of the divider 178 has pulses of 
random widths, so another one-shot. made up of 
the second half of the C04098BE 176 configured 
for leading edge triggering, is used. This one-shot 
provides an output pulse duration of approximately 
20 microseconds. Before leaving the Multiplier-Di
vider circuit 160, the output is double buffered 
through buffers 182, 184 and the output signal on 
line 186 is sent to the Dose Rate circuit. There will 
be one dose corrected output pulse on line 186 for 
each 0.01 milliCurie of activity which passes by the 
dosimetry probe 58. 

Display Controller Circuit 

Referring now to FIG. 9, the schematic diagram 
for a Display Controller Circuit 190 is shown. There 
are three Display Controller Circuits within the 
dosimetry controller 62. Each Display Controller 
190 is used both to interface a set of thumbwheel 
switches 192 and to display the quantity associated 
with the particular set of thumbwheel switches 192. 
Thus, there is one Display Controller of 190 for 
Dose Rate (which works with thumbwhee! switches 
102 and LEDs 104), one for Patient Volume (which 
works with thumbwheel switches 94 and LEDs 96), 
and one for Dose (which works with thumbwheel 
switches 98 and LEDs 100). Each Display Control
ler Circuit 190 drives four seven-segment displays 

194, such as MAN71 displays. 
The major component of the Display Controller 

Circuit 190 of the preferred embodiment of the 
invention is an lntersil ICM72171JI integrated circuit 

5 196, which is a device which provides a direct 
interface to the seven-segment displays 194. Each 
Display Controller Circuit 190 allows the user to set 
a level, by programming binary coded decimal 
(BCD) thumbwheel switches 192. The levels can 

10 then be detected. In this way, a preset limit for 
Dose, for example, will be detected and will be 
used to shut down the infusion pump. For Dose 
Rate, the preset level is used to switch the position 
of the diverter valve 32, through the valve driver 

15 circuit which will be explained hereinafter. The Pa
tient Volume can also be preset, and the infusion 
pump can be stopped at the preset limit. 

20 Dose Rate Circuit 

The Dose Rate circuit 200, shown in FIG. 10, 
provides a visual display of the amount of radiation 

25 present in the eluate. The Dose Rate circuit 200 
employs a Display Controller Circuit, of the type 
described above. The Dose Rate display is con
stantly updated to provide the user with Dose Rate 
information. The Dose Rate circuit 200, with the 

::io Display Controller, is programmed to set a trigger 
level for switching the eluate from waste to the 
patient 56. 

The Dose Rate circuit 200 uses signals from 
the Multiplier-Divider circuit 160, described above, 

35 and from the Control Board which will be described 
hereinafter. The dose corrected output pulses on 
line 186 from the Multiplier-Divider circuit 160 de
scribed above (i.e., 1 pulset.01.'mCi) enter the Dose 
Rate circuit 200, and are double buffered by buff-

40 ers 202, 204. The buffered pulses are then fed 
through one-half of a one-shot 206, comprised of a 
CD4098BE integrated circuit in the preferred em
bodiment of the invention. The output from the 
one-shot 206 is gated through NANO gate 207 to 

45 the Dose Rate Display 104 since there are three 
Display Controller Circuits 190, which are used for 
Dose {circuit "A"), Dose Rate (circuit "B"), and 
Patient Volume (circuit "C"), the designation "810" 
at the output of NAN D gate 207 means pin 10 on 

so input connector 197 (see FIG. 9). 
The heart of the Dose Rate circuit 200 is an 

lntersil ICM7207A Oscillator Controller integrated 
circuit 208. This unit, along with a dual one-shot 
comprised of a CD40988E integrated circuit 210. in 

55 the preferred embodiment of the invention, pro
vides all of the control necessary for gating, stor
ing, and resetting the display. 

The outputs of the Dose Rate Display Control-

7 
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ler Circuit provide an easy interface to determine 
when a predetermined count (corresponding to the 
dose rate which was set on thumbwheel switches 
102) has been reached. and to generate a signal 
which is used for switching the diverter valve 32. 
The valve switching signal is also used to enable 
the Dose and Patient Volume Displays. 100, 96, 
respectively. 

In the preferred embodiment of the invention, 
the valve switching signal is derived from one half 
of a dual 0-type flip-flop, such as a CD4013BE 
integrated circuit 212. The flip-flop 212 is only 
enabled during an injection. i.e .. when the infusion 
pump is being used to either infuse eluate into a 
patient 56 or to divert it to waste. The enabling 
"INJECT" signal is generated when the pump is 
injecting. Once an injection is started and a user 
pre-set Dose Rate limit set on thumbwheel switch
es 102 is met. the flip-flop 212 latches a positive Q 
output to switch the diverter valve 32 from the 
waste position to the patient position and to enable 
the Dose Display and the Patient Volume Display. 

Control Circuit 

Referring now to FIG. 11, the schematic dia
gram of the Control circuit 220 is shown. The 
purpose of the Control circuit 220 is to "oversee" 
all other operations. Specifically. the Control circuit 
220 controls the Dose Display and Patient Volume 
Display. The Control circuit 220 also provides tim
ing for resetting the Multiplier-Divider circuit 160. 
and it buffers various inputs and outputs to and 
from the infusion pump control module 60. 

The basic function for turning the infusion 
pump off is the End of Elution signal. The End of 
Elution signal is derived from either the Dose Dis
play 100 or the Patient Volume Display 96. These 
displays 100. 96 are gated to begin coLmting once 
the Dose Rate trigger level. the Q output from flip
flop 212. reaches its preset limit. as defined by the 
Dose Rate thurnbwheel switches 1 02. Then. once 
the Dose or Patient Volume is met. as defined by 
the Dose thumbwheel switches 98 and by the 
Patient Volume thumbwheel switches 94. respec
fr1ely. the Control circuit 220 signals the pump to 
stop. 

Valve Driver Circuit 

The Vaive Driver circuit 230. shown schemati
cally :n FIG. 12. •S used to control the switching of 
the c1verter ·1al'/8 32 which directs the eluate either 
to the nat1ent 56 or to waste. The Valve Driver 

circuit 230 accepts its input from the Dose Rate 
circuit or from the Patient Line Purge Switch 110. 
The Patient Line Purge Switch 110 directly controls 
the valve 32. 

s The diverter valve 32 is a two position valve 
which includes electrical switches which close in
dividually when the valve 32 is fully in either the 
patient or waste position. Movement of the valve 32 
from one position to the other is controlled by an 

10 AC motor which includes two windings allowing it 
to be moved in either direction via an AC motor 
having two windings. When the first winding is 
energized. the motor moves in a clockwise direc
tion. When the second winding is energized. the 

15 motor moves 1n a counterclockwise direction. At 
each limit of the valve movement. there is a micro
switch 232, 234 which senses when the valve limit 
has been reached. 

When one of the microswitches 232, 234 is 
20 open. i.e. switch 232, the input to an associated 

inverter 236 is essentially at ground. When the 
switch 232 closes. the input to the inverter 236 
increases to approximately five volts. After the 
switch 232 again opens. it takes some time, due to 

25 the RC time constant of the associated resistors 
and capacitor. before the voltage at the input of the 
first inverter 236 returns to approximately zero. 
Accordingly, the combination of inverters and the 
RC network to which each of the switches 232, 234 

30 are connected acts as a switch debouncer. Thus, 
the output of inverter 238 will be low when switch 
232 is closed and high when switch 232 is opened. 
Similarly, the output of inverter 240 will be low 
when switch 234 is closed and high when switch 

35 234 is opened. 
NANO gate 242 normaily has a high output 

voltage. Accordingly. as will be obvious to those of 
ordinary skill in the digital circuitry art, LED 106 will 
be on when switch 232 is closed. Otherwise. LED 

-'O 106 will be off. Similarly, LED 108 will be on when 
switch 234 is closed. Note that these LEDs 106, 
108 were previously described with reference to 
the dosimetry controller 62 (See FIG. 3). 

When both switches 232. 234 are opened at 
45 the same t;me. there will be two high signals at the 

input of NANO gate 254. That will cause NANO 
gate 256 to trigger a monostable multivibrator com
prised of one half of a CD4098BE integrated circuit 
258 wh1cn provides a low going output pulse hav-

50 mg a duration oi aoprox1mately 700 milliseconds in 
the preferred embodiment of the invention. The 
particular time period during which this pulse is low 
must exceed the time period which it would take 
for the diverter valve 32 to be moved from one 

ss position to the other pos1t1on. In the preferred em
bodiment of the invention the movement of the 
diverter vaive 32 takes approximately 600 millisec
onds The outputs from the monostable mult1v1bra-

8 
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tor are fed via EXCLUSIVE OR gate 260 into a 0-
type flip-flop 262 comprised of a CD4013BE in· 
tegrated circuit. In the event that the diverter valve 
32 did not move from one position to the other 
within the prescribed time period, it is presumed 
that a fault condition occurred, e.g. the diverter 
valve 32 jammed. Accordingly, the operator is ad
vised of the fault condition by both LEDs 106, 108 
flashing simultaneously. The flashing occurs as a 
result of the output of the flip-flop 262 which is 
connected on line 264 to NANO gate 242 being 
kept high, thereby causing NANO gate 242 to act 
as an astable multivibrator which oscillates between 
high and low outputs thereby causing the EXCLU
SIVE OR gates 248, 250 to change states and to 
flash the LEDs 106, 108. 

At the same time that one output of the flip-flop 
262 goes high, the other output. on line 266 goes 
low. The signal on line 266 is normally high, as it is 
one input to NANO gate 268. The other input to 
NANO gate 268 is the "End of Elution" signal 
previously discussed. When both inputs to NANO 
gate 268 are high the output on line 270 is high. 
The output signal on line 270 turns off the infusion 
pump when it is low. This is the signal which 
remotely controls the infusion pump, as heretofore 
described. Thus, in the fault condition, when the 
signal on line 266 goes low the infusion pump is 
turned off. When there is no fault condition. the 
infusion pump will be enabled when the End of 
Elution signal is high. 

The Q output from the dose rate circuit 200 
enters the Valve Controller Circuit 230 on line 252. 
A series of inverters are used to buffer the Q 

output in order to obtain an output on line 254. The 
output on line 254 is used as the input to a pair of 
solid state reiays (not shown) which selects be
tween the two windings of the motor which drives 
the diverter valve 32. Thus. when the Q output is 
high the motor drives the diverter valve 32 into the 
Patient position, and when the Q output is low. the 
motor drives the diverter valve 32 into the Waste 
position. 

Claims 

1. A dosimetry system suitable for use in a 
strontium-rubidium infusion system comprising 
means for generating rubidium 82 in a solution 
which can be infused into a patient; means for 
infusing said solution into a patient; means for 
measuring the radioactivity present in said solution 
as it is infused into said patient; and means for 
controlling said means for infusing in response to 
the amount of radioactivity which has been infused 
into said patient said dosimetry system compris
ing: 

5 
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9 

(a) a photomultiplier tube, having a face 
through which input signals in the form of light are 
received; 

(b) a plastic scintillator mounted on said 
face; 

(c) means for reflecting l;lack into said tube 
any light which scintillates from the plastic scintil
lator; 

(d) means for preventing stray light from 
strikiilg said plastic scintillator; and 

(e) a single channel analyzer electrically con
nected to said photomultiplier tube for receiveing 
pulses from said photomultiplier tube, said single 
channel analyzer comprising: 

(i) a very high speed comparator which 
receives input pulses from said photomultiplier 

-tube; and 
(ii) means for accepting input pulses having 

pulse widths of significantly less than 50 micro
seconds. 

2. The dosimetry system of Claim 1 further 
comprising means for reducing the pulse reptition 
rate of said input pulses. 

3. The dosimetry system of Claim 2 wherein 
said means for reducing the pulse reptition rate of 
said input pulses comprises a programmable 
divide-by-N circuit capable of receiving a very high 
pulse repetition rate and bringing the pulse repeti
tion rate down into any desirable range. 

4. The dosimetry system of Claim 1, 2 or 3 
wherein said means for accepting input pulses hav
ing pulse widths of significantly less than 50 micro
seconds is comprised of a one-shot circuit . 

5. The dosimetry system of Claim 4 wherein 
said one-shot circuit is comprised of an emitter 
coupled logic flip-flop which can accept input 
pulses having pulse widths of significantly less than 
50 microseconds. 

8. The dosimetry system of any one of Claims 
1 to 5 further comprising means for converting the 
output pulses into a measure of radioactivity. 

7. The dosimetry system of Claim 6 wherein 
said means for converting the output pulses into a 
measure of radioactivity comprises a Multiplier
Divider circuit which accepts said output pulses 
and multiplies them by a number corresponding to 
the eluate Flow Rate divided by a constant. K. in 
order to carry out the formula: 

A 
(N) (F) 

K 

Where. A = total activity (in m11liCuries); 
N = net counts (from Single Channel Analyzer); 
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F = Flow Rate; and 
K = the calibration factor. 
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@ Systemes, appareils et procedes a l'aide desquels un 
systeme d'injection (122 ou 124) automatise un procede 
d'injection d'une dose individuelle (126 ou 128) prise sur 
une dose multiple (104) d'un marqueur radioactif. Dans cer
taines formes de realisation, le systeme d'injection (122 OU 
124) comprend un premier systeme d'etalonnage de dose 
qui re9oit un flacon multidose de marqueur radioactif, un 
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SYSTEMES, PROCEDES ET APPAREILS DE PERFUSION DE PRODUITS 

RADIOPHARMACEUTIQUES 

La presente invention concerne d'une fa9on generale la tomographie par 

emission de positons, et plus particulierement des injecteurs. 

Dans les systemes de commande de tomographie par emission de positons 

selon la technique anterieure, une dose individuelle d' un marqueur radioactif predose 

I 0 est administree a un patient. Le marqueur radioactif predose individuel est prepare 

par un fournisseur de marqueurs radioactifs ( couramment appele une 

radiopharmacie). Le plus frequemment, on utilise un cyclotron pour preparer le 

marqueur radioactif. Le marqueur radioactif est livre a un etablissement medical qui 

administre le marqueur radioactif predose individuel en tant que produit 

15 radiopharmaceutique. Le rnarqueur radioactif predose individuel est prepare par le 

foumisseur de marqueurs radioactifs conformement a une prescription etablie par un 

medecin. La prescription comprend une quantite donnee de radioactivite a un 

moment a venir et une date de !'administration prescrite d'un volume connu d'un 

liquide injectable dans un sujet vivant. 

20 Le precede classique de production de marqueur radioactif dans un 

cyclotron, mis en reuvre par un fournisseur de marqueurs radioactifs, est le suivant : 

le fournisseur de marqueurs radioactifs irradie une rnatiere cible dans le cyclotron a 
l'aide d'un faisceau de protons ou de deutons pour produire une quantite voulue de 

radioactivite dans la matiere cible. Le degre d'irradiation est prevu pour satisfaire le 

25 besoin en radioactivite au moment a venir et a la date prescrits. La rnatiere cible 

irradiee est un isotope radioactif. On peut citer cornrne exemples d'isotopes 

radioactifs produits par un cyclotron l'azote-13, le fluor-18, le carbone-11 et 

l'oxygene-15. Souvent, des composes sont lies a !'isotope radioactif pour produire 

des marqueurs radioactifs tels que le fluorodesoxyglucose (FDG) qui est produit a 
30 l' aide de fluor-18. Parmi les autres marqueurs radioactifs figurent l' ammoniac a 

azote-13 utilise pour le myocarde, les marqueurs au carbone-11 courarnrnent 

employes en neurologie et l' oxygene-15 gazeux ainsi que des marqueurs derives de 

celui-ci, couramment employes en cas de problerne de circulation sanguine. Le FDG 

est de loin le marqueur radioactif le plus couramment employe et a une periode de 
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109 minutes, ce qui permet sa distribution depuis une radiophannacie centralisee 

vers de multiples sites d'imagerie. 

Le foumisseur de marqueurs radioactifs emballe ordinairement le marqueur 

radioactif dans un flacon individuel contenant une dose, comme dans le cas du FDG. 

5 Ensuite, le flacon contenant une dose individuelle est conditionne clans un conteneur 

individuel a blindage de plomb. Chaque conteneur a blindage de plomb pese environ 

23 a 27 kg. Ordinairement, le fournisseur de marqueurs radioactifs prepare chaque 

jour, pour chaque etablissement medical, un certain nombre de flacons individuels 

contenant une dose. Chacun des flacons contenant une dose est conditionne dans un 

10 conteneur individuel. De ce fait, uncertain nombre de conteneurs pesant de 23 a 27 

kg sont livres quotidiennement a chaque etablissement medical. En outre, pour faire 

face a des changements imprevus dans les besoins en marqueurs radioactifs d'un 

etablissement medical, ainsi que pour repondre a d'autres besoins logistiques, 

ordinairement deux livraisons ou plus de flacons individuels contenant une dose clans 

15 des conteneurs individuels sont realisees chaque jour. Les deux livraisons ou plus 

sont ordinairement realisees tot le matin avant 7 heures et en fin de matinee entre 10 

heures et 11 heures, OU selon les souhaits de I' etablissement medical. Les frais 

impliques par la preparation de flacons de doses individuelles, le conditionnement et 

le transport, deux fois par jour, des lourds conteneurs sont tres eleves. 

20 De plus, lorsque le produit radiopharmaceutique est administre au patient, 

I' operateur pratiquant la tomographie est expose a la radioactivite. L' operateur 

pratiquant la tomographie raccorde une tubulure d'injection intraveineuse (IV) dans 

le conteneur de produit radiopharmaceutique, insere clans le patient une aiguille 

montee a l'autre extremite de l'IV, commence !'injection de !'isotope radioactif via 

25 l'IV, surveille le deroulement de !'injection et met fin a !'injection, en restant 

constamment aupres du patient et de l'IV contenant le produit radiopharmaceutique. 

Le fait de se tenir tout pres de la source de radioactivite occasionne de nombreuses 

expositions a de faibles doses de radioactivite qui peuvent etre prejudiciables a la 

sante de l'operateur pratiquant la tomographie par emission de positons. 

30 La gestion de la qualite quant a la quantite de radionucleides et a la purete 

chimiq~e du lot en vrac est ordinairement realisee rnanuellement par le foumisseur. 

Du fait des aspects manuels de la gestion de la qualite, les criteres de gestion de la 

qualite sont subjectifs. En outre, les systemes classiques peuvent etre lents, ce qui 

necessite que le radioisotope doit etre produit a un niveau de radioactivite plus eleve 

35 afin d'avoir au moment de l'injection la quantite de radioactivite requise. 
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Un certain nombre de radioisotopes ont une periode tellement courte que le 

radioisotope doit etre produit par un cyclotron a proximite immediate de 

I' etablissement medical. L' ammoniac a azote-13 a une periode de 10 minutes et 

l' oxygene-15 a une periode de 2, 1 minutes. En raison de leur courte periode, 

5 l'ammoniac a azote-13 et l'oxygene-15 necessitent une production tout pres du site 

de l'etablissement medical. Par consequent, !'utilisation d'ammoniac a azote-13 et 

d'oxygene-15 pour la TEP est limitee aux sites qui ont un acces immediat a leur 

production. 

Plus generalement, les systemes classiques ont un deroulement sequentiel et 

10 par etape. Les principales fonctions, comme la production du marqueur radioactif et 

l'injection du produit radiopharmaceutique, la collecte de donnees cliniques suivant 

un protocole d'imagerie specifique, sont gerees par des organismes separes, par du 

personnel different, souvent avec uncertain manque de coordination et de liens. 

Pour les raisons evoquees ci-dessus et pour d'autres raisons mentionnees 

15 plus loin, qui apparaitront aux specia1istes de la technique a la lecture de la presente 

description et apres comprehension de celle-ci, i1 y a dans la technique un besoin de 

reduire le nombre de flacons de doses individuelles et de conteneurs blindes que les 

foumisseurs de radioisotope preparent et livrent chaque jour a chaque etablissement 

medical. Il est egalement necessaire de reduire le nombre de voyages de livraison 

20 qu'un foumisseur de marqueurs radioactifs effectue quotidiennement vers chaque 

etablissement medical. De plus, i1 est necessaire de reduire l' exposition des 

personnes, par exemple les operateurs de TEP, a la radioactivite pendant les etapes 

manuelles d'administration d'un produit radiopharmaceutique a des patients. II est 

egalement necessaire d'ameliorer la gestion de la qualite de l'administration des 

25 produits radiopharmaceutiques aux patients. De plus, ii est necessaire de reduire la 

gestion et le controle sans liens des fonctions de preparation et d'injection de 

radioisotope dans des patients. En outre, il est necessaire de disposer d'un procede 

commode pour produire et administrer sur place un produit radiopharmaceutique tel 

que l'ammoniac a azote-13 en vue d'examens cardiologiques. 

30 

Une solution est apportee aux inconvenients, defauts et problemes evoques 

ci-dessus, ce que l'on comprendra a la lecture et a l'etude de la description ci-apres. 

Selon un premier aspect, un systeme comprend un reseau local d' entreprise 

cooperant avec un ou plusieurs systemes d'imagerie de tomographie par emission de 

35 positons. Le systeme comprend egalement un poste de distribution qui sert a recevoir 
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une partie ou un flacon de plusieurs doses d'un produit radiopharmaceutique. Le 

poste de distribution sert a distribuer des parties du produit radiopharmaceutique a un 

OU plusieurs sysremes d'imagerie de tomographie par emission de positons. Le poste 

de distribution coopere egalement avec le reseau local d'entreprise. Le paste de 

5 distribution adminstre un produit radiopharmaceutique aux patients dont une image 

est ensuite realisee a l'aide des systemes d'imagerie de tomographie par emission de 

positons. Le poste de distribution permet de distribuer aux patients une partie en 

plusieurs doses du produit radiopharmaceutique, ce qui permet des economies 

d'echelle et constitue un moyen commode de distribution du produit 

I 0 radiopharmaceutique. 

Dans un autre exemple, le systeme comprend egalement une unite de 

gestion de la qualite. L'unite de gestion de la qualite sert a controler la purete 

radiochimique et isotopique du produit radiopharmaceutique distribue par le poste de 

distribution. L'unite de gestion de la qualite coopere avec le reseau local d'entreprise 

15 et coopere avec le paste de distribution. 

Dans encore un autre exemple, un appareil de synthese de produit chimique 

coopere entre un dispositif de production de radioisotope (par exemple un cyclotron, 

un accelerateur lineaire ou un generateur de radioisotopes) et le paste de distribution. 

Le dispositif de synthese res;oit un radioisotope du dispositif de production de 

20 radioisotope, lie le radioisotope a un compose biologique et transfert dans le poste de 

distribution le marqueur radioactif ainsi obtenu. 

Dans encore un autre exemple, l'appareil comprend un systeme de 

commande qui coopere avec le reseau local d'entreprise, pour recevoir des 

informations de bilan de l 'un quelconque des dispositifs du systeme, et envoyer des 

25 instructions a l'un quelconque des dispositifs du systeme tels que le!les systemes 

d'imagerie de tomographie par emission de positons, le poste de distribution, le 

dispositif de synthese de produit chimique et l'unite de gestion de la qualite. Le 

systeme de commande determine une quantite de radioactivite et une quantite de 

radioisotope a produire et envoie en consequence des instructions au dispositif de 

30 production de radioisotope. 

Dans certains exemples, un systeme d'imagerie de tomographie par 

emission de positons comprend un systeme d'injection, un moniteur physiologique 

cooperant avec l'injecteur et un scanner de tomographie par emission de positons 

cooperant avec le moniteur physiologique et le systeme d'injection. Le systeme 

35 d'injection sert a recevoir de multiples doses du produit pharmaceutique et sert a 
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injecter des doses individuelles du produit radiopharmaceutique dans un patient, a 
lancer une tomodensitometrie a un instant predefini suivant un protocole clinique 

specifique predefini. Le systeme d'injecteur est egalernent apte a injecter d'autres 

produits pharmaceutiques definis dans le protocole. 

L 'invention sera mieux comprise a l'etude de la description detaiIIee d'un 

mode de realisation pris a titre d'exernple non limitatif et illustre par les dessins 

annexes, sur lesquels : 

la Fig. 1 est un schema presentant une vue generale d'une forme de 

10 realisation au niveau du systeme ; 

la Fig. 2 est un schema de principe d'un appareil pour injecter une ou 

plusieurs doses individuelles d'un produit radiophannaceutique a partir d'une dose 

multiple du produit radiopharmaceutique ; 

la Fig. 3 est un schema de principe d'un poste de distribution selon une 

15 forme de realisation ; 

la Fig. 4 est un schema de principe d'un systeme d'injection automatisee 

pour medications de TEP selon une forme de realisation ; 

la Fig. 5 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation ; 

20 la Fig. 6 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation ; 

la Fig. 7 est un organigramme d'une forme de realisation d'un procede de 

fonctionnement d'une forme de realisation du systeme d'injection; 

la Fig. 8 est un organigramme d'une forme de realisation d'un procede de 

25 preparation d'un systeme d'injection a utiliser par plusieurs patients ; 

la Fig. 9 est un organigramme d'une forme de realisation d'un procede de 

preparation d'un systeme d'injection pour chaque patient individuel; 

la Fig. 10 est un organigramme d'une forme de realisation d'un procede 

d'administration d'une injection a l'aide du systeme d'injection de la Fig. 4 pour 

30 chaque patient individuel; 

la Fig. 11 est un organigramme d'un procede execute par un systeme de 

commande selon une forme de realisation ; et 

la Fig. 12 est un schema de principe de I' environnement materiel et 

operationnel dans lequel peuvent etre mises en ceuvre differentes formes de 

35 realisation. 
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Dans la description detaillee qui suit, il est fait reference aux dessins 

annexes qui font partie de celle-ci et sur lesquels sont representees a titre 

d'illustration des formes de realisation specifiques pouvant etre mises en ceuvre. Ces 

5 formes de realisation sont decrites d'une maniere suffisamment detaillee pour 

permettre aux specialistes de la technique de mettre en ceuvre les formes de 

realisation. 

La description detaillee est divisee en cinq chapitres. Dans le premier 

chapitre, une vue generale au niveau du systeme est presentee. Dans le deuxieme 

10 chapitre, un appareil selon une forme de realisation est propose. Dans le troisieme 

chapitre, des procectes selon des formes de realisation sont presentes. Dans le 

quatrieme chapitre est decrit l' environnement materiel et operationnel en liaison avec 

Iequel peuvent etre mises en ceuvre des formes de realisation. Dans le cinquieme 

chapitre est presentee une conclusion de Ia description detaillee. 

15 

Presentation generale au niveau du systeme 

La Fig. 1 est un schema de principe qui presente une vue generale, au 

niveau du systeme, d'un systeme medical 100 d'administration de produit 

radiopharmaceutique. Le systeme medical 100 d'administration de produit 

20 radiopharmaceutique est un systeme integre pour la production, la gestion de la 

qualite et la distribution de produits radiopharmaceutiques medicaux en imagerie de 

tomographie par emission de positons (TEP). 

Le systeme 100 comprend un cyclotron 101. Le cyclotron 10 I irradie une 

matiere cible a l'aide d'un rayonnement en produisant un radioisotope 102. De 

25 multiples doses du radioisotope 102 sont produites par le cyclotron 101. On peut 

citer comme autres exemples de dispositifs produisant des radioisotopes Jes 

accelerateurs lineaires (LINIAC) et les generateurs de radioisotopes. Du rubidium 82 

est produit par un generateur de radioisotopes. Dans certaines formes de realisation, 

le radioisotope 102 est chimiquement lie a un compose biologique dans un dispositif 

30 de synthese 103 de produit chimique, en produisant un marqueur radioactif 104. 

La partie du radioisotope 102 ou du marqueur radioactif 104 representant 

plusieurs doses est transferee dans un paste de distribution 106. Dans les formes de 

realisation ou le marqueur radioactif 104 ou le radioisotope 102 a une courte periode 

(par exemple le carbone-11, l'oxygene-15 et l'azote-13), le transfert s'effectue par 

35 l'intermediaire d'une conduite assurant une protection contre la radioactivite, par 
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exemple une conduite I 08 a blindage de plomb, comme represente sur la Fig. 1. 

Dans les fonnes de realisation OU le marqueur radioactif 104 OU le radioisotope 102 a 

une periode plus longue (par exemple le fluor-18), le transfert peut s'effectuer en 

pla~ant dans un reservoir la partie de radioisotope 102 ou de marqueur radioactif 104 

5 representant plusieurs doses et en transportant le reservoir jusqu'au poste de 

distribution I 06 et en vidant le contenu du reservoir dans le paste de distribution 106. 

Quelle que soit la maniere dont la matiere est transportee, la partie de radioisotope 

102 ou de marqueur radioactif 104 representant plusieurs doses est stockee dans le 

poste de distribution 106. 

10 Dans certaines formes de realisation, le systeme 100 comprend egalement 

une unite de gestion de la qualite (QC) 110 qui controle la quantite de radioactivite et 

d'autres mesures qualitatives et quantitatives de la partie de radioisotope representant 

plusieurs doses qui est stockee dans le poste de distribution 106. La QC 110 pennet 

de verifier la purete des radionucleides et des produits chimiques, a savoir la qualite 

15 du radioisotope en ce qui concerne la quantite de radioactivite de l'isotope voulue et 

la purete chimique du marqueur radioactif. Dans certaines fonnes de realisation de 

controle par gestion de la qualite, une analyse et une verification sont effectuees a 
intervalles particuliers dans le temps ou pour des lots de production particuliers ou 

pour un echantillon representatif d'un marqueur radioactif produit en vrac. Les 

20 intervalles de temps et les lots peuvent etre predetermines et modifies par un 

operateur. De ce fait, la QC 110 permet I' execution des fonctions de gestion de 

qualite par un processus automatise qui est plus efficace, assure moins d'exposition 

professionnelle et est plus fiable que les systemes classiques. Ainsi, le systeme 100 

ameliore la gestion de la qualite de I' administration de produits 

25 radiopharmaceutiques a des patients. Dans un systeme qui produit et distribue de 

l'ammoniac a azote-13, la QC 110 peut etre encore presente mais peut n'etre utilisee 

que pour certaines productions predeterminees. 

Dans certaines form es de realisation, la QC 110 comprend un dispositif de 

chromatographie en phase liquide a haute performance (HPLC) et/ou un detecteur de 

30 Nal. Dans certaines formes de realisation, la QC 110 comprend aussi un filtre pour la 

partie de radioisotope representant plusieurs doses qui est stockee dans le poste de 

distribution I 06. De la sorte, la QC 110 assure des fonctions de gestion de la qualite 

et de filtrage qui sont automatisees, ce qui est plus commode et plus fiable que les 

systemes selon la technique anterieure. 
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Dans la forme de realisation illustree sur la Fig. 1, la QC 110 echantillonne 

le marqueur radioactif 104 representant plusieurs doses delivrees par le poste de 

distribution 106. Dans d' autres formes de realisation, la QC 110 echantillonne un 

marqueur radioactif 104 representant plusieurs doses, provenant d'une cible dans le 

5 cyclotron 101. Dans certaines autres formes de realisation, la QC 110 estime la 

quantite de radioactivite dans le marqueur radioactif 104 par un calcul reposant sur la 

periode du marqueur radioactif I 04 et le temps ecoule depuis la production du 

marqueur radioactif 104. 

Dans certaines formes de realisation, le systeme 100 comprend un ou 

10 plusieurs ecrans 112 de protection radiologique qui entourent des parties radioactives 

du systeme. L'ecran 112 de protection radiologique cornprend ordinairement du 

plornb. L'ecran 112 de protection radiologique protege toutes les personnes contre 

les rayonnements, et, en particulier, l'ecran 112 de protection radiologique protege le 

personnel qui fait fonctionner le cyclotron 101, le paste de distribution 106. 

15 Depuis le poste de distribution 106, des parties du marqueur radioactif 104 

representant plusieurs doses sont distribuees a un ou plusieurs systemes d'imagerie 

TEP 114 et 116. Dans certaines formes de realisation, le transfert OU le transport des 

parties du marqueur radioactif 104 representant plusieurs doses vers les systemes 

d 'imagerie TEP 114 ou 116 s' effectue par l' intermediaire d' une conduite, 118 ou 

20 120, par exemple une conduite a blindage de plomb qui protege de la radioactivite. 

Dans d' autres form es de realisation, les parties du marqueur radioactif 104 

representant plusieurs doses sont transferees ou transportees en pla9ant dans un 

reservoir la partie du marqueur radioactif 104 representant plusieurs doses et en 

transportant le reservoir jusqu'aux systemes d'imagerie TEP 114 et 116. 

25 Chacun des systemes d'imagerie TEP 114 et 116 comporte respectivement 

un systeme d'injecteur 122 et 124. Une mise en reuvre des systemes d'injection 122 

ou 124 est examine plus en detail ci-apres en reference a la Fig. 4. Les systemes 

d'injection 122 et 124 extraient des doses individuelles 126 et 128 d'une preparation 

radiopharmaceutique et injectent ou administrent la dose dans des sujets vivants, 

30 respectivement 130 et 132. Dans certaines formes de realisation, les sujets vivants 

130 et 132 sont des patients humains. Ainsi, le systeme 100 permet la distribution du 

marqueur radioactif 104 representant plusieurs doses sous la forme de doses 

individuelles 126 et 128. En comparaison des systemes selon la technique anterieure 

qui necessitent une irradiation et une expedition de nombreuses doses individuelles 

35 de produit radiopharmaceutique, la preparation et !'expedition d'une partie de 
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marqueur radioactif 104 representant plusieurs doses par le systeme 100 sont plus 

commodes. Le systeme 100 permet egalement un processus plus automatise qui est 

plus fiable que les systemes classiques necessitant davantage d'interventions 

humaines. En outre, le systeme 100 reduit les expositions indesirables du personnel 

5 aux rayonnements. 

Dans certaines formes de realisation, des dispositifs de surveillance 

physiologique (PM) 134 et 136 cooperent respectivement avec les systemes 

d'injection 122 et 124 et avec les sujets vivants 130 et 132. Les PM 134 et 136 

surveillent un certain nombre de rnesures de la sante du sujet vivant, comme la 

10 pression sanguine et I' activite cardiaque, representee par un electrocardiogramme 

(ECG). Les PM 134 et 136 detectent des anomalies dans les rnesures de la sante du 

sujet vivant et signalent les anomalies au systeme de commande ainsi qu'au 

personnel medical. 

Chaque systeme d'imagerie de TEP 114 et 116 cornporte egalernent 

15 respectivement un tomographe 138 et 140. Chaque systeme d'imagerie de TEP peut 

comporter un ou plusieurs tomographes. 

Les sujets vivants 130 et 132 sont places a l'interieur des tomographes 138 

et 140 apres ou pendant l'injection des produits radiopharmaceutiques 126 et 128 

pour detecter la radioactivite des produits radiopharmaceutiques injectes 126 et 128 

20 respectivement chez les sujets vivants 130 et 132. 

Un ordinateur a interface graphique (GUI) 142, 144 est situe clans les 

systemes d'imagerie TEP 114 et 116. Un operateur de TEP fait fonctionner la GUI 

142, 144 d'ordinateur afin de commander, de gerer et de superviser tout le processus 

de TEP, dont les activites du systeme d'injection, comme la distribution et !'injection 

25 de la dose individuelle de produit radiopharmaceutique 126, 128 dans le sujet vivant 

130, 132 et l'examen du sujet vivant a l'aide d'un protocole clinique approprie. Une 

forme de realisation d'ordinateur 142 OU 144 est constituee par l'ordinateur 1202 de 

la Fig. 12. 

Dans certaines formes de realisation, l'ordinateur 142, 144 re~oit des PM 

30 134 et 136 un avis signalant des anomalies dans Jes mesures de la sante du sujet 

vivant, et ii demande par consequent aux systemes d'injection respectivement 122 et 

124 d'arreter l'injection ou de prendre une autre mesure correctrice appropriee. Dans 

encore d'autres formes de realisation, l'ordinateur 142, 144 demande au tomographe 

138 ou 140 de lancer une operation de tomographie dans un delai approprie apres 

35 !'injection par le systeme d'injection, respectivement 122 ou 124. Dans encore 
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d'autres forrnes de realisation, un seul systeme d'injection est commande par son 

interface utilisateur autonome et sert a injecter une quantite donnee de radioactivite 

dans des patients qui sont examines soit successivement sur un seul tomographe, soit 

en parallele sur de multiples tomographes. 

Les parties des systemes d'imagerie TEP 114 ou 116 sont appelees postes 

de dosage. Un premier poste de dosage sur la Fig. 1 comporte un systeme d'injection 

122, un PM 134 et un ordinateur 142. Un autre paste de dosage sur la Fig. 1 

comporte le systeme d'injection 124, le PM 136 et l'ordinateur 144. 

Dans certaines formes de realisation, le systeme 100 comprend un systeme 

10 de commande 146. Le systeme de commande 146 sert a recevoir des informations de 

bilan des dispositifs de TEP, et envoie des instructions aux dispositifs de TEP tels 

que le cyclotron 101, le poste de distribution 106, le dispositif de gestion de la qualite 

110, les systemes d'injection 122 et 124, les moniteurs physiologiques 130 et 136, 

les tomographes 138 et 140 et les ordinateurs 142 et 144. Dans certaines forrnes de 

15 realisation, un programme inforrnatique enregistre dans le systeme de commande 146 

sert a calculer des quantites de marqueur radioactif 104 representant plusieurs doses, 

a transporter jusqu'au systeme d'injection 124, d'apres des variables de commande 

specifiques du site. Une forme de realisation de l' ordinateur 146 est constituee par 

l'ordinateur 1202 de la Fig. 12. 

20 Dans certaines autres formes de realisation, les variables de commande 

comprennent la distance et le temps de transfert entre le tomographe 138 ou 140 et 

un cyclotron 101 qui produit de !'ammoniac a azote-13. Dans ces formes de 

realisation, le systeme 100 constitue un procede commode pour produire et 

administrer sur place un produit radiopharmaceutique constitue par de l' ammoniac a 
25 azote-13 pour des etudes cardiologiques. 

Dans encore d'autres formes de realisation, un programme informatique 

enregistre dans le systeme de commande 146 stocke des donnees de production et de 

dosage. Ainsi, le systerne 100 permet un stockage plus centralise d'archives lors de la 

preparation, de la livraison, du controle et de l'injection de marqueurs radioactifs 

30 pour des patients, ce qui reduit la gestion sans liens de ces fonctions, contrairement 

aux systemes selon la technique anterieure. 

Dans encore une autre forme de realisation, des donnees decrivant des 

descripteurs de haut niveau d'un OU plusieurs sujets vivants a traiter par le systerne 

100 sont extraites d'un tomographe de TEP 138 ou 140 ou d'un autre dispositif. Un 

35 autre exemple des autres dispositifs consiste en un systeme d'information sur les 
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patients au sein de l' etablissement medical. Les donnees sont re9ues par le systeme 

de commande 146. Les descripteurs de haut niveau comprennent la dose prescrite 

pour chaque sujet vivant et le temps d'injection prevu pour le sujet vivant. Dans 

encore d'autres formes de realisation, les donnees comprennent le type de produit 

5 radiopharmaceutique (par exemple, de I' oxygene-15), une equation parametrique 

predefinie et/ou un protocole clinique suivi clans la procedure medicale. 

D'apres ces donnees, l'activite requise de la dose de marqueur radioactif est 

calculee et comparee avec l'activite totale disponible dans la partie du marqueur 

radioactif 104 representant plusieurs doses. En cas de manque, le systeme 100 avise 

10 l' operateur. Si le cyclotron 101 est gen:S par un fournisseur exterieur de radioisotopes, 

le fournisseur est avise par une liaison Internet ou autre moyen electronique. Le 

fournisseur est informe de l'activite requise de la dose supplementaire et du temps 

necessaire a I' administration des marqueurs radioactifs supplementaires. 

Le systeme 100 permet des economies d'echelle rentables. 

15 Une economie d'echelle est assuree par l'utilisation de plusieurs systemes 

d'imagerie TEP pour chaque poste de distribution 106, !'unite de gestion de la 

qualite 110 et chaque systeme de commande 146. 

Dans certaines formes de realisation, le systeme de commande 146 est un 

systeme informatique, cornme represente sur la Fig. 12. Dans certaines formes de 

20 realisation, le systeme de commande 146 coopere avec les dispositifs de TEP par un 

reseau local d'entreprise (LAN) 148. Des liaisons de communication du LAN 

peuvent etre realisees soit par des cablages physiques, soit par une liaison 

radioelectrique. Les liaisons de communication entre le LAN 148 et les systemes 

d'imagerie de TEP 114 et 116 et le cyclotron sont assurees par l'intermediaire 

25 d'interfaces LAN bien connues dans la technique. Dans certaines formes de 

realisation, les dispositifs de surveillance physiologiques 134 et 136 cooperent 

egalement directement avec le LAN 148. Dans des formes de realisation ou le 

cyclotron 120, les dispositifs situes a l'interieur de J'ecran 112 de protection 

radiologique, et/ou les systemes de tomographie 114 et 116 se trouvent dans des 

30 etablissements differents, les liaisons de communication par LAN entre ces parties 

du systeme sont des reseaux etendus. A la place d'un LAN 148, les dispositifs du 

systeme I 00 peuvent cooperer par une liaison de communication directe. 

Dans certaines formes de realisation, le systeme de cornmande 146 gere le 

processus de production du marqueur radioactif 104 et de Iivraison du radioisotope 

35 en fonction des besoins immediats d'un systerne d'imagerie de TEP. Le systeme de 

2115 of 2568



2867084 

12 

commande 146 est apte a recevoir des informations decrivant une quantite d'une 

dose individuelle requise 126 ou 128, a envoyer les instructions au cyclotron 101 

pour produire la quantite individuelle du radioisotope, a envoyer des instructions au 

poste de distribution pour distribuer la quantite individuelle du radioisotope au 

5 systeme d'imagerie de TEP demandeur. Dans certaines formes de realisation, la 

demande est lancee par un operateur de !'interface graphique d'un ordinateur 142 ou 

144 dans un systeme d'imagerie de TEP 114 ou 116. Dans certaines formes de 

realisation, le systeme de commande 146 est avise par les PM 134 et 136 en cas 

d'anomalie dans les mesures de la sante du sujet vivant, et ii demande par consequent 

10 aux systemes d'injection, respectivement 122 et 124, d'arreter l'i:rtjection. Dans 

encore certaines autres formes de realisation, lorsque la QC 110 indique que la 

qualite est en de9a de criteres minimaux acceptables, le systeme de cornmande 146 

fournit a l' operateur du systeme de commande 146 des indications de la qualite non 

acceptable et demande aux systemes de purger l'appareil contenant le marqueur 

15 radioactif. 

Dans encore d'autres formes de realisation, le systeme de commande 146 

demande au tomographe 138 ou 140 de lancer une operation de tomographie dans un 

delai approprie apres l'injection par le systeme d'injection, respectivement 122 ou 

124. Dans encore d'autres formes de realisation, le tomographe 138 ou 140 suit un 

20 ensemble predefini de strategie d'acquisition en fonction du marqueur radioactif et 

du protocole clinique utilises. Dans certaines formes de realisation, les strategies 

d'acquisition comprennent le demarrage d'une tomographie apres un laps de temps 

predefini suivant !'injection du marqueur radioactif, ]'introduction d'un agent 

d'induction d'efforts suivie de !'injection d'un marqueur radioactif et de la 

25 realisation d'une nouvelle image apres un laps de temps predefini. 

En outre, dans certaines formes de realisation, des parties du systeme 100 

sont montees a l'interieur d'une structure mobile, avec ou sans roues, pour constituer 

Ull systeme medical portatif OU depla9able 100 d'administration de produit 

radiopharmaceutique pour la preparation et !'injection de produits 

30 radiopharmaceutiques a partir de multiples doses du produit radiopharmaceutique. 

Dans un exemple, I' ecran de protection radiologique 112 est monte sur une structure 

ayant des roues de fa9on que les parties du systeme presentes dans l'ecran de 

protection radiologique et qui sont radioactives soient plus facilement deplacees d'un 

endroit a un autre. 
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La vue generale, au niveau du systeme, du fonctionnement d'une forme de 

realisation a ete decrite dans le present chapitre de la description detaillee. Le 

systeme I 00 est un systeme integre pour la production, la gestion de la qualite, la 

distribution et l'imagerie a l'aide de produits radiopharmaceutiques de TEP. Le 

5 systeme 100 reduit la gestion sans liens des fonctions de preparation et d'injection de 

radioisotopes chez des sujets vivants. Le systeme 100 constitue un systeme de 

commande entier qui considere comme un seul probleme les difficultes cliniques de 

l'administration d'isotopes radioactifs a des sujets vivants, et il permet, d'une 

maniere automatisee, un programme integre de production, de distribution, de 

10 gestion de qualite, d'injection et d'acquisition de donnees. En outre, il constitue une 

maniere automatisee d'administrer des protocoles d'imagerie TEP successifs par 

exemple dans le cas de l'imagerie TEP cardiaque de repos-effort. 

Bien que le systeme 100 ne soit pas limite a un cyclotron particulier 101, a 
la partie de marqueur radioactif 104 representant plusieurs doses, au paste de 

15 distribution 106, a la partie individuelle de produit pharmaceutique 126 et 128, aux 

systemes d'imagerie TEP 114 et 116, a l'ecran 112, au dispositif de gestion de la 

qualite 110, aux systemes d'injection 122 et 124, aux moniteurs physiologiques 134 

et 136, aux tomographes 138 et 140, aux ordinateurs 142 et 144, au systeme de 

commande 146 et au LAN 148, des organes simplifies ant ete decrits pour plus de 

20 clarte. 

Appareil selon une forme de realisation 

Dans le chapitre precedent, une vue generale au niveau du systeme du 

fonctionnernent d'une forme de realisation a ete decrite. Dans le present chapitre, 

25 l'appareil selon une telle forme de realisation est decrit en reference a une serie de 

schemas de principe. La description de l'appareil permet a un specialiste de la 

technique de realiser et d'utiliser l'appareil. 

La Fig. 2 est un schema de principe d'un appareil 200 pour injecter une ou 

plusieurs doses individuelles 126 OU 128 d'un produit radiopharmaceutique a partir 

30 d'une dose multiple du produit radiopharmaceutique. L'appareil 200 comprend un 

dispositif d'extraction 202. L'extremite inferieure du dispositif d'extraction 202 est 

placee dans une dose multiple du produit radiopharmaceutique. Une dose 

individuelle 126 ou 128 est retiree de la dose multiple du produit 

radiopharmaceutique par le dispositif d'extraction 202, par aspiration ou mise en 

35 depression. L'extraction d'une dose individuelle 126 ou 128 d'un produit 
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radiopharmaceutique a partir d'une dose multiple du produit radiopharmaceutique 

reduit le nombre de flacons de doses individuelles et de conteneurs blindes que les 

- fournisseurs de radioisotopes preparent et livrent quotidiennement a chaque 

etablissement medical. L'extraction d'une dose individuelle 126 OU 128 reduit 

5 egalement le nombre de trajets de livraison parcourus chaque jour par un fournisseur 

de marqueurs radioactifs vers chaque etablissement medical. La Fig. 2 represente un 

exemple de dispositif d'extraction 202 qui est un systeme d'administration de 

medicament. 

Le dispositif d'extraction 202 coopere avec un dispositif d'injection 

10 intraveineuse 204 comportant une aiguille a injection intraveineuse. Le dispositif 

d'extraction 202 est raccorde par l'intermediaire d'une tubulure de perfusion 

intraveineuse 206. La tubulure permet un raccordement par l'intermediaire duquel 

des liquides peuvent etre transferes, transportes et/ou distribues. Dans certaines 

formes de realisation, la tubulure 206 est une conduite a blindage de plomb qui reduit 

15 l'exposition des personnes, par exemple les operateurs de TEP, a la radioactivite 

pendant les etapes manuelles d'adrninistration d'un produit radiopharmaceutique a 
des patients. La dose individuelle du produit radiopharmaceutique est distribuee par 

l'intermediaire de la tubulure 206 et injectee dans un sujet vivant a l'aide du 

dispositif d'injection intraveineuse 204. 

20 Ainsi, l'appareil 200 permet de distribuer des doses individuelles 126 ou 

128 d'un produit radiopharmaceutique a partir d'une dose multiple du produit 

radiopharmaceutique et de les injecter dans un sujet vivant au sein du meme 

etablissement medical. L'appareil 200 constitue egalement un moyen pour preparer 

et distribuer des doses individuelles 126 ou 128 d'un produit radiopharmaceutique 

25 qui est plus commode que les systemes selon la technique anterieure qui necessitent 

une irradiation et une expedition de chaque dose individuelle de produit 

raadiophannaceutique. 

La Fig. 3 est un schema de principe d'un systeme d'etalonnage 300 de doses 

selon une forme de realisation. Le systeme d'etalonnage 300 de doses permet de 

30 distribuer une dose multiple de produit radiopharmaceutique sous la forme d'une ou 

de plusieurs doses individuelles. Une dose multiple d'un produit 

radiopharmaceutique est une quantite d'un marqueur radioactif 104, soumise a un 

controle de qualite, qui est calculee d'une maniere convenable pour assurer de la 

radioactivite pour plus d'une dose de radioactivite. Une dose individuelle d'un 

35 produit radiopharmaceutique est une quantite d'un produit radiopharmaceutique 
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calculee de maniere adequate pour assurer la radioactivite pour une dose de 

radioactivite. 

Le systeme d'etalonnage 300 de doses contient un reservoir 302 destine a 
recevoir une dose multiple d'un produit radiopharmaceutique, comme sur la Fig. 1. 

5 Le reservoir 302 est loge dans une cavite du systeme d'etalonnage 300 de dose. Le 

reservoir 302 est egalement appele flacon multidose. Un dispositif mecanique de 

tenue 304, tel qu'un bras de transport, tient le reservoir 302 a l'interieur du poste de 

distribution. Dans certaines formes de realisation, le dispositif mecanique de tenue 

304 est monte a l'interieur de la cavite du systeme d'etalonnage 300 de dose. Le 

10 fl.aeon multidose 302 du systeme 300 reduit le nombre de flacons de doses 

individuelles qu'un fournisseur de marqueurs radioactifs doit livrer quotidiennement 

a un etablissement medical, ce qui reduit a son tour le nombre de trajets de livraison 

qu'un fournisseur de marqueurs radioactifs doit effectuer chaque jour vers chaque 

etablissement medical. 

15 Le systeme d'etalonnage 300 de doses extrait des doses individuelles 126 ou 

128 de produit radiopharmaceutique du reservoir 302, a l'aide d'un dispositif 

d'extraction 202. Le dispositif d'extraction 202 est monte sur le systeme 

d'etalonnage 300 de doses, par exemple en etant monte a l'interieur de la cavite du 

systeme d'etalonnage 300 de doses. La dose individuelle 126 ou 128 de produit 

20 radiopharmaceutique est distribuee a un ou plusieurs systemes d'imagerie TEP 112 et 

114, comme sur la Fig. 1. Ainsi, le systeme d'etalonnage 300 de doses permet de 

distribuer a partir du reservoir 302 une dose multiple de produit radiopharmaceutique 

sous la forme d'une ou plusieurs doses individuelles. Le systeme d'etalonnage 300 

de doses constitue un moyen de preparation et de distribution de doses individuelles 

25 126 ou 128 de produit radiopharmaceutique qui est plus commode que les systemes 

selon la technique anterieure qui necessitent une irradiation et une expedition de 

nombreuses doses individuelles de produit radiopharmaceutique. 

La Fig. 4 est un schema de principe d'un systeme d'injection automatise 

pour medications de TEP 400 selon une forme de realisation. Le systeme d'injection 

30 400 est une forme de realisation des systemes d'injection 122 et 124. 

Le systeme 400 permet de distribuer a partir d'un fl.aeon multidose 302 une 

dose individuelle d'un produit radiopharmaceutique 126 ou 128. Le flacon multidose 

302 est livre par un fournisseur de marqueurs radioactifs sur le site du systeme 400 

dans un conteneur d'expedition 402 a blindage de plomb. Le flacon multidose 302 du 

35 systeme 400 reduit le nombre de flacons de doses individuelles que le fournisseur de 
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marqueurs radioactifs doit livrer quotidiennement a un etablissement medical, ce qui 

reduit a son tour le nombre de trajets de livraison que le fournisseur de marqueurs 

radioactifs doit effectuer chaque jour vers chaque etablissement medical. 

Le conteneur d' expedition 402 est mis dans une position fixe sous un 

5 systeme d'etalonnage 404 de doses a blindage de plomb (ce systeme est egalement 

appele chambre d'ionisation) et le couvercle 306 sur le dessus du flacon multidose 

302 est retire. Le couvercle 406 sur le dessus du flacon peut etre retire manuellement 

ou par un moyen mecanique automatise. On peut citer comme exemple de moyen 

automatise un moyen dans lequel un bras pneumatique 304 descend dans le 

10 conteneur d'expedition 402 et se :fixe au flacon multidose 302. Le flacon multidose 

302 est souleve hors du conteneur d'expedition 402 pour etre place dans le systeme 

d'etalonnage 404 de doses et une aiguille 408 est automatiquement inseree clans le 

flacon multidose 302. Une dose individuelle 126 ou 128 est extraite de la dose 

multiple du produit radiopharmaceutique par le dispositif d'extraction 202, par 

15 aspiration ou mise en depression. Ainsi, le systeme 400 perrnet la distribution d 'une 

partie d'une dose multiple de produit radiopharmaceutique sous la forme de doses 

individuelles 126 ou 128. Le systeme 400 constitue un mo yen de preparation et 

d'injection d'une dose individuelle d'un produit radiopharmaceutique qui est plus 

commode que les systemes selon la technique anterieure qui necessitent !'irradiation 

20 et !'expedition de nombreuses doses individuelles de produit radiopharmaceutique. 

Le systeme 400 permet de grandes economies d'echelle dans la preparation et la 

distribution de doses de produits radiopharmaceutiques. 

Le moyen d'extraction 302 extrait une quantite de produit 

radiopharmaceutique qui est calculee de maniere adequate pour constituer une dose 

25 individuelle du produit radiopharmaceutique 126 ou 128. La quantite de la dose 

individuelle 126 ou 128 est calculee en fonction du type de produit 

radiopharmaceutique, de la periode radioactive du produit radiopharmaceutique, 

d'une equation parametrique predefinie, du protocole clinique suivi, de la dun~e 

prevue de l'injection dans un sujet vivant 124 et de descripteurs de haut niveau du 

30 sujet vivant, comme le poids, le sexe et les dimensions physiques du sujet vivant. 

Les organes du systeme 400 ont des dimensions et des formes predefinies 

qui sont con9ues pour s'harmoniser physiquement les unes avec les autres. Dans un 

premier exemple, le flacon multidose 302 et le conteneur d'expedition blinde 402 ont 

des dimensions et des formes prede:finies qui sont con~ues pour qu'ils s'harmonisent 

35 physiquement l'un avec l'autre. Dans un autre exemple, le flacon multidose 302 et le 
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systeme d'etalonnage 404 a blindage de plomb ant des dimensions et des formes 

predefinies qui permettent leur harmonisation physique l'un avec l'autre. Ces formes 

integrees permettent aux organes de s'assembler l'un l'autre dans le respect de 

tolerances donnees pour reduire les fuites de matiere radioactives et pour permettre 

5 des manceuvres automatisees comme la sortie du flacon multidose 302 du recipient 

d'expedition blinde 402 par un bras de transport et son installation dans le systeme 

d'etalonnage 404 de doses. Dans certaines fonnes de realisation, les dimensions et 

formes predefinies sont specifiees par un foumisseur de marqueurs radioactifs et sont 

exclusives pour ce fournisseur de marqueurs radioactifs. Le fait d' avoir des organes 

10 de dimensions et de formes predefinies incite fortement un etablissement medical a 
rester fidele au fournisseur de marqueurs radioactifs si le flacon multidose 302 et le 

conteneur d' expedition blinde 402 risquent de ne pas avoir des dimensions et des 

formes physiquement compatibles avec le systeme d'etalonnage 404 de doses dans la 

mesure ou le systeme d'etalonnage 404 de doses risque de ne pas recevoir le flacon 

15 multidose 302. 

Dans certaines formes de realisation, le moyen d'extraction 202 coopere par 

l'intermediaire d'une tubulure intraveineuse 206 avec un dispositif qui regule 

l' ecoulement de multiples liquides, par exemple un robinet d' arret 410 a trois voies 

commande par un solenoi'de ou un autre type de vanne a plusieurs orifices. Le robinet 

20 d'arret 410 coopere egalement avec un reservoir d'un autre produit pharmaceutique 

liquide, par exemple une poche d'administration intraveineuse de chlorure de sodium 

(NaCl) a concentration appropriee 412, couramment appele solution saline. La dose 

individuelle 126 ou 128 est melangee au NaCl 412 par le robinet d'arret 410. Le 

melange est pompe a partir du robinet d'arret 410, a l'aide d'un pompe 414 telle 

25 qu'une pompe peristaltique. 

Dans certaines form es de realisation, un deuxieme reservoir 416 d 'un 

deuxieme etalonneur 418 de doses reyoit le melange a partir de la pompe 

peristaltique 414. Dans certaines formes de realisation, le reservoir 416 est un flacon 

qui possede un fond en "V" et est appele flacon de patient. Le melange passe a 
30 travers un filtre 415, par exernple un filtre pour marqueurs radioactifs de 0,22 

micrometres, et est stocke clans le deuxieme reservoir 416. Dans certaines fonnes de 

realisation, une pompe a perfusion coopere avec la pompe peristaltique 414 plutot 

qu'au reservoir 416 d1un deuxieme etalonneur 418 de doses. Dans certaines formes de 

realisation, l'etalonneur de doses comprend une chambre d'ionisation qui mesure la 

35 quantite de radioactivite du melange. La mesure de la radioactivite permet de verifier 
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que la radioactivite de chaque dose individuelle est adequate juste avant !'injection et 

a proximite immediate du site d1injection. 

Le melange est pompe vers le sujet vivant par un systeme de perfusion 420 

tel qu'une pompe a perfusion, par l'intermediaire d'un deuxieme dispositif qui regule 

5 l'ecoule de multiples liquides, par exemple un deuxieme robinet d'arret 422 a trois 

voies cornmande par un solenoYde. Le robinet d'arret 422 coopere egalement avec un 

reservoir d'un autre produit pharmaceutique liquide tel qu'une poche d'adrninistration 

intraveineuse contenant un produit pharmaceutique non radiologique 424 tel qu'un 

agent pharmacologique d'effort. On peut citer comme exemples d'agents d'effort 

10 utilises clans les exam ens du myocarde par perfusion le dipyridamole et l'adenosine. 

Dans certaines formes de realisation, un receptacle pour produits uses 426 coopere 

avec la tubulure d1injection intraveineuse 206 entre le dispositif qui regule 

l'ecoulement de multiples liquides 422 et la pompe a perfusion 420. 

La pompe a perfusion 420 envoie par pompage le melange dans le sujet 

15 vivant 124 par l'intermediaire d'un dispositif d'injection 204 par voie intraveineuse, 

en administrant ainsi une dose individuelle 126 ou 128 d'un produit 

radiopharmaceutique a un sujet vivant 124 a partir d'une dose multiple 104 du 

produit radiopharrnaceutique. Dans diverses formes de realisation, le produit 

radiopharmaceutique est egalement melange a d'autres produits pharmaceutiques tels 

20 que la solution saline 412 et/ou un produit pharmaceutique 424, ce qui assure done 

une certaine souplesse de configuration pour permettre diverses applications 

medical es. 

Dans certaines formes de realisation du systeme 400, un dosimetre verifie la 

quantite de la dose individuelle 126 ou 128 du produit radiopharmaceutique. Le 

25 dosimetre peut cooperer soit avec la tubulure intraveineuse 206 soit avec la tubulure 

intraveineuse 428. La tubulure intraveineuse est egalement appelee tubulure de 

patient. Dans d'autres formes de realisation, le systeme 400 comprend egalement un 

OU plusieurs etalonneurs supplementaires 404 de doses. Le/les etalonneurs 

supplementaires 404 de doses permettent au systerne d'injecter un ou plusieurs 

30 produits radiopharmaceutiques autres que le produit radiopharmaceutique du systeme 

d'etalonnage 404 de dose. 

Afin de proteger les sujets vivants contre !'exposition aux produits 

pharmaceutiques et aux microorganismes de sujets vivants qui ant utilise 

precedemment le systeme 400, de nornbreux organes du systeme sont remplaces a 
35 chaque utilisation. Les organes remplaces apres chaque utilisation du systeme sont 

2122 of 2568



2867084 

19 

tous les elements jetables situes entre le filtre 415 et le sujet vivant 124. Les elements 

jetables comprennent la tubulure intraveineuse 428 et le dispositif d'injection 

intraveineuse 204. 

Un exemple du fonctionnement du systeme 400 est decrit en detail en 

5 reference au procede 800 de la Fig. 8. 

La Fig. 5 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation 500. Le systeme 

medical 500 d'administration de produit radiopharmaceutique est un systeme integre 

pour la production, la gestion de la qualite et !'injection de doses individuelles d'un 

10 produit radiopharmaceutique en imagerie de tomographie par emission de positons 

(TEP). 

Dans le systeme 500, une cible 502 de cyclotron produit un isotope 

radioactif tel que l'ammoniac a azote-13. Dans les formes de realisation a ammoniac 

a azote-13, la matiere formant cible placee dans la cible 502 de cyclotron peut etre 

15 soit un melange d'alcool ethylique a concentration molaire appropriee dans de l'eau a 
forte resistivite, du methane en surpression SUI de l'eau OU simplement de l'eau, 

subissant ensuite une reduction d'anions a l'aide d'un alliage de DeVarda. En outre, 

la cible 502 de cyclotron a une cavite d'un volume compris entre environ 0,5 

millilitres et moins d'une dizaine de millilitres. 

20 Une pompe 503 reyoit le radioisotope et depose le radioisotope dans un 

reservoir de stockage 504. Le radioisotope est amene a circuler a l'interieur du 

reservoir de stockage 504. 

Ulterieurement, la pompe w;oit le radioisotope du reservoir de stockage 

504. La pompe re9oit aussi eventuellement une solution de rirn;age 506. La pompe 

25 503 renvoie egalement les produits uses dans le reservoir 508. Les produits uses sont 

les parties supplementaires non necessaires du radioisotope et/ou de la solution de 

rin9age 506. 

Les organes du systeme 500 qui produisent le melange contenant le 

radioisotope, comme la pompe 503, la cible 502 de cyclotron, le reservoir 504 de 

30 radioisotope, la solution de rin9age 506 et le reservoir 508 de produits uses sont taus 

situes dans la meme salle 509 qu'un cyclotron. Les autres organes du systeme 500 

peuvent etre situes dans le meme batiment que la Salle 509 du cyclotron OU dans Un 

batiment voisin du meme complexe medical. 

Dans certaines formes de realisation, le melange d'ammoniac a azote-13 OU 

35 d'un autre radioisotope et de la solution de rim;age 506 sort de la pompe 503 pour 
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entrer dans un filtre 415, par exemple un filtre de 0,22 micrometres pour marqueurs 

radioactifs. 

Le melange entre dans un systeme d1etalonnage 404 de dose. Le systeme 

d\~talonnage 404 de dose extrait une dose individuelle 126 OU 128 du melange. La 

5 dose individuelle entre dans un dispositif de perfusion tel qu'un pousse-seringue 512 

OU une pompe a perfusion. Dans certaines formes de realisation, de l'eau sterile a 
injecter a partir du reservoir 514 et/ou un agent d'effort issu d'un reservoir 516 

d'agent d'effort entrent egalement dans le pousse-seringue 512. L1eau sert a rincer les 

conduites 206. Depuis le pousse-seringue, le melange de la dose individuelle, de l'eau 

1 O et de l'agent d'effort penetre dans un dispositif d'injection intraveineuse 204 

comportant . une aiguille d'injection intraveineuse, passe par une tubulure 

intraveineuse pour etre injecte dans un sujet vivant Ainsi, le systeme d1etalonnage 

404 de dose permet !'administration d'une dose multiple d'un produit 

radiopharmaceutique a Uil OU plusieurs sujets vivants SOUS }a forme de doses 

15 individuelles, eventuellement avec un agent d'effort, de l'eau sterile et une solution de 

rinyage. Le systeme d'etalonnage 404 de dose reduit le nombre de flacons de doses 

individuelles qu'un fournisseur de marqueurs radioactifs doit livrer chaque jour a un 

etablissement medical, ce qui reduit a son tour le nombre de trajets de livraison qu'un 

fournisseur de marqueurs radioactifs doit effectuer quotidiennement vers chaque 

20 etablissement medical. 

Les produits uses issus du pousse-seringue 512 entrent egalement dans un 

reservoir 518 de produits uses. La qualite du melange constituant une dose est 

contr6lee par l'unite de gestion de la qualite 110. La tubulure intraveineuse 506 sert, 

dans le systeme 500, a transporter les liquides et les melanges. 

25 Le systeme 500 peut etre place, en partie ou dans sa totalite, sur une table 

520 ou monte sur une structure de support. En outre, des parties du systeme 500 

peuvent egalement etre montees a finterieur d'une structure mobile munie de roues 

afin de constituer un systeme medical portatif 500 d'administration de produit 

radiopharmaceutique pour preparer et injecter des doses individuelles d'un produit 

30 radiopharmaceutique a partir de multiples doses du produit radiopharmaceutique. 

Le systeme 500 constitue un procede commode pour produire et administrer 

sur place un marqueur radioactif tel que de I' ammoniac a azote-13. 

La Fig. 6 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation 600. Le systeme 

35 medical 600 d'administration de produit radiopharmaceutique est un systeme integre 
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pour la production, la gestion de la qualite et !'injection de doses individuelles d'un 

produit radiopharmaceutique en imagerie de tomographie par emission de positons 

(PET). 

Dans le systeme 600, une cible 502 d'un cyclotron produit un radioisotope 

5 tel que de l'ammoniac a azote-13. Dans les formes de realisation a ammoniac a azote-

13, la matiere formant cible placee dans la cible 502 du cyclotron pour produire de 

l'ammoniac a azote-13 peut etre soit un melange d'alcool ethylique a concentration 

molaire appropriee clans de l'eau a forte resistivite, du methane en surpression sur de 

l'eau OU simplement de l'eau, soumis ensuite a une reduction d'anions a l'aide d'un 

10 alliage de DeVarda. En outre, la cible 502 du cyclotron a une cavite d'un volume 

compris entre 0,5 millilitres et moins d'une dizaine de millilitres. 

Une pompe 503 reyoit le radioisotope et depose le radioisotope dans un 

reservoir de stockage 504. Le radioisotope est amene a circuler a l'interieur du 

reservoir de stockage 504. 

15 Ulterieurement, la pompe reyoit le radioisotope du reservoir de stockage 

20 

504. La pompe re9oit egalement eventuellement une solution de rin9age 506. La 

pompe 503 renvoie egalement des liquides uses dans le reservoir 508. Les liquides 

uses sont les parties supplementaires inutiles du radioisotope et/ou de la solution de 

rin9age 506. 

Dans certaines formes de realisation, le melange du ra4ioisotope et de la 

solution de rin9age passe de la pompe 503 a un filtre 415, par exemple un filtre de 

0,22 micrometres pour marqueurs radioactifs. La qualite du melange est contr6lee 

par l'unite de gestion de la qualite 110. 

Le melange entre dans un systeme d'etalonnage 404 de dose. Le systeme 

25 d'etalonnage 404 de dose extrait une dose individuelle 126 ou 128 du melange par 

l'intermediaire d'un dispositif d1extraction 102, par aspiration ou mise en depression. 

Ainsi, le systeme 600 permet la distribution d'une dose multiple d'un produit 

radiophannaceutique sous la forme de doses individuelles 126 ou 128. Le systeme 

600 constitue un moyen de preparation et d'injection d1une dose individuelle d'un 

30 produit radiopharmaceutique qui est plus commode que les systemes selon la 

technique anterieure necessitant !'irradiation et l'expedition de nombreuses doses 

individuelles de produit radiopharmaceutique. Le systeme 600 permet de grandes 

economies d'echelle dans la preparation et la distribution de doses de produits 

radiopharmaceutiques. Le flacon multidose 302 du systeme 600 reduit le nombre de 

35 flacons de doses individuelles qu'un fournisseur de marqueurs radioactifs doit livrer 
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quotidiennernent a un etablissernent medical, ce qui reduit a son tour le nombre de 

trajets de livraison qu1un fournisseur de marqueurs radioactifs doit effectuer chaque 

jour vers chaque etablissement medical. 

Le moyen d'extraction 302 extrait une quantite de produit 

5 radiopharmaceutique qui est calculee de maniere adequate pour realiser une dose 

individuelle du produit radiopharmaceutique 126 ou 128. La quantite de la dose 

individuelle 126 ou 128 est calculee en fonction de la periode radioactive du produit 

radiopharmaceutique, de la duree prevue de !'injection dans un sujet vivant 124 et du 

poids du sujet vivant 124. 

10 Dans certaines formes de realisation, le moyen d'extraction 202 coopere, par 

l'intermediaire d'une tubulure d'injection intraveineuse 206, avec un dispositif qui 

regule l'ecoulement de multiples liquides, par exemple un robinet d'arret 410 a trois 

voies commande par un soleno'ide, ou un autre type de vanne a plusieurs orifices. Le 

robinet d'arret 410 coopere egalement avec un reservoir d'un autre produit 

15 pharmaceutique liquide, par exemple une poche d'administration intraveineuse de 

chlorure de sodium (NaCl) 412, couramment appele solution saline. La dose 

individuelle 126 ou 128 est melangee avec le NaCl 412 par le robinet d'arret 410. Le 

melange est pompe depuis le robinet d'arret 410 par une pompe peristaltique 414. 

Dans certaines formes de realisation, un deuxieme reservoir 416 present 

20 dans un deuxieme etalonneur 418 de dose re9oit le melange venant de la pompe 

peristaltique 414. Le melange est Stocke dans le deuxieme reservoir 416. Dans 

certaines formes de realisation, une pompe a perfusion coopere avec la pompe 

peristaltique 414 plutot qu1avec le reservoir 416 dans un deuxieme etalonneur 418 de 

dose. 

25 Le melange est pompe vers le sujet vivant par une pompe a perfusion 420, 

par l'intermediaire d1un deuxieme dispositif qui regule l'ecoulement de multiples 

liquides, par exemple un deuxieme robinet d'arret 422 a trois voies commande par un 

soleno'ide. Le robinet d'arret 422 coopere aussi avec un reservoir d'un autre produit 

pharmaceutique liquide, par exemple une poche d'administration intraveineuse 

30 contenant un produit pharmaceutique 424. Dans certaines formes de realisation, un 

receptacle pour produits uses 426 coopere avec la tubulure d'injection intraveineuse 

206 entre le dispositif qui regule l'ecoulement de multiples liquides 422 et la pompe a 
perfusion 420. 

La pompe a perfusion 420 envoie le melange dans le sujet vivant 124 par 

35 l'intermediaire d'un dispositif d'injection intraveineuse 204 comportant une aiguille 
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d'injection intraveineuse, en administrant ainsi une dose individuelle 126 ou 128 d'un 

produit radiopharmaceutique a un sujet vivant 124 a partir d'une multiple dose 104 

du produit radiopharmaceutique. Dans diverses formes de realisation~ le produit 

radiopharmaceutique est egalement melange a d'autres produits pharmaceutiques tels 

5 que le NaCl 412 et/ou un produit pharmaceutique 424, ce qui assure une certaine 

souplesse des configurations pour permettre diverses applications medicales. 

Procedes de mise en reuvre d'une forme de realisation 

Dans les chapitres precedents, une vue generale du fonctionnement d'une 

10 forme de realisation au niveau du systeme a ete presentee et des formes de realisation 

d'appareils ont ete decrites. Dans le present chapitre, les procedes particuliers mis en 

reuvre par les operateurs de TEP et le systeme de commande 146 d'une telle forme de 

realisation sont decrits en reference a une serie d'organigrammes. Le fait de decrire 

les procedes en reference a un organigramme permet a un specialiste de la technique 

15 d'elaborer des procedures manuelles ou des instructions informatiques. 

20 

La Fig. 7 est un organigramme d'une forme de realisation d'un procede 700 

de mise en rem.Te de l'appareil 400. Le procede 700 est mis en reuvre par un 

operateur de TEP. Ordinairement, le procede 700 est execute une fois pour chaque 

journee de fonctionnement d'un systeme de tomographie par TEP. 

Lors de l'etape 702, decrite plus en detail en reference a la Fig. 8, un 

operateur de TEP prepare le systeme 400 en vue de son utilisation par un certain 

nombre de patients. Ensuite, le systeme 400 est prepare de maniere repetee, a l\~tape 
704, pour chaque patient individuel, de la maniere decrite apropos de la Fig. 9, et 

l'injection pour chaque patient est administree, a l'etape 706, comme decrit en 

25 reference a la Fig. 10. 

Ensuite, dans certaines formes de realisation, un fournisseur de marqueurs 

radioactifs fournissant le produit radiopharmaceutique est avise du nombre de doses 

et de I'activite totale utilisee pour la journee et des besoins pour le lendemain. 

La Fig. 8 est un organigramme d'une forme de realisation d'un procede 800 

30 de preparation du systeme d'injection 400 en vue de son utilisation par un certain 

nombre de patients. Le procede 800 est une forme de realisation de l'etape 702 de la 

Fig. 7. 

Selon le procede 800, le systeme informatique 142 ou 144 est mis en 

marche, a l'etape 802. 
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Le procede 800 comprend egalement la fourniture, a l'etape 804, d'un flacon 

multidose 302 de radioisotope au systeme 400. Le flacon multidose 302 est leve, a 
l'etape 806, jusque dans le systeme d'etalonnage 404 de dose. 

La Fig. 9 est un organigramme d'une forme de realisation du procede 900 de 

5 preparation d'un systeme d'injection 400 pour chaque patient individuel. Le procede 

900 est une forme de realisation de l1etape 704 de la Fig. 7. Les etapes du precede 

900 servent a installer des elements jetables neufs. 

Le procede 900 comprend !'installation 902 d'un fl.aeon 416 de patient 

propre, sterile et apyrogene clans l'etalonneur 418 de dose. Le procede 900 comprend 

10 egalement le raccordement 904 d'une aiguille de sortie a une conduite 206 venant de 

la pompe peristaltique 414. L'aiguille de sortie est inseree en 906 ou placee au fond 

du fl.aeon 416. Ensuite, l'operateur de TEP place, a l'etape 908, le flacon 416 dans 

l'etalonneur 418 de dose. 

Le procede 900 comprend egalement l'installation 910 d'un robinet d'arret 

15 neuf 422. Une tubulure intraveineuse neuve 428 est egalement installee, a l'etape 

912, a travers le robinet d'arret neuf 422 en introduisant la tubulure intraveineuse 428 

dans une premiere entree du robinet d'arret 410 a trois voies. Une tubulure 

intraveineuse neuve 204 est egalement installee, a l'etape 914. Une tubulure 

intraveineuse provenant d'une poche de solution saline ou d'une poche d'un autre 

20 produit phannaceutique 412 est fixee, a l'etape 916, a une deuxieme entree du 

robinet d'arret 410 a trois voies. 

Ainsi, dans le procede 900, un flacon 416, une tubulure intraveineuse 428, 

un robinet d'arret 422 et une tubulure intraveineuse 204 neufs sont utilises pour 

chaque patient. 

25 Ensuite, le systeme 400 est pret pour commencer a administrer une dose 

individuelle a un patient. 

La Fig. 10 est un organigramme d'une forme de realisation d'un precede 

1000 d'administration d'une injection a l'aide du systeme d'injection 400 pour chaque 

patient individuel. Le procede 1000 est une forme de realisation de l'etape 706 de la 

30 Fig. 7. 

Le procede 1000 comprend !'extraction 1002 d'une dose individuelle d'un 

produit radiopharmaceutique a partir d'un flacon multidose 302. Le produit 

radiopharmaceutique est envoye par pompage, via un robinet d'arret 410 a trois 

voies, dans un flacon 416 de patient situe dans l'etalonneur 418 de dose d'un patient. 
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Lorsque la quantite requise de radioactivite est presente dans le flacon 416 

du patient, une comparaison est faite pour verifier, a l'etape 1004, que la quantite de 

radioactivite dans le flacon 416 du patient est egale a la quantite de radioactivite qui 

a ete evacuee du flacon rnultidose 302. Dans !'affirmative, une solution saline 

5 supplernentaire est ajoutee, a l'etape 1006, dans le flacon 416 du patient via le 

robinet d'arret 410 a trois voies et la poche 412 de solution saline. 

La dose destinee au patient est enregistree par le systeme 142 ou 144 et la 

dose enregistree qui est enregistree sur Jes systemes informatiques est verifiee, a 
l'etape 1008, avec le flacon du patient par l'operateur de TEP. L'activite initiale de la 

10 dose destinee au patient a un instant initial est enregistree, a l'etape 1010. 

Une injection 1012 est alors realisee dans le patient a un debit donne. On 

notera que, si le marqueur radioactif est du FOG, l'injection est realisee clans une 

salle separee, environ une heure avant la tomographie. 

Lorsque le flacon de produit radioactif est vide, l'entree du robinet d'arret 

15 422 a trois voies du patient est mise en position de solution saline pour permettre au 

flux de Chasser OU de purger, a l'etape 1014, les substances radioactives presentes 

dans la tubulure 428 du patient. Apres un laps de temps donne, la perfusion de 

solution saline est terminee et la tubulure 428 du patient est retiree, le robinet d'arret 

422 et la tubulure de solution saline sont debranches, a l'etape 1016. 

20 La tubulure de solution saline, la tubulure 428 du patient et le robinet d'arret 

422 sont mis, a l'etape 1018, clans l'etalonneur 418 de dose de patient et l'activite 

residuelle clans l'etalonneur 418 de dose du patient a cet instant final est mesuree, a 
l'etape 1020. L'activite initiale de la dose et l'activite residuelle, ainsi que les reperes 

chronologiques correspondants, sont transmis, a I' etape 1022, au tomographe de TEP 

25 par le systeme d'injection 400. 

Le fait de decrire le procede ci-apres en reference a un organigramme 

permet a un specialiste de la technique d'elaborer des programmes, des 

microprogrammes ou du materiel informatique, dont les instructions pour mettre en 

ceuvre les procedes sur des clients informatises et/ou des serveurs appropries en 

30 executant les instructions fournies par des supports lisibles par un ordinateur. De 

meme, les procedes executes par des programmes, microprogrammes OU materiels 

informatiques sont egalement composes d1instructions executables par un ordinateur. 

La Fig. 11 est un organigramrne d'un procede 1100 execute par le systeme 

de commande 146 selon une forme de realisation. Le procede sert a gerer !'isotope 

35 radioactif clans le systeme 1100. Le procede 1100 est mis en ceuvre par un 
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programme execute sur ou par un microprogramme ou un materiel qui fait partie d'un 

ordinateur tel que l'ordinateur 1202 de la Fig. 12. 

Le procede 1100 comprend la reception 1102 d'informations decrivant une 

quantite requise de radioactivite, le type de radioisotope, la dun~e prevue de 

5 l'injection du radioisotope, des descripteurs de niveau eleve du patient et 

l'identification du systeme d'imagerie TEP a l'origine de la demande. Ensuite, le 

procede comprend la determination 1104 d'une quantite de matiere formant cible a 
utiliser pendant le processus d'irradiation, et une quantite de radioactivite du 

radioisotope a produire pendant I'irradiation. La determination 1104 est calculee 

10 d'apres les informations descriptives. Ensuite, le precede comprend l'envoi 1106 

d'instructions a une cible dans le cyclotron 101 pour produire la quantite requise du 

radioisotope. Apres cela, le procede comprend l'envoi 1108 d'instructions au paste de 

distribution 106 pour distribuer la quantite du radioisotope au systeme d'imagerie 

TEP demandeur. Le procede 1100 reduit la gestion et la commande sans liens des 

15 fonctions de preparation et d'injection de radioisotopes dans des sujets vivants en 

gerant les radioisotopes a l'aide du systeme de commande 146. Un effet technique du 

procede 1100 est que la preparation et l'injection de radioisotopes dans des sujets 

vivants sont gerees et commandees par des processus inf ormatises. 

Dans certaines form es de realisation, le procede 1100 est mis en oeuvre sous 

20 la forme d'un signal de donnees informatiques sous la forme d'une onde porteuse, qui 

represente une suite d'instructions qui, lorsqu'elles sont executees par un processeur, 

comrne le processeur 1204 de la Fig. 12, amenent le processeur a executer le procede 

correspondant. Dans d'autres formes de realisation, le procede 1100 est mis en oeuvre 

sous la forme d'un support accessible par un ordinateur, contenant des instructions 

25 executables permettant de demander a un processeur tel que le processeur 1204 de la 

Fig. 12 d'executer le procede correspondant. Dans diverses formes de realisation, le 

support est un support magnetique, un support electronique ou un support optique. 

Le procede 1100 peut etre mis en oeuvre sous la forme de circuits materiels 

d'un ordinateur ou sous la forme d'un programme lisible par un ordinateur, ou sous la 

30 forme d'une combinaison des deux. Dans une autre forme de realisation, le procede 

1100 est mis en oeuvre dans un systeme de prestations de services d'applications 

(ASP). 

Plus particulierernent, dans la forme de realisation a programme lisible par 

un ordinateur, les programmes peuvent avoir une structure par objets utilisant un 

35 langage a objets tel que Java, Smalltalk OU C++, et les programmes peuvent avoir 
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une structure adaptee a des procedures, utilisant un langage de procedure tel que 

COBOL ou C. Les composants logiciels communiquent par l'un quelconque d'un 

certain nombre de moyens bien connus des specialistes de la technique, comme les 

interfaces de programmes d1applications (API) ou les techniques de communication 

5 entre processus telles que l'appel de procedure a distance (RPC), l'architecture 

CORBA, la specification COM de modele d'objet cornposant, la specification 

DCOM de modele d'objet composant distribue, la specification DSOM de rnodele 

d'objet systeme reparti et le protocole RMI d'invocation a distance de rnethodes. 

10 Environnement materiel et d'exploitation 

La Fig. 12 est un schema de principe de l'environnement materiel et 

d'exploitation 1200 dans lequel peuvent etre mises en ceuvre differentes formes de 

realisation. La description. de la Fig. 12 donne une idee generale du materiel 

informatique et d'un environnement informatique approprie en liaison avec lequel 

15 peuvent etre mises en ceuvre certaines formes de realisation. Les formes de 

realisation sont decrites en fonction d1un ordinateur executant des instructions 

executables par un ordinateur. Cependant, certaines formes de realisation peuvent 

etre mises en reuvre entierement dans du materiel informatique clans lequel les 

instructions executables par un ordinateur sont executees dans la memoire morte. 

20 Certaines formes de realisation peuvent egalement etre mises en reuvre dans des 

environnements informatiques client/serveur OU des dispositifs distants qui executent 

des taches sont en liaison par l'intermediaire d'un reseau de communications. Des 

modules de programmes peuvent se trouver dans des dispositifs de memorisation 

locaux et distants dans un environnernent de traitement distribue. 

25 L'ordinateur 1202 comprend un processeur 1204, commercialise par Intel, 

Motorola, Cyrix et autres. L'ordinateur 1202 est une forme de realisation de 

l'ordinateur 142, 144 ou 146 de la Fig. 1. 

L'ordinateur 1202 comprend egalement une memoire vive (RAM) 1206, une 

memoire morte (ROM) 1208 et une ou plusieurs memoires extemes 1210, et un bus 

30 systeme 1212, qui fait cooperer divers organes du systeme avec le processeur 1204. 

Les memoires 1206, 1208 et les memoires externes, 1210, sont des supports du type 

accessibles par un ordinateur. Les memoires extemes 1210 sont plus specifiquement 

des types de supports remanents accessibles par un ordinateur et peuvent contenir un 

ou plusieurs lecteurs de disques durs, lecteurs de disquettes, lecteurs de disques 
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optiques et lecteurs de chargeurs a bandes. Le processeur 1204 execute des 

programmes informatiques enregistres sur les supports accessibles par ordinateur. 

L'ordinateur 1202 peut etre relie a l'Internet 1214 via un dispositif de 

communication 1216. La connexion a l'Internet 1214 est bien connue dans la 

5 technique. Dans une premiere forme de realisation, un dispositif de communication 

1216 est constitue par un modem qui reagit a des pilotes de communication pour se 

connecter a l'Internet par ce qu'on appelle dans la technique un "acces a ligne 

commutee". Dans une autre forme de realisation, un dispositif de communication 

1216 est constitue par un Ethernet® ou une carte de reseau physique similaire 

10 connectee a un reseau local (LAN) lui-meme connecte a l'Intemet par ce qu'on 

appelle dans la technique une "connexion directe" (par exemple, une ligne Tl, etc.). 

Un utilisateur saisit des instructions et des informations sur l'ordinateur 

1202 par l'intermediaire de dispositifs de saisie tels qu'un clavier 1218 ou un 

dispositif de pointage 1220. Le clavier 1218 permet d'entrer dans l'ordinateur 1202 

15 des informations sous forme de texte, comme on le sait clans la technique, et les 

formes de realisation ne sont limitees a aucun type de clavier particulier. Le 

dispositif de pointage 1220 permet de commander le pointeur affiche a l'ecran, grace 

a une interface graphique (GUI) de systemes d'exploitation tels que les versions de 

Microsoft Windows®. Les formes de realisation ne se limitent a aucun dispositif de 

20 pointage particulier 1220. Ces dispositifs de pointage comprennent les souris, les 

paves de touches, les boules roulantes, les telecornmandes et les ergots de pointage. 

D'autres dispositifs de saisie (non representes) peuvent etre constitues par un 

microphone, un manche a balai, une poignee de jeu, une antenne parabolique, un 

scanner ou autre. 

25 Dans certaines formes de realisation, l'ordinateur 1202 coopere avec un 

dispositif d'affichage 1222. Le dispositif d'affichage 1222 est connecte au bus 

systeme 1212. Le dispositif d'affichage 1222 permet d'afficher des informations, dont 

des informations informatisees, video et autres, pour permettre leur examen par un 

utilisateur de l'ordinateur. Les formes de realisation ne se limitent a aucun dispositif 

30 d'affichage particulier 1222. Ces dispositifs d'affichage peuvent etre constitues par 

des afficheurs (ecrans) a tube cathodique ainsi que par des ecrans plats tels que des 

ecrans a cristaux liquides. En plus d'un ecran, les ordinateurs comportent 

ordinairernent d'autres peripheriques d'entree/sortie tels que des imprimantes (non 

representees). Des enceintes acoustiques 1224 et 1226 permettent une sortie audio de 
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signaux. Les enceintes acoustiques 1224 et 1226 sont elles aussi connectees au bus 

systeme 1212. 

L'ordinateur 1202 comprend egalement un systeme d'exploitation (non 

represente) stocke sur les supports accessibles par ordinateur, la memoire vive 1206, 

5 la memoire morte 1208 et la memoire externe 1210, et qui est execute par le 

processeur 1204. On peut citer comme exemples de systemes d'exploitation 

Microsoft Windows®, Apple MacOS®, Linux®, UNIX®. Cependant, le systeme 

d'exploitation ne se limite pas a un systeme particulier et la structure et !'utilisation de 

tels systemes d'exploitation sont bien connues dans la technique. 

10 L'ordinateur 1202 peut fonctionner a l'aide d'au mains un systeme 

d'exploitation pour avoir une interface graphique (GUI) comportant un pointeur 

cotnmandable par l'utilisateur. L'ordinateur 1202 peut avoir au moins un programme 

d'application de navigation sur la toile, execute au sein d'au moins un systeme 

d'exploitation, pour permettre aux utilisateurs de l'ordinateur 1202 d'acceder a des 

15 pages de sites intranet OU Internet atteintes grace a des adresses URL. On peut citer 

comme exemples ~e programmes de navigation Netscape Navigator® et Microsoft 

Internet Explorer®. 

L'ordinateur 1202 peut fonctionner dans un environnement en reseau 

utilisant des connexions logiques a un ou plusieurs ordinateurs distants, par exemple 

20 l'ordinateur distant 1228. Ces connexions logiques sont realisees par un dispositif de 

communication couple a l'ordinateur 1202 ou faisant partie de l'ordinateur 1202. Les 

formes de realisation ne se limitent a aucun type de dispositif de communications 

particulier. L'ordinateur distant 1228 peut etre un autre ordinateur, un serveur, un 

routeur, un PC en reseau, un client, un dispositif homologue ou autre nreud d'un 

25 reseau commun. Les connexions logiques illustrees sur la Fig. 12 comprennent un 

reseau local d'entreprise (LAN) 1230 et un reseau etendu (WAN) 1232. De tels 

environnements en reseau sont courants dans les bureaux, les reseaux informatiques 

d'entreprise, les intranets et !'Internet. 

Lorsqu'on les utilise dans un environnement en reseau LAN, 11ordinateur 

30 1202 et l'ordinateur distant 1228 sont connectes a un reseau local 1230 par des 

interfaces ou une carte reseau 1232, qui constituent un type de dispositif de 

communications 1216. L'ordinateur distant 1228 comporte egalement un dispositif 

1234 de reseau. Utilises dans un environnement en reseau WAN classique, 

l'ordinateur 1202 et l'ordinateur distant 1228 communiquent avec un WAN 1236 par 

35 l'intermediaire de modems (non representes). Le modem, qui peut etre interne OU 
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externe, est connecte au bus systeme 1212. Dans un environnement en reseau, les 

modules de programmes indiques concernant l'ordinateur 1202, ou des parties de 

ceux-ci, peuvent etre enregistrees dans Pordinateur distant 1228. 

L'ordinateur 1202 comprend egalement une alimentation electrique 1238. 

5 L'alimentation electrique peut etre une pile. Dans certaines formes de realisation, 

l'ordinateur 1202 coopere egalement avec un dispositif de reseau 1240 de zones de 

memoire (SAN) qui est un reseau tres rapide connectant de multiples dispositifs de 

stockage de fayon que les multiples dispositifs de stockage soient accessibles sur tous 

les serveurs d 1un LAN tels que le LAN 1230 ou d'un WAN tel que le WAN 1236. 

10 Les formes de realisation de 1200 fonctionnent dans un environnement de 

fonctionnement multitraitement, multifile d1un ordinateur. 

Conclusion 

On a decrit un systeme de distribution de produit radiopharmaceutique. 

15 Bien que des fonnes de realisation specifiques aient ete illustrees et decrites ici, les 

specialistes ordinaires de la technique comprendront que n'importe quel agencement 

corn;u pour parvenir au meme but peut etre substitue aux formes de realisation 

specifiques presentees. La presente demande est destinee a couvrir les eventuelles 

adaptations ou variantes. Par exemple, un specialiste ordinaire de la technique 

20 comprendra que des mises en reuvre peuvent etre realisees dans un environnement 

pour procedures ou pour objets ou tout autre environnement assurant les relations 

necessaires. 

La terrninologie utilisee dans la presente demande est destinee a couvrir taus 

les environnements medicaux, de technologie a objets, de base de donnees et de 

25 communication et d'autres technologies assurant la meme fonctionnalite que celle 

decrite ici. 
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REVENDICATIONS 

1. Systeme automatise comprenant : 

au moins un injecteur (122 ou 124) de produit radiopharmaceutique 

5 comprenant : 

un dispositif d'extraction (202) pour extraire une dose individuelle (126 ou 

128) de produit radiopharmaceutique d'une dose multiple (104) d'un produit 

radiopharmaceutique ; 

un systeme d'etalonnage (300) de dose cooperant avec le dispositif 

10 d'extraction (202) pour recevoir la dose individuelle (126 ou 128) du produit 

radiopharmaceutique ; 

une pompe a perfusion (420) cooperant avec le systeme d'etalonnage (300) 

de dose, pour prelever par pompage la dose individuelle (126 ou 128) du produit 

radiopharmaceutique dans le systeme d'etalonnage (300) de dose; et 

15 un dispositif d'injection intraveineuse, par exemple une aiguille 

intraveineuse (204), cooperant avec la pompe a perfusion ( 420) pour injecter la dose 

individuelle (126 ou 128) du produit radiopharmaceutique dans un sujet vivant. 

2. Systeme selon la revendication 1, comprenant en outre 

une tubulure (206) a blindage de protection radiologique, pour transferer la 

20 dose individuelle du produit radiopharmaceutique, ayant une premiere extremite et 

une deuxieme extremite, la premiere extremite cooperant avec le dispositif 

d'extraction. 

3. Systeme selon la revendication 1 ou 2, dans lequel le systeme 

d'etalonnage (300) de dose comprend un dispositif de tenue (304) monte a l'interieur 

25 d'un injecteur ( 404) pour tenir un reservoir (302) de doses multiples (104) du produit 

radiopharmaceutique, et dans lequel le dispositif d'extraction (202) est monte a 
l'interieur de l'injecteur ( 404). 

4. Systeme selon la revendication 3, dans lequel le systeme d'etalonnage 

(300) de dose coopere en outre avec le dispositif d'injection intraveineuse (204). 

30 5. Systeme selon la revendication 3 ou 4, dans lequel que le systeme 

d'etalonnage (300) de dose comporte en outre un cylindre pneumatique (304) pour 

lever et abaisser le reservoir (302) afin de l'introduire clans le poste de distribution 

(106) et de le sortir du poste de distribution (106). 

6. Systeme selon l'une quelconque des revendications 3 a 5, dans lequel le 

35 dispositif de tenue (304) est un bras de transport (304) adapte pour tenir un flacon 
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multidose (302) d'une forme correspondant a celle du bras de transport (304) et un 

conteneur d'expedition (402) pour le flacon rnultidose (302). 

7. Systeme selon la revendication 1, comprenant en outre: 

une salle (509) de cyclotron pour produire un produit radiopharmaceutique; 

5 une tubulure (206) pour transporter le produit radiopharrnaceutique de la 

10 

salle (509) de cyclotron au systeme d'etalonnage (404) de dose; et 

un dispositif de perfusion (512) pour recevoir du systerne d'etalonnage ( 404) 

de dose la dose individuelle (126 ou 128) du rnarqueur radioactif (104), via la 

tubulure (206) ; et 

un dispositif de perfusion (512) pour recevoir la dose individuelle (126 ou 

128) produit radiopharmaceutique du systeme d'etalonnage (404) de dose par la 

tubulure (206). 

8. Precede pour preparer un systerne d'injection (122 ou 124), comprenant 

les etapes consistant a : 
15 installer (902) un flacon ( 416) de patient dans un systeme d'etalonnage ( 418) 

20 

de dose du systeme d'injection (400), le flacon de patient etant sterile et apyrogene; 

monter (904) une aiguille de sortie sur une tubulure venant d'une pompe 

peristaltique ( 414) du systeme d'injection ; 

dose; 

(422); 

inserer (906) l'aiguille de sortie au fond du flacon ( 416) de patient ; 

placer (908) le flacon ( 416) de patient dans le systeme d'etalonnage ( 418) de 

installer (910) un robinet d'arret (422) dans le systeme d'injection (400); 

installer (912) une tubulure intraveineuse (428) a travers le robinet d'arret 

25 installer (914) une aiguille intraveineuse (204) dans le systeme d'injection 

30 

(400); et 

fixer (916) une poche de solution saline (412) au robinet d'arret (422). 

9. Procede selon la revendication 8, comprenant en outre les etapes 

consistant a : 
mettre en marche (802) un systeme inf01matique (1200); 

foumir (804) un flacon multidose (302) d'un produit radiopharmaceutique 

(104) au systeme d'injection (122 ou 124) commande par le systeme informatique 

(1200); et 

lever (806) le flacon multidose (302) jusque dans un systeme d'etalonnage 

35 (300) de dose du systeme d1injection (122 ou 124). 
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10. Procede (1000) de preparation d'un produit radiopharmaceutique destine 

a etre injecte a un patient en utilisant un systeme d'injection ( 400), le procede 

comprenant les etapes consistant a : 
extraire (1002) d'un flacon multi dose (302) un dose individuelle (126 ou 

5 128) d'un produit radiopharmaceutique (104); 

verifier (1004) que la quantite de radioactivite dans le flacon ( 416) de 

patient est egale a la quantite de radioactivite qui a ete evacuee du flacon multidose 

(302); et 

ajouter (1006) une solution saline provenant d'une poche (412) de solution 

10 saline et d'une conduite de solution saline clans le flacon ( 416) de patient via un 

deuxieme robinet d'arret ( 410) a trois voies. 
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FIG.2 
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FIG.7 
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FIG.8 
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FIG.9 
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FIG.10 
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FIG.11 
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~~ftt,tL, WJ~cJ\1/;J,O)J::.$0)::.1'Lttt::!;$jfJ~h6~1Jff9 &u·x. 7-Jtt, C:.ht,O)~ 
1f!Hlt9 &U'x. /ff~, ~ln:Sf--v t';f, ·1 l, O)j~$h>b O)jJ,;:J:: I), WJ~[.::.1'Lttt::rn1iJ'-:> -C ff 
0)7f IPJ t=ifh -c *Fi! 2' -it 0 ~ll!:ff&:fff t . wr~c~~Sf- -v i:::· :t- ,,, r- O);tr~Mi t::-1z1;;a1t=~~ ~ t,;, tL 
' ruHt~~~T 6~~tt~:@:OOt::1f LFt¥IMJJJIJ~-C'l*J$t::ia:fkfl'{Mf1125:~1flff P&51T 6 t~ 
/.60)~ iJ /;;)~ J[)(iW>J-C·ts 6 ~ 1) /V·ffl~~*t, C.:. O)~ 1J /;;)t::~Ji L WJ~c~ ~ y;;)ffl~ 
ln:*&U'WJ~c~~='f-'f' t';f, 'Y }. ~ffil)j L -CWJ~c~:lflJjft;:j!l!]iiT 6 + :L - 'ft' ~:ff-9 6 0.:. 
t ~ *'¥t& t -9 6 fl'{M'ti~IJP& 51~@'.-c· if> 6 o 

[ 0011] 
~l!!J§EEIJI~J:, 2' bt;:, WJ~c*lf;1:t!:fi!Ji:L !;$jrJ~ht~~tjffO)jf:J1ciJ{;7'7 :z~t=i*l§!RL-C 

i.iff1¥~-ij-J_7£~v\-t-~fliiLfJ~:Jii¥~fIT:ff&:fff~1f-9 o;: t ~~~V& t -9 6fl'{!llf 1HfftJP&51~ 

iii-C'ib 0 0 
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w;li_§EEIJRL ~ t::.t::, WJ~C.¥1-ll?i:f:fimtL *:1fl1tt9&LfI7:jt!i:-l3UJ11tt-S;t;;V:P"-$!i:
:ff L, ~ 0;t;1i,, :7"-$iJ", wr~C3!iit~ -v c:·.t- "/ r- 0imiJ"nt..::{.!llJ1'...fiJT5Eli'e~1112' :±:-9 ~ t iJ" 
'Z'·~ -s 111mmm!i:-:ff-9 -s ~ t !i:-:t~tnt -9 -smtt-tt1*1i'Jll&51~'ii'.'Z'·2b-s 0 

[0012] 

w;J::§EEIJRi, ~ t::.t::, li!J~C.¥1-ll?i:Mm!i' *1i'Jtt9 &LfI 7tt!i:-l:R fJ f1tt 6 ;t;JvJ"'-$0) 
j 1?, TI[t~t::ttOV\f(;:f~M-9 0 ::7 7 /7°$5J\.;(i>', 77 :Z 7- ·1::7~X~:i7Jv2~'t''2b0 ~ 
t !i:-1H&t -9 0h5z!llt1!1:~1J11Jk51~l!i-C"ib 6 o 

w;-t;§EEIJH:i, ~ t::.t::, liii~C.¥1-ll?i:mimli, Ji)ltt~.y t::'i-·1 t-07H'.flH::~~Ht0:ht..::!filRIJJvJ\ 
-t, Jilltt~-v c:· i, ·1 r .:7Jl*J$t::~lt i'.,:hWJ~C.-~!J;IJJL-1\-t;:J.IIJJ L "C@JIJJ-9 -$.~IJ;IJJ7-h. 
t, ~ 0mm7-bi.::J: 0 fl!I'2'n "C ¥1-ll?i:-9 -s*iflJjt :z 71:?"X!:ix.7M:z 71 :7" t, wr~c. 
*1i'1~t:z 71 :7"!i:-7f1F-96~1Jtt;z71 FLr-JL.- t' rucI71t:Z 717"!i:-.if1 F-96 
x.7~t :z 71 Fv-Jvt, *:1f!Jit:z 717"&Lfx. 7tt:z 71 :7"0 :> t>-1ft::l!fil5E'2'nfID1f 
!i:-l!li}7f(3f-1frtiit::.n·1 r L¥1-ll?i:IJJ1'F!i:- ~1tJ-1'2'i:t 0t~®i:v-1v t, !i:-:ff L -c:mJVt '2'tl-S ~ t !i:-
1~tttt -9 6h5z!llt'l1:*1f1Jll&'11~!!ic·s0 .. 
[ 0013] 

w;;\§EEIJil:i, ~Gt::, liii~c~~f t::'i, '1 J--O)l*J$c'1JiJ~cl \1 /lv!i:-ft!'Bt"CJf£MT b t..:= 

/JbO)Jf£*11>11".flH:i, ftUt!i:-:ff L' llic*if'Jtt 9 &LfI /jfO)l\?i:r Lt..::lf)l;ti>' WJ~[.r\17 JvO) 
ft.lh •t-:JB;$0~1iH::-1:: ·1 r- ~ :h. -s J: :> i::f_v:l!i-9 -s ~ t ~1~-tttt -9 -s mz!llt't1*:1fl11l&51~!!ic· s 
bo 
[0014] 

w;n§EaJI1:i, ~ t::.t::, IJIJ~cJ!Eit~'Y c:·i, "/Hi, f§:JX~~ L, ::J'C£i.!l~oocrJ-1JXt:ijffij1f 

t::lm~J.W ~:ff L , l'IU 00~1!rtl' WJ00$·5J" t 'WOO~ 1!Ju 'Wlif i'Wi·5J\.fJ>7J\.WIJ '2' :h-C H fJ , 1L \«1 t:: WI 
fif.h[PJt::x 71 F11Jf:f~~A 71 FMm~:ff L' WI00$7i\.t 'W00$7J\.O)-jJ(;:WJ~cJ\17 Iv 
ti{WP>J~:h., f1!!1ft::WJ~c.-nll?i:mim~:ff-9 -s ~ e: !i:-:t~mt -9 -s:ttdt'l1:*ifr111&111~!!ic·2b0 0 

[ §EElj}0)~1J:m:] 
[ 0015] 

w;-, w;=, m=, :m1JB, mli, :m:t::, :m-1:;, m1\, xu:mnJEaJii::J:nt.L Wittfl!z!lJt 
'11:12S.*iflJ~ ;\17 JViJ>G:;..,. l) / :..-::-"'-ll&51-96 ~t::, ll&'1I~:fi'312S.~fj:f~:j\j;?>':fltf!i L~I.- ·1c· 
~.l'fu .. 

w;=, w;=, :m!J!I, mli, :m:t::, :m-1:;, :m1\, x1i:m:fL5EEIJit::J:n1:r, :iilltt~-v c:·i- ·1 

t- t ~ 1) /yJ+.IJ!iit*t ~}}IJ(;:~~Ht6.:7Jc·, l *O)l\17JV:b>G?tt~lth5z!ll1'11:~Jf'1~~* 

0~/ 0 Y>1'...ll&Jf£-9 -s~'t'·S-:i -z ~, ~ 1J /:;./'~xfti-9 -st..:/Jbt=~ 1J /S..::J+.1:J~llttn0h ~ 
lml¥1-9:hi;f J: < ' ~~"Cc:· i- '1 r- i:ilm it Q £'.'~iJ>~ \, '\ 0 J: -:> "'( ' -f O)ft' :fltf!JO) 'i1J'~1'1 
h"~'-960 
[ 0016] 

w;!J!I, '5f';1i, :m:t::, '5f';-t, m1\, x1i:mn§EaJii::J:nt_c '2'Gt::, J\i-~iFm.Zt..:~mmi 
:.m0fJ.b2' c·, H)'[;;?{; \17 ;v0Ji;$i:: 3t.:: -:i --z: i if 7 :z~!i:-1'.i'H!'f-9 -SM~b{~ i.. 10 ~ 0t..: 
/lb, tt)'[;ti>';\171v0JB;w~· 'J ~- 'J t::flr!!ic·~, ;\1711'1*10i~ttcox!ll1tti2S.~'1~~'2' f 
!1&51't''2' b 0 

[0017] 

w;li, '5f';:f:, mt, :m;\, xiJ:'5f';:fL§EEIJ}(;:J::h.tL ~Gt::, *iflJttXIJ:X7M~lx'J11 

it -s 7tJvY·-wi:r•, ~lltt~-v c:·i, ·y t-0imiJ"tLt-:I!l!V'--filf5Eli'm'1I 2' :±:-9 ~ t b"-C .. ~ 00c· 
, =:h.G01t0-t:·;1t-;?{~!i)c·.'.b1J, :£.t.::, -t:·1H£t::MiJ;\-~.$'f-L-?-9~1e J:-:i't', 
m~f!'f--::>ttt:: < ~, 0 

[0018] 

w;:t::, w;-t;, mJ\, XUm:fL§EEIJ}(::J:tU;f, ~G(::, ;t;Jv:7"-$0)j-f?O)l![f:i~::tt0J\ 
7"(::1¥~-96 Y=J /7"$·fr;?>', 7°7 AT '1 ::7~XU7Jv2~c·&)6 ~ tfPG' f{!!0)~,5;~ 
'(';(;)6 :tJ;k~ c:·i::J:t,"Z, jf~i!Wi/Jb1tit b +7i\.':£iiWf(11Jb>'{~t?h, J:-:> -c ::7 7 /7°$7i"' v
\, >-C !:i;t;Ji,}'"-wm~HMl!li}t::c·~, *a:m:l'f.Jt::~l!i~ :i /.J\::7 r- i::c·2' -s 0 

[ 0019] 
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w;-t;, w;;\, XtJ~:fLJEE!JJ t:: J: :hkL ~ b t::, *:ff'JM 9 &0(.T. 71'+~ ll'tlltJJ L c ff~~ '1t 
6 ff~f!ni0:>nimfJ{ft51!1i1l-::·-c2', *'ili:!:!Hr'.Ji::~@'.~ :i Y 1'\'.7 r- t::-c·2' 6 0 

w;;\, xu~:fL§%BJJt::J:ntf, ~ b t::, r\111v~itJHtz ![l(*P>.1-9 6 ~ t 'Z'', wtJcn'dI111: 
~**rJ~f~~1t,,:IB;$c7)illfi(;:*~6 ~ 'c iJ''Z''2'' Yi~ fl_~g1-c·2 6 0 

w;)LJEBJJ t:: J: tH;f, ~ b (;: , ~illio\=- -'1'" t.:' ;3f, ·:;- l, i} IJrJfj:1flriJ (::.7.. 71 f llfjf~;J .7.. 71 f ~ 
m~:ffL, ~o::i.7.. 71 r:11J~;J"i100$frt~oo$7J"0:>-1fc:1\111viJ>![)(~~1c, ft!111i:: 
ff~f!ni~:ff-9 6 ~ t ·c, -=F-1affi'H::r\171v t ff~f!m~~ L11::-*.7.."'- .A ~fJ.tff 6 ~ 
t ix>-r::· 2- , *-ili51'1:13"J (;:~@'. ~ :i / 1 \ '.7 H:: "C' 2 6 o 

[ §%BJJ~'%1if!!T 6 t::_~O)ji,f!O):Jf:j!J'Jl 
[ 0020] 

~ 0~aJJ0'%1If!!:JB!l'J ~, rm 1 ~rm 1 o t=~-9 0 

( ( ~li'.U!!~ ) ) 
2:0:>'%1iW!lJ0:ttuit'ti~:ff!Jn&51~li'.!J, ~illio\=--'I'" t.:·:i'-·1 r- 1 e: ylJ /Vm~~n3fJ{JJIJ 

~ &::~It b:h (rm 1 ) ' 1zY1 &:::3!1!.lr. L c ll!Mllfff~"(' ib 6 0 -f L c ' ~~'\=--'I'" t.:»:t- ·:;- r Ui 
' :ttuiHl~~~T 6~illi*!~~oot:::ff L' ll!Mllfn~-c·, l*J$&::i1~1Xfl)(Ut't~~IJ~j0J!;~ 
:ht::.1 \1 11v 5 < rm 3 ) ~ ![l(~-e 2- 6 " y 1J y VJfBIDii~n 3 ti, ~~3f-'I'" t.:. :i'· ·:Jt- 1 c7)7~ 
$&::-1*a"Jt::~~Ht t:>:t'L, :tri:M*l ~~T 6~~«~ ~oo&:::ff L' ll!Mllf!J~-c·' l*J*JH::~1Hk 

:tri:!'IH.'l:l'R*ifrJ~n&51-96t::.~0ylJ /S/7 <rm9) ~![l(~-c-~ 6" 
[ 0021] 

**rJ~t9 &rfI. 7M 1 HL ~illi3f-'I'" t.:';t, ·:;- r 1 0i*J$t::~~Ht bt'L, J\17lv5 0-1::$ 
0):1'Lttl 3 (rm3) t::3fW!J~:h6o ~:hb0~:ff1Jif9&rfX7{Hl 1 ~- ff~~tilU 5 
0fjiJ~'Z'·, ~illi3f-'l'"t.:·:i'-·1r-107~$/J>Go::int::J: IJ, :tLtt1 3t::rP1iJ'-:>cM01Jrnir:: 
iB-> c ff~~{!-6 o 

[0022] 

n&51~1T-J ylJ /::....~7!.±1-.2-7'1 70:>-!!ifilt:::J:lilL, ~c7)'f-,::!_-f 1 7 (rm7, rm9 
, rm 1 o ) ti, y 1J / vm~~&t-r(~lfio\=--'\'" t.:· :i'- ·1 r- 1 ~ ffe!il L z, ~:ff!JM 9 r:::i:lil-9 
60 
( ( ~li'.71-W) ) 

rm 1 i::, ~ CIJ'%1if!!%~t=f* 6~@'.~1*0:>'®£~~-'I':-9" 
rm 1 o::i -J 1? ( A ) tJf-OOrm, ( B ) U~iIDJOOrm, ( c ) UJEOOrm, ( D ) U::biIDJOOrm-c· ib 
60 

~t}Cfl)(_!'lj'f'1!:~~jf!J~J'E~~ i1.t::.r~17Iv5 (rm 3 ) ~ ![l(*P>_J'(·~ 6~;jjCc7)}/Eillio\=--'I'" t::"::f, ·y

r 1 t, H~1Xfl)(!'lt't1~**'ff!I&51-96t::.~o::i::...--0 y:;,;:7 crmg) ~![l(*~-c·2' 6Y 1J /Vffl 

~lli* 3 t iJ->JJIJ,.>z t=~~ttG:h.tS 0 -ftvc":tLiJ'~!l!J'L L cll!Mllf§~-c·s6 ¢ 

JE~3f--v-t.:»t,.y r 107~$0ti:i1lUOOl::U, t./V'l 9~1rLcll!MJW2 liJ;'~ltb:h6 
0~3f-v-t.:'..t-'Y-r107l-$0lEOOt::IJ, lllM~2 10D,:;-::7~1T-Jll!MvJ\-2 3iJ->Jf:v. 
1J ftft b:h.6 0 :t t.:' ~.q:. f t::';t, '/ t- 1 0))'~$0::bf1lUOOt::,J, ~@fi*J$0ff~~ffi 1 5 
~~IB:JJJ~'1t6-=F-JJJs:to::i~iRJhv ;\-2 2 iJ'~~itG:h.6 0 ~3f--v- t.:·;t, '1 r- 1 07~$&::-i*a·j 
t::Y i_J /v·m~i!i* 3 JJ'~~it t?:h z~ 16 0 

[0023] 

( 1J'd1*liEiP:*1) 
JE~3f-'I'" t.:';;t, ·:; r 1&tFY 1J /V)ij~lfi* 3 o::i~OOt.:L ~~t1T11htt ct •{So ~~*! 

o::i:tt-'i:rtLc!i:Y'/'.7'..7..7/, 7'/:7".7..7/i';-&, ;t'J, fJ.fi7.7.., 7'/:Y'JV. t.:'X<.7..~ 

iJ->ffl~. b:h.6 0 

[0024] 

1~t=, i'JU/JaiiJ'~$1~t::.~, m ~ 1 t? r._6 iJ->, j:_fll!~.&7f<0:t~M.t:: J: 0 .~-k . ~~iJ-> Ji 
bh6 t::.~, ~mt=~ L, .A 7/v .A_ 7°7.7..+ ·1 ::7, :IL, ~~- ~~J ~ ~t::J: 'Jf:ff-ii 
'96~ tiJ~¥~ Lt 10 :it:., ---imO:>OO~ l*J$iJ'll'*-C·~ 6J: -J t::fdt,f7:<.., i'dif:ff7'.7 1J 
1vtru1FatJX~ m~ 16 ~ t iJ,,.'Z'.2- 6 0 ~bi::, -iw,~0+-~r&:t::'9 6 ~ t b -c·2' 6 ¢ 

[ 0025] 
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®iW:t10J!12'tl:rJ..~Jil9 6:Udlttt~1frJ0fl~!H:: l> J: 6b', ---Ml.Hf.Jt:::5~30mm, !ff :i L < 
!i10----20mmiJ>J+J1i 10h6 o 

[ 0026] 
CMM,1#:2 1) 
~~0tci!llJOOt::i:;L :il[ifttffl>f::,7£ 0 MMm 2 1 iJ>~~Ht t::>:h e i:> t), ~JflJM 9 i:> J:tFI 7 

M 1 1 0Jf.'>U) f<Htf'F*t:::.'.bt..: ":> e t;L ,:_ 0lmMm 2 1 ~mi,.1e 1t*~1T 3 0 

[ 0027] 
c::z 7 1 r ;fl!fl ) 
®iW~ -y e::· :;(, ';I }-- HL 'fi~x ~ 7£ L' WJ~c l t..: J: -3 t:::tcf!llJOO t::: lmMm 2 1 ~ :ff-9 0 ;.ti>' 

2' 0t::, Eill 2 t:::~-9 J: -3 (,:::, 1Jr100~-ftbWTOOmHi'-2 5 t WOO~-ftbWOO$fr 2 7 iJ>-:fr1!PJ2' 
tL e i:> I) ' WOO$·fr 2 7 iJ>~liiffl~ii 2 9 t:::IIDJ:E lei:> IJ ' ,:_ 0W00$7t 2 7 (::Xi le ' 
WJ00$·5:i'-2 5iJ'Wff&nfi'rJt::.::z71 f~n~7£.::Z71 ftlir1iJ31 ~:ff-90" WJ00$7J'-2 50_1_ 
$C.r$i::.::z71:7"-33A, 3 3 BiiWJ1X.2'h, W00$7J'-2 70_l_$C.T~~(,;:, .:0.::z 
71 :7"-3 3 A, 3 3 B ~;7'1f-90.::Z71 rn·1 r 3 5 A, 3 5 Bb'lfJot2'tt0 c 

[ 0028] 
1Ji100$Jt2 5 t::1\1111.--J,.''.J 0::::7 /<r-r 3 1 iJ'JJ.£*'1i2'tL, W00$7t2 7 t::~cR-~mm 

1 5~1fT0o 
1t*G!H::!:J:, fi=~li8Hi~~01J~OOt::JI.0, WJOO$:fr2 5 ~A 71 f;f,1!*13 1 t::J: IJ-'FWI 

t::51~ lli-9.:. c 'Z", tc::bfIDJOOb':*~ < lm:tt<2':h6 o :it.:, J\17 ;J,], IJ 0::1/TT3 7 c 
, R-~mm 1 5 t ~~iL, jjijj~0f'a'Jt::1t*.::z«..-.::z s ~.vtff 6.:. t iJ''"C'2 6 0 .:. 0ttYm'"C' 
, 1t*~li, tc::b0-¥t::J: I), :il[ifttf11~ 0J\17 Jv },}) 0::::1/TT3 7 ~, Jl.£*fi$ r- v 
1 3 9 t=~ < 7£ t' 01'1=*~ :IT -3 0 

[ 0029] 
( fl'dt1f1:~jflJ) 

.:. C:. :.::m1i i 0tL6 ia~7C0:1t<f.Mi*ilit. IJ: PET ( ~~-Tl!~fi~i::lfJT~ : Positron 
Emission Tomography) .f9!=ill:.l+J0t.ff59'1l"iJ.ftfl~1l;'u' FD G ( 7•;;*1 8 c·~~2'ht.:~jf1J 

: [18F] -2-deoxy-2-fluoro-D-glucose) , FD PA ( 7 ·1*18'"("rN-~2'tLt..:~jfrJ: 6- [ 
18F] -fluoro-3,4-dihydroxy-
phenyl-L-alanine) , FD A ( 6- [ 18F] -fl uoro-dopamine) ~if·.106 b', j::(;:, [ 18F] -
2-deoxy-2-fluoro-D-glucoseb>f~.l+I2'tL6, fl!!(::, 9 9 :n Tc, 1 2 3 I, 1 3 1 I, 2 

o 1T1, 6 7 Ga, 5 1 C r~c7JSPECT(~:lt;-=f-fl)(lli::J/t°.::i.-:711'TJltiH9$: Single 
Photon Emission Computed Tomography) .l+J:1t<!llt'tirr:tlf1r5t*.ftfl;lpt;,7£ .Q~a~Jtfi:> J:tl.f9! 
=ill:.l+Ii±.!lftilit:: t:i@.J+Jc·~ ;s. 
[ 0030] 
( (Jf-~fli;J1'1 5) ) 

Em 3 ~Em 0 t::::t:> ~ ''Z, R-~mm 1 5 ~ ~!lBA-t 6 0 

(fj!Jf~) 

C:.0J\'-~;fl!fl 1 5U, :i~Ji:~-y i::·,t,.;; r- 1O-J.$7~$t:::~§Ht0tLt..:.~l!Jvr\-2 2 C: rr:tl!l!ffit:: 
, ~li:~-'7 c;;t, ·1 r-- 101*1$t:::~igjfi;-L4 1 iJ'~~~t GtL6 0 J: ":> e, -¥1!.Jt::J: IJ .~igjj]v 
;\-2 2:1J>@Il!J2'h6 c., !ml!J7-L4 1 l>J:Ijfil e@Illr96 • .:.0~igl!J1-L4 u::J: 
IJflJJ~tL eR-~-9 6~1frJM:z 71 ?'"4 3 !i, fcill[1Jfi'rJt::Wc~2'tL6*1frJM.::z 71 Yv-Jv 
45~J:~'ZJ\'-~}J~~ff1f2'tL0. 

[0031] 

+ L 'Z, x;M.::z 71 :7"4 7 Ii, ~iiH L eWc~2'tLorTH.::z 71 r: v-Jv4 9 t::J: ":> 

e*!f.i1)0J\'-~nfi'r1t::n·1 r ~h6. ~ifrJM;z.. 71?'"4 3 i:.1ID.J:E~ht::?l<3¥7£t*~J..,-Jv 5 
It•, I/M.::Z71:7"?1<3¥1Jfi'r1(::;7·1 fT-bo .:nt:::J: IJ, =.-::>0.::Z71:Y'0J\'-~JJJ{t~ 
[r:tjmJ~1t{So 

[0032] 
x ;~t .::z 717"4 7 ~*1bbt:::R-~2'-tt 6 c:. c. c·, --::>0\lt~, J\171v s 0_r_im01*~ 1 

ooff0 ::fL.fi 1 3 t:::, lfJiU:::mlJ ~ 1t 6 .:. t b1--C'2 6 o 
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[0033] 
( {f!:fl!JO)H:il:IH) 
l:Rl3 <A) i:.jj;-9 J: :it:., :f't~ff!m 1 5 z-:mfflt--t o7Hmk'>.~1311JvJ\-2 2 tL .illUiH--v 

t .. ;f,·:1t-1Z.li.il-90!IBtiJ:;_.;-v7 t- 5 3 (.;:J: 'J, :J&nil~='f-v t .. i,·:1 t- 1 O"Jl*J~0.~IZllJ7-.L .. 
4 1 c. ll"II!Jffit:.J};.Jl~ho 0 l:RI 4. ml 5 ml 6 t:.jj;-9 J.: :it:.. ~1f1JM ;;z. 71 ~ v-Jv4 5 tL 
2::zls:0-'¥fi'v·-Jvb'l?~bo I.7it.::Z71~v-Jlr49tL l::zls;O)J....·-Jvb'G~b" *Wl 
M7. 71 ::9"4 3&tFI.7it7. 71 p··4 7 l:L l) ::.7.r<..71) Yfb">~=lf~tC( ~ \'"(' .-ftt-f:'' 
:tL0v-1v4 5. 4 90J::.Z.i~Gb>(;:~llJ-90J.: :i ?:.~-:i"CV•o 0 

[0034] 
t¥Mlv-1v 5 1 0Jt!iffi!.i, ~#'lit ;;z. 71 p··4 3 t:.OOJE:~h c .B IJ, x 7it.::z 71?'"4 7 

t::u 1J ::.7.r<..71J /:7 .. b.,~:lf~hc~•-r, x7M7. 71:7··47iJ>..:.0t¥Mlv-Jv5 10J::. 
Z. i~ G b>t:.:tillJ'"C· ~ o J.: '3 t:. ~ -:i c ~ > o o 

~gj)J 7-L 4 1 O))t;!iffit::tL -ffi:fL 5 5 i)>lfj mt~ .h' ..:. 0-ffi:fL 5 5 i::~jfljif A 71 f 4 3 
t::IDfft~ht..: e Y 5 7 b':.fEfiI..~h c ·~ 10 0 

[ 0035] 
£t..:!1llZllJ7-L4 1 t:.!.i7-L7.7°1J /:7··5 90T!iffit>:Jj;m!i~h, 7-L.7.7°1) /:7 .. 5 

9 0J::.)!lfiU~1.li::zls:f*(;:J};ffi~tL "C v 'o, J.:-:i c, 7-L.7.7°') ./f 5 9 W~l'.illJ7-L 4 1 
z.~t:.J::.1fF,5r ~,,1J.R0 0 + L c, 7-L7.7°IJ ::.rfT!iffit>, .~IB:llJ7-L4 1 0@J11Jt:.ffi.. \ 
, @JllJ!ft~6 3 Z.~i_611*t::U51~1$kf~h. !mi_ c L£ '3 UH'ltf o 

[0036] 
( 11111') 
i:Rll (D) (;:jj;-9J.:'3t::, ~IB:t!JvJ\-22Z. ljfl::_{.lrl.liJ J:'J ljfTflrl.liJ 0:1ffi'll(;:@J 

llJL"CTWoC., mllJ7-L4 UJ:C:.O)@]jfi(:J};llJLc@JlfJL_ -ffi:tL5 5i)'>t"/5 7Z., 
J::.Tnfi'llt;:tlf!L, J.:~,,(, *WJit7.71?'··43z-T:1ft::tlflLT~fo (ml4 (E)' ml5 ( 
B) ) 0 ~11, I./;Jf7.71?'"47 b*A'l:JL::Z..717··4 3t:.OO'!E~tc(V\of¥il:J'Cv-Jv5 
u:.J.: IJ' ~jfljjf71 fll"llt~H::T}Jl::tlflL Tff t:.ho 0 ~jfljif 7. 71 :7"4 3' &UI. /jf 
A 71 :Y4 7 h'T1f(;:flf!L Tff Gho . .:. c (;:J.: 'J' +t·Vftl0)7. 71 :J"(;:J~ 'J111t"C Ibo 
~:tf1Jlf9&UI7itl Ui, 11"11.Jt!JL"C, ;\17lv50:iLt:.ll"IJWH:.~~J~:hoo .it..:, ~13 

llJJ....1\-2 2 Z.5C0 lifl::_f.lr@'.J t::lR;-92:. c t:.J.: IJ, C:.tLG0jf~;q 7;r, 5t>Gtk< ~ 
ct>:::·~;; 0 

[ 0037] 
£t..:, 7-L.7.7° 1) /:7··5 901JJJ~ t:.J.: IJ, .~131fJvJ\-2 2&U'.~IZllJ7-L4 1 t'*-'¥ 

f.lr@'.Z.~(;:J::.1f(;:;fj6:t~, -9~bt:), 7-L.::Z7°lJ /:7··5 9b'mlt:·jj;--t:fil:rui!JAJ: VJh: 
mui:.£>0tg,iiii, mt!l7-L4 1 ~J::.110 rjt <J::.> f.lrl.liJ &:., ~t!J--toJ.: :it::ftllJ-96 
0 ~t=!1i1ZllJvr\- 2 2&U.!1llZllJ7-L4 1 h'7J<-'Ff.lr1.li~~t=T1Jt:.ibo:l:!;ir' T~bt?' 
7-LX/l) /:7 .. 5 9f.i->:fil:rnVl!irAJ: IJ:f:Ji!!IJ(;:(b.t,tg,irU, !1ilZ:t!J7-L4 1 ~T1J0 I it ( 
T ) (.lr@'. J t::f$11J-9 o J.: '3 t:: 1tt!J-9 o o 

[ 0038] 
..:. :ht:. J.: 'J .~l'.111J v; \- 2 2 0t!J ~ ~=~1i&Z. Y>t..: .Z o ..:. c ·tF·r:· ~ , :o.i: t..:, 1\1 7 Jv 5 i:.~ 

:WIJ~ht'2:~1Jjf9 tL ..:.<7)!-L7.7°1J /:7··5 90fj:::J+H:.J.: IJ]jjlE~1J-r-1\17Jv50JK 
$~:.tlf!L~itt.:>:ho o 

[ 0039] 
< c JfXJl*1$ r- v 1 3 9 0ft!'!ii'I- ; 
ml 2 , ml 3 t:.jj;-9 J.: '3 i::, ; \1 7 !Ir 5 0A-:it..:J,glll£t:f112; 0 :J >r7 3 7 ~ , Wl*J-9 .f> 

w~n$ r- v 1 3 g i±, :rJTJE:J'Ij &fl;!'!if-'f- ~-it 0 0 ..:. O)ftUl:jfjJJiJ.ifr!!J+J--t 0 j \1 7 A· 5 0'.E :i: i= 
liJ.:of.i>~a1t:.10~25°, tff£L<U15~20° '"C'iboo C:.h(::J.:f), ~WJit9h'~~J~ 
t1t..: C. ~ ~:.M:lt:h"', fl;!'!~ >t..:J\17 JV!fiCTJ!K$0(.ff;ttffi$(;:fil1Ji L, J\1/lv5 $0*A'JO")!;f 
cA...c·~11LFH-90 2:. cb>''"('·~ o o 

[0040] 
( ( 00'5~:fnf~:fl!J&U5 I ttff!:fl!J) ) 
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ISl7, IS!st::t-n-\"Z", ~WJtt9&trI. r:Jti 10+tl..:ClH=~1tb.hoii'~fll~m& 
U'l:Jl:±:~m~~JiBJJ-900 IS!tL (Jilt L"t", ~1trJtt9 'b0~~T, 

#9, 1 U;L jfD,:;:7vJ\-6 7t::J:-:i--CimMTolt;f;Jv:7"6 9(;:J:-:>"t"JDUJ11ftb 
il.oo ..:.0it;t;1v:7"6 9iJ'ff9, 11t=~~f,;:t~J§!l!-9oi'm-7i\.U:77>7°7 1 tll'¥tf.h, ..:. 
0~JJl!Ul'3l'l&'t"l:L ..:. 0 :7 7 './ 7 7 Ui/ 7 .::z.. + '>' :7~ii>J+I1,,1 (,.ho o 

-t;;£bi?, tt9, 1 Ui, + J_-f 1 1 iJ'tim2il.oiit9, 1 1O)J\f1 3 c')i'm-7:J"~# 

•m3*:7:775~~2il.o • ..:.0#.H3*:7:775iJ~;j-:;~~690:77Y7710 
*UL 7 7 i::i!!!2.ho 0 -9;;£.;bi?, :7 7 /7°7 1UU':f'~x-eft:t!O)Jf\7 9 ~fl L, U':f'O)£ 
Mitt, Jf\.7 9fl!!J:iJ{~1f)(Ltc::*1HL 7 7t::~-:>"t"~•o. 

[0041] 

C.:.0*1iftl 7 7 01*Jg1H::U~b'IDJVt~tL ~FP11®Tir'fi~flT oflJ!J±lf!ffi8 1 o::i-MiiJ>~:±:-9 o 
0 ~F-P31®TOOU, {§JJ;Ui:tvf~ (AT /k::Z..tf) 0-MiiJ>ooJ['ii'. IJ ~.h"Z"i~bico 0 flJ!J±lf!!ll8 1 
!itto 'Y :7 vJ\- 6 7 t::Ll'!JJi:'.~ho. tto ,,, :7 vJ\-6 7 0@111Jt;:J: IJ, flJ!J±lf!!llS 1 b{lf!ffi 

MI rJ t::@IIJJ-9 o t, ::Jl:p:jft~OOo::iOOJf:X. IJ ~:il. -n ·~~ •OOb"'~:±l-9 o..:. t --c·, ..:. o::ioob"'iitfiH 
3*:7:775~flJ!J±Lo~:7~~~.ho. 

[0042] 

£t;f;Jv:7"6 9~i, t~ftC'J$tt-c·, !J!lftJl®TOO~flL, xtM5-9o!J!lftJl®T000ftfiAJ'\8 3 ~fl 
-t 0tt;t;JJ.;:7""(-Y- s s 1.::l:Jf 2' :±: L1!Jn~i=ftfiA.2no. iit;t;;i,.,7··"(-Y- s s o::i1w1oot=t:tf1l 
li:?R:bb 7· 7 >::.; f 8 7 t , Ml VJ ll:li:> t." > 8 8 t iJ{~~ tt Gil., C.:. fl. b OJ:$t!tiffiiJ>ff;t;Jv:7·· 6 9 
OJf!!IJOO (;: IDJVt ~ .h tc:: ISi~ L ~ ~ •filID:Rli:> 1\ (;: ~i't L , 1:;r :±lf &t::m ~ :tl.td1lli: ''-filli:?:Rli:> T 
0. 
[ 0043] 

£t;t;1v:7" 6 9 O"Jf&ttn\H;L e >"*ai't s 9 t= J:-:> "Z", 7.f<-f:;_,.f 7 ~ 9 1 t::f:ai't~:ico • ..:. 0 
7.f<J:JL:;_,.f 7 ~ 9 1 a, tt;t;1v7"1f:X.117-L. 9 3 0-Mit::l!'!!Ji:'.2il.0 0 -t~bi?, tt;t;1v:P" 
IrZ117-L. 9 3tL 7f<-f(,;::JUJVt~il.o 30':f'ID~iC~flL, ..:.O"J30':f'0$:W:~t::, 7f<J:JL:;_,. 
f7~911J'Ll'!IJi:'.~tt0. c.:.nt=J: IJ. 30J':f'o::i--1::ro::iill.$!i, tlft0:lt;t;;v:7"6 90--1:: 
rt::f1lli:-t 0. 

[ 0044] 

£t;t;1vY1f:X.1t7-L. 9 3030':f'OJ--1::ill.$9 5 t::!i, flJ!J±Y-7° 1J /:7"9 7 b'~ltbil., 
flJ!EEY- 7· 1J >:7" 9 1o::irttffib'jt;t;Jv:7"6 9 o::i7t~0")--1::Tiif~, r1Jr"liJt::iJ!l!·til'r"Jt=flJ!EE-t 0 0 

C.:. il.t::J: VJ, jf)t(;:__l::rtiJ2' (;::Jii¥b>{jj]Ptc:: t 2' (;:, :Jii¥~~;f0-9 o..:. t iJ>-c·2' 0. -f L "t" 
, 30':f'0Till$99t::(i, --1::r"liJ2'o::i~~.:t-V'l 0 lb'~ttbh'""C, ~~.:t-::...::10107t 
tiffii;>:Jt;t;11,f 6 9 0:$t!1ifil0TOO~ --1::1Jt;:f1J! L--1::0" ~.:t-::...:: 1 o 1 i::J:-:> "t"..:. o::iflJ! L--1::11' 
:i: ~ it~~-9 0 c: t -c·, flJl J±Y-7° lJ / :7' 9 7 o::iflJ! J±::h iJ>Jte ~ h 0 ¢ 

[ 0045] 

< 51:±:~mo::ilbtF) 

£t9, 1 1 ~ Jf:x. VJ11tt .blR'Hi, tt;t;1v:P" 6 9 ~¥ri?cf-wrt::5r < t, #;t;Af 6 9 ihl<J:JL 
1JrtiJt::Y-71 V:fJ:IJJL, 512':±l~il.oo it;t;1v:7"6 90-1::':1 Hl£li:&U'#Y:~ffilft'Lli:tL 
{llli:i:R/ib 7 7 /::...:: f 8 7 t:: J: ".) f:\j~tj ~ tl. 0 0 

[0046] 

.:c L '""C, tt;t;1v:P·· 6 9 ~cf-lfrf~=i:11 :e :±: Ltc::~x~'t'·, ~ff1JM 9X!J:I.1tt 1 1 ~tttJ' .__ 
iJ>111.-1tc:: £. £.JL"{ IJ ft~t 0 0 c.:. o::iJx117J'~.h-:i td.£, ~ G ?::ti, .il\tM&tt11e 0;\171vJ,_ VJ 

03 >"'T-T3 70"J.ll~$flh'#~;b-:itc::f&i=. lffJJ\-~7~L M;t;1v:P"6 9 ~flJ!L "Z"Jti::m-t 

[0047] 

=o::ic1: -J t::, MtJr\-~7~-t= t ~< ~WJ£t9 x1:t.:r.1iti 1~n1J111t 0 = t iJ>--c-2' 
00-c·, 'R~ <MWIJLliJJJ!:) · :pf;j1:_ (cf-o::it~MliJJJ!:) t::f~fl."'(t,..160 

T~ bi?' jf ;t; Jvf 6 9 ~ ' ~lltt~-¥ t::' .:t- 'Y ~ 1 O)~i;:·htc:: cf lfrf 1IDJA..fi!T)Elffi~i5 I e :±: T 
= t :b{-c·2' 00--c·, +7i\.~1'F*.::z""-Y-f.i'.'.bo:%?'1f-c·c.:.n0o::iit 9, 1 1 crJ-c '1 ~ ~~~ 

t:::fi' -J ..:. t /J{-c·fE. , £. tc::, -c ,,, r r&t::ISI~ L ~ 1.- 1£t tJ; \- ~?7~ L "'?-t1.- 10 
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f&t::, 51 ~ t±:l-9..:. c ff;\:·~ ~i,, • i:: ~ti:, M7t:c J\17H/ 5 ~, c:· c 0Fs'it::+~+~.::ZFZ- .7.. 
i}"f;;: I,, VJ)(:'' -t ·:; Hit::t:J:121)f; L~ \; 1jf n) \- ~7~-9..:. c h~c·~ i"'\ L t.:i.JL:;i l i"Y)jf n 
;\-~7~ Lt.:~7C!l.Ec· 2 *0M 9, 1 1 ~ )["{ 1J ftlt o fi=*~fi.b~ftic~f~ 0 i", ~~-:i c-¥ 
t::iit9, l li.J>JfirJ~~.d.:fL M9, 1 U::-¥b'Mht.:IJLc~i1:.J::.0Fa'i~i.J>ib-:it.:o .:.0 
~fii!llf0~i:: JJUf, ..:. ht:, CTJ Fa'i:lm ~ 11~i'k: c· ~ o o 

[ 0048] 

c ~1Tm:m0ifi110) 
!filifi7-.b. 4 1t::U7-.b..7..7° 1J /7" 5 9 b'IDUJ ftfthh -ri,, •-~d.:Y), *1frJM9 t~J\1 

71i 5 ~roH::ti~!I! L -r ti IT¥a·~~cJt f.lfb' b•b• 0 ~ \; • J: :i t::~ ~, -r i... 10 b'. -f :hJ).71-t:: i , 
..:. CTJf!Jl J±;;z 7° iJ / f 9 7 (,;: J: fJ IT~wifab'~ ~ho o 

[ 0049] 

-9"1;;:.bi?, M;t1v5' 6 9 tL it;t1v.7"J:Rft7-L 9 3 CTJf!JIJ±;;z 7° 1J /7'9 7 (,;:J: fJ T1f 
r11H::f!JIJ±~tL -r i... •o 0 .:c- L -r, it 9, 1 1 n>r\171v5 i*H=~wU~tL. r\1 71v 5 0IB;$ 
t::fi L c v •o fJ>, ~ t;, t::T1f t::::hb"1Ja.b-:i t._::t_,;.@!, Ji\;$A..CTJ~~i...1t¥Mt1>:tQ ~ , M7t:t::J::.rnl 
~CTJIT!ib'1'1h<..:. t.tJ'ib.t>h•, WJ±X71J /:7"9 7 t::J: IJ121$CTJ.7.. r.o-:7 s LCTJ7i'"tc:·~t 
:fHIJ L, -fCTJoo!i~~f0-9 o..:. c t;'»·r:·~ o o 

[ 0050] 

( 7 7 // 7 1 CTJ:tf 111) 
*jfrJM 9 !:> J: V'I 7M$CTJJ\ f 7 3 t::fiM L c!IDJE'.-9 o 7 7 /7° 7 U:J:, M 9, 1 1 CTJ 

; \ 7"73CTJ$7i'-b'f¥M-9 o $7i'-tUfifY)·f11tb'+7i'-t::"f;;: o J: '3 t::7'7 .7.. + ·:; 7 ~'!Wio"liX!:J:7 Jv 
2~'!Wi&btJ'.llti 0111tt::>tLo 0 li '7 c. i>, :7 7 /7°7 10*rm0h~7'7 ;;z+ ·:17c·~m:-t 
o 1f$c·ti J: \. >o 

[ 0051] 

-9"1;;:.bi?, *1frJJ'fH::'/Mi:>J:::ti::r.7M$0J\7"7 3~IID'iETo:75/7'7 U:J:H9, 1 
1 t>tiMT o$5:NjJfifY)f11tb'+5H::~ 0 J: j (::.::z T /v.7..;ft' 7Jv 2:tfb'J'l'n •Gtlo 0 

£ t.:, .:.ht=>0).7.. ::;- /'V .7..;ft, 7 Jv 2 :ttt::7°5 .7.. + ·:; 71'4'!Wi&'oh'!lli IJ fttt 0 hob•, :7 5 
Y7'7 1~7'7.7..+·:1:7c·:f8Zf!:-to}J$ti'ffl\;•0tt00 ~ffl~ho 7°7.7..+ ·:17 t L -rtt 
;T-" 1)7-1::5'-Jk T1D/, ABS~CTJI./S-::.::.70/:7°7'5.7..1-·:;-7, r.Jrfi.·:::J.b., BR,SBR, 

NBR, ~l) =1-/~CTJ::::f.b.~t::>J:::V~;:f;0 0:;tv·7 1 /*, ;1;01).7..1-v/*, i_it::'*, ;j-."l)X. 

.7.. 7-Jv*, ;T-" 1) 7 2 Y*, ;:f;0 0 ry v 5' /*~.:7J~fi:rf~fl:I. 7.7.. J-. 7-:Q>ffl~> .Sito o $(:' 
l,;t." 1) 7-t7'-Jvb'lt.'3tl¥JL-:i:ip 0 c :7 5 /7"c·~ of.:(l)ffftf. L ~'o 
[0052] 

< < y 1J >S:ffl)!g~* 3) ) 
1219 , [:RI 1 0 t::t:; \. > c, ~ 1) / ~)· 7 ~ .QJfflT o ~ 1) / ;....~ffi)!gl®:n 3 ~~!tBJl-9 o 0 

( /lj /S-::7) 
1219 t::)f;-t J: :i t::. ..:. 0~1i~Jt.~-r:·~m ~ :ti.o > 0 Y ~./ 7 u . 1 @l 0~m cflft::@lll£ ~ t1. 

;.s::r: 1 _::z;:t;0 -f7°JvylJ /9 7 c·, -f:h!31*tJ'ibo:ffi1.J'.lL ~1*.J]!;~)!gl®:-9 o~:tf~:ff-9 

o" -9~.bi?, ~ 1J y~· 7 ti:, wHk1R~11r1.12S.*1frJ~ 11&5 I L~Y)o $7-i'- l o 5 b'. 5' Yf.7.. 
7-/~0J:m:ttz:ff-90YlJ >S::>-1vF 1o7~fiiili .. oo ~ 1J YS::>-JvY 1o70)$ 
:W:t::!:J:i'ciif 7 .7.. 1 O 9 ;'.J>~lt GtL11it~1RMttl2S.*1frJt;>l!l~'f:·~ o o 1&1ft::!J:, 7°5 /S::-y 
87~1.il!J:t, l'itr}J(;:(:J:, =1f~5ttl l li.J1ti'®i:~h-C1t100 =)J~5ttl 1 U:i+:i-7"1 
7 t::Jj;.ifi~:h*1f!J~t g t::ti®C~:ho, 
[ 0053] 

<~'.&'.n) 

1211 o t::)f;-t J: :i i::, ~ 0 > ;....~ 1 ~ .QJ*l*i-t o ~ 1J / s::m)!g~* 31:1, mr:n t::i:t ;...., 0 / s:: 
70=)J~5tt111~till.ALc11'3~'fi:f7e0WJ1f>-1vY11 3;0>~~:ttt;,:hoo 7'7.7..+ 
-:; :7~0=]J~5tt 1 1 l l*J.;7)iliti~~t1r1.12S.*1frJt;:J: o:fBzl!i~Jl!!flt o..:. c ii>c-~ o 0 l'itr1f > 
-Jv F 1 1 3 CTJfi1fGi~ l) /S-::7 CT)~I) /S::~-Jv F 1 0 7 t::t¥-t 0 c ~ 1) /y/-Jv F 
1 o 7 CTJf*:}Jt::tL 7°5 /S::-y 8 7 ~ J::. Tft::tlb•G ~~'Jilfl'l~?::m '3 7°5 /~'-y >-A" r J::. 
oo, TOO, term, :tlOO 1 1 5 A, 1 1 5 B , 1 1 5 C , 1 1 5 D h't~-9 .b o 7' 5 / S:: -v- > 
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-Jv y O)f£jJO)~Ot::':~L 7°7 /S:"\'" y-Jv H£00 1 1 7 ;Q>f~Ht~tl.0 0 7°7 /::..-~"I" y
Jv H!OO 1 1 7 O)fl}J2' t::J:. IJ, Y 1J /S: 7 0)7 7 Y :;:$:BJ:.tf7"7 /S:"C-A... ·y Y$ l 2 
1 x,..; O)ti~t-Utt:: J:. 0rltl!iz ~it 0 = t ti>--ee. 0 0 

[0054] 

7°7/S:"CY-lvH!ool l 70)$~t::tL 7°7/S:"\'"87z~.ft-907°7/S:"i>Y-V-
7 ~ 1 2 3 ;Q>l§:Ji-9 0 0 

-9".£ht?, 77 /:;:-y 8 7 O)fitffniHi, 7°7 YS:-y Y"r' 7 ~ 1 2 3 O))'[;j/ffi(;:~!·t C:.i1.f~7 
7/S:-y;T-;1v?1·-1 2 5t::J:. ''.J1liH~~h0o 7°7/:;:"i'Y-V-7 l, 1230)$~t::tL Y-V-

7~D-1:7127:Q>~~ft0h--C, 7°7/V."l'"Y-lvH&001l7t::xt-90f.ll~iRY:>t>~~ 

i1., t!~t=ii, 7°7YS:"C./7"129h'~~lt0.h.0o =0)7"7/S:"i'./7"129z•m\-z 
~51zfi-J 0 

[0055] 

::..h.t,O)y-1v Y zIDftX.-9 .o~lll.t:t-fO):t:fffttY' Y'7·::z 7- /:tI'~± L ~ •:tJ', Y' Y'7·::z 7- Y 
ii"-&, £'rL £'ri;:f7 ::z 1 o 9, :9 /:9 ;v_ t.:';;:z '< :;z'lfiJ>ffl~ • 0i1.0 c =.h.t,~;L 1=J'!!!.1tt~Hi 

O)f*:lt!l!:b J.:IF~'A~ft.t::J:. 0 m'it. fij~fJ'J!G.h.0 t~Y:>, ~mi=~ L' AT /v ::z' 7°7 
::z + "' 7, ~ L, ~r-L Y:l-> 2- 'lft:: J.: 0 :fetfl-9 0 = t ti~¥± L 1 • .-10 

[ 0056] 

( <ilil:H!t+:.i.-7"1 7) ) 
Htix:fi)(!lltti:~~*IJO)VfJmtL ~~$t::wc.~~nt~y 1J y:;:m~iiifn30)y-Jv H*rt'· 

, ylJ /S:7:$'CUffi0)=1fi5tt11 u::~Ji~nt~I.7::Zf/y3/1-:.i.-f1 7zJl-:;-z 
jt;t1t..·:Y 6 9 t::[QJ)E~.h.t~~1f1Jit9 O)J\ 7°7 3 t::f*m~i1.0 o 

[ 0057] 

y 1J /S-::7 )'[;f!fffiO)=mtitt 1 1 1 O)fiJ!1Jli, IZ!7F L~~ l1::.f1!1tmi~mf 1 ::z;r.0 --lff1v 
y 1J / s: 1 z J[:t f'.J 11~t 0 = t tJ't.." e. . ilil:Ji!!O);.)ti1i-:b J:. uBitO*O)i~:it±Jl!J::m v • 0 = t t;>··e e. 
0 " ~ 0 t::, =1J~i5ti: 1 1 1 0) b -3 -jJ 0) ./ .:(Jv!i, )JljO)I. :7 ::Z T / Y :::1 / + :.i. - f 1 7 
zt*~-9 0 = t :Q->-ee., ~1frJm y u /V'r"JO)~:l'f!Jz fl:!Y'-i±..A -9 0 = t ti>·c~ 0" 
[ 0058] 

I/' ::z 7- /y :::1 /1- :.i. -f 1 7 O):t:fff t L -Z 0);1'" IJ ijj\_-ft.t.:«::.1v!J!! ( P V c ) ti, .f:O)~ 
.h.t~!t1JJ'f1:t;:J:. 1'.J ( *H::, ijij~;t:/7~0)~nt O)fJFffl'lft::J:. 0+ :.i. - 7" 1 7 t::::kg. ~Jtf.lf 
iJ>t•iJ'>0 tiJii-t::;b ~ \'"( 'j:' + :L -f 1 7 O)?l:ttt::J:. 0 M~-'?5h ~ IJ t:: J:: 0 Ii!Zlt~ t ~I-:; tc: 
/f ~ ii-z1::. u:: < < , IA~ •-z tJ:,=ht,crJ/f ~ ii-O)ms:WA:. t6tjt~...Cc1Jra"Jlrn~~.IfI1'lfCTJ?TI;~9'!: 
tH{{.l:f; ~ ·~~m~ t L -Z ) , 00r"J:7H:::b ~ • -Z ~~O):t:!JiZ'Jl; < f'!!ffl ~ :tt 'l ~ '0 t~Y:>, Rf± L 
~ )o 

[ 0059] 

~j]' p v c ti' .f:0)~~1f1:l.."ib ,Q{;f;/Lt,:*ll!X1r!z f*:J?fT 0 tc:Y:>t::' tlW$t::nJ~.!UFJ:Q>i;f\ 

1Ja~n--Ct-ir), =O)nJ~1frJt L-ZDEHP: 7:91i...ns:-2-I+1J..."'-3f-Y1v:b', ~<m~\ 
0i1.:Z ~ •.b ti>, t~~ 0i'.1¥~$t::~WlliT o = t iJ>9;cJ G.h. -Z ~ •0 0 .f:O)f~Y:>, Jtf~1ftJ c L -Z 
~1Jy(lJ."/Hl~1'l):;( (2-I1-JvA...3fyJv): TOTl\L 7S:t"/MS:;t7+n/: DO 

Azffl~1t~'bO):Q>, Rt± U•o it~, P vcu:g.f*m$cO)f*~h'1:fi1. --Cv•0t..::Y:>, :flt± 
L~ •0 
[ 0060] 

P v c i.:J3~0)+ :.i. - 7"ffltlW t L 'l tL ;t: IJ 7 .. Y S:I /, tXW;t: 1J I+ v /, ;f\" IJ r'J v 
:9/, yiJ::i-y~~JL, ~nr~tt.I.77.. l,<-'lft>mv1t,fl0" 

< (~@fm~a2 9) ) 
~~tJ:~fiI[iJi~Jt1.t:t:f(;:J:. I) fib.fl., j!j!iJ>;b r) ~£t;::fyjfil_'·~ 'd:'~ >f~/st), :fyjj}Jtffl'~~3f 

"I" ::zY'-11-g. O)~a 1 3 3 t=~< :b•, ~@fl31*t::3f-y ::zY-z :i& 011it, ~~Mimt=~~ 
L, llJtr"J~:::btt 0 :f%jfi l~-9~ >J:: -3 t::-9 o::. t ii Jtf§~-r·ib0 o 

[0061] 
( ( .'f'-jfijfifl=) ) 
= O)~~tU1-Y 0) J:: -3 t::tifl= L -Z f'!!ffl-9 0 o 
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l)l\-1/Jv5 tj:IO)~lj~IJ!k'71-96t::.?h<TJ7'".1 ;:z;t:-'1}'".fH/s.-1) ./S::7 tL *~$(;:-{;¢; 
a':lt=~lt i?:ht::.y 1J /S::JfBJlI~ 3 i*Jt;:JN*F1-9 6 o 

2) ~~3f ~ t":f, ,,, r- 1 0.:::z 71 ~ ~m 3 1 ~ffM>-1±-C, WJOO$~*lfrit=51 ~ tti-9 o 

3) ll:f!!IJOO<TJ!miTJ,~ 2 1 ~lmlt 6 o 

4) ~~3f ~ c:· .:t, .,, r- i i*I:m-c·, i ::7 .:::z.:r- / y ::r /-T ;L - 7·· i 1 c:~Jt!JM 9 ~ JfY. IJ 1t1t 0 0 

5) f-<TJ*il'JM9 ~~IJMJl'h1'Jv7"-t;:JfY. rJ1tt·t, iftJJ\-~ttf-9 .. 
6)I/§ltl 1 ~;J\Jv5''-t:Jf3t'Jft?t, ~tt;J\-~UfT .. 
7) ::/ 1.) / s-~ ffl~~ 3 ~ !mlt' r:p t:.J>) 6 I ::7 ;:z T / y 3 /-T ;L - f 1 7 <TJft!!liiffi ~ ' T. 1 
.:::z ;t'--!f 7·'Jv y 0 Y s:: 7 crJ = m5ti: i i i t::inunH t 0 .. 
8) s- 1) ./S::ffl~~~3 ~iTJt6 0 

9)~~t1~1fT 6 =i /'T-J-3 7 t:JN?h0:h::tiZM't1*1f'JXU!fili1:1'b<TJA -:d.:1\1/Jv5 ~, 

~~t.111~ <TJiN*i*1$ r- v1 3 9 t=t .,, r--t 6 0 

10) =i /'T-T 3 7 <TJ7Y' ~lmlt 6 .. 
11) ~~3f ~ t:»t- '/' r- 1 <7).:::Z 71 Ff'fl,ttfij 3 1 ~fJ»fpit'"(' FJU00$~flf! L '"(' Jtt=~-t 0 

12) ~~3f C\""c· i, ·:; r- 1 <TJ:tlf.!!1100t:.11 ~ 1 t.:.~l'iiJJ v J \- 2 2 ~ r ~t ( J:::J f.ll®' J fp CJ r M ( 
T) fil:i!iJ <TJ)JrtlJt;:T!·f, **1Jit9 :OJ:!FI !M 1 1 ~J\1/Jf...,5 t=~wlJ-9 6 o 

13) Y iJ /S::J+l~~*C'J7°7/S::~/f1 2 9 ~5IV1'"(, J\1/Jv5 i*JC'J~IJ~IJ!k'719 

6 .. 
14):tlf!!IJOOt=11~ 1t-::.~~i1Jv1\-2 2 ~Jtt=~-t 0 

( El i1Ji1J1'F ) 
12) :bJ:t.f'l4) ~1:/-;:ff::C-:Y'-, '.:I./ 1'- D-7-112' O),~.::L2 ·:; 1'- ~J+I~ >'"'( EJ~}J'"'("fift 

~11''3 ~ c fJ>-c·e. 6 .. :C:hJ,17HJ:*i11i111tc fQJ~-c·J>).Q .. 
[ 0062] 

( ( ~J]ifi:tf:5!rn<TJ~}J~) ) 

W.J:::.<TJ~J1ifi:%1rnt:.J::h1L ~3f ·v c:·,t, ·:; 1'- 1 t S.- 1) /S::J+I~~~ 3 c ~ Jm:~§!Jt 6 C'J 
c·, 1:::t=01\111v5 iJ'i?~Jtll~*tt<TJ y u ./ > 7 ,,7J .... ~t-CIJ!kJN-9 6~c·J>)-:> -c ib, y 1J 
/ > 7 ~ :x:.~'9 6 ~t: Y 1) / S.:)tf ~n 3 <TJh ~ lmiTJ-9::f1tf J:: < , ~~~ ~ c:·.:t- ·:; r- 1 U 
lm~t 6 ,Q:-~iJ"~~ ,0 J:-:> -c, :C<TJ7T, fltl!i<TJ'i!f!J~·~:b"ID'T 6 .. 
[0063] 

~ G t=, 1 "i· ~ fFm x_ t-::~:to~m01111 ~ c·, &tJIG:b'; \1 ; 1v 5 0) m;:m t= ~ t-:: -:> -c ib If 7 .:::z 
~~m{~T ,Q~~iJ'>~~ lo ~ <TJt::.ih, &tJIGfJ'>J\17 IV' 5 <TJ)B;$~{ t) ~· 0 t=t¥ L '"( fil@fc':2> 
, l\1/1v51*JO)**'l~J!~f1Jfk'71c"~0 .. 
~Gt:, *.illJM9&U'I7itl l<TJJ\f73<TJ$7J"~lfXIJ11~t6ibt1f....7"6 91J>, ~lii3f 

f c:·i- ,,, r- 1 ;J)i;JiJ»td-::fJllJl"-...PJf5Elf~'71 :2> tti-9 c:. t iJ»·r·~ 6 0-·c .. , ~:ht:.<TJM 9, 1 1 ~ 
IfXtJ11tt6t·:'f 1'-iJ".'&'.~c·J>) IJ, .it::., t·:; H:~H=&t:fJ1\-~:t'~L-?"9t.10 J:-:>'"'C, :!'~~ 

i~-::>ttt;:< \.> .. 

[0064] 

~Gt;:, it;t1v7"6 9<TJ'3 i?<TJNH¥i:}t9, 1 1<TJJ\f73<TJ$7J .... t=t¥M'967 7 /7°7 

1 iJ>, ~'"(Ji) 6 1 .. »U:J'i{00a':Jt:7°7 ,7...-T ':'! ::7~.XU/ JV~~c·Ji),Q ~ c fpf:,, ~'"( fihC'>:&:.!it 
~c·J>) ;.stwt=J:tK.., M9, 1 i ~ifriB011it 0+7J .... ~fi'iHf::fJ1JiflFJ:h6" J:-:> -c*i'fHf::fJ ~ 
:i 0t-::lht=::77/7"$7J .... , tJ-\.l-Cl:t;t;v:>"'-:mm:@~f£,~t=-t6&·~iJ'~<, m~a%:* 
@f~ =i / r\;7 H:·e~ 6 o 

[ 0065] 

~Gt;:, ~.Jllj}t 9&tlI/it1 1 ~[Q]JJJL '"( M~~-tt6M~~m 1 5 Cl)tfij)g:f.;>fmllfl;(:c· 
~, ~~a9t=*ili~=1/J\;7 H=c·~0" 

~ 0 t=, JN~im i' v1 3 9 ~ft!'bt.'1-~-tt 6 ~ t -z::-, l\1/1v 5 ~ftUt-c JN1Wic'2=, ~Jflff 
ft][\.1t-::m;:m0~11it=~lh6 ~ t iJ>c·~, 7!~f1Jfk51c·~ 0 0 

~ G t=, ~lii3f f c:· .:t- ·;r r- 1 iJ> 1JrJfi:1J ~ t:.:::z 71 ~ -arn~~ ,;z 71 Y Mm 3 1 ~:ff L , ~ 
0_7... 71 r-arn~~WI00$7J" 2 s t 'WOO:m7J .... 2 70-11t=1H11(... 5 :b'JN*F1~ h, 1t!!1ft=M 
~~tfijl 5~1fT6~tc·, *1'F*!R¥(;:J\1/Jf....5cM~~tfijl 5~~L ~tU;:J::-:>( 
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fF:~:::z-"Z-;z ~fU:t·f 0 .= t tf'z:·~, ~@:f.l'::J > r\Y r---c·'bf~:b'JrJfi~t=~0 0 mW::1¥.H=~ 

@".~ J: IJ ::1 /r\Y J--(.;:z:·~ 6 o 

[ 0066] 

r fih0~M!!JB!i'J J 

i::tl::.0~1ii!i7B!i'JTtL ~~~-'\> t>t- ·:; t- 107'Hmf.i:»"?"Ffbt;:J: t), :tLtt 1 3 t;:fiJJiJ>r:i 
zttg. i i 0:1Jr1Dt=if:h z ¥f'-lf;1:~1t0¥!'-1r;1:~110 5 ~.~m-t 0 i>0·-c'J0"'> t::.t;>, f&0~ 

1ii!i:1r;:@c:: .. 1:L ¥f'-lf;1:mtm i 5 ~~m't"0-it-if:'.f:-?7-~c·~~~Ht, E=Ifbft-t 0 .=ti>~~ 
t;:fii_ 6 0 

[0067] 

i.:L_l::.0~1ii!i7B~TU. ~~~'f t::';t, ·1 t- 10ftfIDJOOt::mM.$ 2 1~:ff'"?6 'b0z:·'J0-> t::. 
t;>, f!!10~M!!JB!i'JTtL ::bi!l~fiifi;::ff-t 6b0--c·ti~1, 1 L ft::ti@JJfiif0jjijj:1Jt::mM.$ 2 1 ~ 
:ff-96 ti0z:·t,~1,10 

i.1J::.0~1i&JB~TtL .::z 71 f~t\IJ 3 H::J: "'> Z ~~tl.6 l'!i{OO~l\712 5t1f00Mi:H· 2 7 
0 :.Yi?. l'JiJ00$)J\. 2 5 (;:J \1/JJ...·5 f;>JJ:Rtl*r~t'c., 1i'00$7:t27t::WJ~C.#lf;1:f~\H1f1 5 ~:ffT 
6 'b0--c·S->tdJ', f!!10~1i&ID~Ttt . .: 0lmfiiHiJfT·ti ~1, 10 

[0068] 

l?J.J::.0~1i&ID~TU, .~!Rfb!-L 4 1 i:: J: "Jlll!JN;:f!J!~;h. Z ¥f'-lf;1:'"9 6 0~.i~IJit ;z 71 
:7" 4 3 'l"S t) , 1*mt--1v 5 1 ~fl L z Fs'it*l'rkJt::x 7£+.::z 71 :7 .. 4 7 iJ>f!Jl~ n 'l ¥f'-lf;1:T 6 
i>0T''ibr:it::.iJ>, fih0~1ii!i.lfJ~TtL .= 0lmf*liJf(;: L "C, m:t*t;:f!J!~tL "C ¥f'-lf;1:'"9 60!.i 
I 7 M /.. 71 :7" 4 7 'l' d0 I) , Fs'it*l'rkJ i;:f!J! ~ h "( ¥f'-lf;1:'"9 6 0:b;*jl=rjjf /.. 71 :7 .. 4 3 t T 6 .= 
tiJ''l"~ 6 c 

[ 0069] 

.t:J...J::.0~M!!ID!i'JTU. ='70£t9, i i 0~1ii}fbf'f::~ll't1Jj~1t6t~mv-Jv5 i a, ~ 
Mft;t..71Y43~~~~h.x/ft;t..71Y47~ff1f'"96'b0~'ib"'>~~-fll10~ 

1i&7B!i'JTtL t~mv-Jv5 1 u. I/;t.. 71 :7"t=~~~n, **rJif;z 71 :7"4 3 ~tf1 r 
'"9 6 'b 0--c·;:t-> --c {;,~1, 10 

[ 0070] 

.t:JJ::.0~1i&ID!i'JTU. ~51~@".tL ~jfrJ&t9&lFI7ftl 1 ~:ff'"96b0T''ib->tdJ'. 
f&0~1if!!.Jfi~TU, ~1frJM 9 07?. t ·-t 6 .= t 'b Jl'Jfi~T·S 6 0 '"?~hi?, J \ 1 7 Jv 5 t=~if'l 
it 9 ~fEll}.j£:, ::F 1 ;t..;j-."y I} /::;'(;:J: IJ *'14 ~ 5 m 10I7~, IY /.. T /y 3 ::/-j- .1-

7" l 7~1rL"CJ\1/J)/5(;:fJtAT6c. J\171J...·51*Jt>1JaEEt~6t::.iD. I/&tl i~ 
~~;t;;;:-< z i>. E=J~t=J\17Jv5i:p0~~itiJ'--T·1 :::z;tfy'J >:::t=t.tJ.:~ lli~h6 0 

W.J::.0~1i&ID~TU. ~~~-'\> c·.:r- ·1 t- 1 07'~$t::JJrJt;:~~tt Gtl.t::. Y 1
) > :: . .::ffl~iHii 3 

t;:yl) /::;'7 ~JJ:R*l*IT6 b0T''ib->f::.fl'. {i!?.O)~nf!!.Jfi!i'JTUYl) /::;'Jij~~n3 ~~W9 
, Jg~~-'\>t::'_:t,.y J--101*J$(;:yl)/::;'~JJ:Rtf*r'°96.=cf.>'"f:'~{So .=0:f;!;-@r(;:(i, Jg~~ 
'f t::';t, ·:; }- 10:Y'H~lh'.J>t:>01J(;:J: 0. l*J$0yl) /::;'7 07°7 /::;''f 8 7 ~5[\.>(~51~ 
fi=j ~5111J1'f::f:!;ffij~~~'t 6 0 

[ [Rlllif 0fM~~~JtBJJ] 
[ 0071] 

[ [Rll] ~@:~#;0J'f-ft[R!T·. (A ) ti~OOl:m. ( B ) !:th:i!lUOOl:m, ( C ) !:tlEOOl:m, ( 
D ) U:::bf!llJOOl:m'l" ;6 6 o 

[[Rl2] ~@:0!i'l'1'5t-'m~Jf'XiJ'*'1,1zl*JMibf.'"9h:f!UOOl:mT·, (A) ti/..71 ~~;ffij(;:J: IJ 
WJOO~IHh9'51~ lli~il.t::.:tk~bf.Tl:RL ( B) Ii/.. 71r~mi=J: 1JWJoo$7:tb'l> c i=m 
~ il.t::.~:J(:ft~~jf,-J-[Rl'"(';b 6 0 

[[Rl3] !i~@".0~~Jf'XIJ'*'~''li*l$0Hif;1:~;ffij~jf,Tb0T·, (A) !:tlEOOl:RL ( B) 

!i:,tcf!IJJOOl:m' ( c ) u ( B ) (;::t:; ~) l R-F>i~mt= J: 1Htt>mlJ ~ht::. :J:J(!l'J ~ jf,'"?[RIT' s 6 

[ l:m4] !il:m 3 0~@:0~~ Jf'X rJ '*'~ •'l l*J$0~if;1:f:!t\IJ~jf,T'bO:JT', ( D ) !i::bi.!lUOOl:m 
, ( E ) U ( D) (;:;tJ~ 1( ¥f'-lf;1:~;ffiji;:J: rJitf.i>~)Flj~;/L.t::..:tk!i'J~jf,-9[RIT';b 6 o 

[ l:m5] ur:m 4 0~~(T)J~0~!Rfbv J\-t l*J$0¥!'-lf;1:~ffj t 0lmf*~jf,T~t~l:mT'' (A 
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[ i:Rl6] Ul:RI 5 0~$Z. Dt:k L--C 7T;-91Zi-C'ib 0 o 

[IZ!7] IZl3 (A) 0~1frJM_:gJfI 7M0.f-h-Fht;:~~itt?h0fii¥~~1-Jli&Ui71tf:\~ 

1-l\i0Dt:k!ZIZ-7T;Tb0l:.'", (A) lif!UOOIZI, ( B) Ul!~oomu-ooi;m, ( c) ~;;J:J:JLOOIZI, ( D 

) U (A) 0-MiZ-51 ~ tf:\ Lt~~j;JiJ.Z.7T;-91Zl-C'ib o o 

[i:R[8] Ui:Rl70 (D) 0~$Z.~Gt;:ll$L<7T;Tb0c', (E) ti-$~~oot;:LJ-:IZ! 

, ( F ) Ii ( E) 0f001Zi, ( G) tt ( E) 00 "'! Y Z.MM< Lt-:;JX~01Zl, ( H) !;;!: ( G 

) 0J:JLooi;m--c·ib0 0 

[l:Rf9] !il:RI l 0Y 1J /S/Ji'HJgit~(.;:JC(*Ff~ho y 1J /S/~7T;-9'b0l:·, (A) !i7J<J:JL~ 

ool:RI, ( B) li*llI~OOIZ!-C'ib 0, 
[IZ!lO] UIZI 1O)y 1J y::;'ffl~~i;:y 1J /::./'h~J!X*Fr~ht-::ft(~Z.7T;'9?J<Jf-~OOIZ!-C·ib6 

[ tJ=-ry.0~£8Jl] 
[ 0072] 

1 ·· ·:i!Rmt3f"Y t' :t- ·1 r-, 3 ···y IJ /Vffl:i!lf~~, 5 · ··l\1 /Jf...·, 7 ·· ·y lJ /V, 9 ···~ 
1flJ£L 1 1 ···I.7#, 1 3···::f..b.tio, 1 5···.Jf-ll¥~1-l\i, 1 7··-1-J..-f, 1 9···1::./V, 
2 l ···~HiJ#:, 2 2 · · .~IBl'Jv1\-, 2 3···~Hi1'J\-, 2 5···1¥J00$7L 2 7···~00$ 
5J'-, 29··-~~ffl~r§L 3l···X71F~1-l\i, 33···X71:7"-, 35···X71Flf1F 
, 3 7 ···:J /J-1-, 3 9 · · ·J!X*F!Mi l'- v1, 4 1 ···"IBl'J7-..b., 4 3 ···~1f1Jtt Y-. 71 :7", 4 
5···~1frJ£tx71 r1'-1k 4 7···I7£t:::z..717", 4 9···I7efiitx71 r:v-1v. 5 1 
···f*'®Ev-1v, 5 3···1.IBtiJY"Y7 r-, 5 5···~tL, 5 7···t°/, 5 9··-7-LX7°1J /7. 

, 6 1 · ··~~*~, 6 3 · ··@ll'Jl!!!lL 6 5 ···M, 6 7 ···Mo ·1Yr.-1\-, 6 9 ···£t;tuv:7", 
7 l···Y7/7°, 7 3···!\7··, 7 5···ttt¥®E=i:t-Y, 7 7···ittiffL 7 9···JJ\, 81···.j:ljlfE 
!f!ilL 83···fEIJJ..1\, 85···#'$JV:P"rz-x, 87···7°7/V-'\', 89···t°/t;!ii';-, 91··· 
7f<fY"Y7 r-, 9 3···tt;t-1v:7"Jfx117-L, 9 5···J::Jl1Mi, 9 7···.j:ljlfE:z7,1J Y~f, 9 9 
· · T:Jll.glL 1 o 1 ·· -~ffl!~;t,s;, 1 o 5 ···$7:1'", 1 o 7 · · · :> lJ /S-~ s--1v r, 1 o 9 · · ·ifili 
7X, 111···=:1J{5ti, l l 3···1¥J1fy-JJ,,f:, 11 5···::b'OO, 117···7°7/V'"VY 
-Jf...·H¥:mL 11 9···77/S/$, 1 2 l ···7°7/S/-'(>-A..."; r$, 123···7°7/V-v
Y-V-7 l'-, 125···7°7/V'"V;t-Jv:P"-, 127···Y"Y71'-0·1Y, 129···7°7/V'"V 
/7", 1 3 3···~€/o 
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PROBLEM TO BE SOLVED: To reduce the possibility of exposure of a medical staff, to 
eliminate the risk of damage of a glass wall of a vial with a needle tip, to prevent injury of 
fingers of the medical staff during the manual operation, and to make a device compact on 
a radiopharmaceuticals sucking device with a shielding material to prevent the medical 
staff in charge of sucking a liquid radiopharmaceuticals in the vial into a syringe from being 
exposed to radiation. 

SOLUTION: A shielding cabinet 1 and a shield 3 for the syringe are separately disposed to 
be independently opened/closed. A lifting mechanism 15 for lifting a pharmaceuticals 
needle 9 and an air needle 11- has a spring not to apply the impact to the vial even if the 
tip of the punctured pharmaceuticals needle 9 touches the glass wall. A holder part to 
which the pharmaceuticals needle 9 and the air needle 11 are attached has a drawer 
mechanism capable of being moved by a prescribed distance to the side where the 
shielding cabinet 1 is opened. A storage part for storing the inclined vial 5 has inclination, 
and the lowered tips of the pharmaceuticals needle 9 and the air needle 11 are set in 
corners of the inclined bottom of the vial 5. 
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TITLE 

ABSTRACT 

SUMITOMO HEAVY IND LTD; 

SUZUKI TAKAFUMI; 

A61M 5/14 A61M 5/00 G21G 4/08 

INJECTION METHOD AND 
APPARATUS OF RADIOACTIVE LIQUID 

PROBLEM TO BE SOLVED: To reduce exposure quantity to a handling person and 
measure the dose simply and accurately by temporarily keeping the whole radioactive 
liquid in a radiation shielding liquid retainer immediately before injection, measuring the 
radiation dose, then injecting the whole quantity into a human body. 

SOLUTION: A medicine liquid of a precalculated quantity is pushed in a medicine retainer 
30 by lightly pushing a medicine injecting cylinder 26. And, the medicine liquid remaining 
in a valve 16 and the inlet of a coil-form medicine retainer 30 is pushed in the medicine 
retainer 30 by quantitative discharge of distilled water for injection or saline by a pushing 
cylinder 22. Thereby the whole quantity is pushed in the retainer 30. Then, inspection 
preparation is arranged by attaching an injection needle 20 at the tip of a tube 12 to a 
subject, and the radiation dose is measured by a radioactivity measuring instrument 32. 
Then the total radioactive medicine is administered to the subject by feeding distilled water 
for injection or saline with the pushing cylinder 22. Thus accurate administration is 
possible with reduced exposure quantity to a handling person. 
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\0 (57) Abstract: A device and a method for accurate and remote dispensing of a radioactive liquid are disclosed. A source of a 
Q radioactive liquid (1) and a source of a flushing liquid (5) are selectively connected to a fluid delivery path (7, 8, 10) by way of 
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O ( 1) to the metering section (8), using the activity metering unit (9) to measure a reference level of radioactivity, calculating a second 
> amount of the radioactive liquid still to be delivered such that the first and second amounts of radioactive liquid together have some 
~ predetermined level of radioactivity, and delivering the first and second amounts of radioactive liquid to the destination (11 ). 
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Method and device for accurate dispensing of radioactivity 

Background of the invention 

The present invention relates to a device and a method for dispensing a radioac

tive liquid to a destination. In particular, the invention relates to the problem of ac

curately dispensing a well-determined dose of radioactivity, e.g., for injection to a 

1 5 living body. 

In a number of medical applications, it is necessary to deliver a radiopharmaceuti

cal containing a radionuclide to a patient. Due to the ionizing radiation emitted by 

the radionuclide, such pharmaceuticals pose a danger to both the patient and the 

20 personnel administering the radiopharmaceutical if not handled properly_. 

Examples for diagnostic uses of radiopharmaceuticals include positron emission 

tomography (PET) and single-photon emission computerized tomography 

(SPECT). In these methods, a patient is injected a dose ·of a radiopharmaceutical 

25 which can be absorbed by certain cells in the brain or in other organs. The con

centration of the accumulated radiopharmaceutical in a specific body part will often 

depend on factors of diagnostic interest, such as cell metabolism or other physio

logical or biochemical processes. Thus, such processes can be imaged in a non

invasive fashion by determining the spatio-temporal distribution of radioactivity 

30 within the body part of interest. In PET, this is achieved by monitoring pairs of 

temporally coincident gamma rays emitted in opposite directions resulting from the 

annihilation of positrons, which are emitted through beta-plus decays of the (pro

ton-rich) radionuclide. The most common radionuclides (radioisotopes) for use 
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with PET are 150, 18F, 11 C, 13N and 82Rb. Radiopharmaceuticals of interest for 

PET include, but are not limited to, substances like [1 50]-H20, [18F]

fluorodeoxyglucose ([18F]-FDG), [18F]-fluoromisonidazole ([18F]-FMISO), [1 1C]

labeled amino acids, [1 3N]-ammonia etc. 

The most common therapeutic uses of radiopharmaceuticals are the 131 1 therapies 

in thyroid diseases. 

In these applications, it is desirable to administer an exactly determined dose of 

1 O radiopharmaceutical to the body. Often the radiopharmaceutical is delivered in a 

vial from which it has to be dispensed into individual patient doses. In many cen

ters this is a manual process done by the technical personnel. Since the concen

tration of the radiopharmaceutical in the vial can be very high, the manual dispens

ing is associated with considerable radiation burden to the hands. Furthermore the 

15 accuracy of the manual dispensing is limited and dependent on the experience of 

the person in charge. 

As an example, U.S. patent No. 4,410,108 discloses a syringe shield equipped 

with a radiation detector. A liquid radiopharmaceutical is drawn from a vial into the 

20 barrel of a syringe placed within the syringe shield, while the level of radioactivity 

within the barrel is monitored by the radiation detector. In this way, an aliquot of 

the radiopharmaceutical having exactly the required dose of radioactivity can be 

drawn into the syringe. Subsequently, the syringe with its shield is manually re

moved from the vial, and the radiopharmaceutical is injected to the patient. This 

25 device is unsatisfactory in requiring manual transfer of the syringe after it has been 

filled with the radiopharmaceutical, as this may expose the personnel handling the 

syringe to ionizing radiation. Although the half-life of the radiopharmaceutical is 

usually rather short and the applied dosages are themselves not harmful, constant 

and repeated exposure over an extended period of time can be harmful. 

30 

A number of techniques have been proposed to reduce exposure by minimizing 

the time of exposure of personnel, by maintaining distance between personnel and 

the source of radiation, and by shielding personnel from the source of radiation. As 
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an example, European patent application EP O 486 283 discloses a system for 

delivering H2
150. A collection bottle is filled with saline, then a fluid stream com

prising H2
150 is passed through the collection bottle while the activity in this bottle 

is monitored by a radiation detector. When a desired level of radiation is reached, 

5 the liquid in the bottle is transferred to a motor-driven syringe and then injected to 

the patient body. U.S. patent application publication No. 2003/0004463 also dis

closes a system for dispensing a radiopharmaceutical in a remote fashion, without 

the need of manual intervention. The radiopharmaceutical is drawn from a vial into 

a syringe surrounded by a radiation detector, and the level of radioactivity in the 

1 O syringe is determined. Through specially adapted tubing and valves, the radio

pharmaceutical is subsequently delivered to a patient without the need of moving 

the syringe to another location. 

While these systems obviate the need of manual handling of a syringe, they tend 

15 to be imprecise in situations where small amounts of radioactive liquid, possibly 

with a very high concentration of activity, need to be handled, due to the presence 

of dead volumes. By the way of example, the radiopharmaceutical may come in a 

vial at an activity concentration of 2 GBq/ml (one billion Becquerels per milliliter). If 

the required activity for injection to the patient is, say, 100 MBq, a volume of just 

20 50 microliters needs to be transferred from the vial to the patient. Such small 

amounts of liquid are difficult to handle with the systems of the prior art. 

U.S. patents No. 4,562,829 and 4,585,009 disclose strontium-rubidium infusion 

systems equipped with an in-line radiation detector. A radiopharmaceutical exiting 

25 a strontium-rubidium generator flows past the radiation detector, which monitors 

the activity of the radiopharmaceutical in passing. From there, the radiopharma

ceutical is either administered to a patient or is sent to waste. In U.S. patent No. 

4,409,966, a flow of patient blood is shunted through a radiation detector during 

injection of the radiopharmaceutical, and the level of radioactivity in the blood is 

30 monitored. Also with such systems, it is difficult to administer an exactly deter

mined dose, especially for concentrated radiopharmaceuticals with high specific 

activities, as the volume of the tubing already may exceed the desired volume to 

be injected. 
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Summary of the invention 

It is therefore an object of the invention to provide a device which is capable of 

accurately dispensing a desired level of radioactivity in a liquid, and which may be 

5 operated remotely. This object is achieved by a device with the features of claim 1. 

Thus, according to the invention, a source of a radioactive liquid and a source of a 

flushing liquid can be selectively connected to a fluid delivery path by way of valve 

means. An activity metering unit is operable to determine a. level of radioactivity in 

1 O a metering section of the fluid delivery path downstream from the valve means. In 

this way, it is possible to provide some amount, even a very small amount, of the 

radioactive liquid to a section of the fluid delivery path adjacent to the valve 

means. The flushing liquid can then be used to flush this amount of radioactive 

liquid to the metering section, where its activity can be determined and further 

15 steps to be taken can be decided based on this determination of activity. By use of 

valve means adapted for remote control (e.g. an electromagnetically or pneumati

cally operated valve), operation of the inventive device can be performed remotely. 

It is a further object of the present invention to provide a method of operation of 

20 such a device. This object is achieved by a method with the features of claim 7. 

Thus, according to the invention, the device is operated by transporting a first 

amount of radioactive liquid to the metering section, using the activity metering unit 

to measure a reference level of radioactivity, calculating a second amount of the 

25 radioactive liquid still to be delivered such that the first and second amounts of 

radioactive liquid together have some predetermined level of radioactivity, and de

livering the first and second amounts of radioactive liquid to the destination. In this 

way, it is possible to deliver an exactly known level of radioactivity to the destina

tion, independent of the activity concentration of the radioactive liquid. Preferably, 

30 the first amount of radioactive liquid is between 20% and 80% of the sum of the 

first and second amounts of radioactive liquid, more preferably between 30% and 

70%, most preferably between 40% and 60%. In this way, high precision can be 

achieved. 
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In an advantageous embodiment of the inventive device, the device additionally 

comprises a control unit. The unit receives signals from the activity metering unit 

and controls operation of the valve means between at least two states. In the first 

5 state, the source of radioactive liquid is connected to the fluid delivery path for flow 

of the radioactive liquid into the fluid delivery path. In the second state, the source 

of flushing liquid is connected to the fluid delivery path for flow of flushing liquid 

into the fluid delivery path. If any other actively driven components are present in 

the device, such as additional valves or pumps, they may also be controlled by the 

1 O control unit. 

Advantageously, second valve means are provided downstream from the metering 

section for directing flow in the fluid delivery path either to the destination or to a 

waste reservoir. In this way it is avoided that the destination receives excessive 

15 amounts of flushing liquid during operation of the device, and in case of malfunc

tioning of components of the device, the radioactive liquid can be dumped to the 

waste reservoir. 

Advantageously, a first and/or a second pump are provided for pumping the radio-

20 active liquid or the flushing liquid, respectively, through the first valve means and 

into the fluid delivery path. Preferably, the first pump and/or the second pump is 

operable to receive a control signal and to deliver a predetermined volume of liquid 

based on the controi signal. In this way, exactly known amounts (volumes) of the 

radioactive liquid and/or of the flushing liquid can be dispensed to the fluid delivery 

25 path. 

The fluid delivery path may comprise a fill-in section extending from the first valve 

means to the metering section. Advantageously, the metering section is capable of 

holding a fluid volume which is at least three times, more preferably at least five 

30 times the volume of the fill-in section. This enables the metering section to hold at 

least two, preferably three, fractions of radioactive liquid, each with a volume up to 

the volume of the fill-in section, plus the flushing liquid required to flush these frac

tions into the metering section. Thereby, the total activity of two, preferably three, 
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fractions of radioactive liquid may be determined in a single measurement by the 

activity metering unit. 

Advantageously, the device is adapted for delivering a radiopharmaceutical for 

5 injection to a living body (i.e., for delivering the radiopharmaceutical to an injection 

needle). This encompasses, among other things, the use of compatible materials, 

which must be resistant to the radiopharmaceutical and the flushing liquid (usually 

saline solution in this case), and which must be able to withstand sterilization pro

cedures. Such materials are well known. 

10 

As used herein, the term "pharmaceutical" refers to any substance to be injected 

or otherwise delivered into the body (either human or animal) in a medical proce

dure and includes, but is not limited to, substances used in imaging procedures 

and therapeutic substances. The term "radiopharmaceutical" refers to any phar-

15 maceutical emitting ionising radiation by radioactive decay. 

Further advantageous embodiments of the invention are laid down in the depend

ent claims. In particular, the inventive method may comprise an additional initiali

zation procedure, in which an offset amount of radioactive liquid is transported to 

20 the metering section, an offset level of radioactivity is determined, and the prede

termined level of radioactivity for the main procedure is determined from this offset 

level and a desired level of radioactivity to be dispensed. 

Brief description of the drawings 

25 The invention will be described in more detail in connection with an exemplary 

embodiment illustrated in the drawings, in which 

Fig. 1 shows a schematic and simplified illustration of a device according to 

the present invention; 

Fig. 2 shows a schematic and simplified illustration of a dose calibrator; 

30 Fig. 3A and 38 show simplified illustrations of a pinch valve; 

Fig. 4 illustrates a first state of operation of the device of Fig. 1; 

Fig. 5 illustrates a second state of operation of the device of Fig. 1; 

Fig. 6 illustrates a third state of operation of the device of Fig. 1; 
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illustrates a fourth state of operation of the device of Fig. 1; 

illustrates a fifth state of operation of the device of Fig. 1; 

shows a flow diagram of a process according to the present inven

tion; and 

illustrates the levels of activities measured in various stages of the 

process of Fig. 9. 

Detailed description of the invention 

Fig. 1 shows, in a highly schematic manner, a device for dispensing a radioactive 

10 liquid according to a preferred embodiment of the present invention. The device is 

designed for dispensing a radiopharmaceutical for injection to a patient. 

The radiopharmaceutical 1 is provided in a vial 2. In order to protect the surround

ings from radioactivity originating from the vial 2, the vial 2 is placed inside a shield 

15 3. Suitable vials and shields for various kinds of radiopharmaceuticals are well 

known in the art and are available commercially. 

A section 4 of tubing, comprising a needle at its end for puncturing a septum clos

ing off vial 2, extends from the inside of vial 2 through a first peristaltic precision 

20 pump P1 and to a first three-way pinch valve V1. At its first port "a", the valve V1 is 

connected to the section 4 of tubing from the vial 2; at its second port "b", it is 

connected to a section of tubing 7 extending from the valve V1 to an activity me

tering unit 9 {in the following shortly called a "dose calibrator"). The third port "c" is 

connected to a section 6 of tubing leading from a saline reservoir 5 through a sec-

25 ond peristaltic precision pump P2 to the valve V1. The valve V1 is operable to con

nect port "a" with port "b" or to connect port "c" with port "b". 

Fig. 3A and 38 illustrate, in a highly schematic manner, the mode of operation of 

the pinch valve V1 as advantageously used in the present embodiment. A sliding 

30 element 31 can be moved up or down, pressing either on an upper or on a lower 

section of flexible tubing which is passed through the pinch valve. Thereby, either 

port "c" or port "a" is closed off from port "b", and the other port is connected to 

port "b". The sliding element 31 may, e.g., be operated electromechanically or 

2192 of 2568



5 

WO 2006/007750 PCT/CH2005/000403 

8 

pneumatically. A similar pinch valve is used as valve V2. Such pinch valves are 

advantageous because no moving parts get into contact with the liquid within the 

tubing. Thus the valve cannot get contaminated by radioactive liquid possibly pre

sent in the tubing. 

The pumps P1 and P2 are preferably peristaltic precision pumps. In a peristaltic 

pump, a section of flexible tubing is passed through the pump unit. Fluid is forced 

along the tubing by waves of contraction produced mechanically on the flexible 

tubing. Peristaltic pumps offer the advantage that the liquid is always contained in 

10 the tubing, and no moving parts get into contact with the liquid to be delivered. 

Thus the pump itself cannot be contaminated by radioactive liquid present in the 

tubing. By the use of peristaltic pumps and pinch valves, the connections from the 

saline reservoir 5 to the metering section 7 and from the vial 2 to the metering sec

tion 7 may consist of a single piece of flexible tubing each, which can be easily 

15 replaced in regular intervals to avoid cross-contamination, without the need to re

place the much more expensive pump and valve assemblies themselves. 

The section 7 of tubing may be called a "fill-in section". This fill-in section 7 is con

nected to a section 8 of tubing placed inside the dose calibrator 9, section 8 being 

20 called a "metering section". The metering section 8 is relatively long, providing a 

volume of at least five times the volume of the fill-in section, by having a meander

like shape or, preferably, a coil shape as illustrated for a metering section 8' in Fig. 

2. A coil shape is preferred in practice because it minimizes pressure losses dur

ing fluid flow. The meander-like shape has been chosen in Figs. 1 and 3-7 for illus-

25 trative purposes. 

The tubing exits the dose calibrator 9 and connects to the first port "d" of a second 

three-way valve V2. The second port "e" of this valve is connected to a section 10 

of tubing leading to an injection needle 11, only crudely symbolized by a triangle in 

30 Fig. 1. The third port "f' of valve V2 leads to a waste reservoir 12. The waste res

ervoir 12 is preferably shielded, as radioactivity may enter in operation. 

The dose calibrator 9 is connected to a controller 13 and provides signals to the 
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controller 13 which are indicative of the level of activity within the dose calibrator 9. 

The outputs of the controller 13 are connected to the pumps P1 and P2 as well as 

to the valves V1 and V2 for control of these. 

5 A method of operation of the device is illustrated in Figs. 4 to 8 and symbolized in 

a flow diagram in Fig. 9. Operation can generally be divided into five phases: in an 

initialisation phase 910, the device is brought into a well-defined initial state. In a 

calibration phase 920, steps are performed for calibrating the radioactivity in vial 2. 

In a delivery phase 930, the radiopharmaceutical is delivered to the destination. In 

1 O a step 940, it is decided whether another injection shall be performed. If yes, op

eration will continue again with the calibration phase 920; if not, a shutdown phase 

950 will follow. 

Before starting the operation, the operator will have to determine two quantities: 

15 the desired activity Ar to be injected to the patient, and the estimated concentra

tion of activity in the vial (activity per unit of volume, e.g., expressed in MBq/ml), 

Cv. These data are provided to the controller 13. Operation then starts with the 

initialisation period 910. 

20 The initialisation period 910 comprises the following steps: 

Step 911 (Initial filling of radiopharmaceutical to point C): In a first step, the com

plete tubing is filled with saline, thereby excluding air from the tubing system. For 

this, valve V1 is switched into a state connecting ports "c" and "b", while valve V2 

connects "d" and "e". Pump P2 flushes saline up to point B (cf. Fig. 4). Then the 

25 tubing section 4 is inserted into a vial containing saline. Valve V1 is brought into a 

state connecting ports "a" and "b", while valve V2 still connects "d" and "e". Pump 

P1 now flushes saline until the tubing is completely filled with saline from point A 

(cf. Fig. 4) to the destination beyond valve V2, and air is thus completely purged 

from the system. The tubing section 4 is then inserted into the vial 2 containing the 

30 radiopharmaceutical. Valve V1 is brought into a state connecting ports "a" and "b", 

while valve V2 connects ports "d" and ''f'. Pump P1 is operated to pump radio

pharmaceutical 1 from inlet point A and past point B at valve V1 to some point C in 

the fill-in section 7. The volume of radiopharmaceutical between points B and C in 
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the fill-in section 7 does not need to be known exactly; it suffices to ensure that the 

section of tubing from A to B is filled completely with radiopharmaceutical, and that 

the activity in the volume between B and C is not larger than the desired end activ

ity Ar. The situation at the end of step 911 is illustrated in Fig. 4, where the volume 

5 of radiopharmaceutical between points B and C is designated by reference num

ber 21. 

Step 912 (Flushing of offset volume to dose calibrator): Valve V1 is now switched 

to a state in which it connects ports "c" and "b". Pump P2 is operated to pump sa-

10 line from the saline reservoir 5 towards valve V1. The volume to be pumped is 

slightly larger than the volume in the fill-in section 7 of the tubing, i.e. slightly larger 

than the volume between points B and D. This volume need not be known exactly. 

Thereby, the "offset volume" 21 is moved into the metering section 8. The situation 

at the end of this step is illustrated in Fig. 5. 

15 

Step 913 (Initial determination of activity): The activity of volume 21 in the metering 

section 8 is measured by the dose calibrator 9 (measurement M1 ). This activity will 

be called the "offset activity" A 1 . The controller 13 now calculates the missing ac

tivity Am required to reach a total activity of Ar: Am = Ar - A 1. This is illustrated in 

20 Fig. 1 O in the leftmost column. From this and the estimated concentration of activ

ity in the vial, Cv, the estimated missing volume Va1 still to be delivered is calcu

lated: Va1 = Am I Cv. It is important to note that this calculation is still based on 

the estimate of the concentration of activity in the vial, and the result cannot be 

expected to be highly accurate. It is further important to note that no knowledge 

25 about the offset volume 21 is required in this calculation. 

This step concludes initialisation 910. In the following calibration phase 920, the 

following steps are performed: 

30 Step 921 (Filling of radiopharmaceutical to point C'): Valve V1 is switched to a 

state in which it connects ports "a" and "b". Pump P1 is operated to pump a vol

ume Ve' through valve V1, filling the fill-in section to point C'. This situation is illus

trated in Fig. 6, where this volume is designated by reference number 22. Volume 
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Ve' is chosen to be approximately half of the estimated missing volume Va 1: Ve' = 
Va1 I 2. It is important to note that volume Ve' is known exactly in system internal 

units. The exact nature of these units depends on the type of pump used, e.g., the 

units could be pump revolutions, pump cycles etc. If a volume flow meter is placed 

5 in-line with the pump, the units provided by the flow meter can be used as system 

internal units. Depending on the type of pump and the type of tubing, the resolu

tion of volume in this step can be very small, and even small volumes can be de

livered accurately. 

10 Step 922 (Flushing of volume Ve' to dose calibrator): Valve V1 is switched to con

nect ports "c" and "b". Pump P2 is operated to pump slightly more than the volume 

between points B and D of saline through valve V1. Thereby, volume 22 (=Ve') of 

radiopharmaceutical is moved into the metering section 8. The situation at the end 

of this step is illustrated in Fig. 7. 

15 

Step 923 (Calibration of activity): The activity in the metering section 8 is meas

ured by the dose calibrator 9 (measurement M2). This activity level will be called 

A2. It corresponds to the sum of the offset activity A 1 and the activity of the vol

ume Ve', which will be called the "reference activity" Ac'. This is illustrated in the 

20 second column of Fig. 10. Now the activity concentration in the vial in system in

ternal units, Cs, is calculated: Cs= Ac' I Ve'= (A2 -A1) I Ve'. The system is now 

calibrated in system internal units. 

Step 924 (Determination of volume Ve"): The activity Ac" still required to reach a 

25 total activity of Ar is determined: Ac" =Ar - A2. From this, the volume Ve" still to 

be delivered is calculated in system internal units: Ve" = Ac" I Cs = (Ar - A2) I Cs 

= (Ar-A2) I (A2 -A1) *Ve'. 

This completes the calibration phase 920. In the following delivery phase 930, the 

30 following steps are performed: 

Step 931 (Filling of radiopharmaceutical to point C"): Valve V1 is switched to a 

state in which it connects ports "a" and "b". Pump P1 is operated to pump the vol-
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ume Ve" through valve V1, filling the fill-in section to point C". This situation is il

lustrated in Fig. 8, where this volume is designated by reference number 23. 

Step 932 (Flushing of volume Ve" to dose calibrator): Valve V1 is switched to con-

5 nect ports "c" and "b". Pump P2 is operated to pump slightly more than the volume 

between points Band D of saline through valve V1. Thereby, volume 23 (=Ve") of 

radiopharmaceutical is moved into the metering section 8. Optionally, the total ac

tivity in the metering section is now measured (optional measurement M3, see 

right column of Fig. 10). It should correspond exactly to the total desired activity 

1 O Ar, provided that the volume of the metering section is large enough to hold all 

three volumes 21, 22 and 23 within this section. The latter condition is can always 

be fulfilled if the volume of the metering section 8 is at least five times the volume 

of the fill-in section 7. If a significant discrepancy is detected, the system is 

stopped. 

15 

Step 933 (Delivery to injection needle): Valve V2 is switched to connect ports "d" 

and "e". Pump P2 is operated to pump at least the volume of the metering section 

8, plus the volume of the tubing from the metering section to the injection needle 

and of the injection needle itself, of saline through valve V1. Thereby, all liquid in 

20 the metering section 8 is flushed to the patient, and exactly the required dose of 

radioactivity is delivered to the patient. 

This completes the delivery phase 930. If another injection of the same radio

pharmaceutical (to the same or a different patient) is required, operation continues 

25 by repeating the calibration and delivery phases 920 and 930. Otherwise, opera

tion stops by a suitable shutdown procedure, which may involve additional cycles 

of flushing with saline. 

When repeating calibration phase 930, no additional initialisation as in phase 910 

30 is necessary, since the metering section 8 has been flushed with saline, and the 

radiopharmaceutical extends exactly to point B. No activity is present in the meter

ing section 8. Therefore, in the above calculations, A 1 can be set to zero in this 

case, and Am is set to Ar. No further changes are necessary. The three-phase 
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procedure with phases 910, 920 and 930 now simplifies to a two-phase procedure 

with phases 920 and 930 only. 

It will be appreciated that the device of the present invention and the associated 

5 method of operation provide a number of inherent safety features. Specifically, 

there is a high degree of redundancy in the operation of the device, such that even 

in case of failure of one component, such as a pump or a valve, it is impossible 

that more than the desired dose will be delivered to the patient. Specifically, by its 

design the system will only allow the dose present within the metering section 8 to 

10 be delivered to the patient. This is because during the actual delivery of the radio

pharmaceutical there is no connection between the vial 2 and the fluid delivery 

line. The discrete nature of the sequential measurements of activity within the me

tering section 8 is another feature which increases safety: In step 932, the activity 

in the metering section 8 is actually known beforehand, and measurement M3 just 

15 serves to confirm that the right amount of activity is present in the metering section 

8. If significant discrepancies are detected between the expected result and the 

actual measurement, operation will be stopped immediately, and an alarm will be 

given. 

20 It will also be appreciated that, in normal operation, no radiopharmaceutical will 

enter the waste reservoir 12. Thus, generation of radioactive waste is minimized. 

A device according to the present invention in the embodiment of Fig. 1 has been 

set up and tested in practice. The device was assembled from standard compo-

25 nents available commercially. For the tubing sections 4 and 6, flexible tubing made 

from silicone with an inner diameter of 1.52 mm was used. The pumps P1 and P2 

were peristaltic precision pumps {P1: lsmatec™ ISM 5968, P2: Arcomed™ 

Volumed™ mVp 5000). The valves V1 and V2 were electrically operated pinch 

valves available from Bio-Chem Valve Inc. The metering section 8' of tubing had a 

30 coil shape with nine windings and a diameter of 3.5 cm, made from fluoro

ethylene-propylene. A Veenstra VDC 405 dose calibrator was used as activity me

tering unit/dose calibrator 9. The complete assembly was shielded by a 5 cm lead 

shield. As a controller 13, a standard personal computer (Compaq Armada E500) 
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equipped with a standard interface card was used. The control algorithm was im

plemented in LabVIEW™, available from National Instruments™. 

This embodiment is especially suitable for the use with radiopharmaceuticals typi-

5 cally used in PET and SPECT applications. The device has been used to deliver 

radiopharmaceuticals with activity concentrations as high as 1000 MBq/ml to pa

tients, with an absolute precision of as good as 100 microliters and a relative pre

cision of better than 2 % of the total activity delivered to the patient. 

10 From the above description, it is clear that numerous variations of the described 

device and method are possible, and the invention is in no way limited to the 

above examples. 

While the method has been described in a way that the volume of the metering 

15 section 8 of tubing is large enough to hold at the same time all volumes of radio

pharmaceutical to be injected together, the method can readily be adapted for use 

with a dose calibrator which measures only one of these volumes at a time. In this 

case, the activities A1, Ac' and, optionally, Ac" are measured directly and sequen

tially and need not be calculated. Both variants of the method have in common 

20 that the activity of a precisely known volume (in some arbitrary units) is measured, 

enabling determination of the activity concentration of the radiopharmaceutical. 

The method can be extended to take into account the decrease of activity during 

the dispensing procedure, in a straightforward manner by calculating the decay 

25 during the {predetermined) time needed for the dispensing procedure. 

The inventive device and method are not only useful for delivering a radiopharma

ceutical to a human or animal body, but also in other applications, also of a non

medical nature, in which a precisely known amount of activity is to be delivered to 

30 some destination. Accordingly, many variations of the types of tubing, valves, 

pumps etc. are possible. Specifically, other pump types than peristaltic pumps may 

be used. In fact, while the use of pumps is preferred, pumps may be omitted if the 

vial 2, the saline reservoir 5 or both are placed "top-down" in a position higher than 
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valves V1, V2 and the destination 16. Fluid flow is then effected by gravity alone. 

Instead of pumps, flow meters should then be provided, yielding volume informa

tion to the controller 13. 

5 Different types of valves than the above-described two-way pinch valves may be 

used. Specifically, it may be advantageous to provide, as valve V1, a valve which 

can be switched to a third state such that liquid can flow between ports "a" and "c". 

In this way, the sections of tubing between points A and B may be flushed with 

saline from reservoir 5, without the need of inserting a vial with saline instead of 

10 the vial with the radiopharmaceutical during initialisation. 

Any suitable activity detector may be used as a dose calibrator 9. Such detectors 

include standard Geiger-Muller counters, scintillating counters etc., which should 

be calibrated to yield a sufficiently precise measure of the actual activity in the me-

15 tering section 8. 

20 

25 

Additional safety measures may be taken, such as providing bubble detectors in 

the fluid delivery path which stop operation immediately if bubbles are detected. 

Bubble detectors are well known in the art. 

List of reference signs 

P1 first pump 

P2 second pump 

V1 first valve 

V2 second valve 

a,b,c connections of first valve 

d, e, f connection of second valve 

A inlet of radiopharmaceutial 

30 B, C, C', C" reference points 

D 

E 

start of metering section 

end of metering section 
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M1, M2, M3 measurements 

A1, A2, Ar, Am, Ac', Ac" activities 

1 radio pharmaceutical 

5 2 vial 

3 shield 

4 tubing 

5 saline container 

6 tubing 

10 7 tubing 

8, 8' metering section 

9 dose calibrator 

10 tubing 

11 injection needle 

15 12 waste 

13 controller 

21, 22, 23 volumes of radiopharmaceutical 

20 31 sliding element 
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Claims 

5 1. Device for dispensing a radioactive liquid ( 1 ) to a destination ( 11 ), com

prising 

10 

15 

20 

25 

30 

first valve means (V1 ); 

a fluid delivery path (7, 8, 10) for fluid flow from said first valve means 

(Y1) to said destination ( 11 ); and 

an activity metering unit (9) operable to determine a level of radioac

tivity within a metering section (8) of said fluid delivery path (7, 8, 10); 

wherein said first valve means (V1) are adapted for selectively connecting a 

source (2) of said radioactive liquid (1) and a source of a flushing liquid (5) 

to said fluid delivery path (7, 8, 10) upstream of said metering section (8). 

2. Device according to claim 1, characterized in that said first valve means 

(V1) are adapted for remote operation and that said device further com

prises a control unit (13) receiving signals from said activity metering unit 

(9) and controlling operation of said first valve means (V1) between at 

least the following states: 

a state in which said source (2) of radioactive liquid (1) is connected to 

said fluid delivery path (7, 8, 10); and 

a state in which said source of flushing liquid (5) is connected to said 

fluid delivery path (7, 8, 10). 

3. Device according to claim 1 or 2, characterized in that said device further 

comprises second valve means (V2) for selectively connecting said fluid 

delivery path (7, 8, 10) downstream from said metering section (8) to said 

destination (11) or to a waste reservoir (12). 
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4. Device according to one of claims 1 to 3, characterized in that said device 

further comprises a first pump (P1) for pumping said radioactive liquid ( 1) 

from its source (2) toward said first valve means (V1) and/or a second 

pump (P2) for pumping said flushing liquid from its source (5) toward said 

first valve means (V1 ). 

5. 

6. 

7. 

Device according to one of claims 1 to 4, characterized in that said fluid 

delivery path comprises a fill-in section (7) extending from said first valve 

means (V1) to said metering section (8), and that said metering section {8) 

is capable of holding a fluid volume (D-E) which is at least three times the 

volume (B-D) of said fill-in section (7). 

Device according to one of claims 1 to 5, characterized in that said device 

is adapted for delivering a radiopharmaceutical to an injection needle for 

injection of liquid into a human or animal body. 

Method of operation of a device according to claim 1 , comprising the steps 

of 

transporting a first amount (22) of said radioactive liquid to said me

tering section (8) of said fluid delivery path (7, 8, 10); 

with said activity metering unit (9), measuring a reference level of 

radioactivity (A2) present in said metering section (8); 

from said reference level of radioactivity (A2), calculating a second 

amount (23) of said radioactive liquid still to be delivered such that said 

first and second amounts of radioactive liquid together have a predeter

mined level of radioactivity (Am); and 

delivering at least said first and second amounts of radioactive liquid 

(1) to said destination (11 ). 

30 8 Method according to claim 7, characterized in that said first amount of ra-
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dioactive liquid is between 20% and 80% of the sum of the first and sec

ond amounts of radioactive liquids. 

Method according to claim 7 or 8, characterized in that said step of trans

porting said first amount of said radioactive liquid comprises: 

operating said first valve means to connect said source (2) of radio

active liquid ( 1 ) to said fluid delivery path (7, 8, 10 ); 

allowing said first amount of radioactive liquid (1) to flow from said 

first valve means (1) into said fluid delivery path (7, 8, 1 O); 

operating said first valve means to connect said source of flushing 

liquid (5) to said fluid delivery path (7, 8, 10); and 

allowing flushing liquid (5) to flow into said fluid delivery path (7, 8, 

10), whereby said first amount of radioactive liquid is moved into said me

tering section (8) of said fluid delivery path (7, 8, 10). 

10. Method according to one of claims 7 to 9, characterized in that said step of 

delivering said first and second amounts of said radioactive liquid (1) com

prises: 

operating said first valve means to connect said source (2) of radio

active liquid (1) to said fluid delivery path (7, 8, 10); 

allowing said second amount of radioactive liquid (1) to flow from 

said first valve means (1) into said fluid delivery path (7, 8, 10); 

operating said first valve means to connect said source of flushing 

liquid (5) to said fluid delivery path (7, 8, 10); and 

allowing flushing liquid (5) to flow into said fluid delivery path (7, 8, 

10), whereby said first and second amounts of radioactive liquid are 

moved to said destination (11 ). 

11. Method according to one of claims 7 to 10, additionally comprising the fol-
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lowing steps: 

before transporting said first amount (22) of radioactive liquid (1) to 

said metering section (8), transporting an offset amount (21) of said radio

active liquid (1) to said metering section (8); 

with said activity metering unit (9), measuring an offset level of radio

activity (A 1) of said offset amount (21) of radioactive liquid; 

from said offset level of radioactivity (A 1 ) and a desired level of ra

dioactivity to be dispensed (Ar), calculating said predetermined level of ra

dioactivity (Am); and 

delivering said offset amount (21) of radioactive liquid to said destina-

tion. 

12. Method according to one of claims 7 to 11, wherein said radioactive liquid 

is a liquid comprising a radiopharmaceutical and wherein said destination 

is an injection needle for injection of liquid into a human or animal body. 

13. Method of operation of a device to deliver a radioactive liquid to a destina

tion (11 ), comprising: 

determining a predetermined level of radioactivity (Am) to be deliv

ered to said destination ( 11 ); 

transporting a first amount (22) of said radioactive liquid to a meter

ing section (8) of a fluid delivery path (7, 8, 10) for fluid flow to said desti

nation (11 ), said metering section (8) having a metering unit (9) in opera

tive connection therewith and being operable to determine a level of radio

activity within the metering section (8), the first amount (22) of said radio

active liquid having a reference level of radioactivity (A2) less than the 

predetermined level of radioactivity {Am); 

with said activity metering unit (9), measuring the reference level of 

radioactivity (A2) present in said metering section (8); 

from said reference level of radioactivity (A2), calculating a second 
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amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have the predetermined 

level of radioactivity (Am); and 

delivering at least said first and second amounts of radioactive liquid 

(1) collectively from said fluid delivery path (7, 8, 10) to said destination 

(11 ). 

System for dispensing a radioactive liquid (1) to a destination (11 ), com

prising: 

a first valve (V1 ) adapted for remote operation; 

a fluid delivery path (7, 8, 10) for fluid flow from said first valve (V1) to 

said destination (11 ); 

an activity metering unit (9) operable to determine a level of radioac

tivity within a metering section (8) of said fluid delivery path (7, 8, 10); 

wherein said first valve (V1) is adapted for selectively being placed in one of 

at least two states: a first state in which a source (2) of said radioactive liq

uid ( 1) is connected to said fluid delivery path (7, 8, 10) upstream of said 

metering section (8) and a second state in which a source of a flushing liq

uid (5) is connected to said fluid delivery path (7, 8, 10) upstream of said 

metering section (8); and 

a control unit ( 13) adapted to receive signals from said activity meter

ing unit (9) and control operation of said first valve (V1) between the first 

state and the second state; said control unit being adapted to: 

i. place said first valve (V1) in the first state to transport a first amount (22) 

of said radioactive liquid through said first valve ·(V1 ), the first amount (22) 

of said radioactive liquid having a level of radioactivity less than a prede

termined level of radioactivity (Am) input into said control unit (13); 

ii. place said first valve (V1) in the second state to transport an amount of 

flushing liquid (5) through said first valve (V1) to transport said first amount 

of said radioactive liquid to said metering section (8) of said fluid delivery 
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path (7, 8, 10); 

iii. receive a signal from said activity metering unit (9) of a measured ref

erence level of radioactivity (A2) present in said metering section; 

iv. calculate from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that said 

first and second amounts of radioactive liquid together have a predeter

mined level of radioactivity (Am) input into said control unit (13); 

v. place said first valve (V1) in said first state and transport through said 

first valve (V1) said second amount (23) of said radioactive liquid; 

vi. place said first valve (V1) in said second state to transport an amount 

of flushing liquid (5) through valve (V1) to transport said second amount 

(23) of said radioactive liquid to said metering section (8) of said fluid de

livery path (7, 8, 10) while maintaining said first amount (22) of said radio

active liquid in said metering section (8); and 

vii. place said first valve (V1) in said second state and transport through 

said first valve (V1) sufficient flushing liquid to deliver at least said first and 

second amounts of radioactive liquid (1) through said fluid delivery path (7, 

8, 10) to said destination (11 ). 

System for dispensing a radioactive liquid (1) to a destination (11 ), com

prising: 

a source of a radioactive liquid (1 ); 

a source of a flushing liquid (5); 

a fluid delivery path (7, 8, 10) for fluid flow of said radioactive liquid 

and said flushing fluid to said destination (11 ), the fluid delivery path includ

ing a metering section (8); 

an activity metering unit {9) operable to determine a level of radioac

tivity within said metering section (8) of said fluid delivery path (7, 8, 10); 

and 

a control unit (13) adapted to receive signals from said activity meter-
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ing unit (9) and control flow of said radioactive liquid and said flushing fluid 

through said fluid delivery path (7, 8, 10); said control unit being further 

adapted to: 

i. transport a first amount (22) of said radioactive liquid having a level of 

radioactivity less than a predetermined level of radioactivity (Am) to said 

metering section (8) of said fluid delivery path (7, 8, 1 O); 

ii. receive a signal from said activity metering unit (9) of a measured refer

ence level of radioactivity (A2) present in said metering section; 

iii. calculate from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have a predetermined 

level of radioactivity (Am) input into said control unit (13); 

iv. transport said second amount (23) of said radioactive liquid to said me

tering section (8) of said fluid delivery path (7, 8, 10) while maintaining 

said first amount (22) of said radioactive liquid in said metering section (8); 

and 

v. transport sufficient flushing fluid through said fluid delivery path (7, 8, 

10) to deliver at least said first and second amounts of radioactive liquid 

(1) through said fluid delivery path (7, 8, 10) to said destination (11 ). 

16. Method of delivering a radioactive liquid to a destination (11 ), comprising: 

determining a level of radioactivity (Am} to be delivered to said desti

nation (11 ); 

transporting a first amount (22) of said radioactive liquid having a 

level of radioactivity less than the determined level of radioactivity (Am) to 

a metering section (8) of a fluid delivery path (7, 8, 10), said metering sec

tion (8) having an activity metering unit (9) in operative connection 

therewith to measure radioactivity in said metering section (8); 

measuring a reference level of radioactivity (A2) present in said me

tering section (8); 
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calculating from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have the predetermined 

level of radioactivity (Am); 

transporting said second amount (23) of said radioactive liquid to 

said metering section (8) of said fluid delivery path (7, 8, 10) while main

taining said first amount (22) of said radioactive liquid in said metering 

section (8); and 

delivering said first amount and said second amount of radioactive 

liquid (1) through said fluid delivery path (7, 8, 10) to said destination (11 ). 

Method of delivering a radioactive liquid to a destination ( 11 ), comprising: 

determining a level of radioactivity (Am) to be delivered to said desti

nation ( 11 ); 

estimating a concentration of activity (Cv) in a source of radioactive 

liquid (1 ); 

transporting from said source of radioactive liquid (1) a first amount 

(21) of said radioactive liquid having a level of radioactivity, based upon 

the estimated concentration of activity (Cv), less than the determined level 

of radioactivity (Am) to a metering section (8) of a fluid delivery path (7, 8, 

10), said metering section (8) having an activity metering unit (9) in opera

tive connection therewith to measure radioactivity in said metering section 

(8); 

measuring a level of radioactivity (A 1) present in said metering sec

tion (8); 

based upon the estimated concentration of activity (Cv), transporting 

a second amount (22) of said radioactive liquid having a reference level of 

activity (Ac') such that the total activity (A2) of said first amount (21) and 

said second amount (22) is less than the determined level of radioactivity 

(Am) to said metering section (8); 
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measuring a level of radioactivity (A2) present in said metering sec

tion (8); 

based upon the measured level of radioactivity (A2), calculating the 

concentration of radioactivity (Cs) in said source of radioactive liquid (5); 

based upon the calculated concentration of activity (Cs), transporting 

a third amount (23) of said radioactive liquid having a level of activity (Ac") 

such that the total activity of said first amount (21 ), said second amount 

(22) and said third amount (23) is the determined level of radioactivity 

(Am) to said metering section (8); and 

delivering said first amount, said second amount and said third 

amount of said radioactive liquid (1) through said fluid delivery path (7, 8, 

10) to said destination (11 ). 
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A RUBIDIUM GENERATOR FOR CARDIAC PERFUSION 

IMAGING AND METHOD OF MAKING AND 

MAINTAINING SAME 

TECHNICAL FIELD 

5 The present application relates in general to nuclear 

10 

15 

medicine and, in particular, to a rubidium generator for 

cardiac perfusion imaging and method of making and 

maintaining same. 

BACKGROUND OF THE INVENTION 

As is well known in the art, 82Rb is used as a 

positron emission tomography {PET) tracer for measurement 

of myocardial perfusion (blood flow) in a non-invasive 

manner. 

Recent improvements 

3-dimensional positron 

in PET technology have introduced 

emission tomography {3D PET) . 

Although 3D PET technology may permit more efficient 

diagnosis and prognosis in patients with suspected coronary 

artery disease, the sensitivity of 3D PET requires very 

accurate control of the delivery of 82Rb activity to a 

20 patient being assessed. 

As is well understood in the art, 82Rb for myocardial 

perfusion imaging is produced using a strontium-rubidium 

(
82Sr/82Rb) generator which is eluted using a sterile saline 

solution {O. 9% Sodium Chloride Injection) to produce an 

25 82Rb eluate ( [82Rb] Rubidium Chloride Injection) that is 

injected into the patient during the PET imaging. Due to 

the above-noted sensitivity of 3D PET it is desirable to 

deliver the 82Rb elution to the patient as far away from 

the patient's heart as can be practically achieved. This 
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is best accomplished by using a small vein in the patient's 

hand, for example, as the 82Rb elution injection site. 

Doing so, however, requires a low pressure, low flow rate 

elution and precision flow control. 

There therefore exists a need for an 82Rb generator 

that enables low pressure elution and facilitates precision 

flow control of patient elution injections. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 

10 a rubidium generator column that enables low pressure 

elution and facilitates precision flow control of patient 

elutions. 

The invention therefore provides a method of preparing 

an 82Sr/82Rb generator column for low pressure elution, 

15 comprising: filling the generator column with an ion 

exchange material that tightly binds 82Sr but not 82Rb, and 

compacting the ion exchange material to a density that 

permits fluid solutions to be pumped through the generator 

column at a rate of at least 5 ml/min at a fluid pressure 

20 of 1.5 pounds per square inch (10 kPa); conditioning the 

ion exchange material; and loading the generator column 

with a solution of 82Sr. 

The invention further provides an 82Sr/ 82Rb generator 

column, comprising: a fluid impervious cylindrical 

25 container having a cover for closing the container in a 

fluid tight seal, and further having an inlet for 

connection of a conduit for delivering a fluid into the 

container and an outlet for connection of a conduit for 

conducting the fluid from the container; and an ion 

30 exchange material filling the container, the ion exchange 
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material being compacted within the container to a density 

that permits the ion exchange material to be eluted at a 

rate of at least 5 ml/min at a fluid pressure of 1.5 pounds 

per square inch (10 kPa) . 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Further features and advantages of the present 

invention will become apparent from the following detailed 

description, taken in combination with the appended 

drawings, in which: 

Fig. 1 is a schematic diagram illustrating the packing 

of a generator column in accordance with the invention; 

Fig. 2 is a schematic diagram of the generator column 

shown in Fig. 1 suspended in a shielding body and being 

loaded with 82Sr; 

15 Fig. 3 is a schematic diagram of the generator column 

shown in Fig. 1 configured for calibration and patient 

elutions; 

Fig. 4 is a flowchart illustrating the method in 

accordance with the invention for making the generator 

20 columns shown in Figs. 1-3; and 

Fig. 5 is a flowchart illustrating principle steps in 

the use of the generator column shown in Fig. 3. 

It will be noted that throughout the appended 

drawings, like features are identified by like reference 

2 5 numerals. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides an 82Sr/82Rb generator 

column for use in positron emission tomography cardiac 

perfusion imaging. In accordance with the invention, the 

5 generator column is filled with an ion exchange material 

10 

that tightly binds 82Sr but not 82Rb. The ion exchange 

material is compacted to a density that permits fluid 

solutions to be pumped through the generator column at a 

rate of at least 5 ml/min at a fluid pressure of 1.5 pounds 

per square inch (10 kPa) . After the generator column is 

packed with the ion exchange material, it is conditioned 

with a source of excess sodium cations and loaded with a 

solution of 82Sr. The generator column in accordance with 

the invention enables low pressure injections using a 

15 peristaltic pump and facilitates precision flow control of 

20 

patient elutions. Advantageously, the generator column in 

accordance with the invention can also be reloaded with 
82Sr a plurality of times. This has distinct advantages. 

First, residue 82Sr remaining in the column from a previous 

load is not wasted. Second, the expense of building and 

conditioning the generator column is distributed over a 

plurality of 82Sr loads, so the overall cost of using 82Rb 

for cardiac perfusion imaging is reduced. 

Fig. 1 illustrates the packing of an 82Rb generator 

25 column 10 using a method in accordance with the invention. 

30 

As is known in the art, the generator column 10 is 

constructed from stainless steel hardware components that 

are commercially available. In the embodiment shown in 

Fig. 1, a pair of SWAGELOK® reducing adaptors with nuts and 

ferrules 12, 14 are connected to opposite ends of a 

stainless tubing 16 that is packed with an ion exchange 

material 18. In one embodiment of the invention, the ion 

exchange material 18 is an a-hydrous tin dioxide 
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Sn02 .xlh0, where x equals 1-2) wetted with a NH40H/NH4Cl 

buffer (pH 10) . 

A 25 micron filter 24 closes a bottom of the cylinder 

16 at an outlet end thereof. Likewise, a 25 micron filter 

5 22 closes an inlet end of the cylinder 16 after the 

cylinder 16 is packed with the ion exchange material 18. A 

feature of the invention is that, unlike prior art 

generator columns in which the ion exchange material is 

tightly packed so that high pressure elution is required, 

10 the ion exchange material 18 is packed only to a density 

that permits fluid solutions to be pumped through the 

generator column at a rate of at least 5 ml/min at a fluid 

pressure of 1.5 pounds per square inch (10 kPa). As shown 

in Fig. 1, a simple and practical way of accomplishing the 

15 required packing of the ion exchange material 18 is to 

repeatedly strike a side of the generator column 10 with an 

instrument 26, such as a laboratory wrench, with a force 

that exerts about O. 1 Joule. Experience has shown that 

between 50 and 100 strikes are required to achieve the 

20 required density of the ion exchange material 18. 

After packing of the generator column 10 

a funnel 20 that was used to introduce the 

material 18 into the cylinder 16 is removed 

is complete, 

ion exchange 

and the ion 

exchange material is leveled with the top of the cylinder 

25 16. The ion exchange material packed into the generator 

column 10 has a density of not more than 3 g/cm3 in the 

packed state. The filter 22 is then placed on top of 

cylinder 16 and the SWAGELOK adapter, nut and ferrule 12 is 

secured to the top of the cylinder in a manner well known 

30 in the art. As will be understood by those skilled in the 

art, the generator column 10 in accordance with the 

invention is constructed under sterile conditions using 
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sterile components and may be pressure tested for leaks 

after assembly. 

Fig. 2 is a cross-sectional view of the generator 

column 10 suspended in a shielding body 40. The shielding 

5 body 40 is made from a dense shielding material 42, such as 

lead, tungsten or depleted uranium optionally encased in a 

stainless steel shell 44. The shielding body 42 includes a 

shielding lid 50 having apertures through which extend an 

inlet line 34 and outlet line 36. The inlet line 34 is 

10 connected to an inlet end 30 of the generator column 10. 

15 

The outlet line 36 is connected to an outlet end 32 of the 

generator column 10. The inlet and outlet lines are 

connected to external tubing lines 60, 

fittings 56 and 58. The shielding lid 

constructed of a shielding material 52 

62 using Luer 

50 is likewise 

such as lead, 

tungsten or depleted uranium encased in a stainless steel 

shell 54. 

After the generator column 10 is packed with ion 

exchange material 18, as explained above with reference to 

20 Fig. 1, the generator column 10 must be loaded with 82Sr 

before patient elutions can begin. As schematically 

illustrated in Fig. 2, in one embodiment a syringe pump 80 

is used to deliver 82Sr from a supply 70 through an inlet 

tube 60 to the generator column 10. The 82Sr is bound by 

25 the ion exchange material 18 in the generator column 10. 

Waste fluid is evacuated through the outlet tube 36 and 

outlet line 62 to a shielded waste container 90, in a 

manner known in the art. 

Fig. 3 is a schematic diagram of the generator column 

30 10 configured for daily use as an 82Rb source for cardiac 

perfusion imaging. A source of sterile saline solution 100 

is connected to a saline supply tube 104. The sterile 
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saline solution 100 is pumped through the saline supply 

tube 104 by a pump 102. In one embodiment of the 

invention, the pump 102 is a peristaltic pump. In 

accordance with an alternate embodiment, the pump 102 is 

5 the syringe pump 80 shown in Fig. 2. 

As understood by those skilled in the art, the pump 

102 is controlled by a control algorithm that regulates a 

flow rate and volume of the sterile saline solution 100 

pumped through the generator column 10 via the inlet tube 

10 104 to provide an 82Rb eluate via an outlet tube 106 

connected to a controlled valve 108. The valve 108 directs 

the eluate through a delivery line 112 for a calibration 

elution or a patient elution 110, or to a shielded waste 

container 90. As is further understood by those skilled in 

15 the art, control of the system shown in Fig. 3 is complex 

and not all of the fluid paths and control mechanisms are 

depicted because elution control is not a subject of this 

invention. 

Fig. 4 is a flowchart illustrating principle steps in 

20 constructing the generator column 10 in accordance with the 

invention. The process begins by preparing the ion 

exchange material and packing the generator column as 

explained above with reference to Fig. 1 {step 200). The 

generator column is then conditioned by saturating the ion 

25 exchange material 18 with sodium cations. In one 

embodiment, this is accomplished by passing 120 ml of 2 M 

NaCl through the column at a flow rate of 0. 5 ml/minute 

followed by waiting for a period of 12 hours. 500 ml of 

sterile saline solution is then passed through the column 

30 at a flow rate of 10 ml/minute. A nondestructive pH test 

is performed {step 202) by testing a pH of the initial 

sterile saline solution passed through the column. This 
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nondestructive pH test prolongs the life of the generator 

column 10. 

If it is determined (step 204) that the pH of the 

generator column 10 is not alkaline, the generator column 

10 is defective and it is disposed of (step 224) If the 

saline solution is determined in step 204 to be alkaline, 

the generator column is loaded with 82Sr (step 206) in a 

manner well known in the art using the equipment briefly 

described above with reference to Fig. 3. After the 82Sr 

10 is loaded into the generator column 10, the generator 

column 10 is flushed with 1.0 L of sterile saline solution 

to clear traces of tin dioxide and any radionuclide 

impurities. The generator column is then eluted with 

sterile saline solution and the eluate is tested for: trace 

15 metals; sterility; radionuclide purity; pyrogens; and pH 

(step 208). If all of those tests are passed (step 210) 

the generator column 10 is ready for use (step 212) . If 

any one of the tests fails, 82Sr is optionally recovered 

from the generator column 10 (step 222) and the generator 

20 column 10 is disposed of (step 224). 

During generator use, daily testing is performed for 

the purpose of patient safety and quality control, as will 

be described in detail with reference to Fig. 5. As long 

as all daily tests are passed, the generator column can 

25 continue to be used for patient elutions. As understood by 

those skilled in the art, one of the daily tests is a 

measure of 82Rb yield. If it is determined 

that one of the daily tests failed, it 

determined whether a reload of the generator 

30 permitted (step 216). Reloading is permitted 

test failed due insufficient 82Rb yield only. 

in step 214 

is further 

column 10 is 

if the daily 

If the daily 

test failed for some other reason the generator column 10 
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cannot be further used, and the 82Sr is optionally 

recovered (step 222) before the generator column is 

disposed of (step 224), as described above. If an 82Sr 

reload is permitted, it is determined in step 218 whether 

5 the number of 82Sr reloads of the generator column 10 has 

exceeded a predetermined reload limit. A generator column 

in accordance with the invention can be loaded with 82Sr at 

least three times before any significant 82Sr breakthrough 

occurs. If it determined in step 218 that the reload limit 

10 has been reached, certain jurisdictions require that the 

generator column be flushed and the eluate tested for: 

trace metals; sterility; radionuclide purity; pyrogens; and 

pH. If it is determined in step 218 that the reload limit 

has not been reached, the process branches back to step 206 

15 and the generator column is reloaded with 82Sr and steps 

208-218 are repeated. 

Fig. 5 is a flowchart illustrating principle steps 

involved in the daily use of the generator column 10 in 

accordance with the invention. Prior to each day's use of 

20 the generator column 10, the generator column 10 is flushed 

with 50 ml of sterile saline solution (step 300) in order 

to remove any strontium breakthrough from the generator 

column 10 into the waste vessel 90. The operator then 

waits for a predetermined period of time (step 302) before 

25 performing a calibration elution (step 304) As is well 

understood by those skilled in the art, under stable 

conditions the generator column maintains a 82Sr/ 82Rb 

equilibrium which is achieved after about 10 minutes. 

Consequently, the predetermined wait before a calibration 

30 elution is performed is at least 10 minutes. After the 

required wait, the generator column is eluted with about 15 

ml of sterile saline solution at a constant flow rate of 

about 15 ml/minute. The calibration eluate is tested (step 
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306) for 82Rb yield and 82Sr breakthrough. In step 308 it is 

determined whether the 82Rb yield is above a predetermined 

radioactivity limit. As is understood by those skilled in 

the art, the half life of 82Rb is very short (i.e. 76 

seconds) . Consequently, in one embodiment the 82Rb yield 

is measured using a positron counter during the elution, in 

a manner well known in the art. 

In step 310, it is determined whether the 82Sr, 85Sr 

breakthrough is less than a predetermined breakthrough 

limit. As is also understood by those skilled in the art, 

all jurisdictions define a threshold for permissible levels 

of 82Sr, 85Sr breakthrough. As is further understood by 

those skilled in the art, the strontium breakthrough is 

readily determined by testing the radioactivity of the 

15 elution after about 20 minutes has elapsed, at which time 

the amount of residual 82Rb is insignificant and does not 

distort the test results. 

Before daily use begins, a cumulative volume of all 

fluids flushed and eluted through the generator column 10 

20 is computed. Since the generator column 10 in accordance 

with the invention is repeatedly reloaded with 82Sr, each 

generator column is identified by a unique identifier, in 

one embodiment a serial number. If the user of a generator 

column 10 does not have the facility to reload the 

25 generator column 10, the user must return the generator 

column 10 to the manufacturer, along with a cumulative 

total of fluid flushed and eluted through the column during 

that use. Likewise, when a reloaded column is supplied to 

a user, a cumulative volume of fluid used to flush and 

30 elute the column during all prior reload(s) and use(s) is 

provided to the user. Control software used to control a 

volume of fluid used during generator column 10 flushes and 

2236 of 2568



WO 2007/071022 PCT/CA2006/002043 

- 11 -

elutions accepts the cumulative volume and stores it. The 

control software then recomputes the cumulative volume 

after each subsequent flush or elution of the generator 

column 10. That computed cumulative volume is compared 

5 (step 312) to a predefined volume limit. In accordance 

with one embodiment of the invention, empirical data has 

shown that 10 to 30 litres of sterile saline solution 100 

can be pumped through the generator column 10 before 

significant 82Sr breakthrough is experienced, so the volume 

10 limit may be set between 10 and 30 litres. 

If each of the tests 308-312 is successfully passed, 

patient elutions (step 314) may be performed in a manner 

well known in the art. After each elution, it is necessary 

to wait a predetermined period of time, about 5 to 10 

15 minutes, (step 316) to permit 82Rb to regenerate. After 

each elution, the cumulative volume is recomputed by adding 

to the cumulative volume a volume of fluid pumped through 

the generator column 10 during the patient elution. Then 

it is determined whether the control system date has 

20 changed, i.e. a new day has begun (step 318). If not, the 

cumulative volume 

limit. If the 

is compared to the predetermined volume 

volume limit has been exceeded, the 

generator column is disposed of (step 324) . 

If it is determined in step 318 that the control 

25 system date has changed, the generator column 10 must be 

flushed and re-tested per steps 300-312, as described 

above. If those tests determine 

less than a predetermined 1 imi t 

that 

(step 

the 82Rb yield 

308) then it 

is 

is 

determined in step 320 whether the reload limit has been 

30 exceeded and if not the generator column 10 is returned for 

reload and pre-use testing (step 322) . Otherwise, the 

generator column is disposed of (step 324) It should be 

2237 of 2568



WO 2007/071022 PCT/CA2006/002043 

- 12 -

noted that if any of tests 308-312 fail, the generator 

column 10 may be returned to the manufacturer who 

determines whether the generator column 10 can be reloaded 

(step 320) and disposes of the generator column 10 (step 

5 324) if it cannot be reloaded. 

10 

15 

The generator column 10 in accordance with the 

invention reduces the expense of cardiac perfusion imaging 

while ensuring compatibility with 3D PET imaging systems by 

enabling low pressure, low flow rate elutions that can be 

precisely flow controlled. Research has conclusively 

established that the generator column 10 in accordance with 

the invention remains sterile and pyrogen-free for a period 

of at least six months when used in accordance with the 

procedures and limits described above. 

Although the invention has been explained with 

reference to 3D PET imaging systems, it should be 

understood that the generator column 10 is equally 

compatible with 2D PET imaging systems and provides the 

same advantages of low cost, precise flow control, low 

20 pressure and low flow elution and a long service life. 

The embodiment (s) of the invention described above 

is{are) intended to be exemplary only. The scope of the 

invention is therefore intended to be limited solely by the 

scope of the appended claims. 
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Claims: 

1. A method of preparing a 82Sr/ 82Rb generator column for 

low pressure elution, comprising: 

filling the generator column with an ion exchange 

material that tightly binds 82Sr but not 82Rb, and 

compacting the ion exchange material to a density 

that permits at least 5 ml/min of fluid solution 

to be pumped through the generator column at a 

fluid pressure of 1.5 pounds per square inch (10 

kPa) ; 

conditioning the ion exchange material; and 

loading the generator column with a solution of 82Sr. 

2. The method as claimed in claim 1 wherein compacting 

the ion exchange material comprises compacting the 

ion exchange material to a density of not more than 3 

g/cm3
• 

3 . The method as claimed in claim 2 wherein compacting 

the ion 

striking 

force. 

exchange material comprises 

the generator column with a 

repeatedly 

controlled 

4. The method as claimed in claim 2 wherein repeatedly 

striking the generator column comprises repeatedly 

delivering a controlled force that transfers about 

0.1 Joule to the generator column. 

5. The method as claimed in claim 3 further comprising 

repeatedly striking the generator column to deliver 

the controlled force between 50 and 100 times in 

order to compact the ion exchange material. 
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6. The method as claimed in claim 1 wherein conditioning 

the ion exchange material comprises eluting the 

material with a source of sodium ions and 

subsequently flushing the column with a sterile 

saline solution. 

7. The method as claimed in claim 6 further comprising 

measuring a pH of the sterile saline solution after 

the generator column has been eluted with the source 

of sodium ions. 

8. The method as claimed in claim 1 further comprising 

eluting the generator column with a predetermined 

volume of sterile saline solution and testing the 

eluate to: determine whether the eluate is free of 

trace metals; determine whether the eluate is free of 

radionuclide impurities; 

determine whether the 

measure a pH of the eluate; 

eluate is sterile; and 

determine whether the eluate is free of pyrogens. 

9. The method as claimed in claim 1 further comprising 

reloading the generator column with 82Sr after the 
82Sr has depleted to an extent that an elution of the 

generator column with the saline solution yields an 
82Rb activity that is below a predetermined limit, 

until a total number of reloads reaches a 

predetermined radioactivity limit. 

10. The method as claimed in claim 1 further comprising, 

on a daily basis, flushing the generator column with 

a predetermined volume of sterile saline solution to 

remove any 82Sr or 85Sr breakthrough. 
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11. The method as claimed in claim 10 further comprising 

waiting a predetermined period of time after the 

flushing, and eluting the generator column with a 

predetermined volume of sterile saline solution at a 

constant flow rate to obtain a calibration eluate of 
82Rb activity. 

12. The method as claimed in claim 11 further comprising 

measuring a total 82Rb activity of the calibration 

eluate during the elution for activity calibration. 

13. The method as claimed in claim 11 further comprising 

measuring a radiation activity level of the 

calibration eluate after a predetermined period of 

time has elapsed to determine whether a concentration 

of 82Sr or 85Sr in the test eluate is below a 

predetermined breakthrough limit. 

14. The method as claimed in claim 11 further comprising: 

waiting a predetermined period of time after 

obtaining the calibration eluate, and eluting the 

generator column with a sterile saline solution 

to obtain a patient eluate of 82Rb activity; and 

computing for each generator column after each flush 

or elution, a cumulative volume of sterile saline 

flushed and eluted through the generator column, 

and disposing of the generator column when the 

cumulative volume exceeds a predetermined volume 

limit. 

15. An 82Sr/82Rb generator column, comprising: 

a fluid impervious cylindrical container having a 

cover for closing the container in a fluid tight 
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seal, and further having an inlet for connection 

of a conduit for delivering a fluid into the 

container and an outlet for connection of a 

conduit for conducting the fluid from the 

container; and 

an ion exchange material filling the container, the 

ion exchange material being compacted within the 

container to a density that permits the ion 

exchange material to be eluted at a flow rate of 

at least 5 ml/min at fluid pressure of 1.5 pounds 

per square inch (10 kPa) . 

16. The 82Sr/82Rb generator column as claimed in claim 15 

wherein the ion exchange material comprises a-hydrous 

tin dioxide. 

1 7. The 82Sr/82Rb generator column as claimed in claim 16 

wherein a total volume of the a-hydrous tin dioxide 

in the generator column is about 1.5 cm3
• 

18. The 82Sr/ 82Rb generator column as claimed in claim 17 

wherein the a-hydrous tin dioxide has a density of 

about 3 g/cm3
· 

19. The 82Sr/82Rb generator column as claimed in claim 15 

further comprising a particle filter at each of the 

inlet and the outlet. 

20. The 82Sr/82Rb generator column as claimed in claim 15 

further comprising a peristaltic or syringe pump for 

flushing and eluting the generator column. 
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RUBIDIUM ELUTION SYSTEM CONTROL 

FIELD OF THE INVENTION 

The present application relates in general to nuclear 

medicine and, in particular, to a rubidium elution control 

5 system. 

10 

BACKGROUND OF THE INVENTION 

As is well known in the art, Rubidium (82Rb) is used 

as a positron emission tomography (PET) tracer for non

invasive measurement of myocardial perfusion (blood flow) . 

Recent improvements in PET technology have introduced 

3-dimensional positron emission tomography (3D PET). 

Although 3D PET technology may permit more efficient 

diagnosis and prognosis in patients with suspected coronary 

artery disease, the sensitivity of 3D PET requires very 

15 accurate control of the delivery of 82Rb activity to a 

patient being assessed. 

FIGs. 1 and 2 illustrate a conventional rubidium 

elution system used for myocardial perfusion imaging. As 

may be seen in FIG. 1, the elution system comprises a 

20 reservoir of sterile saline solution (e.g. 0.9% Sodium 

Chloride Injection), a pump, and a strontium-rubidium 

(
82Sr/ 82Rb) generator. In operation, the pump causes the 

saline solution to flow from the reservoir 4 and through 

the generator 8 to elute the 82Rb. The active solution 

25 output from the generator 8 is then supplied to a patient 

(not shown) via a patient outlet 10. 

When the system 2 is not in use, the amount of 82 Rb 

within the generator 8 accumulates until a balance is 

reached between the rate of 82Rb production (that is, 82Sr 
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decay) and the rate of 82Rb decay. As a result, the 82Rb 

activity level in the active saline emerging from the 

generator 8 tends to follow a "bolus" profile 12 shown by 

the solid line in FIG. 2a. In particular, at the start of 

5 an 82Rb elution "run", the activity level rises rapidly and 

peaks, as accumulated 82Rb is flushed out of the generator 

8. Thereafter, the activity level drops back to a 

substantially constant value. The maximum activity level 

AMAX (bolus peak) obtained during the run is dependent on 

10 the amount of accumulated 82Rb in the generator 8, and thus 

is generally a function of the system's recent usage 

history, principally: the current 82Rb production rate; the 

amount of accumulated 82Rb (if any) remaining at the end of 

the previous elution run; and the idle time since the 

15 previous run. The generally constant level of the bolus 

tail is dependent on the rate of 82Rb production and the 

saline flow rate produced by the pump 6. 

As is well known in the art, 82 Rb is generated by 

radioactive decay of the 82Sr, and thus the rate of 82Rb 

20 production at any particular time is a function of the mass 

of remaining 82Sr. As will be appreciated, this value will 

diminish (exponentially) through the useful life of the 

generator 8. The result is a family of bolus curves, 

illustrated by the dashed lines of FIG. 2a, mapping the 

25 change in elution system performance over the useful life 

of the generator 8. 

30 

Because of the high activity level of 82Rb possible in 

the generator 8, it is desirable to limit the total 

activity dosage delivered to the patient during any given 

elution run. The total elution time required to reach this 

maximum permissible dose (for any given flow rate) will 

therefore vary over the life of the 82Sr charge in the 
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generator 8, as may be seen in FIG. 2b, where the total 

activity dose, represented by the area under each curve, is 

equal in both cases. 

A limitation of this approach, particularly for 3D PET 

5 imaging, is that the delivery of a high activity rate over 

a short period of time tends to degrade image quality. Low 

activity rates supplied over a relatively extended period 

are preferred. As a result, the user is required to 

estimate the saline flow rate that will obtain the best 

10 possible image quality, given the age of the generator and 

its recent usage history, both of which will affect the 

15 

20 

bolus peak and tail levels. This estimate must be 

continuously adjusted throughout the life of the generator 

8, as the 82 Sr decays . 

Accordingly, techniques for controlling an 

elution system that enable a desired activity level to be 

supplied over a desired period of time, independently of a 

state of the 82Sr/ 82Rb generator, remain highly desirable. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide techniques for controlling an 82Rb elution system. 

The present invention therefore provides a method of 

controlling an 82Sr/ 82Rb elution system having a generator 

valve for proportioning a flow of saline solution between 

25 an 82Sr/ 82Rb generator and a bypass line coupled to an 

outlet of the generator such that saline solution 

traversing the bypass line will merge with eluted saline 

solution emerging from the generator to provide an active 

saline solution. During each elution run, a plurality of 

30 successive concentration parameter values are obtained at 
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predetermined intervals. Each concentration parameter 

value is indicative of a respective instantaneous activity 

concentration of the active saline solution. Respective 

error values between each concentration parameter value and 

5 a target activity concentration value of the elution run 

are computed. Error data based on a plurality of the 

computed error values is accumulated. Between successive 

elution runs, at least one performance parameter of the 

elution system is adjusted based on the accumulated error 

10 data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present 

invention will become apparent from the following detailed 

description, taken in combination with the appended 

15 drawings, in which: 

FIG. 1 is a block diagram schematically illustrating 

principal elements of a conventional Rubidium elution 

system; 

FIGs 2a and 2b are graphs illustrating representative 

20 performance of the elution system of FIG. 1; 

FIG. 3 is a block diagram schematically illustrating 

principal elements of a Rubidium elution system in 

accordance with an embodiment of the present invention; 

FIG. 4 illustrates a pinch-type valve arrangement 

25 usable in the elution system of FIG. 3; 

FIG. 5 schematically illustrates a positron detector 

usable in the elution system of FIG. 3; 

Figs. 6a-6d schematically illustrate respective 

operating states of the Rubidium elution system of FIG. 3; 
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FIGs. 7a-7c schematically illustrate a first algorithm 

for controlling the Rubidium elution system of FIG. 3; and 

FIGs. 8a-8c schematically illustrate 

algorithm for controlling the Rubidium elution 

FIG. 3;. 

It will be noted that throughout the 

a second 

system of 

appended 

drawings, like features are identified by like reference 

numerals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a Rubidium (82Rb) 

elution and control system in which the 82Rb activity rate 

delivered to a patient can be controlled substantially 

independently of the condition of 

Representative embodiments are 

reference to FIGs. 3-8. 

In the embodiment of FIG. 

the 82Sr / 82 Rb generator. 

described below with 

3 I the elution system 

comprises reservoir 4 of sterile saline solution (e.g. 0.9% 

Sodium Chloride Injection) a pump 6 for drawing saline 

from the reservoir 4 at a desired flow rate; a generator 

20 valve 16 for proportioning the saline flow between a 

strontium-rubidium (82 Sr/82Rb) generator 8 and a bypass line 

18 which circumvents the generator 8; a positron detector 

2 O located downstream of the merge point 22 at which the 

generator and bypass flows merge; and a patient valve 24 

25 for controlling supply of active saline to a patient outlet 

10 and a waste reservoir 26. A controller 28 is connected 

to the pump 6, positron detector 20 and valves 16 and 24 to 

control the elution system 14 in accordance with a desired 

control algorithm, as will be described in greater detail 

30 below. 
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If desired, the strontium-rubidium 

generator 8 may be constructed in accordance with 

Applicant's co-pending United States Patent Application No. 

11/312, 368 entitled A Rubidium Generator For Cardiac 

5 Perfusion Imaging And Method Of Making And Maintaining 

Sarne, filed December 21, 2005. In such cases, the pump 6 

may be a low-pressure pump such as a peristaltic pump. 

However, other types of generator may be used. Similarly, 

other types of pump may be used, provided only that the 

10 pump selected is appropriate for medical applications and 

is capable of maintaining a desired saline flow rate 

through the generator. 

The generator and patient valves 16, 24 may be 

constructed in a variety of ways. In principal, the 

15 generator valve may be provided as any suitable valve 16 

arrangement capable of proportioning saline flow between 

the generator 8 and the bypass line 18. If desired, the 

generator valve may be integrated with the branch point 30 

at which the saline flow is divided. Alternatively, the 

20 generator valve 16 may be positioned downstream of the 

branch point 3 O, as shown in FIG. 3. In embodiments in 

which flexible (e.g. Silicon) tubing is used to convey the 

saline flow, the generator valve 16 may be provided as one 

or more conventional "pinch" valves of the type illustrated 

25 in FIG. 4. The use of pinch valves is beneficial in that 

it enables saline flow to be controlled in a readily 

repeatable manner, and without direct contact between the 

saline solution and components of the valve. Factors 

associated with the design of the patient valve 24 are 

30 substantially the same as those discussed above for the 

generator valve 16, with the exception that the saline flow 

through the patient valve 24 is (or must be' assumed to be) 

carrying radioactive 82Rb. Accordingly, while any suitable 
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valve design may be selected for the patient valve 24, it 

is particularly beneficial to avoid direct contact between 

the active saline solution and valve components. For this 

reason, pinch valves are pref erred for the patient valve 

5 24. 

As may be seen in FIG. 5, 

conveniently be provided as 

the positron detector 20 may 

a scintillator 32 disposed 

immediately adjacent to a feed-line 33 carrying the active 

saline solution; a photon counter 34 optically coupled to 

10 the scintillator 32; and a radiation shield 36 surrounding 

the scintillator 32 and photon counter 34. The 

scintillator 32 may be provided by a length of fluorescent 

optical fiber, which absorbs Beta (e+) radiation generated 

by 82Rb decay to produce a photon. The photon counter 34 

15 (which may, for example be an H7155 detector manufactured 

by Hamamatsu) detects incident photons, and generates a 

detection signal 38 corresponding to each detected photon. 

The shielding 36, which may be constructed of lead (Pb), 

serves to shield the scintillator 32 and photon counter 34 

20 from ambient Gamma and Beta radiation. In some 

embodiments, the radiation shield 36 is approximately ~ 

inch thick in the vicinity of the scintillation fiber 32, 

and may extend (in both directions) at least 5-times the 

feed-line 33 outer diameter from the scintillation fiber 

25 32. This arrangement effectively suppresses ingress of 

ambient Gamma and Beta radiation along the channel through 

which the feed-line 33 passes. As a result, spurious 

photons are suppressed, and the rate at which photons are 

30 

counted by the photon counter 34 will 

the 82Rb activity concentration of 

be proportional to 

the active saline 

solution adjacent to the scintillator 32. 

illustrated embodiments, the number of photons 

In the 

detected 

within a predetermined period of time is counted (e.g. by 
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the controller 28), and the count value Cctet is used as an 

activity parameter which is proportional to the 82Rb 

activity concentration. If desired, a proportionality 

constant K between the activity parameter Cctet and the 82Rb 

5 activity concentration can be empirically determined. 

In operation, the pump 6 and valves 16, 24 can be 

controlled to route saline solution through the system 14 

in accordance with various modes of operation, as may be 

seen in FIGs. 6a-6d. Thus, for example, in a "Bypass-to-

10 waste" mode of the system illustrated in FIG. 6a, the 

generator and patient valves 16, 24 are positioned to route 

the entire saline flow through the bypass line 18, and into 

the waste reservoir 26. 

for initializing the 

This mode of operation is suitable 

system 14 immediately prior to 

15 beginning an elution run. 

FIG. 6b illustrates a "patient line flushn mode of the 

system 14, in which the generator and patient valves 16, 24 

are positioned to route the saline flow through the bypass 

line 18 and out through the patient outlet 10. This mode 

20 of operation may be used prior to an elution run to prime 

(that is, expel air from) the patient line 40 in 

preparation for insertion of the patient outlet into, for 

example, a vein of a patient. At the end of an elution 

run, this mode may also be used to flush any 82Rb activity 

25 remaining within the patient line 40 into the patient, 

thereby ensuring that the patient receives the entire 

activity dose required for the PET imaging. 

FIG. 6c illustrates a "waiting for threshold" mode of 

the system 14, in which the generator and patient valves 

30 16, 24 are positioned to route the saline flow through the 

generator 8, and into the waste reservoir 26. This mode of 

operation is suitable during the beginning an elution run, 
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while the 82Rb concentration is increasing from zero, but 

has not yet reached desired levels. Flushing this leading 

portion of the 82Rb bolus 12 to the waste reservoir 26 

avoids exposing the patient to 

and allows the total activity 

patient to be closely controlled. 

unnecessary 82Rb activity 

dosage delivered to the 

FIG. 6d illustrates an "elution" mode of the system 

14, in which the generator valve 16 is actively controlled 

via a control loop 42 from the positron detector 20 to 

10 proportion saline flow through both the generator 8 and the 

bypass line 18. The generator 8 and bypass saline flows 

are then recombined (at 22) downstream of the generator 8 

to produce an active saline solution having a desired 82Rb 

activity concentration. The patient valve 24 is positioned 

15 to direct the active saline solution to the patient outlet 

10. 

In the foregoing description, each operating mode is 

described in terms of the associated steps in performing an 

elution run to support PET imaging of a patient. However, 

20 it will be appreciated that this context is not essential. 

Thus, for example, one or more of the above operating modes 

may be used to facilitate calibration of the system, in 

which case the patient outlet 10 would be connected to a 

conventional dose calibrator (not shown), rather than a 

25 patient. 

As will be appreciated from the· foregoing discussion, 

each of the operating modes of the elution system is 

controlled by the controller unit 28 operating under 

software control. As a result, it is possible to implement 

30 a wide variety of automated processes, as required. Thus, 

for example, elution runs can be fully automated, based on 

user-entered target parameters, which allows the user to 
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avoid unnecessary radiation exposure. Similarly, it is 

possible to automate desired system calibration and 82Sr 

break-through detection protocols, which ensures 

consistency as well as limiting radiation exposure of 

5 users. A further benefit of software-based elution system 

control is that data logs from each elution run can be 

easily maintained, 

diagnostics, but can 

elution parameters 

which 

also 

(e.g. 

assists 

be used 

elution 

not only system 

to ensure that the 

concentration and 

10 duration) specified for PET imaging have been satisfied. 

As described above, in the \\elution" mode of operation 

(FIG. 6d) , the generator valve 16 is actively controlled 

via a control loop 42 from the positron detector 2 0 to 

proportion saline flow through both the generator 8 and the 

15 bypass line 18. Recombining the corresponding generator 

and bypass saline flows downstream of the generator 8 

produces an active saline solution having a desired 82Rb 

activity concentration. Preferably, the control loop 42 is 

implemented using suitable software executing in the 

20 controller 28. Representative algorithms for implementing 

the control loop 42 are described below with reference to 

FIGS. 7 and 8. 

In the embodiment of FIG. 7, the controller 28 

implements a threshold-based control algorithm, in which 

25 the generator valve 16 is controlled by comparison of 

measured activity concentration to a desired activity 

concentration. If the measured concentration is higher than 

the desired concentration, the generator valve 16 directs 

saline flow to the bypass line 18 rather than the generator 

3 0 8, and vice versa. 

In general, the elution run is designed to generate a 

target 82Rb activity concentration which follows a desired 
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function in time CM(t). In the embodiment of FIG. 7, CM(t) 

is a square-wave function having a predetermined constant 

activity concentration CM and duration (t 2 -t 1 ), as may be 

seen by the dotted line of FIG. 7b. These parameters may 

5 be provided by explicit user input using the user interface 

44 (Fig. 3) , or calculated f ram other user-input 

parameters, such as a total activity dosage and saline flow 

rate. As will be appreciated, the target activity profile 

CM(t) need not be a square-wave function, other profiles 

10 may be used, such as a ramp function, if desired. 

In some embodiments, the target activity profile CM(t) 

may define the desired 82Rb activity concentration at the 

patient outlet 10. In such cases, an adjusted target 

profile C'M(t) may be computed based on the selected flow 

15 rate and patient supply line length, to account for 

expected 82Rb decay (and thus loss of activity) in the 

patient supply line 40 between the positron detector 20 and 

the patient outlet 10. 

that it allows a user 

This arrangement is advantageous in 

to specify an amount of activity 

20 (either activity concentration or total dose) delivered to 

the patient, and the control loop 42 will operate to match 

this specification, taking into account the 82Rb decay 

within the system 14. 

FIG. 7a is a flow chart illustrating a representative 

25 threshold-based valve control algorithm which may be used 

30 

in the embodiment of FIG. 7. For ease of illustration, the 

flow-chart of FIG. 7a only illustrates the control loop. 

Process steps and threshold, related to transitioning 

between various modes of operation are not shown. 

In preparation for an elution run, a user enters 

target parameters for the elution. These 

include any three of: total activity dose, 

parameters may 

target activity 
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concentration, elution duration, and saline flow rate. 

From the entered parameters, the remaining parameter can be 

calculated, and, if desired, an adjusted target profile 

C'M(t) obtained (step 82). 

At the start of the elution run, the controller 28 

opens the generator valve 16 (at time t 0 in FIG. 7b) to 

place the elution system 14 into the "Waiting for 

Threshold" mode. During this period, the activity level 

detected by the positron detector will begin to ramp up 

10 following the leading edge of the 'natural' bolus curve 12 

(Fig. 2a) During this period, the patient valve 24 

remains closed, so that any activity eluted from the 

generator 8 is passed to the waste reservoir 26. When the 

detected activity concentration Cctet exceeds the target 

15 value CM, the controller 28 opens the patient valve 24 (at 

time t 1 in FIG. 7b), and shifts to the "elution" mode of 

operation. 

During the elution mode, the controller 28 iteratively 

obtains an updated concentration parameter Cctet (at 84) , 

20 which indicates the instantaneous activity concentration at 

the positron detector. The concentration parameter Cctet is 

then compared to the desired concentration CM. If Cctet is 

below the desired concentration CM (at 86), the generator 

valve 16 is opened (at 88) so that saline flows through the 

25 generator 8 to elute 82Rb activity. If Cctet is above the 

desired concentration CM (at 810), the generator valve 16 

is closed (at 812) so that saline flows through the bypass 

line 18. As may be seen in FIG. 7b, due to delay in 

response, the result of this operation is a saw-tooth 

30 activity concentration profile 46 centered on the target 

concentration CM (or C' M) 

(time t 2 in FIG. 7b) f 

At the end of the elution run 

the controller 28 closes the 
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generator valve 16 and places the elution system 14 into 

the "Patient line Flush" mode, which terminates elution of 
82Rb activity from the generator 8 and flushes any 

remaining 82Rb activity within the patient line 40 into the 

5 patient. 

10 

FIG. 7c illustrates the activity concentration profile 

delivered to the patient as a result of the above-described 

process. As may be seen from FIG. 7c, no 82Rb activity is 

delivered to the patient during the "Waiting for Threshold" 

mode During the "elution" mode the 

activity concentration 46 follows a saw-tooth pattern 

centered on the target concentration CM (or C'M). Finally, 

in "Patient line Flush" mode following t 2 ) the activity 

concentration drops rapidly as 82Rb elution is terminated 

15 and residual activity is flushed from the patient supply 

line 40. 

As will be appreciated, the accuracy with which the 

delivered activity concentration follows the target profile 

CM(t) is largely dependent on the line volume between the 

20 merge point 22 and the positron detector 20. In some cases 

relatively large excursions from the target profile CM (t) 

are acceptable. However the control loop response is such 

that the difference cannot be reduced past a certain limit. 

As a result, the "error" between the target profile CM(t) 

25 and the delivered concentration profile 46 (Fig. 7c) cannot 

be eliminated in the embodiment of FIG. 7. A pulse-width 

modulation technique which overcomes this limitation is 

described below with reference to FIG. 8. 

The embodiment of FIG. 8 differs from that of FIG. 7 

30 primarily in the manner in which the generator valve 16 is 

controlled. In the embodiment of FIG. 7, the generator 

valve 16 is opened or closed based on a comparison between 
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the detected activity concentration Caet and desired 

activity concentration. By contrast, in the embodiment of 

FIG. 8, the generator valve is opened and closed 

continuously at a predetermined frequency. Any desired 

5 frequency may be used, depending primarily on the physical 

properties of the generator valve 16. In some embodiments, 

a frequency of between 1 and 10 Hz {e.g. 5 Hz) may be used. 

In order to control the proportioning of saline flow 

between the generator 8 and the bypass line 18, the duty 

10 cycle of the valve 16 is varied. Thus, for example, a duty 

cycle of "0" may have the effect of directing the entire 

saline flow through the bypass line 18, and a duty cycle of 

"100" directs the entire saline flow through the generator 

8. A duty cycle between these limits divides the saline 

15 flow between the generator 8 and bypass line 18 in 

accordance with the duty cycle value. The precision with 

which the saline flow can be divided between the generator 

8 and bypass line 18 will be determined by a minimum 

adjustment step size, which can be a programmable value. 

20 As described above, the amount of 82Rb eluted from the 

generator 8, for any given flow rate, will depend on the 

recent usage history of the elution system 14, and the 

instantaneous production rate of 82Rb within the generator 

8. Accordingly, it is possible to improve the accuracy of 

25 the elution system 14 by implementing a predictive control 

algorithm, in which models of the valve 16 and generator 

performance are used to predict the amount of 82Rb activity 

that will be eluted from the generator 8 for a given duty 

cycle setting. 

30 In particular, the generator performance can be 

modeled to predict the amount of 82 Rb activity that will be 

eluted from the generator for a given flow rate, as will be 
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described in greater detail below. In some embodiments, a 

dose calibrator (not shown) is used to measure the 

generator performance in terms of, for example, 

activity concentration vs. eluted volume. This data can be 

5 used to predict eluted 82Rb activity concentration for any 

given saline flow rate. 

In addition, the generator valve response can be 

modeled to enable a prediction of the flow rate through the 

generator for any given total saline flow rate (as 

10 determined by the pump control setting) and valve duty 

15 

20 

25 

cycle. In some embodiments, the valve response may be 

modeled in terms of respective parameters defining upper 

and lower duty cycle limits I1max and Timin, and a flow ratio 

vs. duty cycle slope L between the upper and lower limits. 

With this arrangement, the upper duty cycle limit TI max 

represents the value beyond which all of the flow is 

considered to be directed into the generator 8 . 

Conversely, the lower duty cycle limit I1min represents the 

value below which all of the flow is considered to be 

directed into the bypass line 18. The flow ratio vs. duty 

cycle slope L defines the change in the ratio between the 

respective flows through the generator 8 and the bypass 

line 18 for duty cycle values lying between the upper and 

lower limits. 

In cases where the valve response is non linear, it 

may be advantageous to replace the flow ratio vs. duty 

cycle slope parameter L with one or more parameters 

defining a mathematical valve response curve. 

At the start of the elution run, the controller 28 

30 opens the generator valve 16 (at time t 0 in FIG. Sb) to 

place the elution system into the "Waiting for Threshold" 

mode. During this period, the activity level detected by 
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the positron detector 20 will begin to ramp up following 

the leading edge of the 'natural' bolus curve 12 (Fig. 2a). 

During this period, the patient valve 24 remains closed, so 

that any activity eluted from the generator is passed to 

5 the waste reservoir 26. When the detected activity 

10 

concentration reaches the target concentration CM (or 

adjusted target C'M, as applicable), the controller 28 

opens the patient valve 24 (at time t 1 in FIG. 8b) , and 

shifts to the "elution" mode of operation. 

During the elution mode, the controller 28 implements 

a predictive control algorithm in which previously stored 

generator performance data is used 

flow ratio that will yield 

(at 814) to estimate a 

the target activity 

concentration CM (or C'M) at the positron detector 20, for 

15 the selected flow rate of the elution run. This estimated 

(predicted) flow ratio is then used to control the duty 

cycle of the generator valve 16. The controller 28 then 

obtains an updated concentration parameter Cctet (at 816) , 

which indicates the instantaneous activity concentration at 

20 the positron detector 20. The concentration parameter Cctet 

is then compared to the target concentration CM (or C'M) to 

obtain an error function ~C (at 818) . Based on the value 

of the error function ~C, the duty cycle of the generator 

valve 16 is adjusted. If ~C<O (step 820), the duty cycle 

25 is increased (at 822) so that proportionally more saline 

flows through the generator 8 to elute more 82Rb activity. 

If ~C>O (step 824), the duty cycle is decreased (at 826) so 

that proportionally more saline flows through the bypass 

line 18. If neither condition is satisfied the duty cycle 

30 is maintained at its current status (828) . As may be seen 

in FIG. 8b, the result of this operation is a low-error 

concentration profile 48 that closely matches the target 

concentration CM (or C'M). At the end of the elution run 
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(time t 2 in FIG. Bb) , the controller 2B closes the 

generator valve 16 (that is, reduces the duty cycle to "0") 

and places the elution system 14 into the "Patient line 

Flush" mode, which terminates elution of 82Rb activity from 

5 the generator B and flushes any remaining 82Rb activity 

within the patient line 40 into the patient. 

FIG. Be illustrates the activity concentration profile 

48 delivered to the patient as a result of the above-

described process. As may be seen from FIG. Be, no 82Rb 

10 activity is delivered to the patient during the "Waiting 

for Threshold" mode (t 0 -t 1 ). During the "elution" mode (t 1 -

t2), the activity concentration closely follows the target 

concentration CM (or C'M) Finally, in "Patient line 

Flush" mode following t 2) the activity concentration 

15 drops rapidly as 82Rb elution is terminated and residual 

activity is flushed from the patient supply line 40. 

In practice, the above-described predictive control 

algorithm has been found to produce an 82Rb activity 

concentration that closely matches the desired target 

20 profile CM (t) , except during the first few seconds of the 

elution, where significant prediction errors may occur. In 

cases where all of the activity from the generator must be 

eluted to reach the requested total dosage, this error must 

be tolerated. However, in other cases it is possible to 

25 eliminate the error by delaying the start of the "elution" 

30 

mode of operation. Thus, for example, during the "waiting 

for threshold", mode, the detected activity level Cctet can 

be monitored and compared to a threshold (e.g. 90% of the 

target concentration CM) When the threshold level is 

reached, the generator valve control loop 42 begins 

operating as described above with reference to FIGs. Ba and 

Bb, but the patient valve 24 remains closed so that active 
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solution continues to be routed to the waste reservoir 26. 

After a predetermined delay, the patient valve 24 opens to 

begin supplying active saline solution to the patient 

outlet 10. The duration of the delay may be calculated 

5 based on the relative activity of the elution. For 

example, in elutions in which the target activity 

concentration CM is less than 10% of the maximum 

concentration that the generator 8 can produce, a delay of 

about 10 seconds may be used. Conversely, for elutions in 

10 which the target activity concentration CM is more than 

about 70% of the maximum concentration that the generator 8 

can produce, no delay may be required. For elutions in 

which the target activity concentration lies between these 

two limits, an intermediate delay may be calculated. 

15 As described above, the predictive control algorithm 

uses stored generator performance data to model the 

generator performance and thereby enable prediction of a 

valve flow ratio (or, equivalently duty cycle) that will 

yield the target activity concentration CM (or C'M) at the 

20 positron detector 20. One way of obtaining the generator 

performance data is to calibrate the elution system 14 by 

performing a predefined elution run with the patient outlet 

10 connected to a conventional dose calibrator (e.g. a 

Capintec CRC-15). Such a calibration elution run enables 

25 the dose calibrator to be used to measure the generator 

performance in terms of, for example, 82Rb activity 

concentration vs. eluted volume. This data can be used to 

predict eluted 82Rb activity concentration, for any given 

saline flow rate, with an accuracy that that will gradually 

30 decline with time elapsed since the calibration run. 

Repeating the calibration run at regular intervals (e.g. 

once per day) allows the generator performance data to be 

updated to track changes in the generator performance as 
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the generator 8 ages, and thereby enable accurate flow 

ratio prediction between successive calibration runs. If 

desired, calibration elutions can be scheduled to run 

automatically, for example as part of a daily protocol, 

5 which ensures system accuracy and at the same time limiting 

the potential for human error. 

Preferably, calibration elution runs are performed at 

the same flow rate (e.g. 15ml/min), and over the same 

duration (e.g. 1 minute). This enables the known half-life 

10 of the 82Rb ( 76 seconds) to be used to predict the decay 

time of activity detected by the dose calibrator. A 

difference between the predicted and actual decay times 

indicates breakthrough of 82Sr. Accordingly, 82Sr 

breakthrough can be automatically detected as part of a 

15 scheduled system calibration protocol, by sampling the 

activity level in the dose calibrator at regular intervals 

throughout the duration of each calibration elution run, 

and for a predetermined period following completion of the 

calibration run. The resulting calibration data tracks the 

20 activity level within the dose calibrator, as both a 

function of time and active saline solution volume. 

Calibration data collected during the elution enables 

prediction of the 82Rb decay curve after the elution has 

stopped. Comparison between this predicted decay curve and 

25 the calibration data collected after the elution enables 

detection of 82 Sr breakthrough. 

30 

The calibration data collected during the elution can 

also be used to calculate the proportionality constant K 

between the activity parameter Cctet and the 82Rb activity 

concentration. In particular, the instantaneous activity 

detected by the dose calibrator during the calibration 

elution is the convolution of the activity concentration 

2270 of 2568



WO 2007/104133 PCT /CA2007 /000295 

- 20 -

and the well known 82Rb decay curve. Since the saline 

volumetric flow rate is known, the calibration data 

collected during the elution can be used to calculate the 

actual activity concentration of the active saline solution 

5 entering the dose calibrator, and thus the proportionality 

constant K. 

In the foregoing description, the predictive control 

algorithm uses stored generator performance data to predict 

a valve duty cycle that will yield the target activity 

10 concentration CM (or C'M) at the positron detector, and 

this estimate is used to control the generator valve 16. 

An error 1'::.C between the detected concentration parameter 

Cctet the target activity concentration CM is then calculated 

and used to adjust the flow ratio (duty cycle) of the 

15 generator valve 16. This error may also be used as data 

input for a self-tuning algorithm for updating the 

generator valve response parameters. This functionality is 

useful for ensuring accuracy of the predictive control 

algorithm, as well as compensating valve performance 

20 changes due, for example, to component aging and wear. 

In some embodiments, the self-tuning algorithm uses 

error data accumulated over a number of elution runs. 

Thus, for example, during each elution run, desired flow 

ratios can be calculated (e.g. based on the saline flow 

25 rate, target activity concentration CM and stored generator 

performance data) and error function 6.C values stored as a 

function of desired flow ratio. Accumulation of error 

value vs. flow ratio data over a number of elution runs can 

then be processed to obtain a slope error 6.L. This error 

30 value can then be used to incrementally adjust the flow 

ratio vs. duty cycle slope parameter L of the value so as 

to drive the slope error 6.L toward zero. 
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The upper duty cycle limit Dmax may be adjusted based 

on error data accumulated during el utions in which the 

predicted activity concentration from the generator cannot 

satisfy the desired target value CM. This situation can 

5 occur during elution runs conducted toward the end of the 

useful life of the generator 8, when the 82Rb production 

rates are at their lowest. When the predicted activity 

concentration from the generator 8 is less than the desired 

target value CM, the predictive control algorithm will 

10 operate to set the duty cycle at its upper limit value nm~· 

In this condition, if the measured concentration parameter 

Cctet is less than the target value CM, the error function 

value ~C will be a non-zero value, and the corrective loop 

(FIG. Sa) will attempt to further increase the duty cycle. 

15 If no further increase in the concentration parameter Cctet 

occurs (as indicated by a change in the function value ~C), 

then the upper lirni t value Dmax may be reduced by a 

predetermined step size (e.g. 10-5
). On the other hand, if 

operation of the corrective loop does produce an increase 

2 0 in the detected concentration Cctet, the slope of the error 

data can be used to increase the upper limit value Timax· 

25 

If desired, a similar approach can be used to correct 

for hysteresis of the valve 16. Hysteresis refers to a 

system behaving differently depending on the direction of 

change of an input 

response. In the 

type illustrated 

parameter, usually involving a delayed 

case of a bi-state pinch valve of the 

in Fig. 4 the opening and closing 

latencies 

itself in 

may 

the 

differ. This valve hysteresis manifests 

algorithm threshold-based elution control 

30 described above with reference to FIG. 7, and appears as a 

difference between a predicted elution duration (required 

to achieve a desired eluted activity dose) and the actual 

elution duration required to obtain that dose. 
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Accordingly, by monitoring the actual 

"total activity dose"-type elution runs, 

calculate a hysteresis factor H, which 

the threshold set point (i.e. the 

PCT /CA2007 /000295 

elution time for 

it is possible to 

can be applied to 

target activity 

5 concentration CM) to compensate the valve hysteresis. 

In the foregoing embodiments, the generator valve is 

controlled as a bi-state valve, which is either "on" to 

direct all of the saline solution flow into the generator 

8; or "off" to direct all of the saline solution flow into 

10 the bypass line 18. In the embodiment of FIG. 7, the 

generator valve 16 is controlled in precisely this manner, 

in response to a threshold comparison. In the embodiment 

of FIG. 8, the valve 16 is cycled continuously at a 

predetermined frequency (e.g. 5Hz) and the duty cycle 

15 adjusted to emulate a continuously (or step-wise) variable 

proportioning valve. Both of these methods of valve 

control are particularly suited to embodiments in which the 

valve of FIG. 4, for example, is controlled by a solenoid 

and a spring. However, it will be appreciated that a 

20 continuously variable valve could be used, if desired. For 

example, the position of the valve of FIG. 4 could be 

controlled by a servo-motor, in which case accurate 

proportioning of saline flow between the generator and 

bypass lines could be obtained without cycling the valve 

25 between "on" and "off" states. Clearly, use of different 

generator valve control techniques would imply 

corresponding differences in the valve control signal and 

response parameters. However, based on the teachings 

provided herein, it is considered that all such 

30 modifications will be well within the purview of those of 

ordinary skill in the art, and therefore are contemplated 

within the scope of the present invention. 
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The embodiment(s) of the invention described above 

is(are) intended to be exemplary only. The scope of the 

invention is therefore intended to be limited solely by the 

scope of the appended claims. 
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