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between a floor 69 of the hospital room and the portion of headwall unit 32 having 

central panels 60 associated therewith as shown in Fig. 8. A set of auxiliary medical 

service outlets 71 are coupled to lower portion 67. In addition, the portions of 

headwall unit 32 in which cavities 34, 36 are defined overhang underlying portions of 

5 floor 69 that are laterally outward of lower portion 67. 

As previously mentioned, columns 40, 42 carry patient-care 

equipment. Column 40 is configured to have patient-care equipment attached thereto 

and detached therefrom, whereas column 42 has patient-care equipment integrated 

therewith as shown in Figs. 1 and 2. In the illustrative example, column 40 has a 

10 vertical arm 62 and an IV rack 64 coupled to vertical arm 62 by suitable couplers such 

as, for example, clamps, brackets, latches, grippers, or hooks. IV rack 64 has one or 

more hooks 66 to which IV bags 68 couple and one or more poles 70 to which 

infusion pumps 72 couple. It is within the scope of this disclosure for any type of 

medical equipment capable of coupling to an IV pole to be coupled to IV rack. As 

15 shown in Figs. 9 and 10, one or more medical service outlets 73 are mounted to arm 

62 of column 40. Services accessible via outlets 73 include electrical services, such 

as electrical power and data transfer, and pneumatic services, such as medical gases or 

suction. Illustratively, electrical power is provided to infusion pump 72 from one of 

outlets 73 as shown in Fig. 9. 

20 In the illustrative example, column 42 has a vertical arm 74 and a 

housing 76 coupled to arm 74. A display screen 78 is coupled to an upper portion of 

housing 76 and a plurality of medical service outlets 80 are coupled to a lower portion 

of housing 76. Services available via outlets 80 include similar electrical and/or 

pneumatic services as are available from outlets 73. Service-delivery lines 82 are 

25 routed from each of outlets 80 through housing 76 and arm 74 of column 42 and 

through ceiling unit 38 as shown in Figs. 5-7. In addition, service-delivery lines 84 

are routed from each of outlets 73 through arm 62 of column 40 and through ceiling 

unit 38 as shown in Fig. 7. In addition, lines 82, 84 are routed into ceiling 46 through 

an opening 86 that is formed in ceiling above a central region of ceiling unit 38. 

30 Column 40 has a carriage 88 to which arm 62 is coupled and column 

42 has a carriage 90 to which arm 74 is coupled as shown in Fig. 2. In some 

embodiments, arm 62 and IV rack 64 (or any other patient-care equipment coupled to 

arm 62) are pivotable about a vertical axis relative to can-iage 88 in a first direction as 
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indicated by arrow 92, shown in Fig. 2, and in an opposite, second direction as 

indicated by airow 94, shown in Fig. 4. In other embodiments, arm 62 is fixed 

relative to carriage 88 but the coupler to which IV rack 64 (or other patient-care 

equipment) couples is pivotable relative to arm 64 in directions 92, 94. Similarly, in 

5 some embodiments, arm 74 and housing 76 are pivotable about a vertical axis relative 

to carriage 90 in first and second directions and, in other embodiments, arm 7 4 is 

fixed relative to carriage 90 and housing 76 is pivotable relative to arm 74 about a 

vertical axis in first and second directions. Various angular orientations of columns 

40, 42 about their respective vertical axes are shovvn in Fig. 7. In illustrative 

10 embodiments, the vertical axes about which IV rack 64 and housing 76 pivot extend 

through associated vertical arms 62, 74. 

Ceiling unit 38 of system 30 has a central portion or canopy 96 and a 

pair of side portions or tracks 98 as shown, for example, in Figs. 1 and 2. Canopy 96 

generally overlies bed 48, whereas tracks 98 are situated laterally outward of canopy 

15 96. Canopy 96 has a set of lights 100 integrated therein. Lights 100 include reading 

lights and/or examination lights. In some embodiments, reading lights comprise 

standard incandescent or fluorescent bulbs, whereas examination lights comprise, for 

example, halogen bulbs and color-correction filters. All types of reading lights and 

examination lights are contemplated by this disclosure as being included in ceiling 

20 unit 38. Illustrative canopy 96 also has a display screen 110 integrated therein. In 

other embodiments, display screen 110 is omitted. Various images, such as family 

photos and nature scenes may be displayed on screen 110. 

Ceiling unit 38 has a first or proximal end coupled to or overlying 

portions of headwall unit 32 and an opposite, distal end that is spaced apart from 

25 headwall unit 32. Thus, ceiling unit 38 extends from headwall unit 32 along ceiling 

46 of the hospital room. Canopy 96 comprises a housing or frame 112 and a cosmetic 

cover or panel 114 that couples to frame 112 as shown in Figs. 5 and 6. Frame 112 

includes portions (not shown) that couple to ceiling 46 and/or to headwall unit 32 

with suitable couplers such as, for example, bolts, rivets, welds, clamps, tabs, and the 

30 like. The various pieces of equipment carried by ceiling unit 38, including lights 100 

and screen 110, are mounted to frame 112 and extend through appropriately sized 

openings formed in panel 114. In addition, portions oflines 82, 84 loosely drape over 

frame 112 and cover 114 as shown in Figs. 5 and 6. Lines 82, 84 are routed through 
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suitably sized slots or spaces 116 that are provided between frame 112 and ceiling 46, 

or alternatively, between other portions of ceiling unit 38 through which lines 82, 84 

are routed. 

As columns 40, 42 move between the storage and various use 

5 positions, lines 82, 84 move relative to ceiling unit 38 in a somewhat random manner. 

However, frame 112 and cover 114 are situated beneath portions oflines 82, 84 to 

shield these portions of lines 82, 84 from view. Other portions of lines 82, 84 are 

shielded from view by columns 40, 42, respectively. In the illustrative embodiment, 

panel 114 has lateral side portions 118 that underlie portions of carriages 88, 90 as 

10 shown in Fig. 5 with respect to carriage 90. Side portions 118 further shield lines 82, 

84 from view. Lines 82, 84 have sufficient slack in the interior region of canopy 96 to 

permit columns 40, 42 to move from the respective storage positions to the respective 

farthest use positions adjacent the distal end of associated tracks 98. It is within the 

scope of this disclosure for one or more line management mechanisms, such as strain 

15 reliefs, hoses, conduits, cables, cable ties, articulating segmented channels, and the 

like, to be coupled to lines 82, 84 either to guide or control the movement of lines 82, 

84 or to restrain the movement of lines 82, 84 in a desired manner as columns 40, 42 

move between the storage positions in cavities 34, 36, respectively, and the various 

positions outside of cavities 34, 36. 

20 Each illustrative track 98 comprises a track member 120 and a 

cosmetic cover or panel 122 coupled to the respective member 120 as shown in Fig. 5. 

Suitable couplers, such as illustrative bolts 123, couple track member 120 to ceiling 

46 or, in alternative embodiments, to portions of frame 112 that overlie tracks 98. 

The proximal ends of track members 120 overlie respective cavities 34, 36 to permit 

25 carriages 88, 90 to move along track members 120 into cavities 34, 36, respectively. 

Columns 40, 42 each comprise a plurality of rollers 124 some of which engage a first 

roller-engaging surface 126 of the associated member 120 and others of which engage 

a second roller-engaging surface 128 of the associated member 120 as also shown in 

Fig. 5. Surfaces 126, 128 are each elongated and extend generally perpendicularly 

30 relative to wall 44 of the hospital room. Thus, surfaces 126 are parallel with surfaces 

128. In addition, surfaces 126, 128 lie in a common horizontal plane. In some 

alternative embodiments, track members 120 are curved and in other alternative 

embodiments, track members 120 are not parallel to each other. 
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Carriages 88, 90 are each somewhat U-shaped having central portions 

130 that underlie track members 120 and having a pair of side portions 132 that 

extend upwardly from respective central portions 130 such that track members 120 

are situated between respective side portions 132. Rollers 124 each have shafts 134 

5 that are coupled to side portions 132 and that extend horizontally therefrom in a 

cantilevered manner toward associated track members 120. As columns 40, 42 move 

along tracks 98, such as, for example, in directions 136 away from respective cavities 

34, 36 as shown in Figs. 2, 4, and 6-8, rollers 124 roll along corresponding surfaces 

126, 128. Of course, rollers 124 also roll along surfaces 126, 128 when columns 40, 

10 42 move along tracks 98 in directions opposite to directions 136. 

According to this disclosure, housing 7 6 carries electrical circuitry to 

control the operation of display screen 78. In some embodiments, housing also 

carries electrical circuitry to control the operation of display screen 110 and lights 

100. In other embodiments, some or all of the circuitry that controls the operation of 

15 screens 78, 110 and lights 100 are housed in portions of head wall unit 32. Such 

circuitry includes for example, one or more of a microprocessor or microcontroller, 

input/output circuitry, signal conditioning circuitry, signal conversion (analog-to

digital and/or digital-to-analog) circuitry, power conditioning circuitry, memory 

circuitry, and the like. In addition, a user interface is provided on column 42 to 

20 permit a user to enter commands and retrieve data for display on screen 78. In the 

illustrative embodiment, screen 78 is a touch screen and the user input on column 42 

comprises user input buttons 138 displayed on screen 78 as shown, for example, in 

Fig. 8. 

In some embodiments, the electrical circuitry that controls the 

25 operation of display screen 78 is coupled to the hospital's computer network or 

ethemet. In such embodiments, any of the information available on the network is 

viewable on display screen 78. For example, a caregiver is able to retrieve a patient's 

medical records (e.g., laboratory test results, medical diagnosis, patient charts, x-rays, 

and so on) from the network for viewing on screen 78. In addition, patient point-of-

30 care data, such as vital signs data (e.g., heart rate, blood pressure, neurological 

activity, respiration rate, patient temperature, pulse oximetry) and data associated with 

the operation of patient-care equipment (e.g., data from one or more ventilators, 

infusion pumps, electrocardiographs, electroencephalographs), may be displayed on 
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screen 78. Thus, the circuitry associated with screen 78 is programmed and/or 

configured to receive and process various types of data signals indicative of the 

infonnation to be displayed on screen 78. It is within the scope of this disclosure for 

all types of data associated with the care of a patient to be displayed on screen 78. In 

5 addition, it is within the scope of this disclosure for screen 78 to display multiple 

types of data simultaneously, such as in a split screen format. Furthermore, in those 

embodiments in which the hospital computer network is coupled to the Internet, then 

information accessible via the Internet is also able to be displayed on screen 78. 

An alternative IV rack 164 that is attachable to and detachable from 

10 vertical arm 62 is shown in Figs. 8-10. IV rack 164 is similar to IV rack 64 and 

therefore, where appropriate, like reference numerals are used to denote components 

of IV rack 164 that are substantially similar to like components of IV rack 64. As was 

the case with IV rack 64, IV rack 164 couples to arm 62 with suitable couplers such 

as, for example, clamps, brackets, latches, grippers, hooks, or the like. The main 

15 difference between IV rack 164 and IV rack 64 is that IV rack 164 has a horizontal 

plate 140 coupled to the lower ends of poles 70. Plate 140 has one or more openings 

or sockets 142 as shown in Fig. 8. 

An arm assembly 144 for carrying IV rack 164 includes an arm 146 

coupled to bed 48 for pivoting movement about a vertical axis, a horizontal plate 148 

20 coupled to arm 144, and a pair of posts 150 extending vertically upwardly from plate 

146. Arm 146 is movable to a first position extending laterally outwardly from bed 

48 to support plate 148 and posts 150 at a location which permits coupling of IV rack 

164 to arm assembly 144 as shown in Figs. 8 and 9. Vertical arm 62 and carriage 88 

are movable along track 98 to position IV rack over plate 148 and posts 150. In 

25 addition, IV rack 164, or the combination of arm 62 and IV rack 164, is rotatable 

about the vertical axis extending through arm 62 to orient IV rack 164 such that 

sockets 142 are aligned with posts 150. After IV rack 164 is properly oriented over 

ann assembly 144, as shown in Figs. 8 and 9, IV rack 164 is lowered in the direction 

of arrow 152, shown in Fig. 8, so that posts 150 are received in sockets 142 and so 

30 that plate 140 rests upon plate 148, thereby to couple IV rack 164 to arm assembly 

144. 

In some embodiments, the coupler that couples IV rack 164 to arm 62 

is movable vertically relative to arm 62 to permit raising and lowering of IV rack 164 
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and, in other embodiments, arm 62 comprises telescoping segments that permit 

raising and lowering ofIV rack 164. Alternatively, IV rack 164 is decoupled from 

arm 62 and is lowered manually onto arm assembly 144. It is also within the scope of 

this disclosure for an upper frame 154 of bed 48 to be lifted relative to a base 156 of 

5 bed 48 so that posts 150 enter into openings 142 and so that plate 148 moves into 

engagement with plate 140. In some embodiments, additional mechanisms (not 

shown), such as latches on plate 142 or plate 150, pins that extend through posts 150, 

caps that snap or thread onto posts, clamps that grip plates 140, 148, and the like, are 

provided to lock IV rack 164 to arm assembly 144. After IV rack 164 is coupled to 

10 arm assembly 144 and decoupled from arm 62, arm 146 is pivotable relative to bed 48 

to a second position having N rack 164 supported alongside bed 48 as shown in Fig. 

10. Thus, bed 48 and IV rack 164 coupled to bed 48 are transportable through the 

hospital without needing to disconnect N lines from the patient carried by bed 48. 

Referring now to Figs. 11-14, an alternative architectural system 230 

15 has a headwall unit 232 and a ceiling unit 238 that are substantially similar to 

headwall unit 32 and ceiling unit 38, respectively, of system 30. Therefore, where 

applicable, like reference numerals are used to denote components of system 230 that 

are substantially similar to like components of system 30. One of the differences 

between system 230 and system 30 is that headwall unit 232 of system 230 has a pair 

20 of auxiliary cavities 234, 236 (see Figs. 12 and 14) that are laterally outboard of 

cavities 34, 36, respectively. A pair of doors 235, 237 are each independently 

movable bet\veen a closed position, shown in Fig. 11, in which the respective cavity 

234, 236 and any items or equipment stored therein are inaccessible and an opened 

position in which the respective cavity 234, 236 and any items or equipment stored 

25 therein are accessible. In the illustrative embodiment, doors 235, 237 pivot about 

respective vertical axes when moving between the opened and closed positions. 

Suitable locking mechanisms are provided in some embodiments for locking doors 

235, 237 in the closed positions. As was the case with system 30, doors 58 of system 

230 are movable to open and close cavities 34, 36. 

30 Headwall unit 232 has additional medical service outlets 216 mounted 

on a pair of lower vertical panels 218 which are situated beneath the lowermost pair 

of doors 58 as shown in Figs. 11, 14, and 14. Headwall unit 232 also has a pair of 

lower doors 220 that are movable between respective first positions in which doors 

1698 of 2987



WO 02/096335 PCT/US02/16404 

-15-

220 cover the associated outlets 216 and respective opened positions in which outlets 

216 are uncovered for use. It is within the scope of this disclosure for system 30 to 

also have outlets 216, panels 218, and doors 220. In some embodiments, auxiliary 

outlets 71 and outlets 216 are included in the headwall unit and, in other 

5 embodiments, only one or the other set of outlets 71, 216 are included in the headwall 

unit. 

Another of the differences between system 230 and system 30 is that 

ceiling unit 238 of system 230 has tracks 198 which are wider than tracks 98 of 

system 30. Thus, tracks 198 extend laterally outward from canopy 96 of ceiling unit 

10 238 by a greater amount than tracks 98 extend laterally outward from canopy 96 of 

ceiling unit 38. Each of tracks 198 has a cosmetic cover or panel 210. Each panel 

210 has a first elongated slot 212 and a second elongated slot 214. In the illustrative 

embodiment, slots 212 are parallel with slots 214. Each slot 212 receives a respective 

side portion 132 of the associated carriage 88, 90 of the respective column 40, 42. 

15 Thus, provision of slots 212 in covers 210 allows columns 40, 42 of system 230 to 

move without interference from panels 210 between the respective storage positions 

within cavities 34, 36 and the various positions outside of cavities 34, 36. 

In some embodiments, slots 214 are situated beneath respective track 

members (not shown) that are configured to support auxiliary equipment which is 

20 moved out of auxiliary cavities 234, 236 and, in other embodiments, auxiliary 

equipment is situated above slots 214. In the example shown in Fig. 12, a privacy 

curtain 240 is movable from a storage position in which curtain 240 is situated within 

cavity 236 to a use position in which a majority of curtain 240 is drawn out of cavity 

236. In the use position, curtain 240 hangs downwardly from substantially the entire 

25 length of the track member situated above the respective slot 214. Illustrative curtain 

240 has a flexible curtain panel 242, a plurality of sliders 244, and a plurality of 

strands 246. Each strand 246 extends between panel 242 and a respective slider 244. 

Sliders 244 are movable along the track member situated above slot 214. Thus, when 

curtain 240 is in the storage position, all of sliders 244 are grouped together within 

30 cavity 236 and when curtain 240 is in the use position, sliders 244 are spaced apart 

along the length of slot 214. 

In the example shown in Fig. 13, a privacy curtain 250 is extendable 

downwardly out of the associated slot 214 to a use position and is retractable 
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upwardly through slot 214 to a storage position. Curtain 250 has a flexible curtain 

panel 252 and a bottom member 254 coupled to a bottom portion of panel 252. 

Member 254 adds weight to curtain 250 to prevent excessive movement of curtain 

250 away from a vertical hanging configuration as shown in Fig. 13. A rotatable shaft 

5 (not shown) on which panel 252 winds when retracting and unwinds when extending 

is situated above slot 214. In some embodiments, a motor (not shown) is coupled to 

shaft and is operated to rotate the shaft in the appropriate directions to wind and 

unwind panel 252. In such embodiments, a user input, such as one or more switches, 

buttons, levers, or the like, is accessible on headwall unit 232 to control the motor. In 

10 alternative embodiments, curtain 250 is extended and retracted manually, similar to 

the manner in which conventional window shades are pulled down to cover a window 

and are manipulated so that a spring causes an associated shaft to wind up the window 

shade. 

In the example shown in Fig. 14, an auxiliary IV pole 160 hangs 

15 downwardly from a carriage 162 that is slideable along a track member (not shown) 

which is situated above the respective slot 214. Pole 160 and carriage 162 are 

movable between a storage position in cavity 234 and a number of use positions 

outside of cavity 234. One or more hooks 166 are coupled to pole 160 for holding IV 

bags 68. In the illustrative embodiment, a dedicated infusion pump 172 is mounted to 

20 a bottom end of pole 160. In alternative embodiments, infusion pumps 72 are 

attachable to and detachable from other portions of pole 160. It is within the scope of 

this disclosure for any type of patient-care equipment that is capable of coupling to an 

IV pole to be coupled to pole 160. 

Although curtain 240 is shown in Fig. 12 has being associated with 

25 cavity 236 and although pole 160 is shown in Fig. 14 as being associated with cavity 

234, it is within the scope of this disclosure for curtains, N poles, and any other type 

of track-mounted auxiliary equipment, such as exam lights, water hoses, suction 

hoses, traction devices, and the like, to be associated with either of cavities 234, 236. 

In addition, it is within the scope of this disclosure for the various walls of headwall 

30 unit 232 that bound cavities 234, 236, such as back wall 259, side wall 261, and 

bottom wall 263 (see Fig. 14), to be appropriately sized and configured so that 

cavities 234, 236 are large enough to receive the track mounted equipment to be 

stored therein. In addition, in those embodiments having auxiliary equipment, such as 
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curtain 250 that extends and retracts out of slots 214, then cavities 234, 236 may have 

storage shelves therein. 

Referring now to Figs. 15 and 16, an alternative architectural system 

330 includes a headwall unit 232, that is substantially similar to headwall unit 232 of 

5 system 230, and a ceiling unit 338 :from which a set of air curtains 270 are directed 

downwardly around three sides of hospital bed 48. In the illustrative embodiment, the 

set of air curtains are adjacent foot end 52 and sides 54, 56 of bed 48. A suitable 

amount of space is provided between air curtains 270 and bed 48 to permit a caregiver 

to stand therebetween. Air curtains 270 provide a modicum of environmental 

10 isolation for the patient on bed 48. Thus, air borne contaminants outside the patient 

space bounded by air curtains 270 are prevented from entering the patient space. In 

some embodiments, air curtains 270 are heated and/or humidified to control the 

temperature and humidity of the patient space. In such embodiments, heating 

equipment (not shown) and/or humidifying equipment (not shown) is housed in either 

15 ceiling unit 338 or headwall unit 232 or both. 

An air curtain generator 272, such as a fan, blower, pump, or the like, 

is housed in canopy 96 of ceiling unit 338 as shown in Figs. 15 and 16. An air-intake 

opening 274 is formed in cover 114 of canopy 96 and an air filter 276 covers opening 

27 4 to filter contaminants :from the ambient environment. Air curtain generator 272 is 

20 situated in a central chamber 278 of canopy 96 and an air-inlet duct 280 extends from 

opening 274 to chamber 278. A network of air-outlet ducts 282 extend from chamber 

278 throughout ceiling unit 338, including along the outer regions oflateral side 

portions 198 and including along the :front distal regions of canopy 96 and portions 

198. Duct 280 overlies some of ducts 282 as shown in Fig. 16. In the illustrative 

25 embodiment of system 330, a plurality of air-exit openings or slots 284 are formed 

along the side and front peripheral regions of the underside of ceiling unit 338. 

Operation of air curtain generator 272 moves air from the ambient environment 

through each of filter 276, duct 280, chamber 278, ducts 282, and openings 284 to 

form air curtains 270. 

30 A controller (not shown) housed in ceiling unit 338 or headwall unit 

232 or both operates to control air curtain generator 272, the heating equipment (if 

any), and the humidification equipment (if any). A user interface is provided on one 

or both of columns 40, 42 or on headwall unit 232. A user inputs operational 
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parameters, such as, for example, fan speed (high, medium, low), air temperature, and 

air humidity, to the controller via the user interface. In addition, system 330 has 

various sensors, such as, for example, a fan speed sensor, a temperature sensor, and a 

humidity sensor that provides feedback to the controller so that appropriate 

5 commands from the controller can be provided to air curtain generator 272, the 

heating system, and the humidification system to adjust the operation of these 

devices, if appropriate. 

According to one aspect of the present disclosure, a patient rests on a 

hospital bed 534 in an environmentally-controlled hospital room 532 as shown in Fig. 

10 17. Covering the patient is a disposable heating/cooling blanket 536. Blanket 536 is 

coupled via a pair of heating/cooling hoses 540 to a heating/cooling unit 538 housed 

in a headwall 542 of room 532. When the patient is to be cooled, unit 538 operates to 

provide a cooling medium, such as cool air or cool liquid, through one of hoses 540 to 

blanket 536 and the other of hoses 540 provides the cooling medium back to unit 538 

15 after circulation of the cooling medium through blanket 536. When the patient is to 

be heated, unit 538 operates to provide a heating medium, such as heated air or heated 

liquid, through one of hoses 540 to blanket 536 and the other of hoses 540 provides 

the cooling medium back to unit 538 after circulation of the heating medium through 

blanket 536. In those embodiments having heated air or cooled air circulated through 

20 blanket 536, perforations are formed in the surface of blanket 536 facing the patient 

so that a portion of the heated or cooled air being circulated through blanket 536 is 

able to escape from blanket 536 through the perforations and convectively heat or 

cool, as the case may be, the patient. 

Bed 534 includes a pendant controller 544 that a patient uses to control 

25 heating/cooling unit 538 in a desired manner when pendant controller 544 is not 

locked out. fu some embodiments, pendant controller 544 also is used to control 

other bed functions, such as articulation, raising, and lowering of the bed deck, and to 

control room entertainment and communication functions, such as television, radio, 

and nurse call. Bed 534 includes a footboard 546 having a control panel 548 that is 

30 used by a caregiver to control operation of unit 538, to control operation of various 

bed functions, and to control various entertainment and communication functions. 

Control panel 548 is also used by the caregiver to lock out one or more functions of 
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pendant controller 544. For example, the caregiver can lock out the ability of pendant 

controller 544 to operate unit 538. 

An ceiling unit or overhead canopy 550 is coupled to a ceiling 552 of 

hospital room 532 above bed 534 as shown in Fig. 17. Canopy 550 includes various 

5 systems that control the environment of room 532. For example, canopy 532 includes 

an overhead temperature sensor (not shown), an overhead air quality sensor (not 

shown), an overhead air purifier (not shown), aroma therapy equipment (not shown), 

motion or proximity sensors 554 for detecting the presence of other people in the 

hospital room, examination lights 556, reading lights (not shown), and a video screen 

10 558 for displaying one or more preselected images. Such images may include a scene 

from nature or other restful scenes. Such images may also include images that 

transition at the appropriate times during a 24-hour period from day images, such as 

clouds and sun, to night images, such as moon and stars. Images of the patients 

family may also be displayed on screen 558. 

15 In some embodiments of room 532, the room lights are controlled to 

dim slowly as the daytime turns to evening. In addition, a recording of evening 

sounds, such as owls, night birds, crickets, and wind in the trees is played by audio 

equipment housed in overhead canopy 550. Eventually, the room lights are turned 

completely off and the night sounds fade away. In other embodiments of room 532, a 

20 video screen similar to or larger than video screen 558 is mounted to a room wall, 

preferably a wall that confronts the foot end of bed 534. In such alternative hospital 

rooms, television images, internet images, educational information, patient schedule, 

imagery to promote relaxation, and video conferencing images are selectively 

displayed on the video screen. 

25 Bed 534, unit 538, and ceiling unit 550 each have their own controllers 

for monitoring and controlling the various functions associated with these devices. 

Each of such controllers include, for example, one or more microprocessors, 

microcontrollers, memory circuitry, input/output circuitry, signal conditioning 

circuitry, signal conversion circuitry, power conditioning circuitry, and the like. It is 

30 within the scope of this disclosure for each of the controllers of bed 534, unit 538, and 

canopy 550 to be coupled to the hospital computer network to exchange data with the 

network. In some embodiments, parameters for controlling bed 534, unit 538, and 

canopy 550 are entered by computers that are located remotely from room 532. Thus, 
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for example, if a patient places a nurse call requesting the heating/cooling function of 

unit 538 and blanket 536 be adjusted or discontinued, the nurse receiving the call is 

able to adjust the amount of heating/cooling provided to the patient via blanket 536. 

Referring now to Figs. 18-20, a mobile cart 560 includes a somewhat 

5 rectangular upstanding pedestal 562, four horizontally extending support legs 564 

coupled to the bottom of pedestal 562, and a set of wheels or casters 566 coupled to 

distal ends of corresponding support legs 564. Pedestal 562 has a fairly small depth 

dimension between a front face 568 thereof, shown best in Fig. 18, and a rear face 570 

thereof, shown in Figs. 19 and 20. Each support leg 564 is pivotable relative to 

10 pedestal 562 about a respective vertical axis between a first position extending 

outwardly from beneath pedestal 562 as shown in Fig. 18 and a second position 

tucked beneath pedestal 562 as shown in Figs. 18-20. 

When legs 564 are in the second positions, legs 564 and casters 566 

are positioned to lie completely under and within the foot print of pedestal 562. In 

15 addition, when legs 564 are in the second positions, legs 564 extend in substantially 

parallel relation with front and rear faces 568, 570 of pedestal 562. When legs 564 

are in the first positions, a majority oflegs 564 are positioned to lie outside the foot 

print of pedestal 562 and legs 564 extend in substantially perpendicular relation to 

front and rear-faces 568, 570 of pedestal 562. Suitable locking or retention 

20 mechanisms are provided either on legs 564 or pedestal 562 to lock or retain legs 564 

in the respective first and second positions. The stability of cart 560 on a floor is 

greater when legs 564 are in the first positions than when legs 564 are in their second 

positions. 

Mobile cart 560 is couplable to and transportable with a wheeled 

25 hospital bed or stretcher 572 from an operating room 574, shown in Fig. 19, to an 

intensive care unit room (not shown), and then to a regular hospital room 578, shown 

in Fig. 20. Of course, rooms 574, 578 are shown merely as examples of hospital 

rooms and therefore, cart 560 may be transported with stretcher 572 to any location in 

a hospital that stretcher 572 is capable of going. Cart 560 may also be transported by 

30 itself throughout a hospital when legs 564 are in their first positions having casters 

566 rolling along the floor of the hospital. 

An asset tracking system (not shown) included in a hospital includes a 

plurality of transmitters, receivers, and/or transmitter/receiver units 57 6 (collectively 
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referred to as "transmitter/receiver units 576") located throughout the hospital. One 

such transmitter/receiver unit 576 is shown in Fig. 36. Transmitter/receiver units 576 

cooperate with remote equipment, such as computers, included in the asset tracking 

system to track the whereabouts of mobile carts 560 throughout the hospital. Thus, 

5 each cart 560 to be tracked includes a transmitter/receiver unit (not shown) that, when 

prompted by a signal from transmitter/receiver units 576, emits a signal that is sensed 

by one or more transmitter/receiver units 576 in the vicinity thereof. 

Cart 560 is couplable to hospital bed 572 as previously mentioned. 

Cart 560 is also couplable to arm assemblies 598 included, for example, in operating 

10 room 574 and in intensive care unit rooms (not shown). Ann assemblies 598 extend 

from the ceilings of the respective rooms, such as room 57 4 as shovro in Figs. 19. 

When cart 560 is coupled to arm assemblies 578, cart 560 is suspended from the 

ceiling of the respective room so that casters 566 of cart 560 are spaced apart from the 

floor of the respective rooms. Casters 566 are also spaced apart from the floor of the 

15 respective rooms when cart 560 is coupled to bed 572. It is within the scope of this 

disclosure for cart 560 to be coupled to or included in columns 40, 42 of any of 

architectural systems 30, 230, 330, as well as any alternatives of these, described 

above with regard to Figs. 1-16. 

Cart 560 includes suitable couplers (not shown) that interface with 

20 couplers (not shown) included in bed 572, with couplers (not shown) included in ann 

assemblies 578, and with couplers (not shown) included in columns 40, 42. Suitable 

couplers may include, for example, hooks, clips, posts, latches, sockets, rails, 

channels, slots, bands, straps, fingers, flanges, lugs, bails, wires, magnets, plates, and 

the like, as well as combinations of these. Cart 560 includes a handle 580 appended 

25 to the top of pedestal 562 as shown in Figs. 18 and 19. A caregiver grips handle 580 

to maneuver cart 560 along a floor of the hospital and to carry cart 560, such as 

during attachment to or detachment from bed 572, arm assemblies 578, or columns 

40, 42. 

A headwall 582 of room 578 is formed to include a cavity 584 that is 

30 configured to receive cart 560 as shown in Fig. 20. In addition, cart 560 is received in 

cavities 34, 36 (or cavities 23, 236) when cart 560 is coupled to or included in 

columns 40, 42 and columns 40, 42 are moved to the storage positions. When cart 

560 is situated in cavity 584, legs 564 are in the respective second positions and 
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casters 566 rest upon a ledge surface 586 that underlies cavity 584. Pedestal 562 of 

cart 560 is configured to carry one or more IV poles 588 as shown in Figs. 18-20. 

Cavity 584 has sufficient height to accommodate cart 560 and any IV poles 588 

coupled thereto as shown in Fig. 20. Hooks 587 are provided at the top of IV poles 

5 588 for attachment ofIV bags 68. 

Pedestal 562 includes recesses or compartments 589 that are adapted to 

carry various patient-monitoring and patient-care modules or equipment 590, shown 

best in Fig. 18. Such patient-care equipment includes, for example, infusion pumps, 

ventilator control units, gas control units, vital signs monitors, and the like. Some 

10 modules 590 are coupled to the patient, via sensor lines, to monitor various 

physiological conditions and vital signs of the patient. In some embodiments, cart 

560 includes an on-board computer system that interfaces with modules 590 and with 

a receiver/transmitter unit on cart 560. In such embodiments, patient-data from 

modules 590 is either transmitted to the hospital network via the receiver/transmitter 

15 unit or the patient-data is stored in the computer system until a hard-wire or optical 

connection is made to the network. When the computer system is communicatively 

coupled to the network, a caregiver located in the hospital remote from cart 560 is 

able to access the network with a remote computer terminal, for example, to obtain 

the status of the patient being monitored by modules 590 carried by cart 560. Cart 

20 560 includes a battery (not shown) to provide power to any electrical components, 

such as modules 590 and the computer system, carried by cart 560. 

Pedestal 562 is formed to include service delivery ports 592. Tanks 

(not shown) containing oxygen or other types of medical gases are situated in an 

interior region of pedestal 562. In some embodiments, such tanks are included in a 

25 ventilator system carried by cart 560. In such embodiments, hoses 594, one of which 

is shown in Fig. 20, are coupled to respective ports 592 and extend from ports 592 

either to the patient or to associated medical equipment. Cart 560 is configured to 

carry other types of medical devices, including drug infusion devices, that are 

associated with providing intensive care to a patient. Such devices are sometimes 

30 referred to as LSTAT (Life Support for Trauma and Transport) devices. Because cart 

560 carries most, if not all, of the medical equipment necessary to provide intensive 

care to the patient and because cart 560 is transported with the patient throughout the 

hospital, the need to disconnect and reconnect IV lines, ventilator hoses, sensor lines, 
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and the like :from the patient before and after transport is avoided, as is the need to 

manage multiple wheeled stands or carts during transport of the patient throughout a 

hospital. 

Referring now to Figs. 21-23, a ceiling-mounted overbed table 

5 assembly 656 includes a ceiling unit or hub unit 658 coupled to ceiling 46 of a 

hospital room, an arm assembly 660 coupled to hub unit 658, an overbed table 662 

coupled to arm assembly 660, and a patient-care housing 664 coupled to and 

extending downwardly from an undersurface of table 662. In alternative 

embodiments, housing 664 is coupled to arm assembly 660 and is situated, at least in 

10 part, beneath table 662. Hub unit 65 8 includes an annular upper portion 666 having a 

frustoconical shape, an annular lower portion 668 shaped like a disc, and an annular 

slot 670 defined between portions 666, 668 as shown in Fig. 40. Hub unit 658 further 

includes a plurality of exam and reading lights 672 coupled to lower portion 668 and 

arranged to direct light downwardly therefrom. In alternative embodiments, hub 568 

15 has shapes other than annular, such as elliptical, polygonal (i.e., square, rectangular, 

triangular, and so on), and the like. 

Arm assembly 660 includes a first arm 674 extending horizontally 

from slot 670 and a second arm 676 extending vertically dovvnwardly from a distal 

end 678 of first arm 674 as shown in Fig. 21. Hub unit 658 includes a shaft assembly 

20 (not shown) that interconnects portions 666, 668 of hub unit 658. A proximal end 

(not shown) of first arm 674 is coupled to the shaft assembly for pivoting movement 

about a vertical axis 680. Table 662 and housing 664 are coupled to a lower end of 

arm 676 for pivoting movement about a vertical axis 682, shown in Figs. 21and22. 

Alternatively, table 662 and housing 664 are fixed with respect to arm 676 and arm 

25 676 is coupled to arm 674 for rotation about axis 682. 

Second arm 676, table 662, and housing 664 are movable between a 

first position situated on a first side of a hospital bed 684 and a second position 

situated on a second side of hospital bed 684 as shown in Fig. 23. During movement 

between the first and second positions, arm 676, table 662, and housing 664 move 

30 along an arcuate path, indicated by a curved double-headed arrow 688 shown in Fig. 

23, around a foot end 686 of bed 684. First arm 674 has sufficient length to allow 

housing 664 to clear foot end of bed 684 during movement between the first and 

second positions. Assembly 656 includes suitable locking mechanisms to lock arm 

1707 of 2987



WO 02/096335 PCT /US02/16404 

-24-

assembly 660 and table 662 in the first and second positions. When in either the first 

position or the second position, table 662 extends horizontally from arm 676 in a 

cantilevered manner and is positioned, in part, over the lap of a patient supported by 

bed 684. In some embodiments, assembly 656 includes drive mechanisms that 

5 operate to adjust the vertical position of table 662 and housing 664 relative to arm 

676. 

Assembly 656 includes a telephone 690 having a handset that resides 

in a recess formed in the upper surface of table 662. Assembly 656 also includes an 

entertainment-and-control panel 692 that is coupled to arm 676 of arm assembly 660 

10 via a post 694 that extends horizontally away from arm 676 above table 662 as shown 

in Figs. 40 and 41. Illustrative panel 692 is a touch screen that permits the patient to 

control, for example, room lighting, room temperature, television functions, nurse call 

functions, and the like. Panel 692 is also operable to display various images such as, 

for example, television images, internet images, educational information, patient 

15 schedule, patient billing information, and video conferencing images. Controls panels 

having any combination of the above-mentioned control functions and entertainment 

functions are within the scope of this disclosure. Telephone 690 is used in a 

conventional manner for placement of phone calls. 

A plurality of medical service outlets 696 and a plurality of patient-

20 monitor modules 698 are coupled to an end face 700 of housing 664 as shown in Fig. 

22. Modules 698 are arranged in side-by-side relation along an upper portion of end 

face 700 and medical service outlets 696 are arranged in side-by-side relation beneath 

modules 698. Each of modules 698 receive patient-data signals via patient-data lines 

(not shown) that are coupled to modules 698 and to the patient to monitor various 

25 physiological conditions of the patient. Patient conditions to be monitored may 

include temperature, heart rate, blood oxygenation, respiration, brain activity, and the 

like. Services provided by outlets 696 may include, for example, medical gases, 

vacuum, and power. Outlets 696 receive the associated services via lines (not shown) 

that are routed to outlets 696 from the ceiling of the hospital room, through hub unit 

30 658, though interior regions of am1s 674, 676, through an opening in table 662, and 

into an interior region of housing 664. Outlets 696 and modules 698 are positioned 

on housing 664 so as to be generally inaccessible to a patient lying on bed 684 when 

assembly 656 is in either the first position or the second position. 
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It is contemplated by this disclosure that table 662 and/or housing 664, 

along with outlets 696 and modules 698 associated with housing 664 may be 

suspended from a ceiling of a hospital room by other types of arm assemblies or 

columns. For example, it is within the scope of this disclosure for table 662 and/or 

5 housing 664 to be coupled to or included in columns 40, 42 of any of architectural 

systems 30, 230, 330 described above. In such embodiments, table 662 or a part 

thereof flips up, such as by pivoting about a horizontal axis, thereby placing table 662 

is in a substantially vertical orientation for storage in the associated cavity 34, 36, 

234, 236 of the associated headwall unit 32, 232. When the column 40, 42 associated 

10 with table 662 is moved out of the associated cavity 34, 36, 234, 236, table 662 is 

flipped down to a substantially horizontal orientation for use. 

Although various apparatus and systems have been described in detail 

with reference to certain preferred embodiments, variations and modifications of each 

of these apparatus and systems exist within the scope and spirit of the invention as 

15 described and defmed in the following claims. 
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CLAIMS 

1. An architectural system adaptable to an acuity level of a patient 

supported by a hospital bed in a patient room having a wall and a ceiling, the 

5 architectural system comprising 

a wall unit coupled to the wall and having a cavity, 

a ceiling unit coupled to the ceiling, and 

a column coupled to the ceiling unit for movement between a first 

position in which at least a majority of the column is situated in the cavity and a 

10 second position in which the column is situated outside the cavity. 

2. The architectural system of claim 1, wherein the column 

includes a vertical member and a patient care device coupled to the vertical member. 

3. The architectural system of claim 2, wherein the patient care 

device comprises an IV rack that is situated in the cavity when the column is in the 

15 first position. 

4., The architectural system of claim 2, wherein the patient care 

device comprises a housing having a plurality of medical service outlets and the 

housing is situated in the cavity when the column is in the first position. 

5. The architectural system of claim 4, wherein at least one of the 

20 medical service outlets is a medical gas outlet. 

6. The architectural system of claim 4, wherein at least one of the 

medical service outlets is an electrical outlet. 

7. The architectural system of claim 4, wherein the wall unit has a 

door that is movable between a closed position blocking access to the plurality of 

25 medical service outlets when the column is in the first position and an opened position 

allowing access to the medical service outlets when the column is in the first position. 

30 

8. The architectural system of claim 2, wherein the patient care 

device comprises a display screen that is situated in the cavity when the column is in 

the first position. 

9. The architectural system of claim 8, wherein the wall unit has a 

door that is movable between a closed position covering the display screen to shield 

the display screen from view when the column is in the first position and an opened 
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position uncovering the display screen to permit the display screen to be viewed when 

the column is in the first position. 

10. The architectural system of claim 2, wherein the patient care 

device is pivotable about an axis relative to the vertical member when the column is 

5 in the second position. 

11. The architectural system of claim 10, wherein the axis is 

vertical and extends through the vertical member. 

12. The architectural system of claim 1, wherein the ceiling unit 

comprises a track member and the column comprises a carriage that moves along the 

10 track member as the column moves between the first and second positions. 

13. The architectural system of claim 12, wherein a portion of the 

track member overlies the cavity. 

14. The architectural system of claim 12, wherein the track 

member comprises elongated first and second roller-engaging surfaces, the first roller-

15 engaging surface is parallel to the second roller-engaging surface, the carriage 

comprises a housing and a plurality of roller coupled to the housing, at least one of the 

plurality of rollers engages the first roller-engaging surface, and a least another of the 

plurality of roller engages the second roller-engaging surface. 

15. The architectural system of claim 1, wherein the ceiling unit 

20 comprises a housing and a light coupled to the housing. 

16. The architectural system of claim 1, wherein the ceiling unit 

comprises a housing and a display screen coupled to the housing. 

17. The architectural system of claim 1, wherein the ceiling tmit 

comprises a housing having a plurality of openings and the ceiling unit comprises an 

25 air curtain generator that operates to expel air downwardly from the plurality of 

openings to create at least one air curtain. 

18. The architectural system of claim 1 7, wherein the housing has 

an air-intake opening, the ceiling unit comprises an air-permeable filter covering the 

air-intake opening, and operation of the air curtain generator draws air from the 

30 patient room through the filter. 

19. The architectural system of claim 1, wherein the column 

comprises a medical service outlet and further comprising a medical service delivery 
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line that is routed from the medical service outlet, through the column, and through 

the ceiling unit. 

20. The architectural system of claim 1, further comprising a 

privacy curtain hanging downwardly from the ceiling unit, the wall unit having a 

5 compartment, and the privacy curtain being movable between a storage position in 

which a majority of the privacy curtain is situated in the compartment and a use 

position in which a majority of the privacy curtain is situated outside the 
\ 

compartment. 

21. The architectural system of claim 1, further comprising a 

10 privacy curtain coupled to the ceiling unit and movable between a use position 

hanging downwardly from the ceiling unit and a storage position retracted into the 

ceiling unit. 

22. An architectural system adaptable to an acuity level of a patient 

supported by a hospital bed in a patient room having a wall and a ceiling, the 

15 architectural system comprising 

a wall unit coupled to the wall, the wall unit having a first cavity and a 

second cavity, 

a first track member coupled to the ceiling, 

a second track member coupled to the ceiling, 

20 a first column coupled to the first track member for movement between 

a first position in which at least a majority of the first column is situated in the first 

cavity and a second position in which the first column is situated outside the cavity 

alongside a first side of the hospital bed, and 

a second column coupled to the second track member for movement 

25 between a first position in which at least a majority of the second column is situated 

in the second cavity and a second position in which the second column is situated 

outside the cavity alongside a second side of the hospital bed. 

23. The architectural system of claim 22, wherein the wall unit has 

a first door that is movable between a closed position blocking access to at least a 

30 portion of the first column when the first column is in the first position and an opened 

position permitting access to the portion of the first column. 
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24. The architectural system of claim 22, wherein the first track 

member is elongated, the second track member is elongated, and the first track 

member is parallel with the second track member. 

25. The architectural system of claim 22, wherein the first track 

5 member comprises elongated first and second roller-engaging surfaces, the first roller

engaging surface is parallel to the second roller-engaging surface, the column 

comprises a carriage having a housing and a plurality of rollers coupled to the 

housing, at least one of the plurality of rollers engages the first roller-engaging 

surface, and a least another of the plurality of roller engages the second roller-

10 engaging surface. 

26. The architectural system of claim 22, further comprising a 

canopy situated at least in part between the first and second track members and a light 

coupled to the canopy. 

27. The architectural system of claim 22, further comprising a 

15 canopy situated at least in part between the first and second track members and a 

display screen coupled to the canopy. 

28. The architectural system of claim 22, further comprising a 

canopy situated at least in part between the first and second track members and air 

curtain generation equipment coupled to the canopy. 

20 29. An apparatus for use in a hospital room having a ceiling, the 

apparatus comprising 

a canopy adapted to be coupled to the ceiling of the hospital room, and 

environmental control equipment coupled to the canopy. 

30. The apparatus of claim 29, wherein the environmental control 

25 equipment comprises a temperature sensor. 

31. The apparatus of claim 29, wherein the environmental control 

equipment comprises an air quality sensor. 

32. The apparatus of claim 29, wherein the environmental control 

equipment comprises an air purifier. 

30 33. The apparatus of claim 29, wherein the environmental control 

equipment comprises aroma therapy equipment. 

34. The apparatus of claim 29, further comprising a motion sensor 

coupled to the canopy. 
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3 5. The apparatus of claim 29, further comprising a proximity 

sensor coupled to the canopy. 

36. The apparatus of claim 29, wherein the environmental control 

equipment comprises at least one examination light. 

5 37. The apparatus of claim 29, wherein the environmental control 

equipment comprises at least one reading light. 

38. The apparatus of claim 29, further comprising a video screen 

coupled to the canopy. 

39. A mobile cart for use in a hospital to provide care to a patient, 

10 the mobile cart comprising 

an upstanding pedestal, 

a plurality of legs coupled to a bottom of the upstanding pedestal, 

a plurality of wheels, each wheel being coupled to a respective leg of 

the plurality oflegs, the legs along with the wheels coupled thereto each being 

15 movable between a first position extending outwardly from beneath the upstanding 

pedestal and second position tucked beneath the upstanding pedestal, and 

a plurality of patient-care modules coupled to the upstanding pedestal. 

40. The mobile cart of claim 39, further comprising at least one IV 

pole coupled to the upstanding pedestal. 

20 41. The mobile cart of claim 39, wherein the upstanding pedestal 

has a top wall and further comprising a handle coupled to the top wall, the handle 

being grippable to maneuver the mobile cart. 

42. The mobile cart of claim 39, wherein each wheel of the 

plurality of wheels is able to swivel about a respective vertical axis. 

25 43. The mobile cart of claim 39, wherein each leg of the plurality 

30 

of legs is able to swivel about a respective vertical axis. 

44. The mobile cart of claim 39, wherein the upstanding pedestal 

has a compartment adapted to carry at least one of the plurality of patient-care 

modules. 

45. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is an infusion pump. 

46. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a ventilator control unit. 
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47. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a gas control units. 

48. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is a vital signs monitor. 

5 49. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules is configured to monitor a physiological condition of 

the patient. 

50. The mobile cart of claim 39, further comprising an on-board 

computer system that interfaces with at least one of the plurality of patient-care 

10 modules. 

51. The mobile cart of claim 50, further comprising a receiver and 

a transmitter and the on-board computer system interfaces with the receiver and the 

transmitter. 

52. The mobile cart of claim 50, wherein the on-board computer 

15 system is configured to transmit wirelessly patient data from at least one of the 

plurality of patient-care modules. 

53. The mobile cart of claim 50, wherein the on-board computer 

system is configured to store patient data from at least one of the plurality of patient

care modules until a hard-wire connection is made between the on-board computer 

20 system and an external computer network. 

54. The mobile cart of claim 50, wherein the on-board computer 

system is configured to store patient data from at least one of the plurality of patient

care modules until an optical connection is made between the on-board computer 

system and an external computer network. 

25 55. The mobile cart of claim 50, further comprising a battery 

configured to provide power to the on-board computer system and to at least one of 

the plurality of patient-care modules. 

56. The mobile cart of claim 39, wherein at least one of the 

plurality of patient-care modules comprises a medical gas tank housed in the 

30 upstanding pedestal and further comprising a service delivery port that is coupled to 

the upstanding pedestal and through which medical gas from the medical gas tank is 

accessible. 
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57. A set of equipment for use in a hospital room having a floor, 

the set of equipment comprising 

a hospital bed supported by the floor, 

an arm assembly hanging in the hospital room, and 

a mobile cart that is selectively couplable to the hospital bed and to the 

arm assembly and that is selectively decouplable from the hospital bed and from the 

arm assembly, the mobile cart having wheels that are spaced apart from the floor 

when the mobile cart is coupled to the hospital bed and when the mobile cart is 

coupled to the arm assembly, the wheels engaging the floor when the mobile cart is 

10 decoupled from the hospital bed and decoupled from the arm assembly. 

58. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal and at least one IV pole coupled to the pedestal. 

59. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal having a top wall, the mobile cart has a handle coupled to the top 

15 wall, and the handle is grippable to maneuver the mobile cart. 

60. The set of equipment of claim 57, wherein the mobile cart 

comprises a pedestal and a patient-care module coupled to the pedestal. 

61. The set of equipment of claim 60, wherein the pedestal has a 

compartment adapted to carry the patient-care module. 

20 62. The set of equipment of claim 60, wherein the patient-care 

module is an infusion pump. 

63. The set of equipment of claim 60, wherein the patient-care 

module is a ventilator control unit. 

64. The set of equipment of claim 60, wherein the patient-care 

25 module is a gas control unit. 

65. The set of equipment of claim 60, wherein the patient-care 

module is a vital signs monitor. 

66. The set of equipment of claim 60, wherein the patient-care 

module is configured to monitor a physiological condition of the patient. 

30 67. The set of equipment of claim 60, wherein the mobile cart has 

an on-board computer system that interfaces with the patient-care module. 
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68. The set of equipment of claim 60, wherein the mobile cart has a 

receiver, the mobile cart has a transmitter, and the on-board computer system 

interfaces with the receiver and the transmitter. 

69. The set of equipment of claim 60, wherein the on-board 

5 computer system is configured to transmit wirelessly patient data from the patient

care module. 

70. The set of equipment of claim 60, wherein the on-board 

computer system is configured to store patient data from the patient-care module until 

a hard-wire connection is made between the on-board computer system and an 

10 external computer network. 

71. The set of equipment of claim 60, wherein the on-board 

computer system is configured to store patient data from at least one of the plurality 

of patient-care modules until an optical connection is made to an external computer 

network. 

15 72. The set of equipment of claim 60, wherein the mobile cart has a 

battery configured to provide power to the on-board computer system and to the 

patient-care module. 

73. The set of equipment of claim 60, wherein the patient-care 

module comprises a medical gas tank housed in the pedestal, the mobile cart has a 

20 service delivery port coupled to the pedestal, and medical gas from the medical gas 

tank is accessible via the service delivery port. 

74. The set of equipment of claim 57, wherein the arm assembly 

has a plurality of articulated arm segments. 

75. The set of equipment of claim 57, wherein the arm assembly 

25 comprises a vertical column. 

76. The set of equipment of claim 75, further .comprising a track 

member along which the vertical column is movable. 

77. A set of hospital equipment comprising 

a mobile cart can-ying patient-care equipment and having a plurality of 

30 wheels, and 

a headwall formed to include a cavity that receives the mobile cart, the 

headwall having a ledge surface, the plurality of wheels of the mobile ca1i engaging 

the ledge surface when the mobile cart is received in the cavity. 
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78. The set of hospital equipment of claim 77, wherein a portion of 

the headwall overlies the cavity. 

79. The set of hospital equipment of claim 77, wherein the mobile 

cart has a pedestal and an IV pole coupled to the pedestal and wherein the cavity is 

5 sized to receive the pedestal and the IV pole. 

80. The set of hospital equipment of claim 77, wherein the mobile 

cart has a pedestal and a plurality of legs coupled to the pedestal and wherein each 

wheel of the plurality of wheels is coupled to a respective leg of the plurality of legs. 

81. The set of hospital equipment of claim 80, wherein the plurality 

10 oflegs, along with the wheels coupled thereto, are each movable between a :first 

position extending outwardly from beneath the pedestal and second position tucked 

beneath the pedestal. 

82. The set of hospital equipment of claim 77, wherein the 

headwall has a panel and at least one medical service outlet that is coupled to the 

15 panel and through which a medical service is accessible. 

83. An apparatus comprising 

an arm assembly adapted to be suspended from a ceiling of a hospital 

room, and 

an overbed table coupled to the arm assembly to be supported by the 

20 arm assembly above a floor of the hospital room. 

84. The apparatus of claim 83, wherein the overbed table has a 

table surface that is substantially horizontal, the arm assembly is configured to pennit 

repositioning of the overbed table in the hospital room, and the table surface remains 

at a substantially constant elevation above the floor as the overbed table is 

25 repositioned. 

85. The apparatus of claim 83, further comprising a control panel 

coupled to the arm assembly and the control panel having a user input. 

86. The apparatus of claim 85, wherein the user input is engageable 

to control a light in the hospital room. 

30 87. The apparatus of claim 85, wherein the user input is engageable 

to control a temperature of the hospital room. 

88. The apparatus of claim 85, wherein the user input is engageable 

to control at least one function of a television situated in the hospital room. 
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89. The apparatus of claim 85, wherein the user input is engageable 

to place a nurse call signal. 

90. The apparatus of claim 85, wherein the control panel has a 

screen on which video images are displayed. 

5 91. The apparatus of claim 85, wherein the conh·ol panel has a 

screen on which images accessed via the internet are displayed. 

92. The apparatus of claim 85, wherein the control panel has a 

screen on which a patient schedule is displayed. 

93. The apparatus of claim 85, wherein the control panel has a 

I 0 screen on which education information is displayed. 

94. The apparatus of claim 85, wherein the control panel has a 

screen on which patient billing information is displayed. 

95. The apparatus of claim 85, wherein the control panel has a 

screen on which video conferencing images are displayed. 

15 96. The apparatus of claim 85, wherein the control panel is situated 

above the overbed table. 

97. The apparatus of claim 85, wherein the control panel comprises 

a touch screen and the user input comprises an area on the touch screen. 

98. The apparatus of claim 83, further comprising a telephone, the 

20 overbed table having a recess, and the telephone having a handset that resides in the 

recess. 

99. The apparatus of claim 83, further comprising a housing 

coupled to the overbed table, a medical service outlet coupled to the table, and a 

service-delivery line routed from the medical service outlet, through the housing, and 

25 through the arm assembly. 

100. The apparatus of claim 99, wherein the housing extends 

downwardly from the overbed table and terminates at a bottom end tlmt is spaced 

apart from the floor. 

101. The apparatus of claim 83, further comprising a housing 

30 coupled to the overbed table and a patient-monitor module coupled to the housing, the 

patient-monitor module being configured to receive a patient-data signal indicative of 

a physiological condition of a patient. 

102. An apparatus comprising 
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a hub unit adapted to mount to a ceiling of a hospital room, 

an arm assembly coupled to the hub unit, 

an overbed table coupled to the arm assembly, and 

a housing coupled to one of the arm assembly and the overbed table, 

5 the housing carrying one of a medical service outlet and a patient-monitor module. 

103. The apparatus of claim 102, wherein the hub unit comprises an 

upper portion, a lower portion, and an annular slot defined between the upper and 

lower portions and wherein the arm assembly comprises a first arm segment that is 

rotatable relative to the first and second portions within the slot. 

10 104. The apparatus of claim 103, wherein the first arm segment 

extends from the slot and terminates at a distal end and the ann assembly comprises a 

second arm segment extending downwardly from the distal end of the first arm 

segment. 

105. The apparatus of claim 104, wherein the overbed table is 

15 coupled to a lower end portion of the second arm segment. 

106. The apparatus of claim 104, wherein the second arm, the 

overbed table, and the housing rotate as a unit relative to the first ann segment. 

107. The apparatus of claim 104, wherein the overbed table and the 

housing rotate as a unit relative to the second arm segment. 

20 108. The apparatus of claim 103, wherein the hub unit further 

25 

30 

includes a plurality lights coupled to the lower portion and arranged to direct light 

downwardly from the lower portion. 

109. A set of hospital equipment comprising 

a headwall, 

a blanket, 

a unit housed in the headwall, and 

a hose coupled to the blanket and coupled to the unit, a 

thermoregulation medium being moved between the blanket and the unit through the 

hose. 

110. The set of hospital equipment of claim 107, wherein the 

thermoregulation medium comprises a cooled liquid. 

111. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium comprises cooled air. 
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112. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium comprises a heated liquid. 

113. The set of hospital equipment of claim 109, wherein the 

thennoregulation medium comprises heated air. 

5 114. The set of hospital equipment of claim 109, wherein the blanket 

has internal passages through which the thermoregulation medium travels. 

115. The set of hospital equipment of claim 114, wherein the blanket 

has a plurality of perforations through which a portion of the them1oregulation 

medium escapes from the internal passages of the blanket. 

10 116. The set of hospital equipment of claim 109, wherein the 

thermoregulation medium is a heated medium when the patient is to be heated and the 

therrnoregulation medium is a cooled medium when the patient is to be cooled. 
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PROCESS AND DEVICE FOR THE DOSE DISPENSING 

OF A RADIOACTIVE SOLUTION 

Area Of The Invention 

This invention relates to apparatus used in nuclear medicine and in particular to a 

means whereby a radioactive dose required ·can be provided to a syringe in an 

automated fashion which obviates the need for a person to actually handle the 

radioactive material. 

Background To The Invention 

Radioactive solutions called radiotracers or radiopharmaceuticals, have found 

applications in various medical fields, in particular in medical diagnostic and 

therapeutic fields. In recent years the advance of Positron Emission Tomography 

(PET), which use radionuclides (radioisotopes) of significant higher radiation energy 

than more conventional nuclear medicine isotopes, has raised some concerns about 

hand and body radiation exposure received by the persons preparing the dose. 

The dangers of ionising radiation are well known and apply to alt persons being 

exposed to radiation, including the staff involved in the preparation of radioactive 

solutions. Dose fractionation of the radioactive solutions is usually a manual process, 

performed behind a lead shielded screen to minimal exposure to radiation. However, 

the performance of this task is time consuming, as the operator needs to withdraw 
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by successive iterations, small volumes of the radiotracer, until he reaches the 

targeted dose. 

After each withdrawal the needle needs to be re-capped and the syringe placed in a 

dose calibrator to determine if more or less of the radioactive solution should be 

processed in or out of the syringe. When the targeted dose has been achieved (within 

± 10%), the syringe may be topped up with saline to obtain a reasonable volume. 

Before being released or dispatched for clinical use, the syringe is placed again in the 

dose calibrator to print out the accurate dose record. To date, very little attempt has 

been made by manufacturers to design automated equipment capable of withdrawing 

a dedicated radioactive dose into a disposable sterile syringe or vial. 

The very few systems currently on the market are expensive and bulky and are not 

widely available. Other more affordable systems are either not technically practical 

or do not achieve efficient radiation protection and need to be operated in a shielded 

environment. In addition, most of these apparatus rely on the pre-requisite knowledge 

of the volumetric radioactivity (Ci/ml or Bq/ml) of the stock solution to determine the 

corresponding volume and hence the radioactive dose to be dispensed. 

Outline of The Invention 

It is an object of this invention to provide an accurate means of automatically 

dispensing individual doses of a radioactive solution into vials or syringes under 
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aseptically controlled conditions while minimising the exposure to radiation of an 

operator which would otherwise be associated with the manipulation of radioactive 

solutions. 

The invention in one aspect is a radioactive dose dispensing device for automatically 

filling a container with a required radioactive dose in a sterile environment, said 

device being stand alone and radiation shielded and including control means to 

control a mix of radioactive stock solution and dilution stock solution, the radioactivity 

of which mix is monitored by radiation detection means. 

The invention in a second aspect is a method of automatically dispensing a dose of 

a radioactive solution using a software controlled lead shielded device which includes 

the steps of 

providing the device with a radioactive stock solution and a dilution 

stock solution 

using a computer software interface to the device to control the dose 

dispensed automatically into a syringe or vial in the device. 

It is preferred that the radioactive dose dispensing device be used for filling a 

disposable syringe. It is further preferred that a shielded receptacle be provided to 

receive the syringe. 
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It is also preferred that a fork shaped arm be provided to actuate the plunger of the 

disposable shielded syringe. It is further preferred that a high precision linear drive 

mechanism to move either the syringe or its plunger in a vertical direction. 

It is preferred that a customised disposable T shaped tubing assembly be used to 

provide a sterile fluid pathway. It is further preferred that pinch valves be provided to 

switch between the radioactive stock solution and the dilution stock solution. 

It is also preferred that the automation of the device be controlled by a programmable 

logic controller (PLC} in association with a radiation detector which monitors on-line 

the radioactive dose passing through the tubing and being dispensed into the syringe. 

It is further preferred that the PLC controls the automation tasks and relevant 

mathematical calculations for dispensing a requisite dose and that this be operable 

by computer means with an associated printer although any desired arrangement 

could be used. 

In order that the invention may be more readily understood an embodiment of it will 

be described herein by way of non limiting example with reference to the 

accompanying drawings 

Brief Description Of The Drawing Figures 

Fig. 1 Shows a perspective view of the components of the radioactive dose 

dispensing device of the invention in its "open" orientation; 
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Fig. 2 

Fig. 3 

Fig.4 

5 

Shows a cross-section though the device of the invention as shown in 

Figure 1.; 

Shows the pre assembled sterile disposable tubing kit used in the 

device; 

Shows the device of the invention in its "closed" orientation; 

Brief Description of an Embodiment of the Invention 

The invention 1 00 in one embodiment is a device for the automatic filling of 

disposable syringes with a radioactive solution (radiopharmaceutical) for injection or 

infusion into a patient. 

The device 100 is a stand alone equipment that does not require any additional lead 

shielding and can be directly used on a bench or inside a conventional, unshielded, 

laminar flow cabinet. 

The device includes a concave lead block 30 and a swinging lead lid 32 designed to 

accommodate standard lead shielded pots 31 commonly used for the transport of 

radioactive solutions. It also includes a receptacle. 51 that can accommodate various 

shapes of commercially available tungsten syringe shields and provides an easy and 

safe installation of the syringe shield 52. 
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The device further includes a fork-shape arm 41 that can hold or release the plunger 

of the syringe and an electro-actuator that can link the linear drive 36 to the 

receptacle 51, and drive up/down the syringe and its needle 55 to pierce the Luer Slip 

Injection Site- 59. 

The device provides a permanent link between the linear drive 36 and the fork-shape 

arm 41 and allows both the radioactive solution and the diluting solution to be drawn 

at a constant fluid flow rate through the tubing and into the syringe. 

The Luer Slip Injection Site 59 is attached to the upper tubing assembly and two 

Luer-lock fittings 61 (with needles) are attached to the lower tubes assembly (see 

Fig.3 for view of the pre-assembled sterile disposable kit). 

The tubing assembly is held in its appropriate position by a small groove and a 

dedicated shaped recess 2 to accurately position the Luer Slip Injection Site 59, in 

regard to the needle 55. 

The device is provided with both radioactive and diluting stock solutions which are 

dispensed from their respective vials 34 and 62, up to the syringe by passing through 

a disposable, sterile and non-pyrogenic fluid pathway with the radioactive amount 

controlled by a radiation detector 63, which in this embodiment of the invention is a 

Geiger-Muller tube or PIN photodiode and located behind a portion of the tube 

assembly leading to the injection site (behind the plate holder 2). 
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The device is automated via a programmable PLC and is connected to a computer 

serving as a user interface, and preferably is provided with a printer to print the 

syringe or vial label showing the activity, date, time, batch, patient name, etc. or 

whatever may be required. 

The dispensing of the radioactive dose is done on-line by measuring the true amount 

of radioactivity passing in front of the radiation detector 63 and the total volume 

required into the syringe is automatically adjusted by dilution. 

The device also includes a safety cross-evaluation of the delivered radioactive dose 

which is automatically performed using the traditional volumetric dispensing method, 

and the volumetric method can also be used as the main dispen~ing method. 

It is further envisaged that the device of the invention may include a built-in sterile air 

flow, designed to allow the device to be operated on a bench in a conventional room 

but still maintaining full compliance with a 3.5 class (A class) dispensing environment, 

characterized by a sterile air flow directed towards the Luer Slip Injection Site 59 and 

needle 55. 

It is also envisaged that in another embodiment of the invention a sterile disposable 

double check-valve could be located between the syringe 53 and needle 55, or 

underneath the Luer Slip Injection Site 59 to allow the transfer of an accurate dose 

of radioactive solution through a tube, to externaJJy located vials or containers. 
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Operation of the device 

When the device is being operated the user opens the door 9 of the device and 

installs a new tubing kit 57 onto the tubing holder 2. The Luer Slip Injection Site 59 

attached to the upper T-shape tube is slid into the appropriate recess and both 

needles 61 attached to the lower T-shape tubes are fed through each lead channel 

and connected to the radioactive stock solution 34 and the dilution stock solution 62. 

The user then rotates the lid 32 and closes the door 9 and introduces a disposable 

syringe 53 with its appropriate needle 55 into a tungsten syringe shield 52. At this 

point the needle is un-capped and the tungsten syringe shield is placed onto the 

receptacle 51 on the front face of the device. The operator then enters on the 

computer the requested radioactive dose and total volume. 

The device lowers the receptacle 51 enabling the syringe to pierce the Luer Slip 

Injection Site with the needle. The filling sequence will automatically dispense the 

desired radioactive dose into the syringe and dilute it to match the requested volume 

by actuation of the syringe plunger. Once the syringe has been filled (less than one 

minute), the syringe and syringe shield are lifted away from the Luer Slip Injection 

Site, and the syringe and syringe shield is removed from the device and needle re

capped. At the end of the process, a syringe label is printed with the appropriate 

dose data. 
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Summary of the embodiment of invention 

Traditionally the accurate knowledge of the volumetric radioactivity (specific activity: 

Ci/ml or Bq/ml) of a radioactive stock solution is required for the accurate dispensing 

of any radioactive dose. 

For example, a dose of 3mCi (111 MBq) of a radioactive solution with a volumetric 

radioactivity of 50 mCi/mL (1850MBq/mL} will be precisely achieved by dispensing 

a volume of 0.06ml. However, volumetric radioactivity of solutions is not always 

determined with great accuracy at the time of the manufacturing of the product, and 

post measurement of the volumetric radioactivity at the customer site is regarded as 

a critical operation. 

The invention has the novel feature in that it can accurately dispense a requested 

radioactive dose without any knowledge of the volumetric radioactivity of the stock 

solution by an on-line radioactivity measurement and without exposing an operator 

to the radiation. 

In the invention, a radiation detector 63 being a Geiger-Muller tube, a PIN 

photodiode or other fast measuring device is located behind a portion of the tubing 

leading to the injection site 59 and then to the syringe 53. The radiation detector 

continuously monitors the radioactive dose passing through the tube and into the 

syringe at a very constant liquid flow rate and the PLC 11 determines the appropriate 

switching sequence of the valves to dispense the requested dose and volume. 
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The program also calculates online the corresponding radioactivity contained in the 

dead volume of the tubing which will be inevitably added-on during the dilution phase 

of the syringe filling. That corresponding radioactivity is subtracted from the required 

dose by the PLC 11 to identify the amount of radioactivity allowed to pass the 

radiation detector 63. At the end of the filling process, the sum of the amount of 

activity allowed to pass by the detector before the dilution phase and the resultant 

activity gained during the dilution phase due to the dead volume of the tubing kit,· 

translates to the required dose. 

Below is the formula used to determine how much of the stock solution needs to be 

drawn-up into the syringe to achieve the desired dose (this calculation is performed 

continuously during the filling process): 

Let RD= Requested dose 

ADV =Activity contained in the dead volume of the tubing 

RMT = Radioactivity measured passing through the tubing 

VA = Volumetric activity of the stock solution 

DV = Dead volume of the tubing 

SA = Volumetric radioactivity 

VSW = Volume of stock solution withdrawn from vial 

Therefore the radioactive amount of stock solution to draw-up into syringe: 

=RD-ADV 

= RD - (DV x SA} 
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= RD - (DV x (RMT/{VSW-DV)) 

Using the above method of filling a syringe with a radioactive solution, it is not 

necessary to know the specific activity of the stock solution prior to the filling process, 

as it is calculated during the filling process. 

The accuracy of the dose dispensed is a function of the volumetric radioactivity of the 

radioactive stock solution, and experiments have shown accuracy better than 5% for 

volumetric radioactivity in the range of 0-50 mCi/mL (0-1850MBq/mL) and better than 

10% for volumetric radioactivity in the range of 50-100 mCi/mL (0-3700MBq/mL). 

The invention lies in an automated means of preparing a dose of a 

radiopharmaceutical into a disposable syringe under computer control by means of 

a radiation detector to determine the radioactive dosage and dilution by a non 

radioactive solution to achieve a desired volume. By this means such a dose can be 

prepared without unnecessary radiation exposure occurring to the person preparing 

the.dose. 

The precise components of the apparatus of the invention may be varied provided 

they achieve the method of the invention as described. It is further envisaged that 

other embodiments of the invention will exhibit any number of and any combination 

of the features of those previously described and whilst we have described herein 

one specific embodiment of the invention it is to be understood that variations and 

modifications in this can be made without departing from the spirit and scope thereof. 
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The claims defining the invention are as follows: 

1. A radioactive dose dispensing device for automatically filling a container with 

a required radioactive dose in a sterile environment, said device being stand 

alone and radiation shielded and including control means to control a mix of 

radioactive stock solution and dilution stock solution, the radioactivity of which 

mix is monitored by radiation detection means. 

2. A radioactive dose dispensing device as claimed in claim 1 wherein the 

container is a plunger operated disposable syringe. 

3. A radioactive dose dispensing device as claimed in claim 2 wherein a shielded 

receptacle is provided in the device to receive. the syringe. 

4. A radioactive dose dispensing device as claimed in claim 3 wherein drive 

means are provided to actuate the plunger of the syringe. 

5. A radioactive dose dispensing device as claimed in claim 4 wherein the drive 

means is a linear drive mechanism adapted to move either the syringe or its 

plunger relative to one and other. 

6. A radioactive dose dispenser device as claimed in any one of claims 1 to 5 

wherein a disposable tubing assembly is used to provide a sterile fluid 

pattiway for the stock solutions. 
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7. A radioactive dose dispenser device as claimed in claim 6 wherein pinch 

valves are provided to switch between the radioactive stock solution and the 

dilution stock solution. 

8. A radioactive dose dispenser device as claimed in any one of claims 1 to 7 

wherein the automation of the device and its calculation of a requisite dose is 

controlled by a programmable logic controller (PLC) in association with a 

radiation detector which controls the radioactive dose passing through the 

tubing and being dispensed into the syringe. 

9. A radioactive dose dispenser device as claimed in claim 8 wherein the device 

and its PLC are operable by me~ns of a computer interface. 

1 o. A method of automatically dispensing a dose of a radioactive solution using 

a software controlled lead shielded device which includes the steps of 

providing the device with a radioactive stock solution and a dilution 

stock solution 

using a computer software interface to the device to control the dose 

dispensed automatically into a syringe or vial in the device. 
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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 

15 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, [13N]-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 

10 radio pharmaceutical 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 0 486 283 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 

10 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 

10 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 
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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 Band 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 Va1: 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, A1 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 

30 

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 

B,C,C',C" reference points 

D start of metering section 

E end of metering section 
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M1, M2, M3 measurements 

A 1, 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, 1 O); 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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20 

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 (A1) 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. 

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. 

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, 10); 

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, 1 O) 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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WO 2006/074473 

MODULAR PATIENT SUPPORT SYSTEM 

FIELD OF THE INVENTION 

PCT /US2006/000893 

The present invention is directed to an apparatus used in the field of medicine, and 

more particularly, to a moveable and modular patient support system with a relatively small 

5 form factor. 

BACKGROUND OF THE INVENTION 

Current practice for patients in a healthcare facility involves having multiple 

unrelated treatment, maintenance and/or monitoring devices that are attached to the patient. 

These include intravenous fluids and drugs, drainage catheters, suction catheters, leg 

10 compression stockings and vital sign monitoring devices. Such devices often create a hazard 

for the patient both directly and indirectly. The myriad of devices may become entangled and 

inadvertently removed if not adequately accounted for by the patient or caregiver. This may 

require an invasive intervention, including surgery, in order to replace the removed device. 

The number of devices generally associated with the patient require the patient to 

15 have the physical and mental ability to manage organizing or carrying the devices to ambulate 

even as far as the bathroom. Since patients are debilitated by the nature of their illness and 

medications, two staff persons are frequently required to help the patient move even short 

distances. One staff member must assist the patient, providing physical support, while the 

other manages the attached devices. The patients thus do not get out of bed and ambulate as 

20 often since the staff of the typical health facility is not able to provide this kind of support 

readily to all of the patients at all times. 

The resulting immobility increases the patient's risk for deep venous thrombosis, 

pulmonary embolus and pneumonia. Additionally, mobility improves gut motility and 

decreases the time a patient must wait before obtaining enteral nutrition and ultimately 

25 discharge from the healthcare facility. Patients that require prolonged hospital stays or 

admission to skilled-nursing facilities for non-medical indications related to mobility and 

personnel support may be able to be discharged home sooner with a device that provides the 
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same type of care. The cost to the healthcare system may be reduced by decreasing the stays 

in expensive healthcare facilities and decreasing complications that are costly both in patient 

morbidity and monetary value. 

The patient-care staff is also at risk for injury, as they must provide physical supp01t 

5 to the debilitated patient. Back injuries are frequent in healthcare staff as a result of the 

physical nature of assistance provided. Allowing the patient to rely on an ambulatory assist 

device will help the patient-care staff as well by keeping them out of harm's way. 

Current poles that provide an intravenous ("IV") fluid and/or liquid medication 

delivery source are often times taken with patients when the patient moves around, such as 

10 when a patient walks in a hospital hallway. The patient typically places at least one hand on 

the IV pole to move the IV pole while walking. However, typical IV poles are approximately 

6 to 7 feet tall, and are often unstable for providing weight support to a patient, particularly 

when one or more substantially full IV bags are positioned near the top of the pole. As a 

result, a patient is at risk of further injury by falling if the IV pole tips and/or falls over. In 

15 addition, in order to prevent tipping, conventional IV poles have widely spread wheels, which 

require a large amount of floor space. IV poles are completely unable to manage uneven 

terrain as is found outside the confines of the patient care facility, and as may be found at 

home or in the field for disasters or military operations. 

In addition to being relatively unstable, current IV poles do not provide for the 

20 additional needs of a patient that is moving about. For example, IV poles do not include an 

oxygen source for assisting the patient with breathing. Current IV poles also do not include 

various pumps or suction devices that may be necessary for continuous operation to provide 

proper medical treatment to the patient. In addition, vitals monitoring equipment and 

connnunication devices are typically not present on a standard IV pole. Furthermore, even if 

25 an IV pole is adapted to include a monitoring device or pump, the IV pole tends to become 

even more unstable because the resulting added weight of the device typically is positioned 

2 
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relatively high along the pole. 

In connection with patients that require assistance walking, various "walker" devices 

are available. A typical walker includes handrails interconnected to a stable base. However, 

because use of a walker usually requires both hands of the patient, a patient is typically unable 

5 to take an IV pole with them when using a walker. 

A further difficulty exists when a patient needs to be moved from one room to 

another while in their bed. If the patient requires oxygen, an oxygen bottle must be provided, 

and is typically placed on the bed while moving the bed. This can create difficulties 

depending upon the size of the bed and the patient. Additionally, portable suction and vitals 

10 monitoring are not readily available for every patient. Accordingly, it would be advantageous 

to provide an apparatus that includes oxygen and other physiological support adjacent to the 

bed, wherein the apparatus can be attached to the bed while moving the bed. Such an 

apparatus would therefore also be advantageous to overcome the difficulty of maintaining 

monitoring equipment and/or IV fluids adjacent to the patient while moving the patient's bed. 

15 The efficiency of the staff will benefit since only a single staff member will be required to 

move a patient since a second staff member is not required to push the IV pole and 

attachments. This also prevents the need for the staff member to move the patient to a 

wheelchair for transfer as is currently often done in order for a single staff member to manage 

the transfer. Eliminating this move prevents an opportunity for a patient fall resulting in 

20 injury with only a single staff member assisting. 

25 

Patient care devices and services such as suction and oxygen are not built in to the 

facilities of several countries and regions. This is also true in field situations of military 

conflict or civilian disaster. Patients may be far from a medical facility or in the hallway of a 

medical facility not equipped with patient support equipment/services. 

Yet a further difficulty exists in maintaining electrical power to electronic devices 

such as monitoring equipment, suction pumps and/or injection pumps while the patient is 

3 
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walking with an IV pole or walker, or while the patient is being moved in their bed or while 

the patient is not located next to an electrical outlet. This may occur in: 1) the operating 

room while needing to adjust the bed height or keep the pumps charged during a long 

procedure, 2) during a disaster when patients may be stationed in hallways or temporary 

5 areas, 3) during military conflict or civilian situations that require creation of field hospitals 

with limited generator availability, and 4) in countries or regions that do not have consistent 

access to power. Accordingly, an apparatus that maintains electrical power to these devices 

would be advantageous, as would an apparatus that provides power in case of an electrical 

outage or blackout. 

10 

SUMMARY OF THE INVENTION 

The present invention solves the above-mentioned deficiencies by providing a mobile 

cart or platform that is structurally stable, and can thereby provide weight-bearing assistance 

to a patient without being predisposed to tipping over. In addition, the platform preferably 

15 includes one or more additional features, such as an oxygen source, power supply, injection 

pump, suction pump, body fluid collection devices, vital monitoring equipment, integrated IV 

pole and communication equipment. 

In accordance with embodiments of the present invention, a modular patient support 

system is provided, wherein the support system typically resembles a platform, and includes a 

20 handrail interconnected to a base having three or more wheels. The support system or 

platform additionally may include a battery or uninterruptible power supply for serving as an 

emergency power supply, and/or for powering associated equipment, including the bed, while 

the patient is walking or being moved in a bed with the support system positioned adjacent 

the bed. The support platform also may include modular receptacles for receiving a variety of 

25 devices, including suction pumps, injection pumps, collection devices, monitoring equipment, 

and communication devices. An electrical wiring network may be provided such that the 

4 
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5 

modular devices interconnected to the support platform receive electrical power directly at the 

modular receptacles, thereby minimizing the presence of numerous power cords. Such 

additional equipment is powered by the uninterruptible power supply when the support 

platform is disengaged from a stationary power supply, such as an electrical wall outlet. 

In accordance with other embodiments of the present invention, the support platform 

may include an on-board communication system to send monitoring information or other data 

to a nurses' PDA, central station or alarm system. The communication system may include 

wireless communication to transmit a patient's vitals, equipment status, fluid volumes, 

therapy status and location for providing information while a patient is using the support 

10 platform as a walking aid. An interface may be provided for the healthcare providers to be 

able to access and interact with the facility's electronic medical record system. 

In accordance with other embodiments of the present invention, the support platform 

may include a checkpoint validation system to ensure the correct therapy is administered to 

the correct patient. This may involve identification of the patient, platform and therapy (such 

15 as intravenous fluids, medications or equipment) with devices such as barcodes, 

radiofrequency identifiers or other similar technology to match and track all therapy provided. 

In accordance with other embodiments of the present invention, the support system 

also may also include an on-board oxygen supply and associated tubing. Additionally, the 

support platform may include an IV fluids/medication support assembly, such as an IV pole 

20 with an attachment hook. 

The support platform may be configured in a variety of ways, to include a cabinet or 

other enclosure for holding items such as a urine collection bag, body fluid collection bag and 

suction canister. The configuration of the support platform also may include specially sized 

compartments for bottles or cups, and may include other built-in features such as a tray, radio, 

25 television, phone, computer or other communication device, wherein some of these devices 

may also be interconnected to the support platform's power supply. 

5 
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In a separate aspect of the invention, an attachment device is provided for detachably 

attaching the support platform to another structure, such as the patient's bed. The attachment 

device may include an attachment adapter capable of being interconnected to a variety of bed 

frame structures, regardless of whether the framing includes square or round rails or posts. 

5 The attachment device not only secures the support platform to the bed so that it is not moved 

when accidentally bumped, but it also enables the support platform to be moved with the bed 

without the need for a separate attendant to move the support platform. In at least one 

embodiment, a plurality of bed hooks are used to enable the platform to grasp another object, 

such as a bed, when the bed is raised to impinge upon the underside of the bed hooks. 

10 In a separate aspect of the invention, the support platform includes an umbilical cord 

having a common plug for interconnecting a plurality of systems to a single outlet, such as a 

wall outlet. The umbilical cord may support a variety of systems, including electrical power, 

oxygen, suction, and/or a communication connection. 

In accordance with embodiments of the present invention, a locking brake may 

15 optionally be provided to limit movement of the platform if the brake is engaged. The brake 

may have mechanisms that engage it actively and/or passively. This may include a 'kill

switch' device that detects separation of the patient from the platform in situations that may 

result in patient injury if such event occurs. 

In accordance with embodiments of the present invention, a transmission system may 

20 be provided to allow a user or other person to place the platform in one of a plurality of 

possible translation modes. In at least one embodiment, the transmission system includes 

stop, walk and roll modes. The stop mode engages a brake to contact the underlying surface, 

thereby substantially preventing the platform from rolling. In addition, in at least one 

embodiment, both a drag wheel and a brake are in contact with the floor when the platform is 

25 set in the stop mode. The walk mode includes raising the brake, if present, and engaging a 

drag wheel to contact the floor. Although not prevented from moving, the walk mode helps 

6 
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prevent undesirable fast movement of the platform. fu one embodiment, the drag wheel may 

comprise a wheel that is preset to turn at a very slow rate. Alternatively, in at least one 

embodiment the drag wheel may be interconnected to a braking motor, operated as a 

generator powered by the drag wheel, that applies a resistive force or an increased resistive 

5 force to the drag wheel when velocities increase above an undesirable level. For example, if a 

patient is standing adjacent the support platform and starts to slip while holding the handle of 

the platform, the braking motor will apply a resistive force to the drag wheel, thereby 

preventing the support platform from moving away from the patient and/or moving away 

from the patient at a high rate of speed. A variety of motor braking circuit configurations and 

10 braking functions are available for controlling the resistive force applied to the drag wheel 

using the braking motor. For example, a motor braking circuit may provide different resistive 

loads to the braking motor based on the velocity of the braking motor. fu addition, the motor 

braking circuit does not require any source of power other than the power generated as a 

result of the rotation of the braking motor by the drag wheel. fu the roll mode the 

15 transmission disengages both the brake and the drag wheel, such that the platform may be 

easily rolled. This setting is anticipated for use, for example, when an attendant is moving the 

platform. 

Thus, in accordance with at least one embodiment of the present invention, a personal 

support platform for traversing an underlying surface is provided, the platform comprising a 

20 frame and a plurality of wheels interconnected to the frame. fu addition, the platform 

comprises a transmission system interconnected to the frame, the transmission system 

providing a number of user selectable modes, the user selectable modes comprising at least a 

stop mode, a walk mode and a roll mode. Finally, in at least one embodiment, the platform 

further comprises a means for selectively choosing one of the stop, walk and roll modes by a 

25 user from a standing position adjacent the frame. 

fu a separate aspect of the invention, a transmission system of the platform comprises 

7 

1805 of 2987



WO 2006/074473 PCT /US2006/000893 

a drag wheel that is selectively moveable from a first raised position in the roll mode to a 

second lowered position in the walk mode, and wherein the drag wheel is for contacting the 

underlying surface when in the second lowered position. In addition, in accordance with at 

least one embodiment, the transmission system comprises a cam interconnected to the frame 

5 and the drag wheel, wherein the cam is rotatably movable to raise and lower the drag wheel 

from the first raised position in the roll mode to the second lowered position in the walk 

mode. The transmission system may also further comprise an automatic brake interconnected 

to the drag wheel, wherein the automatic brake comprises a braking motor driven by the drag 

wheel and circuitry, wherein the circuitry provides a resistive load to the braking motor to 

10 apply a braking force on the drag wheel. In addition, in at least one embodiment, the resistive 

load comprises a number of load ranges, wherein a first load range provides a first resistive 

load within a first velocity range for the braking motor, and wherein a second load range 

provides a second resistive load within a second velocity range for the braking motor. Also, 

the second velocity range may be automatically selected once a threshold velocity of the 

15 braking motor is reached. 

In a separate aspect of the invention, a transmission system of the platform may 

comprise a brake interconnected to the frame, wherein the brake is selectively moveable from 

a first raised position in the walk and roll modes to a second lowered position in the stop 

mode, and wherein the brake is for contacting the underlying surface when in the second 

20 position. In at least one embodiment, the brake comprises a stopper frictionally engaging the 

underlying surface. In yet a separate aspect of the invention, the platform may comprise a 

cam having a first channel interconnected to the brake. In at least one embodiment of the 

invention, the cam comprises a second channel interconnected to a drag wheel. In accordance 

with at least one embodiment of the invention, the :first channel comprises a first ramp for 

25 raising and lowering a first post interconnecting the drag wheel to the cam, and wherein the 

second channel comprises a second ramp for raising and lowering a second post 

8 
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interconnecting the stopper to the cam. 

In a separate aspect of the invention, a means for selectively choosing the mode of the 

transmission system comprises a first handle at a rear portion of the frame, wherein the handle 

is selectively adjusting a setting of the transmission system. In at least one embodiment, the 

5 transmission system may further comprise a second handle at a front portion of the frame, 

wherein the second handle can also be used for selectively adjusting a setting of the 

transmission system. 

In a separate aspect of the invention, the platform comprises at least one grasping 

mechanism for interconnecting the frame to another structure. In at least one embodiment of 

10 the invention, the grasping mechanism comprises a rotatable gripper arm that engages the 

other structure. In addition, in at least one embodiment, the rotatable gripper arm rotates 

about a first axis in a direction away from the frame, and rotates about a second axis to grasp 

the other structure, wherein the second axis is transverse to the first axis. 

It is a further aspect of the present invention to utilize a variety of devices to provide 

15 functionality to a personal support platform. Accordingly, in at least one embodiment of the 

present invention, a personal support platform for traversing an underlying surface is 

provided, comprising a frame and means for rotating interconnected to said frame and 

contacting the underlying surface. The platform further comprises means for frictionally 

engaging the underlying surface and interconnected to said frame; and means for variably 

20 controlling a resistance provided by said means for frictionally engaging. In at least one 

embodiment of the invention, the means for rotating comprises a plurality of wheels. In 

addition, it in at least one embodiment of the invention the means for frictionally engaging 

comprises a drag wheel. In accordance with at least one embodiment of the invention, the 

means for frictionally engaging is interconnected to a means for adjusting a position of said 

25 means for frictionally engaging, wherein said means for adjusting may alter a position of said 

means for frictionally engaging from a first position in contact with the underlying surface to 
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second position wherein said means for frictionally engaging does not contact the underlying 

surface. In at least one embodiment of the invention, the means for adjusting comprises a 

selectably positionable cam for raising and lowering said means for frictionally engaging. In 

addition, in at least one embodiment of the invention the means for variably controlling a 

5 resistance comprises a passive braking motor. In a separate aspect of the invention, the 

passive braking motor comprises a motor braking circuit interconnected to the passive braking 

motor. In at least one embodiment, the braking circuit includes a first circuit stage, including 

a switching mechanism, wherein an activation voltage for the first circuit stage is defined. 

The circuit also includes, a load resistor, wherein when the passive braking motor produces an 

I 0 amount of power sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

As noted above, embodiments of the present invention may comprise a braking 

system. Thus, in accordance with at least one embodiment of the invention, a passive variable 

15 braking system is provided, comprising: 

20 

25 

a motor; 

a motor braking circuit interconnected to the motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; and 

a load resistor, wherein when the motor produces an amount of 

power sufficient to produce a voltage at the switching mechanism that is equal to or 

greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

In a separate aspect of the invention, the motor braking circuit of the passive variable 

braking system further comprises: 

10 
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5 

10 

a second circuit stage in parallel with the first circuit stage, the second circuit 

stage including: 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to or greater 

than the activation voltage and above a current is allowed to pass through the load 

resistor, wherein the activation voltage for the second stage is greater than the 

activation voltage for the first stage, and wherein when the activation voltage for the 

second stage is met or exceeded a current continues to be allowed to pass through the 

load resistor of the first circuit stage. 

In yet a separate aspect of the invention, the passive variable braking system further 

comprises: 

a switch, wherein the first and second circuit stages comprise a number of load 

15 resistors, wherein the switch is operable to select one of each of the load resistors included in 

the rrrst and second circuit stages to provide a selected resistance at the motor. 

In a separate aspect of the invention, the motor braking circuit of the passive variable 

braking system further comprises: 

a second circuit stage in parallel with the first circuit stage, the second circuit stage, 

20 including: 

25 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; and 

a load resistor, wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to or greater 

than the activation voltage and above a current is allowed to pass through the load 
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5 

10 

resistor, and wherein the activation voltage for the second stage has a polarity that is 

opposite the activation voltage for the first stage. 

In a separate aspect of the invention, the switching mechanism of the passive variable 

braking system comprises a zener diode. 

In a separate aspect of the invention, the switching mechanism of the passive variable 

braking system comprises a pair of voltage dividing resistors and a transistor, wherein a 

voltage divided by the pair ofresistors is provided to a gate of the transistor. 

In yet a separate aspect of the invention, the switching mechanism of the passive 

variable braking system comprises a resistor interconnected to a Silicon Controlled Rectifier. 

In yet a separate aspect of the invention, the passive variable braking system further 

comprises a drag wheel interconnected to the motor, wherein the motor is driven by the drive 

wheel. In yet a separate aspect of the invention, the drive wheel is interconnected to the 

motor by a gearbox. 

In still yet a separate aspect of the invention, the switching mechanisms of the passive 

15 variable braking system of the first and second circuit stages each comprise a zener diode, and 

wherein the first and second stages each additionally include a blocking diode. 

It is a separate aspect of the present invention to provide a method of using a support 

platform that comprises one or more features of the device described herein. Accordingly, a 

method of using a personal support platform is provided, the method comprising selecting a 

20 transmission mode for a transmission system operably associated with the personal support 

platform, wherein the transmission system provides a number of user selectable transmission 

modes, and wherein the user selectable transmission modes comprise at least a stop mode, a 

walk mode and a roll mode. In accordance with at least one embodiment of the present 

invention, the personal support platform for use includes a frame, a plurality of wheels 

25 interconnected to the frame, and a transmission control device operably interconnected to the 

transmission system, the transmission control device adapted for allowing a user to selectively 
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choose one of the stop, walk and roll modes. In the method of use, the selecting step 

comprises manipulating the transmission control device to one of the stop, walk and roll 

modes. In addition, in at least one embodiment, the manipulating step comprises moving a 

control bar operably interconnected to the frame and a cam, wherein the control bar controls 

5 positions of a drag wheel and a brake that are operably interconnected with the cam. In a 

separate aspect of the invention, in at least one embodiment the method of use also comprises 

inducing a braking force on the drag wheel by at least temporarily increasing a velocity of the 

frame, wherein the resistive force is imposed by an automatic brake interconnected to the drag 

wheel, wherein the automatic brake comprises a braking motor driven by the drag wheel and 

10 circuitry, and wherein the circuitry provides a resistive load to the braking motor to apply a 

braking force on the drag wheel. In addition, in at least one embodiment, the method also 

comprises releasably connecting the platform to another structure using at least one grasping 

mechanism interconnected to the frame, and may further comprise impinging at least a 

portion of the other structure against the rotatable gripper arm. 

15 In accordance with embodiments of the present invention, a method of using a 

personal support platform is provided comprising: providing a drag wheel interconnected to 

the platform, the drag wheel for contacting a surface under the platform; positioning the drag 

wheel to contact the surface under the platform; and applying a braking to the platform 

through the drag wheel by applying at least a first braking resistance to the drag wheel for at 

20 least a first velocity range of the drag wheel. In at least one aspect of the invention, the 

method may further comprise providing at least a second braking resistance to the drag wheel 

for at least a second velocity range of the drag wheel. In another aspect of the invention, the 

second velocity range is automatically selected once a threshold velocity of a braking motor is 

reached. In accordance with at least one embodiment of the invention, the positioning step of 

25 the drag wheel further comprises manipulating a transmission control device to lower the drag 

wheel in contact with the surface under the platform. The method may further comprise 

13 

1811 of 2987



WO 2006/074473 PCT /US2006/000893 

engaging a stopper to contact the surface underlying the platform. fu addition, the method 

may comprise releasably connecting the platform to another structure using at least one 

grasping mechanism interconnected to the platform. In accordance with at least one 

embodiment of the invention, the step of releasably connecting the platform to another 

5 structure may also comprise impinging at least a portion of the other structure against a 

portion of the grasping mechanism. 

Various embodiments of the present invention are set forth in the attached figures and 

in the detailed description of the invention as provided herein and as embodied by the claims. 

It should be understood, however, that this Summary of the fuvention may not contain all of 

10 the aspects and embodiments of the present invention, is not meant to be limiting or 

restrictive in any manner, and that the invention as disclosed herein is and will be understood 

by those of ordinary skill in the art to encompass obvious improvements and modifications 

thereto. 

Additional advantages of the present invention will become readily apparent from the 

15 following discussion, particularly when taken together with the accompanying drawings. 

20 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an apparatus in accordance with embodiments of the 

present invention; 

Fig. 2 is a perspective view of another apparatus in accordance with embodiments of 

the present invention; 

Fig. 3 is a front elevation view of yet another apparatus in accordance with 

embodiments of the present invention; 

Fig. 4 is a front perspective view of the platform shown in Fig. 3; 

Fig. 5 is a rear perspective view of the platform shown in Fig. 3; 

Fig. 6 is a rear perspective view of the platform shown in Fig. 3, wherein the platform 
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is shown without a surface layer; 

Fig. 7 is a bottom view of the wheels of the platform shown in Fig. 3; 

Figs. 8 and 9 are bottom views of alternate wheel orientations and platform base 

shapes; 

5 Fig. 10 is a partial enlarged rear perspective view of an upper portion of the platform 

10 

shown in Fig. 3; 

Figs. l lA and 1 lB are side elevation views of an embodiment of a bed hook; 

Figs. 12-14 are side elevation views of the bed hook of Figs. l lA and 1 lB in various 

operable positions with a bed; 

Fig. 15 is a transparent rear perspective view of the platform shown in Fig. 3, wherein 

the platform structure is superimposed over an embodiment of a transmission system; 

Fig. 16 is a partial enlarged rear perspective view of the platfonn shown in Fig. 15, 

wherein the handle of the transmission control mechanism is shown in its alternate positions; 

Fig. 17 is a perspective view of alternate positions of the transmission control 

15 mechanism shown in Fig. 15; 

20 

15; 

19; 

Fig. 18 is an enlarged perspective view of a portion of the device shown in Fig. 17; 

Fig. 19 is a perspective view ofa portion of the transmission system shown in Fig. 

Fig. 20 is an enlarged side elevation view of the device shown in Fig. 19; 

Fig. 21 is perspective view of an alternate embodiment of the device shown in Fig. 

Figs. 22-25 are various embodiments of motor braking circuits associated with the 

automatic braking system feature; 

Fig. 26 is a braking force to velocity diagram associated with the automatic braking 

25 system feature; and 

Fig. 27 is a schematic depiction of components that may be included in embodiments 
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of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with embodiments of the present invention, a platform is provided that 

5 has application for use in a variety of fields, one of which is in the field of health care. 

Various embodiments of the platform may include an ergonomic structure suited for a patient 

to use the platform as a walking aid. In addition, embodiments of the invention may also 

comprise structure for accommodating on-board health monitoring and/or treatment 

equipment. These and other features are described in detail below. 

10 Referring now to Fig. 1, an apparatus constructed in accordance with an embodiment 

of the present invention is generally identified by reference numeral 100. Support platform 

100 includes a chassis, support frame or body 104 having a platform handle 108 located at or 

near a top 112 of the platform 100. The platfonn 100 also includes a perimeter rail 116 at its 

top 112, wherein the perimeter rail 116 is adapted for receiving a variety of health monitoring, 

15 treatment, or maintenance devices, such as equipment currently available for these purposes. 

The platform 100 further includes a base 120 described in further detail below. 

Referring now to Fig. 2, an embodiment in accordance with the present invention is 

depicted wherein support platform 100' internalizes at least one of a number of ancillary 

devices that may be associated with the platform, and more preferably, the platform 100' 

20 internalizes a plurality of such ancillary devices. Accordingly, the support platform 100' 

preferably includes one or more modular receptacles 124 for items such as suction pumps, IV 

pumps, infusion pumps, and/or monitoring equipment. In addition, the support platform 100' 

may further included a receptacle or port for a personal computer 128. The receptacles 

replace the cmrent pump technology and incorporate the devices into the platform to reduce 

25 its profile, overall weight and simplify the total set of devices attached to the patient. 

Referring now to Figs. 3-5, an embodiment in accordance with the present invention 
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is depicted as support platform 100". Support platform 100" features a substantially open top 

112 with a pair of elevated rails 132. In accordance with embodiments of the present 

invention, the perimeter of the top 112 includes a skirt 136 with one or more openings 138 for 

receiving hooks or other connecting hardware to attach a variety of health monitoring, 

5 maintenance and/or treatment devices. 

Thus, embodiments of the present invention may comprise a substantially open 

configuration, as shown in Fig. 1 as support platform 100, or a modular and substantially 

internalized configuration, as shown in Fig. 2 as support platform 100', or an alternate 

configuration having interior cabinet space with a substantially open top 112, as shown in 

10 Figs. 3-5 as support platform 100", or other configurations, all of which are encompassed by 

the present invention and this description. Although support platforms 100, 100', 100" may 

have a variety of different features, they may also share similar structure and have various 

combinations of features. The following text and associated referenced drawings describe 

features that may be used individually or in combination for various embodiments of the 

15 present invention. 

Referring to Figs. 1-3, support platform 100, 100', 100" include a body 104 having a 

height H. Height H is preferably a sufficient height for allowing a patient to stand and grasp 

platform handle 108 at the top 112 of the support platform 100, 100', 100" to aid the patient in 

support and/or balance while walking or standing. Height H is preferably adjustable, thereby 

20 allowing the support platform 100, 100', 100" to be modified to accommodate the height of 

the patient. Since patients vary from small children to large adults, the height H of the 

support platform 100, 100', 100" pertains to a functional aspect of the invention. 

Accordingly, the body 104 may include an adjustable or telescoping means for selectively 

varying the height H of body I 04. The telescoping means may include one or more 

25 adjustable columns, and/or otherwise include interchangeable columns 140, such as those 

shown in Fig. 6, wherein Fig. 6 depicts a skeletonized view support platform 100". In 
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accordance with embodiments of the present invention, the columns 140 allow for adjustment 

of the height of the platform. Further, and in accordance with other embodiments of the 

present invention, one or more spacers 144 may also be incorporated into the body 104 of the 

support platform 100, 100', 100", wherein each spacer 144 serves to add additional height. In 

5 at least one embodiment, the spacer 144 comprises a supplemental height member having a 

thickness of between about 1-6 inches, and more preferably between about 2 to 4 inches. For 

the various embodiments of the present invention, the height H of the support platform 100, 

100', 100" is between about 24 and 48 inches tall, and more preferably, between about 30 and 

40 inches tall. However, other heights for short, tall and physically challenged individuals, 

10 and/or for platforms having other uses other than in the health care field are all within the 

scope of the present invention. 

As noted above, the frame 104 of support platform 100, 100', 100" preferably 

includes a base 120, wherein the base has a stable configuration for supporting both the items 

on the support platform 100, 100', 100", as well as being able to support the added weight of a 

15 patient leaning on the platform handle 108. Accordingly, the base 120 is relatively large, but 

not too large so as to be clumsy to manipulate. For the embodiments shown in Figs. 1-5, the 

base 120 is substantially rectangular in shape, with a width Wand a length L. For a 

rectangular base 120, the width Wis preferably between about 16 to 28 inches wide, and 

more preferably between about 18 to 24 inches wide. The length Lis preferably between 

20 about 16 to 28 inches long, and more preferably between about 18 to 24 inches long. 

However, it is to be understood that the base 120 may be a variety of shapes and 

configurations. For example, the base 120 may have a footprint that is substantially circular 

or hexagonal in shape. 

As best seen in Fig. 6, the base 120 has a rear portion 148 and a front portion 152. 

25 Rear portion 148 preferably includes spaced apart base beams 156. The base beams 156 are 

preferably spaced apart to provide a preferential unobstructed area or opening 160 for the 
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patient to place their feet while holding the platform handle I 08 and walking. Accordingly, 

the base beams 156 are preferably spaced apart a distance D, where distance D preferably 

varies between about 10 inches and 24 inches, and more preferably between about 14 inches 

and 20 inches. Providing a properly sized spaced apart distanced D provides for increased 

5 safety for the patient so that the patient does not trip when walking with the support platform 

100, 100'' 100". 

In accordance with other embodiments of the invention, the base 120 may not be 

directional, or alternatively, the direction may be determined by the user to maximize the 

benefit of the wheel design to their health and expected use. For example, the wheel 

10 configuration may benefit weaker patients to overcome small obstacles when the base is 

oriented in a first direction. Conversely, healthier patients that expect to travel farther and 

faster may find that they have better control of the invention by changing the direction of the 

platform by 180°. 

The base 120 preferably includes a plurality of casters or wheels 164. More 

15 preferably, the base 120 includes at least three wheels set in a triangular orientation, and more 

preferably yet, at least four, five or six wheels spaced apart in various configurations along 

the bottom of the footprint ofbase 120. As seen in Fig. 6, and in accordance with 

embodiments of the present invention, at least some of the wheels 164 preferably include a 

swivel connector 172 between the wheel 164 and the base 120 of support platform 100, 100', 

20 100". For example, the middle pair of wheels 164b and the rear pair of wheels 164a 

(interconnected by the base beams 156) may include swivel connectors 172, while the 

orientation of the front wheels 164c may be :fixed. Alternatively, all wheels 164 may have a 

swivel connector 172 between the wheel 164 and the base 120. 

Referring now to Fig. 7, the underside of base 120 of a first preferred embodiment is 

25 illustrated. Base 120 is shown having a substantially C-shaped overall footprint when viewed 

from a side of the support platform 100, 100', 100". In accordance with at least one 
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embodiment of the present invention, the base 120 comprises six wheels 164 that provide a 

means for rotating that is interconnected to the frame and contacting the underlying surface, 

such as a floor surface. A first pair of wheels 164a is preferably positioned under beams 156 

at the rear portion 148 of the base 120, such that one wheel 164a is under a left base beam 156 

5 and another 164a is under the right base beam 156. In addition, a second pair of wheels 164b 

is preferably positioned at an intermediate position along the length of the support platform 

100, 100', 100", such as along a mid-axis MA-l\t1A of base 120. Again, one wheel 164b is 

preferably located under the left side of the platform, and another wheel 164b is located under 

the right side of the support platform 100, 100', 100". Finally, a third set of wheels 164c is 

10 preferably located toward a front portion 152 of the support platform 100, 100', 100". In at 

least one embodiment of the invention, the front wheels 164c are set closer to a center 

longitudinal axis C-C of the platform as compared to the first and second pairs of wheels 

164a, 164b at the rear and intennediate positions along the support platform 100, 100', 100". 

In accordance with at least one embodiment of the invention, the third set of wheels 164c 

15 preferably comprise a larger diameter than at least one of the first pair of wheels 164a and the 

20 

second pair or wheels l 64b. In addition, for the wheel configuration shown in Fig. 7, the first 

wheels l 64a on the right and left sides are substantially equidistant from the center 

longitudinal axis C-C as the second wheels 164b on both the right and left sides of the support 

platform 100, 100', 100". 

Referring now to Figs. 8 and 9, and in accordance with embodiments of the present 

invention, alternative arrangements of the wheels 164 are within the scope of the present 

invention. Fig. 8 depicts a configuration wherein the wheels 164a, 164b, and l 64c are all 

equidistant from the center longitudinal axis C-C of the support platform 100, 100', 100". 

With regard to Fig. 9, a modified shape of the base is shown as base 120'. Base 120' is shown 

25 with five wheels 164, wherein the base 120' has a substantially circular footprint but with an 

arcuate shaped opening 160 bounded by an arcuate shaped front base portion 168 for the 

20 

1818 of 2987



WO 2006/074473 PCT /US2006/000893 

patient's feet as they walk with the support platform 100, 100', 100". Other configurations of 

the base are considered within the scope of the present invention. 

In accordance with various embodiments of the present invention, the wheel positions 

includes alternate configurations designed to best address the issues of overcoming a raised 

5 obstacle such as a carpet/tile transition or door threshold, spanning a gap such as an elevator 

threshold, maintaining extreme maneuverability in areas with limited space, and maintaining 

directional tracking to aid with control as a patient ambulates. Accordingly, the alternative 

wheel configurations of the present invention provide for advantageous maneuverability and 

stability, and thus increased safety for the patient using the support platform 100, 100', 10011
• 

10 The wheels 164 are preferably sized to provide added stability to the support platform 

100, 100', 100". Accordingly, wheels 164 are preferably between about 2 to 10 inches in 

diameter, and more preferably between about 3 to 9 inches in diameter, and more preferably 

yet, a combination of wheels with the smaller wheels 164a, 164b measuring about 3 to 5 

inches in diameter and the larger wheels 164c measuring about 7 to 8 inches in diameter. 

15 Referring again to Figs. 1-3, the platform handle 108 is an integral part of the support 

platform I 00, I 00', 100". In at least one embodiment of the invention, the handle 108 

comprises a particular ergonomic design that allows the user to push and use the platform 

while their hands are kept in a comfortable position. The design also minimizes the ability of 

the user to tip the platform when applying a force to the platform handle 108. 

20 In accordance with another aspect of the invention, the support platform 100, 100', 

10011 includes a platfonn top 112 for holding a number of optional components (also referred 

to as "ancillary devices") as discussed hereafter. The platform top 112 is preferably 

operatively interconnected to a means for holding an N bag. The means for holding an IV 

bag preferably includes at least a section of a pole 176, and/or a hook 180, and/or a rail 132, 

25 and/or the skirt 136 with a carabiner clip, and/or other hook attachment located either above 

or below the platform top 112. Additionally, existing IV, enteral and syiinge pumps used by 
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health-care facilities will be accommodated on either a pole 176 or rail system 132 located on 

top of the platform top 112. The support platform 100, 100', 100" will be able to 

accommodate from zero to six pumps, and more preferably zero to four pumps. For the 

embodiments depicted in Figs. 1-5, various maintenance and treatment devices are hung or 

5 otherwise interconnected to the support platform 100, 100', 100", on the rails 132, resting on 

the top 112, or hanging from the skirt 136. 

In accordance with embodiments of the present invention, an attachment device 

comprising a custom carabiner may be provided and used to releasably attach N bags or 

other medical equipment, such as an infusion pump, to the platform's support structure. For 

10 example, such attachment devices may be used both on the rail 132 or the skirt 136 the 

support platform 100, 100', 100". In accordance with at least one embodiment of the present 

invention, the carabiners provide adequate gate clearance to accommodate both the rail 132 or 

skirt 136, and provide easy interconnectivity and removability of the previously listed devices 

or IV bags from the support platform 100, 100', 100". In another aspect of the invention, the 

15 carabiners preferably comprise of different colors in order to categorize IV fluids for rapid 

easy identification by healthcare providers. For example, IV fluids without added medication 

may hang from blue carabiners, N fluids with antibiotic additives may hang from green 

carabiners, and IV fluids containing vasopressor additives my hang from red carabiners. 

The platfom1 top 112 or other portions of the frame 104 can include one or more 

20 other devices or apparatus, including such items as fluid reservoirs, metering pumps, 

cup/bottle holders, trays, a sitting stool, monitoring devices, computers, and communication 

devices, as well as a television, camera, phone or radio. Power receptacles 184 may also be 

provided either associated with the platform top 112 or frame 104 that will allow for multiple 

electronic devices to be plugged into either side of the platform. The consumer may or may 

25 not decide the number of receptacles. In addition, a retractable power cord 188 may also be 

provided on the supportplatfonn 100, 1001
, 100". 
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In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes communication equipment to receive vital sign information from the patient by wired 

or wireless means. The information may then be transmitted wirelessly to the appropriate 

medical staff or alarm systems while the patient is using the support platform 100, 100', 100". 

5 The support platform 100, 100', 100" preferably is interconnected to a stationary outlet while 

at the patient's bed, and then when disconnected to allow movement, the on-board 

communication system preferably provides wireless signals. 

The vital sign collection equipment is considered an integral part of the invention as 

these interact explicitly with the support platform 100, 100', 100". The devices gather 

10 information regarding a patient's heart rate, non-invasive blood pressure, arterial blood 

pressure, central venous pressure, urine output, abdominal compartment pressure, respiratory 

rate, oxygen saturation and any other information that may be relevant to a patient's care. 

Other data from devices such as the bed and ventilator to include patient weight, bed alarms 

and ventilator parameters may be received and transmitted through the support platform as 

15 well. 

In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes an on-board oxygen supply 192. In use, for those patients needing an oxygen 

supply, tl1e tubing is preferably directly interconnected to the patient. The oxygen supply may 

be an existing oxygen bottle system or preferably includes tubing connections to allow the 

20 support platform 100, 100', 100" to be interconnected to a stationary oxygen source, such as a 

wall outlet that carries and delivers oxygen to a patient's hospital room. Accordingly, the 

support platform I 00, 100', 100" can be positioned at the side of the patient's bed, and when 

the patient leaves his or her bed, the tubing from the support platform 100, 100', 100" is 

disconnected from the stationary oxygen source, without substantial interruption in the flow 

25 of oxygen to the patient. Accordingly, the support platform 100, 100', 100" preferably 

includes a bypass connection for utilizing a stationary oxygen source when the support 
23 

1821 of 2987



WO 2006/074473 PCT /US2006/000893 

platform 100, 100', 100" has tubing interconnected to the stationary oxygen source. 

fu yet a separate aspect of the invention, the support platforms 100, 100', 100" 

preferably includes a chargeable battery and/or chargeable uninterruptible power supply, 

(where a chargeable battery and/or chargeable uninterruptible power supply is herein referred 

5 to collectively or singularly simply as "UPS") 200. 111e UPS 200 is preferably located near 

the base 120 to provide a relatively low center of gravity for the support platform 100, 100', 

100". The UPS 200 allows the support platform 100, 100', 100" to be unplugged from a 

stationary power source, such as a wall outlet, with the platform's UPS 200 maintaining 

power to all of the on-board systems, such as the injection pumps, suction pumps, and vital 

10 sign monitoring equipment. In addition, the UPS 200 provides a back-up power supply to the 

electronic devices interconnected to it. Therefore, in the event of a power outage, the UPS 

200 provides emergency power to the electrical devices interconnected to the platform's UPS 

200. This is particularly advantageous for site locations that do not have an emergency back-

up generator connected to the building's power supply. Preferably, the UPS 200 charges 

15 when it is plugged into a wall outlet while the devices remain operational. 

For platforms utilizing electrical devices, the support platform 100, 100', 100" is 

preferably pre-wired and includes an electrical system. Therefore, the support platform's 

built-in modularity and electrical system limits the number of cords to power the modular 

electrical devices, such as pumps or monitoring devices. Accordingly, in one preferred 

20 embodinlent, injection pumps, suction pumps, monitoring devices, and/or communication 

25 

equipment can be quickly snapped into place into the frame 104 of support platform 100, 

100', 100", such as in the platform top 112 of the support platform, with the power supply to 

the subject device provided by the hook-up port 184 or receiving connector on the support 

platform 100, 100', 100". 

In a separate aspect of the invention, the support platform 100, 100', 100" preferably 

includes an umbilical cord (not shown) having common plug for interconnecting a plurality of 
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systems to a single outlet, such as a wall outlet. The umbilical cord may include a variety of 

systems, including electrical power, oxygen, suction, and/or a communication connection. 

When the patient uses the support platform 100, 100', 100" as a walking aid, or when the 

patient is moved in their bed with the support platform I 00, 100', I 00" interconnected to the 

5 bed or the support platform 100, 100', 100" is otherwise made mobile, the common plug is 

removed from the wall outlet, thereby not only freeing the support platform from being 

tethered to the wall, but also engaging the on-board UPS 200 to power any interconnected 

devices, as well as engaging the on-board oxygen supply and suction pump to the patient, if in 

use. Therefore, the umbilical cord and associated common plug allows for a quick and easy 

I 0 disengagement from a stationary hook-up. fu addition, in order to engage the support 

platform I 00, 100', 100" to the systems available from a stationary source, such as a wall 

outlet, the common plug attached to the umbilical cord is simply engaged with the wall outlet, 

thus bypassing and/or recharging the support platform's on-board systems. 

In yet a separate aspect of the invention, the support platform 100, 100', 100" 

15 preferably includes tube and wiring bundling channels or clips to organize the various tubes 

or wires that lead from the platform to the patient. The tube and wiring bundles are preferably 

situated to minimize the potential for the tubes or wires to interfere with objects as the support 

platform I 00, 100', 100" is pushed by the patient or the patient is transferred by other 

personnel. 

20 In yet a separate aspect of the invention, a hip or other body attachment (not shown) 

or aid can be provided to assist a patient in moving the support platform when the patient has 

a physical impediment to grasping the platform handle 108, such as may be the case ifthe 

patient has a broken arm, leg, pelvis, shoulder, scapula or ribs. Other physical impairments 

such as arm and leg amputations can be addressed with other attachments either to the 

25 platform or patient. A hip attachment would be one such attachment that would interconnect 

the support platform 100, 100', 100" to the patient, such as by a cushioned bar positioned at or 
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near the patient's hip. 

In a separate aspect of the invention, the support platform may include an interior 

space and/or compartments for holding reservoirs or bags. For example, as shown in Figs. 2-

5, the support platform 100', 100" may include a cabinet area 204 or other enclosure, the 

5 cabinet area 204 preferably including one or more drawers 208, doors 212 and/or access 

panels 216. Hooks or modular receptacles can be provided within the cabinet space. The 

interior space or cabinet area 204 can be configured to receive one or more urine or drainage 

bags. More preferably, in accordance with embodiments of the invention, the collection 

chambers can accommodate canister assemblies (not shown) designed to provide a 

10 mechanism of measuring the volume of the canisters automatically. This system may include 

a float, conduction or transmission mechanism. This information could then be converted to 

electronic data that could be transmitted along with other patient vital statistics as described 

elsewhere in this document. 

Referring now to Figs. 10-14, and in accordance with another aspect of the invention, 

15 the support platform 100, 100', 100" comprises a mechanism for being releasably attached to 

another object, such as a bed, hand rail, vehicle, etc. fu accordance with at least one 

embodiment of the invention, support platform 100, 100', 100" includes at least one bed hook 

1000, and more preferably, a plurality of bed hooks 1000. The bed hooks 1000 provide a 

means for temporarily docking the support platform 100, 100', 100" to a bed when the 

20 platform is not being used as walker by a patient. The bed hooks 1000 allow the support 

platform 100, 100', 100" to remain stationary and attached to the patient's bed ifit is 

inadvertently bumped by a hospital staff member, patient, or visitor. In addition, the bed 

hooks 1000 can be used to secure the support platform to the patient's bed if the patient is 

moved while remaining within the bed and the support platform is required to move with the 

25 bed. For this type of use, an additional staff member is not needed to roll the support 

platform 100, 100', 100" adjacent to the moving bed. The bed hooks 1000 allow the support 

26 

1824 of 2987



WO 2006/074473 PCT /US2006/000893 

platform 100, 100', 100" to be lifted by another object, such as the patient's bed, such that the 

wheels 164 the platform are suspended, thereby making transportation easier because only the 

wheels on the bed need be controlled. 

Referring now to Figs. 5 and 10, an upper portion 220 of a support platform 100, 

5 100', 100" is shown that includes a pair of bed hooks 1000, wherein a first bed hook 1000 is 

located adjacent to or at a right side of the support platform 100, 100', 100" and a second bed 

hook 1000 is located adjacent to or at a left side of the support platform 100, 100', 100". For 

the embodiment of the support platform 100" shown in Figs. 3-5, the bed hooks 1000 are 

located at the rear portion 148 of the support platform 100". However, it is to be understood 

10 that the bed hooks 1000 may be used on any version of the support platform, including 

support platfonn 100, 100', 100", and furthermore, the bed hooks 1000 may be located not 

only at the rear 148 of the support platform, but also at the front 152 or along a side of the 

support platform. 

Each bed hook 1000 preferably includes an arm member 1004 that is rotatable in at 

15 least one direction, or outward from the support platform, such as per an-ow A1• fu addition, 

at least a portion of the arm member 1004 is also rotatable in a second direction when 

engaging a bed or other object to which it is being attached, such as per an-ow Az. More 

particularly, and as described in additional detail below, the arm member 1004 is first rotated 

to extend away from the platform, as per arrow Ai, and then the arm member 1004 may be 

20 rotated again as per arrow A2 to engage the bed or other object. As shown in Fig. 10, arm 

member 1004 is preferably located in a retracted or rrrst position 1008, wherein the arm 

member 1004 is closed or positioned substantially adjacent the upper portion 220 of the 

support platform 100, 100', 100". More particularly, when closed, a side surface 1012 of the 

ann member 1004 is situated adjacent a rear side 1016 of the support platform 100, 100', 

25 100". The arm member 1004 is then rotated on a hinge 1020 to an open or second position 
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5 

1024 for engagement with an object, such as a bed. Thus, the bed hooks 1000 preferably 

feature a plurality of positions so that they remain unobtrusive when not in use. ill addition, 

the bed hooks 1000 preferably include a material suitable for gripping, such as a plastic or 

rubber pad (not shown). 

Referring now to Figs. l lA and 1 lB, the arm member 1004 is sho'\'m in an extended 

or open position 1024. ill accordance with embodiments of the present invention, the arm 

member 1004 includes a lateral branch 1100 and a rotatable gripper portion 1104. The 

gripper portion 1104 is rotatably interconnected to the lateral branch 1100 by a pin 1108. ill 

accordance with embodiments of the present invention, the gripper portion 1104 includes a 

10 pinching finger 1112 that has an inside surface 1116 for contacting the bed or object to which 

the support platform 100, 100', 100" is to be attached. In addition, the gripper portion 1104 

further includes an upper finger 1120 with an underside 1124 for also contacting the bed or 

object to which the support platform is to be attached. As shown in Fig. l lA, the gripper 

portion 1104 is in an unhooked position 1128. Upon rotation of the gripper portion 1104 

15 about pin 1108, the pinching finger 1112 moves toward the support platform to clamp or 

engage the bed. 

Referring now to Figs. 12-14, a support platform 100, 100', 100" with bed hooks 

1000 is shown in use. As shown in Fig. 12, the bed hooks 1000 are depicted in the open 

position 1024 prior to engaging a portion of the bed B, such as a head board, foot board or 

20 rail. The portion of the bed B to engage the support platform 100, 100', 100" is then raised. 

As seen in Fig. 13, an upper surface BS of the bed B contacts the underside 1124 of the upper 

finger 1120 of the gripper portion 1104. Referring now to Fig. 14, as the bed Bis raised 

further, the gripper portion 1104 rotates about pin 1108 relative to the lateral branch 1100. In 

so doing, the pinching finger 1112 rotates toward the rear side 1016 of the support platform 

25 100, 100', 100", thereby pinching the bed B between the inside surface 1112 of the pinching 

finger and the rear surface 1016 of the support platform 100, 100', 100". With continued 
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raising the bed B, the bed B will lift the support platform 100, 100', 100" from the floor. The 

bed B can then be moved with the support platform 100, 100', 100" releasably attached to the 

bed B. The bed hooks 1000 thus provide a means for moving the platform and the bed as a 

unit, without the need for a separate attendant or nurse to guide the support platform as 

5 another person moves the bed. 

In accordance with embodiments of the present invention, an alternative attachment 

device (not shown) may be used to releasably attach the support platform 100, 100', 100" to a 

bed or other object. For example, the platform handle 108 may be modified for engaging a 

portion the bed or another object. Such alternative attachment device may include an 

10 adjustable setting that allows the alternative attachment device to be configured for use with a 

variety of bed frames or wheelchair configurations or other vehicles, such as automobiles or 

motorized platforms. 

Referring now to Fig. 15, and in accordance with at least one embodin1ent of the 

invention, the support platform 100, 100', 100" may include a selectable transmission system 

15 1500. Fig. 15 illustrates a number of components of the transmission system 1500 in solid 

lines, with other aspects of the support platform 100, 100', 100" superinlposed over the 

transmission system. It is to be understood that the transmission system 1500 is also 

applicable to support platform 100, 100', 100", as well as other platforms that embody the 

present invention. 

20 In general, the transmission system 1500 comprises a selectable control bar 1504 that 

is connected to a control shaft 1508 that controls a transmission applicator mechanism 1512. 

In accordance with embodiments of the present invention, transmission system 1500 

preferably has a plurality of settings or modes that can be selected using the control bar 1504. 

For the embodiments illustrated in Figs. 15-21, three different settings are provided; however, 

25 it is to be understood that a transmission system with an alternate number settings is possible, 

such as two settings. 
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Referring now to Figs. 16 and 17 that each show a portion of the transmission system 

1500, the control bar 1504 is preferably interconnected to a handle 1600, wherein the handle 

1600 is movable along slot 1604, thereby allowing a user or healthcare staff member to select 

the setting for the transmission system 1500. More particularly, as shown in Fig. 16, a fast 

5 setting corresponds to a stop mode, a second setting corresponds to a walk mode, and a third 

setting corresponds to a roll mode. In accordance with the embodiment and view shown in 

Fig. 16, the stop mode is the left-most position 1608a shown for the handle 1600, the walk 

mode is an intermediate position 1608b shown for handle 1600, and the roll mode is the right

most position 1608c shown for handle 1600. In general, the stop mode corresponds to having 

10 the support platform 100, 100', 100" stationary, the walk mode corresponds to placing the 

support platform 100, 100', 100" in a controlled state for a patient to ambulate using the 

support platform 100, 100', 100" as a walking aid, and the roll mode corresponds to a free

rolling state wherein the support platform 100, 100', 100" can be quickly and easily rolled, 

such as by a healthcare staff member moving the support platform 100, 100', 100" to a 

15 patient's room from a storage area. 

In accordance with embodiments of the present invention, and as best seen in Figs. 1 7 

and 18, although not required, a second handle 1600 may be positioned at the front of the 

support platform 100, 100', 100" to allow control of the transmission system 1500 from the 

front of the support platform 100, 100', 100". This configuration offers several advantages, 

20 including that a healthcare staff member can set the transmission system 1500 when a patient 

is at the rear of the support platform 100, 100', 100" and substantially blocking the handle 

1600 at the rear of the support platform 100, 100', 100". Whether at the front or back of the 

support platform 100, 100', 100", the handle 1600 is generally moved transversely to a 

vertical axis V-V of the support platform 100, 100', 100" within the slot 1604. The handle 

25 1600 is preferably interconnected to the control bar 1504 using an interconnection mechanism 
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1800 comprising connecting hardware 1804 that allows an end 1700 of the control bar 1504 

to rotate relative to the handle 1600, such that a longitudinal axis H-H of the handle 1600 

remains substantially parallel to a front to rear axis A-A of the support platform 100, 100', 

100" as the handle 1600 is moved along slot 1604. The control bar 1504 rotates at pivot point 

5 1704 about a rotational axis that corresponds to the longitudinal axis S-S of the control shaft 

1508. Although only one control shaft 1508 is shown, the control bar 1504 may be 

interconnected to a plurality of shafts that lead to one or more transmission applicator 

mechanisms. 

RefeITing now to Figs. 19 and 20, and in accordance with at least one embodiment of 

I 0 the present invention, a transmission applicator mechanism 1512 is shown that includes 

functionality corresponding to the three transmission settings of stop mode 1608a, walk mode 

1608b and roll mode 1608c. The transmission applicator mechanism 1512 generally includes 

a cam 1900 that is connected to the control shaft 1508. In at least one embodiment, the cam 

1900 provides at least a means for adjusting the position of the drag wheel. When the handle 

15 1600 is moved along slot 1604, the control bar 1504 rotates the control shaft 1508, and the 

cam 1900 also rotates. As the cam 1900 rotates, the transmission applicator mechanism 1512 

either (1) applies both a brake assembly 1904 and a drag wheel assembly 1908 to the floor (or 

other surface under the platform) when the transmission system 1500 is set to the stop mode 

1608a, (2) maintains the brake assembly 1904 in a raised position while the drag wheel 

20 assembly 1908 contacts the floor when the transmission system 1500 is in the walk mode 

1608b, or (3) maintains both the brake assembly 1904 and the drag wheel assembly 1908 in 

raised positions while the transmission system 1500 is in the roll mode 1608c. 

The brake assembly 1904 may comprise a variety of configurations, and in one 

embodiment comprises a post 2000 that is connected to a stopper 2004 at the distal end 2008 

25 of the post 2000. The stopper 2004 may comprise a variety of materials and configurations, 

but generally includes characteristics that will generate a relatively large frictional force with 
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the underlying floor. For example, the stopper 2004 may comprise a rubber or plastic 

structure that tends to generate a large amount friction with the floor. Although the example 

stopper 2004 shown in Fig. 20 is cylindrical in shape with a circular distal end 2012 for 

contacting the floor, the stopper 2004 may be elongated in a direction transverse to the post 

5 2000 such that a relatively wide contact area is formed with the floor. The post 2000 extends 

from the stopper 2004 to the cam 1900, and includes an upper flange 2016 at its proximal end 

2020 at the cam 1900, and a lower flange 2024 that resides adjacent and below a base panel 

2028. As will be discussed in more detail below, the brake assembly 1904 also preferably 

includes a biasing member 2032 that resides between the lower flange 2024 and the stopper 

10 2004. As shown in Fig. 20, and in accordance with at least one embodiment, the biasing 

member 2032 comprises a compression spring, but may also comprise other structure, such as 

an air cylinder. 

The drag wheel assembly 1908 provides a means for frictionally engaging the 

underlying surface, and in at least one embodiment comprises a wheel 2036 interconnected to 

15 the base panel 2028 by a movable linkage arm 2040, wherein the linkage arm 2040 can be 

lowered and raised to either apply the wheel 2036 to the floor, or to raise the wheel 2036 from 

contacting the floor. As discussed in more detail below, the drag wheel assembly 1908 

preferably incorporates a rotation resistance mechanism that is interconnected to the wheel 

2036 such that the wheel 2036 acts as a governor to control the speed of the support platform 

20 100, 100', 100". The linkage arm 2040 is preferably interconnected to the cam 1900 by a post 

2044 that extends from a pivot point 2048 at the linkage arm 2040 to the cam 1900. The post 

2044 includes an upper flange 2016 at its proximal end 2020 at the cam 1900, and a lower 

flange 2024 that resides adjacent and below the base panel 2028. The assembly for the drag 

wheel assembly 1908 also preferably includes a biasing member 2032 that resides between 

25 the lower flange 2024 and the pivot point 2048 at the linkage arm 2040. 

Referring still to Figs. 19 and 20, and in accordance with at least one embodiment of 
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the present invention, the cam 1900 includes a first curved or arc-shaped channel 1912 to 

control the brake assembly 1904, and a second curved or arc-shaped channel 1916 to control 

the drag wheel assembly 1908. When handle 1600 is moved to the stop mode 1608a, the 

control bar 1504 rotates the control shaft 1508 such that the post 2000 of the brake assembly 

5 1904 and the post 2044 of the drag wheel assembly 1908 are located at first positions 1920 

and 1924 of the channels 1912 and 1916, respectively. At these first positions 1920 and 1924, 

both the brake assembly 1904 and the drag wheel assembly 1908 are engaged such that the 

stopper 2004 and wheel 2036 are in contact with the floor. When at the first position 1920, 

the post 2000 is in a lowered position because the cam thickness at the first position 1920 is 

10 such that the upper flange 2016 of post 2000 is lower relative to the base panel 2028. When 

in the first position 1920, the biasing member 2032 of post 2000 forces the stopper 2004 

downward and in contact with the floor. Similarly, when post 2044 is in the first position 

1924, the upper flange 2016 of post 2044 is also lower relative to the base panel 2028 and the 

biasing member 2032 of post 2044 forces the linkage arm 2040 downward and places the 

15 wheel 2036 in contact with the floor. 

Upon sliding handle 1600 to the walk mode 1608b position, the control bar 1504 

rotates and turns the control shaft 1508, thereby turning the cam 1900. As the cam 1900 is 

turned, posts 2000 and 2044 remain laterally stationary and traverse the cam 1900 along 

channels 1912 and 1916, respectively. The posts 2000 and 2044 are then located at the 

20 second positions 1928 and 1932 along the first and second channels 1912 and 1916, 

respectively. In addition, as the proximal end 2020 of post 2000 for the brake assembly 1904 

moves along first curved channel 1912 from the first position 1920 toward the second 

position 1928, the post 2000 rises because the upper flange 2016 of post 2000 encounters cam 

transition ramp 1936. The rise in cam transition ramp 1936 pulls the stopper 2004 off the 

25 floor and compresses the biasing member 2032 between the stopper 2004 and the lower 

flange 2024. In addition, as the cam 1900 is turned, the post 2044 remains in its lowered 
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position because the elevation of the upper flange 2016 of the post 2044 at the second 

position 1932 is substantially equal in elevation to the elevation of the upper flange 2016 

when the post 2044 is in the first position 1924. 

Upon sliding handle 1600 from the walk mode 1608b position to the roll mode 1608c 

5 position, the control bar 1504 again rotates and turns the control shaft 1508, thereby once 

again turning the cam 1900. Once again, the posts 2000 and 2044 remain laterally stationary 

and traverse the cam 1900 further along channels 1912 and 1916, respectively. The posts 

2000 and 2044 are then located at the third positions 1940 and 1944 along the first and second 

channels 1912 and 1916, respectively. In addition, as the proximal end 2020 of post 2044 for 

10 the drag wheel assembly 1908 moves along second curved channel 1916 from the second 

position 1932 toward the third position 1944, the post 2044 rises because the upper flange 

2016 of post 2044 encounters a second cam transition ramp 1936. The rise in cam transition 

ramp 1936 pulls the linkage arm 2040 upward and the wheel 2036 off the floor and also 

compresses the biasing member 2032 between the pivot point 2048 of the linkage arm 2040 

15 and the lower flange 2024 of post 2044. In addition, as the cam 1900 is turned from the walk 

mode 1608b to the roll mode 1608c, the post 2000 remains in its upper position because the 

elevation of the upper flange 2016 of the post 2000 between the second position 1928 and 

third position 1940 is substantially equal in elevation. 

The biasing members 2032 for both posts 2000 and 2044 place the brake assembly 

20 1904 and the friction wheel assembly 1908 in a preferred state of engagement because the 

biasing members 2032 tend to force the down the stopper 2004 and the wheel 2036. That is, 

work has to be done against the biasing member 2032 for post 2000 to move the handle 1600 

from the stop mode l 608a to the walk mode 1608b, and work also has to be done against the 

biasing member 203 2 for post 2044 to move the handle 1600 from the walk mode 1608b to 

25 the roll mode 1608c. Thus, if a person is operating the support platform 100, 100', 100" in 

walk mode 1608b, it is relatively easy to place the handle 1600 in stop mode 1608a and apply 
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the stopper 2004 to the floor because the biasing member 2032 of post 2000 tends to want to 

force the post 2000 and stopper 2004 downward. This is a safety feature of the transmission 

system 1500. 

Referring now to Fig. 21, an alternate embodiment of a transmission applicator 

5 mechanism 1512' is shown. For clarity, the base panel 2028 has been omitted from Fig. 21. 

Similar to that described above for the assembly 1512 shown in Figs. 19 and 20, the cam 

1900' shown in Fig. 21 includes a first channel 1912 for controlling post 2000 of the brake 

assembly 1904. The transmission applicator mechanism 1512' further includes a drag wheel 

assembly 1908' that utilizes two posts 2004a' and 2004b' to control the vertical position of the 

10 wheel 2036 through t\vo channels 1916a' and 1916b' in cam 1900'. Although a linkage ann 

2040 is not used with transmission applicator mechanism 1512', the operation of the 

transmission applicator mechanism 1512' is similar to that described above for transmission 

applicator mechanism 1512. Thus, upon rotation of the cam 1900' in stop mode, the stopper 

2004 and wheel 2036 are lowered to contact the floor, and in walk mode the stopper 2004 is 

15 raised, while in roll mode both the stopper 2004 and the wheel 2036 are raised from 

contacting the floor. Thus, the transmission system 1500 may take on a variety of 

configurations, including alternate transmission applicator mechanisms, and such alternate 

embodiments and modifications are encompassed by the present invention. 

Referring now to Figs. 20 and 21, and as mentioned above, the drag wheel assembly 

20 1908 preferably includes a rotation resistance mechanism 2052 that is interconnected to the 

drive wheel 2036, thereby enabling the wheel 2036 to restrict the speed of the support 

platform 100, 100', 100". In accordance with embodiments of the present invention, the 

rotation resistance mechanism 2052 may take the fom1 of a friction pad (not shown) that 

engages at least a portion of the wheel 2036 and/or structure operably interconnected to the 

25 wheel 2036. More preferably, however, the rotation resistance mechanism 2052 comprises a 

braking motor 2056 interconnected to the wheel 2036, such as by way of the wheel's axle. In 
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accordance with embodiments of the present invention, the braking motor 2056 is 

interconnected to the wheel 2036 through a gearbox. The braking motor 2056 applies a force 

to the wheel 2036 to slow the wheel 2036 under the principle that little or no wheel speed 

requires the application of no braking, but high wheel speed requires the application of 

5 braking work on the wheel 2036 by the braking motor 2056. More particularly, as wheel 

speed increases, the output of the braking motor 2056 increases. The increased output results 

in an increased load on the braking motor 2056, increasing the braking force applied to the 

wheel 2036. The braking motor 2056 may comprise a permanent magnet DC motor. 

Furthermore, as can be appreciated by one of skill in the art after consideration of the present 

10 invention, the braking motor 2056 is not connected to a source of electrical power, but is 

instead driven as a generator (i.e., a source of electrical power) by the wheel 2036. 

Referring now to Fig. 22, a schematic of a motor braking circuit 2200 for applying a 

braking force to the wheel 2036 in response to a voltage generated by the braking motor 2056 

in accordance embodiments of the present invention is illustrated. The circuit shown in Fig. 

15 22 is a multi-stage Zener diode auto-transmission system or braking circuit 2200 for 

automatically applying a braking force to the wheel 2036. In general, use of a number of 

different Zener diodes allows different stages ofresistance to be applied progressively, as the 

voltage produced by the motor increases. As can be appreciated by one of skill in the art, the 

voltage produced by the braking motor 2056 will tend to increase as the rotational velocity of 

20 the wheel 2036 driving the braking motor 2056 increases. Furthermore, by switching in 

additional resistive loads as the voltage produced by the braking motor 2056 increases, and 

therefore drawing more current, the braking effect of the braking motor 2056 can be increased 

in steps. 

In accordance with embodiments of the present invention, each stage 2204 of the 

25 circuit 2200 comprises at least one zener diode 2208 and at least one load resistor 2212. The 

zener diode ZDl 2208 of the first stage 2204a is selected to have a turn on or a breakdown 
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voltage (i.e. a zener voltage) that is relatively low. When the zener voltage is exceeded, the 

zener diode ZDI 2208 conducts, allowing current to pass through the load resistor Rl 2212. 

Accordingly, the zener diode ZDl 2208 acts as a switching mechanism. The current draw 

from the introduction of this load will load the braking motor 2056 such that the resistance to 

5 rotation of the wheel 2036 (not shown in Fig. 22) will increase essentially linearly with 

increased speed. The second stage 2204b is in parallel with the first stage 2204a and has a 

zener diode ZD2 2208 that is selected to have a zener voltage that is higher than the first zener 

diode ZD 1 2208. If the voltage produced by the braking motor 2056 meets or exceeds the 

zener voltage of the second zener diode ZD2 2208, the second zener diode ZD2 2208 

10 conducts, allowing current to pass through the load resistor R2 2212 associated with the 

second stage 2204b of the circuit 2200. Accordingly, this zener diode ZD2 2258 also acts as 

a switching mechanism. Since the first zener voltage is lower than the second zener voltage, 

the first zener diode ZD 1 2208 will continue to conduct while the second zener diode ZD2 

2208 is conducting. Accordingly, two current paths through two of the stages 2204 will be 

15 active, increasing the rate at which the load increases with increased braking motor 2056 

speed as compared to when only the first zener diode ZD 1 2208 is conducting. As shown in 

Fig. 22, additional parallel circuit branches or stages 2204 comprising additional zener diode 

2208 and load resistor 2212 pairs can be included, to provide any number of steps in the 

resistance produced at the wheel 2036 as the rotational speed of the wheel 2036 increases. 

20 For example, in Fig. 22 three stages 2204 (stages 2204a, 2204b and 2204c) are included. 

However, fewer or additional stages 2204 may be included depending on the desired number 

of steps in the rate of resistance provided by the circuit 2200. 

As can be appreciated by one of skill in the art, the zener voltage is generally higher 

than the voltage at which a zener diode will conduct a forward current. Therefore, if the 

25 braking motor 2056 is operated in the opposite direction, such that if a negative voltage is 

produced at the first terminal of the braking motor 2056, a circuit with branches or stages 
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configured like the first three branches 2204a-c of Fig. 22 will allow the load introduced by 

the associated resistors to be applied at a much lower voltage than when the motor is operated 

in the other direction. This may be desirable, for example where it is desirable to have the 

platform move only in a forward direction while in the walk mode. In order to allow for 

5 resistance to be applied in a similar fashion in either a f01ward or reverse direction, blocking 

diodes 2216 can be introduced in the circuit branches. By introducing blocking diodes 2216, 

current is only conducted by a stage 2204 when a voltage is applied to that stage's 2204 zener 

diode 2208 as a reverse voltage, because the blocking diode 2216 will prevent a forward 

voltage from being applied to this zener diode 2208. Additional circuit branches 2204 can 

10 then be provided for progressively introducing a load when the braking motor 2056 is 

operated in the reverse direction. These additional circuit branches 2204 (see branches 

2204d, 2204e and 2204fin Fig. 22) are oriented such that the associated zener diode 2208 and 

blocking diode 2216 are opposite the orientation of those included in the circuit branches for 

providing progressively increasing braking force in the forward (opposite) direction (branches 

15 2204a, 2204b and 2204c in Fig. 22). Although only three stages or branches ~204 for 

applying a braking force in a reverse direction are shown, it should be appreciated that fewer 

or additional of such stages may be provided. 

Referring now to Fig. 23, an alternate embodiment for motor braking circuitry is 

shown. The motor braking circuit 2300 shown in Fig. 23 is a multi-stage metal-oxide 

20 semiconductor field-effect transistor (MOSFET) auto-transmission system for automatically 

applying a braking force to the drive wheel 2036. fu general, in the first stage 2302a, when 

the voltage divided down by resistors R2 2304 and R7 2304 is greater than Vth of transistor 

QI 2308, transistor QI 2308 will tum on and apply the load resistor RS 2312 to the braking 

motor 2056. Accordingly, the voltage dividing resistors 2304 and the transistor 2308 

25 comprise a switching mechanism. Subsequent stages in parallel with the first stage set to 

different points will add more load in a similar fashion once the set voltage for such stages is 
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met or exceeded. For example, a second stage 2302b is illustrated in Fig. 23, which may be 

configured to tum on at a higher voltage than the first stage 2303a. The transistors Q3 and Q4 

2308 in the third 2302c and fourth 2302d stages are set in the opposite direction and will work 

in the reverse direction. Accordingly, the third and fourth stages 2303 and may be included in 

5 order to apply stages ofresistance when the braking motor 2056 is turned in a direction 

opposite the direction the braking motor 2056 is turned to activate the first and second stages 

2302a-b. Also, the body diodes of the transistors 2308 may be blocked or protected by a 

blocking diode 2316. Although four stages 2302 are shown in Fig. 23 (two for activation in a 

forward direction and two for activation in a reverse direction), it should be appreciated that 

10 any number of stages 2302 can be provided. 

Referring now to Fig. 24, an additional alternate embodiment for motor braking 

circuitry is shown. The motor braking circuit 2400 shown in Fig. 24 is a multi-stage Silicon 

Controlled Rectifier (SCR) braking system for automatically applying a braking force to the 

wheel 2036 (not shown in Fig. 24). In general, in the first stage 2404a, when the voltage 

15 across resistor Rl5 2408 gets high enough to send a trigger current through SCR Dl 2412 

allowing current to pass through load resistorR16 2416, SCRDI 2412 latches on and applies 

the load resistor R16 2415 to the motor 2056 until the motor voltage drops to the point where 

there is almost no more current through RI 6. The SCR 2412 and the resistor 2408 therefore 

comprise a switching mechanism. The second stage 2404b, in parallel with the first stage 

20 2404a, has a resistor Rl 7 2408 selected such that a trigger current is not sent through the 

associated SCR D5 2412 until after the first stage 2404a has turned on. Accordingly, the 

resistance to movement of the braking motor 2056 can be stepped up once the output of the 

braking motor 2056 exceeds a predetermined amount. Third 2404c and fourth 2404d stages, 

each having an SCR 2412 having an orientation that is opposite the orientation of the SCRs 

25 2412 of the first 2404a and second 2404b stages can be provided to apply stages of braking 

force in a reverse direction. The third 2404c and fourth 2404d stages also include trigger 
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resistors R19 and R20 that are connected to an opposite node of the braking motor 2056 as 

compared to the trigger resistors Rl 5 2408 and Rl 7 2408 of the first 2404a and second 2404b 

stages. Although only two stages are shown for providing braking resistance in each 

direction, it can be appreciated that any number of stages maybe provided. Unlike 

5 embodiments described in connection with Figs. 22 and 23, the embodiment illustrated by 

Fig. 24 does not switch out the load resistor of a stage at the trigger voltage for that stage, but 

instead retains the current path through the load resistor until a much lower voltage is reached 

(e.g. almost zero). 

Referring now to Fig. 25, an alternate embodiment for motor braking circuitry is 

10 shown. The motor braking circuit 2500 shown in Fig. 25 is a hybrid circuit for automatically 

applying a braking force to the drive wheel 2036. In general, both an auto-transmission and 

an auto-braking feature are applied when different set resistances are achieved as a result of 

the voltage generated by the braking motor 2056. More particularly, the first stage 2502a is a 

stage incorporating a first switching mechanism for introducing a load resistor at a first 

15 voltage, while the second stage 2502b, which is in parallel with the first stage 2502a, 

incorporates a second switching mechanism for introducing a second load resistor at a second 

voltage. In the particular example of Fig. 25, the first stage 2502a uses a field effect transistor 

2510 that allows current to pass through a first load resistor R23 2504 when the voltage 

divided down by set resistors R2 l and R22 2508 is at a selected value. The second stage 

20 2502b incorporates a silicone controlled rectifier 2512 that is switched on by a trigger current 

through resistor R24 2516 when the voltage across that resistor reaches a predetermined 

value, allowing current to pass through the load resistor R25 2520. The particular 

arrangement illustrated in Fig. 25 may be useful in selected applications, for example where it 

is desirable to have a mobile platform brought back to a standstill (or near standstill) after it 

25 has reached a velocity that exceeds a pre-determined bound. Specifically, the first stage load 

resistor R23 2504 can be switched in at a relatively low voltage, while the second load 
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resistor R25 2520 can be switched in at a higher voltage, and the second load resistor will 

remain switched in until the voltage is almost zero. As can be appreciated by one of skill in 

the art, additional stages, hybrid or otherwise, can be combined with the illustrated stages 

2502a-b, for applying a load resistance in the same or in opposite direction from the 

5 illustrated stages 2502. 

Fig. 26 is a graph depicting how the braking force produced by a braking motor 2056 

can be progressively increased with increased braking motor 2055 velocity by using an auto 

transmission or braking system circuit in accordance with embodiments of the present 

invention. With specific reference to plot 2600, in a first speed range 2604, the force may 

10 remain essentially constant, for example due to the friction of the various platform wheels and 

of the unloaded braking motor 2056. The first speed range 2604 corresponds to a platform 

velocity (and therefore a drive wheel 2036 and braking motor 2056 velocity) at which the 

output produced by the rotation of the braking motor 2056 produces a voltage that is not high 

enough to cause a stage of a motor braking circuit to establish a current path across a load 

15 resistor. Once the maximum speed in the first speed range is exceeded, a second speed range 

2608 may be entered in which the braking motor 2056 is operated to apply a braking force, by 

applying a load through a braking circuit. More particularly, the minimum speed of the 

second speed range 2608 occurs at a rotationally velocity of the braking motor 2056 at which 

the braking motor 2056 produces a voltage sufficient to trigger application of a load stage or 

20 branch of the motor braking circuit. The force applied by the braking motor 2056, and 

therefore the force required to continue moving the platform initially experiences a step 

increase, and then increases at an essentially linear rate due to the introduction of the resistive 

load. In a third speed range 2612, the braking motor 2056 is producing a voltage that is high 

enough to trigger application of a second load branch, as well as the first load branch. Upon 

25 application of the second load branch, the resistance takes a step increase, and then increases 

with the voltage output by the braking motor at a rate that is greater than the rate of increase 
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when only the first load was active. Where the first and second load branch or branches each 

add equal resistive loads, the slope of the increase in the force required to continue rotating 

the braking motor 2056 increases with velocity at approximately twice the previous rate. If a 

third stage is included in the circuit, a fourth speed range 2616 can be defined. When the 

5 fourth range 2616 is entered, another step increase in the force occurs when the third stage 

load resistor is added, and the resistance then increases at a linear rate that is greater than the 

rate of increase in the previous range. 

When the velocity of the braking motor 2056 is decreasing, the force applied to the 

drive wheel 2036 by the braking motor 2056 will follow the same curve as when the velocity 

10 was increasing if a zener diode or a pair of dividing resistors and a transistor are used as the 

switching mechanisms. However, where a resistor and an SCR are used as a switching 

mechanism, the load resistor associated with such a switching mechanism will continue to be 

applied until the velocity of the braking motor 2056 (and hence its output) is almost zero. For 

instance, in a three stage braking circuit in which every stage comprises a resistor and an SCR 

15 switching mechanism, once the third speed range 2616 is entered, as the velocity of the motor 

decreases path 2618 will be followed. 

In accordance with other embodiments of the present invention, the values of load 

resistors included in stages of a braking circuit can be selected from a number of different 

values to provide a selected resistance at the drive wheel 2036. For example, a ganged switch 

20 may be used to select from two or more load resistors that are applied at one or more of the 

speed ranges. In accordance with still other embodiments of the present invention, a switch 

for selecting a load resistor can be separately provided for selecting the load resistor or 

resistors that are applied in forward and reverse directions with respect to the platform. User 

selectable resistance can also be achieved through use of a potentiometer in place of one or 

25 more of the provided load resistors, provided the potentiometer has a suitable load rating. An 

example of the effect of selecting different, higher resistance load resistors applied at different 
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stages of the braking motor circuit is shown in Fig. 26 as plot 2620. As alternative to being 

user selectable, the load resistors may be selected or (in the case of a potentiometer) tuned by 

operation of a switch that is not normally user accessible. In addition, it should be 

appreciated that a braking motor circuit in accordance with embodiments of the present 

5 invention may be tuned such that a load resistor is immediately or almost immediately 

provided with current by the braking motor 2056, which would eliminate or shorten the first 

range 2604 during which there is no or almost no increase in the resistive force produced by 

the braking motor 2056 with increased velocity of the platform. Such tuning may be user 

adjustable. It can be appreciated by one of skill in the art that the motor braking circuitry 

10 provides a means for variably controlling a resistance to the braking motor 2056. 

In accordance with embodiments of the present invention, the weight of platform may 

be adjustable to provide a larger normal force for allowing more braking and/or stopping 

force to be effectively applied when the brake assembly 1904 and/or drag wheel assembly 

1908 are engaged. For example, additional ballast (sand filled articles, weights, etc.) may be 

15 located on the support platform 100, 100', 100" to increase the weight of the support platform 

100, 100'' 100". 

It is noted that the transmission system 1500 and/or the rotation resistance mechanism 

2052 have application to a variety of platforms and/or mobile devices. For example, a walker 

may be adapted to incorporate one or more of the transmission system 1500 and the rotation 

20 resistance mechanism 2052. As other possible examples of alternative uses, a wheel chair, a 

baby stroller, a beverage platform for airlines, and/or a serving platform for cruise ships may 

incorporate these systems, and such applications and others are within the scope of the present 

invention. 

Referring now to Fig. 27, a block diagram or schematic depiction of some of the 

25 possible components of the support platfonn 100, 100', 100" are illustrated. Additional 

components other than those shown in Fig. 27 are also within the scope of the present 
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invention, including other components described herein, as well as additional items such as a 

built-in folding seat or a shade canopy/umbrella. 

fu use, the support platform 100, 100', 100" is initially positioned near the patient's 

bed. The support platform 100, 100', 100" can be then be modified to meet the patient's 

5 needs, such as by adding an N bag, suction pump, injection pump, and/or oxygen supply, and 

by adding one or more devices to monitor the vital signs of the patient. By plugging the UPS 

200 into an electrical outlet, such as a wall outlet, power can be supplied directly to the 

support platform, and therefore, power is supplied to items interconnected to the electrical 

system of the platform. In addition, if available and prescribed, oxygen can be directly 

10 supplied to the patient by connecting a stationary oxygen supply to the platform. The 

platform may also be secured to the patient's bed by utilizing bed hooks 1000 mounted on the 

support platform 100, 100', 100" to clamp the platform to the framing of the patient's bed. 

When the patient is required to be moved from the room while in bed, the support 

platform can be disengaged from the provided stationary connections by unplugging or 

15 otherwise disengaging the connections to the platform, and then subsequently moving the 

support platfonn 100, 100', 10011 while moving the patient's bed. If the support platform is 

interconnected to the bed, such as by bed hooks 1000, a separate attendant or nurse may not 

be needed to move the support platform 100, 100', 100" while moving the bed. 

As the patient becomes mobile, the support platform can be used as a walking aid by 

20 disengaging the support platform systems from the stationary supply sources, such as 

electrical power or oxygen. By grasping the handle with one or two hands and pushing the 

platform, the patient can move away from the bed while IV fluids, pumps, and monitoring 

equipment on the support platform maintain treatment to the patient. 

As can be appreciated by one of skill in the art after consideration of the present 

25 disclosure, embodiments of the present invention may provide physiological support to a 

patient that might not otherwise be conveniently available. For example, in connection with 
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hospitals or clinics in underdeveloped areas, a support platform 100, 100', 100" in accordance 

with the present invention may provide an integrated package for supplying a patient with 

oxygen, fluids, suction, waste receptacles, monitoring devices, and electrical power. 

Furthermore, a support platform 100, 100', 10011 in accordance with embodiments of the 

5 present invention provides an integrated structure from which such physiological support can 

be supplied. As can also be appreciated from the description provided herein, the particular 

features or modules included as part of a support platform 100, 100', 100" in accordance with 

embodiments of the present invention can be selected according to the particular needs of a 

patient and can be changed as the needs of the patient change. 

10 In summary, the present invention provides a stable apparatus for assisting a patient 

walking. Nurses will be able to make better use of their time in the direct care of patients. 

Patients may have decreased hospital stays, complication rates and less time in skilled-nursing 

facilities. Fewer therapeutic errors will result and nurses will be at decreased risk for back 

injuries. The apparatus may include an IV fluids assembly, while also optionally providing 

15 modular receptacles for receiving a pump, and further providing an optional uninterruptible 

power supply for powering one or more electronic devices, such as a pump or one or more 

pieces of monitoring equipment. The support platform preferably includes adjustable 

components, including an adjustable handle. The support platform also preferably includes an 

expandable configuration, such that while the platform may initially be used for simply 

20 holding an IV bag, it can be quickly modified to incorporate other prescribed treatments, such 

as an oxygen supply or injection pump. As the patient progresses through treatment, the 

support platform transitions from a bedside equipment station and emergency power supply, 

to a walking aid and wireless communications apparatus. 

In accordance with the embodiments of the invention, the platform comprises a 

25 ruggedized version that enables the platfonn to be used in conditions outside of the confines 

of a healthcare facility. This may include conditions such as military field operations, on-site 
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disasters and underdeveloped regions. The basic premise of the platform is described above, 

with one or more of the following modifications: 

1) larger wheels between the diameters of6 to 12 inches to traverse rough terrain; 

2) a raised base in order to provide greater ground clearance; 

3) a broadened base width in order to provide greater stability on unlevel terrain; and 

4) the materials may be altered in order to have greater impact tolerance and 

protection in extreme environments such as high dust, extreme temperatures, air 

drops, high humidity and inclement weather. 

fu accordance with still other embodiments of the invention, the platform can be 

10 adapted for use in the operating suite environment. Devices such as a headlamp, cautery 

device, sequential compression device, suction, laparoscopy equipment and gasses may be 

incorporated onto the platform. This places all of these devices on a single platform both in 

their current form and in future forms that are designed to fit in as modules that would reduce 

the overall size and weight of the device. A UPS would again be provided to power the 

15 devices and allow the batteries to be removed from each of the individual devices. This 

would be of benefit both in current OR's and in conditions such as military field conditions or 

less-developed regions where a self-contained platform would simplify the equipment and 

reduce the overall bulk. Each platform would be able to be individually configured to meet 

the specific needs to the user. The user would be able to easily swap modules at the site of 

20 use to change the configuration as well. 

fu accordance with yet another embodiment of the invention, a platform is provided 

for use in veterinary medicine. One variation comprises a platfonn for use in small-animal 

veterinary medicine that is designed for indoor use with modules specific for the care of 

smaller animals. A second variation comprises a platform for use with larger animals that is 

25 more akin to the ruggedized version described above to address the specific concerns of large

animal veterinary medicine. 
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fu accordance with still other embodiments of the present invention, non-medical 

applications of the device are within the scope of this invention. Brief descriptions of some of 

the variations are provided. This is not limiting in nature and other variations which utilize 

the common core of the platform with modifications of the functions and modules provided 

5 are intended to be included in the scope of this invention. Several features may be considered 

common in the platform design or may be found in several variations. The cosmetic 

appearance of the platform is flexible and appealing including the ability for the user to select 

color. The small form factor of the invention is maintained and it is to be portable and remain 

unobtrusive in the environment of use. The device may be modified in order to be moved up 

10 and down stairs by a single user without damage to the platform or stairs. A motorized wheel 

or wheels may be added to aid in the motion of the invention for certain applications. The 

invention may be modified to include a stepping stool or mini-ladder that provides a stable 

system for the user with the brake enabled. Additionally, the invention may be modified to 

help stabilize a ladder by applying the brake and attaching directly to a taller ladder than 

15 provided on the platform. A universal power supply may be provided to power internal and 

external electrical devices. 

A non-medical embodiment of this invention may be for use in a beauty salon. The 

invention may include a sink with drain, water supply and storage compartments in order to 

provide a beautician or stylist with all of the elements required to cut, style and wash a 

20 client's hair. 

25 

A non-medical embodiment of this invention may be for use in pet and animal 

grooming. The invention may include a sink, drain, grooming surface, hooks and 

compartments for grooming supplies, food and toys. The device may be expected to be used 

at professional grooming salons, in showmanship venues and at home. 

A non-medical embodiment of this invention may be for use in a garage for auto 

mechanics. The invention may contain an air compressor, hangar for a light source, tool 
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compartments, hangar for a sleeper platform and compatibility with diagnostic hardware and 

software. This may include wireless transmission of data to a central diagnostic unit. This 

would allow a single mechanic or multiple mechanics with similar devices to work 

autonomously in a garage with their vital equipment readily available at their side. 

5 A non-medical embodiment of this invention may be for use at home or in a 

handyman shop as a tool caddy. The invention may contain an air compressor, light source, 

tool compartments, compartments for accessories such as screws and nails, and an attachment 

to help stabilize a footstool or ladder. 

A non-medical embodiment of this invention may be for use in indoor or outdoor 

10 landscaping. The wheel base will be modified to indoor or outdoor as similarly described 

previously for the medical aspect of this invention. The invention may also include a 

pressurized liquid tank or tanks for water, pesticides or fertilizers. Additional features may 

include a debris bin and storage bins for tools. 

A non-medical embodiment of this invention may be for use in building maintenance. 

15 The invention may include a power supply, air compressor, compressed fluid storage, 

diagnostic equipment, wireless transmission capability, computer integration, tool 

compartments, attachments for spools of wire or tubing, a work stool and the ability to 

stabilize a ladder by enabling the brake and attaching to a ladder. It may also have a built in 

stepping stool or mini-ladder. 

20 A non-medical embodiment of this invention may be for use by the elderly or 

handicapped in order to become more independent in or outside of the home. The stability of 

the structure will provide the user an aide in ambulation. Additionally, the invention will 

provide support, unlike current ambulatory aide devices, such as oxygen, compartments to 

hold drainage bags, cellular/wireless support to provide emergency aide, compartments to 

25 hold supplies, personals and groceries or other personal goods, a resting stool and an 

umbrella. Aide devices as in the medical version of the platform will be used for persons with 
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disabilities such as amputations, paralysis or other chronic conditions to allow them to use the 

platform effectively. A connector or system, such as the one previously developed to connect 

the invention to a hospital bed, may be developed to connect to a trailer hitch for easy 

transport with a vehicle. A portion or portions of the invention may easily detach for transfer 

5 of the module to a vehicle or residence without requiring transfer of the entire platfonn. The 

hope with this embodiment is to mobilize and reintroduce persons into society that were 

previously con:fmed or restricted secondary to their disabilities. 

While various embodiments of the present invention have been described in detail, it 

is apparent that modifications and adaptations of those embodiments will occur to those 

I 0 skilled in the art. However, it is to be expressly understood that such modifications and 

adaptations are within the spirit and scope of the present invention. 
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What is claimed is: 

1. A personal support platform for traversing an underlying surface, comprising: 

aframe; 

a plurality of wheels interconnected to said frame; 

a transmission system interconnected to said frame, said transmission system 

providing a number of user selectable modes, said user selectable modes comprising at 

least a stop mode, a walk mode and a roll mode; and 

means for selectively choosing one of said stop, walk and roll modes by a user from a 

standing position adjacent said frame. 

2. The platform as claimed in Claim 1, wherein said transmission system comprises 

a drag wheel that is selectively moveable from a first raised position in said roll 

mode to a second lowered position in said walk mode, and wherein said drag 

wheel is for contacting the underlying surface when in said second lowered 

position. 

3. 

4. 

The platform as claimed in Claim 2, wherein said transmission system comprises 

a cam interconnected to said frame and the drag wheel, wherein said cam is 

rotatably movable to raise and lower said drag wheel from said first raised 

position in said roll mode to said second lowered position in said walk mode. 

The platform as claimed in Claim 3, further comprising an automatic brake 

interconnected to said drag wheel, said automatic brake comprising a braking 

motor driven by said drag wheel and circuitry, wherein said circuitry provides a 

resistive load to the braking motor to apply a braking force on the drag wheel. 
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5. The platform as claimed in Claim 4, wherein said resistive load comprises a 

number of load ranges, wherein a first load range provides a first resistive load 

within a first velocity range for said braking motor, and wherein a second load 

range provides a second resistive load within a second velocity range for said 

braking motor. 

6. 

7. 

The platform as claimed in Claim 5, wherein said second velocity range is 

automatically selected once a threshold velocity of said braking motor is reached. 

The platform as claimed in Claim 1, wherein said transmission system comprises 

a brake interconnected to said frame, wherein said brake is selectively moveable 

from a first raised position in said walk and roll modes to a second lowered 

position in said stop mode, wherein said brake is for contacting the underlying 

surface when in said second position. 

8. The platform as claimed in Claim 7, wherein said brake comprises a stopper 

frictionally engaging the underlying surface. 

9. 

10. 

11. 

The platform as claimed in Claim 7, further comprising a cam having a first 

channel interconnected to said brake. 

The platform as clain1ed in Claim 9, wherein said cam comprises a second 

channel interconnected to a drag wheel. 

The platform as claimed in Claim 10, wherein first channel comprises a first ramp 

for raising and lowering a first post interconnecting said drag wheel to said cam, 
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12. 

13. 

14. 

15. 

and wherein said second channel comprises a second ramp for raising and 

lowering a second post interconnecting said stopper to said cam. 

The platform as claimed in Claim 1, wherein said means for selectively choosing 

comprises a first handle at a rear portion of said frame, said handle selectively 

adjusting a setting of said transmission system. 

The platform as claimed in Claim 12, further comprising a second handle at a 

front portion of said frame, said second handle selectively adjusting a setting of 

said transmission system. 

The platform as claimed in Claim l, wherein the user can select stop mode to 

engage a friction mechanism with the underlying surface. 

The platform as claimed in Claim 1, further comprising at least one grasping 

mechanism for interconnecting said frame to another structure. 

16. The platform as claimed in Claim 15, wherein said grasping mechanism 

comprises a rotatable gripper arm that engages the other structure. 

17. The platfonn as claimed in Claim 16, wherein said rotatable gripper arm rotates 

about a first axis in a direction away from said frame, and rotates about a second 

axis to grasp the other structure, wherein said second axis is transverse to said 

first axis. 
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18. A personal support platform for traversing an underlying surface, comprising: 

aframe; 

means for rotating interconnected to said frame and contacting the underlying 

surface; 

means for frictionally engaging the underlying surface and interconnected to said 

frame; and 

means for variably controlling a resistance provided by said means for frictionally 

engaging. 

19. The platform as claimed in Claim 18, wherein said means for rotating comprises 

a plurality of wheels. 

20. The platform as claimed in Claim 18, wherein said means for frictionally 

engaging comprises a drag wheel. 

21. The platform as claimed in Claim 18, wherein said means for frictionally 

engaging is interconnected to a means for adjusting a position of said means for 

frictionally engaging, wherein said means for adjusting may alter a position of 

said means for frictionally engaging from a first position in contact with the 

underlying surface to second position wherein said means for frictionally 

engaging does not contact the underlying surface. 

22. The platform as claimed in Claim 21, wherein said means for adjusting comprises 

a selectably positionable cam for raising and lowering said means for frictionally 

engaging. 
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23. · The platform as claimed in Claim 18, wherein said means for variably controlling 

24. 

a resistance comprises a passive braking motor. 

The platform as claimed in Claim 23, wherein said passive braking motor 

comprises: 

a motor braking circuit interconnected to the passive braking motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; 

a load resistor, wherein when the passive braking motor produces an 

amount of power sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

25. A method of using a personal support platform, the method comprising: 

providing a drag wheel interconnected to the platform, the drag wheel for 

contacting a surface under the platform; 

positioning the drag wheel to contact the surface under the platform; and 

applying a braking to the platform through the drag wheel by applying at least a 

20 first braking resistance to the drag wheel for at least a first velocity range of the drag 

wheel. 

26. The method as claimed in Claim 25, further comprising providing at least a 

second braking resistance to the drag wheel for at least a second velocity range of 

25 the drag wheel. 
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27. The method as claimed in Claim 26, wherein said second velocity range is 

automatically selected once a threshold velocity of a braking motor is reached. 

28. 

29. 

The method as claimed in Claim 25, wherein said positioning step further 

comprises manipulating a transmission control device to lower the drag wheel in 

contact with the surface under the platfon11. 

The method as claimed in Claim 25, further comprising engaging a stopper to 

contact the surface underlying the platform. 

30. The method as claimed in Claim 25, further comprising releasably connecting the 

platfonn to another structure using at least one grasping mechanism 

interconnected to the platform. 

31. The method as claimed in Claim 30, further comprising impinging at least a 

portion of the other structure against a portion of said grasping mechanism. 

32. A passive variable braking system, comprising: 

a motor; 

a motor braking circuit interconnected to the motor, including: 

a first circuit stage, including: 

a switching mechanism, wherein an activation voltage for the first 

circuit stage is defined; 

a load resistor, wherein when the motor produces an amount of 

power sufficient to produce a voltage at the switching mechanism that is equal to or 
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greater than the activation voltage and above a current is allowed to pass through the load 

resistor. 

33. The system of Claim 32, wherein the motor braking circuit further comprises: 

5 a second circuit stage in parallel with the first circuit stage, the second circuit stage 

10 

15 

20 

including: 

greater 

through 

34. 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, 

wherein when the motor produces an amount of power sufficient 

to produce a voltage at the switching mechanism that is equal to or 

than the activation voltage and above a current is allowed to pass 

the load resistor, 

wherein the activation voltage for the second stage is greater than 

the activation voltage for the first stage, and 

wherein when the activation voltage for the second stage is met or 

exceeded a current continues to be allowed to pass through the load 

resistor of the first circuit stage. 

The system of Claim 33, further comprising: 

a switch, 

wherein the first and second circuit stages comprise a number of load 

resistors, 

wherein the switch is operable to select one of each of the load resistors 

25 included in the first and second circuit stages to provide a selected resistance at the motor. 
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35. The system of Claim 32, where the motor braking circuit further comprises: 

a second circuit stage in parallel with the first circuit stage, the second circuit stage, 

including: 

to 

36. 

a switching mechanism, wherein an activation voltage for the second stage 

is defined; 

a load resistor, 

wherein when the motor produces an amount of power 

sufficient to produce a voltage at the switching mechanism that is equal to 

or greater than the activation voltage and above a current is allowed 

pass through the load resistor, and 

wherein the activation voltage for the second stage has a polarity 

that is opposite the activation voltage for the first stage. 

The system of Claim 32, wherein the switching mechanism comprises a zener 

diode. 

37. The system of Claim 32, wherein the switching mechanism comprises a pair of 

voltage dividing resistors and a transistor, wherein a voltage divided by the pair 

of resistors is provided to a gate of the transistor. 

38. The system of Claim 32, wherein the switching mechanism comprises a resistor 

interconnected to a Silicon Controlled Rectifier. 

39. The system of Claim 32, further comprising: 

25 a drag wheel interconnected to the motor, wherein the motor is driven by the drive 

wheel. 
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40. The system of Claim 39, wherein the drive wheel is interconnected to the motor 

by a gearbox. 

41. The system of Claim 33, wherein the switching mechanisms of the first and 

second circuit stages each comprise a zener diode, and wherein the first and 

second stages each additionally include a blocking diode. 
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SYSTEM AND METHOD OF IDENTIFYING ELUANT AMOUNTS 
SUPPLIED TO A RADIOISOTOPE GENERATOR 

FIELD OF THE INVENTION 

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

invention relates to a system and method of identifying an amount or flow of eluant in an 

elution system configured to enable extraction of a radioactive material from a radioisotope 

generator for use in the practice of nuclear medicine. 

BACKGROUND 

[0002] This section is intended to introduce the reader to various aspects of art that may 

be related to various aspects of the present invention, which are described and/or claimed 

below. This discussion is believed to be helpful in providing the reader with background 

information to facilitate a better understanding of the various aspects of the present invention. 

Accordingly, it should be understood that these statements are to be read in this light, and not 

as admissions of prior art. 

[0003] Nuclear medicine is a branch of health science that utilizes radioactive material for 

diagnostic and therapeutic purposes by injecting a patient with a small dose of the radioactive 

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

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

Strontium-87m among others. Some radioactive materials naturally concentrate toward a 

particular tissue; for example, iodine concentrates toward the thyroid. However, radioactive 

materials are often combined with a tagging or organ-seeking agent, which targets the 

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

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

radiopharmaceuticals in the field of nuclear medicine. At relatively lower doses of the 

radiopharmaceutical, a radiation imaging system (e.g., a gamma camera) can provide an 

image of the organ or biological region that collects the radiopharmaceutical. Irregularities in 

the image are often indicative of a pathologic condition, such as cancer. Higher doses of the 

radiopharmaceutical may be used to deliver a therapeutic dose of radiation directly to the 

pathologic tissue, such as cancer cells. 

[0004] A variety of elution systems are used to generate radiopharmaceuticals. 

Unfortunately, radioactive shielding containers of these systems tend to block visualization of 

the state and progress of the elution process. For example, the amount of available eluant 

1 
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and/or the amount of extracted eluate are generally unknown without opening one or more of 

the radioactive shielding containers. Rather, the pharmacist typically has to wait an estimated 

amount of time to ensure the process is complete, which results in wasted time or premature 

termination of the process. If a specific amount of eluate is desired, then the time estimation 

may tend to result in too much or too little of the eluate. 

SUMMARY 

[0005} The present invention, in certain embodiments, is directed to identifying or 

monitoring a volume, mass, weight, displacement or flow of a supply element (e.g., eluant) 

and/or an output eluate associated with eluting a radioisotope from a generator product in the 

field of nuclear medicine. Specifically, in some embodiments, visual access may be provided 

into an eluant supply container to facilitate performance of elution procedures. For example, a 

visual portal into an eluant supply container during an elution can provide data for measuring 

and calculating metrics relating to completion of full or partial elutions and data relating to 

when a generator is available for milking. Other embodiments may measure an amount or 

flow of eluant and/or eluate, such that a user can directly view the measurement (e.g., scale or 

flow meter) or indirectly view the measurement on a remote display screen or computer. 

[0006] Certain aspects commensurate in scope with the originally claimed invention are 

set forth below. It should be understood that these aspects are presented merely to provide 

the reader with a brief summary of certain forms the invention might take and that these 

aspects are not intended to limit the scope of the invention. Indeed, the invention may 

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

[0007] In accordance with a first aspect of the present invention, there is provided a 

system having a shielded container, a radioisotope generator disposed within the shielded 

container, and an elution supply mechanism. The elution supply mechanism has an eluant 

supply container at least partially (and in some cases, completely) external to the shielded 

container, a conduit extending between an inlet of the radioisotope generator and an outlet of 

the eluant supply container, and an eluant visualization portal. 

[0008] In accordance with a second aspect of the present invention, there is provided a 

system that includes a radiation shielded container having a receptacle and a cover disposed 

over an opening in the receptacle, a radioisotope generator disposed within the receptacle 

below the cover, and an eluant supply mechanism. The eluant supply mechanism includes an 

eluant supply container and a conduit coupled with the eluant supply container and the 

2 
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radioisotope generator. The conduit is disposed at least partially within the shielded 

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

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

radioisotope elution system. With regard to this third aspect, a radioisotope generator that is 

disposed inside a radiation shielded container receives an amount of eluant. The amount of 

eluant received by the radioisotope generator is visually indicated outside the radiation 

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

[0010] In accordance with a fourth aspect of the present invention, there is provided a 

system including an eluant supply mechanism and a radiation shielded lid having an aperture 

defined therein. The eluant supply mechanism includes an eluant supply container, a conduit 

coupled to the eluant supply container and at least partially disposed in the aperture, and an 

eluant measurement feature. 

[0011] Various refinements exist of the features noted above in relation to the various 

aspects of the present invention. Further features may also be incorporated in these various 

aspects as well. These refinements and additional features may exist individually or in any 

combination. Again, the brief summary presented above is intended only to familiarize the 

reader with certain aspects and contexts of the present invention without limitation to the 

claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features, aspects, and advantages of the present invention will 

become better understood when the following detailed description is read with reference to the 

accompanying drawings in which like characters represent like parts throughout the drawings, 

wherein: 

[0013] FIG. 1 is a perspective view of an exemplary embodiment of a generator product 

including a visually accessible eluant supply bottle, a vented spike, a stop cock, tubing, a 

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

[0014] FIG. 2 is a partial cross-sectional side view of an exemplary embodiment of the 

generator product, wherein the tubing may pass through an aperture defined along an edge of 

the lid and into the shielded container; 

[0015] FIG. 3 is a top view of an exemplary embodiment of a portion of the generator 

product, wherein the lid may be mounted over an opening in the shielded container; 
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[0016] FIG. 4 is a cross-sectional side view of an exemplary embodiment of the generator 

product, wherein the tubing may be coupled to the generator via an inlet needle and the lid 

plug may be replaced by an elution assembly; 

[0017] FIG. 5 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein a syringe pump may be incorporated in the place of the eluant supply bottle; 

[0018] FIG. 6 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein a drip chamber may be incorporated in the tubing; 

[0019] FIG. 7 is a partial perspective view of an exemplary embodiment of the generator 

product that may include the drip chamber, an electronic drop counter, a display, and a 

computer, wherein the electronic drop counter may be utilized to count the drops passing 

through the drip chamber; 

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

product, wherein the eluant supply may be utilized with a splitter or manifold to supply a 

plurality of generators, each disposed within a shielded container; 

[0021] FIG. 9 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein the eluant supply bottle may be at least partially shielded and may include a 

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

and wherein the drip chamber and drop counter may be disposed within the shielded 

container; and 

[0022] FIG. 10 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein the eluant supply bottle, the drip chamber, and the drop counter may be 

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

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

bottle. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0023] One or more exemplary embodiments of the present invention are described below. 

In an effort to provide a concise description of these embodiments, some features of an actual 

implementation may not be described in the specification. It should be appreciated that in the 

development of any such actual implementation, as in any engineering or design project, 

numerous implementation-specific decisions may be made to achieve the developers' specific 

goals, such as compliance with system-related and business-related constraints, which may 

vary from one implementation to another. Such a development effort would be a routine 
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undertaking of design, fabrication, and manufacture for those of ordinary skill having the 

benefit of this disclosure. 

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

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

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

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

access to an eluant supply and/or an eluate output during a radioisotope elution process. In 

other words, techniques are disclosed for identifying or tracking a volume, mass, weight, 

displacement, and/or flow of a supply eluant and/or an output eluate associated with eluting a 

radioisotope from a radioisotope generator via direct visualization or non-visual 

measurements that can be visualized remotely. As discussed below, these techniques may 

include a scale to monitor changes in weight of a supply eluant and/or an output eluate. 

Additionally or alternatively, these techniques may include a flow meter or displacement 

gauge, graduated volume marks on the supply and/or output container, and so forth. 

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

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

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

shielded container 16 (e.g., an auxiliary shield). In some embodiments, the lid plug 14 may be 

replaced by an elution assembly. It should be noted that the term "generator producf' herein 

interchangeably refers to both a radioisotope elution system and/or a radioisotope generator 

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

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

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

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

container and an elution shield surrounding the eluate output container. 

[0026] As illustrated in FIG. 1, the eluant supply container 4 may be entirely or at least 

partially transparent (or translucent} and external to the shielded container 16, thereby 

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

may be partially external and/or partially internal to the shielded container 16. The supply 

bottle 4 can be fully or partially composed of glass, hard plastic, soft plastic, and other 

appropriate material(s) that allow visual access. As such, a user can visualize eluant 18 

disposed within the bottle 4. Because the eluant 18 is visible, a user can observe how much 

of it has been used during an elution process and/or how much of it remains after an elution 

process. For example, in the illustrated embodiment, a user can visually monitor the level of 

eluant in the bottle 4 with respect to index marks 19, which correspond to predefined metrics 
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(e.g., volume). This facilitates determination of when an elution process is complete. 

Further, if a partial elution (e.g., an elution to partially fill a standard sized eluate output 

container) is desired, visual access to the eluant supply may facilitate accurate performance of 

the partial elution. The eluant supply container 4 may be coupled to a generator disposed 

within the shielded container 16 via the tubing 10. Incidentally, "coupled" or the like herein 

generally refers to two or more components that are either directly or indirectly connected to 

one another. In this particular example, the coupling of the eluant supply container 4 and the 

generator may be characterized as a fluid coupling of those components. Incidentally, "fluidly 

coupling" or the like refers to a coupling of first and second components so that molecules of a 

substance(s) (such as a liquid or gas) may be substantially confined within and capable of 

flowing between the first and second components. 

[0027] The tubing 10 can be a rigid or flexible conduit (e.g., flexible tubing or a needle) 

capable of enabling flow of the eluant 18 from the eluant supply container 4 to the generator. 

In some embodiments, the tubing 1 O is transparent and/or translucent, which further facilitates 

observation of the eluant flow from the eluant supply 18 to the generator. The tubing 10 may 

be coupled to the eluant supply container 4 in any appropriate manner, such as via a stopcock 

8 and a vented spike 6. In the illustrated embodiment, the eluant supply container 4 may be 

made of a generally rigid material that does not collapse as the eluant 18 is evacuated. 

Accordingly, the vented spike 6 may allow filtered air to enter into the bottle 4 to reduce the 

likelihood of a vacuum (e.g., a state of negative pressure) inside the bottle 4 when the eluant 

18 flows out. In other embodiments, the eluant supply container 4 may be made of flexible 

material that collapses as it is evacuated with or without aid by the vented spike 6. The 

stopcock 8 may enable a user to regulate flow of the eluant 18 from the bottle 4 through the 

tubing 1 O and into the generator. For example, the stopcock 8 may include a valve that opens 

and closes by means of a tapered plug, enabling a user to control flow of eluant 18 between 

the bottle 4 and the generator. 

[0028] The tubing 10 may pass into the shielded container 16 through the lid 12 via an 

aperture 20 in the lid 12. In some embodiments, the aperture 20 may be formed in a central 

portion of the lid 12 and may include a nipple or other connection mechanism. However, in 

the illustrated embodiment, the aperture 20 is disposed along the circumference of the lid 12 

such that a gap is formed between the edge of the lid 12 and the shielded container 16. The 

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

product 2, wherein the tubing 1 O passes through the aperture 20 disposed along the edge of 

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

passing between the lid 10 and a top section of the shielded container 16 through the aperture 

20 and coupling with a generator 22 via a coupling mechanism 24 (e.g., a needle, a nipple, 
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threaded fastener, flange, and/or the like). In some embodiments, the coupling mechanism 24 

may include a check valve that reduces the likelihood of backflow of eluant and/or eluate from 

the generator 22 to the tubing 10 (and possible even the eluant supply container 4). In some 

embodiments, the tubing 1 O may include a check valve disposed therein to reduce the 

likelihood of backflow from downstream tubing to upstream tubing and/or to the eluant supply 

container 4. It should be noted that in some embodiments, the tubing 1 O may pass through an 

opening in the side of the shielded container 16. For example, in some embodiments, the 

tubing 10 may pass through an opening formed between sectional rings 26 that are stacked to 

form the shielded container 16. 

[0029] FIG. 3 is a top view of a portion of the generator product 2, wherein the lid 12 is 

mounted over an opening in the shielded container 16. Specifically, FIG. 3 illustrates the 

aperture 20 disposed along an edge of the lid 12 and forming a gap between the lid 12 and 

the shielded container 16. As noted above, in some embodiments, the aperture 20 may be 

located in a generally central location on the lid 12 or in a side portion of the shielded 

container 16. In some embodiments, the aperture 20 and the tubing 10 may correspond in 

size so that the tubing 10 is tightly secured when engaged with the aperture 20. In other 

embodiments, the aperture 20 may be larger than the tubing 10, allowing maneuverability of 

the tubing 10 while it is engaged in the aperture 20. In still other embodiments, the tubing 10 

includes one or more seals or the like that operate to secure the tubing 1 O in the aperture 20 

and prevent flow (e.g., air flow) in and out of the shielded container 16 through the aperture 

20. 

[0030] FIG. 4 is a cross-sectional side view of the generator product 2, wherein the tubing 

10 is shown coupled to the generator 22 via a hollow inlet needle 28 and the lid plug 14 has 

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

elution shield 32 at least generally disposed about an eluate collection bottle 34. The elution 

shield 32 is designed to shield users from radioactive elements that are received by elution 

into the bottle 34. The eluate collection bottle 34 may be coupled to the generator 22 via a 

hollow outlet needle 36. During a wet elution process (e.g., an elution process wherein the 

generator generally remains charged), the eluate collection bottle 34 may be coupled to the 

generator 22 to enable eluate residing in the generator 22 to circulate through the generator 

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

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

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

chemically less tightly than the parent, thereby enabling flowing eluant to flush the desired 

radioisotope from the radioisotope generator 22 into the collection bottle 34 as eluate. 
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[0031] The eluate collection bottle 34 may have a standard or predefined volume, which 

may begin in an evacuated condition. A pressure drop into the evacuated eluate collection 

bottle 34 may facilitate eluate residing in the generator 22 to begin filling the bottle 34. 

Correspondingly, eluant 18 from the eluant supply container 4 may begin flowing into the 

generator 22 to replace the eluate passing to the collection bottle 34. Indeed, once the eluate 

collection bottle 34 is connected to the generator 22, a user can observe that eluant levels in 

the eluant supply container 4 go down in an amount generally corresponding to the amount of 

eluate received in the eluate collection bottle 34. For example, a user can observe the volume 

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

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

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

and/or may facilitate performance of partial elutions, in which the eluate collection bottle 34 is 

partially filled with eluate. It should be noted that in some embodiments, the eluate collection 

bottle 34 may not begin in an evacuated condition. For example, in some embodiments, other 

system conditions (e.g., generated pressure and/or gravity) may cause flow into the eluate 

collection bottle 34. 

[0032] FIG. 5 illustrates an alternative embodiment of the generator product 2, wherein a 

graduated syringe pump 40 may be incorporated in the place of the eluant supply container 4. 

The syringe pump 40 is adapted to inject the eluant 18 into the generator 22 via the tubing 10. 

Because the syringe pump 40 generates pressure, an evacuated eluate collection bottle 34 

may or may not be used in this embodiment. For example, a collection bottle 34 with a vent 

for expelling air may be used to collect the eluate. While the syringe pump 40 may drive the 

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

the amount of eluant injected into the generator 22. In other embodiments, other electrical 

and/or mechanical pumps and measurement systems may be used ·to supply and measure 

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

electrical/mechanical scale, flow meter, and so forth. Moreover, the measurements may be 

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

should be noted that FIG. 5 also illustrates that the aperture 20 may be disposed in a 

generally central portion of the lid 12. Additionally, as shown in FIG. 5, the tubing 10 may be 

coupled to a nipple 42 that passes through the lid 12 and couples to the generator 22 within 

the shielded container 16. 

[00331 FIG. 6 shows an exemplary embodiment of the generator product 2, wherein a drip 

chamber 44 is incorporated in the tubing 10 to facilitate tracking or identification of an amount 

of eluant flowing into the generator 22. The drip chamber 44 may facilitate measurement of 

the eluant passing between the eluant supply container 4 and the generator 22 in a variety of 
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ways. For example, an observer can manually calculate the amount of transferred eluant by 

counting the drops that pass through the drip chamber 44. For instance, thirty drops of the 

eluant may correspond to one milliliter of eluant. As another example, in the embodiment 

illustrated in FIG. 7, an electronic drop counter 46 may be utilized to count the drops passing 

through the drip chamber 44 by, for example, detecting motion in the drip chamber 44. In one 

embodiment, the drop counter 46 may include an infra~red light emitting diode (LED) 48 and a 

photo detector 50. The LED 48 and photo detector 50 are aligned such that the photo 

detector 50 receives a light beam from the LED 48. When a drop passes through the drop 

counter 46, it breaks the light beam and the drop counter 46 outputs and/or stores data 

corresponding to the break. This facilitates measurement of the number of drops and the 

provision of metrics relating to the amount of eluant being passed from the eluant supply 

container 4 through the drip chamber 44 and into the generator 22. Metrics can be calculated 

from the data retrieved by the drop counter 46 manually, in the drop counter 46 itself, or in 

other devices capable of receiving data and performing calculations. 

[0034] As illustrated in FIG. 7, the drop counter 46 may be communicatively coupled to a 

display 52 for display of metrics relating to the elution process. The drop counter 46 may be 

coupled to an electronic device and/or computer 54 (e.g., a laptop computer) to store data, 

facilitate communication with other devices, and/or perform calculations relating to the elution 

process. It should be noted that in some embodiment, the display 52 may be incorporated 

into the computer 54. In other words, rather than having a separate display 52, a computer 

screen 56 of the computer 54 may be utilized for displaying data associated with the elution 

process. For example, a volume associated with the number of counted drops (e.g., thirty 

drops corresponds to one milliliter) can be calculated and displayed on the computer screen 

56. A time associated with each counted drop can be displayed on the computer screen 56. 

The volume and/or time associated with each elution process may be tracked and displayed 

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

elution process. For example, a value corresponding to an expected radioactivity level of an 

elution at a certain time can be calculated and displayed on the computer screen 56. By 

further example, a user (or the computer) can determine an actual radioactivity level of an 

eluate at a given time. The radioactivity level information can be programmed into the 

computer 54 if that information is not already in the computer, for example, which can 

incorporate other data (e.g., time data from the drop counter 46) to determine an expected 

radioactivity level at a specified future time. In some embodiments, a certain time when an 

elution should be performed, based on data from the drop counter 46 and/or predefined data 

(e.g., a calculated expected radioactivity level), can be calculated and displayed on the 

computer screen 56. 
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[0035] FIG. 8 shows another exemplary embodiment of the generator product 2, wherein 

the eluant supply container (here, a bag) 4 may be utilized with a manifold or splitter 60 to 

supply a plurality of generators 221 each disposed within a shielded container 16. As 

illustrated, this generator product 2 may have a variety of different measurement and 

visualization features that may complement or supplement one another. The single bulk 

supply of eluant (e.g., eluant supply container 4) may increase the likelihood that the individual 

generators 22 have sufficient eluant during individual or simultaneous operation. In addition, 

the total eluate output from all of the generators may be tracked or visualized by comparing 

the eluant level inside the bag 4 against the index marks 19. 

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

drop counters 46 and/or displays 52 that provide data relating to elution processes in each of 

the generators 22, thus enabling collection and provision of data relating to generator usage 

individually and/or collectively. For example, based on time stamped usage data and related 

calculations, the computer 54 may indicate that a particular generator 22 in a set of generators 

should be milked before the others based on a greater likelihood that it may produce an eluate 

with an appropriate and/or desired radioactivity level. Further, having a single source of 

eluant may facilitate rapid replacement of the eluant source (e.g., eluant supply container or 

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

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

collapsible plastic bag with or without a vent to facilitate flow. Thus, the level of eluant may be 

directly visualized in the container or bag 4. In some embodiments, the container or bag 4 

may be mounted on or hung from a scale 57 to measure weight changes in the container or 

bag 4 and, thus, track the amount of eluant flowing into the generators. For example, an initial 

weight of the container or bag 4 may be weighed as a reference, followed by a manual or 

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

57 may be attached independently to each of a plurality of eluate supply containers for the 

generators 22. 

[0037] FIG. 9 shows an exemplary embodiment of the generator product 2, wherein the 

eluant supply container 4 may be at least partially shielded and may include a visualization 

window 66 that facilitates viewing and measurement of e/uant levels in the bottle 4. The 

window 66 may operate as a visualization portal, which may include index marks 19 that can 

operate as a measurement feature corresponding to volume or another metric. Further, the 

illustrated embodiment may include the drip chamber 44 and drop counter 46 disposed within 

the shielded container 16. Again, the drop counter 46 may be communicatively coupled to the 

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

visual access or identification of the eluant level. Indeed, because the display 52 provides 
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virtual visual access to the eluant supply, the eluant supply container 4 can be disposed within 

the shielded container, as illustrated by FIG. 10. It should be noted that in FIG. 10 additional 

access to the eluant level in the eluant supply container 4 may be provided by a level gauge 

68 at least partially external to the shielded container. The level gauge 68 can be electronic 

(e.g., sensor, switches, and electronic display) or manual (e.g., sight glass, circular sight port, 

or float). 

[0038] While the invention may be susceptible to various modifications and alternative 

forms, specific embodiments have been shown by way of example in the drawings and have 

been described in detail herein. However, it should be understood that the invention is not 

intended to be limited to the particular forms disclosed. Rather, the invention is to cover all 

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

as defined by the following appended claims. 

11 

1888 of 2987



WO 2007/016170 PCT/US2006/029055 

CLAIMS: 

1. A system, comprising: 

a radioactivity shielded container; 

a radioisotope generator disposed within the radioactivity shielded container; and 

an elution supply mechanism comprising: 

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

container; 

a conduit extending between an inlet of the radioisotope generator and an 

outlet of the eluant supply container; and 

an eluant visualization portal. 

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

chamber. 

3. The system of claim 2, wherein the eluant visualization portal comprises a 

transparent or translucent portion of the drip chamber. 

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

5. The system of claim 4, comprising an electronic measurement device 

communicatively coupled to the drop counter. 

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

computer. 

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

radioactivity shielded lid including an aperture having the conduit extending therethrough. 

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

radioactivity shielded lid. 

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

radioactivity shielded lid having a hollow nipple coupled to the conduit. 
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10. The system of claim 1, wherein the eluant visualization portal comprises a 

transparent or translucent portion of the eluant supply container having demarcations 

corresponding to levels of eluant in the eluant supply container. 

11. The system of claim 1, wherein the outlet of the elution supply container 

comprises a conduit splitter coupled to the conduit and at least one other conduit that leads to 

a different radioisotope generator. 

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

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

system. 

14. A system, comprising: 

a radiation shielded container comprising a receptacle and a cover disposed over an 

opening in the receptacle; 

a radioisotope generator disposed within the receptacle; and 

an eluant supply mechanism comprising: 

an eluant supply container; 

a conduit coupled with the eluant supply container and the radioisotope 

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

an eluant measurement device coupled to the eluant supply mechanism. 

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

extending therethrough. 

16. The system of claim 14, wherein the conduit comprises a length offlexible tubing. 

17. The system of claim 14, wherein the conduit comprises a hollow needle. 

18. The system of claim 14, wherein the eluant measurement device comprises an 

eluant level gauge coupled with the eluant supply container. 

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

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

drop counter coupled to the drip chamber. 

21. The system of claim 14, wherein the eluant measurement device is at least 

partially disposed inside the radiation shielded container. 

22. The system of claim 21} wherein the eluant measurement device comprises a 

drop counter disposed within the radiation shielded container. 

23. The system of claim 14, comprising an electronic display disposed at least 

partially external to the radiation shielded container and coupled to the eluant measurement 

device. 

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

scale. 

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

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

shielded container; 

visually indicating an amount of the eluant received by the radioisotope generator, 

wherein the visually indicating occurs at a location outside the radiation shielded container; 

and 

eluting radioactive material from the radioisotope generator. 

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

eluant received into the radioisotope generator. 

27. The method of claim 26, comprising calculating a suggested time for performing a 

future elution based on the metric. 

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

eluant is received. 

29. The method of claim 25, comprising measuring the amount of eluant received 

from within the radiation shielded container. 
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30. The method of claim 29, wherein measuring comprises counting drops of the 

eluant. 

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

displaying a metric of the amount of eluant received. 

32. The method of claim 25, wherein visually indicating comprises providing a visual 

line of sight to the eluant. 

scale. 

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

34. A system, comprising: 

a radiation shielded lid comprising an aperture; and 

an eluant supply mechanism comprising: 

an eluant supply container; 

a conduit coupled to the eluant supply container and at least partially disposed 

in the aperture; and 

an eluant measurement feature. 

35. The system of claim 34, wherein the eluant measurement feature comprises a drip 

chamber and an electronic drop counter coupled to the drip chamber. 

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

eluant visualization portal. 

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

scale. 
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RADIOISOTOPE GENERATION SYSTEM HAVING PARTIAL ELUTION CAPABILITY 

FIELD OF THE INVENTION 

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

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

from a radioisotope generator. 

BACKGROUND 

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

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

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

the parent radioisotope adsorbed on a carrier medium (e.g., alumina). The carrier medium has a 

relatively higher adsorptive capacity for the parent radioisotope and a relatively lower adsorptive 

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

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

eluant (e.g., a sterile saline solution) through the column such that the resulting eluate contains the 

daughter radioisotope (e.g., in the form of a dissolved salt), which makes the eluate useful in nuclear. 

medicine. For example, the eluate may be adapted for intravenous administration for any of a variety of 

diagnostic and/or therapeutic procedures. 

To obtain a quantity of the eluate from the generator, a container (e.g., a vial) may be connected 

to an outlet of the column at a tapping point of the generator to receive the eluate containing the 

daughter radioisotope. The container may be an evacuated container, in which case the partial vacuum 

in the container is used to draw eluant through the column from an eluant reservoir in fluid 

communication with an inlet to the column, thereby eluting the daughter radioisotope from the column. 

Using vacuum pressure in the container to draw eluate out of the generator avoids the need to pressurize 

the radioactive materials, as would be the result if the fluids were pumped through the column, thereby 

reducing the risk of accidental release of radioactive materials. 

Another advantage of using vacuum pressure in the container to draw eluate out of the 

generator column is the elimination of the need for moving parts to cause the fluid flow. This may make 

the system more resistant to mechanical failure and may also render operation of the system relatively 

simple and clean. Because the eluate may be dispensed directly from the outlet of the generator column 

to the container, there is no need to clean an intermediate chamber/reservoir of the type used in some 

prior art systems (e.g., U.S. Patent No. 4,625,118). Unnecessary cleaning is not only undesirable from 

the standpoint of the cost (in materials and time) of the cleaning itself, but in some circumstances trace 

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

draw eluate from the generator directly into the container is desirable for a variety of reasons. 

The same generator column may be used to fill a number of containers with eluate before the 

radioisotopes in the column are spent. The amount of eluate needed at any time may vary depending on 

the number of prescriptions that need to be filled by the radiopharmacy and/or the remaining 

concentration of radioisotopes in the generator column. One way to vary the amount of eluate drawn 

from the column is to vary the volume of the containers. For example, different sized containers having 

volumes ranging from about 5 mL to about 30 mL are common. In particular, standard elution vials 

having volumes of 5 mL, I 0 mL, or 20 mL are currently available in the industry and may be used to 

facilitate dispensing of the corresponding amount of eluate from the generator column. 

Unfortunately, the use of multiple different types of containers has significant disadvantages. 

For example, a radiopharmacy may use different labels, rubber stoppers, flanged metal caps, lead 

shields, and/or spacers to handle different sized containers, requiring the radiophannacy to keep 

supplies of these items in stock for each type of container. Likewise, packaging for transport of the 

filled containers to healthcare facilities must also account for the different dimensions of the containers. 

Another way to vary the amount of eluate dispensed to a container is to interrupt the elution 

process before the container is completely filled. For example, U.S. Pat. No. 4,387,303 discloses a 

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

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

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

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

container could be partially filled to obtain any desired amount of eluate equal to or less than the 

capacity of the vial. Another advantage of interrupting the elution process before a container is filled to 

capacity is that it is easier to draw the eluate from the container when it is not completely filled. 

Unfortunately, it is not easy to identify the level of the eluate in a partially filled container. For 

instance, the container may be housed in a radiation shield.that prevents visual inspection of the level of 

eluate in the container. Educated guesswork and/or trial and error are generally used to interrupt the 

elution based on an estimate of how much eluate is in the container. However, use of this method can 

easily lead to overfilling or underfilling of a container, both of which may result in undesirable 

inefficiencies. Even if it is possible for a person to visually monitor the level of eluate in the container 

(e.g., through a leaded glass window in the radiation shield), a person would have to dedicate some of 

his or her attention to monitoring the elution process to stop it at the right time. This would detract from 

the person's ability to do other things. Further, if the person were distracted, it would be easy to fill the 

container more than intended. 

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

dispensing of a desired amount of eluate from a radioisotope generator. 
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:SUMMARY 

One aspect of the invention is directed to a radioisotope generation system for dispensing a 

radioactive eluate (i.e., an eluate including a radioisotope) into a container for holding such an eluate. 

A radioisotope generator of the system is operable to dispense the eluate into the container. While the 

eluate is being dispensed by the generator into the container, a monitoring system monitors the amount 

of eluate dispensed into the container and generates a signal indicative of the amount of eluate 

dispensed into the container. 

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

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

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

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

generator to the cavity of the shield and is operable to generate a signal in response to the dispensing of 

a desired amount of eluate into the cavity and/or the elapsing of a predetermined elapsed time during 

which eluate is dispensed into the cavity. 

Still another aspect of the invention is directed to a radioisotope generation system that includes 

a radioisotope generator for dispensing radioactive eluate. This system also includes a dispensed eluate 

sensor that may be used to sense an amount of eluate that has been dispensed from the generator, and a 

signaHng device that is communicatively connected with the sensor. Incidentally, "communicatively 

connected" or the like herein refers to a relationship of first and second components characterized in 

that at least an electrical signal can be conveyed at least from one of the components to the other. 

Yet another aspect of the invention is directed to a method for dispensing a radioactive eluate. 

In this method, eluate is dispensed from a radioisotope generator into a container while the container 

and the generator are in fluid communication. Incidentally, .. fluid communication" or the like herein 

refers to a relationship between at least first and second components of a system; this relationship being 

such that a substance(s) (e.g., a liquid and/or gas) may flow through the system at least from one of the 

components to the other. In any event, in this method, the dispensing of the eluate into the container is 

monitored (e.g., using one or more appropriate sensors). Further, a signal (e.g., visible and/or audible) 

indicative of an amount of eluate dispensed is provided. 

Still yet another aspect of the invention is directed to a method of providing a radioactive 

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

shield. An amount of eluate in the cavity is monitored during at least a portion of the eluate being 

dispensed. A signal (e.g., visible and/or audible) is automatically generated in response to detecting a 

desired amount of eluate in the cavity and/or a passing of a predetermined elapsed time during which 

the eluate is dispensed. 

In yet another aspect, the present invention is directed to a method of providing a radioactive 

eluate. In this method, eluate is dispensed from a radioisotope generator into a container while the 

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

result of the amount of eluate that is determined (e.g., a threshold amount). 

In still yet another aspect of the invention, an amount ofradioactive eluate eluted from a 

radioisotope generation system in an elution procedure is determined. In addition, an electrical 

condition of the system is changed based on the amount of eluate that is determined to be eluted. By 

way of example, a change in electrical condition may refer to a closing and/or opening of an electrical 

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

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

change in electrical condition may refer to a change in capacitance between first and second electrical 

conductors of the system. 

Various refinements exist of the features noted in relation to the above-mentioned aspects of 

the present invention. Further features may also be incorporated in the above-mentioned aspects of the 

present invention as well. These refinements and additional features may exist individually or in any 

combination. For instance, various features discussed below in relation to any of the illustrated 

embodiments of the present invention may be incorporated into any of the aspects of the present 

invention. 

BRIEF DESCRIPTION OF THE DRA WJNGS 

Fig. 1 is a schematic diagram of a radioisotope generation system according to one embodiment 

of the present invention; 

Fig. 2 is an enlarged view of a portion of the system of Fig. 1 illustrating a monitoring system 

thereof; 

Fig. 3 is a schematic diagram of a radioisotope generation system similar to the system of Fig. 1 

but further having an automatic interruption system. 

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

of Figs. 1 and 3; 

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

embodiment; 

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

embodiment; 

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

the present invention; and 

Fig. 8 is a schematic diagram of one embodiment of a selector useful with the radiation 

generation system of Figs. 1, 3 and 7. 

Corresponding reference characters indicate corresponding parts throughout the drawings. 

4 

1910 of 2987



WO 2007/030249 PCT /US2006/030766 

DETAILED DESCRITPTION OF ILLUSTRATED EMBODIMENTS 

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

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

having a column 103 containing a carrier, having a parent radioisotope (e.g., Molybdenum - 99) that 

decays into a daughter radioisotope (e.g., Technetium- 99m), adsorbed thereon. The generator column 

103 may be enclosed in a conventional radiation-shield 105 as shown in the embodiment of Fig. 1. The 

generator collllllll I 03 has an inlet 107, which may be connected to an eluant reservoir 111 by a suitable 

inlet conduit 113. The column 103 also has an outlet 117 that may be connected to a tapping point 119 

by a suitable outlet conduit 121. 

The eluant reservoir 111 contains eluant (e.g., saline solution or other fluid capable of eluting 

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

for multiple elutions. However, the eluant reservoir may alternatively be sized to contain no more 

eluant than is sufficient for a single elution without departing from the scope of the invention. The 

eluant reservoir may be a flexible (e.g., collapsible) bag or a substantially rigid container without 

departing from the scope of the invention. Where the container is rigid, a pressure relief system (e.g., a 

filtered vent to atmosphere) may be used so that withdrawal of eluant from the eluant reservoir does not 

create a vacuum in the eluant reservoir. The eluant reservoir 111 may be suitably mounted on the 

system 101 above the level of the generator column 103 as shown in Fig. 1. 

The tapping point 119 may be constructed to allow a container 125 to be mounted thereon for 

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

For example, in one embodiment (illustrated in Fig. 1) a hollow needle 127 capable of piercing a 

septum on the container 125 may be attached to the end of the outlet conduit 121 to serve as the tapping 

point. The system 101 may be configured so the tapping point 119 is above the level of the generator 

column I 03 as in the illustrated embodiment. The system 101 may be configured so that the tapping 

point 119 is also at about the same level as the eluant reservoir 111. 

The radioisotope generation system 101 may further comprise an elution shield 131 constructed 

to have an internal cavity 133 for receiving the eluate from the generator column 103 via the output 

conduit 121 and tapping point 119. In particular embodiments, the elution shield 131 may be 

constructed to house the container 125 within the internal cavity 133 thereof with the container 

connected to the generator at the tapping point as illustrated in Fig. 1. Fo:r example, the elution shield 

131 shown in the drawings is constructed to have a cavity 13 3 sized and shaped to hold the container 

125 and an opening 139 through which the needle 127 may be inserted to provide fluid communication 

between the container and the generator column I 03 while the container is in the cavity. Other 

configurations of the radioisotope generation system are also contemplated to be within the scope of the 

invention, as long as the system is operable to dispense eluate to the cavity of the elution shield, and in 

particular embodiments to a container disposed in the cavity. 
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Fluid flow through the system 101 may be suitably controlled by one or more valves. For 

example, the system 1O1 may include at least one pinch valve 141, which is operable to selectively 

block the flow of eluate through the outlet conduit 121 to the container 125 (broadly, the internal cavity 

133 of the elution shield 131). The pinch valve 141 may in part define ali interruption system of the 

type described in U.S. Patent No. 4,387,303, which is hereby incorporated by reference to the extent it 

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

be interrupted before the container is filled to its maximum volume. The term 11maximum volume" as 

used in reference to the container 125 refers to that volume to which an evacuated container would be 

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

to stop the inflow of fluids. 

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

tungsten, depleted uraniwn, etc.) to protect workers from radiation emitted by the eluate after it is 

received in the container 125. Those skilled in the art will know how to construct an elution shield 

having a sufficient amount of radiation-absorbing material in view of the type and amount of radiation 

expected to provide a desired level of protection against radiation exposure. The elution shield 131 may 

be substantially opaque, as indicated in the drawings, which inhibits manual monitoring of the amount 

of eluate in the container 125. However, the present invention is not limited to generation systems 

having opaque elution shields. Accordingly, an elution shield having a viewing window (e.g., leaded 

glass window) that allows viewing of the contents of the elution shield is contemplated to be within the 

scope of the invention. 

The generation system 101 also comprises a monitoring system 151 capable of automatically 

monitoring the dispensing of eluate from the generator column 103 to the container 125, e.g., to 

monitor the amount of eluate dispensed into the container (broadly, into the cavity 133). The 

monitoring system 151 may generally be any system operable to automatically determine (e.g., sense, 

measure, meter, calculate, or otherwise gauge) the amount of eluate in the container 125 as eluate is 

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

system may include a dispensed eluate sensor capable of determining the amount of eluate eluted from 

a generator communicatively connected to a signaling device. The dispensed eluate sensor may be a 

component of the elution shield 131, associated with other components of a radioisotope generation 

system or even be characterized as a component of the system in and of itself. It is contemplated that 

the monitoring system 151 may be operable to monitor the dispensing of eluate on a substantially 

continuous basis or on an intermittent basis. 

Referring to Fig. 2, one embodiment of a suitable monitoring system comprises a liquid level 

sensor 161 capable of detecting the level of the eluate in the container 125. For example, an infrared 

LED 163 and corresponding infrared detector 165 (e.g., photo diode) may be mounted inside the cavity 

133 of the elution shield 131 in spaced relation to one another. The LED 163 (upon operation of the 

monitoring system) emits light (e.g., infrared light) which reflects off the upper surface 167 of the 
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liquid back to the detector 165. Data :from the detector 165 is transmitted (e.g., by hardwiring or 

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

determine the path length of the reflected light based on the data, and thereby to determine the fluid 

level of the eluate in the container 125 as a function of the path length of the reflected light. The 

teachings disclosed in U.S. Patent No. 5,291,031, which is hereby incorporated by reference to the 

extent it is consistent, may be used to construct a suitable processor capable of measuring the path 

length of the reflected light. It is contemplated that the container may be configured (e.g., contoured) to 

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

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

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

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

level sensor 161 without any lenses and/or with a container that is not configured to modify the path of 

light in any particular way is within the scope of the invention. 

The fluid level in the container 125 corresponds to the amount of eluate in the container. 

Accordingly, the processor 171 (Fig. 1) is also capable of determining the corresponding amount of 

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

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

container 125 to a desired amount of eluate to be dispensed into the container. 

The monitoring system 151 is further operable to generate a signal once it determines that a 

desired amount of eluate has been received by (e.g., dispensed into) the container 125 (broadly, the 

internal cavity 133 of the elution shield 131). In one embodiment, the signal may be perceptible exterior 

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

other operators of the generation system). For example, the signal may be a light (broadly, a visual 

signal) or noise (broadly, an audible signal) perceptible to workers to alert them that it is time to 

interrupt the elution process. The monitoring system 151 illustrated in Figs. 1 and 2, for instance, 

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

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

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

of the elution shield 131, as indicated for example by connection of the piezoelectric speaker 175 to the 

elution shield in Fig. 2. In some embodiments, the processor 117 may function as a signaling device 

and may be operable to change an electrical condition of the system (e.g., open and/or close a circuit of 

the system, change a voltage applied to one or more components of the system, etc.) in a manner that is 

in and of itself imperceptible to unaided humans, although such a change in an electrical condition of 

the system by the processor may ultimately produce a tangible result (e.g., activation of an interruption 

system as described below) that may be perceptible to humans, if any are in a position to observe the 

result. 
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The generation system 101 may also comprise a selector in communication with the processor 

171 and operable to allow a user to pre-select (e.g. prior to operation of the radioisotope generator to 

dispense eluate into the container) the desired amount of eluate to be dispensed into the container 125. 

Virtually any device capable of providing user input to the processor 171 can be used as the selector. 

For example, the selector may comprise a hall effect sensor dial 181 as illustrated in Fig. 8, a set of 

buttons, a potentiometer, a touch screen display, a computer terminal, or the like. The selector may be 

operable to allow the user to pre-select the desired amount of eluate :from a set of predetermined desired 

amounts. For example, in the illustrated embodiment of Pig. 8, the hall effect sensor dial has indicia 183 

that indicates the desired amount of eluate to be dispensed and a set of magnetic elements 185 and hall 

effect sensors 187 positioned to determine which of the indicia is aligned with a fixed marking 189 

(e.g., a selection arrow). In other embodiments, the selector may instead be operable to allow the user 

to select any desired amount of eluate within a range of permissible amounts. For example, the selector 

may allow the user to select a set amount of eluate, or the selector may allow the user to select a certain 

fill percentage (e.g., 25%, 50%, etc.) of the container. 

It is understood that the system 101 may also permit the user to opt to fill the container 125 to 

its maximum volume, such as by including on the selector a setting for disabling the monitoring system 

151 or selecting a des ired amount of eluate about equal to the maximum volume of the container. It 

may be more desirable to stop the dispensing just before the container 125 is filled to its maximum 

volume (e.g., to facilitate piercing the septum of the container to draw eluate into a syringe) rather than 

disable the monitoring system 151. 

According to one embodiment of a method of the present invention for dispensing a desired 

amount of eluate to the container 125 (broadly, the cavity 133 of the elution shield 131), a user uses the 

selector to pre-select a desired amount of eluate to be dispensed from the generator column 103 into the 

container. An evacuated container 125 may be loaded into the elution shield 131 and connected to the 

generator column 103 by insertion of the needle 127 through a septum of the container. The pinch valve 

141 may be opened (if it was initially closed) such that the vacuum pressure in the container 125 

induces the eluant to flow from the eluant reservoir 111, through the inlet conduit 113 and into 

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

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

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

flow without pressurizing either the eluant or eluate above atmospheric pressure. 

The monitoring system 151 monitors the dispensing of eluate into the container 125. For 

example, for the embodiment illustrated in Figs. 1 and 2, the infrared LED 163 may emit light that is 

detected by the detector 165 after reflecting off of the upper surface 167 of the eluate in the container 

125. The processor 171 determines the amount of eluate in the container 125 based on the fluid level 

data it receives from the detector 165. When the processor 171 determines that the amount of eluate in 

the container 125 is in a range from about equal to through greater than the pre-selected desired amount 
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ot eluate, the processor activates the piezoelectric speaker 175 (e.g., by changing a voltage applied to 

one or more electrodes of the piezoelectric speaker) to produce an audible signal. The processor 117 

may activate the piezoelectric speaker when it determines a threshold amount of eluate has been eluted 

from the generator 103. In one embodiment, the processor 117 activates the piezoelectric speaker just 

before the amount of eluate in the container reaches the desired amount of eluate to account for the 

expected delay between activation of the speaker 175 and manual interruption of the elution process. 

A person in the vicinity of the radioisotope generation system 101 (e.g., a radiopharmacist or 

other worker) may perceive the signal (e.g., see in the case of a visual signal and/or hear in the case of 

an audible signal) from the monitoring system 151 and thereby be alerted to the fact that the desired 

quantity of eluate has been dispensed into the container 125. The person may then interrupt the flow of 

eluate into the container 125 (e.g., by manually closing the pinch valve 141 and/or by disconnecting the 

container 125 from the outlet conduit 121 ). After the radioisotope generation process is complete, the 

user may use the selector to change the desired amount of eluate to a different amount and repeat the 

process to obtain a different amount of eluate in another container. 

With reference now to Fig. 3, in another embodiment of a radioisotope generation system 201 

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

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

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

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

processor 117 may alter an electrical condition of the system (e.g., open and/or close a circuit of the 

system, change a voltage applied to a component of the system, etc.) to activate the interruption system. 

It is understood that the electronic signal generated by the monitoring system 151 to activate the 

interruption system may be instead of, or in addition to, a signal that is perceptible exterior of the 

elution shield 131 (e.g., an audible or visible signal). 

The interruption system may comprise a valve actuator 209 operable to close the pinch valve 

141 in response to the signal from the monitoring system 151. Other suitable interruption systems may 

comprise an actuator (not shown) operable to disconnect the container 125 from the generator column 

103 by withdrawing the needle 127 from the container in response to the signal from the monitoring 

system 151, such as by movement of the container, movement of the needle, or both. Construction and 

operation of the generation system 201 of Fig. 3 is otherwise substantially the same as the construction 

and operation of the system 101 of Fig. 1. 

It is understood that suitable monitoring systems other than that illustrated in Figs. 1-3 and 

described previously may be used without departing from the scope of this invention. For example, 

Fig. 4 illustrates a portion 351 of one alternative embodiment of a suitable monitoring system 

comprising an ultrasonic liquid level sensor 361 having an ultrasonic transmitter and receiver (e.g., a 

resonator 363 that transits ultrasound in an active mode and receives ultrasound in a passive mode) 

mounted in the cavity 133 of the elution shield 131. Operation of the liquid level sensor 361 shown in 
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Fig. 4 involves emitting ultrasonic energy (e.g., a burst or chirp) from the transmitter 363 and detecting 

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

ultrasonic detector 363 may be transmitted (by wire or wirelessly) to the processor 171 whereby the 

processor determines the level of the eluate based on the data relating to the echo. The processor 171 

may determine the amount of eluate in the container 125 (broadly, the cavity 133 of the elution shield 

131) based at least in part on the detennined fluid level of the eluate. 

Another embodiment of a suitable monitoring system 451 is illustrated in part in Fig. 5. Such a 

monitoring system 451 comprises an inductive liquid level sensor 461. The inductive sensor comprises 

a conductive coil 463 turning about at least a part of the cavity 13 3 of the elution shield 131, and in the 

illustrated embodiment about the outer surface of the container 125 within the cavity. The inductance 

of the coil 463 may vary depending on the fluid level of eluate in the container 125. Operation of the 

monitoring system 451 of Fig. 5 may include measuring the inductance of the coil 463 and using the 

processor 171 to determine the level of eluate in the container 125 based on the inductance of the coil. 

Similarly, a capacitive sensor (not shown) comprising a pair of parallel conductors in opposing relation 

to one another may be positioned in the cavity so that the capacitance of the conductors varies 

depending of the level or eluate in the container 125, in which case the monitoring may include 

measuring the capacitance of the conductors and using the processor 171 to determine the level of 

eluate as a function thereof. As in previous embodiments, the fluid level of eluate corresponds to the 

amount of eluate in the container 125 (broadly, the cavity 133). 

Fig. 6 illustrates part of yet another embodiment of a suitable monitoring system 551 in which 

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

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

positioned in the cavity 133 of the elution shield 131 with the weight of the container 125 bearing down 

against the sensor. Data from the pressure sensor 563 may be sent to the processor 171, which 

correlates the pressure exerted on the pressure sensor to the weight of eluate in the container 125. The 

weight of the eluate corresponds to the amount of eluate in the container 125. A system incorporating 

the monitoring system 551 of Fig. 6 may otherwise operate substantially the same as the systems 101, 

201 shown in Figs. 1-3. 

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

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

comprises a timer 691 operable to monitor an elapsed time during which eluate is dispensed from the 

generator column 103 into the container 125 (broadly, the cavity 133 of the elution shield 131). In 

particular, the elapsed time may be monitored relative to the time at which dispensing of eluate into the 

container 125 is initiated. The timer 691 can be used to gauge the amount of eluate dispensed into the 

container 125 based on previously calibrated data regarding the amount of time required for eluate to 

accumulate in the container under similar operating conditions. In this case, the monitoring system 651 

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

select the predetermined elapsed time during which eluate is to be dispensed into the container 125. 

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

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

outlet conduit 121. For example, one or more sensors 695 (e.g., a hall effect sensor, optical sensor, 

RFID sensor, proximity sensor, or the like) may generate a signal upon connection of the container 125 

to the outlet conduit 121. The timer 691 may be operable to begin monitoring the elapsed time in 

response to the signal indicating that the container 125 has been connected to the outlet conduit 121. 

Alternatively, the timer 691 may be started manually by a person when he or she connects the container 

125 to the outlet conduit 121 without departing from the scope of the invention. 

It is understood that the configuration of the radioisotope generation system can be different 

from the configurations discussed above and shown in the drawings without departing from the scope 

of the invention. Although the systems described and shown above involve dispensing of eluate into a 

container housed within an elution shield. it is understood that the elution system can dispense eluate 

directly into the cavity of the shield, or that the container may be unshielded, without departing from 

the scope of the invention. 

Although a pinch valve is used to facilitate interruption of the elution in the illustrated 

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

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

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

and of itself. 

While in each of the illustrated embodiments the monitoring system generates a signal upon 

determining that the amount of eluate dispensed into the container is approximately equal to a desired 

amount of eluate, it is contemplated that the monitoring system may instead, or may additionally, 

generate a continuous or intermittent signal prior to the desired amount of eluate being dispensed into 

the container, e.g .• indicative of the determined amount of eluate in the container (broadly. the cavity). 

For example, in one embodiment the signal may comprise visual or audible signals that indicate various 

incremental amounts of eluate dispensed into the container. Examples of such signals include, without 

limitation, lights, digital displays, alphanumeric displays or other suitable visual indicators of the 

amount of eluate dispensed into the container. Other examples include audible signals that may or may 

not increase in intensity as the amount of eluate in the container increases. 

When introducing elements of the present invention or the preferred embodiments thereof, the 

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

The terms "comprising", "including", and "having" are intended to be inclusive and mean that there 

may be additional elements other than the listed elements. Moreover, the use of ''top" and "bottom'' 

and variations of these terms is made for convenience, but does not require any particular orientation of 

the components. 
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As various changes could be made in the above products and methods without departing from 

the scope of the invention, it is intended that all matter contained in the above description and shown in 

the accompanying drawings shall be interpreted as illustrative and not in a limiting sense. 
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CLATh1S: 

What is claimed is 

1. A radioisotope generation system comprising: 

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

a monitoring system operable while the radiation generator system dispenses eluate into the 

container to monitor the amount of eluate dispensed into the container and to generate a signal 

indicative of the amount of eluate dispensed into the container. 

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

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

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

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

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

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

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

the container. 

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

and audibly perceptible exterior of the container. 

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

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

level sensor operable to sense a level of eluate in the container, the level corresponding to the amount of 

eluate in the container. 

9. A radioisotope generation system as in claim 8 wherein the level sensor is selected from the 

group consisting of optical sensors, infrared sensors, ultrasonic sensors, inductive sensors, and 

capacitive sensors. 

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

timer operable to monitor an elapsed time during which eluate is dispensed into the container, the 

elapsed time being relative to a time at which the dispensing of eluate into the container is initiated, the 

elapsed time corresponding to the amount of eluate in the container. 
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11. A radioisotope generation system as in claim 10 wherein the monitoring system is operable 

to generate a signal following dispensing of eluate into the container for a predetermined elapsed time 

wherein the predetermined elapsed time corresponds to a desired amount of eluate to be dispensed into 

the container. 

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

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

13. A radioisotope generation system as in claim 10 further comprising a timer initiation 

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

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

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

tags. 

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

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

amount of eluate in the container. 

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

dispensing eluate from a radioisotope generator into a container while the container and the 

generator are in fluid communication; 

monitoring the dispensing; and 

providing a signal indicative of an amount of the eluate dispensed into the container. 

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

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

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

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

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

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

dispensing of eluate into the container in response to the signal. 
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20. A method as in claim 17 further comprising selectively adjusting the desired amount of 

eluate to be dispensed into the container, the selectively adjusting being conducted prior to the 

operating of the radioisotope generator. 

21. A method as in claim 16 wherein the monitoring comprises monitoring an elapsed time, 

starting from initiation of the dispensing, during which eluate is dispensed into the container, the 

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

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

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

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

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

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

monitoring. 

25. A method as in claim 24 wherein the providing results from the electrical signal generated. 

26. A radioisotope generation system comprising: 

a radioisotope generator operable to dispense eluate; 

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

elution shield being constructed at least in part of a radiation-absorbing material; and 

a monitoring system for monitoring the dispensing of eluate by the generator to the cavity of 

the shield, the monitoring system being operable to generate a signal in response to at least one of 

receipt of a desired amount of eluate in the cavity and elapse of a predetermined time period during 

which eluate is dispensed into the cavity. 

27. A radioisotope generation system as in claim 26 further comprising a container disposed m 

the cavity for receiving the eluate therein, the container being adapted to hold a maximum volume of 

eluate, the monitoring system being capable of generatmg the signal in response to receipt of a desired 

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

the container. 

28. A radioisotope generation system as in claim 26 further comprismg a container disposed in 

the cavity for receiving the eluate therein, the container being adapted to hold a maximum volume of 

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

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

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

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

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

of the elution shield. 

31. A radioisotope generation system as in claim 3 0 wherein the signal is at least one of 

visually and audibly perceptible exterior of the elution shield. 

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

human. 

33. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a level sensor operable to sense the level of eluate in the cavity, the level corresponding to the amount 

of eluate in the cavity. 

34. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a timer operable to monitor an elapsed time during which eluate is dispensed into the cavity, the elapsed 

time being relative to a time at which the dispensing of eluate into the cavity is initiated, the elapsed 

time corresponding to the amount of eluate in the cavity, the monitoring system being operable to 

generate a signal following dispensing of eluate into the cavity for a predetermined elapsed time 

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

35. A radioisotope generation system as in claim 34 further comprising a timer initiation 

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

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

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

37. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a sensor operable to determine the weight of eluate in the cavity, the weight corresponding to the 

amount of eluate in the cavity. 

3 8. A method of producing radioactive eluate, the method comprising: 
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dispensing eluate from a radioisotope generator into a cavity of an elution shield; 

monitoring an amount of eluate in the cavity during at least a portion of the dispensing; and 

automatically generating a signal in response to detecting at least one of a desired amount of 

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

39. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a 

container disposed in the cavity of the elution shield, the container being adapted to hold a maximum 

volume of eluate, wherein the automatically generating occurs in response to receipt of a desired 

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

40. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a 

container disposed in the cavity of the elution shield, the container being adapted to hold a maximum 

volume of eluate, wherein the automatically generating occurs in response to the passing of a 

predetermined elapsed time during which eluate is dispensed into the container, the predetermined 

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

41. A method as in claim 3 8 further comprising manually interrupting the dispensing in 

response to the signal. 

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

response to the signal. 

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

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

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

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

45. A method as in claim 38 further comprising selectively varying at least one of the desired 

amount of eluate in the cavity. and the predetermined elapsed time during which eluate is dispensed into 

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

46. A radioisotope generation system comprising: 

a radioisotope generator for dispensing radioactive eluate; and 

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

and 

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

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

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

an audio signal and a visual signal. 

49. A system as in claim 46 further comprising an elution shield having an internal cavity for 

receiving eluate dispensed from the generator, wherein the elution shield is constructed at least in part 

of a radiation-shielding material, and wherein at least one of the dispensed eluate sensor and the 

signaling device is a component of the elution shield. 

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

components of the elution shield. 

51. A method of dispensing a radioactive eluate comprising: 

determining an amount of radioactive eluate eluted from a radioisotope generator of a 

radioisotope generation system in an elution procedure; and 

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

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

the system. 

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

the system. 

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

threshold amount of the eluate. 

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

a visual signal as a :result of the changing. 

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

between first and second components of the system. 

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

com_ponent of the system. 
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(57) Abstract: An 
82

Sr/
2
Rb generator column is made using a fluid impervious cylindrical 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. An ion exchange material fills 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 rate of 
at least 5 ml/min at a fluid pressure of 1.5 pounds per square inch (10 kPa). The generator column can be repeatedly recharged with 
82

Sr. The generator column is compatible with either three-dimensional or two-dimensional positron emission tomography systems. 
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A RUBIDIUM GENERATOR FOR CARDIAC PERFUSION 

IMAGING AND METHOD OF MAKING AND 

MAINTAINING SAME 

TECHNICAL FIELD 

The present application relates in general to nuclear 

medicine 

cardiac 

and, in particular, 

perfusion imaging 

maintaining same. 

BACKGROUND OF THE INVENTION 

to a rubidium generator 

and method of making 

for 

and 

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 in PET technology have introduced 

15 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 

accurate control of the deli very of 82 Rb 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 ( 0. 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. 

5 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. 

25 

The invention further provides an 82Sr/ 82Rb generator 

column, comprising: a 

container having a cover 

fluid impervious cylindrical 

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 

25 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 .xH2 0, where x equals 1-2) wetted with a NH4 0H/NH4 Cl 

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 is complete, 

a funnel 20 that was used to introduce the ion exchange 

material 18 into the cylinder 16 is removed 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. 

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, 62 using Luer 

fittings 56 and 58. The shielding lid 50 is likewise 

15 constructed of a shielding material 52 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 62Sr 

before patient elutions can begin. As schematically 

illustrated in Fig. 2, in one embodiment a syringe pump 80 

is used to deliver 62Sr 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 O. 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 82 Sr 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 

5 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 I it is determined whether the 82Sr I 85Sr 

breakthrough is less than a predetermined breakthrough 

10 limit. As is also understood by those skilled in the art, 

all jurisdictions define a threshold for permissible levels 

of 82Sr I 85Sr breakthrough. As 

those skilled in the art, the 

readily determined by testing 

is further understood by 

strontium breakthrough is 

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. 

20 

Before daily use begins, a cumulative volume of all 

fluids flushed and eluted through the generator column 10 

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 
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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 is compared to the predetermined volume 

limit. If the 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 that the 82Rb yield is 

less than a predetermined limit (step 308) then it 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 
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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 exchange material comprises repeatedly 

striking the generator column with a controlled 

force. 

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; measure a pH of the eluate; 

determine whether the 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 82 Rb 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. 

17. 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. 

BACKGROUND OF THE INVENTION 

As is well known in the art, Rubidium (82 Rb) is used 

as a positron emission tomography (PET) tracer for non

invasive measurement of myocardial perfusion (blood flow) . 

10 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 82 Rb 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/ 82 Rb) 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 82 Rb production (that is, 82Sr 

1959 of 2987



WO 2007/104133 PCT/CA2007/000295 

- 2 -

decay) and the rate of 82 Rb decay. As a result, the 82 Rb 

activity level in the active saline emerging from the 

generator 8 tends to follow a "bolusn profile 12 shown by 

the solid line in FIG. 2a. In particular, at the start of 

5 an 82 Rb elution "run", the activity level rises rapidly and 

peaks, as accumulated 82 Rb 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 82 Rb (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 82 Sr, and thus the rate of 82 Rb 

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. 

Because of the high activity level of 82 Rb possible in 

the generator 8, it is desirable to limit the total 

activity dosage delivered to the patient during any given 

30 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 82 Rb elution system. 

The present invention therefore provides a method of 

controlling an 82Sr/ 82 Rb elution system having a generator 

valve for proportioning a flow of saline solution between 

25 an 82Sr/ 82 Rb 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. l· I 

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 . 
I 
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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 

5 FIG. 3; . 

It 

drawings, 

numerals. 

will 

like 

be noted 

features 

that throughout 

are identified by 

the 

like 

a second 

system of 

appended 

reference 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 The present invention provides a Rubidium (82 Rb) 

elution and control system in which the 82 Rb activity rate 

delivered to a patient can be controlled substantially 

independently of the condition of the 82Sr / 82 Rb generator. 

Representative embodiments are described below with 

15 reference to FIGs. 3-8. 

In the embodiment of FIG. 3 / 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 (82Sr/ 82Rb) generator 8 and a bypass line 

18 which circumvents the generator 8; a positron detector 

2 0 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 

Same, 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 genera tor valve 16 

branch point 3 0, as 

which flexible (e.g. 

may be positioned downstream of the 

shown in FIG. 3. In embodiments in 

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 preferred for the patient valve 

5 24. 

As may be seen in FIG. 5, the positron detector 20 may 

conveniently be provided as 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 82 Rb 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 

2 0 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 

counted by the photon counter 34 will be proportional to 

30 the 82 Rb activity concentration of the active saline 

solution adjacent to the scintillator 32. In the 

illustrated embodiments, the number of photons 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 

activity concentration. If desired, a proportionality 

constant K between the activity parameter C~t and the 82 Rb 

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 wasteu 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. This mode of operation is suitable 

for initializing the system 14 immediately prior to 

15 beginning an elution run. 

FIG. 6b illustrates a "patient line flush" 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 82 Rb 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 82 Rb bolus 12 to the waste reservoir 26 

avoids exposing the patient to 

and allows the total activity 

patient to be closely controlled. 

unnecessary 82 Rb 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 82 Sr 

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, which assists not only system 

diagnostics, but can also be used to ensure that the 

elution parameters (e.g. elution 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 20 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 82 Rb 

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 

30 8, and vice versa. 

In general, the elution run is designed to generate a 

target 82 Rb activity concentration which follows a desired 

1968 of 2987



WO 2007/104133 PCT/CA2007/000295 

- 11 -

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 from 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 82 Rb 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 82 Rb decay 

within the system 14. 

FIG. 7a is a flow chart illustrating a representative 

2 5 threshold-based valve control algorithm which may be used 

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. 

30 In preparation for an elution run, a user enters 

target parameters for the elution. These parameters may 

include any three of: total activity dose, 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 to 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 

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 

25 

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 

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) At the end of the elution run 

(time t2 in FIG. 7b) f 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 

82 Rb 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 Thresholdn 

mode During the "elution" mode the 

activity concentration 46 follows a 

centered on the target concentration CM 

saw-tooth pattern 

(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 

15 

20 

8. A duty cycle between these limits divides the 

flow between the generator 8 and bypass line 

saline 

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. 

As described above, the amount of 82 Rb 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 82 Rb 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 

s2Rb generator performance in terms of I for example, 

activity concentration vs. eluted volume. This data can be 

5 used to predict eluted 82 Rb 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 I1min, and a flow ratio 

vs. duty cycle slope L between the upper and lower limits. 

With this arrangement, the upper duty cycle limit IT 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 TI min 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. 8b) 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 

the leading edge of the 'natural' bolus curve 12 

following 

(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 

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. Sb) , and 

shifts to the "elution" mode of operation. 

10 During the elution mode, the controller 28 implements 

a predictive control algorithm in which previously stored 

generator performance data is used (at 814) to estimate a 

flow ratio that will yield 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 2 8 then 

obtains an updated concentration parameter Cdet (at 816), 

which indicates the instantaneous activity concentration at 

20 the positron detector 20. The concentration parameter Cdet 

is then compared to the target concentration CM (or C'M) to 

obtain an error function 6C (at 818) . Based on the value 

of the error function 6C, the duty cycle of the generator 

valve 16 is adjusted. If L'iC<O (step 820), the duty cycle 

25 is increased (at 822) so that proportionally more saline 

flows through the generator 8 to elute more 82 Rb activity. 

If L'iC>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 t2 in FIG. Bb) I the controller 28 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 8 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 82 Rb 

10 activity is delivered to the patient during the "Waiting 

for Threshold" mode (to-t1) During the "elution" mode (t1-

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 pr act ice, 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" 

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 

30 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 el utions 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 

20 

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 

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 

1 O 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 82 Rb 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 82 Rb ( 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 82 Sr. Accordingly, 82 Sr 

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 82 Rb 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. 

The calibration data collected during the elution can 

also be used to calculate the proportionality constant K 

between the activity parameter Cdet and the 82 Rb activity 

30 concentration. In particular, the instantaneous activity 

detected by the dose calibrator during the calibration 

elution is the convolution of the activity concentration 
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and the well known 82 Rb 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 J':..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 

error data accumulated over 

self-tuning 

a number of 

algorithm uses 

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 f':..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 £:.,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 £:.,L toward zero. 
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The upper duty cycle limit ITmax may be adjusted based 

on error data accumulated during elutions 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 82 Rb 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 ITmax. 

In this condition, if the measured concentration parameter 

Cctet is less than the target value CM, the error function 

value 6C 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 6C), 

then the upper limit value ITmax 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 

20 in the detected concentration C~t, the slope of the error 

data can be used to increase the upper limit value ITmax· 

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 

25 change of an input parameter, usually involving a delayed 

response. In the case of a bi-state pinch valve of the 

type illustrated in Fig. 4 the opening and closing 

latencies may differ. This valve hysteresis manifests 

itself in the threshold-based elution control algorithm 

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 

controlled as a bi-state valve, which 

generator valve 

is either "on" 

is 

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 

2 5 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. 

1981 of 2987



WO 2007/104133 PCT /CA2007 /000295 

- 24 -

WE CLAIM: 

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

having a generator valve for proportioning a flow of 

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

bypass line coupled to an outlet of the generator 

such that saline solution traversing the bypass line 

will merge with eluted saline solution emerging from 

the generator to provide an active saline solution, 

the method comprising steps of: 

during each elution run: 

obtaining a plurality of successive concentration 

parameter values at predetermined intervals, 

each concentration parameter value being 

indicative of a respective instantaneous 

activity concentration of the active saline 

solution; 

computing respective error values between each 

concentration parameter value and a target 

activity concentration value of the elution 

run; and 

accumulating error data based on a plurality of 

the computed error values; and 

between successive elution runs, adj us ting at least 

one performance parameter of the elution system 

based on the accumulated error data. 

2. A method as claimed in claim 1, wherein the step of 

adjusting at least one performance parameter of the 

elution system comprises a step of tuning a 

performance model of the generator valve. 
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3. A method as claimed in claim 2, wherein the 

accumulated error data comprises the computed error 

values as a function of an estimated flow ratio. 

4 . A method as claimed in claim 3, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

calculating a slope of the error data; and 

adjusting a response slope parameter of the generator 

valve model based on the calculated slope of the 

error data. 

5. A method as claimed in claim 2, wherein the error 

data comprises one or more error values accumulated 

during a period in which a target activity 

concentration of an elution exceeds the predicted 

activity concentration of that elution. 

6. 

7. 

A method as claimed in claim 5, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

calculating a slope of the error data; and 

adjusting an upper limit parameter of the generator 

valve based on the calculated slope of the error 

data. 

A method as claimed 

adjusting the upper 

of: 

in claim 6, wherein the step of 

limit parameter comprises steps 

if the calculated slope is zero, reducing the 

upper limit parameter by a predetermined 

increment; and 
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otherwise, calculating an adjusted upper limit 

parameter value using the calculated slope. 

8. A method as claimed in claim 2, wherein the error 

data comprises a difference between a predicted 

elution duration required to achieve a desired total 

activity dose and an actual elution duration. 

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

tuning a performance model of the generator valve 

comprises a step of adjusting a hysteresis factor H 

based on the difference between the predicted and 

actual elution durations. 

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

step of enforcing a predetermined delay between 

successive elution runs. 

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

steps of: 

12. 

defining a plurality of operating modes of the 

elution system; and 

during each elution run, automatically transitioning 

between selected ones of the operating modes, in 

accordance with user-input parameters of the 

elution run. 

A method as claimed in claim 11, wherein the 

plurality of operating modes comprise: 

a "Bypass-to-waste" mode in which the entire saline 

flow is directed through the bypass line and into 

a waste reservoir; 
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flush" mode in 

through the 

through a patient outlet; 

which the saline flow 

bypass line and out 

a "waiting for threshold" mode in which the saline 

flow is directed through the generator, and the 

active saline solution directed into the waste 

reservoir; and 

an "elution" mode in which the saline flow is 

proportioned between the generator and the bypass 

line, and the active saline solution directed out 

through the patient outlet. 

13. A method as claimed in claim 11, wherein the user

input parameters comprise: 

at least one of a desired duration of the elution, 

and a desired saline flow rate; and 

at least one of a target activity concentration 

profile, and a total eluted activity dose. 

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

steps of: 

15. 

defining a set of one or more predetermined elution 

runs, each having respective set of predetermined 

parameters; and 

executing the set of predetermined elution runs in 

accordance with a predetermined schedule. 

A method as claimed in claim 14, wherein 

predetermined schedule defines a daily protocol. 

the 

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

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

of: 

a performance of the generator; 

a proportionality constant between the concentration 

parameter value and the instantaneous activity 

concentration of the active saline solution. 

A method as claimed in claim 16, wherein the 

calibrated performance of the generator comprises 

either one or both of: 

82 Rb activity concentration vs. eluted volume; and 

82Sr breakthrough. 

18. A positron detector for detecting instantaneous 82 Rb 

activity concentration of an active saline solution 

generated by an 82 Sr/ 82 Rb elution system, the positron 

detector comprising: 

a scintillation fiber disposed adjacent a feed line 

for conveying the active saline solution; 

a photon counter operatively coupled to the 

scintillation fiber for detecting photons 

generated by positron annihilation within the 

scintillation fiber; and 

a radiation shield surrounding the scintillation 

fiber and at least a portion of the feed line, 

for shielding at least the scintillation fiber 

from spurious radiation. 

19. A positron detector as claimed in claim 18, wherein a 

thickness of the radiation shield is on the order of 

~ inch. 
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20. A positron detector as claimed in claim 18, wherein 

the radiation shield surrounds a length of the feed 

line corresponding to at least five times an outer 

diameter or the feed line, in each direction from the 

scintillation fiber. 
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i=:::: (57) Abstract: The invention, in one characterization, may be said to be directed to a radiopharmaceutical system that may be 
O utilized in radioisotope elution procedures. In some embodiments, the system may include a radioisotope generator assembly having 
0 a radiation shield with a receptacle and a cover disposed over the receptacle. The system may also include a radioisotope generator 
M disposed in the receptacle below the cover. Some embodiments of the system may include an eluate extraction mechanism having 
0 an eluate conduit fluidly coupled to a hollow output needle of the radioisotope generator, and a radiation shielded housing disposed 
:;;;...,. outside the radiation shield. The eluate extraction mechanism also may include a hollow needle fluidly coupled to the eluate conduit 
~ opposite the radioisotope generator, wherein the hollow needle is disposed inside the radiation shielded housing. 
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SYSTEM AND METHOD FOR ELUTING RADIOISOTOPE TO A CONTAINER DISPOSED 
OUTSIDE OF A RADIOISOTOPE GENERATOR ASSEMBLY 

FIELD OF THE INVENTION 

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

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

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

BACKGROUND 

[0002] This section is intended to introduce the reader to various aspects of art that may be related 

to various aspects of the present invention, which are described and/or claimed below. This discussion 

is believed to be helpful in providing the reader with background information to facilitate a better 

understanding of the various aspects of the present invention. Accordingly, it should be understood that 

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

[0003] Nuclear medicine utilizes radioactive material for diagnostic and therapeutic purposes by 

injecting a patient with a small dose of the radioactive material, which concentrates in certain organs or 

biological regions of the patient. Radioactive materials typically used for nuclear medicine include 

Technetium-99m, Indiurn-113m, and Strontiurn-87m among others. Some radioactive materials 

naturally concentrate toward a particular tissue, for example, iodine concentrates toward the thyroid. 

However, radioactive materials are often combined with a tagging or organ-seeking agent, which 

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

materials alone or in combination with a tagging agent may be to as radiopharmaceuticals in the field of 

nuclear medicine. At relatively lower doses of the radiopharmaceutical, a radiation imaging system 

(e.g., a gamma camera) provides an image of the organ or biological region that collects the 

radiopharmaceutical. Irregularities in the image are often indicative of a pathologic condition, such as 

cancer. Higher doses of the radio pharmaceutical may be used to deliver a therapeutic dose of radiation 

directly to the pathologic tissue, such as cancer cells. 

[0004] A variety of systems are used to generate, enclose, transport, dispense, and administer 

radiopharmaceuticals. Unfortunately, these systems often use different containers and shielding 

structures and, thus, the radiopharmaceuticals tend to be repeatedly exchanged from one container to 

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

systems often involve repeated connection and disconnection of components, such as male and female 

connectors of containers. Unfortunately, the male connectors can be damaged due to misalignment 

with the corresponding female connectors. For example, hollow needles can be bent, crushed, or 
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broken due to misalignment with female connectors. As a result, the systems may operate less 

effectively or become completely useless. If the systems contain radiopharmaceuticals, then the 

damaged connectors can result in monetary losses, delays with respect to nuclear medicine procedures, 

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

SUMMARY 

[0005] The present invention, in certain embodiments, is directed to removability and replaceability 

of a hollow needle that pierces an eluate container (e.g., a septum thereof) in a radioisotope elution 

system. Specifically, in some embodiments, a removable hollow needle may be coupled to a 

radioisotope generator via an eluate conduit, which in turn may be coupled to an output needle of the 

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

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

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

generator output needle, while possibly reducing the cost and downtime associated with any potential 

damage to the removable hollow needle. In some embodiments, the removable hollow needle may be 

disposed outside of a radiation shield that is disposed about the radioisotope generator. As such, a user 

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

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

opening the radiation shield. 

[0006] Certain aspects commensurate in scope with the originally claimed invention are set forth 

below. It should be understood that these aspects are presented merely to provide the reader with a 

brief summary of certain forms the invention might take and that these aspects are not intended to limit 

the scope of the invention. Indeed, the invention may encompass a variety of features and aspects that 

may not be set forth below. 

[0007) A first aspect of the invention is directed to a radiopharmaceutical system that includes a 

radioisotope generator assembly and an eluate extraction mechanism. The radioisotope generator 

assembly includes a radiation shield having a receptacle, a cover disposed over the receptacle, and a 

radioisotope generator disposed in the. receptacle below the cover. The eluate extraction mechanism 

includes an eluate conduit fluidly coupled to a hollow output needle of the radioisotope generator, a 

radiation shielded housing disposed outside the radiation shield, and a hollow needle fluidly coupled to 

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

inside the radiation shielded housing of the eluate extraction mechanism. Incidentally, "fluidly 

coupled" or the like herein refers to a joining of a first component to a second component or to 

one or more components which may be connected with the second component, or to joining the 

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

through both the first and second components. 

[0008] A second aspect of the invention is directed to an eluate extraction mechanism that includes 

a radiation shielded housing and an eluate conduit. The eluate conduit has a radioisotope generator end 

disposed outside the radiation shielded housing and an opposite end disposed inside the radiation 

shielded housing. The eluate extraction mechanism also includes a hollow injection needle fluidly 

coupled to the opposite end of the eluate conduit. In addition, the eluate extraction mechanism includes 

a plunger coupled to the radiation shielded housing movably through a guide structure. The plunger is 

typically coupled to the hollow injection needle inside the radiation shielded housing. 

[0009] Yet a third aspect of the invention is directed to an eluate extraction mechanism that 

includes a radiation shielded housing and a shielded eluate collection assembly. This shielded eluate 

collection assembly may be disposed removably inside the radiation shielded housing adjacent a door 

of the housing. The eluate extraction mechanism includes an eluate conduit having a radioisotope 

generator end disposed outside the radiation shielded housing and an opposite end disposed inside the 

radiation shielded housing. In addition, the eluate extraction mechanism includes a hollow needle 

fluidly coupled to the opposite end of the eluate conduit. The hollow needle may be moved between a 

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

[0010] Still a fourth aspect of the invention is directed to a method of using a radiopharmaceutical 

system. In this method, an eluant is supplied into a radioisotope generator, and a radioisotope is eluted 

in the radioisotope generator. An eluate (including the radioisotope) is received at an output of the 

radioisotope generator. This eluate flows from the output through an eluate conduit and a hollow 

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

[00111 Various refinements exist of the features noted above in relation to the various aspects of the 

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

refinements and additional features may exist individually or in any combination. For instance, various 

features discussed below in relation to one or more of the specific embodiments may be incorporated 

into any of the above-described aspects of the present invention alone or in any combination. Again, 

the brief summary presented above is intended only to familiarize the reader with certain aspects and 

contexts of the present invention without limitation to the claimed subject matter. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] These and other aspects, features, and advantages of the present invention will become 

better understood when the following detailed description is read with reference to the accompanying 

figures in which like characters represent like parts throughout the figures, wherein: 
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[0013] FIG. 1 is a front perspective view of an exemplary embodiment of a radioisotope elution 

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

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

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

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

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

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

FIGS. 1 and 2, further illustrating the eluate extraction mechanism in an open, non-circulating 

configuration, wherein the door is rotated open and the plunger includes a hollow injection needle 

uncoupled from an eluate container; 

[00161 FIG. 4 is a cross-sectional side view of the radioisotope elution system as illustrated in FIG. 

3, further illustrating the eluate extraction mechanism in a closed, circulating configuration, wherein the 

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

[0017] FIG. 5 is a rear perspective view of the radioisotope elution system as illustrated in FIG. 4, 

further illustrating an open viewing slot in a shielded eluate assembly having the eluate container 

disposed inside; 

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

5, further illustrating the shielded eluate assembly removed from the eluate extraction mechanism when 

the hollow injection needle is uncoupled from the eluate container and the door is disposed in an open 

position; 

[0019] FIG. 7 is an exploded cross-sectional side view of the radioisotope elution system as 

illustrated in FIG. 6, illustrating the hollow injection needle removed from the plunger of the eluate 

extraction mechanism; 

l0020] FIG. 8 is an exploded cross-sectional view of the eluate extraction mechanism as illustrated 

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

eluate extraction mechanism; 

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

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

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

further illustrating the removable fluid coupling having a bossed portion or rail exploded laterally from 

a slot in the bottom side of the plunger; 

[0024] FIG. 12 is a side view of an embodiment of the removable fluid coupling as illustrated in 

FIGS. 9-11; 

[0025) FIG. 13 is a bottom view of an embodiment of the plunger as illustrated in FIGS. 9-11, 

further illustrating the plunger without the removable fluid coupling; 

[0026] FIGS. 14 and 15 are rear perspective views of the eluate extraction mechanism as illustrated 

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

extraction mechanism; 

[0027] FIG. 16 is a flowchart illustrating an exemplary embodiment of a nuclear medicine process 

using a radiopharmaceutical acquired by the radioisotope elution system as illustrated in FIGS. 1-15; 

(00281 FIG. 17 is a block diagram illustrating an exemplary embodiment of a radiopharmacy or 

system utilizing the radioisotope elution system as illustrated in FIGS. 1-15; and 

[00291 FIG. 18 is a block diagram illustrating an exemplary embodiment of a nuclear imaging 

system utilizing a radiopharmaceutical acquired by the radioisotope elution system as illustrated in 

FIGS. 1-15. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0030] One or more specific embodiments of the present invention will be described below. In an 

effort to provide a concise description of these embodiments, all features of an actual implementation 

may not be described in the specification. It should be appreciated that in the development of any such 

actual implementation, as in any engineering or design project, numerous implementation-specific 

decisions must be made to achieve the developers' specific goals, such as compliance with system

related and business-related constraints, which may vary from one implementation to another. 

Moreover, it should be appreciated that such a development effort might be complex and time 

consuming, but would nevertheless be a routine undertaking of design, fabrication, and manufacture for 

those of ordinary skill having the benefit of this disclosure. 

[0031] FIGS. 1 and 2 are perspective views of an exemplary embodiment of a radioisotope elution 

system 10 having an eluate extraction mechanism 12 mounted outside, and specifically on top of, a 

radioisotope generator assembly 14. The radioisotope generator assembly 14 may include a radiation 

shielded container or auxiliary shield 16, which may receive and at least substantially enclose a 
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radioisotope generator 18 and an eluant supply container 20 as discussed below with reference to FIG. 

3. The eluate extraction mechanism 12 and the auxiliary shield 16 may include a variety of radiation

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

radiation shielding material. The eluate extraction mechanism 12 may be mounted at least partially or 

entirely outside of the auxiliary shield 16 in a variety of configurations, orientations, and positions, such 

that an elution process may be performed to output an eluate to a position outside of the auxiliary shield 

16. For example, the eluate extraction mechanism 12 may be mounted along a generally horizontal 

surface on top of a cover 22 that generally closes a receptacle 24 of the auxiliary shield 16. 

Alternatively, the eluate extraction mechanism 12 may be mounted to the auxiliary shield 16 along a 

generally vertical surface or a side of the auxiliary shield 16. Alternatively, the eluate extraction 

mechanism 12 may be mounted separate from the radioisotope generator assembly 14. For example, 

the eluate extraction mechanism 12 may be disposed next to, above, below, or in a variety of remote 

locations relative to the radioisotope generator assembly 14, wherein an eluate conduit 52 may couple 

the eluate extraction mechanism 12 to the radioisotope generator assembly 14 as discussed in further 

detail below with reference to FIG. 3. 

[0032] In the illustrated embodiment of FIGS. 1 and 2, the eluate extraction mechanism 12 may be 

removably coupled to the cover 22, such that the eluate extraction mechanism 12 can be installed and 

removed without removing the cover 22 from the receptacle 24. In this manner, the eluate extraction 

mechanism 12 may improve the containment of radioactivity from the radioisotope generator 18 

disposed within the auxiliary shield 16. If the radioisotope generator assembly 14 is not being used for 

an elution process, then the eluate extraction mechanism 12 may be removed and replaced with a 

radiation shielded plug that may extend into and/or cover the passage 48 in the cover 22. If an elution 

process is desired now or in the near future, then the radiation shielded plug may be removed and 

replaced with the eluate extraction mechanism 12 on or over the cover 22. The eluate extraction 

mechanism 12 may be removably coupled to the cover 22 by a variety of fasteners and alignment 

structures. For example, the fasteners may include screws, bolts, or other threaded fasteners. The 

fasteners also may include latches or tool free connectors, such as snap-fit mechanisms, boss members 

that mate with keyhole slots, and so forth. The fasteners may also include hinges, adhesives, and 

compressive or interference fits. Alternatively, the eluate extraction mechanism 12 and the cover 22 

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

[0033] FIG. 3 is a cross-sectional side view of an embodiment of the radioisotope elution system 10 

as illustrated in FIGS. 1 and 2, further illustrating the eluate extraction mechanism 12 in an open, non

circulating configuration on top of the radioisotope generator assembly 14. As illustrated, the 

radioisotope generator assembly 14 may include the auxiliary shield 16 and the radioisotope generator 

18 disposed in the receptacle 24 below the cover 22 of the auxiliary shield 16. The radioisotope 

generator assembly 14 also may include the eluant supply container 20 coupled to one or more hollow 
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input needles 26 of the radioisotope generator 18. For example, the one or more hollow input needles 

26 may pierce a flexible insert 28, such as a rubber material, disposed within a head 30 of the eluant 

supply container 20. In this manner, the one or more hollow input needles 26 fluidly couple the eluant 

supply container 20 with an internal radioisotope element, such as molybdenum-99, disposed inside the 

radioisotope generator 18. The eluant supply container 20 may be disposed entirely or at least 

substantially inside the auxiliary shield 16 in the receptacle 24 below the cover 22, as ilJustrated in FIG. 

3. Alternatively, the eluant supply container 20 may be disposed at least partially or entirely outside the 

auxiliary shield 16 in other embodiments of the radioisotope elution system 10. As discussed in further 

detail below, the eluant supply container 20 may hold a variety of eluants, such as a saline solution, 

suitable for eluting a radioisotope (e.g., technetium-99m) from the radioisotope generator 18 into the 

eluate extraction mechanism 12. 

[0034] As illustrated in FIG. 3, the eluate extraction mechanism 12 may have a shielded eluate 

assembly 34 disposed removably inside a radiation shielded housing 36 on top of the cover 22. The 

illustrated radiation shielded housing 36 may have a variety of shapes and configurations. For example, 

the radiation shielded housing 36 may have a generally L-shaped or angled structure having a top or 

elongated housing portion 3 8 and a bottom housing portion 40. 

[0035] The radiation shielded housing 36 also may have a cover alignment member 42 disposed 

about an opening 44 in a base 46. In certain embodiments, the cover alignment member 42 may 

improve the alignment of the eluate extraction mechanism 12 with a passage 48 through the cover 22 of 

the auxiliary shield 16. For example, the base 46 may have a generally flat bottom surface 50, and the 

cover alignment member 42 may protrude outwardly from the flat surface 50. In view of this 

protruding characteristic, the cover alignment member 42 may fit or extend at least partially inside or 

through the passage 48 when the eluate extract mechanism 12 is mounted on the cover 22. In this 

manner, the cover alignment member 42 may increase the likelihood of proper alignment with the 

radioisotope generator 18 disposed inside the auxiliary shield 16. For example, the cover alignment 

member 42 may improve alignment between conduits, hollow needles, and various connections 

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

[0036] Regarding the various fluid connections, the eluate extraction mechanism 12 of FIG. 3, for 

example, may include an eluate conduit 52 that may pass through the radiation shielded housing 36 and 

the passage 48 in the cover 22. At one end, the eluate conduit 52 may be coupled with a hollow output 

needle 54 on the radioisotope generator 18. At an opposite end from the hollow output needle 54, the 

eluate conduit 52 may be coupled to a plunger 56 movably coupled to the eluate extraction mechanism 

12 along a path of travel, e.g., a linear path of vertical motion. For example, the plunger 56 may be 

moveably disposed in a guide structure or passage 58 within the top or elongated housing portion 38 of 

the eluate extraction mechanism 12. The plunger 56 also may include a hollow injection needle 60 or 
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another suitable fluid connector. Thus, the plunger 56 and the hollow injection needle 60 may be 

jointly moved along a path of travel between a connected position and a disconnection position between 

the hollow injection needle 60 and an eluate container 7 4 as discussed in further detail below. The 

hollow injection needle 60, or other suitable fluid connector, may be removably coupled to the eluate 

conduit 52 via a releasable fastener 62. For example, the fastener 62 may include a luer connection, a 

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

[0037] As discussed in detail below, the hollow injection needle 60 may be accessed, removed, 

serviced, or replaced independent and remote from the hollow output needle 54 on the radioisotope 

generator 18. Moreover, the coupling of the eluate conduit 52 and the hollow output needle 54 may be 

maintained during the life or use of a radioisotope generator 18, thereby reducing the likelihood of 

bending or damaging the hollow output needle 54. Instead, over the course of repeated use of the 

radioisotope elution system 10, the hollow injection needle 60 may be repeatedly connected and 

disconnected with the shielded eluate assembly 34. In view of the removability of the hollow injection 

needle 60, any bending or damage may be easily and cheaply serviced by replacing the needle 60 rather 

than the entire radioisotope generator 18. Moreover, the hollow injection needle 60 is disposed outside 

the auxiliary shield 16, such that servicing may be performed without removing the cover 22 and being 

exposed to radiation from the radioisotope generator 18. 

[0038] As further illustrated in FIG. 3, the shielded eluate assembly 34 may be inserted and 

removed from a region 64 generally below the plunger 56 via a door opening 66 along a side of the top 

or elongated housing portion 38. The radiation shielded housing 36 also includes a selective access 

door 68 having a hinge 70 coupled to the elongated housing portion 38 adjacent the door opening 66. 

Accordingly, radiation shielded housing 36 including the door 68 may provide substantially continuous 

radioactive shielding about the shielded eluate assembly 34 outside of the auxiliary shield 16, while the 

door 68 and opening 66 may enable a user to view and selectively access the shielded eluate assembly 

34 quickly and easily without opening the auxiliary shield 16. In addition, as discussed below, the 

shielded eluate assembly 34 may have a variety of features, such as a slot 93 and a door 94, to enable 

viewing of the extracted eluate. As illustrated in FIG. 3, the door 68 can open and close the door 

opening 66 for selective access, insertion, and removal of the shielded eluate assembly 34. In other 

embodiments, the door 68 may be coupled to the radiation shielded housing 36 via a sliding 

mechanism, a spring-loaded mechanism, a swinging mechanism, or another suitable opening and 

closing mechanism configured to enable selective access, viewing, insertion, and removal of the 

shielded eluate assembly 34. 

[0039] The shielded eluate assembly 34 as illustrated in FIG. 3 may include an eluate container 

shield 72 disposed about an eluate container 74, such as an evacuated vial, bottle, or other container in a 

vacuum condition. The eluate container shield 72 may include a variety of radiation-shielding 
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materials, such as lead, tungsten, tungsten impregnated plastic and/or another suitable radiation 

shielding material. The eluate container 7 4 may include a variety of transparent or translucent 

materials, such as glass. The eluate container shield 72 may include a cap 76 coupled to a shielded cup 

structure 78, such that the eluate container 74 may be generally aligned with an opening 80 through the 

cap 76. The cap 76 may be coupled to the shielded cup structure 78 via threads, an interference fit, a 

snap-fit mechanism, or another suitable attachment mechanism. The eluate container 74 may be 

aligned with the opening 80 via a variety of alignment mechanisms, such as an alignment adapter or 

ring 82 disposed about the eluate container 74 inside the shielded cup structure 78. Alternatively, the 

opening 80 may have a protruding portion facing downwardly toward a head 84 of the eluate container 

74, such that the head 84 may be aligned with the opening 80. 

[0040] The eluate extraction mechanism 12 as illustrated in FIG. 3 may also include a variety of 

alignment mechanisms to improve alignment of the shielded eluate assembly 34 relative to the hollow 

injection needle 60 coupled to the plunger 56. For example, the eluate extraction mechanism 12 may 

include one or more alignment members or tabs 86 along the base 46 of the radiation shielded housing 

84. The alignment members or tabs 86 may increase the likelihood that the shielded eluate assembly 34 

fits snugly between the tab 86 and the door 68 when the door 68 is closed over the door opening 66. In 

addition to the snug fit, the alignment members or tabs 86 may position a center of the head 84 (and 

longitudinal axis) of the eluate container 7 4 with a longitudinal axis of the hollow injection needle 60 

and the direction of motion of the plunger 56. In this manner, the hollow injection needle 60 may be 

connected and disconnected in a generally centered and straight direction into and out of the eluate 

container 74, thereby reducing the likelihood of bending or damaging the hollow injection needle 60. 

Again, a variety of fasteners, alignment mechanisms, containers, and configurations of the eluate 

extraction mechanism 12 may be employed to elute a radioisotope to the shielded eluate assembly 34 

generally outside the confines of the radioisotope generator assembly 14. 

[0041] FIG. 4 is a cross-sectional side view of and embodiment of the radioisotope elution system 

10 as illustrated in FIG. 3, further illustrating the eluate extraction mechanism 12 disposed in a closed, 

fluidly coupled configuration with the radioisotope generator assembly 14. As illustrated by arrow 88, 

the door 68 has been rotated about the hinge 70 to close the door opening 66, such that the shielded 

eluate assembly 34 may be snuggly fit between the alignment tab 86 and the door 68. In this manner, 

the alignment tab 86 and the door 68 can secure and align the opening 80 in the eluate container shield 

72 in a generally centered position with the hollow injection needle 60 of the plunger 56. In addition, 

the head 84 of the eluate container 74 may be generally aligned or centered with the opening 80 and the 

hollow injection needle 60 via the alignment adapter or ring 82 disposed about the eluate container 74 

inside the shielded cup structure 78. With the eluate container 74 generally aligned or centered with the 

hollow injection needle 60, the plunger 56 may be depressed downwardly as indicated by arrow 90 to 
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pierce the hollow injection needle 60 into the eluate container 74 through a flexible insert 92, such as a 

rubber material, in the head 84 of the eluate container 74. 

[0042] In certain embodiments, the eluate container 74 may be in vacuum, such that the pressure 

differential between the eluant supply container 20 and the eluate container 74 facilitates circulation of 

the eluant 32 through the radioisotope generator 18 and out through the eluate conduit 52 into the eluate 

container 74. As the eluant 32, e.g., a saline solution, circulates through the radioisotope generator 18, 

the circulating eluant 32 generally washes out or elutes a radioisotope, e.g., Technetium-99m. For 

example, one embodiment of the radioisotope generator 18 includes a radiation shielded outer casing 

(e.g., lead shell) that encloses a radioactive parent, such as molybdenum-99, adsorbed to the surfaces of 

beads of alumina or a resin exchange column. Inside the radioisotope generator 18, the parent 

molybdenum-99 transforms, with a half-life of about 67 hours, into metastable technetium-99rn. The 

daughter radioisotope, e.g., technetium-99rn, is generally held less tightly than the parent radioisotope, 

e.g., molybdenum-99, within the radioisotope generator 18. Accordingly, the daughter radioisotope, 

e.g., technetium-99m, can be extracted or washed out with a suitable eluant, such as an oxidant-free 

physiologic saline solution. The eluate output from the radioisotope generator 18 into the eluate 

container 74 generally includes the eluant 32 and the washed out or eluted radioisotope from within the 

radioisotope generator 18. Upon receiving the desired amount of eluate within the eluate container 74, 

the plunger 56 may be withdrawn outwardly from the shielded eluate assembly 34, such that the 

circulation and output of eluate is terminated. As discussed in further detail below, the extracted 

daughter radioisotope can then, if desired, be combined with a tagging agent to facilitate diagnosis or 

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

[0043] After or during the elution process, the door 68 may be rotated open to view the level or 

amount of eluate collected within the eluate container 74. For example, the eluate container shield 72 

may include one or more viewing windows or openings to enable a user to view the quantity of eluate 

within the container 74. FIG. 5 is a rear perspective view of an embodiment of the radioisotope elution 

system 10 of FIG. 4, further illustrating the eluate extraction mechanism 12 with the plunger 56 

depressed and the door 68 opened to enable viewing of the eluate through a viewing window or slot 93 

in the shielded cup structure 78 of the shielded eluate assembly 34. The slot 93, if included, also may 

be removably covered by a door 94 disposed along the outer walls of the shielded cup structure 78. In 

certain embodiments, the door 94 may include a sliding door, a rotating door, a sleeve disposed about 

the shielded eluate assembly 34, or another suitable mechanism for opening and closing the viewing 

window or slot 93. 

[0044] FIG. 6 is a cross-sectional side view of an embodiment of the elution system 10 of FIGS. 3 

and 4, further illustrating the plunger 56 withdrawn in an upward direction as indicated by arrow 96, the 

door 68 opened in a counterclockwise direction as indicated by arrow 98, and the shielded eluate 
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assembly 34 withdrawn from the eluate extraction mechanism 12 in an outward direction as indicated 

by arrow 100. In certain embodiments, the shielded eluate assembly 34 may be a radiopharmaceutical 

dosing assembly, such that one or more doses of the radioisotope may be extracted directly into a 

syringe or other container for delivery to a hospital or other medical facility. In other words, the eluate 

extraction mechanism 12 may reduce the number of shielded containers involved in the 

radiopharmaceutical preparation process within a radiopharmacy. For example, the eluate extraction 

mechanism 12 may eliminate the use of a shielded eluate container configured to fit within the passage 

48 in the cover 22 and/or with the top side of the radioisotope generator 18 inside the auxiliary shield 

16. Thus, the eluate extraction mechanism 12 enables output of the eluate directly into the shielded 

eluate assembly 34, which may then be used to prepare one or more radiopharmaceutical doses without 

first transferring the eluate to another shielded container assembly. 

[0045] FIG. 7 is an exploded cross-sectional side view of an embodiment of the radioisotope 

elution system 10 of FIG. 6, further illustrating the removability and replaceability of various 

components including the hollow iajection needle 60 of the eluate extraction mechanism 12. In 

addition, FIG. 8 is an exploded cross-sectional side view of an embodiment of the eluate extraction 

mechanism 12, further illustrating the removability and replaceability of the hollow injection needle 60. 

As illustrated, if the hollow injection needle 60 becomes damaged, bent, clogged, or inoperable during 

an elution process, then the hollow injection needle 60 may be removed and replaced with another 

needle 60 to ensure proper circulation of fluids through the elution system 10 into the shielded eluate 

assembly 34. The eluate extraction mechanism 12 and the removable hollow injection needle 60 may 

increase the life and operational efficiency of the radioisotope generator assembly 14, for example, by 

substantially reducing the likelihood of an inoperable generator assembly 14 that may be caused by 

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

[0046] In other words, after making the initial connection between the hollow output needle 54 of 

the radioisotope generator 18 and the eluate conduit 52 of the eluate extraction mechanism 12, the 

connections and disconnections with the eluate container 74 may be made with the plunger 56 and the 

hollow injection needle 60 rather than the hollow output needle 54. For example, each time an amount 

of eluate is desired from the radioisotope generator 18, the hollow injection needle 60 may be inserted 

into the eluate container 74 and then removed after the amount of eluate is collected in the container 74. 

However, the eluate conduit 52 may remain continuously coupled to the hollow output needle 54 of the 

radioisotope generator 18 during each elution process. Therefore, any likelihood of potential damage to 

the eluate output connectors (e.g., hollow needles) may be moved away from the radioisotope generator 

18 to the eluate extraction mechanism 12. Any potential damage to hollow injection needle 60 can be 

easily and cheaply addressed by replacing the hollow injection needle 60, whereas the relatively lower 

potential for damage to the hollow output needle 54 may be addressed by replacing the entire 

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

of damage to the eluate output connectors. 

[0047] FIGS. 9-13 are various views of an embodiment of the plunger 56, further illustrating 

connection mechanisms for the eluate conduit 52 and the hollow injection needle 60. FIGS. 9 and 10 

are top and bottom perspective views of the plunger 56 illustrating a removable fluid coupling 57 that 

may be removably coupled to a bottom side 59 of the plunger 56. As illustrated in FIGS. 9 and 10, the 

removable fluid coupling 57 may include an eluate conduit connector 61 extending laterally from the 

coupling 57, such that the eluate conduit 52 can fit securely and removably about the connector 61. 

The illustrated eluate conduit connector 61 also may include a variety of raised and lowered portions, 

such as a series of rings 63, to resist separation between the eluate conduit 52 (e.g., a flexible tube) and 

the connector 61. In the illustrated embodiment, the connector 61 is oriented at about 90 degrees 

relative to the hollow injection needle 60. However, the connector 61 may be oriented at a variety of 

angles in other embodiments of the plunger 56. The hollow injection needle 60 may be generally 

aligned with a centerline 65 of the plunger 56, such that the needle 60 can be inserted and removed in a 

straight direction relative to the centerline of the eluate container 74. In certain embodiments, the 

hollow injection needle 60 may be removably coupled to the removable fluid coupling 57. 

Alternatively, the hollow injection needle 60 may be an integral portion of the removable fluid coupling 

57. In either embodiment, the hollow injection needle 60 may be quickly removed and inexpensively 

replaced if the needle 60 becomes damaged during use. 

[0048] For example, turning to FIG. 11, the plunger 56 may include a slot 67 (e.g., a T-shaped slot) 

to receive a bossed portion or rail 69 (e.g., a T-shaped head) of the removable fluid coupling 57. As 

illustrated in FIG. 11, the slot 67 may include a narrow outer opening 71 leading into an enlarged inner 

channel 73. Similarly, the bossed portion 69 may include a narrow inner portion 75 leading to an 

enlarged outer portion 77. FIG. 12 is a side view of the removable fluid coupling 57, further illustrating 

the geometry of the portions 75 and 77. As indicated by arrow 79 in FIG. 11, the fluid coupling 57 may 

removably couple with the plunger 56 by laterally or horizontally moving the bossed portion or rail 69 

into the slot 67. In this manner, the fluid coupling 57 may be vertically interlocked with the plunger 56. 

In addition, the top of the bossed portion or rail 69 may include a detent 81 to interlock removably with 

a protrusion 83 inside the slot 67, as illustrated in FIGS. 11 and 13. In certain embodiments, the detent 

81 illustrated in FIG. 11 may be a concave recess, and the protrusion 83 illustrated in FIG. 13 may be a 

convex protrusion or ball-shaped portion. FIG. 13 is a bottom view of the plunger 56 illustrating an 

embodiment of the protrusion 83 positioned toward the interior or center of the plunger 56. At this 

interior position, the protrusion 83 may engage the detent 81 as the bossed portion or rail 69 of the 

removable fluid coupling 57 slides into the slot 67 of the plunger 56. In certain embodiments, the 

protrusion 83 and the detent 81 may snap-fit together, thereby removably securing the bossed portion or 

rail 69 in a lateral or horizontal direction relative to the slot 67. In this manner, a user may quickly 
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install, remove, and replace the removable fluid coupling 67 relative to the slot 67 and rail 69 via the 

vertical interlocking between the slot 67 and rail 69 and the horizontal interlocking between the detent 

81 and protrusion 83. In other embodiments, the removable fluid coupling 67 may be coupled to the 

plunger 56 via threads, latches, pin and grooves, and so forth. 

[0049] Referring again to FIG. 11, the plunger 56 may include one or more guiding rails 85, which 

may extend vertically lengthwise along the exterior of the plunger 56. These guiding rails 85 may have 

a generally rectangular geometry or another suitable geometry, which slides lengthwise along a mating 

portion of the guide struchire or passage 58 within the radiation shielded housing 36. In this manner, 

the guiding rails 85 may ensure proper alignment of the hollow injection needle 60 relative to the eluate 

container 74 and, also, ensure proper positioning of the eluate conduit connector 61 relative to the 

eluate conduit 52. However, other embodiments of the plunger 56 may employ a variety of alternative 

alignment mechanisms. 

[0050] FIGS. 14 and 15 are perspective views of an embodiment of the eluate extraction 

mechanism 12, further illustrating alignment features that may facilitate alignment with the radioisotope 

generator assembly 14. As illustrated, the radiation shielding housing 84 has a generally L-shaped or 

90 degree elbow-shaped geometry. However, any other suitable shapes, structures, or geometries are 

within the scope of the disclosed system. Moreover, the cover alignment member 42 may have a 

variety of shapes and configurations to facilitate alignment of the eluate extraction mechanism 12 and 

the eluate conduit 52 with the radioisotope generator assembly 14. For example, the cover alignment 

member 42 may have an elongated portion 102, such as an alignment adapter, that may be configured to 

fit and align with the passage 48 in the cover 22 and a top portion of the radioisotope generator 18. The 

elongated portion 102 may be an integral part of the eluate extraction mechanism 12 or the elongated 

portion 102 may be a removable structure having a suitable fastener, such as threads, latches, or snap-fit 

members, among other fasteners. In addition, the conduit 52 may be at least partially rigid (or rigidly 

supported) to facilitate the connection and alignment with the hollow output needle 54 of the 

radioisotope generator 18. For example, the eluate conduit 52 may be supported along most of its 

length by the aligmnent portion 102, such that the eluate conduit 52 may be generally centered with the 

hollow output needle 54 of the radioisotope generator 18 during insertion and removal of the eluate 

extraction mechanism 12 relative to the cover 22. However, a variety of mounting mechanisms and 

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

(0051] FIG. 16 is a flowchart illustrating an exemplary nuclear medicine process utilizing the 

radioactive isotope produced by the elution system 10 illustrated with reference to FIGS. 1-15. As 

illustrated, the process 104 begins by providing a radioactive isotope for nuclea1· medicine at block 106. 

For example, block 106 may include eluting technetium-99m from the radioisotope generator 18 

illustrated and described in detail above. At block 108, the process 104 proceeds by providing a 
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tagging agent (e.g., an epitope or other appropriate biological directing moiety) adapted to target the 

radioisotope for a specific portion, e.g., an organ, of a patient. At block 110, the process 104 then 

proceeds by combining the radioactive isotope with the tagging agent to provide a radiopharmaceutical 

for nuclear medicine. In certain embodiments, the radioactive isotope may have natural tendencies to 

concentrate toward a particular organ or tissue and, thus, the radioactive isotope may be characterized 

as a radiopharmaceutical without adding any supplemental tagging agent. At block 112, the process 

I 04 then may proceed by extracting one or more doses of the radiopharmaceutical into a syringe or 

another container, such as a container suitable for administering the radiopharmaceutical to a patient in 

a nuclear medicine facility or hospital. At block 114, the process 104 proceeds by injecting or generally 

administering a dose of the radiopharmaceutical into a patient. After a pre-selected time, the process 

104 proceeds by detecting/imaging the radiopharmaceutical tagged to the patient's organ or tissue 

(block 116). For example, block 116 may include using a gamma camera or other radiographic 

imaging device to detect the radiopharmaceutical disposed on or in or bound to tissue of a brain, a 

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

(0052] FIG. 17 is a block diagram of an exemplary system 118 for providing a syringe having a 

radiophannaceuticaI disposed therein for use in a nuclear medicine application. As illustrated, the 

system 118 includes the radioisotope elution system 10 previously described with regard to FIGS. 1-15. 

The system 118 alsp includes a radiopharmaceutical production system 120, which functions to 

combine a radioisotope 122 (e.g., technetium-99m solution acquired through use of the radioisotope 

elution system 10) with a tagging agent 124. In some embodiment, this radiopharmaceutical production 

system 120 may refer to or include what are known in the art as "kits" (e.g., Technescan® kit for 

preparation of a diagnostic radiopharmaceutical). Again, the tagging agent may include a variety of 

substances that are attracted to or targeted for a particular portion (e.g., organ, tissue, tumor, cancer, 

etc.) of the patient. As a result, the radiopharmaceutical production system 120 produces or may be 

utilized to produce a radiopharmaceutical including the radioisotope 122 and the tagging agent 124, as 

indicated by block 126. The illustrated system 118 may also include a radiophannaceutical dispensing 

system 128, which facilitates extraction of the radiopharmaceutical into a vial or syringe 130. In certain 

embodiments, the various components and functions of the system 118 are disposed within a 

radiopharmacy, which prepares the syringe 130 of the radiopharmaceutical for use in a nuclear 

medicine application. For example, the syringe 130 may be prepared and delivered to a medical facility 

for use in diagnosis or treatment of a patient. 

(0053] FIG. 18 is a block diagram of an exemplary nuclear medicine imaging system 132 utilizing 

the syringe 13 0 of radiopharmaceutical provided using the system 118 of FIG. 12. As illustrated, the 

nuclear medicine imagining system 132 includes a radiation detector 134 having a scintillator 136 and a 

photo detector 138. In response to radiation 140 emitted from a tagged organ within a patient 142, the 

scintillator 136 emits light that is sensed and converted to electronic signals by the photo detector 138. 
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Although not illustrated, the imaging system 132 also can include a collimator to collimate the radiation 

140 directed toward the radiation detector 134. The illustrated imaging system 132 also includes 

detector acquisition circuitry 144 and image processing circuitry 146. The detector acquisition circuitry 

144 generally controls the acquisition of electronic signals from the radiation detector 134. The image 

processing circuitry 146 may be employed to process the electronic signals, execute examination 

protocols, and so forth. The illustrated imaging system 132 also includes a user interface 148 to 

facilitate user interaction with the image processing circuitry 146 and other components of the imaging 

system 132. As a result, the imaging system 132 produces an image 150 of the tagged organ within the 

patient 142. Again, the foregoing procedures and resulting image 150 directly benefit from the 

radiopharmaceutical produced by the elution system 10 as illustrated and described with reference to 

FIGS. 1-15. 

[0054] When introducing elements of the present invention or various embodiments thereof, the 

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

The terms "comprising'', "including'', and "having" are intended to be inclusive and mean that there 

may be additional elements other than the listed elements. Moreover, the use of ''top", "bottom", 

"above'', "below" and variations of these terms is made for convenience, but does not require any 

particular orientation of the components. 

[0055] While the invention may be susceptible to various modifications and alternative forms, 

specific embodiments have been shown by way of example in the figures and have been described in 

detail herein. However, it should be understood that the invention is not intended to be limited to the 

particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, and 

alternatives falling within the spirit and scope of the invention as defined by the following appended 

claims. 
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CLAIMS: 

1. A radiopharmaceutical system, comprising: 

a radioisotope generator assembly, comprising: 

a radiation shield having a receptacle and a cover disposed over the receptacle; and 

a radioisotope generator disposed in the receptacle below the cover; and 

an eluate extraction mechanism, comprising: 

an eluate conduit fluidly coupled to a hollow output needle of the radioisotope 

generator; 

a radiation shielded housing disposed outside the radiation shield; and 

a hollow needle fluidly coupled to the eluate conduit opposite the radioisotope 

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

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

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

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

along a path of movement within the radiation shielded housing. 

4. The radiopharmaceutica1 system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed removably inside the radiation shielded housing adjacent a 

door. 

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

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

6. The radiopharmaceutical system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed inside an eluate container shield comprising a radiation 

shielding material, wherein the eluate container shield comprises an eluate container viewing window. 

7. The radiopharmaceutical system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed inside an eluate container shield comprising a radiation 

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

container shield. 

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

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

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

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

the alignment portion and the passage. 

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

plunger via a releasable fastener. 

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

a Iuer connector. 

13. The radiopharmaceutical system of claim 1, comprising ai1 eluant supply container 

fluidly coupled to the radioisotope generator. 

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

disposed inside the radiation shield. 

15. An eluate extraction mechanism, comprising: 

a radiation shielded housing; 

an eluate conduit having a radioisotope generator end disposed outside the radiation shielded 

housing and an opposite end disposed inside the radiation shielded housing; 

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

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

the plunger is coupled to the hollow iajection needle inside the radiation shielded housing. 

16. The eluate extraction mechanism of claim 15, wherein the hollow injection needle 

comprises a release mechanism. 

17. The eluate extraction mechanism of claim 15, wherein the plunger has a path of travel 

including a connected position and a disconnected position between the hollow injection needle and fill 

eluate container disposed inside the radiation shielded housing. 

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

removably inside the radiation shielded housing adjacent a door. 

17 
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19. The eluate extraction mechanism of claim 1 7, wherein the eluate container is disposed 

inside an eluate container shield comprising a radiation shielding material, wherein the eluate container 

shield comprises a viewing window and the eluate container comprises a transparent or translucent 

material. 

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

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

21. An eluate extraction mechanism, comprising: 

a radiation shielded housing comprising a door; 

a shielded eluate collection assembly disposed removably inside the radiation shielded housing 

adjacent the door; 

an eluate conduit having a radioisotope generator end disposed outside the radiation shielded 

housing and an opposite end disposed inside the radiation shielded housing; and 

a hollow needle fluidly coupled to the opposite end of the eluate conduit, wherein the hollow 

needle includes a connected position and a disconnected position relative to the shielded eluate 

collection assembly. 

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

the radiation shielded housing and coupled to the hollow needle. 

23. The eluate extraction mechanism of claim 21, wherein the shielded eluate collection 

assembly comprises an eluate container disposed inside an eluate container shield comprising a 

radiation shielding material, wherein the eluate container shield comprises a viewing window and the 

eluate container comprises a transparent or translucent material. 

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

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

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

supplying an eluant into a radioisotope generator; 

eluting a radioisotope in the radioisotope generator; 

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

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

inserted into an eluate container via a plunger. 

18 
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26. The method of claim 25, wherein flowing comprises transferring the eluate through a 

radiation shield disposed about the radioisotope generator and directly into a radiation shielded housing 

disposed outside the radiation shield, wherein the radiation shielded housing is disposed about the 

eluate container, the hollow needle, and at least a portion of the plunger. 

27. The method of claim 25, comprising maintaining a continuous connection between the 

output and the eluate conduit during connections and disconnections beh;veen the hollow needle and the 

eluate container. 

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

eluate container via a window. 

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

via a door. 

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

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

19 
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AUTOMATED STRONTIUM-RUBIDIUM INFUSION SYSTEM 

The invention relates to medical engineering, and particularly to means for automation 

of a process for producing a diagnostic solution from a radionuclide strontium-rubidium 

5 generator and remote carrying out a checked infusion with automatic checking main process 

characteristics, such as an introduced activity value, presence of air bubbles as well as a 

solution weight and activity in a waste container. 

One of the most perspective directions m the nuclear diagnostics is the positron 

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

10 and F-18 are used in the PET centers. This obliges to have cyclotrons at the place of 

diagnostic for making such isotopes. It is possible to widen the functionality of the PET 

diagnostics in use of generator systems having a parent radionuclide lifetime significantly 

longer that a lifetime of radionuclides made in cyclotrons of the PET centers. Generator 

systems 82Sr (tl/2 = 25.6 days)--+ 82Rb (t112 = 75 seconds) and 68Ge (t112 = 271 days)--+ 68Ga 

15 (t112 = 78.3 minutes) are the most promising systems among the PET isotope generators. 

Therefore, it is possible to say with respect to generator isotopes that any clinics 

having PET scanners within a region, a country or a group of countries are to be provided 

with said isotopes. 

Generator systems can find the widest use in so called mobile PET scanners mounted 

20 in auto-trailers and called for servicing clinics that have no both own cyclotrons and own PET 

scanners. Absence of "affixmcnt" of such a mobile PET scanner to an isotope base 

substantially widens a radius of the territory serviced thereby. 

A strontium-rubidium infusion system for producing a diagnostic solution from a 

radionuclide strontium-rubidium generator and carrying out a checked infusion is known (US 

25 4,562,829, 1986), said system comprising: an eluent tank connected by respective pipes of a 

transporting system via a first three-way valve to a syringe pump; a strontium-rubidium 

generator with a first filter and a first pressure sensor at an input; a second three-way valve 

whose first opening is coupled via a second filter to means for infusing an eluent into a patient 

and whose second opening is coupled to an eluate surplus storing and collecting means; 

30 radioactivity measurement means; and a check and control system. The prior art system is not 

optimal in a degree of radioactive radiation protection and in a service life of a generator 

column. 

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

technical result to be accomplished by using the inventive system consists in enhancement of 
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effectiveness in carrymg out of a diagnostic procedure due to automation of the infusion 

procedure, reducing undesirable irradiation doses for a patient and maintenance personnel, 

increasing exploitation lifetimes of a generator column. 

The essence of the disclosed invention consists m that an automated strontium-

5 rubidium infusion system comprises: an eluent tank, a strontium-rubidium generator with a 

filter and a pressure sensor at an input; means for infusing an eluent into a patient, said tank, 

generator and means being connected by a transporting system to pipes and two three-way 

valves; radioactivity measuring means; and a check and control unit. At the same time, the 

eluent tank is connected via first and second openings of the first three-way valve to a syringe 

10 pump, a first opening of the second three-way valve is coupled by pipes via a second filter to 

the means for infusing the eluent into the patient and is coupled by a second opening thereof 

to a waste receptacle. The system further comprises: third and fourth three-way valves; first 

and second air bubble detectors coupled to the check and control unit being in communication 

with a computer, said third three-way valve being connected by first and second openings via 

15 pipes to a third opening of the first three-way valve and to an input of the strontium-rubidium 

generator, respectively, an output of the generator being coupled to a first opening of the 

fourth three-way valve, wherein the third opening of the third valve and a second opening of 

the fourth valve are in communication by a pipe, the first air bubble detector is mounted on a 

pipe between the eluent tank and the first opening of the first valve while the second detector 

20 is mounted on a pipe between the third openings of the fourth and second valves. 

Further, the radioactivity measurement means include first and second activity sensors. 

At the same time, the first activity sensor is placed on a pipe between the third openings of the 

fourth and second valves and is embodied as a beta detector. 

A radiation protection of the eluate surplus collecting and storing means may be 

25 implemented as a protection box including waste weight check means in the form of a force 

sensor, while the second activity sensor in the form of a gamma detector may be mounted 

within an opening of the protective box in order to determine a radioactivity level. 

A column of the strontium-rubidium generator has a radiation protection including 

external main and transportation protective containers, said main protection container being 

30 mounted stationary on a shelf of a bogie. 

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

with a shifting tabletop. 

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

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

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

Conditional notation used in drawings is listed below: 

1 - Eluent tank 

2, 3, 4, 5 - three-way valves 

6, 7 - activity sensors 

8, 9 - pressure sensors 

10 - Syringe pump 

11 - strontium-rubidium generator 

12 - Check and control unit 

13 - Weight sensor 

14 - Remote computer 

15, 16 - filters 

17, 18 - air bubble detectors 

19 - Means (needle) for infusing an clucnt into a patient 

20 - Eluent and eluate waste receptacle 

21 - Movable housing 

22- Stand 

23 - Protective container of strontium-rubidium generator 

24 - Protective container for beta detector 

25 - Power supply source 

26 - Protective box of waste reservoir 

27 - Shifting tabletop 

PCT/RU 2008/000211 

An automated strontium-rubidium infusion system includes means for generating 

25 rubidium-82 in a solution which can be infused into a patient, exactly, a rubidium-strontium 

generator 11 (Fig. 1) of a traditional type in a transporting container. This container is placed 

in a protective external main container 23 and fulfils a main radiation protection function 

together with the latter. The assembled system may be mounted in a movable housing 21 (Fig. 

2) covered by decorative panels (not shown). There is a stand 22 mounted on a tabletop and 

30 having an eluent tank fastened thereon. There are a syringe pump 10 and a computer 14 

further mounted here. Components mounted on an upper shelf of the movable housing 21 are 

as follows: 

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

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

activity of a solution passed through the strontium-rubidium generator 11; 

- a power supply source 25. 

A protective box 26 is placed at a lower shelf, said box having an eluent and eluate 

5 waste receptacle arranged therein. 

A top lid of the container 23 is turned back in Fig. 3, which makes it possible to see a 

cavity into which the transporting container with the strontium-rubidium generator 11 is 

placed. Tn order to make easier the access to the main protective container 23 during 

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

10 column of the strontium-rubidium generator 11 and installation of a transporting container 

with a fresh column), a tabletop part is made as a shifting tabletop 27 which provides 

convenience in operation. 

Further, the system includes means for infusion, exactly (Fig. 1 ): a remote-controlled 

syringe pump 10 whose rod is actuated, for example, by a step motor; means for automated 

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

eluent and an eluate to a patient or an eluent and eluate waste receptacle, said transporting 

system being provided with multi-way (three-way) valves 2 to 5 (Fig. 1) that ramify the 

transporting system in accordance with a job making program; antibacterial protection means, 

exactly, antibacterial filters 15 and 16 at an input and at an output of the transporting system; 

20 eluate activity measurement means 6 and 7 for monitoring and dozing in infusion into a 

patient; pressure measurement means 8 and 9 for measurement a pressure in the transporting 

system, said means being designed for measuring occlusion as well; an eluent and eluate 

waste receptacle 20 also capable of measuring a solution activity value and a solution weight 

in a waste reservoir 13; means 12 for automated check throughout the cluation process and 

25 components thereof, implemented by on-board or remote computers 14. 

The tank 1 with an eluent (for example, brine) is connected by a plastic fitting to a 

pipe (for example, an infusion tube that has an outer diameter of 2.5 mm with an inner 

diameter of 1.5 mm). Lengths of such tubes (pipes) are used further to build the transporting 

system as a whole for infusion. Other end of the pipe is attached via an air bubble detector 17 

30 that generates a signal to a check and control unit 12 in case of passing an air bubble, and said 

unit generates a control signal to valves 2, 3, 4, and 5 as a result of which the eluent solution 

comprising the air bubble is removed into the eluent and eluate waste receptacle 20 and does 

not passes through the column of the strontium-rubidium generator 11. 
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The valve 2 switches the infusion system into one of two possible operating modes 

for: (1) filling the syringe when the syringe pump 10 operates for suction the brine from the 

eluent tank 1 (via the first and second openings of the valve); or (2) infusing, that is, 

supplying the brine from the filled syringe of the syringe pump 10 into the infusion system 

5 (via the first and third openings of the valve). 

Further, the three-way valve 2 is connected by a length of a connecting tube to the first 

opening of the third three-way valve 4 whose second opening is connected via the first filter 

15 to an input of the column of the strontium-rubidium generator 11. The first pressure sensor 

8 checks a pressure at the input of the column of the strontium -rubidium generator 11. 

10 The third opening of the valve 4 via a length of a connecting tube is connected to the 

second opening of the fourth three-way valve 5. This valve (the first opening) also has 

connections to an output tube of the column of the strontium-rubidium generator 11 and an 

extension of the infusion system in the third opening. 

When the syringe pump operates in the operating "infusion" mode, the pair of three-

15 way valves 4, 5, while operating in synchronism, allows either pumping the brine from the 

syringe 10 via the column of the strontium-rubidium generator 11 further to the infusion 

system already in the form of an eluate, that is, a Rb-82-enriched solution, or pumping the 

brine into the infusion system while by-passing the strontium-rubidium generator 11. Thus 

operating mode is used when a necessary Rb-82 activity amount has been made and should be 

20 delivered to a patient 19 while the infusion system should be filled with the inactive brine at 

the end of infusion into the patient. When the brine pumping mode is used, practically the 

entire transporting system, exceptive for a connecting pipe from the strontium-rubidium 

generator output to the fourth three-way valve, will be filled with the non-radioactive brine 

and will not be a source of additional undesirable radioactivity for the patient and the 

25 maintenance personnel; additionally, a brine volume necessary to after-press the made eluate 

into the patient will not pass through and deplete the column of the strontium-rubidium 

generator, because it is known that a potency of the generator depends not only upon a time of 

using thereof but also upon a volume of the brine passed through the generator. 

There are a first radioactivity detector 6 (a beta detector) and a second air bubble 

30 detector 18 mounted on a pipe from the third opening of the fourth three-way valve 5 to the 

third opening of the second three-wave valve 3, said air bubble detector being similar to the 

first air bubble detector 17 .. When an air bubble is detected, the detector 18 generates a signal 

to the check and control unit that generates a control signal to the second three-way valve 3. 

As a result, an eluate comprising the air bubble is removed into the eluent and eluate waste 
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receptacle 20. If an air bubble is not detected, the eluate is directed via the first of said three

way valve 3 and the second filter 16 into the patient, that is, onto a needle 19. 

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

location of the detector 18. 

The check for filling said waste receptacle with a liquid is carried out by a force 

sensor (not shown). To measure a radioactivity present in the eluent and eluate waste 

receptacle, the second radioactivity sensor 7 (a gamma detector) is used. The radiation 

protection of the eluate surplus collecting and storing means is implemented as a protection 

box including a force sensor, while the second activity sensor is mounted within an opening 

10 of the protective box. 

15 

20 

During infusion into the patient, the second three-way valve 3 is switched for passing 

the eluent to a pipe connected to the needle 19 via a Millipore filter 16. There is a second 

pressure sensor 9 mounted in this section which allows measurement of an occlusion pressure 

when an Rb-82-containing solution in administered into the patient. 

The process of operating the strontium-rubidium infusion system takes place under 

control of a control computer program that registers a status of each of devices included in the 

infusion system at moments of starting and finishing a step, and also registers actions of said 

devices under condition of their normal functioning and in case if an emergency situation 

occurs. 

To exclude overfilling the eluent and eluate waste receptacle 20 with a radioactive 

liquid, a level of said liquid is remotely checked using the force sensor; in doing so, there is 

monitoring of a total container and liquid weight (volume) and a limit value thereof. 

Additionally, by fixing a weight of the empty waste collection receptacle, a system for 

scheduled interrogating the check and control unit receives information that the receptacle is 

25 mounted in a container. A maximum waste volume in the receptacle is 250 ml. 

The check and control unit 12 is coupled to a remote computer whose display displays 

a graphical mnemonic diagram of the generator device, said diagram providing observation of 

parameters to be checked in an automatic mode and parameters for operating control of 

individual members (the electromagnetic three-way valves 2 to 5 and the pump 10) in a 

30 manual mode. The diagram makes it possible to observe a current state of all members (the 

valves 2 to 5, the air bubble detectors 17, 18) of the disclosed infusion system, and operation 

of the syringe pump 10. The system also allows reception of information about parameters of 

a pressure in a line from the pressure sensors 8, 9, and reception of information about an 
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eluate activity at an output of the generator column 11 and a total activity, a weight of the 

eluate and eluent waste receptacle 20, an activity in said receptacle from the detectors 6, 7. 

The check and control unit 12 of the system is connected to control members of the 

generator plant, that is, the electromagnetic three-way valves 2, 3, 4, 5 and the pump 10, and 

5 also includes members for gathering and processing signals from the sensors 6, 7 (the 

radioactivity sensors), 8, 9 (the pressure sensors), and 17, 18 (the bubble detectors). The 

control unit 12 is in communication with a panel personal computer (PPC) or any other 

remote computer (14) through an Ethernet channel. The control unit receives commands from 

the PPC or remote computer to execute individual steps of the generator plant operating 

10 program and informs said computers about a current state of members controlled thereby and 

a state of system sensors. 

The disclosed system improves the safety of use due to the fact that automation of the 

infusion process has allowed significant reduction in the radioactive irradiation because the 

system includes additional members that provide ramification of pipes. As a result, it is 

15 possible to after-press the made eluate into the patient by the cluent while by-passing the 

strontium-rubidium generator. At the same time, the pipe is pumped through by the non

radioactive eluent and there is no additional depletion of the strontium-rubidium generator, 

which makes the life thereof longer. Further, the risk of presence of air bubbles in the eluent 

delivered into the patient is excluded because of introducing air bubbles into the system of 

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

eluate wastes to the eluent and eluate waste receptacle via branches of the pipe without 

depletion of the strontium-rubidium generator. 
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CLAIMS 

1. An automated strontium-rubidium infusion system comprising: 

an eluent tank; 

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

means for infusing an eluent into a patient, said tank, generator and means being 

connected by a transporting system to pipes and two three-way valves; 

radioactivity measuring means; and 

a check and control unit, 

wherein the eluent tank is connected via first and second openings of the first three

way valve to a syringe pump, a first opening of the second three-way valve is coupled by 

pipes via a second filter to the means for infusing the eluent into the patient and is coupled by 

a second opening thereof to a waste receptacle, 

15 said system being characterized in that it further comprises: 

third and fourth three-way valves; 

first and second air bubble detectors coupled to the check and control unit being in 

communication with a computer, 

said third three-way valve being connected by first and second openings via pipes to a 

20 third opening of the first three-way valve and to an input of the strontium-rubidium generator, 

respectively, an output of the generator being coupled to a first opening of the fourth three

way valve, 

wherein the third opening of the third valve and a second opening of the fourth valve 

arc in communication by a pipe, the first air bubble detector is mounted on a pipe between the 

25 eluent tank and the first opening of the first valve while the second detector is mounted on a 

pipe between the third openings of the fourth and second valves. 

2. The system according to claim 2, characterized m that the radioactivity 

measurement means include first and second activity sensors. 

3. The system according to claim 3, characterized in that the first activity sensor is 

30 placed on a pipe between the third openings of the fourth and second valves and is embodied 

as a beta detector. 

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

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

opening of the protective box. 

5. The system according to claim 1, characterized in that the strontium-rubidium 

generator has a radiation protection including external main and transportation protective 

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

10 

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

movable housing. 

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

a shifting tabletop. 
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~ (57) Abstract: The invention relates to medical engineering. The inventive automated strontium-rubidium infusion system com-
Q prises a container with eluent, a strontium-rubidium generator with a filter and a pressure sensor and an eluate infusion unit, which 
~ are connected by means of a transporting system provided with pipes and two three-way valves, radioactivity measuring means and 
-- a control and operating unit. An eluent container is connected to a syringe pump via the first valve, the second three-way valve is 
00 connected to the eluate infusion unit and a waste receptacle via the second filter. Pirst and second air bubbles detectors are connected g to the control and operating unit. The second three-way valve is connected to the first three-way valve and to the input of the stron
N tium-ruhidium generator. The generator output is connected to the fourth valve which is connected to the third valve. The first air 

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

~ 
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(57) Pelj>epaT: Tfao6pcTCHHC OTHOCHTCl! K MCL\HUHHCKOH TCXHHKC. ABTOMaTH3HpOBaHHaH CTpOHUHH - py6HL(HCBaH HH!)lY3HOHHaH 
CHCTeMa con:ep)!(HT CMKOCTE. c 3JIIOCHTOM, CTpOHUHtl-py6HL(HCBE.JH reHepaTop c cjJHJIE.TpOM H L(aTLfHKOM n:aBJJCHHH, cpeL(CTBO L(JJH 
HHcjJy3HH 'JJJIOaTa, COC)lHHCHHE.Je CHCTCMOH TpaHcnopTHpOBKH c Tpy6onpOBOJJ:aMH H JJ:BYMH TpeXXOJJ:OBbJMH KJJanaHaMH, cpeJJ:CTBa 
)lJIH 113MepeHHH pan:woaKTHBHOCTH H 6rroK KOHTpOJJH H ynpaBJJCHHH. EMKOCTb c 3JJIOCHTOM rrepe3 nepBE.IH KJJanaH COCJJ:HHCHa co 
IJJJTPHUCBE.JM HaCOCOM, BTOpott TpeXXOJJ:OBOH KJJanaH COCJJ:HHCH rrepe3 BTOpott cjJIIJIE.Tp co cpeJJ:CTBOM )lJJH HHcpy3HH 'JJJIOaTa H co 
c6opHHKOM OTXOJJ:OB. TiepBblH H BTOpotl L\CTCKTOpbl B03L\Yll1Hb!X ny3nlpbKOB ITOJJ:KJJIOLfCHbl K 6rroKy KOHTpOJJH H ynpaBJJCHHH. 
BTopon TpeXXOJJ:OBOH KJJanaH CBH3aH c nepBbJM TpeXXOJJ:OBE.IM KJJanaHOM H BXOJJ:OM CTpoHuntl-py611)lJJeBoro reHepaTopa. Bn!XOL\ 
reHepaTopa ITOJI:KJJIOLfCH K LfCTRepTOMY KJJanaHy, COCJI:HHCHHOMY c Tpen.HM KJJanaHOM. Tiepm.1tl JI:CTCKTOP R03JI:YITIHhTX ny3r,1pT.KOR 
ycTaHOBJJCH MC)!()ly eMKOCTblO c 'JJJIOCHTOM 11 nepBbJM KJJanaHOM, a BTOpotl JJ:CTCKTOP - MC)!(JJ:Y LfCTBepTbJM H BTOpE.IM KJJanaHaMH. 
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ABTOM3TH3HpOB3HH3H CTpOHD;llH - py61f)J;HeBaH 11Hfj>y3HOHH3H CHCTeMa 

.Vbo6peTeHHe OTHOCHTC.sl K Me.n;m.J;HHCKOM TeXHHKe, B "lJaCTHOCTH K 

5 cpe,z:i:cTBaM aBTOMannaU,HH npou,ecca rrpm!.3BO.lJ:CTBa ,l.l;lfarHOCTH"lJeCKOro paCTBOpa 

OT pa,a.HoHyKnH,z:i:Horo CTPOHU,Hli-py611..z:i:11.eBoro reHepaTopa H .D;HCTaHUHOHHoro 

npoBe.z:i;eHHH KOHTpon11.pyeMOH HHQ:>y3HH, c aBTOMan1.qecKHM KOffrponeM 

OCHOBHbIX xapaKTepHCTHK rrpou,ecca, TaKHX KaK BeJI11.q11Ha BBO,ll;HMOH 

aKTHBHOCTH, serr11q11Ha OKKJII03HH, HaJIR"l!He B03,lJ;yIIIHhIX rry3bipeif, a TaK)l(e sec H 

10 aKTHBHOCTb paCTBOpa B KOHTeliHepe c OTXOJl:aMH. 

0.UHHM H3 HaH6orree rrepcrreKTHBHbIX HanpaBJieHHH B .si:.uepHOH 

nHarHOCTHKe II03HTpOHH0-3MRCCHOHHM TOMorpaQ:>H.si: (I13T). 

,ZJ)rn pa6oTbI B I13T-ueHTPax HCIIOJib3YffiT TaKHe KOpOTKO H YJibTpa-

KOpOTKO:>I<ll.BYW:He H30TOIIhI KaK C-11, 0-15, N-13, F-18. 3TO 

15 o6.sI3bIBaeT HMeTh Ha MeCTe rrposeneHHH llHarHOCTHKH UHKJIOTpOHhI .ll:JIH 

20 

Hapa6oTKH TaKHX H30TorroB. Bo3MO)l(HOCTH I13T-1111arHoCTHKH Moryr 

cyrn:ecTBeHHO pacurnpeHhI IIpH HCIIOJih30BaHHH reHepaTOpHblX 

CHCTeM, BpeMH )KH3HH MaTepHHCKOro KOTOpbIX 

3HaqHTeJihHO rrpeBhIIIIaeT BpeMH )l(H3HH Hapa6aTbIBaeMhIX Ha 

UHKJIOTpOHax I13T-ll,eHTPOB pa,n:HOHYKIIHJl:OB. Ha116orree rrepcrreKTHBHhIMH 

cpenH H30TOilHhIX reHepaTopoB llIT.sI I13T CTOHT reHepaTOpHbie CHCTeMhI 

82Sr (t112=25,6 nHeH:) -7 82Rb (t112=75 ceK) H 
68

Ge (t112=271 nHeli) -7 68
Ga 

(t112=68,3 MHH). 

Ilo3TOMY B rrpHMeHeHHH K reHepaTOpHbIM H30TonaM MO)l(HO roBopHT:b o 

25 CHa6)l(eHRH HMH JII06bIX KJIHHHK, 06Jia,z:J.aIOW:HX I13T-CKaHHepaMH, B paMKax 

perHoHa, rocynapcTsa HJIH rpyrrrrbI rocy.n;apcTB. 

HaH60rrbrnee rrpHMeHeHHe reHepaTopHhie c11.cTeMhI Moryr HaHTH B 

CMOHTHpOBaHHbIX B aBTOTpeH:rrepax TaK Ha3hIBaeMbIX M06HJihHhIX I13T, 

Bhl3hIBaeMhIX ,l.l;JIH 06c11y)l(Jl.BaHHH KJIHHHK, He 11.MeIOrn;Hx He TOJihKO co6CTBeHHhIX 

30 ll,HKJIOTpOHOB, HO H co6CTBeHHhIX I13T-cKaHHepoB. IlpH OTCYTCTBll.11. «IIpHBH3KH» 

TaKoro M06HJihHOro I13T-cKaHHepa K H30TOIIHOH 6a3e cyrn:ecTBeHHO 

pacrnMpHeTCH pa.u11.yc o6cJiy)l(HBaeMOH HM TeppHTOpHH. 
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]ifaseCTHa CTpOHUHR-py6H.n;HeBIDI HHcjJy3HOHaJI CHCTeMa rrpOH3BO,ZJ;CTBa 

.n;HarHOCTHqecKoro pacTBopa OT pa,nHOHYKJIHllHOro CTpOHUHH:-py6HllHeBoro 

reHeparnpa H rrpoBeneHH51 KOHTp01IHpyeMOH HHcjJy3HH (US 4562829, 1986), 

BKmoqaJOII{aH eMKOCTb c 3moeHTOM, coenirneHH)'IO COOTBeTCTBYIOII{HMH 

5 Tpy6orrposo.n;aMH CHCTeMhJ TpattcrropTHpOBKH qepe3 rrepBhIH rpexxo,ZJ;OBOH 

KnarraH c umpMU:eBhIM HacocoM, crpoHuHH:-py6HllMeBhIH reHepaTop c rrepBhIMH 

cjJHJihTpOM H .n;aTqHKOM naBJieHirn: Ha Bxone, BTopoH: TpexXOllOBOH KJiarraH, rrepsoe 

OTBepcn1e KoToporo rro.n;KmoqeHo qepe3 BTopoii: qrn:nhrp K cpe.n;cTBY .n;m1 

HHcjJy3HH :rnIOaTa rrauHeHTy, a BTOpoe - K cpe,D;CTBY ,ZJ;JUI c6opa H xpaHeHH51 

10 H3JIHillKOB 3nIOaTa, cpencTBa llJIH H3MepeHMH pa,nHoaKTHBHOCTM M cMcTeMa 

KOHTpOJIH M yrrpasnemrn. 1bBeCTHIDI CHCTeMa He 5IBJI5IeTC51 OIITHMaJlhHOH ITO 

CTerreHH 3all{HThl OT pa,n:aoaKTHBHOro H3nyqeHH51 H no cpoKy cny)l(:6J>I 

reHepaTOpHOH KOJIOHKH. 

Tipe.z:i;naraeMoe H3o6peTeHHe HarrpaBneHo Ha ycTpaHeHMe rrepeqHcJieHHbIX 

15 HellOCTaTKOB. ,n:ocTHraeMhIH rrpH ee HCIIOJib30BaHirn TeXHHqeCKHH pe3yJIJ>TaT 

3aI<JIIOqaeTC51 B IIOBhIIIJeHHH 3cjJcjJeKTHBHOCTH rrpoBe.n;emrn .n:1mrHOCTifqeCKOH 

rrpou:enyphI 3a cqeT aBTOMannauHH rrpoue.n;yphI HHcPY3MH, CHH)l(:emrn: ll03 

He)l(:eJiaTeJibHoro pa,nHoaKTHBHoro o6nyqemrn rrau::aeHTa H o6cny)l(:HBaIOII{ero 

rrepcoHaJia, yBeJI:aqeHHH cpOKOB 3KCITJiyaTauHH reHepaTOpHOH KOJIOHKH. 

20 CymHoCTh rrpe.n;naraeMoro .H3o6peTeHH51 3aI<JIIOqaeTC51 B TOM, qTo 

aBTOMaTH3HpOBaHHa51 CTpOHllJIH - py6H.n;HeBM HHcPY3MOHHIDI CHCTeMa, co.z:i;ep)l(:HT 

eMKOCTb c 3JIIOeHTOM, CTpOHU:Hli-py6HllHeBhIH reHepaTop c cPIIJihTPOM H 

.n;aTqHKOM ,ZJ;aBJieHH51 Ha Bxo.n;e, cpe,D;CTBO llJI51 HHcjJy3HM 3JIIOaTa rrauHeHTy, 

coe.n:HHeHHbie CMCTeMOM rpaHCilOpTHpOBKH c rpy6orrpOBOllaMH H llBYM51 

25 TpexxonoBhIMH KJiarraHaMH, cpe.n;cTBa~n51 H3MepeHHH pa,nHoaKTHBHOCTH H 6noK 

KOHTpOJI51 H yrrpaBJieHH51. TipHqeM eMKOCTb c 3JIIOeHTOM qepe3 rrepaoe II BTOpoe 

orsepcrHH rrepsoro rpexxo.z:i;osoro KnarraHa coe.n;HHeHa c rnrrp1m:eBhIM HacocoM, 

rrepBoe OTBepCTMe BTOporo TpeXXO.llOBOro KnarraHa IlO,llKJIIOqeHO 

rpy6orrpOBOllaMll qepe3 BTOpoH: cPH.JihTp K cpe,llCTBY .llJ151 HHcPY3HH 3JIIOaTa 

30 rraurreHTy, a BTOpoe OTBepcTHe - K c6opHHKY OTXO,ZJ;OB. B CHCTeMy 
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.UOIIOJIHHTeJibHO BBe)J.eHbI TpeTHH H qeTBepTblH rpeXXO.LJ:OBbie KJiarraHbI, rrepBbIH H 

BTopo:H ,lJ.eTeKTOpbI B03JlYllIHhIX rryJI>IpbKOB, IIO.UKJIIoqeHHbie K 6noKy KOHTponx 11 

yrrpaBnemrn:, CB5!3aHHOro c KOMIIbIOTepoM, rrpH '.HOM Tpeni:H: Tpexxo.n:OBOH 

KnarraH CB513aH rrepBbIM H BTOpbIM OTBepCTH5IMH qepe3 Tpy6orrpoBO,llbl c TpeTbHM 

5 OTBepcTHeM rrepBoro TpeXXO.LJ:OBOro KJiarraHa H BXO,llOM CTpOHUHH - py6H.n:HeBoro 

rettepaTopa, cooTBeTCTBeHHO. Bbrxo.u reHepaTopa IIO.UKJIIO'leH K rrepBOMY 

OTBepCTHIO 'leTBepToro rpexXO.LJ:OBOro KJiarraHa, rrpH'IeM TpeThe OTBepCTHe 

TpeTnero KnarraHa n: BTopoe OTBepcT11e qeTBepToro KJiarraHa cB~BaHbI 

Tpy6orrpoBO,lJ.OM, rrepBbIH ,lJ.eTeKTOp B03.UyIIIHbIX rry3blpbKOB ycTaHOBJieH Ha 

10 Tpy6orrpoBO.LJ:e Me)K.LJ:y eMKOCThIO c 3JIIOeHTOM H rrepBbIM OTBepCTHeM rrepsoro 

KJiarraHa, a BTopo:H: .ueTeKTop ycTaHOBJieH Ha rpy6orrposo.ue Me)l(.uy rpeThHMH 

OTBepcTMXMH qeTBepToro H BToporo KJiarraHOB. 

KpoMe Toro, cpe,n:CTBa .unx H3MepeHHx pa,n:HoaKTHBHOCTH BKJI10qa10T 

rrepBbIH H BTopoli ,n:aTqHKH aKTHBHOCTH. ITpn: 3TOM rrepBhIH .uaTqHK aKTHBHOCTM 

15 pa3MemeH Ha Tpy6orrposo.ue Me)K.LJ:y TpeTbHMH OTBepcTH5IMH qeTBepToro H 

BToporo KJI3IIaHOB H BhIIIOJIHeH B BH.Ue 6eTa-.ueTeKTOpa. 

Pa.uHaunoHHM JaIUHTa cpe.ucTBa .UM c6opa H xpaHeHHX H3JIHIIIKOB 

3JIIOaTa MO)l(eT 6hITb BbIIIOJIHeHa B BH.Ue 33IUHTHoro 6oKca, BKJIJ0qa10mero 

cpe,UCTBO KOHrpOM Beca OTXO.UOB B BH,Ue .uaT'IHKa YCHJIH5l, a B OTBepCTHH 

20 3aIUHTHOro 6oKca ycTaHOBJieH BTOpoli ,llaT'IHK aKTHBHOCTH .UM orrpe.ueneHHH 

ypOBH51 pa,n:HOaKTHBHOCTH OTXO.UOB B BH,Ue ra.MMa-.ueTeKTOp. 

KonoHKa cTpOHJlHH - py6H.UHeBoro rettepaTopa HMeeT pa,n:HauHOHHYJO 

rrpe.n:rrO'ITHTeJibHO, BHellIHHH OCHOBHOH 

TpaHcrropTHhrH 3aIUHTHbie KOHTeiiHepbI, rrpH 3TOM OCHOBHOH 3aIUHTHbrH 

25 KOHTeiIHep CTaUHOHapHo ycTaHOBJieH Ha IIOJIKe TeJie)l(KH. 

30 

CncTeMa ycTaHaBmrnaeTcx B 3aKphITOM nepeMemaeMOM Koprryce. KpoMe 

Toro, KOprryc CHa6)KeH C.D:BHraIOmeH:cx CTOJieIIIHHUeH. 

CymttocTh H3o6peTeHHx rroJicHxeTcx cne.uy10mHMH qepTe)l(aMH: 

<l>H:r. 1 - cxeMa HH<l>Y3HOHHOH CHCTeMhI; 

<l>Hr. 2 - rrpe.ucTaBJieH o6mHii BH.U reHepaTopHOH ycTaHOBKH c6oKy; 
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4 

qmr. 3 - o6IUHH BH.LJ: rettepaTopHOH ycTaHOBKH CBepxy. 

HH)l{e nepeqHcJieHbI ycnoBHhie 060Jttaqettm1, HCTIOJih3yeMbie Ha qepeDKe: 

1 - eMKOCTb c 3JUOeHTOM 

2, 3, 4, 5 - Tpexxo,noBbie KJianaHhI 

6, 7 - ,naT'IHKH aKTHBHOCTH 

8, 9 - ,naTqHKH .nmmettm1 

10 - nrnpmi:eBoH ttacoc 

11 - CTPOHUHH-py6H,nHeBbIH reHepaTop 

12 - 6JIOK KOHTpOIDI H yrrpaBJieHml 

13 - ,naT'IHK Beca 

14 - y.narreHHbIH KOMIIbIOTep 

15, 16 - cpHJibTpbl 

1 7, 18 - ,neTeKTOphI B03,ZJ;YIIIHbIX rry3hiphKOB 

19 - cpe).l.CTBO )J,IDI HHcjJy3HH 3JIIOaTa rraii:HeHry (Hrna) 

20 - c6opHHK OTXO.LJ:OB 3JIIOeHTa H 3JIIOaTa 

21 - nepeMeruaeMbIH Koprryc 

22 - IIITaTHB 

23 - 3aIUHTHbIB KOHTeHHep CTpOHUHH - py6H,nHeBoro reHepaTopa 

24 - 3aIUHTHbIB KOHTeHHep .llIDI 6eTa - .neTeKTOpa 

25 - HCTO'IHHK IIHTaHH.sI 

26 - 3aIUHTHbIB 6oKC eMKOCTH .n.m1 OTXO.LJ:OB 

27 - C.LJ:BHraIOIUMC.sI CTOJieIIIHHIJ:a. 

ABTOMaTH3HpOBaHHM CTpOHUHH - py6tt,n;HeBruI HHcpy3HOHHa51 CHCTeMa 

25 BKmoqaeT B ce6.sI cpe.ncrna .nmr rettepaUHH py6H,n;H.sI-82 B pacrnope, K0Topb1:H. 

MO:>K:eT 6bITb BBe,n:eH IIaI.J;HeHTy, a HMeHHO CTpOHIJ:HH-py6H,ll;IieBbIH reHepaTop 11 

( cjJHr. l ), o6bl'IHOro nma B TpaHcrropTHOM KOHTeHHepe. 3TOT KOHTeHHep 

IIOMeruaeTC51 B 3aIUHTHhIH BHeIIIHHH OCHOBHOH KOHTeHHep 23 H COBMeCTHO c 

IIOCJie,ZJ;HHM ocyrueCTBJI.sieT <l>YHKUHIO OCHOBHOM pa,nHaUHOHHOH 3aIUHThl. 

30 CHcTeMa B c6ope MO)l{eT ycTattaamrnaThC51 a nepeMeruaeMOM Koprryce 21 (qmr. 
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2), 3aKpbITbIM .n.eKopanIBHI:.IMH rraHeIDIMH (He rroKa3aHO ). Ha cToneruHm1e 

ycTaHOBJieH lllTaTHB 22 c yKperrneHHOM Ha HeM eMKOCTI:.IO c 3JIIOeHTOM 1. KpoMe 

Toro, J.n.ecI:. ycTaJIOBJieH rnrrpHueBOH Hacoc 10 H KOMIIbIOTep 14. Ha sepxHeli 

rronKe rrepeMeruaeMoro Koprryca 21 ycTaHOBJICHbl: 

- ocHOBHOH 3aIUHTHbIH KOHTCH:Hep 23, BHYTPI:. KOToporo rroMerueH 

CTaH.n.apTHblH TpaHCIIOpTHbIH KOHTeHHep co crpOHUHH-py6H.ll,HCBbIM 

reHeparnpoM 11 ; 

- 3all.lHTHbIB 6oKc 24 c pa3Mern:eHHI:.IM BHYTPH Hero .n.eTeKTopoM 6eTa

aKTHBHOCTH, H3MCp5IIOIUHM aKTHBHOCTb paCTBOpa, rrporne.n.rnero qepe3 

CTpOHUHH-py6H.n.HeBbIH reHepaTop; 

- HCTOqHHK IIHTaHH5I 25. 

Ha Hm1rneli rronKe pa3Meru;eH 3aI.U;HTHI:.IH 6oKc 26, BHYTPH KoToporo 

pacrronaraeTC5I c6opHHK OTXO.LJ:OB 3JIIOCHTa H 3JIIOaTa. 

Ha qmr. 3 BepxHHH KpbmIKa KOHTeHHepa 23 OTKHHyra, qTo I103BOJI5ICT 

15 ys11.n.eTb rronoCTb, BHYTPh KOTOpoli rroMern:aeTCH TpaHcrropTHbIH KOHTe:Httep co 

CTpOHUHH-py6H,lJ,HCBbIM reHepaTopoM 11. ,ijJI5I Toro, qT06bI o6nerrrnTb .ll,OCTYIT K 

OCHOBHOMY 3aru11THOMY KOHTCHHepy 23 BO BpCM5I rrepe3ap».n.K11 reHepaTOpHOH 

CHCTCMbl (H3BJieKaeTCH rpaHCIIOpTHbIH KOHTCHHep c OTpa6oTaBrneH: KOJIOHKOH 

CTpOHIIHH-py611.n.HeBoro reHepaTopa 11 11 ycTaHaBJIHBaeTC» TpattcrropTHbIH 

20 KOHTCHHep co CBC)KCH reHepaTopHOM KOJIOHKOM) qaCTb CTOJICIIIHRUbl 

BbIIIOJIHeHa B BR.n.e C.LJ:Bllr<UOIIICMC» CTOJICIIIHRUhl 27, o6ecne~mBaIOIIICH y.uo6CTBO 

rrpH pa6oTe. 

KpoMe Toro, CHCTeMa BKJIIOqaeT B ce6H cpe.n.cTBa .n.mi: rrpose.n.eHH5I 

HH<l>Y3llll, a HMCHHO (<!>Hr. 1): lllilpm.i;esoii ,lJ,HCTaHUHOHHO yrrpaBJrneMbIH 

25 HH<l>Y3HOHHbIH Hacoc 10, IIITOK KOTOporo rrpHBO,lJ,HTC5I B .ueiiCTBHe, HarrpHMep, 

IIIarOBhIM .LJ:BMraTeJieM; cpe,n:CTBa .LJ:Jl.SI aBTOMaTR3HpOBaIIHOro 3aIIOJIHCHH5I 

IIInpHuesoro Hacoca 3JIIOCHTOM I (0.9 % pacTaopoM NaCl); cttcTeMy 

TpaHCIIOpTHpOBKR 3JIIOCHTa ll 3JIIOaTa ,l],O rrauHeHTa HJIH c6opHHKa OTXO.ll,OB 

3JIIOCHTa ll 3JIIOaTa, CHa6)KeHHyro MHOrOXO,lJ,OBbIMH (Tpexxo.n.OBblMR) KJianaHaMR 

30 2 - 5 (qn1T. l), ocymeCTBJUIIOIIIRMH BCTBJICHHe CHCTCMbl rpaHcrropTI1pOBKH B 
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COOTBeTCTBIHf c rrporpaMMOll rrpoBe,D;eHIUI pa6oT; aHTH6aKTepHa.JibHbie cpe,IlCTBa 

3aUJ;HTbI, a HMeHHO aHTH6aKTepHa.JibHbie qrnJibTPbI 15 H 16 Ha BXO,Ile H BbIXO,Ile 

CHCTeMbI TpaHCIIOpTHpOBKH; cpe,IlCTBa H3MepeHmI aKTHBHOCTH 3nJOaTa .n:m1 

TeKyrn;ero KOHTpom1 H ,ll03HpOBaHH5I rrpH HH<l>Y3HH B rrauHeHTa 6 H 7; cpe,llCTBa 

5 H3MepeHHH ,IlaBJieHHH 8 H 9 B rpaHCIIOpTHOll CHCTeMe, B TOM qJfCJie H ,IlJIH 

H3MepeHH5I OKKJII03Irn; c6opHHK OTXO.llOB 3JIIOeHTa H 3JIIOaTa 20, B TOM qlfCJie c 

H3MepeHHeM BemfqlfHbJ aKTHBHOCTH H Beca paCTBopa B eMKOCTH .ll;JIH OTXO.IlOB 13 

H ocyrn;eCTBJieHH5I 3aUJ;HTbI OT pa,z::i;HOaKTHBHOCTH; cpe,D;CTBa 

aBTOMaTH3HpoBaHHoro KOHTPOJIH acero rrpouecca 3n10au11H 11 ero cocTaBHhIX 

10 qacTeif 12, ocyrn;ecTBJIHeMoro c rroMorn;bIO 6opToBoro HJIH y.z::i;aneHHoro 

KOMIIbIOTepoB 14. 

B 01rnc1:.maeMoli cHcTeMe eMKOCTb c 3JIIOeHTOM 1 ( conSIHhIM 

paCTBOpOM) coe,D;HHeHa IIJiaCTHKOBbIM cl>HTHHrOM c Tpy6orrpOBO.IlOM (HarrpHMep, 

rpy6oqKQM .n:m1 HH<l>Y3HM, KOTOpaH HMeeT BHeIIIHHM .n:irnMerp 2.5 MM rrpH 

15 BHyrpeHHeM .llHaMeTpe 1.5 MM). Orpe3KH TaKHX rpy6oqeK (Tpy6orrpoBO.IlbI) ,n:a.Jiee 

HCIIOJib3yIOTCH ,IlJISI IIOCTpOeHHH BCeli rpaHCIIOpTHOll CHCTeMbl .llJISI HH<l>Y3HH . 

.lJ:pyroH: KOHeu Tpy6orrpoBo.n:a IIO,IlCOe.z::i;1rneH qepe3 .z::i;eTeKTOp B03.IlYIIIHbIX 

rry3hipbKOB 1 7, KOTOpbIM, B crryqae rrpoxo)l{)J,eHHH B03.IlYIIIHOro rry3biphKa, 

Bbipa6aTbIBaeT CHrHa.JI Ha 6JIOK KOHTPOJISI H yrrpaarreHHSI 12, KOTOpbIM 

20 Bbipa6aTbIBaeT yrrpaBJISllOIUHH CHrHa.JI Ha KJiarraHbI 2, 3, 4 H 5, B pe3yJILTaTe qero, 

pacTBop 3JIIOeHTa, co,Ilep)l(arn;Hif B03.llYIIIHhlM IIY3bipeK, Y.Ila.JIHeTCH B c6opHHK 

OTXO.IlOB 3JIIOeHTa H 3JIIOaTa 20, He rrpoXOM KOJIOHKY CTpOHUHii-py6H,IlHeBoro 

reHepaTopa 11. 

KnarraH 2 ocyrn;ecTBJISieT rrepeBO.ll HH<l>Y3HOHHOM cucTeMbI B o.n:irn H3 

25 .IlByx B03MO:>KHbIX pe:>KHMOB pa60ThI: (1) 3aIIOJIHeHHe IIIIIpHua rrpH pa6oTe 

nmpuueBoro Hacoca 10 Ha BcacLmaHHe coJIHHoro pacTBopa H3 eMKOCTH c 

3JIIOeHTOM 1 (qepe3 rrepBoe H BTOpoe OTBepcTmI KJiarraHa) HJIH (2) HH<l>Y3HIO, T.e. 

rro,n:aqy coJIHHoro pacTsopa H3 3arronHeHHoro rnrrpHua rnrrpHuesoro ttacoca 10 B 

HH<l>Y3HOHHYIO CHCTeMy (qepe3 rrepsoe H TpeTbe OTBepcnrn KJiarraHa). 
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Tpexxonosoli KJiana.H 2 naJiee coenHHeH orpe3KOM coenHHHTeJibHOH 

Tpy6KH c rrepBbIM OTBepcTHeM rpeTbero Tpexxonosoro KJianaHa 4, BTopoe 

OTBepcn1e KOTOporo COe]lHHeHO qepe3 rrepBbIM qnrnbrp 15 c BXO)J,OM KOJIOHKH 

CTpOHUHli-py6H.ZlHeBoro reHepaTopa 11. KoHTpOJib naBJieHHH Ha axone B KOJIOHKY 

5 CTpOHUHH-py6H)J.11eBoro reHepaTopa 11 ocyrn:ecTBJIHeTCH rrepBbIM naTqlfKOM 

.[l,aBneHmI 8. 

TpeTblfM OTBepcn1eM KJiarraH 4, qepe3 OTpe30K coe.n.HHlfTeJibHOH 

Tpy6KH, 110.ZJ.COe,[(HHeH KO BTOpOMY OTBepcnuo qeTBepToro rpeXXO,[(OBOrO 

KJiarraHa 5. 3TOT KJiarraH TaK>Ke 11MeeT coe,n:HHeHmI c BblXO,[(HOH rpy6KOH 

10 KOJIOHKH CTIJOHUHli-py611,n:HeBoro reHepaTopa 11 (rrepsoe OTBepCTHe) H 

rrpO.ll,OJDKeH11eM lfHcpy3lfOHHOH CHCTeMbl Ha TpeTbeM OTBepcTHlf. 

B pe)KHMe pa6oTbI umpHuesoro Hacoca <<HHcpy3HH» rrapa 

TpeXXO,[(OBbIX KJiarraHOB 4, 5, pa6oTa» Cl1HXpOHHO, 1103BOJISieT JIH6o rrpoKa<r11BaTb 

COJIHHOH paCTBOp 113 mnp11ua 10 qepe3 KOJIOHKY CTIJOHUl1H-pyfom11eaoro 

15 reHepaTopa ,l(aJibIIle B HHcpy3HOHHYIO CHCTeMy y:>Ke B Blf,l(e 3JIIOaTa, T.e. paCTBOpa, 

o6orarn:ettttoro Rb-82, JIH6o rrpoKaq1rnaTb corr»Holi pacTaop a irncpy3HOHHYIO 

Cl1CTeMy, MHHY» CTpOHUHii-py611n11eBbIM reHeparnp 11. 3TOT pe:>KHM pa60Tbl 

Torna, Korna Heo6XOllHMoe Korr11qecTao aKTHBHOCTH Rb-82 

Hapa6oTaHo 11 OHO JlOJI:>KHO 6b1Tb ,[(OCTaBJieHO rrauHeHTY 19, a HHcpy3HOHHIDI 

20 CHCTeMa JlOJI:>KHa 6bITb 3aIIOJIHeHa HeaKTHBHbIM COJIHHbIM paCTBOpOM Ha KOHeu 

lfHcpy3HH B rraIJHeHTa. IlpH HCTIOJih30BaHHH pe:>KHMa rrpoKaqKH comrnoro 

paCTBopa rrpaKTHqeCKH BC» HHcpy3HOHHIDI CHCTeMa, 3a HCKJIIOqeHHeM 

coe,[(HHl1TeJibHOro Tpy6orrpoao.n:a OT BblX0.[1,a 113 CTIJOHU11H-py6H,[(HeBoro 

reHepaTopa no qeTBepToro Tpexxo,[(oaoro KJianaHa, 6y.n;eT 3a1101rnetta 

25 Hepa,[1;110aKTlfBHhIM COJISIHbIM pacTBOpOM 11 He 6y,[(eT 5IBJ15ITbC.sI HCTQqHHKOM 

,[(0110JIHl1TeJihHOH 

06cny)l(11muorn:1di: 

He:>KeJiaTeJibHOH pa,[J;HOaKTHBHOCTH 

rrepcoHarr; KpoMe Toro, o6'beM 

Ha rrauHeHTa H 

coJI.sIHoro pacTBopa, 

Heo6XO.[l,HMbIM llJ15I ,[(O,UaBJIHBaHHSI Hapa6oTaHHOro 3JIIOaTa B rrau;HeHTa He 6y.ueT 

rrpoXO.UHTb qepe3 KOJIOHKY CTpOHU11H-py6H,n:HeBoro reHepaTopa H HCTorn:aTb ee, 

30 T.K. 113BeCTHO, qTo IIOTeHU11» reHepaTopa 3aBl1CHT He TOJibKO OT BpeMeHH ero 
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3KCITJiyaTau;HH, HO TaK>Ke H OT o6beMa rrporryrn;eHHOro qepe3 Hero COJI51HOro 

paCTBOpa. 

Ha Tpy6orrpoBo)l.e OT Tpen.ero OTBepcnrn: qeTsepToro Tpexxo)l.oBoro 

KnarraHa 5 .n:o rpeTbero OTBepcTHH BToporo Tpexxo.n:oBoro KnarraHa 3 

5 ycTa.HOBJieHhI rrepBbIH )l.eTeKTop Pa.llHOaKTHBHOCTH 6 (6eTa-)l.eTeKTop) H BTopoli 

)l.eTeKTOp B03.llYIIIHblX rry3blpbKOB 18, amuIOrHqHbIH rrepBOMy )l.eTeKTopy 

ITY3bipbKOB 1 7. I1p11 o6Hapy)l{emrn: B03JlYIIIHoro rry3hipbKa, )l.eTeKTop 18 

Bbipa6aTbIBaeT ClffHaJI Ha 6noK KOHTpOJI51 H yrrpaBneHH51, KOTOpbIH Bbipa6aThIBaeT 

yrrpaBJIRIOIQHH cHrHan Ha KnarraH BToporo rpexxo)l.oBoro KJiarraHa 3. B 

10 pe3yJihTaTe, 3nIOaT co.n:ep)Karn;Hii B03JlYIIIHhIH rry3bipeK, Y.llaJUieTC51 B c6opHHK 

OTxo.n:oB 3nIOeHTa 11 3moaTa 20. EcnH B03.llYIIIffbIH rry3bipeK He o6Hapy)I(eH, 

3JIIOaT HarrpaBJI51eTC51 qepe3 rrepBoe OTBepCTHe rpeXXO)l.OBOro KJiarraHa 3 H BTOpoM. 

qrnnbTp 16 B rrau:HeHTa, T.e. Ha Hrny 19 

,lJ;eTeKTop pa.JlHOaKTHBHOCTH 6 pa6oTaeT B pe)l(HMe peannHoro BpeMeHH 

15 H H3Mep.s1eT aKTHBHOCTn Rb-82 B MecTe pacrroJio)l(eHHR )l.eTeKTopa 18. 

KoHrpOJin 3a HarronHeHHeM c6opHHKa )l.JI51 OTXO)l.OB )Kll)l.KOCTnIO 

ocyrn;ecTBmieTc.si: c IIOMOI.QbIO )l.aTqHKa ycHJIHH (He noKa3aH). ,lJ;n.si: H3MepeHm1 

pa.llHOaKTHBHOCTH, CO)l.ep)l(arn;eik.si: B c6opHHKe )l.JI51 OTXO)l.OB 3JIIOeHTa H 3JIIOaTa 

HCIIOJib3yeTc.si: BTopo:H )l.aTqHK PMHOaKTHBHOCTH 7 (raMMa-.n:eTeKTop). 

20 Pa)l.l'laU:HOHHM 3aIQHTa cpe)l.CTBa ,l.l;TI51 c6opa H xpaHeHH.si: H3JIHIIIKOB 3nIOaTa 

BbIIlOJIHeHa B BH)l.e 3aIQHTHoro 6oKca, B COCTaB KOTOporo BKJIIOqeH )l.aTqHK 

ycHJII.f.SI, a B OTBepCTHH 3aIIIHTHOro 6oKca ycTaHOBJieH BTOpoli .n;aTqHK 

aKTHBHOCTM. 

TipH ocyII1eCTBJieHHH HH<PY3HH B rrau:HeHTa BTOpoli TpeXXO)l.OBOH 

25 KnanaH 3 rrepeKJIIOqeH Ha rrporryCKaHHe 3JIIOaTa Ha rpy6orrpOBO)l. COe)l.HHeHHblH c 

1-irno:H. 19 qepe3 MHnnHrropoBCKH:H <PttnnTp 16. Ha 3TOM orpe3Ke ycTaHOBJieH 

BTOpoH: .n:aTqJ11( )l.aBJieHH51 9, II03BOJ15llOIQHH II3Mep51Tb .n;aBJieHHe OKKJll03HH rrpH 

BBe.n:eHHH pacTBopa, co)l.ep)Karn;ero Rb-82, B nau;HeHTa. 
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ITpouecc pa60TbI CTpOHUIIif-py6H.Z:UfeBOH HHcpy3HOHHOH CHCTeMbI 

rrpOHCXO.UHT rro.u yrrpaBJieHH:eM yrrpasm110rn;eli KOMilbIOTepHOH rrporpaMMbI, B 

KOTOpoli rrpoIIIICbIBaeTC» COCT051HHe Ka)l{,[{oro H3 ycTpOHCTB, BXO.U51IIJ;lfX B 

HHcpy3HOHHYJO CHCTeMy, Ha MOMeHT Haqarra If OKOff'IaHmI BbIIIOJIHeHHH Uiara, 

5 TaK)Ke rrpOIIHCbIBaIOTCH .ueliCTBH51 3THX ycTpOllCTB H ycJIOBH5I HX 

<l>YHKUHOHHpoBaHJUI B HOpMaribHbIX ycrromrnx H B crryqae B03HHKHOBemrn: 

aBapIIHHOH CIITyaumi:. 

.amI HCKmoqeHJf51 rreperrOJIHeHH51 B c6opHHKe OTXO)J,OB 3JIIOeHTa H 

3JIIOaTa 20 pa,1],HOaKTHBHOH )KH,l{KOCTH, ocyrn;eCTBJUieTCH ,lJ,HCTaHUHOHHbIB 

10 KOHTpOJib 3a rrpe.ueJibHbIM 3HaqeHHeM ee ypoBH51 c IIOMOIIJ;bIO .uaT~Ka ycIIJIH5I, 

rrpH 3TOM KOHTpOmipyeTC51 o6rn;HH. Bee Tapbl H )Kll)J,KOCTII, ocyrn;eCTBmieTCH 

TeKyIIJ;HH KOHTpOJib 3a 3HaqeHHeM Beca ( o6neMa) )KJl)J,KOCTlf 11 3a rrpe.ueJibHbIM 

ero 3HaqeHHeM. KpoMe Toro, qmKc11py» Bee rrycToli TapbI .n:n» c6opa OTxo.n;oB, 

CHCTeMa pernaMeHTHOro orrpoca 6noKa KOHTPOJI51 H yrrpaBJieHH51 ycTaHOBKH 

15 rrorryqaeT 1-rncpopMauHIO 0 TOM, qTo Tapa ycTaHOBJieHa B KOHTeHHepe. 

MaKCHMaJihHbIH o6beM OTXO)J,OB B Tape COCTaBJIHeT 250 MJI. 

bJIOK KOHTpOJUI H yrrpasneHH51 IIO)J,KJIIOqeH K y.n:arreHHOMY KOMIIbIOTepy, 

Ha .l(lfCIIJiee KOTOporo OTo6pa)KaeTCH rpacpttqecKaH MHeMOCXeMa reHepaTOpHoro 

ycTpOHCTBa, o6ecrreqlfBaIOIIJ;aH Ha6JIIO.UeHHe KOHTpOJIHpyeMbIX rrapaMeTpOB B 

20 aBTOManrqecKOM pe)KlfMe H orrepaTHBHoro yrrpaBnemrn oT.zi:enbHbIMH 

3JieMeHTaMH (3JieKTpOMarHHTHbIMH TpeXXO.l{OBbIMH KJiaIIaHaMH 2 - 5, HaCOCOM 

10) B pyqHOM pe)KHMe. CxeMa II03BOJUieT Ha6mo,n;aTb 3a TeKyIIJ;HM COCTOHHJfeM 

BCex :meMeHTOB OIIHCbIBaeMOH CHCTeMbl i-rncpy3HH (KJiaIIaHOB 2-5, .n.eTeKTOpOB 

B03.lJ;YIIIHbIX rry3hipbKOB 17, 18) H 3a pa6oToli rrmp1u1eBoro Hacoca 10. TaK'/Ke 

25 oHa II03Bon.s:ieT rrnnyqaTb HHcpopMaumo o rrapaMeTpax .n:asneHH» B ManrcTparr5Ix 

OT .n:aTqHKOB .uasrreHHSI 8, 9, aKTHBHOCTH 3JIIOaTa Ha BhIXO.l(e H3 reHepaTOpHOll 

KOJIOHKH 11 H cyMMapHOH aKTHBHOCTH, Beca eMKOCTH c6opHHKa OTXO.IJ.OB 

3JIIOeHTa H 3JIIOaTa 20, aKTHBHOCTH B eMKOCTH c OTXO.UaMH OT .n:eTeKTOpOB 6,7. 

EnoK KOHTpOJUI H yrrpaBnemu1 12 CHCTeMbI CB513aH c yrrpaBJI»IOIIJ;HMH 

30 3JieMeHTaMH reHepaTOpHOH ycTaHOBKH - 3JieKTpoMarHHTHbIMH TpexXO,ZJ;OBhIMH 

2053 of 2987



WO 2008/140351 PCT /RU2008/000211 

10 

KJiarraHaMH 2, 3, 4, 5 H HaCOCOM 10, a TaK)f(e BKJIIoqaeT 3JieMeHTbI ,l(Jljf c6opa H 

o6pa60TKH CHrHaJIOB c ,l(aTqHKOB 6, 7 (.naTqlfKH pa,l(HOaKTHBHOCTH), 8, 9 (ii:aTqHKH 

ii:aaneHn.sr), 17, 18 (JJ:eTeKTOphI ao3,n:yIIIHbIX rry3b1p&KoB). BnoK yrrpasneHH.sI 12 

Cm13aH c naHeJibHhlM nepcoHaJibH&IM KOMilhIOTepOM (PPC) HJIH JII06hIM .n:pyrHM 

5 yLI:aneHHbIM KOMIIbIOTepoM (14) rro KamUiy Ethernet. OH rronyqaeT KOMaH,l(bI OT 

PPC HJIH y,l(aneHHoro KOMIIbIOTepa Ha BbIIIOJIHeH.He OT,l(eJibHhIX rnaros 

rrporpaMMbl pa6oTbI reHepaTOpHOH YCTaHOBKH H HHCpopMHpyeT HX 0 TeKyll{eM 

COCTO.sIHHH yrrpaBJIRCMbIX HM 3JieMeHTOB H COCTOHHHH ,n:aT"LIHKOB CHCTCMhI. 

OrrHcbrnaeMM cncTeMa IIOBhIIIIaeT 6e3orracHocTh 3Kcrn1yaTaIIHH, TaK 

10 KaK aBTOMaTH3aIIH.sI rrpOIIecca HHcpy3HH II03BOJIHJia 3HaqnTeJihHO COKpaTHTb 

pa,l(HOaKT.HBHOe o6nyqeHHe 3a CIJeT BBe,l(CHH.sI B CHCTeMy ,l(OilOJIHHTeJI&HhIX 

KnarraHOB, o6ecrreqnsaiorn:nx BeTBJieHHe rpy6orrpoao.nos. B pe3y11bTaTe, 

IIO.sIBl·macb B03M0)f(HOCTb ,l(O,l(aBJIHBaHHH Hapa6oTaHHoro 3JIIOaTa B IlaQHeHTa 

3JIIOeHTOM, MHHYH CTpOHU;IfH - py6H,l(HeBbIM reHepaTOp. flpH 3TOM Tpy6orrpOBO,l( 

15 Hepa.n;HOaKTHBHhIM 3JIIOeHTOM H He rrpOHCXO,l(HT 

,Ll,OIIOJIHHTeJihHOro HCTOII{emrn CTpOHIJ;I1H - pyfo.1,LJ,Heaoro reHepaTopa, lffQ 

ysenHq1rnaeT cpoK ero 3KCrrnyaTaIIHH. KpoMe Toro, HCKJIJOqaeTc.sr pHCK 

coii:ep)f(amuI B03.UYIIIHhIX rry3bipbKOB B 3JIIOaHTe, ,LJ,OCTasmreMoro rraIIHeHTy, 3a 

cqeT BBeneHHH B CHCTeMy neTeKTOpOB B03.UYIIIHhIX ITY3hlpbKOB, rrpH 

20 06Hapy)f(eH1rn KOTOpbIX, 3JIJOeHT cpaJy Harrpasn.sreTC.sI K c6opHHKY OTXO,l(OB 

3JIIOCHTa .H 3JIIOaTa qepe3 OTBeTBJieHH.sI Tpy6orrposo,n:a, He HCTOII{M CTpOHIIHH -

py6H,l(HeBbIH reHepaTop. 
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<l>opMyJia u106peTeuuH 

1 . ABTOMaTH3HpOBaIIHM CTpOHUHH 

5 CHCTeMa, conep)J{aIUllil eMKOCTb c 3JIIOeHTOM, CTPOHUHH-pyfot:)lHeBbIM reHepaTop 

c cj:>HJibTpOM H naP.IHKOM )laBJieHHjl Ha BXO,n:e, cpe,n:CTBO JlJljl HHcj:>y31111 3JIIOaTa 

rram1eHTy, COell.HHeHHbie CHCTeMOH TpaHCIIOpTHpOBKH c Tpy6orrposo.uaMH 11. 

.UBYMjl TpeXXO.UOBbIMH KJiarraHaMH, cpe,n:CTBa ,n:JIH H3MepeHHH pa,n:.HoaKTHBHOCTH H 

6noK KOHTpo;rn H yrrpasnemrn, rrpnqeM eMKOCTb c 3JIIOeHTOM qepe3 rrepBoe H 

10 BTopoe OTBepcTHH rrepsoro Tpexxo.n:osoro KJiarraHa coenHHeHa c IIIIIpHUeBbIM 

15 

20 

25 

30 

HacocoM, rrepsoe OTBepcTHe BToporo TpexxonoBoro KnarraHa rro.n:KJIIOqeHO 

Tpy6orrposo,n:aMH qepe3 BTopo:H cj:>HJibTp K cpencTBY l(JIH HH<jJ)'3HH 3JIIOaTa 

rrauM:eHTy, a BTOpoe OTBepCTHe - K c6opHHKY OTXOJJ:OB, OTJIH~HUOIUMCH TeM, qTo 

,n:orronm1TeJibHO sseneHbI TP~THH H qeTsepTbIH TPexxo.uoBbie KJiaIIaHbI, rrepBbIH H 
! 

~ I 6 BTOpOH .ueTeKTOpbI B03LcyIIIHpIX ny3blpbKOB, IIOllKJIJOqeHHbJe K JIOKY KOHTpOJijl Ii 
' I 

yrrpasneHHH, CBjJ:JaHHOro cl KOMIIbIOTepoM, rrp.H '.HOM TpeTHH Tpexxonosoif 

KJrnrraH CB}{JaH rrepBbIM H BTIOpbIM OTBepcTH&MH qepe3 Tpy6onposo}l,bI c TpeTbHM 

OTBepcTHeM nepsoro Tpexxonosoro KJianaHa H BXO}l,OM CTpOHUHii - py6H}l,HeBoro 
I 
I 

reHepaTopa, COOTBeTCTBeHI-f O, BbIXO.ll reHepaTopa IIO,llKJIJOqeH K rrepBOMY 

I 
oTsepcTHIO qeTsepToro Tpexxo.uosoro KJianaHa, rrpnqeM TpeTbe OTBepcTHe 

I 
TpeTbero KJiarraHa H BTOpoe OTBepcTMe qeTBepToro KJiarraHa CBH3aHhJ 

! 
Tpy6orrpoBO.D:OM, rrepBbIH 4eTeKTOp B03llYllIHhlX rry3hlpbKOB ycTaHOBJieH Ha 

I 
Tpy6orrpoB01le Me)l{}l,y eMKO~ThI-0 c 3JII-OeHTOM H rrepBbIM OTBepCTHeM nepsoro 

I . 
Knarratta, a BTopoii: .ueTCKTop ycTattosnett Ha TPY6onposo.n;e Me:>Kny TpeThHMH 

. I 
OTBepCTH}{MH qeTBepToro Ii BTOporo KJianaHOB. 

2. CHcTeMa no n. lJ, 0Trr11qa10rurui:c.sr TeM, qTo cpe}l,CTBa .un.sr H3MepeHHH 

I ~ ~ 
pa.zmoaKTHBHOCTH BKJJI-QqaJOT: nepBbIH Ii BTOpOH ,llaTqHKH aKTHBHOCTH. 

3. CHcTeMa rro ri.2, onrnqaIOIUMCjl TeM, qTo rrepBhIH }l,aTLIHK 
I 

aKTHBHOCTH pa3MerueH Ha I TPY6onposo.ue Me)l{)ly TpeTbHMH OTBepcnrnMH 
I 

4eTBepToro H BTOporo KJiarra*1oB Ii BbIITOJIHeH B BH)J,e 6eTa-)leTeKTOpa. 

4. CttcTeMa no n. li, oTmPiaIOIUruICH TeM, qTo pa.u11au11ottHruI Jaru11Ta 

I 
c6opHHKa OTXO.llOB BbIITOJIHeHa B BH.Ue 3aIUHTHOro 6oKca, BKJI!{)qal{)ruero 

I 
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cpe,LJ,CTBO KOHTpo1rn Beca OTXO,l.J,OB, BbIIlOJIHeHHOro B 

ycHJUUI, a B OTBepcTHli 

3alllHTHOrO 6oKca ycTaHOBJieH BTOpOH ,l.J,aTqHK aKTHBHOCTll ,l.J,JIH orrpe.n:eneHHH 

p~HOaKTHBHOCTH OTXO)l,OB, B BU,l.J,e raMMa-.n;eTeKTOpa. 

5 5. CHcTeMa no rr.1, oTnnqruoma.HcH TeM, qTo cTpom.i;Hli - py6H.n;HeBbIM 

reHepaTOp HMeeT pa)l,HaIJ;HOHHyIO 3alllHTy, BKJIIOqa10my10 BHelUHHH OCHOBHOH H 

TpaHcrropTHblll 3alllHTHbie KOHTeHHepbI, rrpH 3TOM OCHOBHOH 3alllHTHbIH 

KOHTeHHep CTaIJ;HOHapHO ycnlliOBJieH Ha ITOJIKe TeJie)I(KH. 

6. CHcTeMa no rr.1, oTnnqruomMcH TeM, qTo oHa ycTaHOBJieHa B 

10 3aKpbITOM rrepeMemaeMoM Kopnyce. 

7. CncTeMa no rr.6, oTn.nqaromMcR TeM, qTo Koprryc cHa6)I(eH C)l,BHra10meikR 

CTOJielllHHIJ;eli. 
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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. 

2072 of 2987



WO 2008/037939 PCT/FR2007 /052048 
10 

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. 

2074 of 2987



WO 2008/037939 PCT/FR2007 /052048 
12 

- 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. 
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[ 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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[102] 

[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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[107] 

[108] 

[109] 

[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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[111] 

[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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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). 

-20-

2100 of 2987



WO 2008/082966 PCT/US2007 /088028 

[124] 

[125] 

[126] 

[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). 
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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. 

-56-

2136 of 2987



WO 2008/082966 PCT/US2007 /088028 

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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Shielding device for a reservoir comprising a radioactive 

material. 

The invention relates to a shielding device for a 

reservoir comprising a radioactive material and having an 

inlet and an outlet aperture, in particular a column for a 

radio-isotope generator, comprising a lead cover for the 

reservoir in which a closeable access for the reservoir is 

recessed. 

A radioisotope generator is to be understood to 

mean herein a device for generating a radioactive isotopes 

comprising liquid. Such a liquid is prepared by eluting a 

column in which a parent isotope is present which produces 

a daughter isotope by decay. In this elution only the 

daughter isotope is eluted from the column by means of a 

suitable eluent. 

Radioactive isotopes having a half-life up to a 

few ~ays are frequently used in medicine for diagnostic 

purposes. One radioactive isotope frequently used for 

diagnostic examinations is technetium-99~. However, for 

certain applications, for example, for cardiological exa

minations, the comparatively long half-life of technetium

-99~, namely 6 hours, is a disadvantage. As a result of 

this the radioactive material remains circulating in the 

body for a long period of time, so that an immediate repe

tition of a certain diagnostic examination with the same 

isotope is not possible. 

However, very short-living radioactive isotopes having a 

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

bidium-82 and krypton-81~, are suitable for such above- · 

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

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

have proved suitahle for blood circulation studies. An 

interesting application of gold-195~ was described recent

ly in Netherlands non-prepublished Patent Application 

8201591 in the name of Applicants. 

Gold-195~ is an isotope having a half-life of 

30.6 sec. and emits gamma rays of 261 keV which, due to 

the energy and intensity, are suitable to enable a good 

observation with apparatus usual for this purpose, for 

example, a gamma camera. 
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It is known from Netherlands Patent Application 

8002235 in the name of Applicants to generate gold-195~ 

from the radioactive parent isotope mercury-195m in a sa

tisfactory manner. This process is preferably carried out 

in a so-called radio-isotope generator, in this case a 

Hg/Au generator, from which the ~~e can withdraw a quanti

ty of radioactive isotope-containing liquid at any desired 

instant. Such an instantaneous production is of great 

practical importance due to the rapid decay of the compa

ratively short-living isotope. 

An improved method of preparing gold-195~ is des

cribed in Netherlands non-prepublished Patent Application 

· 8202407 also in the name of Applicants. 

In view of the high radiation intensity, extensi

ve safety measures have to be taken to shield the parent 

isotope present in the generator. Therefore the generator 

comprises a lead screening jacket which provides a suffi

cient safety upon storage and transport. The screening 

jacket surrounding the generator is generally considered 

to be an insufficient safety against radioactive radiation 

for hospital or laboratory personnel who are regularly in 

the direct proximity of the generator. It is therefore 

necessary to surround the generator with an extra lead 

shielding device. 

Such a device should not only provide a good 

shielding from radioactive radiation, but, in connection 

with the necessity of a regular replacement, should also 

be readily accessible for the reservoir with radioactive 

material, in particular the generator column. 

Therefore, various shielding devices are known 

from literature substantially all of which are destined 

for a column for generating technetium-99m, a radioactive 

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

which are fixedly arranged. 

When a very short-living radioactive isotope is 

used for diagnostic purposes, the time between the prepa

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

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

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

administer said isotope directly from the generator to the 

patient. In a clinic in which radioartive isotopes for 

diagnostic purposes are used, the apparatus necessary for 

detection, for example, a gamma camera with special colli

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

radiodiagnostic examination the patient is then brought 

(wheeled) to the detection apparatus. 

It is therefore obvious to give the very short

living material to be used for the examination, in parti

cular a generator for producing a very short-living iso

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

is feasible that high requirements as regards the shiel

~ing from radioactive radiation have to be imposed upon 

such a device beside the patient to be examined ( 1'bed-side 

arrangement"). In fact, not only the hospital personnel 

familiar with handling radioactive material will have to 

be present~near the radiation source for a longer period 

of time, but also other personnel accompanying the patient 

will have to be shielded from unnecessary radioactive ra

diation. Moreover it is of utmost importance for the exa-

mination that the source of radiation should be shielded 

carefully from the gamma camera which is very disturbance

-sensitive to background radiation. 

A fixed arrangement as suggested above which 

would satisfy these requirements, however, has important 

practical disadvantages, namely: 

(l) it is not po~sible to move the device around the 

patient's bed. This is a disadvantage because in exa

minations with very short-living radioactive isotopes, 

the organ, for example, the heart, has to be inspected 

35 usually in various directions by means of the gamma 

camera, so as to gain optimum insight in the function 

of the organ. A fixed bed-side arrangement of the ra

dioactive material to be administered considerably 
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restricts the possibilities of moving the bed with the 

patient with respect to the gamma camera. This disad

vantage is the larger since, for reasons which will 

be stated hereinafter, the connection between the 

source of the radioactive material and the patient 

should be as short as possib~~. 

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

greater part under aseptic conditions because the 

radioactive material must be introduced into the 

patient's body directly and cannot be previously sub

jected to a separate sterilization. 

Because the device with radioactive material, in par

ticular the radio isotope generator, will be used for 

a longer period of time, such an assembling shoulabe 

carried out under so-called laminar flow conditions, 

and therefore requires provisions which are particu

larly difficult to realize in an examination room. 

(3) Another important disadvantage relates to the working 

with radioactive material upon assembling the device. 

As a matter of fact, the shielding from radioactive 

radiation is not yet optimum during the assembly, so 

that such an assembly, in which large quantities of 

not yet optimally shielded activity are handled, 

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

a nuclear medical department of a clinic and not in an 

examination room for patients where in addition dis

turbance-sensitive detection apparatus is arranged.-

It is the object of the present invention to pro

vide a shielding device for a reservoir comprising radio

active material, in particular a column for a radioisotope 

generator, which does not exhibit the above-mentioned dis

advantages. 

For that purpose, the shielding device according 

35 to the invention is provided with means with which the 

device can be moved forward. The complete device compri

sing radioactive material can now be assembled in suitable 

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

shielding device can be freely shifted, the device can be 

moved at will around the patient during the examination. 

Such a movable shielding device for a column for a radio

isotope 9enerator is moreover more flexible because the 

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

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

or a mercury-gold 195~ generator. 

It is of course necessary that the shielding de

vice should also satisfy all conventional safety require

ments in addition to the above-mentioned radiological sa

fety requirements. This involves, for example, that the 

device should be sufficiently stable and be protected as 

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

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

the radioactive radiation can pass the-shielding device 

and enter the examination room. 

_Preferably the device in addition comprises pro

visions for the safe handling 0£ radioactive material, 

such as a receptacle for waste fluid, a work-top, etc. 

These provisions enable the user to carry out various ma

nipulations with radioactive materials at different places 

without risky manually displacing these materials, be

cause, as a matter of fact, the device can be moved for

ward. 

On its lower side the shielding device preferably 

comprises at least three, preferably five, casters to be 

able to easily turn and manoeuvre the heavy device in the 

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

cover, a shieldi119 device according to the invention ap

proaches a weight of approximately 360 kg. 

Furthermore it is desired to provide the device 

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

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

rential tubular or rod-shaped member connected to the out

side of the lead cover has proved particularly suitable. 

When such a grip having no projections is used, it is 
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avoided that components of the device or connections can 

be drawn along or loose during movement of the shielding 

device. 

When using the device it is often necessary to 

temporarily store radioactive waste w~terial. For example, 

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

must first be rinsed several times with eluent before an 

eluate is obtained having a composition which is suffi

ciently constant for administration to a patient. It is 

therefore advantageous that the device moreover comprises 

a separate lead-shielded space for a receptacle for radio

-active waste material. 

Because the radioactive liquid has to be introdu

ced directly into the patient's body, the means for doing 

this are preferably connected on or to the shielding-de

vice. 

In a suitable embodiment the shielding device 

according_to the invention comprises a base in which the 

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

reduced oufside diameter in which the lead cover for the 

reservoir containing radioactive material is present, and 

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

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

space for the waste reservoir and the means to introduce a 

radioactive liquid into a patient's body. 

As a result of the large diameter of grip and 

base as compared with that of the reservoir shielded by 

means of a lead cover, the distance between the radiation 

source and the operating personnel is increased, for 

example, _by a factor of approximately 2. As a result of 

this the radiation received is still further reduced, for 

example, by a factor of approximately 4 as compared with 

the radiation at the outer surface of the shielded reser

voir. 

Lead is vulnerable because is is a soft metal. 

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

the ~ase of a fire, it wil1 melt and drip away, thus allo-
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wing radioactive radiation to be released from the cover. 

Therefore, the lead cover for the reservoir consists pre

ferably and in agreement with the requirements which are 

imposed upon the storage of radioactive material in 

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

top and which is enclosed between sheet material of iron 

or steel, protected on the outside against corrosion, or 

of stainless steel, while the open top end accessible for 

the reservoir can be closed by a lead lid provided with 

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

connection between the reservoir and the means for 

introducing a radioactive liquid into a patient's body 

being present in the lid or between the vessel and the 

lid. The sheet material which can withstand high 

temperatures ensures sufficient safety for the ambience in· 

the case of a calamity, for example, a fire, so that the 

lead shielding remains contained and no undesired 

radioactive radiation can get out of the shielding system. 

It cannot always be avoided that a little radio-

active liqu1d is spilled when installing or using the 

source of the radioactive material. Then it is difficult 

to thoroughly clean the vessel which forms part of the 

heavy shielding device. Therefore, a stainless steel ves-

sel is preferably present between the substantially lead 

vessel and the reservoir, which stainless steel vessel 

comprises on its open top a radially outwardly projecting 

flange to which the lid can be sealingly connected. 

The shielding device in accordance with the in

vention serves in particular for shielding a radio isotope 

generator. The provisions necessary upon eluting a genera

tor column are preferably connected on or to the above

-mentioned top part of the device, namely a reservoir for 

the eluent for the generator column which communicates 

35 with the columnr means for pumping or injecting the eluent 

out of the eluent reservoir into the column; means for 

bringing the resulting eluate out of the column into a 

pati~nt's body; means for adding a rinsing of formulating 
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liquid to the eluate~ and a tube which is connected on one 

side to the means for adding the rinsing or formulating 

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

be connected to an auxiliary means to admit liquids to the 

blood vessels or body cavities of a p~tient. 

In order to be able to h~ndle all operating mem

bers easily, rapidly and safely, a connection and opera

ting block or tray is connected to the top part, in which 

block are accommodated injection means for the eluent and 

the eluate, valves to prevent undesired directions of flow 

of liquids, cocks to enable or block the passage of li

quids, and connection provisions for the means provided in 

the block both mutually and to the tubes which are 

connected to the reservoirs, the column and the auxiliary 

means to be used for the administration to a patient. 

Preferably the operating block or tray is attached on top 

of the lid of the lead vessel and the lid is provided with 

a bore to let pass connecting tubes from the generator to 

the auxiliary means for injection and from the auxiliary 

means to tlie waste fluid receptacle thereby shielding the 

environment as far as possible from radiation emanating 

from these tubes when radioactive liquid passes through 

them. The above embodiment has the advantage that an 

optimum safety can be reached inspite of the excess 

pressure at which generally the radioactive liquid is 

administered to a patient. Moreover, the path which the 

eluate has to cover, hence the distance between the 

generator and the patient, can be kept as short as 

possible. This latter is of importance in particular 

because, when very short-living radio-isotopes are used, 

high requirements are generally imposed upon the volume to 

be administered to the patient and in which the 

radioactive material is present. As described in the 

above-mentioned Netherlands Patent Application 8201591, 

repeated administrations within a short period of time are 

necessary for various applications. In order to enable 

succ examinations, the volume in which the reactivity is 
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present must be as small as possible. 

The invention will now be described in greater 

detail with reference to an embodiment which is shown in 

the accompanying drawings. 

Figure 1 is a side-view of a shielding device according to 

the invention; figure 2 shows the same shielding device 

from top. Figure l is for the greater part a longitudinal 

sectional view of the shielding device taken on the line 

I-I of fig. 2, viewed in the direction of the arrows. Fi

gure 3 is a longitudinal sectional view of a part of the 

device taken on the line III-III of fig. 2. 

The operation of the device will be described in detail 

with reference to figure 4. Figure 4 shows an exploded 

view of a part of the device. 

The base 21 of the screening device shown in Fi

gure 1 comprises a base plate 23 which is hooded with a 

stove-enamelled sheet iron cap 22 below which five casters 

24 are connected so as to be rotatable. 

The central part 25 is mounted on said base plate 

and comprises a lead vessel 26 which is enclosed between 

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

manufactured from stainless steel and comprises a radially 

outwardly projecting flange 28 is provided in the vessel. 

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

toms of the vessels 27 and 29 a space 30 remains in which 

heating elements, for example a heating plate, can be ac

commodated. As described in the above-mentioned Nether

lands Patent Application 8202407 it may be useful when 

certain radio isotope generators are used, for example, a 

gold-195~ generator, to heat the generator column during 

the elution. If desired, a bore may be recessed in vessel 

26 for leading through a supply for the heating means. 

As shown in figures 1 and 2 a grip 33 in the form 

of a circumferential tube which is connected to the vessel 

by means of three spoke-shaped elements 34 is provided 

around the top part of the device. The vessel 26 can be 

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

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

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

lid can be clamped sealingly on the vessel {flange 28) by 

means of a clamping lock 39 provided with a handle. A bore 

32 is present in lid 36 for leading through two connection 

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

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

the lid of the lead vessel and forming a base for an ope

rating block or tray. Between the circumferential grip and 

the upper edge of the lead vessel, a circumferential 

stainless steel top 40 having upright edges is present on 

which auxiliary means necessary for using the device can 

be placed. 

A small lead vessel 41, also mounted in stove

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

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

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

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

On,top of mount 45 is connected an operating 

block or tray 46 in or on which two syringes can be acco

modated, as well as other auxiliary means needed during 

operation of the device. 

Figure 3 shows a waste overflow bottle 12b placed 

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

to the outlet tube llb of receptacle 12a. 

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

eluent and rinsing or formulating liquid, respectively, 

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

As shown in Figure 4, ~wo syringes 5 and 9 provi

ded on their front sides with connection means in the form 

of Luer cones are connected to three-way cocks, the former 

directly to a three-way cock 4~ and the latter to a three

-way cock 4b via two yalves Ba and 8b. 

The use of the device shown will be explained 

with reference to figure 4. All connections between the 

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

ditions. 

During operation of the device the tube connec

tions are provided between eluent reservoir l and an out

let of three-way cock 4~, the inlet aperture of the gene

rator column 13 and the other outlet of three-way cock 4~, 

the reservoir with rinsing or formulating liquid 2 and 

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

and valve 8E, the receptacle for waste fluid 12a and an 

outlet of three-way cock 4E and the auxiliary means to be 

used for administration to a patient and the other outlet 

of three-way cock 4b. 

When the device is used, first three-way cock 4E 
is opened to communicate-the eluate duct 7 through cock 

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

Overflow bottle 12£ is connected to receptacle 12~ through 

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

three-way cock 4~, syringe 5 is communicated with eluent 

reservoir l, after which the syringe is filled with 2 ml 

of eluent.-"Eluent reservoir 1 and rinsing agent reservoir 

2, clamped in stand 16, are provided with dropping cham

bers 3a and 3E· After opening the cock lOa, syringe 9 is 

filled with a saline solution from reservoir 2 (through 

valve 8~); the tube is then closed by clamping by means of 

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

tents of syringe 5 are injected through tube 6 into the 

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

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

liquid {eluate) rinsed through the column and leaving the 

generator column ~t 15, as well as the rinsing liquid is 

collected through tubes 7 and lla in the waste receptacle 

12a. 

After having repeated this operation several 

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

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

cock 4£, is filled with a saline solution from syringe 9 

after opening said valve, and is then connected to an 
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auxiliary means to administer the radioactive liquid to a 

patient, for example, a needle or a catheter. After having 

placed the patient in a suitable position below a gamma 

camera, the generator is eluted with 2 ml of eluent by 

means of syringe 5, the eluate being injected directly 

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

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

lution from reservoir 2 by means of syringe 9. 

The examination may be repeated any desirable 

number of times. 
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CLAIMS: 

1. A shielding device for a reservoir comprising 

a radioactive material and having an inlet and an outlet 

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

rator, comprising a lead cover for the reservoir in which 

a closable access for the reservoi~ is recessed, characte

rized in that the shielding device is provided with means 

with which the device can be moved forward. 

2. A device as claimed in Claim 1, characterized 

in that the device comprises in addition provisions for 

the safe handling of radioactive material. 

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

rized in that the device comprises on its lower side at 

~east three, preferably five, casters. 

4. A device as claimed in any of the preceding 

Claims, characterized in that the device comprises a grip, 

preferably consisting of a circumferential tubular or rod

-shaped member connected to the outside of the lead cover. 

5. A device as claimed in any of the preceding 

Claims, chaTacterized in that the device comprises in ad

dition a separate lead-shielded space for a reservoir for 

radioactive waste material. 

6. A device as claimed in any of the preceding 

Claims, characterized in that the device is provided with 

means for introducing a radioactive liquid into a 

patient's body,_ while the environment is shielded as far 

as possible from radiation emanating from these means when 

radioactive liquid passes through them. 

7. A device as claimed in Claim 6, characterized 

in that the device comprises a base in which the.means to 

move the device are present, a central part of reduced 

outside diameter in which the lead cover for the reservoir 

containing the radioactive material is present, and a top 

part which comprises: the lead closure for the access in 

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

the waste reservoir and the means to introduce a radioac

tive liquid into a patient's body. 
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