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the unique advantage of permitting repeat perfu
sion and blood flow studies in patients whose clini
cal status is rapidly changing. 

Rubidium-82 is produced by the decay of its 
parent, strontium-82. E. R. Squibb and Sons, Inc. 
has developed a Rubidium-82 generator and infu
sion system which yields an isotonic saline solution 
of Rubidium-82 at physiological pH for rapid ad
ministration. ln animal experiments, the safety and 
myocardial uptake of Rubidium-82 has been dem
onstrated. Therefore this agent has been selected 
as a candidate for clinical trials. 

In the Drawing: 
FIG. 1 is an overall schematic diagram of the 

strontium-rubidium infusion system used in con
junction with the present invention; 

FIG. 2 is a front view of the infusion pump 
control used with the strontium-rubidium infusion 
system; 

FIG. 3 is a front view of the dosimetry con
trol used with the strontium-rubidium infusion sys
tem; 

FIG. 4 is a graph of radioactivity measured 
(on the y-axis) by the dosimeter probe versus time 
(on the x-axis); 

FIG. 5 is a perspective view of the dosimetry 
probe; 

FIG. 6 is a schematic diagram of the inter
face between the dosimetry probe of FJG. 4 and 
the dosimetry control circuitry; 

FlG. 7 is a schematic diagram of the circuit 
for the Single Channel Analyzer used to convert 
and 
No. 156.285, entitled 82RB GENERATING METH
OD AND ELUENT, filed on June 4, 1980 by Rudi 
D. Neirinckx, et al. 

Saline pumped through the strontium-rubidium 
generator 28 exits the generator 28 through tubing 
30 containing Rubidium-82. The tubing 30 is con
nected to a diverter valve 32 having a first arm 34 
which leads through tubing 38, an antibacterial filter 
40, and ultimately to waste 42. A second arm 35 of 
the diverter valve 32 is connected through tubing 
44, an antibacterial filter 48, additional tubing 50, 
and into an infusion needle 52. The infusion needle 
52 is typically inserted into the arm 54 of a patient 
56. 

In the preferred embodiment of the invention, 
the check valve 16 is a dual back check valve of 
the type made by Beckton Dickenson Inc .. and the 
antibacterial filters are of the type made by Schlei
cher & Schull as their type FP03013. 

ln the operation of the device, the amount of 
radioactivity in the saline eluted from the strontlum
rubidium generator 28 must be measured as it is 
introduced into the patient 56. Accordingly. a 
dosimetry probe 58 is placed adjacent to the tub-

ing 30 where it measures the radioactivity of the 
rubidium-containing saline as it leaves the gener
ator 28 and enters the diverter valve 32. 

In order to use the infusion system, various 
5 procedures must be performed and controlled. In 

particular, the syringe 18 must be purged of air, 
and filled with saline, and the diverter valve 32 
must be positioned. These operations are contin
gent upon a number of factors including the total 

10 volume to be infused into the patient 56, the total 
dosage to be infused into the patient 56, the mini
mum radioactivity which must be present in the 
tubing 30 before any eluate is infused into the 
patient 56, the total volume to be infused {Note: 

15 The total volume eluted may differ from the total 
volume infused into the patient 56 as some volume 
is likely to be diverted to waste.) 

The foregoing parameters may be altered from 
the front panel of two different controllers shown in 

20 FIGS. 2 and 3. These are the infusion pump con
troller 60 and the dosimetry controller 62. repec
tively. The infusion pump controller 60 controls the 
mechanical movement of the syringe's plunger 66 
via a stepping motor 64 which is connected to the 

25 plunger 66. 
In the preferred embodiment of the invention. 

the syringe 18 is a sterile, disposable plastic sy
ringe of the type made by Sherwood Medical and 
designated as Part. No. 881-514031. The infusion 

30 pump controller 60 limits the movement of the 
syringe plunger 66 based upon optical limit detec
tors 68. 70 which limit the fully displaced and fully 
extended positions of the plunger 66, respectively. 
The volume control function performed by the infu-

35 sion pump controller 60 is accomplished by count
ing the number of pulses sent to the stepping 
motor 64. 

With reference to FIG. 2, the front panel of the 
infusion pump controller 60 is shown. The infusion 

40 pump controller 60 includes an on;off power switch 
72 which is used to turn on the power to the unit. 

A set of thumbwheel switches 74 is used to 
select the total volume (ml) to be eluted. An LED 
display 76 shows the total volume (ml) which has 

45 been eluted. A momentary contact push-button 
switch 78 is used to start and to stop the move
ment of the plunger 66 in the forward (inject) direc
tion. 

A set of push-button potentiometers comprise 
50 the Flow Rate Control 80 which is used to deter

mine the volume per unit time which is infused. 
The Flow Rate Control 80 sets the pulse rate into 
the stepping motor 64. An LED 82 lights when the 
end of travel of the plunger 66, as indicated by the 

55 optical limit detectors 68, 70 is reached. A pair of 
momentary contact push-button switches 84, 86 
are used to control the purge and refill functions, 
respectively. of the syringe 18. Thus. if the purge 
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control switch 84 is pushed, and held, the plunger 
66 continues to move in the forward direction until 
it reaches the forward limit detector 68. Similarly, 
while the refill control switch 84 is pressed and 
held, the plunger 66 continues to move toward the 
rear limit detector 70. The speed of movement of 
the plunger 66 during purge and refill operatiQ[lS 
are controlled by adjustable screw-type potentiom
eters 88, 90, respectively. 

The infusion pump controller 60 is comprised 
of a Superior Electric Company STM103 Translator 
Module which is interfaced to provide signals re
presentative of flow rate. volume eluted. and injec
tion. It is also interfaced to be remotely controlled. 
A pulse called "INIT" indicates that the Translator 
Module has been powered. The "INIT" pulse is 
used to reset the displays on the dosimetry mod
ule. An "INJECT" signal indicates that the pump is 
injecting. Output pulses, corresponding to .1 ml 
steps of the syringe 18, are provided. An "End of 
Elution" signal is used to remotely disable the 
infusion pump controller 60. 

With reference now to FIG. 3, the dosimetry 
controller 62, is comprised of a number of LED 
displays and thumbwheel switch sets. In addition, 
the dosimetry controller 62 includes an onroff 
switch 92 for providing power to the unit. 

The first set of thumbwheel switches 94 is 
used to set the volume (ml) to be infused into the 
patient 56. The LED display 96. immediately above 
the thumbwheel switches 94. displays the volume 
of eluate which has been infused into the patient 
56. 

The thurnbwheel switches 98 are used to set 
the total dose (rnCi) which is to be infused into the 
patent 56 and the LED display 100 immediately 
above the :otai dose thumbwheel switches 98 dis
plays the total dose which has been infused into 
the patient 56. Similarly, the thumbwheel switches 
102 are used to set the dose rate (mCi sec.) which 
is to be used to determine when to switch the 
diverter va:ve 32 from the waste pos1t1on to the 
patient 56 position. The actual dose rate which rs 
present in the eluate within the tube 30 in front of 
the dosimetry probe 58 is displayed on the LED 
display 104. The descnotion of the dose present in 
the eluate at any given time from the start of 
infusion will be provided hereafter. The dosimetry 
controller 62 further comprises a pair of LED's 106. 
108 which indicate the pos1t1on of the d1verter valve 
32. On:y one of these two LED'S 106. 108. should 
be on at any given time. 

While the normai position of the diverter valve 
32 is toward waste. except when eluate 1s being 
infused into a patient 56. provision must be made 
to clear the tubing 44. 50 of any air prior to infusing 
a patient 56_ Accordingly, the cosimetry ccntro!!er 
62 includes a toggle switch 110 which is used to 

hard wire the diverter valve 32 in the patient 56 
position. 

The present preferred embodiment of the in
vention also includes a set or thumbwheel switches 

s 112 which are used to set the flow rate which will 
be used in internal calculations of dosimetry con
troller 62. It is presently anticipated by the inventor 
that a future version of the present mvention will 
include automatic means for determining the flow 

10 rate based upon the settings used in the infusion 
pump controller 60. 

Referring now to FIG. 4, a graph of the radioac
tive dosage present in the tubing 30 in front of the 
dosimetry probe 58, is shown. In the graph, the 

15 dosage is measured on the y-axis and time is 
measured on the x-axis. The time is referenced 
with zero being the time that the start:stop inject 
button 78 on the infusion controller 60 is pushed to 
commence infusion. 

20 For approximately 10 seconds there will be no 
radioactivity present in the eluate from the 
strontium-rubidium generator 28. Thereafter. the 
dose rate rises at a rapid rate up to a maximum. 
after which the dose rate falls to a level value 

2s indicative of the steady state regeneration rate of 
the Sr-Rb generator 28. Thus. when the infusion 
starts, there is a delay initially as the dose rate 
builds up, a reduction in dosage after the generator 
28 is partially eluted, and then there is a dosage 

30 representative of the steady state regeneration rate 
of the generator 28. 

The setting of the dose rate thumbwheel 
switches 1 02 tells the dosimetry controller 62 at 
what point along the upward slope of the dosage 

35 curve to switch the diverter valve 32 from the waste 
position to the patient 56 position whereby the 
eluate will be infused into the patient 56. At that 
point the dose indicated by the LED's 100 will start 
accumulating from zero. where it had been until 

.:o that point. Similarly. the patient 56 volume indi
cated by the LED's 96 will start to accumulate as of 
that time. 

Once eluate is infused into the patient 56. it 

continues to be infused until one of various stop 
.:s indications occurs. In particular. when the total pa

tient 56 dose. set by the thumbwheel switches 98, 
is reached, the diverter valve 32 is returned to the 
waste position. and the stepping motor 64 stops. 
thereby preventing further infusion. Similarly. the 

so diverter valve 32 is switched, and the stepping 
motor 64 is stopped when the patient 56 volume. 
preset by the thumbwheel switches 94 reaches its 
preset value or after the total volume to be eluted. 
set by the volume thurnbwheel switches 74 

ss reaches its preset value: or when the purge limit 
optical stop 68 of the syringe 18 is reached: or if 

:he start stop in1ect button 78 is pushed. Any of the 
foregoing events causes the diverter va,ve 32 to 
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switch to the waste position, and causes the step
ping motor 64 to stop. Note, however. that the 
purge and refill switches 84, 86 are disabled as of 
the time that the starttstop inject button 78 is 
pushed to commence the infusion. 

Quantizing Radioactivity in ~ Liquid Stream 

In order to measure the radioactivity in the 
saline solution which passes through the line 30 in 
front of the dosimetry probe 58, it is necessary to 
count the number of disintigrations which occur in 
front of the probe 58, while at the same time 
keeping track of the flow rate of the saline through 
the tube 30. Given that these quantities are known, 
it is possible to measure the total activity in mil
liCuries (mCi) in accordance with the following for
mula: 

{C) (F) 
A = (V) (E) (CM} (Y) 

Where. A = total activity (mCi); 
C = net counts; 
F = flow rate (ml;min); 
V = volume in detector view (ml); 
E = net efficiency (counts per 
minute:disintegration per minute); 
CM = disintegrations/minute to milliCurie conver
sion factor; and 
Y = net yield of photon. 

In the case of the present invention. the above 
formula can be simplified to: 

A 
(Cl ( F) 

K 

Where. A = total activity (in milliCuries); 
C = net counts (from probe); 
F = the flow rate; and 
K :::; the calibration factor. 

As noted, the calibration factor. K. takes into 
account the volume in the detector's view. the net 
efficiency of the probe. the conversion factor in 
terms of disintigrations pet minute to milliCuries, 
and the net yield of photons. These factors are 
substantially constant for any given probe and tub
ing combination for a reasonable amount of time. 
Accordingly, provision is made on the circuit board 
to adjust the calibration factor. K, when the instru
ment is serviced. However. the calibration factor. K. 
1s not user adjustable in the normal course of 

5 

operation. 

Dosimetry Probe 

Referring now to FIG. 5, the dosimetry probe 
58 is comprised of a photomultiplier tube 120, such 
as the RCA C83009E 14 mm diameter 10-stage 

10 photomultiplier tube manufactured by the Electro 
Optics Division of RCA Corporation in Lancaster. 
Pennsylvania. The photomultiplier tube 120 has a 
face 122 through which input signals in the form of 
light are received. On the face 122, a plastic scintil-

15 lator 124, such as a Nuclear Enterprises Type 
102A manufactured in Edinburgh, Scotland, is 
mounted. In the preferred embodiment of the in
vention, the plastic scintillator 124 is glued or bon
ded to the face 122 of the photomultip!ier tube 120. 

20 After the plastic scintillator 124 has been bonded to 
the face 122 of the photomultiplier tube 120, an 
aluminum foil covering (not shown) is placed over 
the face end of the photomultiplier tube 120, in-. 
eluding the plastic scintillator 124. The purpose of 

25 the aluminum foil covering is to reflect back into 
the tube 120 any light which scintillates from the 
plastic scintillator 124 away from the tube 120. In 
addition, the aluminum foil covering prevents any 
stray light which might come into the area of the 

30 face 122 from getting into the tube 120. Following 
the application of the aluminum toil, a light tight 
material, such as black electrical tape is wrapped 
over the aluminum foil covered tube 120 in order to 
further prevent any light from entering into the tube 

35 120. The tape-wrapped tube 120 is then inserted 
into a mu metal shield 126 which is intended to 
prevent any electromagnetic radiation effects from 
affecting the output of the dosimetry probe 58. In 
the preferred embodiment of the invention, the 

40 dosimetry probe 58 is plugged into a standard 
photomultiplier tube socket base 128 containing a 
standard resistive biasing network. 

45 Dosimetry Circuitry 

Referring now to FIG. 6, the photomultiplier 
tube socket base 128 includes a resistive network 

50 containing biasing resistors for placing appropriate 
bias voltages on the ten dynodes in the photomul
tiplier tube 120. Accordingly, the high voltage con
nection to the photomultiplier tube base 128 is 
automatically biased to provide appropriate operat-

55 ing voltages to the photomultiplier tube 120. The 
high voltage supply 130 used in the preferred 
embodiment of the invention is a 0-1000 volt, ad
justable Bertan PMT-10A-P power supply manufac-

5 
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tured by 8ertan Associates, Inc., Three Aerial Way, 
Syosset, New York. In the present application, the 
high voltage supply 130 is adjusted to provide an 
output voltage of 950 volts. The photornultipler tube 
socket base 128 is an RCA photomultipler tube 
socket base, part No. AJ2273. 

An output signal goes from the dosimetry 
probe 58 on a line 132 to a coupling network 
comprising a pull up resistor 134, a coupling ca
pacitor 136, and a output resistor 138. Accordingly. 
an AC signal having a peak to peak maximum of 
approximateiy 250 millivolts with negative going 
pulses, is provided on output line 140. 

Single Channel Analyzer 

Referring now to FIG. 7, the schematic diagram 
for a Single Channel Analyzer circuit is shown. The 
Single Channel Analyzer is used, because the 
pulses on output line 140 from the Dosimetry cir
cuitry are very sharply defined pulses which may 
occur at very high frequencies. In view of the fact 
that it is important to count all the pulses. a very 
high speed comparator. such as an AM685 voltage 
comparator 142, manufactured by Advanced Micro 
Devices, 901 Thompson Place. Sunnyvale. Califor
nia. with emitter-coupled logic (EGL) output. or 
other suitable very high speed comparator, must 
be used_ 

A biasing network 141 consisting of a series of 
resistors and capacitors is used as one input to the 
comparator 142. In view of the fact that the pulses 
which are handled by the comparator 142 are of 
very short duration. a one-shot circuit 144. com
prised in the preferred embodiment of the inven
tion. of a Motorola Type 1670 master-slave flip-flop 
integrated circuit. is used to stretch the pulse width 
up to a uniform pulse width of approximately 50 
nanoseconds. The output signal from the one-shot 
144 is fed into a programmable divide-by-N circuit 
146. which in the preferred embodiment of the 
invention is comprised of a Motorola Type 10136 
universal hexadecimal counter integrated circuit. 
The divide-by-N circuit 146 is programmable. Ac
cordingly. a very high pulse repetition rate coming 
into the comparator with very short pulse widths is 
reformed by the one-shot to have wider. uniform 
pulses. and the mput signal is further reformed by 
the divide-by-N circuit to bnng the puise repetition 
rate dcwn into any desirable range. ln particular. 
outputs of the divide-by-N circuit 146 are provided 
for N equal to 2. 4. 8. and 16. 

Up through this point in the circuit the devices 
have all been of ECL type in order to be able to 
handle the very high speed pulses which are de
tected by the dcsrmetry prcce 58. In view af the 

fact that it is conventional to use transistor
transistor-logic (TTL) integrated circuits. a type 
10125 ECL-to-TTL level converter circuit 150 is 
hooked to the output of the div1de-by-N circuit 146. 

5 Thus, the ECL-to-TTL level converter circuit 150 
transforms the ECL signal levels into TTL signal 
levels for further processing. The TTL outputs 
leave the EGL-to-TTL level converter circuit 150 on 
four lines 152, 154, 156, 158, which correspond to 

10 the TTL level of the counts into the Single Channel 
Analyzer divided by 2. 4, 8. and 16, respectively. 
The counts out on the lines 152-158 will be re
ferred to hereafter as the "net counts". 

15 

Multiplier-Divider Circuit 

Referring now to FIG. 8, there is a Multiplier-
20 Divider circuit 160 which converts the net counts 

from the Single Channel Analyzer circuit, described 
above. into a meaningful quantity (milliCuries). The 
Multiplier-Divider circuit 160 accepts the "net 
counts" on an input line 162 which is connected to 

2s one of the lines 152-158 from the Single Channel 
Analyzer (i.e., the raw counts converted into TTL 
levels. and then divided by 2. 4, 8, or 16) and 
multiplies them by the eluate Flow Rate divided by 
100. The result is then divided by a constant. K, in 

30 order to carry out the formula: 

35 

.JO 

.JS 

50 

55 

6 

nn <Fl 
A.,.. K 

Where. A = total activity (in m1lliCunes): 
N = net counts (from Single Channel Analyzer): 
F = Flow Rate: and 
K = the calibration factor. 

The net counts. N. are first multiolied by a two 
digit number corresponding to the eluate Flow Rate 
(entered on the Flow Rate thumbwheel switches 
112A. 1128. corresponding to the most significant 
digit (MSD) and the least significant digit (LSD), 
respectively. the thumbwheel switches 112A. 1128 
are on the front panel of tt~e dosimetry controller 
62. shown 1n F!G. 3. The multiplication is accom
plished by cascading two TTL Synchronous Dec
ade Rate Multiplier circuits (F74167). and sending 
their outputs through a NANO gate 168. The result
ing output corresponds to Fout· where: 

Fout 
(N)(F) 

= 100 
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The output pulses are of varying duration, so 
they are next fed through a pair of one-shots which 
process them to have a fixed duration. In the 
preferred embodiment of the invention, the first 
one-shot is comprised of one-half of an SN74123 
integrated circuit 170. The first one-shot is negative 
edge triggered, and it provides a pulse output of 
approximately 200 nano"seconds. Its output is dou
ble buffered through buffers 172, 174 into a second 
one-shot which is comprised of one-half of a 
CD4098BE integrated circuit 176 in order to in
crease the width of the output pulses, so they will 
be acceptable to a CMOS divider integrated circuit 
178. The second one-shot is configured to be lead
ing edge triggered. 

The output of the second one-shot is then 
divided by the calibration factor, K, which may 
have a range of between 3 and 9,999. A C04059A 
integrated circuit 178 is used as a programmable 
divide-by-N counter. Programming is accomplished 
via a series of 16 DIP switches 180 mounted on the 
printed circuit card. Each set of four switches cor
responds to the BCD settings for 1 's, 1 O's, 1 OO's 
and 1000's. Pull up resistors (not shown) are em
ployed in the standard manner so that when the 
DIP switches are open the inputs to the divide-by
N circuit 178 are pulled high. 

The output of the divider 178 has pulses of 
random widths, so another one-shot. made up of 
the second half of the C04098BE 176 configured 
for leading edge triggering, is used. This one-shot 
provides an output pulse duration of approximately 
20 microseconds. Before leaving the Multiplier-Di
vider circuit 160, the output is double buffered 
through buffers 182, 184 and the output signal on 
line 186 is sent to the Dose Rate circuit. There will 
be one dose corrected output pulse on line 186 for 
each 0.01 milliCurie of activity which passes by the 
dosimetry probe 58. 

Display Controller Circuit 

Referring now to FIG. 9, the schematic diagram 
for a Display Controller Circuit 190 is shown. There 
are three Display Controller Circuits within the 
dosimetry controller 62. Each Display Controller 
190 is used both to interface a set of thumbwheel 
switches 192 and to display the quantity associated 
with the particular set of thumbwheel switches 192. 
Thus, there is one Display Controller of 190 for 
Dose Rate (which works with thumbwhee! switches 
102 and LEDs 104), one for Patient Volume (which 
works with thumbwheel switches 94 and LEDs 96), 
and one for Dose (which works with thumbwheel 
switches 98 and LEDs 100). Each Display Control
ler Circuit 190 drives four seven-segment displays 

194, such as MAN71 displays. 
The major component of the Display Controller 

Circuit 190 of the preferred embodiment of the 
invention is an lntersil ICM72171JI integrated circuit 

5 196, which is a device which provides a direct 
interface to the seven-segment displays 194. Each 
Display Controller Circuit 190 allows the user to set 
a level, by programming binary coded decimal 
(BCD) thumbwheel switches 192. The levels can 

10 then be detected. In this way, a preset limit for 
Dose, for example, will be detected and will be 
used to shut down the infusion pump. For Dose 
Rate, the preset level is used to switch the position 
of the diverter valve 32, through the valve driver 

15 circuit which will be explained hereinafter. The Pa
tient Volume can also be preset, and the infusion 
pump can be stopped at the preset limit. 

20 Dose Rate Circuit 

The Dose Rate circuit 200, shown in FIG. 10, 
provides a visual display of the amount of radiation 

25 present in the eluate. The Dose Rate circuit 200 
employs a Display Controller Circuit, of the type 
described above. The Dose Rate display is con
stantly updated to provide the user with Dose Rate 
information. The Dose Rate circuit 200, with the 

::io Display Controller, is programmed to set a trigger 
level for switching the eluate from waste to the 
patient 56. 

The Dose Rate circuit 200 uses signals from 
the Multiplier-Divider circuit 160, described above, 

35 and from the Control Board which will be described 
hereinafter. The dose corrected output pulses on 
line 186 from the Multiplier-Divider circuit 160 de
scribed above (i.e., 1 pulset.01.'mCi) enter the Dose 
Rate circuit 200, and are double buffered by buff-

40 ers 202, 204. The buffered pulses are then fed 
through one-half of a one-shot 206, comprised of a 
CD4098BE integrated circuit in the preferred em
bodiment of the invention. The output from the 
one-shot 206 is gated through NANO gate 207 to 

45 the Dose Rate Display 104 since there are three 
Display Controller Circuits 190, which are used for 
Dose {circuit "A"), Dose Rate (circuit "B"), and 
Patient Volume (circuit "C"), the designation "810" 
at the output of NAN D gate 207 means pin 10 on 

so input connector 197 (see FIG. 9). 
The heart of the Dose Rate circuit 200 is an 

lntersil ICM7207A Oscillator Controller integrated 
circuit 208. This unit, along with a dual one-shot 
comprised of a CD40988E integrated circuit 210. in 

55 the preferred embodiment of the invention, pro
vides all of the control necessary for gating, stor
ing, and resetting the display. 

The outputs of the Dose Rate Display Control-

7 
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ler Circuit provide an easy interface to determine 
when a predetermined count (corresponding to the 
dose rate which was set on thumbwheel switches 
102) has been reached. and to generate a signal 
which is used for switching the diverter valve 32. 
The valve switching signal is also used to enable 
the Dose and Patient Volume Displays. 100, 96, 
respectively. 

In the preferred embodiment of the invention, 
the valve switching signal is derived from one half 
of a dual 0-type flip-flop, such as a CD4013BE 
integrated circuit 212. The flip-flop 212 is only 
enabled during an injection. i.e .. when the infusion 
pump is being used to either infuse eluate into a 
patient 56 or to divert it to waste. The enabling 
"INJECT" signal is generated when the pump is 
injecting. Once an injection is started and a user 
pre-set Dose Rate limit set on thumbwheel switch
es 102 is met. the flip-flop 212 latches a positive Q 
output to switch the diverter valve 32 from the 
waste position to the patient position and to enable 
the Dose Display and the Patient Volume Display. 

Control Circuit 

Referring now to FIG. 11, the schematic dia
gram of the Control circuit 220 is shown. The 
purpose of the Control circuit 220 is to "oversee" 
all other operations. Specifically. the Control circuit 
220 controls the Dose Display and Patient Volume 
Display. The Control circuit 220 also provides tim
ing for resetting the Multiplier-Divider circuit 160. 
and it buffers various inputs and outputs to and 
from the infusion pump control module 60. 

The basic function for turning the infusion 
pump off is the End of Elution signal. The End of 
Elution signal is derived from either the Dose Dis
play 100 or the Patient Volume Display 96. These 
displays 100. 96 are gated to begin coLmting once 
the Dose Rate trigger level. the Q output from flip
flop 212. reaches its preset limit. as defined by the 
Dose Rate thurnbwheel switches 1 02. Then. once 
the Dose or Patient Volume is met. as defined by 
the Dose thumbwheel switches 98 and by the 
Patient Volume thumbwheel switches 94. respec
fr1ely. the Control circuit 220 signals the pump to 
stop. 

Valve Driver Circuit 

The Vaive Driver circuit 230. shown schemati
cally :n FIG. 12. •S used to control the switching of 
the c1verter ·1al'/8 32 which directs the eluate either 
to the nat1ent 56 or to waste. The Valve Driver 

circuit 230 accepts its input from the Dose Rate 
circuit or from the Patient Line Purge Switch 110. 
The Patient Line Purge Switch 110 directly controls 
the valve 32. 

s The diverter valve 32 is a two position valve 
which includes electrical switches which close in
dividually when the valve 32 is fully in either the 
patient or waste position. Movement of the valve 32 
from one position to the other is controlled by an 

10 AC motor which includes two windings allowing it 
to be moved in either direction via an AC motor 
having two windings. When the first winding is 
energized. the motor moves in a clockwise direc
tion. When the second winding is energized. the 

15 motor moves 1n a counterclockwise direction. At 
each limit of the valve movement. there is a micro
switch 232, 234 which senses when the valve limit 
has been reached. 

When one of the microswitches 232, 234 is 
20 open. i.e. switch 232, the input to an associated 

inverter 236 is essentially at ground. When the 
switch 232 closes. the input to the inverter 236 
increases to approximately five volts. After the 
switch 232 again opens. it takes some time, due to 

25 the RC time constant of the associated resistors 
and capacitor. before the voltage at the input of the 
first inverter 236 returns to approximately zero. 
Accordingly, the combination of inverters and the 
RC network to which each of the switches 232, 234 

30 are connected acts as a switch debouncer. Thus, 
the output of inverter 238 will be low when switch 
232 is closed and high when switch 232 is opened. 
Similarly, the output of inverter 240 will be low 
when switch 234 is closed and high when switch 

35 234 is opened. 
NANO gate 242 normaily has a high output 

voltage. Accordingly. as will be obvious to those of 
ordinary skill in the digital circuitry art, LED 106 will 
be on when switch 232 is closed. Otherwise. LED 

-'O 106 will be off. Similarly, LED 108 will be on when 
switch 234 is closed. Note that these LEDs 106, 
108 were previously described with reference to 
the dosimetry controller 62 (See FIG. 3). 

When both switches 232. 234 are opened at 
45 the same t;me. there will be two high signals at the 

input of NANO gate 254. That will cause NANO 
gate 256 to trigger a monostable multivibrator com
prised of one half of a CD4098BE integrated circuit 
258 wh1cn provides a low going output pulse hav-

50 mg a duration oi aoprox1mately 700 milliseconds in 
the preferred embodiment of the invention. The 
particular time period during which this pulse is low 
must exceed the time period which it would take 
for the diverter valve 32 to be moved from one 

ss position to the other pos1t1on. In the preferred em
bodiment of the invention the movement of the 
diverter vaive 32 takes approximately 600 millisec
onds The outputs from the monostable mult1v1bra-

8 
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tor are fed via EXCLUSIVE OR gate 260 into a 0-
type flip-flop 262 comprised of a CD4013BE in· 
tegrated circuit. In the event that the diverter valve 
32 did not move from one position to the other 
within the prescribed time period, it is presumed 
that a fault condition occurred, e.g. the diverter 
valve 32 jammed. Accordingly, the operator is ad
vised of the fault condition by both LEDs 106, 108 
flashing simultaneously. The flashing occurs as a 
result of the output of the flip-flop 262 which is 
connected on line 264 to NANO gate 242 being 
kept high, thereby causing NANO gate 242 to act 
as an astable multivibrator which oscillates between 
high and low outputs thereby causing the EXCLU
SIVE OR gates 248, 250 to change states and to 
flash the LEDs 106, 108. 

At the same time that one output of the flip-flop 
262 goes high, the other output. on line 266 goes 
low. The signal on line 266 is normally high, as it is 
one input to NANO gate 268. The other input to 
NANO gate 268 is the "End of Elution" signal 
previously discussed. When both inputs to NANO 
gate 268 are high the output on line 270 is high. 
The output signal on line 270 turns off the infusion 
pump when it is low. This is the signal which 
remotely controls the infusion pump, as heretofore 
described. Thus, in the fault condition, when the 
signal on line 266 goes low the infusion pump is 
turned off. When there is no fault condition. the 
infusion pump will be enabled when the End of 
Elution signal is high. 

The Q output from the dose rate circuit 200 
enters the Valve Controller Circuit 230 on line 252. 
A series of inverters are used to buffer the Q 

output in order to obtain an output on line 254. The 
output on line 254 is used as the input to a pair of 
solid state reiays (not shown) which selects be
tween the two windings of the motor which drives 
the diverter valve 32. Thus. when the Q output is 
high the motor drives the diverter valve 32 into the 
Patient position, and when the Q output is low. the 
motor drives the diverter valve 32 into the Waste 
position. 

Claims 

1. A dosimetry system suitable for use in a 
strontium-rubidium infusion system comprising 
means for generating rubidium 82 in a solution 
which can be infused into a patient; means for 
infusing said solution into a patient; means for 
measuring the radioactivity present in said solution 
as it is infused into said patient; and means for 
controlling said means for infusing in response to 
the amount of radioactivity which has been infused 
into said patient said dosimetry system compris
ing: 
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(a) a photomultiplier tube, having a face 
through which input signals in the form of light are 
received; 

(b) a plastic scintillator mounted on said 
face; 

(c) means for reflecting l;lack into said tube 
any light which scintillates from the plastic scintil
lator; 

(d) means for preventing stray light from 
strikiilg said plastic scintillator; and 

(e) a single channel analyzer electrically con
nected to said photomultiplier tube for receiveing 
pulses from said photomultiplier tube, said single 
channel analyzer comprising: 

(i) a very high speed comparator which 
receives input pulses from said photomultiplier 

-tube; and 
(ii) means for accepting input pulses having 

pulse widths of significantly less than 50 micro
seconds. 

2. The dosimetry system of Claim 1 further 
comprising means for reducing the pulse reptition 
rate of said input pulses. 

3. The dosimetry system of Claim 2 wherein 
said means for reducing the pulse reptition rate of 
said input pulses comprises a programmable 
divide-by-N circuit capable of receiving a very high 
pulse repetition rate and bringing the pulse repeti
tion rate down into any desirable range. 

4. The dosimetry system of Claim 1, 2 or 3 
wherein said means for accepting input pulses hav
ing pulse widths of significantly less than 50 micro
seconds is comprised of a one-shot circuit . 

5. The dosimetry system of Claim 4 wherein 
said one-shot circuit is comprised of an emitter 
coupled logic flip-flop which can accept input 
pulses having pulse widths of significantly less than 
50 microseconds. 

8. The dosimetry system of any one of Claims 
1 to 5 further comprising means for converting the 
output pulses into a measure of radioactivity. 

7. The dosimetry system of Claim 6 wherein 
said means for converting the output pulses into a 
measure of radioactivity comprises a Multiplier
Divider circuit which accepts said output pulses 
and multiplies them by a number corresponding to 
the eluate Flow Rate divided by a constant. K. in 
order to carry out the formula: 

A 
(N) (F) 

K 

Where. A = total activity (in m11liCuries); 
N = net counts (from Single Channel Analyzer); 
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F = Flow Rate; and 
K = the calibration factor. 
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@ Systemes, appareils et procedes a l'aide desquels un 
systeme d'injection (122 ou 124) automatise un procede 
d'injection d'une dose individuelle (126 ou 128) prise sur 
une dose multiple (104) d'un marqueur radioactif. Dans cer
taines formes de realisation, le systeme d'injection (122 OU 
124) comprend un premier systeme d'etalonnage de dose 
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SYSTEMES, PROCEDES ET APPAREILS DE PERFUSION DE PRODUITS 

RADIOPHARMACEUTIQUES 

La presente invention concerne d'une fa9on generale la tomographie par 

emission de positons, et plus particulierement des injecteurs. 

Dans les systemes de commande de tomographie par emission de positons 

selon la technique anterieure, une dose individuelle d' un marqueur radioactif predose 

I 0 est administree a un patient. Le marqueur radioactif predose individuel est prepare 

par un fournisseur de marqueurs radioactifs ( couramment appele une 

radiopharmacie). Le plus frequemment, on utilise un cyclotron pour preparer le 

marqueur radioactif. Le marqueur radioactif est livre a un etablissement medical qui 

administre le marqueur radioactif predose individuel en tant que produit 

15 radiopharmaceutique. Le rnarqueur radioactif predose individuel est prepare par le 

foumisseur de marqueurs radioactifs conformement a une prescription etablie par un 

medecin. La prescription comprend une quantite donnee de radioactivite a un 

moment a venir et une date de !'administration prescrite d'un volume connu d'un 

liquide injectable dans un sujet vivant. 

20 Le precede classique de production de marqueur radioactif dans un 

cyclotron, mis en reuvre par un fournisseur de marqueurs radioactifs, est le suivant : 

le fournisseur de marqueurs radioactifs irradie une rnatiere cible dans le cyclotron a 
l'aide d'un faisceau de protons ou de deutons pour produire une quantite voulue de 

radioactivite dans la matiere cible. Le degre d'irradiation est prevu pour satisfaire le 

25 besoin en radioactivite au moment a venir et a la date prescrits. La rnatiere cible 

irradiee est un isotope radioactif. On peut citer cornrne exemples d'isotopes 

radioactifs produits par un cyclotron l'azote-13, le fluor-18, le carbone-11 et 

l'oxygene-15. Souvent, des composes sont lies a !'isotope radioactif pour produire 

des marqueurs radioactifs tels que le fluorodesoxyglucose (FDG) qui est produit a 
30 l' aide de fluor-18. Parmi les autres marqueurs radioactifs figurent l' ammoniac a 

azote-13 utilise pour le myocarde, les marqueurs au carbone-11 courarnrnent 

employes en neurologie et l' oxygene-15 gazeux ainsi que des marqueurs derives de 

celui-ci, couramment employes en cas de problerne de circulation sanguine. Le FDG 

est de loin le marqueur radioactif le plus couramment employe et a une periode de 
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109 minutes, ce qui permet sa distribution depuis une radiophannacie centralisee 

vers de multiples sites d'imagerie. 

Le foumisseur de marqueurs radioactifs emballe ordinairement le marqueur 

radioactif dans un flacon individuel contenant une dose, comme dans le cas du FDG. 

5 Ensuite, le flacon contenant une dose individuelle est conditionne clans un conteneur 

individuel a blindage de plomb. Chaque conteneur a blindage de plomb pese environ 

23 a 27 kg. Ordinairement, le fournisseur de marqueurs radioactifs prepare chaque 

jour, pour chaque etablissement medical, un certain nombre de flacons individuels 

contenant une dose. Chacun des flacons contenant une dose est conditionne dans un 

10 conteneur individuel. De ce fait, uncertain nombre de conteneurs pesant de 23 a 27 

kg sont livres quotidiennement a chaque etablissement medical. En outre, pour faire 

face a des changements imprevus dans les besoins en marqueurs radioactifs d'un 

etablissement medical, ainsi que pour repondre a d'autres besoins logistiques, 

ordinairement deux livraisons ou plus de flacons individuels contenant une dose clans 

15 des conteneurs individuels sont realisees chaque jour. Les deux livraisons ou plus 

sont ordinairement realisees tot le matin avant 7 heures et en fin de matinee entre 10 

heures et 11 heures, OU selon les souhaits de I' etablissement medical. Les frais 

impliques par la preparation de flacons de doses individuelles, le conditionnement et 

le transport, deux fois par jour, des lourds conteneurs sont tres eleves. 

20 De plus, lorsque le produit radiopharmaceutique est administre au patient, 

I' operateur pratiquant la tomographie est expose a la radioactivite. L' operateur 

pratiquant la tomographie raccorde une tubulure d'injection intraveineuse (IV) dans 

le conteneur de produit radiopharmaceutique, insere clans le patient une aiguille 

montee a l'autre extremite de l'IV, commence !'injection de !'isotope radioactif via 

25 l'IV, surveille le deroulement de !'injection et met fin a !'injection, en restant 

constamment aupres du patient et de l'IV contenant le produit radiopharmaceutique. 

Le fait de se tenir tout pres de la source de radioactivite occasionne de nombreuses 

expositions a de faibles doses de radioactivite qui peuvent etre prejudiciables a la 

sante de l'operateur pratiquant la tomographie par emission de positons. 

30 La gestion de la qualite quant a la quantite de radionucleides et a la purete 

chimiq~e du lot en vrac est ordinairement realisee rnanuellement par le foumisseur. 

Du fait des aspects manuels de la gestion de la qualite, les criteres de gestion de la 

qualite sont subjectifs. En outre, les systemes classiques peuvent etre lents, ce qui 

necessite que le radioisotope doit etre produit a un niveau de radioactivite plus eleve 

35 afin d'avoir au moment de l'injection la quantite de radioactivite requise. 
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Un certain nombre de radioisotopes ont une periode tellement courte que le 

radioisotope doit etre produit par un cyclotron a proximite immediate de 

I' etablissement medical. L' ammoniac a azote-13 a une periode de 10 minutes et 

l' oxygene-15 a une periode de 2, 1 minutes. En raison de leur courte periode, 

5 l'ammoniac a azote-13 et l'oxygene-15 necessitent une production tout pres du site 

de l'etablissement medical. Par consequent, !'utilisation d'ammoniac a azote-13 et 

d'oxygene-15 pour la TEP est limitee aux sites qui ont un acces immediat a leur 

production. 

Plus generalement, les systemes classiques ont un deroulement sequentiel et 

10 par etape. Les principales fonctions, comme la production du marqueur radioactif et 

l'injection du produit radiopharmaceutique, la collecte de donnees cliniques suivant 

un protocole d'imagerie specifique, sont gerees par des organismes separes, par du 

personnel different, souvent avec uncertain manque de coordination et de liens. 

Pour les raisons evoquees ci-dessus et pour d'autres raisons mentionnees 

15 plus loin, qui apparaitront aux specia1istes de la technique a la lecture de la presente 

description et apres comprehension de celle-ci, i1 y a dans la technique un besoin de 

reduire le nombre de flacons de doses individuelles et de conteneurs blindes que les 

foumisseurs de radioisotope preparent et livrent chaque jour a chaque etablissement 

medical. Il est egalement necessaire de reduire le nombre de voyages de livraison 

20 qu'un foumisseur de marqueurs radioactifs effectue quotidiennement vers chaque 

etablissement medical. De plus, i1 est necessaire de reduire l' exposition des 

personnes, par exemple les operateurs de TEP, a la radioactivite pendant les etapes 

manuelles d'administration d'un produit radiopharmaceutique a des patients. II est 

egalement necessaire d'ameliorer la gestion de la qualite de l'administration des 

25 produits radiopharmaceutiques aux patients. De plus, ii est necessaire de reduire la 

gestion et le controle sans liens des fonctions de preparation et d'injection de 

radioisotope dans des patients. En outre, il est necessaire de disposer d'un procede 

commode pour produire et administrer sur place un produit radiopharmaceutique tel 

que l'ammoniac a azote-13 en vue d'examens cardiologiques. 

30 

Une solution est apportee aux inconvenients, defauts et problemes evoques 

ci-dessus, ce que l'on comprendra a la lecture et a l'etude de la description ci-apres. 

Selon un premier aspect, un systeme comprend un reseau local d' entreprise 

cooperant avec un ou plusieurs systemes d'imagerie de tomographie par emission de 

35 positons. Le systeme comprend egalement un poste de distribution qui sert a recevoir 
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une partie ou un flacon de plusieurs doses d'un produit radiopharmaceutique. Le 

poste de distribution sert a distribuer des parties du produit radiopharmaceutique a un 

OU plusieurs sysremes d'imagerie de tomographie par emission de positons. Le poste 

de distribution coopere egalement avec le reseau local d'entreprise. Le paste de 

5 distribution adminstre un produit radiopharmaceutique aux patients dont une image 

est ensuite realisee a l'aide des systemes d'imagerie de tomographie par emission de 

positons. Le poste de distribution permet de distribuer aux patients une partie en 

plusieurs doses du produit radiopharmaceutique, ce qui permet des economies 

d'echelle et constitue un moyen commode de distribution du produit 

I 0 radiopharmaceutique. 

Dans un autre exemple, le systeme comprend egalement une unite de 

gestion de la qualite. L'unite de gestion de la qualite sert a controler la purete 

radiochimique et isotopique du produit radiopharmaceutique distribue par le poste de 

distribution. L'unite de gestion de la qualite coopere avec le reseau local d'entreprise 

15 et coopere avec le paste de distribution. 

Dans encore un autre exemple, un appareil de synthese de produit chimique 

coopere entre un dispositif de production de radioisotope (par exemple un cyclotron, 

un accelerateur lineaire ou un generateur de radioisotopes) et le paste de distribution. 

Le dispositif de synthese res;oit un radioisotope du dispositif de production de 

20 radioisotope, lie le radioisotope a un compose biologique et transfert dans le poste de 

distribution le marqueur radioactif ainsi obtenu. 

Dans encore un autre exemple, l'appareil comprend un systeme de 

commande qui coopere avec le reseau local d'entreprise, pour recevoir des 

informations de bilan de l 'un quelconque des dispositifs du systeme, et envoyer des 

25 instructions a l'un quelconque des dispositifs du systeme tels que le!les systemes 

d'imagerie de tomographie par emission de positons, le poste de distribution, le 

dispositif de synthese de produit chimique et l'unite de gestion de la qualite. Le 

systeme de commande determine une quantite de radioactivite et une quantite de 

radioisotope a produire et envoie en consequence des instructions au dispositif de 

30 production de radioisotope. 

Dans certains exemples, un systeme d'imagerie de tomographie par 

emission de positons comprend un systeme d'injection, un moniteur physiologique 

cooperant avec l'injecteur et un scanner de tomographie par emission de positons 

cooperant avec le moniteur physiologique et le systeme d'injection. Le systeme 

35 d'injection sert a recevoir de multiples doses du produit pharmaceutique et sert a 
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injecter des doses individuelles du produit radiopharmaceutique dans un patient, a 
lancer une tomodensitometrie a un instant predefini suivant un protocole clinique 

specifique predefini. Le systeme d'injecteur est egalernent apte a injecter d'autres 

produits pharmaceutiques definis dans le protocole. 

L 'invention sera mieux comprise a l'etude de la description detaiIIee d'un 

mode de realisation pris a titre d'exernple non limitatif et illustre par les dessins 

annexes, sur lesquels : 

la Fig. 1 est un schema presentant une vue generale d'une forme de 

10 realisation au niveau du systeme ; 

la Fig. 2 est un schema de principe d'un appareil pour injecter une ou 

plusieurs doses individuelles d'un produit radiophannaceutique a partir d'une dose 

multiple du produit radiopharmaceutique ; 

la Fig. 3 est un schema de principe d'un poste de distribution selon une 

15 forme de realisation ; 

la Fig. 4 est un schema de principe d'un systeme d'injection automatisee 

pour medications de TEP selon une forme de realisation ; 

la Fig. 5 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation ; 

20 la Fig. 6 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation ; 

la Fig. 7 est un organigramme d'une forme de realisation d'un procede de 

fonctionnement d'une forme de realisation du systeme d'injection; 

la Fig. 8 est un organigramme d'une forme de realisation d'un procede de 

25 preparation d'un systeme d'injection a utiliser par plusieurs patients ; 

la Fig. 9 est un organigramme d'une forme de realisation d'un procede de 

preparation d'un systeme d'injection pour chaque patient individuel; 

la Fig. 10 est un organigramme d'une forme de realisation d'un procede 

d'administration d'une injection a l'aide du systeme d'injection de la Fig. 4 pour 

30 chaque patient individuel; 

la Fig. 11 est un organigramme d'un procede execute par un systeme de 

commande selon une forme de realisation ; et 

la Fig. 12 est un schema de principe de I' environnement materiel et 

operationnel dans lequel peuvent etre mises en ceuvre differentes formes de 

35 realisation. 
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Dans la description detaillee qui suit, il est fait reference aux dessins 

annexes qui font partie de celle-ci et sur lesquels sont representees a titre 

d'illustration des formes de realisation specifiques pouvant etre mises en ceuvre. Ces 

5 formes de realisation sont decrites d'une maniere suffisamment detaillee pour 

permettre aux specialistes de la technique de mettre en ceuvre les formes de 

realisation. 

La description detaillee est divisee en cinq chapitres. Dans le premier 

chapitre, une vue generale au niveau du systeme est presentee. Dans le deuxieme 

10 chapitre, un appareil selon une forme de realisation est propose. Dans le troisieme 

chapitre, des procectes selon des formes de realisation sont presentes. Dans le 

quatrieme chapitre est decrit l' environnement materiel et operationnel en liaison avec 

Iequel peuvent etre mises en ceuvre des formes de realisation. Dans le cinquieme 

chapitre est presentee une conclusion de Ia description detaillee. 

15 

Presentation generale au niveau du systeme 

La Fig. 1 est un schema de principe qui presente une vue generale, au 

niveau du systeme, d'un systeme medical 100 d'administration de produit 

radiopharmaceutique. Le systeme medical 100 d'administration de produit 

20 radiopharmaceutique est un systeme integre pour la production, la gestion de la 

qualite et la distribution de produits radiopharmaceutiques medicaux en imagerie de 

tomographie par emission de positons (TEP). 

Le systeme 100 comprend un cyclotron 101. Le cyclotron 10 I irradie une 

matiere cible a l'aide d'un rayonnement en produisant un radioisotope 102. De 

25 multiples doses du radioisotope 102 sont produites par le cyclotron 101. On peut 

citer comme autres exemples de dispositifs produisant des radioisotopes Jes 

accelerateurs lineaires (LINIAC) et les generateurs de radioisotopes. Du rubidium 82 

est produit par un generateur de radioisotopes. Dans certaines formes de realisation, 

le radioisotope 102 est chimiquement lie a un compose biologique dans un dispositif 

30 de synthese 103 de produit chimique, en produisant un marqueur radioactif 104. 

La partie du radioisotope 102 ou du marqueur radioactif 104 representant 

plusieurs doses est transferee dans un paste de distribution 106. Dans les formes de 

realisation ou le marqueur radioactif 104 ou le radioisotope 102 a une courte periode 

(par exemple le carbone-11, l'oxygene-15 et l'azote-13), le transfert s'effectue par 

35 l'intermediaire d'une conduite assurant une protection contre la radioactivite, par 
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exemple une conduite I 08 a blindage de plomb, comme represente sur la Fig. 1. 

Dans les fonnes de realisation OU le marqueur radioactif 104 OU le radioisotope 102 a 

une periode plus longue (par exemple le fluor-18), le transfert peut s'effectuer en 

pla~ant dans un reservoir la partie de radioisotope 102 ou de marqueur radioactif 104 

5 representant plusieurs doses et en transportant le reservoir jusqu'au poste de 

distribution I 06 et en vidant le contenu du reservoir dans le paste de distribution 106. 

Quelle que soit la maniere dont la matiere est transportee, la partie de radioisotope 

102 ou de marqueur radioactif 104 representant plusieurs doses est stockee dans le 

poste de distribution 106. 

10 Dans certaines formes de realisation, le systeme 100 comprend egalement 

une unite de gestion de la qualite (QC) 110 qui controle la quantite de radioactivite et 

d'autres mesures qualitatives et quantitatives de la partie de radioisotope representant 

plusieurs doses qui est stockee dans le poste de distribution 106. La QC 110 pennet 

de verifier la purete des radionucleides et des produits chimiques, a savoir la qualite 

15 du radioisotope en ce qui concerne la quantite de radioactivite de l'isotope voulue et 

la purete chimique du marqueur radioactif. Dans certaines fonnes de realisation de 

controle par gestion de la qualite, une analyse et une verification sont effectuees a 
intervalles particuliers dans le temps ou pour des lots de production particuliers ou 

pour un echantillon representatif d'un marqueur radioactif produit en vrac. Les 

20 intervalles de temps et les lots peuvent etre predetermines et modifies par un 

operateur. De ce fait, la QC 110 permet I' execution des fonctions de gestion de 

qualite par un processus automatise qui est plus efficace, assure moins d'exposition 

professionnelle et est plus fiable que les systemes classiques. Ainsi, le systeme 100 

ameliore la gestion de la qualite de I' administration de produits 

25 radiopharmaceutiques a des patients. Dans un systeme qui produit et distribue de 

l'ammoniac a azote-13, la QC 110 peut etre encore presente mais peut n'etre utilisee 

que pour certaines productions predeterminees. 

Dans certaines form es de realisation, la QC 110 comprend un dispositif de 

chromatographie en phase liquide a haute performance (HPLC) et/ou un detecteur de 

30 Nal. Dans certaines formes de realisation, la QC 110 comprend aussi un filtre pour la 

partie de radioisotope representant plusieurs doses qui est stockee dans le poste de 

distribution I 06. De la sorte, la QC 110 assure des fonctions de gestion de la qualite 

et de filtrage qui sont automatisees, ce qui est plus commode et plus fiable que les 

systemes selon la technique anterieure. 
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Dans la forme de realisation illustree sur la Fig. 1, la QC 110 echantillonne 

le marqueur radioactif 104 representant plusieurs doses delivrees par le poste de 

distribution 106. Dans d' autres formes de realisation, la QC 110 echantillonne un 

marqueur radioactif 104 representant plusieurs doses, provenant d'une cible dans le 

5 cyclotron 101. Dans certaines autres formes de realisation, la QC 110 estime la 

quantite de radioactivite dans le marqueur radioactif 104 par un calcul reposant sur la 

periode du marqueur radioactif I 04 et le temps ecoule depuis la production du 

marqueur radioactif 104. 

Dans certaines formes de realisation, le systeme 100 comprend un ou 

10 plusieurs ecrans 112 de protection radiologique qui entourent des parties radioactives 

du systeme. L'ecran 112 de protection radiologique cornprend ordinairement du 

plornb. L'ecran 112 de protection radiologique protege toutes les personnes contre 

les rayonnements, et, en particulier, l'ecran 112 de protection radiologique protege le 

personnel qui fait fonctionner le cyclotron 101, le paste de distribution 106. 

15 Depuis le poste de distribution 106, des parties du marqueur radioactif 104 

representant plusieurs doses sont distribuees a un ou plusieurs systemes d'imagerie 

TEP 114 et 116. Dans certaines formes de realisation, le transfert OU le transport des 

parties du marqueur radioactif 104 representant plusieurs doses vers les systemes 

d 'imagerie TEP 114 ou 116 s' effectue par l' intermediaire d' une conduite, 118 ou 

20 120, par exemple une conduite a blindage de plomb qui protege de la radioactivite. 

Dans d' autres form es de realisation, les parties du marqueur radioactif 104 

representant plusieurs doses sont transferees ou transportees en pla9ant dans un 

reservoir la partie du marqueur radioactif 104 representant plusieurs doses et en 

transportant le reservoir jusqu'aux systemes d'imagerie TEP 114 et 116. 

25 Chacun des systemes d'imagerie TEP 114 et 116 comporte respectivement 

un systeme d'injecteur 122 et 124. Une mise en reuvre des systemes d'injection 122 

ou 124 est examine plus en detail ci-apres en reference a la Fig. 4. Les systemes 

d'injection 122 et 124 extraient des doses individuelles 126 et 128 d'une preparation 

radiopharmaceutique et injectent ou administrent la dose dans des sujets vivants, 

30 respectivement 130 et 132. Dans certaines formes de realisation, les sujets vivants 

130 et 132 sont des patients humains. Ainsi, le systeme 100 permet la distribution du 

marqueur radioactif 104 representant plusieurs doses sous la forme de doses 

individuelles 126 et 128. En comparaison des systemes selon la technique anterieure 

qui necessitent une irradiation et une expedition de nombreuses doses individuelles 

35 de produit radiopharmaceutique, la preparation et !'expedition d'une partie de 
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marqueur radioactif 104 representant plusieurs doses par le systeme 100 sont plus 

commodes. Le systeme 100 permet egalement un processus plus automatise qui est 

plus fiable que les systemes classiques necessitant davantage d'interventions 

humaines. En outre, le systeme 100 reduit les expositions indesirables du personnel 

5 aux rayonnements. 

Dans certaines formes de realisation, des dispositifs de surveillance 

physiologique (PM) 134 et 136 cooperent respectivement avec les systemes 

d'injection 122 et 124 et avec les sujets vivants 130 et 132. Les PM 134 et 136 

surveillent un certain nombre de rnesures de la sante du sujet vivant, comme la 

10 pression sanguine et I' activite cardiaque, representee par un electrocardiogramme 

(ECG). Les PM 134 et 136 detectent des anomalies dans les rnesures de la sante du 

sujet vivant et signalent les anomalies au systeme de commande ainsi qu'au 

personnel medical. 

Chaque systeme d'imagerie de TEP 114 et 116 cornporte egalernent 

15 respectivement un tomographe 138 et 140. Chaque systeme d'imagerie de TEP peut 

comporter un ou plusieurs tomographes. 

Les sujets vivants 130 et 132 sont places a l'interieur des tomographes 138 

et 140 apres ou pendant l'injection des produits radiopharmaceutiques 126 et 128 

pour detecter la radioactivite des produits radiopharmaceutiques injectes 126 et 128 

20 respectivement chez les sujets vivants 130 et 132. 

Un ordinateur a interface graphique (GUI) 142, 144 est situe clans les 

systemes d'imagerie TEP 114 et 116. Un operateur de TEP fait fonctionner la GUI 

142, 144 d'ordinateur afin de commander, de gerer et de superviser tout le processus 

de TEP, dont les activites du systeme d'injection, comme la distribution et !'injection 

25 de la dose individuelle de produit radiopharmaceutique 126, 128 dans le sujet vivant 

130, 132 et l'examen du sujet vivant a l'aide d'un protocole clinique approprie. Une 

forme de realisation d'ordinateur 142 OU 144 est constituee par l'ordinateur 1202 de 

la Fig. 12. 

Dans certaines formes de realisation, l'ordinateur 142, 144 re~oit des PM 

30 134 et 136 un avis signalant des anomalies dans Jes mesures de la sante du sujet 

vivant, et ii demande par consequent aux systemes d'injection respectivement 122 et 

124 d'arreter l'injection ou de prendre une autre mesure correctrice appropriee. Dans 

encore d'autres formes de realisation, l'ordinateur 142, 144 demande au tomographe 

138 ou 140 de lancer une operation de tomographie dans un delai approprie apres 

35 !'injection par le systeme d'injection, respectivement 122 ou 124. Dans encore 
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d'autres forrnes de realisation, un seul systeme d'injection est commande par son 

interface utilisateur autonome et sert a injecter une quantite donnee de radioactivite 

dans des patients qui sont examines soit successivement sur un seul tomographe, soit 

en parallele sur de multiples tomographes. 

Les parties des systemes d'imagerie TEP 114 ou 116 sont appelees postes 

de dosage. Un premier poste de dosage sur la Fig. 1 comporte un systeme d'injection 

122, un PM 134 et un ordinateur 142. Un autre paste de dosage sur la Fig. 1 

comporte le systeme d'injection 124, le PM 136 et l'ordinateur 144. 

Dans certaines formes de realisation, le systeme 100 comprend un systeme 

10 de commande 146. Le systeme de commande 146 sert a recevoir des informations de 

bilan des dispositifs de TEP, et envoie des instructions aux dispositifs de TEP tels 

que le cyclotron 101, le poste de distribution 106, le dispositif de gestion de la qualite 

110, les systemes d'injection 122 et 124, les moniteurs physiologiques 130 et 136, 

les tomographes 138 et 140 et les ordinateurs 142 et 144. Dans certaines forrnes de 

15 realisation, un programme inforrnatique enregistre dans le systeme de commande 146 

sert a calculer des quantites de marqueur radioactif 104 representant plusieurs doses, 

a transporter jusqu'au systeme d'injection 124, d'apres des variables de commande 

specifiques du site. Une forme de realisation de l' ordinateur 146 est constituee par 

l'ordinateur 1202 de la Fig. 12. 

20 Dans certaines autres formes de realisation, les variables de commande 

comprennent la distance et le temps de transfert entre le tomographe 138 ou 140 et 

un cyclotron 101 qui produit de !'ammoniac a azote-13. Dans ces formes de 

realisation, le systeme 100 constitue un procede commode pour produire et 

administrer sur place un produit radiopharmaceutique constitue par de l' ammoniac a 
25 azote-13 pour des etudes cardiologiques. 

Dans encore d'autres formes de realisation, un programme informatique 

enregistre dans le systeme de commande 146 stocke des donnees de production et de 

dosage. Ainsi, le systerne 100 permet un stockage plus centralise d'archives lors de la 

preparation, de la livraison, du controle et de l'injection de marqueurs radioactifs 

30 pour des patients, ce qui reduit la gestion sans liens de ces fonctions, contrairement 

aux systemes selon la technique anterieure. 

Dans encore une autre forme de realisation, des donnees decrivant des 

descripteurs de haut niveau d'un OU plusieurs sujets vivants a traiter par le systerne 

100 sont extraites d'un tomographe de TEP 138 ou 140 ou d'un autre dispositif. Un 

35 autre exemple des autres dispositifs consiste en un systeme d'information sur les 
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patients au sein de l' etablissement medical. Les donnees sont re9ues par le systeme 

de commande 146. Les descripteurs de haut niveau comprennent la dose prescrite 

pour chaque sujet vivant et le temps d'injection prevu pour le sujet vivant. Dans 

encore d'autres formes de realisation, les donnees comprennent le type de produit 

5 radiopharmaceutique (par exemple, de I' oxygene-15), une equation parametrique 

predefinie et/ou un protocole clinique suivi clans la procedure medicale. 

D'apres ces donnees, l'activite requise de la dose de marqueur radioactif est 

calculee et comparee avec l'activite totale disponible dans la partie du marqueur 

radioactif 104 representant plusieurs doses. En cas de manque, le systeme 100 avise 

10 l' operateur. Si le cyclotron 101 est gen:S par un fournisseur exterieur de radioisotopes, 

le fournisseur est avise par une liaison Internet ou autre moyen electronique. Le 

fournisseur est informe de l'activite requise de la dose supplementaire et du temps 

necessaire a I' administration des marqueurs radioactifs supplementaires. 

Le systeme 100 permet des economies d'echelle rentables. 

15 Une economie d'echelle est assuree par l'utilisation de plusieurs systemes 

d'imagerie TEP pour chaque poste de distribution 106, !'unite de gestion de la 

qualite 110 et chaque systeme de commande 146. 

Dans certaines formes de realisation, le systeme de commande 146 est un 

systeme informatique, cornme represente sur la Fig. 12. Dans certaines formes de 

20 realisation, le systeme de commande 146 coopere avec les dispositifs de TEP par un 

reseau local d'entreprise (LAN) 148. Des liaisons de communication du LAN 

peuvent etre realisees soit par des cablages physiques, soit par une liaison 

radioelectrique. Les liaisons de communication entre le LAN 148 et les systemes 

d'imagerie de TEP 114 et 116 et le cyclotron sont assurees par l'intermediaire 

25 d'interfaces LAN bien connues dans la technique. Dans certaines formes de 

realisation, les dispositifs de surveillance physiologiques 134 et 136 cooperent 

egalement directement avec le LAN 148. Dans des formes de realisation ou le 

cyclotron 120, les dispositifs situes a l'interieur de J'ecran 112 de protection 

radiologique, et/ou les systemes de tomographie 114 et 116 se trouvent dans des 

30 etablissements differents, les liaisons de communication par LAN entre ces parties 

du systeme sont des reseaux etendus. A la place d'un LAN 148, les dispositifs du 

systeme I 00 peuvent cooperer par une liaison de communication directe. 

Dans certaines formes de realisation, le systeme de cornmande 146 gere le 

processus de production du marqueur radioactif 104 et de Iivraison du radioisotope 

35 en fonction des besoins immediats d'un systerne d'imagerie de TEP. Le systeme de 
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commande 146 est apte a recevoir des informations decrivant une quantite d'une 

dose individuelle requise 126 ou 128, a envoyer les instructions au cyclotron 101 

pour produire la quantite individuelle du radioisotope, a envoyer des instructions au 

poste de distribution pour distribuer la quantite individuelle du radioisotope au 

5 systeme d'imagerie de TEP demandeur. Dans certaines formes de realisation, la 

demande est lancee par un operateur de !'interface graphique d'un ordinateur 142 ou 

144 dans un systeme d'imagerie de TEP 114 ou 116. Dans certaines formes de 

realisation, le systeme de commande 146 est avise par les PM 134 et 136 en cas 

d'anomalie dans les mesures de la sante du sujet vivant, et ii demande par consequent 

10 aux systemes d'injection, respectivement 122 et 124, d'arreter l'i:rtjection. Dans 

encore certaines autres formes de realisation, lorsque la QC 110 indique que la 

qualite est en de9a de criteres minimaux acceptables, le systeme de cornmande 146 

fournit a l' operateur du systeme de commande 146 des indications de la qualite non 

acceptable et demande aux systemes de purger l'appareil contenant le marqueur 

15 radioactif. 

Dans encore d'autres formes de realisation, le systeme de commande 146 

demande au tomographe 138 ou 140 de lancer une operation de tomographie dans un 

delai approprie apres l'injection par le systeme d'injection, respectivement 122 ou 

124. Dans encore d'autres formes de realisation, le tomographe 138 ou 140 suit un 

20 ensemble predefini de strategie d'acquisition en fonction du marqueur radioactif et 

du protocole clinique utilises. Dans certaines formes de realisation, les strategies 

d'acquisition comprennent le demarrage d'une tomographie apres un laps de temps 

predefini suivant !'injection du marqueur radioactif, ]'introduction d'un agent 

d'induction d'efforts suivie de !'injection d'un marqueur radioactif et de la 

25 realisation d'une nouvelle image apres un laps de temps predefini. 

En outre, dans certaines formes de realisation, des parties du systeme 100 

sont montees a l'interieur d'une structure mobile, avec ou sans roues, pour constituer 

Ull systeme medical portatif OU depla9able 100 d'administration de produit 

radiopharmaceutique pour la preparation et !'injection de produits 

30 radiopharmaceutiques a partir de multiples doses du produit radiopharmaceutique. 

Dans un exemple, I' ecran de protection radiologique 112 est monte sur une structure 

ayant des roues de fa9on que les parties du systeme presentes dans l'ecran de 

protection radiologique et qui sont radioactives soient plus facilement deplacees d'un 

endroit a un autre. 
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La vue generale, au niveau du systeme, du fonctionnement d'une forme de 

realisation a ete decrite dans le present chapitre de la description detaillee. Le 

systeme I 00 est un systeme integre pour la production, la gestion de la qualite, la 

distribution et l'imagerie a l'aide de produits radiopharmaceutiques de TEP. Le 

5 systeme 100 reduit la gestion sans liens des fonctions de preparation et d'injection de 

radioisotopes chez des sujets vivants. Le systeme 100 constitue un systeme de 

commande entier qui considere comme un seul probleme les difficultes cliniques de 

l'administration d'isotopes radioactifs a des sujets vivants, et il permet, d'une 

maniere automatisee, un programme integre de production, de distribution, de 

10 gestion de qualite, d'injection et d'acquisition de donnees. En outre, il constitue une 

maniere automatisee d'administrer des protocoles d'imagerie TEP successifs par 

exemple dans le cas de l'imagerie TEP cardiaque de repos-effort. 

Bien que le systeme 100 ne soit pas limite a un cyclotron particulier 101, a 
la partie de marqueur radioactif 104 representant plusieurs doses, au paste de 

15 distribution 106, a la partie individuelle de produit pharmaceutique 126 et 128, aux 

systemes d'imagerie TEP 114 et 116, a l'ecran 112, au dispositif de gestion de la 

qualite 110, aux systemes d'injection 122 et 124, aux moniteurs physiologiques 134 

et 136, aux tomographes 138 et 140, aux ordinateurs 142 et 144, au systeme de 

commande 146 et au LAN 148, des organes simplifies ant ete decrits pour plus de 

20 clarte. 

Appareil selon une forme de realisation 

Dans le chapitre precedent, une vue generale au niveau du systeme du 

fonctionnernent d'une forme de realisation a ete decrite. Dans le present chapitre, 

25 l'appareil selon une telle forme de realisation est decrit en reference a une serie de 

schemas de principe. La description de l'appareil permet a un specialiste de la 

technique de realiser et d'utiliser l'appareil. 

La Fig. 2 est un schema de principe d'un appareil 200 pour injecter une ou 

plusieurs doses individuelles 126 OU 128 d'un produit radiopharmaceutique a partir 

30 d'une dose multiple du produit radiopharmaceutique. L'appareil 200 comprend un 

dispositif d'extraction 202. L'extremite inferieure du dispositif d'extraction 202 est 

placee dans une dose multiple du produit radiopharmaceutique. Une dose 

individuelle 126 ou 128 est retiree de la dose multiple du produit 

radiopharmaceutique par le dispositif d'extraction 202, par aspiration ou mise en 

35 depression. L'extraction d'une dose individuelle 126 ou 128 d'un produit 
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radiopharmaceutique a partir d'une dose multiple du produit radiopharmaceutique 

reduit le nombre de flacons de doses individuelles et de conteneurs blindes que les 

- fournisseurs de radioisotopes preparent et livrent quotidiennement a chaque 

etablissement medical. L'extraction d'une dose individuelle 126 OU 128 reduit 

5 egalement le nombre de trajets de livraison parcourus chaque jour par un fournisseur 

de marqueurs radioactifs vers chaque etablissement medical. La Fig. 2 represente un 

exemple de dispositif d'extraction 202 qui est un systeme d'administration de 

medicament. 

Le dispositif d'extraction 202 coopere avec un dispositif d'injection 

10 intraveineuse 204 comportant une aiguille a injection intraveineuse. Le dispositif 

d'extraction 202 est raccorde par l'intermediaire d'une tubulure de perfusion 

intraveineuse 206. La tubulure permet un raccordement par l'intermediaire duquel 

des liquides peuvent etre transferes, transportes et/ou distribues. Dans certaines 

formes de realisation, la tubulure 206 est une conduite a blindage de plomb qui reduit 

15 l'exposition des personnes, par exemple les operateurs de TEP, a la radioactivite 

pendant les etapes manuelles d'adrninistration d'un produit radiopharmaceutique a 
des patients. La dose individuelle du produit radiopharmaceutique est distribuee par 

l'intermediaire de la tubulure 206 et injectee dans un sujet vivant a l'aide du 

dispositif d'injection intraveineuse 204. 

20 Ainsi, l'appareil 200 permet de distribuer des doses individuelles 126 ou 

128 d'un produit radiopharmaceutique a partir d'une dose multiple du produit 

radiopharmaceutique et de les injecter dans un sujet vivant au sein du meme 

etablissement medical. L'appareil 200 constitue egalement un moyen pour preparer 

et distribuer des doses individuelles 126 ou 128 d'un produit radiopharmaceutique 

25 qui est plus commode que les systemes selon la technique anterieure qui necessitent 

une irradiation et une expedition de chaque dose individuelle de produit 

raadiophannaceutique. 

La Fig. 3 est un schema de principe d'un systeme d'etalonnage 300 de doses 

selon une forme de realisation. Le systeme d'etalonnage 300 de doses permet de 

30 distribuer une dose multiple de produit radiopharmaceutique sous la forme d'une ou 

de plusieurs doses individuelles. Une dose multiple d'un produit 

radiopharmaceutique est une quantite d'un marqueur radioactif 104, soumise a un 

controle de qualite, qui est calculee d'une maniere convenable pour assurer de la 

radioactivite pour plus d'une dose de radioactivite. Une dose individuelle d'un 

35 produit radiopharmaceutique est une quantite d'un produit radiopharmaceutique 
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calculee de maniere adequate pour assurer la radioactivite pour une dose de 

radioactivite. 

Le systeme d'etalonnage 300 de doses contient un reservoir 302 destine a 
recevoir une dose multiple d'un produit radiopharmaceutique, comme sur la Fig. 1. 

5 Le reservoir 302 est loge dans une cavite du systeme d'etalonnage 300 de dose. Le 

reservoir 302 est egalement appele flacon multidose. Un dispositif mecanique de 

tenue 304, tel qu'un bras de transport, tient le reservoir 302 a l'interieur du poste de 

distribution. Dans certaines formes de realisation, le dispositif mecanique de tenue 

304 est monte a l'interieur de la cavite du systeme d'etalonnage 300 de dose. Le 

10 fl.aeon multidose 302 du systeme 300 reduit le nombre de flacons de doses 

individuelles qu'un fournisseur de marqueurs radioactifs doit livrer quotidiennement 

a un etablissement medical, ce qui reduit a son tour le nombre de trajets de livraison 

qu'un fournisseur de marqueurs radioactifs doit effectuer chaque jour vers chaque 

etablissement medical. 

15 Le systeme d'etalonnage 300 de doses extrait des doses individuelles 126 ou 

128 de produit radiopharmaceutique du reservoir 302, a l'aide d'un dispositif 

d'extraction 202. Le dispositif d'extraction 202 est monte sur le systeme 

d'etalonnage 300 de doses, par exemple en etant monte a l'interieur de la cavite du 

systeme d'etalonnage 300 de doses. La dose individuelle 126 ou 128 de produit 

20 radiopharmaceutique est distribuee a un ou plusieurs systemes d'imagerie TEP 112 et 

114, comme sur la Fig. 1. Ainsi, le systeme d'etalonnage 300 de doses permet de 

distribuer a partir du reservoir 302 une dose multiple de produit radiopharmaceutique 

sous la forme d'une ou plusieurs doses individuelles. Le systeme d'etalonnage 300 

de doses constitue un moyen de preparation et de distribution de doses individuelles 

25 126 ou 128 de produit radiopharmaceutique qui est plus commode que les systemes 

selon la technique anterieure qui necessitent une irradiation et une expedition de 

nombreuses doses individuelles de produit radiopharmaceutique. 

La Fig. 4 est un schema de principe d'un systeme d'injection automatise 

pour medications de TEP 400 selon une forme de realisation. Le systeme d'injection 

30 400 est une forme de realisation des systemes d'injection 122 et 124. 

Le systeme 400 permet de distribuer a partir d'un fl.aeon multidose 302 une 

dose individuelle d'un produit radiopharmaceutique 126 ou 128. Le flacon multidose 

302 est livre par un fournisseur de marqueurs radioactifs sur le site du systeme 400 

dans un conteneur d'expedition 402 a blindage de plomb. Le flacon multidose 302 du 

35 systeme 400 reduit le nombre de flacons de doses individuelles que le fournisseur de 
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marqueurs radioactifs doit livrer quotidiennement a un etablissement medical, ce qui 

reduit a son tour le nombre de trajets de livraison que le fournisseur de marqueurs 

radioactifs doit effectuer chaque jour vers chaque etablissement medical. 

Le conteneur d' expedition 402 est mis dans une position fixe sous un 

5 systeme d'etalonnage 404 de doses a blindage de plomb (ce systeme est egalement 

appele chambre d'ionisation) et le couvercle 306 sur le dessus du flacon multidose 

302 est retire. Le couvercle 406 sur le dessus du flacon peut etre retire manuellement 

ou par un moyen mecanique automatise. On peut citer comme exemple de moyen 

automatise un moyen dans lequel un bras pneumatique 304 descend dans le 

10 conteneur d'expedition 402 et se :fixe au flacon multidose 302. Le flacon multidose 

302 est souleve hors du conteneur d'expedition 402 pour etre place dans le systeme 

d'etalonnage 404 de doses et une aiguille 408 est automatiquement inseree clans le 

flacon multidose 302. Une dose individuelle 126 ou 128 est extraite de la dose 

multiple du produit radiopharmaceutique par le dispositif d'extraction 202, par 

15 aspiration ou mise en depression. Ainsi, le systeme 400 perrnet la distribution d 'une 

partie d'une dose multiple de produit radiopharmaceutique sous la forme de doses 

individuelles 126 ou 128. Le systeme 400 constitue un mo yen de preparation et 

d'injection d'une dose individuelle d'un produit radiopharmaceutique qui est plus 

commode que les systemes selon la technique anterieure qui necessitent !'irradiation 

20 et !'expedition de nombreuses doses individuelles de produit radiopharmaceutique. 

Le systeme 400 permet de grandes economies d'echelle dans la preparation et la 

distribution de doses de produits radiopharmaceutiques. 

Le moyen d'extraction 302 extrait une quantite de produit 

radiopharmaceutique qui est calculee de maniere adequate pour constituer une dose 

25 individuelle du produit radiopharmaceutique 126 ou 128. La quantite de la dose 

individuelle 126 ou 128 est calculee en fonction du type de produit 

radiopharmaceutique, de la periode radioactive du produit radiopharmaceutique, 

d'une equation parametrique predefinie, du protocole clinique suivi, de la dun~e 

prevue de l'injection dans un sujet vivant 124 et de descripteurs de haut niveau du 

30 sujet vivant, comme le poids, le sexe et les dimensions physiques du sujet vivant. 

Les organes du systeme 400 ont des dimensions et des formes predefinies 

qui sont con9ues pour s'harmoniser physiquement les unes avec les autres. Dans un 

premier exemple, le flacon multidose 302 et le conteneur d'expedition blinde 402 ont 

des dimensions et des formes prede:finies qui sont con~ues pour qu'ils s'harmonisent 

35 physiquement l'un avec l'autre. Dans un autre exemple, le flacon multidose 302 et le 
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systeme d'etalonnage 404 a blindage de plomb ant des dimensions et des formes 

predefinies qui permettent leur harmonisation physique l'un avec l'autre. Ces formes 

integrees permettent aux organes de s'assembler l'un l'autre dans le respect de 

tolerances donnees pour reduire les fuites de matiere radioactives et pour permettre 

5 des manceuvres automatisees comme la sortie du flacon multidose 302 du recipient 

d'expedition blinde 402 par un bras de transport et son installation dans le systeme 

d'etalonnage 404 de doses. Dans certaines fonnes de realisation, les dimensions et 

formes predefinies sont specifiees par un foumisseur de marqueurs radioactifs et sont 

exclusives pour ce fournisseur de marqueurs radioactifs. Le fait d' avoir des organes 

10 de dimensions et de formes predefinies incite fortement un etablissement medical a 
rester fidele au fournisseur de marqueurs radioactifs si le flacon multidose 302 et le 

conteneur d' expedition blinde 402 risquent de ne pas avoir des dimensions et des 

formes physiquement compatibles avec le systeme d'etalonnage 404 de doses dans la 

mesure ou le systeme d'etalonnage 404 de doses risque de ne pas recevoir le flacon 

15 multidose 302. 

Dans certaines formes de realisation, le moyen d'extraction 202 coopere par 

l'intermediaire d'une tubulure intraveineuse 206 avec un dispositif qui regule 

l' ecoulement de multiples liquides, par exemple un robinet d' arret 410 a trois voies 

commande par un solenoi'de ou un autre type de vanne a plusieurs orifices. Le robinet 

20 d'arret 410 coopere egalement avec un reservoir d'un autre produit pharmaceutique 

liquide, par exemple une poche d'administration intraveineuse de chlorure de sodium 

(NaCl) a concentration appropriee 412, couramment appele solution saline. La dose 

individuelle 126 ou 128 est melangee au NaCl 412 par le robinet d'arret 410. Le 

melange est pompe a partir du robinet d'arret 410, a l'aide d'un pompe 414 telle 

25 qu'une pompe peristaltique. 

Dans certaines form es de realisation, un deuxieme reservoir 416 d 'un 

deuxieme etalonneur 418 de doses reyoit le melange a partir de la pompe 

peristaltique 414. Dans certaines formes de realisation, le reservoir 416 est un flacon 

qui possede un fond en "V" et est appele flacon de patient. Le melange passe a 
30 travers un filtre 415, par exernple un filtre pour marqueurs radioactifs de 0,22 

micrometres, et est stocke clans le deuxieme reservoir 416. Dans certaines fonnes de 

realisation, une pompe a perfusion coopere avec la pompe peristaltique 414 plutot 

qu'au reservoir 416 d1un deuxieme etalonneur 418 de doses. Dans certaines formes de 

realisation, l'etalonneur de doses comprend une chambre d'ionisation qui mesure la 

35 quantite de radioactivite du melange. La mesure de la radioactivite permet de verifier 
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que la radioactivite de chaque dose individuelle est adequate juste avant !'injection et 

a proximite immediate du site d1injection. 

Le melange est pompe vers le sujet vivant par un systeme de perfusion 420 

tel qu'une pompe a perfusion, par l'intermediaire d'un deuxieme dispositif qui regule 

5 l'ecoule de multiples liquides, par exemple un deuxieme robinet d'arret 422 a trois 

voies cornmande par un solenoYde. Le robinet d'arret 422 coopere egalement avec un 

reservoir d'un autre produit pharmaceutique liquide tel qu'une poche d'adrninistration 

intraveineuse contenant un produit pharmaceutique non radiologique 424 tel qu'un 

agent pharmacologique d'effort. On peut citer comme exemples d'agents d'effort 

10 utilises clans les exam ens du myocarde par perfusion le dipyridamole et l'adenosine. 

Dans certaines formes de realisation, un receptacle pour produits uses 426 coopere 

avec la tubulure d1injection intraveineuse 206 entre le dispositif qui regule 

l'ecoulement de multiples liquides 422 et la pompe a perfusion 420. 

La pompe a perfusion 420 envoie par pompage le melange dans le sujet 

15 vivant 124 par l'intermediaire d'un dispositif d'injection 204 par voie intraveineuse, 

en administrant ainsi une dose individuelle 126 ou 128 d'un produit 

radiopharmaceutique a un sujet vivant 124 a partir d'une dose multiple 104 du 

produit radiopharrnaceutique. Dans diverses formes de realisation, le produit 

radiopharmaceutique est egalement melange a d'autres produits pharmaceutiques tels 

20 que la solution saline 412 et/ou un produit pharmaceutique 424, ce qui assure done 

une certaine souplesse de configuration pour permettre diverses applications 

medical es. 

Dans certaines formes de realisation du systeme 400, un dosimetre verifie la 

quantite de la dose individuelle 126 ou 128 du produit radiopharmaceutique. Le 

25 dosimetre peut cooperer soit avec la tubulure intraveineuse 206 soit avec la tubulure 

intraveineuse 428. La tubulure intraveineuse est egalement appelee tubulure de 

patient. Dans d'autres formes de realisation, le systeme 400 comprend egalement un 

OU plusieurs etalonneurs supplementaires 404 de doses. Le/les etalonneurs 

supplementaires 404 de doses permettent au systerne d'injecter un ou plusieurs 

30 produits radiopharmaceutiques autres que le produit radiopharmaceutique du systeme 

d'etalonnage 404 de dose. 

Afin de proteger les sujets vivants contre !'exposition aux produits 

pharmaceutiques et aux microorganismes de sujets vivants qui ant utilise 

precedemment le systeme 400, de nornbreux organes du systeme sont remplaces a 
35 chaque utilisation. Les organes remplaces apres chaque utilisation du systeme sont 

1118 of 1573



2867084 

19 

tous les elements jetables situes entre le filtre 415 et le sujet vivant 124. Les elements 

jetables comprennent la tubulure intraveineuse 428 et le dispositif d'injection 

intraveineuse 204. 

Un exemple du fonctionnement du systeme 400 est decrit en detail en 

5 reference au procede 800 de la Fig. 8. 

La Fig. 5 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation 500. Le systeme 

medical 500 d'administration de produit radiopharmaceutique est un systeme integre 

pour la production, la gestion de la qualite et !'injection de doses individuelles d'un 

10 produit radiopharmaceutique en imagerie de tomographie par emission de positons 

(TEP). 

Dans le systeme 500, une cible 502 de cyclotron produit un isotope 

radioactif tel que l'ammoniac a azote-13. Dans les formes de realisation a ammoniac 

a azote-13, la matiere formant cible placee dans la cible 502 de cyclotron peut etre 

15 soit un melange d'alcool ethylique a concentration molaire appropriee dans de l'eau a 
forte resistivite, du methane en surpression SUI de l'eau OU simplement de l'eau, 

subissant ensuite une reduction d'anions a l'aide d'un alliage de DeVarda. En outre, 

la cible 502 de cyclotron a une cavite d'un volume compris entre environ 0,5 

millilitres et moins d'une dizaine de millilitres. 

20 Une pompe 503 reyoit le radioisotope et depose le radioisotope dans un 

reservoir de stockage 504. Le radioisotope est amene a circuler a l'interieur du 

reservoir de stockage 504. 

Ulterieurement, la pompe w;oit le radioisotope du reservoir de stockage 

504. La pompe re9oit aussi eventuellement une solution de rirn;age 506. La pompe 

25 503 renvoie egalement les produits uses dans le reservoir 508. Les produits uses sont 

les parties supplementaires non necessaires du radioisotope et/ou de la solution de 

rin9age 506. 

Les organes du systeme 500 qui produisent le melange contenant le 

radioisotope, comme la pompe 503, la cible 502 de cyclotron, le reservoir 504 de 

30 radioisotope, la solution de rin9age 506 et le reservoir 508 de produits uses sont taus 

situes dans la meme salle 509 qu'un cyclotron. Les autres organes du systeme 500 

peuvent etre situes dans le meme batiment que la Salle 509 du cyclotron OU dans Un 

batiment voisin du meme complexe medical. 

Dans certaines formes de realisation, le melange d'ammoniac a azote-13 OU 

35 d'un autre radioisotope et de la solution de rim;age 506 sort de la pompe 503 pour 
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entrer dans un filtre 415, par exemple un filtre de 0,22 micrometres pour marqueurs 

radioactifs. 

Le melange entre dans un systeme d1etalonnage 404 de dose. Le systeme 

d\~talonnage 404 de dose extrait une dose individuelle 126 OU 128 du melange. La 

5 dose individuelle entre dans un dispositif de perfusion tel qu'un pousse-seringue 512 

OU une pompe a perfusion. Dans certaines formes de realisation, de l'eau sterile a 
injecter a partir du reservoir 514 et/ou un agent d'effort issu d'un reservoir 516 

d'agent d'effort entrent egalement dans le pousse-seringue 512. L1eau sert a rincer les 

conduites 206. Depuis le pousse-seringue, le melange de la dose individuelle, de l'eau 

1 O et de l'agent d'effort penetre dans un dispositif d'injection intraveineuse 204 

comportant . une aiguille d'injection intraveineuse, passe par une tubulure 

intraveineuse pour etre injecte dans un sujet vivant Ainsi, le systeme d1etalonnage 

404 de dose permet !'administration d'une dose multiple d'un produit 

radiopharmaceutique a Uil OU plusieurs sujets vivants SOUS }a forme de doses 

15 individuelles, eventuellement avec un agent d'effort, de l'eau sterile et une solution de 

rinyage. Le systeme d'etalonnage 404 de dose reduit le nombre de flacons de doses 

individuelles qu'un fournisseur de marqueurs radioactifs doit livrer chaque jour a un 

etablissement medical, ce qui reduit a son tour le nombre de trajets de livraison qu'un 

fournisseur de marqueurs radioactifs doit effectuer quotidiennement vers chaque 

20 etablissement medical. 

Les produits uses issus du pousse-seringue 512 entrent egalement dans un 

reservoir 518 de produits uses. La qualite du melange constituant une dose est 

contr6lee par l'unite de gestion de la qualite 110. La tubulure intraveineuse 506 sert, 

dans le systeme 500, a transporter les liquides et les melanges. 

25 Le systeme 500 peut etre place, en partie ou dans sa totalite, sur une table 

520 ou monte sur une structure de support. En outre, des parties du systeme 500 

peuvent egalement etre montees a finterieur d'une structure mobile munie de roues 

afin de constituer un systeme medical portatif 500 d'administration de produit 

radiopharmaceutique pour preparer et injecter des doses individuelles d'un produit 

30 radiopharmaceutique a partir de multiples doses du produit radiopharmaceutique. 

Le systeme 500 constitue un procede commode pour produire et administrer 

sur place un marqueur radioactif tel que de I' ammoniac a azote-13. 

La Fig. 6 est un schema de principe d'un systeme medical d'administration 

de produit radiopharmaceutique selon une forme de realisation 600. Le systeme 

35 medical 600 d'administration de produit radiopharmaceutique est un systeme integre 
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pour la production, la gestion de la qualite et !'injection de doses individuelles d'un 

produit radiopharmaceutique en imagerie de tomographie par emission de positons 

(PET). 

Dans le systeme 600, une cible 502 d'un cyclotron produit un radioisotope 

5 tel que de l'ammoniac a azote-13. Dans les formes de realisation a ammoniac a azote-

13, la matiere formant cible placee dans la cible 502 du cyclotron pour produire de 

l'ammoniac a azote-13 peut etre soit un melange d'alcool ethylique a concentration 

molaire appropriee clans de l'eau a forte resistivite, du methane en surpression sur de 

l'eau OU simplement de l'eau, soumis ensuite a une reduction d'anions a l'aide d'un 

10 alliage de DeVarda. En outre, la cible 502 du cyclotron a une cavite d'un volume 

compris entre 0,5 millilitres et moins d'une dizaine de millilitres. 

Une pompe 503 reyoit le radioisotope et depose le radioisotope dans un 

reservoir de stockage 504. Le radioisotope est amene a circuler a l'interieur du 

reservoir de stockage 504. 

15 Ulterieurement, la pompe reyoit le radioisotope du reservoir de stockage 

20 

504. La pompe re9oit egalement eventuellement une solution de rin9age 506. La 

pompe 503 renvoie egalement des liquides uses dans le reservoir 508. Les liquides 

uses sont les parties supplementaires inutiles du radioisotope et/ou de la solution de 

rin9age 506. 

Dans certaines formes de realisation, le melange du ra4ioisotope et de la 

solution de rin9age passe de la pompe 503 a un filtre 415, par exemple un filtre de 

0,22 micrometres pour marqueurs radioactifs. La qualite du melange est contr6lee 

par l'unite de gestion de la qualite 110. 

Le melange entre dans un systeme d'etalonnage 404 de dose. Le systeme 

25 d'etalonnage 404 de dose extrait une dose individuelle 126 ou 128 du melange par 

l'intermediaire d'un dispositif d1extraction 102, par aspiration ou mise en depression. 

Ainsi, le systeme 600 permet la distribution d'une dose multiple d'un produit 

radiophannaceutique sous la forme de doses individuelles 126 ou 128. Le systeme 

600 constitue un moyen de preparation et d'injection d1une dose individuelle d'un 

30 produit radiopharmaceutique qui est plus commode que les systemes selon la 

technique anterieure necessitant !'irradiation et l'expedition de nombreuses doses 

individuelles de produit radiopharmaceutique. Le systeme 600 permet de grandes 

economies d'echelle dans la preparation et la distribution de doses de produits 

radiopharmaceutiques. Le flacon multidose 302 du systeme 600 reduit le nombre de 

35 flacons de doses individuelles qu'un fournisseur de marqueurs radioactifs doit livrer 
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quotidiennernent a un etablissernent medical, ce qui reduit a son tour le nombre de 

trajets de livraison qu1un fournisseur de marqueurs radioactifs doit effectuer chaque 

jour vers chaque etablissement medical. 

Le moyen d'extraction 302 extrait une quantite de produit 

5 radiopharmaceutique qui est calculee de maniere adequate pour realiser une dose 

individuelle du produit radiopharmaceutique 126 ou 128. La quantite de la dose 

individuelle 126 ou 128 est calculee en fonction de la periode radioactive du produit 

radiopharmaceutique, de la duree prevue de !'injection dans un sujet vivant 124 et du 

poids du sujet vivant 124. 

10 Dans certaines formes de realisation, le moyen d'extraction 202 coopere, par 

l'intermediaire d'une tubulure d'injection intraveineuse 206, avec un dispositif qui 

regule l'ecoulement de multiples liquides, par exemple un robinet d'arret 410 a trois 

voies commande par un soleno'ide, ou un autre type de vanne a plusieurs orifices. Le 

robinet d'arret 410 coopere egalement avec un reservoir d'un autre produit 

15 pharmaceutique liquide, par exemple une poche d'administration intraveineuse de 

chlorure de sodium (NaCl) 412, couramment appele solution saline. La dose 

individuelle 126 ou 128 est melangee avec le NaCl 412 par le robinet d'arret 410. Le 

melange est pompe depuis le robinet d'arret 410 par une pompe peristaltique 414. 

Dans certaines formes de realisation, un deuxieme reservoir 416 present 

20 dans un deuxieme etalonneur 418 de dose re9oit le melange venant de la pompe 

peristaltique 414. Le melange est Stocke dans le deuxieme reservoir 416. Dans 

certaines formes de realisation, une pompe a perfusion coopere avec la pompe 

peristaltique 414 plutot qu1avec le reservoir 416 dans un deuxieme etalonneur 418 de 

dose. 

25 Le melange est pompe vers le sujet vivant par une pompe a perfusion 420, 

par l'intermediaire d1un deuxieme dispositif qui regule l'ecoulement de multiples 

liquides, par exemple un deuxieme robinet d'arret 422 a trois voies commande par un 

soleno'ide. Le robinet d'arret 422 coopere aussi avec un reservoir d'un autre produit 

pharmaceutique liquide, par exemple une poche d'administration intraveineuse 

30 contenant un produit pharmaceutique 424. Dans certaines formes de realisation, un 

receptacle pour produits uses 426 coopere avec la tubulure d'injection intraveineuse 

206 entre le dispositif qui regule l'ecoulement de multiples liquides 422 et la pompe a 
perfusion 420. 

La pompe a perfusion 420 envoie le melange dans le sujet vivant 124 par 

35 l'intermediaire d'un dispositif d'injection intraveineuse 204 comportant une aiguille 
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d'injection intraveineuse, en administrant ainsi une dose individuelle 126 ou 128 d'un 

produit radiopharmaceutique a un sujet vivant 124 a partir d'une multiple dose 104 

du produit radiopharmaceutique. Dans diverses formes de realisation~ le produit 

radiopharmaceutique est egalement melange a d'autres produits pharmaceutiques tels 

5 que le NaCl 412 et/ou un produit pharmaceutique 424, ce qui assure une certaine 

souplesse des configurations pour permettre diverses applications medicales. 

Procedes de mise en reuvre d'une forme de realisation 

Dans les chapitres precedents, une vue generale du fonctionnement d'une 

10 forme de realisation au niveau du systeme a ete presentee et des formes de realisation 

d'appareils ont ete decrites. Dans le present chapitre, les procedes particuliers mis en 

reuvre par les operateurs de TEP et le systeme de commande 146 d'une telle forme de 

realisation sont decrits en reference a une serie d'organigrammes. Le fait de decrire 

les procedes en reference a un organigramme permet a un specialiste de la technique 

15 d'elaborer des procedures manuelles ou des instructions informatiques. 

20 

La Fig. 7 est un organigramme d'une forme de realisation d'un procede 700 

de mise en rem.Te de l'appareil 400. Le procede 700 est mis en reuvre par un 

operateur de TEP. Ordinairement, le procede 700 est execute une fois pour chaque 

journee de fonctionnement d'un systeme de tomographie par TEP. 

Lors de l'etape 702, decrite plus en detail en reference a la Fig. 8, un 

operateur de TEP prepare le systeme 400 en vue de son utilisation par un certain 

nombre de patients. Ensuite, le systeme 400 est prepare de maniere repetee, a l\~tape 
704, pour chaque patient individuel, de la maniere decrite apropos de la Fig. 9, et 

l'injection pour chaque patient est administree, a l'etape 706, comme decrit en 

25 reference a la Fig. 10. 

Ensuite, dans certaines formes de realisation, un fournisseur de marqueurs 

radioactifs fournissant le produit radiopharmaceutique est avise du nombre de doses 

et de I'activite totale utilisee pour la journee et des besoins pour le lendemain. 

La Fig. 8 est un organigramme d'une forme de realisation d'un procede 800 

30 de preparation du systeme d'injection 400 en vue de son utilisation par un certain 

nombre de patients. Le procede 800 est une forme de realisation de l'etape 702 de la 

Fig. 7. 

Selon le procede 800, le systeme informatique 142 ou 144 est mis en 

marche, a l'etape 802. 
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Le procede 800 comprend egalement la fourniture, a l'etape 804, d'un flacon 

multidose 302 de radioisotope au systeme 400. Le flacon multidose 302 est leve, a 
l'etape 806, jusque dans le systeme d'etalonnage 404 de dose. 

La Fig. 9 est un organigramme d'une forme de realisation du procede 900 de 

5 preparation d'un systeme d'injection 400 pour chaque patient individuel. Le procede 

900 est une forme de realisation de l1etape 704 de la Fig. 7. Les etapes du precede 

900 servent a installer des elements jetables neufs. 

Le procede 900 comprend !'installation 902 d'un fl.aeon 416 de patient 

propre, sterile et apyrogene clans l'etalonneur 418 de dose. Le procede 900 comprend 

10 egalement le raccordement 904 d'une aiguille de sortie a une conduite 206 venant de 

la pompe peristaltique 414. L'aiguille de sortie est inseree en 906 ou placee au fond 

du fl.aeon 416. Ensuite, l'operateur de TEP place, a l'etape 908, le flacon 416 dans 

l'etalonneur 418 de dose. 

Le procede 900 comprend egalement l'installation 910 d'un robinet d'arret 

15 neuf 422. Une tubulure intraveineuse neuve 428 est egalement installee, a l'etape 

912, a travers le robinet d'arret neuf 422 en introduisant la tubulure intraveineuse 428 

dans une premiere entree du robinet d'arret 410 a trois voies. Une tubulure 

intraveineuse neuve 204 est egalement installee, a l'etape 914. Une tubulure 

intraveineuse provenant d'une poche de solution saline ou d'une poche d'un autre 

20 produit phannaceutique 412 est fixee, a l'etape 916, a une deuxieme entree du 

robinet d'arret 410 a trois voies. 

Ainsi, dans le procede 900, un flacon 416, une tubulure intraveineuse 428, 

un robinet d'arret 422 et une tubulure intraveineuse 204 neufs sont utilises pour 

chaque patient. 

25 Ensuite, le systeme 400 est pret pour commencer a administrer une dose 

individuelle a un patient. 

La Fig. 10 est un organigramme d'une forme de realisation d'un precede 

1000 d'administration d'une injection a l'aide du systeme d'injection 400 pour chaque 

patient individuel. Le procede 1000 est une forme de realisation de l'etape 706 de la 

30 Fig. 7. 

Le procede 1000 comprend !'extraction 1002 d'une dose individuelle d'un 

produit radiopharmaceutique a partir d'un flacon multidose 302. Le produit 

radiopharmaceutique est envoye par pompage, via un robinet d'arret 410 a trois 

voies, dans un flacon 416 de patient situe dans l'etalonneur 418 de dose d'un patient. 
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Lorsque la quantite requise de radioactivite est presente dans le flacon 416 

du patient, une comparaison est faite pour verifier, a l'etape 1004, que la quantite de 

radioactivite dans le flacon 416 du patient est egale a la quantite de radioactivite qui 

a ete evacuee du flacon rnultidose 302. Dans !'affirmative, une solution saline 

5 supplernentaire est ajoutee, a l'etape 1006, dans le flacon 416 du patient via le 

robinet d'arret 410 a trois voies et la poche 412 de solution saline. 

La dose destinee au patient est enregistree par le systeme 142 ou 144 et la 

dose enregistree qui est enregistree sur Jes systemes informatiques est verifiee, a 
l'etape 1008, avec le flacon du patient par l'operateur de TEP. L'activite initiale de la 

10 dose destinee au patient a un instant initial est enregistree, a l'etape 1010. 

Une injection 1012 est alors realisee dans le patient a un debit donne. On 

notera que, si le marqueur radioactif est du FOG, l'injection est realisee clans une 

salle separee, environ une heure avant la tomographie. 

Lorsque le flacon de produit radioactif est vide, l'entree du robinet d'arret 

15 422 a trois voies du patient est mise en position de solution saline pour permettre au 

flux de Chasser OU de purger, a l'etape 1014, les substances radioactives presentes 

dans la tubulure 428 du patient. Apres un laps de temps donne, la perfusion de 

solution saline est terminee et la tubulure 428 du patient est retiree, le robinet d'arret 

422 et la tubulure de solution saline sont debranches, a l'etape 1016. 

20 La tubulure de solution saline, la tubulure 428 du patient et le robinet d'arret 

422 sont mis, a l'etape 1018, clans l'etalonneur 418 de dose de patient et l'activite 

residuelle clans l'etalonneur 418 de dose du patient a cet instant final est mesuree, a 
l'etape 1020. L'activite initiale de la dose et l'activite residuelle, ainsi que les reperes 

chronologiques correspondants, sont transmis, a I' etape 1022, au tomographe de TEP 

25 par le systeme d'injection 400. 

Le fait de decrire le procede ci-apres en reference a un organigramme 

permet a un specialiste de la technique d'elaborer des programmes, des 

microprogrammes ou du materiel informatique, dont les instructions pour mettre en 

ceuvre les procedes sur des clients informatises et/ou des serveurs appropries en 

30 executant les instructions fournies par des supports lisibles par un ordinateur. De 

meme, les procedes executes par des programmes, microprogrammes OU materiels 

informatiques sont egalement composes d1instructions executables par un ordinateur. 

La Fig. 11 est un organigramrne d'un procede 1100 execute par le systeme 

de commande 146 selon une forme de realisation. Le procede sert a gerer !'isotope 

35 radioactif clans le systeme 1100. Le procede 1100 est mis en ceuvre par un 

1125 of 1573



2867084 

26 

programme execute sur ou par un microprogramme ou un materiel qui fait partie d'un 

ordinateur tel que l'ordinateur 1202 de la Fig. 12. 

Le procede 1100 comprend la reception 1102 d'informations decrivant une 

quantite requise de radioactivite, le type de radioisotope, la dun~e prevue de 

5 l'injection du radioisotope, des descripteurs de niveau eleve du patient et 

l'identification du systeme d'imagerie TEP a l'origine de la demande. Ensuite, le 

procede comprend la determination 1104 d'une quantite de matiere formant cible a 
utiliser pendant le processus d'irradiation, et une quantite de radioactivite du 

radioisotope a produire pendant I'irradiation. La determination 1104 est calculee 

10 d'apres les informations descriptives. Ensuite, le precede comprend l'envoi 1106 

d'instructions a une cible dans le cyclotron 101 pour produire la quantite requise du 

radioisotope. Apres cela, le procede comprend l'envoi 1108 d'instructions au paste de 

distribution 106 pour distribuer la quantite du radioisotope au systeme d'imagerie 

TEP demandeur. Le procede 1100 reduit la gestion et la commande sans liens des 

15 fonctions de preparation et d'injection de radioisotopes dans des sujets vivants en 

gerant les radioisotopes a l'aide du systeme de commande 146. Un effet technique du 

procede 1100 est que la preparation et l'injection de radioisotopes dans des sujets 

vivants sont gerees et commandees par des processus inf ormatises. 

Dans certaines form es de realisation, le procede 1100 est mis en oeuvre sous 

20 la forme d'un signal de donnees informatiques sous la forme d'une onde porteuse, qui 

represente une suite d'instructions qui, lorsqu'elles sont executees par un processeur, 

comrne le processeur 1204 de la Fig. 12, amenent le processeur a executer le procede 

correspondant. Dans d'autres formes de realisation, le procede 1100 est mis en oeuvre 

sous la forme d'un support accessible par un ordinateur, contenant des instructions 

25 executables permettant de demander a un processeur tel que le processeur 1204 de la 

Fig. 12 d'executer le procede correspondant. Dans diverses formes de realisation, le 

support est un support magnetique, un support electronique ou un support optique. 

Le procede 1100 peut etre mis en oeuvre sous la forme de circuits materiels 

d'un ordinateur ou sous la forme d'un programme lisible par un ordinateur, ou sous la 

30 forme d'une combinaison des deux. Dans une autre forme de realisation, le procede 

1100 est mis en oeuvre dans un systeme de prestations de services d'applications 

(ASP). 

Plus particulierernent, dans la forme de realisation a programme lisible par 

un ordinateur, les programmes peuvent avoir une structure par objets utilisant un 

35 langage a objets tel que Java, Smalltalk OU C++, et les programmes peuvent avoir 
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une structure adaptee a des procedures, utilisant un langage de procedure tel que 

COBOL ou C. Les composants logiciels communiquent par l'un quelconque d'un 

certain nombre de moyens bien connus des specialistes de la technique, comme les 

interfaces de programmes d1applications (API) ou les techniques de communication 

5 entre processus telles que l'appel de procedure a distance (RPC), l'architecture 

CORBA, la specification COM de modele d'objet cornposant, la specification 

DCOM de modele d'objet composant distribue, la specification DSOM de rnodele 

d'objet systeme reparti et le protocole RMI d'invocation a distance de rnethodes. 

10 Environnement materiel et d'exploitation 

La Fig. 12 est un schema de principe de l'environnement materiel et 

d'exploitation 1200 dans lequel peuvent etre mises en ceuvre differentes formes de 

realisation. La description. de la Fig. 12 donne une idee generale du materiel 

informatique et d'un environnement informatique approprie en liaison avec lequel 

15 peuvent etre mises en ceuvre certaines formes de realisation. Les formes de 

realisation sont decrites en fonction d1un ordinateur executant des instructions 

executables par un ordinateur. Cependant, certaines formes de realisation peuvent 

etre mises en reuvre entierement dans du materiel informatique clans lequel les 

instructions executables par un ordinateur sont executees dans la memoire morte. 

20 Certaines formes de realisation peuvent egalement etre mises en reuvre dans des 

environnements informatiques client/serveur OU des dispositifs distants qui executent 

des taches sont en liaison par l'intermediaire d'un reseau de communications. Des 

modules de programmes peuvent se trouver dans des dispositifs de memorisation 

locaux et distants dans un environnernent de traitement distribue. 

25 L'ordinateur 1202 comprend un processeur 1204, commercialise par Intel, 

Motorola, Cyrix et autres. L'ordinateur 1202 est une forme de realisation de 

l'ordinateur 142, 144 ou 146 de la Fig. 1. 

L'ordinateur 1202 comprend egalement une memoire vive (RAM) 1206, une 

memoire morte (ROM) 1208 et une ou plusieurs memoires extemes 1210, et un bus 

30 systeme 1212, qui fait cooperer divers organes du systeme avec le processeur 1204. 

Les memoires 1206, 1208 et les memoires externes, 1210, sont des supports du type 

accessibles par un ordinateur. Les memoires extemes 1210 sont plus specifiquement 

des types de supports remanents accessibles par un ordinateur et peuvent contenir un 

ou plusieurs lecteurs de disques durs, lecteurs de disquettes, lecteurs de disques 
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optiques et lecteurs de chargeurs a bandes. Le processeur 1204 execute des 

programmes informatiques enregistres sur les supports accessibles par ordinateur. 

L'ordinateur 1202 peut etre relie a l'Internet 1214 via un dispositif de 

communication 1216. La connexion a l'Internet 1214 est bien connue dans la 

5 technique. Dans une premiere forme de realisation, un dispositif de communication 

1216 est constitue par un modem qui reagit a des pilotes de communication pour se 

connecter a l'Internet par ce qu'on appelle dans la technique un "acces a ligne 

commutee". Dans une autre forme de realisation, un dispositif de communication 

1216 est constitue par un Ethernet® ou une carte de reseau physique similaire 

10 connectee a un reseau local (LAN) lui-meme connecte a l'Intemet par ce qu'on 

appelle dans la technique une "connexion directe" (par exemple, une ligne Tl, etc.). 

Un utilisateur saisit des instructions et des informations sur l'ordinateur 

1202 par l'intermediaire de dispositifs de saisie tels qu'un clavier 1218 ou un 

dispositif de pointage 1220. Le clavier 1218 permet d'entrer dans l'ordinateur 1202 

15 des informations sous forme de texte, comme on le sait clans la technique, et les 

formes de realisation ne sont limitees a aucun type de clavier particulier. Le 

dispositif de pointage 1220 permet de commander le pointeur affiche a l'ecran, grace 

a une interface graphique (GUI) de systemes d'exploitation tels que les versions de 

Microsoft Windows®. Les formes de realisation ne se limitent a aucun dispositif de 

20 pointage particulier 1220. Ces dispositifs de pointage comprennent les souris, les 

paves de touches, les boules roulantes, les telecornmandes et les ergots de pointage. 

D'autres dispositifs de saisie (non representes) peuvent etre constitues par un 

microphone, un manche a balai, une poignee de jeu, une antenne parabolique, un 

scanner ou autre. 

25 Dans certaines formes de realisation, l'ordinateur 1202 coopere avec un 

dispositif d'affichage 1222. Le dispositif d'affichage 1222 est connecte au bus 

systeme 1212. Le dispositif d'affichage 1222 permet d'afficher des informations, dont 

des informations informatisees, video et autres, pour permettre leur examen par un 

utilisateur de l'ordinateur. Les formes de realisation ne se limitent a aucun dispositif 

30 d'affichage particulier 1222. Ces dispositifs d'affichage peuvent etre constitues par 

des afficheurs (ecrans) a tube cathodique ainsi que par des ecrans plats tels que des 

ecrans a cristaux liquides. En plus d'un ecran, les ordinateurs comportent 

ordinairernent d'autres peripheriques d'entree/sortie tels que des imprimantes (non 

representees). Des enceintes acoustiques 1224 et 1226 permettent une sortie audio de 
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signaux. Les enceintes acoustiques 1224 et 1226 sont elles aussi connectees au bus 

systeme 1212. 

L'ordinateur 1202 comprend egalement un systeme d'exploitation (non 

represente) stocke sur les supports accessibles par ordinateur, la memoire vive 1206, 

5 la memoire morte 1208 et la memoire externe 1210, et qui est execute par le 

processeur 1204. On peut citer comme exemples de systemes d'exploitation 

Microsoft Windows®, Apple MacOS®, Linux®, UNIX®. Cependant, le systeme 

d'exploitation ne se limite pas a un systeme particulier et la structure et !'utilisation de 

tels systemes d'exploitation sont bien connues dans la technique. 

10 L'ordinateur 1202 peut fonctionner a l'aide d'au mains un systeme 

d'exploitation pour avoir une interface graphique (GUI) comportant un pointeur 

cotnmandable par l'utilisateur. L'ordinateur 1202 peut avoir au moins un programme 

d'application de navigation sur la toile, execute au sein d'au moins un systeme 

d'exploitation, pour permettre aux utilisateurs de l'ordinateur 1202 d'acceder a des 

15 pages de sites intranet OU Internet atteintes grace a des adresses URL. On peut citer 

comme exemples ~e programmes de navigation Netscape Navigator® et Microsoft 

Internet Explorer®. 

L'ordinateur 1202 peut fonctionner dans un environnement en reseau 

utilisant des connexions logiques a un ou plusieurs ordinateurs distants, par exemple 

20 l'ordinateur distant 1228. Ces connexions logiques sont realisees par un dispositif de 

communication couple a l'ordinateur 1202 ou faisant partie de l'ordinateur 1202. Les 

formes de realisation ne se limitent a aucun type de dispositif de communications 

particulier. L'ordinateur distant 1228 peut etre un autre ordinateur, un serveur, un 

routeur, un PC en reseau, un client, un dispositif homologue ou autre nreud d'un 

25 reseau commun. Les connexions logiques illustrees sur la Fig. 12 comprennent un 

reseau local d'entreprise (LAN) 1230 et un reseau etendu (WAN) 1232. De tels 

environnements en reseau sont courants dans les bureaux, les reseaux informatiques 

d'entreprise, les intranets et !'Internet. 

Lorsqu'on les utilise dans un environnement en reseau LAN, 11ordinateur 

30 1202 et l'ordinateur distant 1228 sont connectes a un reseau local 1230 par des 

interfaces ou une carte reseau 1232, qui constituent un type de dispositif de 

communications 1216. L'ordinateur distant 1228 comporte egalement un dispositif 

1234 de reseau. Utilises dans un environnement en reseau WAN classique, 

l'ordinateur 1202 et l'ordinateur distant 1228 communiquent avec un WAN 1236 par 

35 l'intermediaire de modems (non representes). Le modem, qui peut etre interne OU 
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externe, est connecte au bus systeme 1212. Dans un environnement en reseau, les 

modules de programmes indiques concernant l'ordinateur 1202, ou des parties de 

ceux-ci, peuvent etre enregistrees dans Pordinateur distant 1228. 

L'ordinateur 1202 comprend egalement une alimentation electrique 1238. 

5 L'alimentation electrique peut etre une pile. Dans certaines formes de realisation, 

l'ordinateur 1202 coopere egalement avec un dispositif de reseau 1240 de zones de 

memoire (SAN) qui est un reseau tres rapide connectant de multiples dispositifs de 

stockage de fayon que les multiples dispositifs de stockage soient accessibles sur tous 

les serveurs d 1un LAN tels que le LAN 1230 ou d'un WAN tel que le WAN 1236. 

10 Les formes de realisation de 1200 fonctionnent dans un environnement de 

fonctionnement multitraitement, multifile d1un ordinateur. 

Conclusion 

On a decrit un systeme de distribution de produit radiopharmaceutique. 

15 Bien que des fonnes de realisation specifiques aient ete illustrees et decrites ici, les 

specialistes ordinaires de la technique comprendront que n'importe quel agencement 

corn;u pour parvenir au meme but peut etre substitue aux formes de realisation 

specifiques presentees. La presente demande est destinee a couvrir les eventuelles 

adaptations ou variantes. Par exemple, un specialiste ordinaire de la technique 

20 comprendra que des mises en reuvre peuvent etre realisees dans un environnement 

pour procedures ou pour objets ou tout autre environnement assurant les relations 

necessaires. 

La terrninologie utilisee dans la presente demande est destinee a couvrir taus 

les environnements medicaux, de technologie a objets, de base de donnees et de 

25 communication et d'autres technologies assurant la meme fonctionnalite que celle 

decrite ici. 

1130 of 1573



2867084 

31 

REVENDICATIONS 

1. Systeme automatise comprenant : 

au moins un injecteur (122 ou 124) de produit radiopharmaceutique 

5 comprenant : 

un dispositif d'extraction (202) pour extraire une dose individuelle (126 ou 

128) de produit radiopharmaceutique d'une dose multiple (104) d'un produit 

radiopharmaceutique ; 

un systeme d'etalonnage (300) de dose cooperant avec le dispositif 

10 d'extraction (202) pour recevoir la dose individuelle (126 ou 128) du produit 

radiopharmaceutique ; 

une pompe a perfusion (420) cooperant avec le systeme d'etalonnage (300) 

de dose, pour prelever par pompage la dose individuelle (126 ou 128) du produit 

radiopharmaceutique dans le systeme d'etalonnage (300) de dose; et 

15 un dispositif d'injection intraveineuse, par exemple une aiguille 

intraveineuse (204), cooperant avec la pompe a perfusion ( 420) pour injecter la dose 

individuelle (126 ou 128) du produit radiopharmaceutique dans un sujet vivant. 

2. Systeme selon la revendication 1, comprenant en outre 

une tubulure (206) a blindage de protection radiologique, pour transferer la 

20 dose individuelle du produit radiopharmaceutique, ayant une premiere extremite et 

une deuxieme extremite, la premiere extremite cooperant avec le dispositif 

d'extraction. 

3. Systeme selon la revendication 1 ou 2, dans lequel le systeme 

d'etalonnage (300) de dose comprend un dispositif de tenue (304) monte a l'interieur 

25 d'un injecteur ( 404) pour tenir un reservoir (302) de doses multiples (104) du produit 

radiopharmaceutique, et dans lequel le dispositif d'extraction (202) est monte a 
l'interieur de l'injecteur ( 404). 

4. Systeme selon la revendication 3, dans lequel le systeme d'etalonnage 

(300) de dose coopere en outre avec le dispositif d'injection intraveineuse (204). 

30 5. Systeme selon la revendication 3 ou 4, dans lequel que le systeme 

d'etalonnage (300) de dose comporte en outre un cylindre pneumatique (304) pour 

lever et abaisser le reservoir (302) afin de l'introduire clans le poste de distribution 

(106) et de le sortir du poste de distribution (106). 

6. Systeme selon l'une quelconque des revendications 3 a 5, dans lequel le 

35 dispositif de tenue (304) est un bras de transport (304) adapte pour tenir un flacon 
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multidose (302) d'une forme correspondant a celle du bras de transport (304) et un 

conteneur d'expedition (402) pour le flacon rnultidose (302). 

7. Systeme selon la revendication 1, comprenant en outre: 

une salle (509) de cyclotron pour produire un produit radiopharmaceutique; 

5 une tubulure (206) pour transporter le produit radiopharrnaceutique de la 

10 

salle (509) de cyclotron au systeme d'etalonnage (404) de dose; et 

un dispositif de perfusion (512) pour recevoir du systerne d'etalonnage ( 404) 

de dose la dose individuelle (126 ou 128) du rnarqueur radioactif (104), via la 

tubulure (206) ; et 

un dispositif de perfusion (512) pour recevoir la dose individuelle (126 ou 

128) produit radiopharmaceutique du systeme d'etalonnage (404) de dose par la 

tubulure (206). 

8. Precede pour preparer un systerne d'injection (122 ou 124), comprenant 

les etapes consistant a : 
15 installer (902) un flacon ( 416) de patient dans un systeme d'etalonnage ( 418) 

20 

de dose du systeme d'injection (400), le flacon de patient etant sterile et apyrogene; 

monter (904) une aiguille de sortie sur une tubulure venant d'une pompe 

peristaltique ( 414) du systeme d'injection ; 

dose; 

(422); 

inserer (906) l'aiguille de sortie au fond du flacon ( 416) de patient ; 

placer (908) le flacon ( 416) de patient dans le systeme d'etalonnage ( 418) de 

installer (910) un robinet d'arret (422) dans le systeme d'injection (400); 

installer (912) une tubulure intraveineuse (428) a travers le robinet d'arret 

25 installer (914) une aiguille intraveineuse (204) dans le systeme d'injection 

30 

(400); et 

fixer (916) une poche de solution saline (412) au robinet d'arret (422). 

9. Procede selon la revendication 8, comprenant en outre les etapes 

consistant a : 
mettre en marche (802) un systeme inf01matique (1200); 

foumir (804) un flacon multidose (302) d'un produit radiopharmaceutique 

(104) au systeme d'injection (122 ou 124) commande par le systeme informatique 

(1200); et 

lever (806) le flacon multidose (302) jusque dans un systeme d'etalonnage 

35 (300) de dose du systeme d1injection (122 ou 124). 
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10. Procede (1000) de preparation d'un produit radiopharmaceutique destine 

a etre injecte a un patient en utilisant un systeme d'injection ( 400), le procede 

comprenant les etapes consistant a : 
extraire (1002) d'un flacon multi dose (302) un dose individuelle (126 ou 

5 128) d'un produit radiopharmaceutique (104); 

verifier (1004) que la quantite de radioactivite dans le flacon ( 416) de 

patient est egale a la quantite de radioactivite qui a ete evacuee du flacon multidose 

(302); et 

ajouter (1006) une solution saline provenant d'une poche (412) de solution 

10 saline et d'une conduite de solution saline clans le flacon ( 416) de patient via un 

deuxieme robinet d'arret ( 410) a trois voies. 
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FIG.9 
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FIG.10 
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FIG.11 
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, ~IJitA. 7--1Y&tl.I.7JfA.317··0) 31?-1Ji::ll!l'!E~tL-flli1f~~*-'f1fr!JJ~::if1 f L 
M~~1t~ll"IJJ_]2'1tot~®i:v-Jvi::, ~:ffL -z-mnlt~ttoc: t ~t~:U&i::'t"o~*rJ'f 2, 3 
, 4, 5, Xii 6 (;:~[.iflO)fl!(!.1Jttt~rJ!¥>i5[~@:0 
[~j(JJ'f8] 
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1Ju~cJ!%~~-t' c:·:t, '-;/ t-O)l*J'&l\··e1Ju~c1\11;v~{1fnt-c~ .:fd.::b')O)Jl£*F1ruit;L fl;n1~:ff 

L IJfJ~c~ifrJ}tXt:i.X /jfO)li~T Lt-:~t:JlciJ>, lN~cJ\17 JvO)ftJ{I,, lf-:)i;$0)!lllrt=-t: "/ t- ~ 
:h 6 J: 3 (;: {ll:li'.-9 6 = t ~ f~fl!O.: T 6 ~!11).l(JJ[ L 2 , 3 , 4 , 5 , 6 , XU 7 t=~ci'GO):f& 
Mtt~1frJl.!&5 l~li'. o 

[~)j(JJI9] 

lN~cJ!%~~-t' t',;f, 'Y Hi, ;f!i~x~~ L. ft::b1!!1J000)~J]-;zt;tjjljj1Jt;:i;JM$~ fl L' IJiJOO~ 

i>;-t.f1Jr100'&ll-JJ"t~00~1';-tJ·~OO'&l\7tiJ'5J"l!flJ~tt-c.:B 'J, 1[1,,1i=mr1&1JrP1t=:z 71 rrlffili~ 
:z 71 H~m~:ff L, 1JuooruI-JJ"t ~oo'&l\?J"0)~1Ji=irut:J\111i..,n>1uzJJ1J~n, tru::tJt=wr~r: 

~~mtm~:ffT6=t~t~MtT6~w*rJo, 2, 3, 4, 5, 6, 1, xi;;si=~ctiO) 

1~~]@75ffl~IDta]] 
[ Wrtfr -JJ"lllf ] 
[0001] 

::zt;;JEBAl:i, ~li:Jft1&5!11r:tl25.**'1~ ;q 7 Jv < J\1 /;(..iffiO)= t ) -tPb y 1J / v· < B:M1n0) 
= t ) "-l.!&'5 IT.£.~(;:, l.!&51~t'T3 125.~f/f~~b'tbl!i L~ V• J: 3 (;:J!%~tt~ :ffT 6 DX:M11'1 
~1f'Jll/k5 l~li'.O)m~i=~T .;s 0 

r ~:li'tt!zf*r] 
[ 0002] 

lltr~cili~ftnx!l1·r:tl25.~1flj t L "( i:t' {71j;Z_ !:L p ET ( ~11t-TDX:Mlmlil~l'ffl$) J+IO):ffdttt 
~jftj"'[';f) .£, FD G ( 7 'Y *11:. Lt-: f F '/f!~J;~{;f;;) , S PE CT ( lii:lt-T:l&lli ::1 ~ .. /t.0 

:i -

:91!Fffifi&~$) DX:Mt1~u'b~c·b';1)6 o 

[0003] 

~ O)J: 3 ~ili~:t&!llt'r:t.125.**'1~ ;q / JviJ•b -T"1 :<..;t-"--lff1(..y 1J >- ;;;~ c·t=lf:R IJ lliT 
acf, 125.~Tlt~~iJ't~Jlct;:tlftEIJ L~i.. 1J: 3 C:, fdX\:i:9 /7":<.. 7-/~ c·O)~~tto)5'HIDJ/J•b 
-'f.11J.3Uf E111Ja1t=tiftt=J: 'J, ~1f'litn>J\111v J::.'&l\:iAttJ:f:t:'k:ruit=-'f.111xJ:i E111Jil1t=§F 
:lf11JL, J\1 /JviJ'bS- lJ /:/t;:J: iJ~ili~l.!&5IL, A1*t;::B-t;:E111Ja1t;::f:!U1&-96~li'.~, 

lliWJLAJ:ilf~H=lliJJ! L 'l \, 1.£. ( T~cf~~'f:X:li\ 1 > o 

[ 0004] 

=O)~[i'.t;i, ~M&ti'"C'fl;hilf_:*~ ~~f t';t, 'Y ]'-O)J:f:t(;:, ~M&tift~ O)J\1 / Jv}.. iJ 
0):::1 /TT c' = O)J\17 JvO)J::.$0):iL.{I:(;:§FwlJT 6~1l'Jit.:B J:U'..:r. 7M t' **IJMi= 
7 :.:z.-7"·c-~JIT 6 Y 1J /:/ t, ~vm;t 6 o -:CL "'C, **'lit.BJ: tf.'..:r. 7.H~ fl'IJ!!filJ-C--Jt-:tf 
-t:-:9-i;:J: fJ E111Ja{Jt;::J\1 /JI.."t;:§FwtJL 11zg1~:ffj l,O)"'C"it.£.o 
[ t¥~'F:X:li\1 ] f¥D-'f 2 o o 4 - 1 9 7 9 8 2 = 0) J: 3 ~~ti'.~~~&~ L 'l , Riiftt& 

Mtttl25.~1f1ffJ\1 /1v (J\17Jvffli0)= t) iJ•i?y 1J /:/ U±MnO)= t) ''-i.!&51T6~ 
t;:, 11/k'iJl~t'T'J ~~f/E$~iJ':fffl!i L'd:-~ • J: 3 t=~M&*1~1f-9 oDX:M·fi~:fflJII&51~li'.~~~ 
To= tb'~ ;Z_ 0:h0o 
[ ~BjjO)liJjf.] 
[~BJ]iJ{J!J!RR LJ: j t T .£.~:Im] 
[ 0005] 

~BJ]iJ{/g4~ LJ: j t T .£,~Jm,:i, 1JiJ~ct¥*:X:li\ 1 O)~[i'.~-~251:~ L "(' ilitJcrut·r:t~ 
~1ftJ~ 1\1 /JviPb S- lJ /:/"-11&51-9 6 ~(;:, l.!&51~11'3 ~Tlt$~:h'tlft~ L~~ •J: 3 i;: 
~M&tt ~ :ffT 6 DX:Mll~IJII& 5l~li'.~1:£f:!tT 6 = t (;: 11) 6 o 

-:C L'l, {!Rt;:-fO)J: 3 (,;: L 'l*'4.i~ Lt-:~li'.-c&:i ~> "'C ii, ~~ti'l"fi;hiV-:*~ ~.:3\--v- c:· 
-i··-;; t-A...J\1/1v}.. 1JO)::J/-Y--T-VY 1) /:/~, -'f.f'F*-C·-t:,:1 t-To1}~iJ>£:,.;so -fO)~ 
, FD GO)J: j (;:._r;t,Jv='f-0)*~ ~ i:f&!lJt·fi~~tfu~IDUJt& j t ~ (::, tlftEIJO)rlffili1r:l:iJ'~ 

~;fl_"( ~·f~ 0 
[ 0006] 

T"~;h-t?, =tt~ '('O)j'JXt:i:9 /:7":<.. T /S--lv rft.2; O)y l) /;/' &V"fciXt:i:9 /:7" 
:z -Y-/~c·O)~iSittft~O)J\171vA 0 0)::1 /-Y--T~ J+n 1-c l>, J\171vl:.'&l\b't::> t y iJ 
/~JJ::.ruib•i?O)nxMf'i'~O)iffii!.O)t-:b'), 125.m1iE$~"-O)t~7cr.&:EIJO)rlff'l'~'r:tli~::.t1.6 0 

( 1) t:lft;:, 1 *O)J\17JviJ'C:.~~ftt&M1·r:t.125.~1f'l~~*Cl)S...'iJ /:/'"II&Jl£-9.£.~t;::, 
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~ 1J y;;;~x:~-9 6 tc:nt=W&i.A-"' i:::· -t- ·1 r- ~M~t:::£~til.tf:::£ bf, .f:<7Jtc:7f :.:."c '=, 
f&fllO) 11f Fi~t1iJ'§E!:E-9 6 0 

( 2) ;ttc:, J\1 /Jvl*JO)ia:ftrut·li.f25:~jf!J~¥i2'fll&51-96 t=l:L -¥-ll.JXUEJIJ.H;:J: 
'J r\1 71vA..$$jrJ-9 6~tJffO)-Jt)t;iJ>, J\1 7 JvO)~~r IJ 2-" IJ t= flI.l!i L:::£ it:htf~ b :::£ 
i. 10 LiP L, -¥-tF*t;:{'f '3 ~$1,~?;:J:: IJ, ff)l[;1J'J\17JvO)~Mit=~tc: IJ ti'? ;z~~t!UIT 
0~~f){ib0o 

[ 0007] 
( 3) ;ttc:, -¥-f~t;:J:: IJ~IJtt:BJ::t..K'.:r./tt~-t.:·1 t--96~t=tL t~~fl-::>lt~t•J: 

'3 (;:, -t.: ·1 t-iJ>;F~;b-:dc::f,~J;:fft; J\-~ J~T C.:. t iJ>~;t LV•o LiP L, f25:m:JJ?.#i'JO)IJNbtL 
tc::z~-;zO)~·tl'iiJ'b, ~@'.tJ::J/J\Y r.·c~6C.:.tiJ>~;! L<, ~llil*J$0)A.~-:ziJ: 
1*<, -t.: ·:1 }. fj:t;:fft; J\-~J~ U;: < Ptc:ID, t~~ fl-::>~t-?-91- >:fftiH.ii'~ ··:de: o 

[0008] 
< 4 ) :! tc:, ~@'. ~ ::i / J t Y H;: L J:: '3 t -9 0 t , ~l!il*JMi-C" 0)-'F-f'F*iJ'EElft t=~-:> t~ 

= O)§EEIJIU, 1-:J._CO)Fo'Jru!J;~ ~1'1~i*-9 6 t.:/.6t;:, 1&'.fll0)11Jl'J~tt~ J:: I) ~b !__, ff)l[;if>J \1 
/Jv<7J;7"7 ;z~~mfi'iT 0~~~~:::£< L' -¥-f'f:*O)[lljH;:iW-Ct~~il-::>ltt= < <' ~@'.~ :1 

/ J\Y t-t::-c·~ 6rut1H1f!JP&51~i'!i~tJH!~-9 6 ,:_ t ~ EIS'.Jc T 6 0 

[~Im ~"~*-9 6 t~/DO)-'F-f~] 
[ 0009] 
J;lJ:.O)~Jm~1'1~i*-9 6tc:!Dt::, ~~§EEIJIIJ:, fl'{!lltii;t~Jg~-g 6,ig~tt~:@:liff(,;:1f LMM 

1tf~-C"l*J$t=ta:fftrut't1~~1f!J~1E~ ~ ntc:r-:111v~ IfX*f*rc·2' 6~~::t-v i:::·-t, ·;; r- c. , 
wr~c~~::t-v i:::·-t- "/ J-.O)l*J$t=~~Ht i:-..n, wr~cJ\1111/0)J::.MiO)::tLttt=$$W1J2'tL0*1f!J 
itc, c.:.tLb0)*1f!Jtt~, ~~::t-v i:::·-t- ·1 t-O)J'H~RtPt_:>O):ht::J:: rJ, wr~c::.1.L;ti:t::IPJiJ•-:> 

-Cff<7X:1JIPJt::if:h 'l *ll!2'1t 0*1l!tt~Mllit, WJ~c~~Sf-"' t»;:t, ·1 h7Jl*JMit::Wf12'il.6 ~ 
iJ ~/;;;(;:~JILWJ~~:tflJiH::~:ii-96+ :i-7" t, ~Sf--v i:::·;t, ·1 }.O)J~$iJ•b0):1Jt::J:: 

•J, wr~c7°7 /;;)-v ~51t ,. .. c 11&51~:fi:i11&•:Hll.Jrtt1mc., ~1f-9 0 = t ~*~Vitt -9 0 fl'{!llt 
'~l*1flJP&5 l~iii-C' ~ 6 0 

m=§EEIJIU, fl'{!lJU& ~~T 6,ig~tt~ :@:00t::1f LFt¥JM11Jl'i~-C·l*J$t;:~:fffl'{M1t1~~1f!J~ 

JE!Jl2' flt~J\1 j IV~ J[)(ffi*J"(·ts 0~::3(--';' J:::';:.f, 'Y f- C, filCJgJn:Sf-4' J:::';f, ''/ J-. O)l*JMi,::IDt 
~tbh, filcr\1 /JvO)J::.$0)::.t'.L,tt,=$$WIJ2'h6**'1itt, c.:.tLt::>0)~1f!Jtt~, ~~Sf-

4' t';;f, ·1 J-. O)J~$fJ>bO)jJ (;: J:: I), 1JiJ~c::t'Ltt(;:[PJ:Q•-:> l ffO)jf [PJ(;:f1:h-C *ll!2'1t 6 ~ 
ll!tl:fff t, wr~c]lE~Sf--v i:::·-t- ·:1 t-O)J'~Mit::~1z1;;a1t=IDt~tbt1., fl'{Mrl~~~-9 0~tt~ 

~oot::1f LFt¥IMJJJFi~-r·l*JMit::i&:ftrut1t1!25:*1f!J~11&51-9 -titc:ilbO)y 1J >-';;;~ Wl*J-r·~ 0 ~ 
lJ /;;)ffl:J!l[ln:*t, C.:.O)~ 1J / ;;)t::Ji)I L WJ~cY 1J y;;)ffl~ln:*&Z.FWJ~[.~~Sf--';' c·;t, ·1 

}. ~ ffil)j L 'lWJ~c~IJttt=~JiT 6 + :L - ft ' ~ 1fT 6 ,:_ t ~~mt T 6 rut1H1f!JP& 
51~iii-r·s0 0 

[0010] 
~=§EEIJ'JU, fl'{Mrl~:i~~T6~tt~:@:OOt::1f LMM1tf§~-C·l*JMit::ia1:JCrut1t1~*jflJ 

z tt~ 2' htc:J \1 11i, ~ J[)(*fi-r· ~ 0 Jg~Sf--'\" L-t- ·1 r- c. , wr~c~~::t -v i:::· -t- ''/ r- 0) l*JMi i:: 
~~ftt,tL, WJ~cJ\1/;J,O)J::.$0)::.1'Lttt::!;$jfJ~h6~1Jff9 &u·x. 7-Jtt, C:.ht,O)~ 
1f!Hlt9 &U'x. /ff~, ~ln:Sf--v t';f, ·1 l, O)j~$h>b O)jJ,;:J:: I), WJ~[.::.1'Lttt::rn1iJ'-:> -C ff 
0)7f IPJ t=ifh -c *Fi! 2' -it 0 ~ll!:ff&:fff t . wr~c~~Sf- -v i:::· :t- ,,, r- O);tr~Mi t::-1z1;;a1t=~~ ~ t,;, tL 
' ruHt~~~T 6~~tt~:@:OOt::1f LFt¥IMJJJIJ~-C'l*J$t::ia:fkfl'{Mf1125:~1flff P&51T 6 t~ 
/.60)~ iJ /;;)~ J[)(iW>J-C·ts 6 ~ 1) /V·ffl~~*t, C.:. O)~ 1J /;;)t::~Ji L WJ~c~ ~ y;;)ffl~ 
ln:*&U'WJ~c~~='f-'f' t';f, 'Y }. ~ffil)j L -CWJ~c~:lflJjft;:j!l!]iiT 6 + :L - 'ft' ~:ff-9 6 0.:. 
t ~ *'¥t& t -9 6 fl'{M'ti~IJP& 51~@'.-c· if> 6 o 

[ 0011] 
~l!!J§EEIJI~J:, 2' bt;:, WJ~c*lf;1:t!:fi!Ji:L !;$jrJ~ht~~tjffO)jf:J1ciJ{;7'7 :z~t=i*l§!RL-C 

i.iff1¥~-ij-J_7£~v\-t-~fliiLfJ~:Jii¥~fIT:ff&:fff~1f-9 o;: t ~~~V& t -9 6fl'{!llf 1HfftJP&51~ 

iii-C'ib 0 0 
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w;li_§EEIJRL ~ t::.t::, WJ~C.¥1-ll?i:f:fimtL *:1fl1tt9&LfI7:jt!i:-l3UJ11tt-S;t;;V:P"-$!i:
:ff L, ~ 0;t;1i,, :7"-$iJ", wr~C3!iit~ -v c:·.t- "/ r- 0imiJ"nt..::{.!llJ1'...fiJT5Eli'e~1112' :±:-9 ~ t iJ" 
'Z'·~ -s 111mmm!i:-:ff-9 -s ~ t !i:-:t~tnt -9 -smtt-tt1*1i'Jll&51~'ii'.'Z'·2b-s 0 

[0012] 

w;J::§EEIJRi, ~ t::.t::, li!J~C.¥1-ll?i:Mm!i' *1i'Jtt9 &LfI 7tt!i:-l:R fJ f1tt 6 ;t;JvJ"'-$0) 
j 1?, TI[t~t::ttOV\f(;:f~M-9 0 ::7 7 /7°$5J\.;(i>', 77 :Z 7- ·1::7~X~:i7Jv2~'t''2b0 ~ 
t !i:-1H&t -9 0h5z!llt1!1:~1J11Jk51~l!i-C"ib 6 o 

w;-t;§EEIJH:i, ~ t::.t::, liii~C.¥1-ll?i:mimli, Ji)ltt~.y t::'i-·1 t-07H'.flH::~~Ht0:ht..::!filRIJJvJ\ 
-t, Jilltt~-v c:· i, ·1 r .:7Jl*J$t::~lt i'.,:hWJ~C.-~!J;IJJL-1\-t;:J.IIJJ L "C@JIJJ-9 -$.~IJ;IJJ7-h. 
t, ~ 0mm7-bi.::J: 0 fl!I'2'n "C ¥1-ll?i:-9 -s*iflJjt :z 71:?"X!:ix.7M:z 71 :7" t, wr~c. 
*1i'1~t:z 71 :7"!i:-7f1F-96~1Jtt;z71 FLr-JL.- t' rucI71t:Z 717"!i:-.if1 F-96 
x.7~t :z 71 Fv-Jvt, *:1f!Jit:z 717"&Lfx. 7tt:z 71 :7"0 :> t>-1ft::l!fil5E'2'nfID1f 
!i:-l!li}7f(3f-1frtiit::.n·1 r L¥1-ll?i:IJJ1'F!i:- ~1tJ-1'2'i:t 0t~®i:v-1v t, !i:-:ff L -c:mJVt '2'tl-S ~ t !i:-
1~tttt -9 6h5z!llt'l1:*1f1Jll&'11~!!ic·s0 .. 
[ 0013] 

w;;\§EEIJil:i, ~Gt::, liii~c~~f t::'i, '1 J--O)l*J$c'1JiJ~cl \1 /lv!i:-ft!'Bt"CJf£MT b t..:= 

/JbO)Jf£*11>11".flH:i, ftUt!i:-:ff L' llic*if'Jtt 9 &LfI /jfO)l\?i:r Lt..::lf)l;ti>' WJ~[.r\17 JvO) 
ft.lh •t-:JB;$0~1iH::-1:: ·1 r- ~ :h. -s J: :> i::f_v:l!i-9 -s ~ t ~1~-tttt -9 -s mz!llt't1*:1fl11l&51~!!ic· s 
bo 
[0014] 

w;n§EaJI1:i, ~ t::.t::, IJIJ~cJ!Eit~'Y c:·i, "/Hi, f§:JX~~ L, ::J'C£i.!l~oocrJ-1JXt:ijffij1f 

t::lm~J.W ~:ff L , l'IU 00~1!rtl' WJ00$·5J" t 'WOO~ 1!Ju 'Wlif i'Wi·5J\.fJ>7J\.WIJ '2' :h-C H fJ , 1L \«1 t:: WI 
fif.h[PJt::x 71 F11Jf:f~~A 71 FMm~:ff L' WI00$7i\.t 'W00$7J\.O)-jJ(;:WJ~cJ\17 Iv 
ti{WP>J~:h., f1!!1ft::WJ~c.-nll?i:mim~:ff-9 -s ~ e: !i:-:t~mt -9 -s:ttdt'l1:*ifr111&111~!!ic·2b0 0 

[ §EElj}0)~1J:m:] 
[ 0015] 

w;-, w;=, m=, :m1JB, mli, :m:t::, :m-1:;, m1\, xu:mnJEaJii::J:nt.L Wittfl!z!lJt 
'11:12S.*iflJ~ ;\17 JViJ>G:;..,. l) / :..-::-"'-ll&51-96 ~t::, ll&'1I~:fi'312S.~fj:f~:j\j;?>':fltf!i L~I.- ·1c· 
~.l'fu .. 

w;=, w;=, :m!J!I, mli, :m:t::, :m-1:;, :m1\, x1i:m:fL5EEIJit::J:n1:r, :iilltt~-v c:·i- ·1 

t- t ~ 1) /yJ+.IJ!iit*t ~}}IJ(;:~~Ht6.:7Jc·, l *O)l\17JV:b>G?tt~lth5z!ll1'11:~Jf'1~~* 

0~/ 0 Y>1'...ll&Jf£-9 -s~'t'·S-:i -z ~, ~ 1J /:;./'~xfti-9 -st..:/Jbt=~ 1J /S..::J+.1:J~llttn0h ~ 
lml¥1-9:hi;f J: < ' ~~"Cc:· i- '1 r- i:ilm it Q £'.'~iJ>~ \, '\ 0 J: -:> "'( ' -f O)ft' :fltf!JO) 'i1J'~1'1 
h"~'-960 
[ 0016] 

w;!J!I, '5f';1i, :m:t::, '5f';-t, m1\, x1i:mn§EaJii::J:nt_c '2'Gt::, J\i-~iFm.Zt..:~mmi 
:.m0fJ.b2' c·, H)'[;;?{; \17 ;v0Ji;$i:: 3t.:: -:i --z: i if 7 :z~!i:-1'.i'H!'f-9 -SM~b{~ i.. 10 ~ 0t..: 
/lb, tt)'[;ti>';\171v0JB;w~· 'J ~- 'J t::flr!!ic·~, ;\1711'1*10i~ttcox!ll1tti2S.~'1~~'2' f 
!1&51't''2' b 0 

[0017] 

w;li, '5f';:f:, mt, :m;\, xiJ:'5f';:fL§EEIJ}(;:J::h.tL ~Gt::, *iflJttXIJ:X7M~lx'J11 

it -s 7tJvY·-wi:r•, ~lltt~-v c:·i, ·y t-0imiJ"tLt-:I!l!V'--filf5Eli'm'1I 2' :±:-9 ~ t b"-C .. ~ 00c· 
, =:h.G01t0-t:·;1t-;?{~!i)c·.'.b1J, :£.t.::, -t:·1H£t::MiJ;\-~.$'f-L-?-9~1e J:-:i't', 
m~f!'f--::>ttt:: < ~, 0 

[0018] 

w;:t::, w;-t;, mJ\, XUm:fL§EEIJ}(::J:tU;f, ~G(::, ;t;Jv:7"-$0)j-f?O)l![f:i~::tt0J\ 
7"(::1¥~-96 Y=J /7"$·fr;?>', 7°7 AT '1 ::7~XU7Jv2~c·&)6 ~ tfPG' f{!!0)~,5;~ 
'(';(;)6 :tJ;k~ c:·i::J:t,"Z, jf~i!Wi/Jb1tit b +7i\.':£iiWf(11Jb>'{~t?h, J:-:> -c ::7 7 /7°$7i"' v
\, >-C !:i;t;Ji,}'"-wm~HMl!li}t::c·~, *a:m:l'f.Jt::~l!i~ :i /.J\::7 r- i::c·2' -s 0 

[ 0019] 
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w;-t;, w;;\, XtJ~:fLJEE!JJ t:: J: :hkL ~ b t::, *:ff'JM 9 &0(.T. 71'+~ ll'tlltJJ L c ff~~ '1t 
6 ff~f!ni0:>nimfJ{ft51!1i1l-::·-c2', *'ili:!:!Hr'.Ji::~@'.~ :i Y 1'\'.7 r- t::-c·2' 6 0 

w;;\, xu~:fL§%BJJt::J:ntf, ~ b t::, r\111v~itJHtz ![l(*P>.1-9 6 ~ t 'Z'', wtJcn'dI111: 
~**rJ~f~~1t,,:IB;$c7)illfi(;:*~6 ~ 'c iJ''Z''2'' Yi~ fl_~g1-c·2 6 0 

w;)LJEBJJ t:: J: tH;f, ~ b (;: , ~illio\=- -'1'" t.:' ;3f, ·:;- l, i} IJrJfj:1flriJ (::.7.. 71 f llfjf~;J .7.. 71 f ~ 
m~:ffL, ~o::i.7.. 71 r:11J~;J"i100$frt~oo$7J"0:>-1fc:1\111viJ>![)(~~1c, ft!111i:: 
ff~f!ni~:ff-9 6 ~ t ·c, -=F-1affi'H::r\171v t ff~f!m~~ L11::-*.7.."'- .A ~fJ.tff 6 ~ 
t ix>-r::· 2- , *-ili51'1:13"J (;:~@'. ~ :i / 1 \ '.7 H:: "C' 2 6 o 

[ §%BJJ~'%1if!!T 6 t::_~O)ji,f!O):Jf:j!J'Jl 
[ 0020] 

~ 0~aJJ0'%1If!!:JB!l'J ~, rm 1 ~rm 1 o t=~-9 0 

( ( ~li'.U!!~ ) ) 
2:0:>'%1iW!lJ0:ttuit'ti~:ff!Jn&51~li'.!J, ~illio\=--'I'" t.:·:i'-·1 r- 1 e: ylJ /Vm~~n3fJ{JJIJ 

~ &::~It b:h (rm 1 ) ' 1zY1 &:::3!1!.lr. L c ll!Mllfff~"(' ib 6 0 -f L c ' ~~'\=--'I'" t.:»:t- ·:;- r Ui 
' :ttuiHl~~~T 6~illi*!~~oot:::ff L' ll!Mllfn~-c·, l*J$&::i1~1Xfl)(Ut't~~IJ~j0J!;~ 
:ht::.1 \1 11v 5 < rm 3 ) ~ ![l(~-e 2- 6 " y 1J y VJfBIDii~n 3 ti, ~~3f-'I'" t.:. :i'· ·:Jt- 1 c7)7~ 
$&::-1*a"Jt::~~Ht t:>:t'L, :tri:M*l ~~T 6~~«~ ~oo&:::ff L' ll!Mllf!J~-c·' l*J*JH::~1Hk 

:tri:!'IH.'l:l'R*ifrJ~n&51-96t::.~0ylJ /S/7 <rm9) ~![l(~-c-~ 6" 
[ 0021] 

**rJ~t9 &rfI. 7M 1 HL ~illi3f-'I'" t.:';t, ·:;- r 1 0i*J$t::~~Ht bt'L, J\17lv5 0-1::$ 
0):1'Lttl 3 (rm3) t::3fW!J~:h6o ~:hb0~:ff1Jif9&rfX7{Hl 1 ~- ff~~tilU 5 
0fjiJ~'Z'·, ~illi3f-'l'"t.:·:i'-·1r-107~$/J>Go::int::J: IJ, :tLtt1 3t::rP1iJ'-:>cM01Jrnir:: 
iB-> c ff~~{!-6 o 

[0022] 

n&51~1T-J ylJ /::....~7!.±1-.2-7'1 70:>-!!ifilt:::J:lilL, ~c7)'f-,::!_-f 1 7 (rm7, rm9 
, rm 1 o ) ti, y 1J / vm~~&t-r(~lfio\=--'\'" t.:· :i'- ·1 r- 1 ~ ffe!il L z, ~:ff!JM 9 r:::i:lil-9 
60 
( ( ~li'.71-W) ) 

rm 1 i::, ~ CIJ'%1if!!%~t=f* 6~@'.~1*0:>'®£~~-'I':-9" 
rm 1 o::i -J 1? ( A ) tJf-OOrm, ( B ) U~iIDJOOrm, ( c ) UJEOOrm, ( D ) U::biIDJOOrm-c· ib 
60 

~t}Cfl)(_!'lj'f'1!:~~jf!J~J'E~~ i1.t::.r~17Iv5 (rm 3 ) ~ ![l(*P>_J'(·~ 6~;jjCc7)}/Eillio\=--'I'" t::"::f, ·y

r 1 t, H~1Xfl)(!'lt't1~**'ff!I&51-96t::.~o::i::...--0 y:;,;:7 crmg) ~![l(*~-c·2' 6Y 1J /Vffl 

~lli* 3 t iJ->JJIJ,.>z t=~~ttG:h.tS 0 -ftvc":tLiJ'~!l!J'L L cll!Mllf§~-c·s6 ¢ 

JE~3f--v-t.:»t,.y r 107~$0ti:i1lUOOl::U, t./V'l 9~1rLcll!MJW2 liJ;'~ltb:h6 
0~3f-v-t.:'..t-'Y-r107l-$0lEOOt::IJ, lllM~2 10D,:;-::7~1T-Jll!MvJ\-2 3iJ->Jf:v. 
1J ftft b:h.6 0 :t t.:' ~.q:. f t::';t, '/ t- 1 0))'~$0::bf1lUOOt::,J, ~@fi*J$0ff~~ffi 1 5 
~~IB:JJJ~'1t6-=F-JJJs:to::i~iRJhv ;\-2 2 iJ'~~itG:h.6 0 ~3f--v- t.:·;t, '1 r- 1 07~$&::-i*a·j 
t::Y i_J /v·m~i!i* 3 JJ'~~it t?:h z~ 16 0 

[0023] 

( 1J'd1*liEiP:*1) 
JE~3f-'I'" t.:';;t, ·:; r 1&tFY 1J /V)ij~lfi* 3 o::i~OOt.:L ~~t1T11htt ct •{So ~~*! 

o::i:tt-'i:rtLc!i:Y'/'.7'..7..7/, 7'/:7".7..7/i';-&, ;t'J, fJ.fi7.7.., 7'/:Y'JV. t.:'X<.7..~ 

iJ->ffl~. b:h.6 0 

[0024] 

1~t=, i'JU/JaiiJ'~$1~t::.~, m ~ 1 t? r._6 iJ->, j:_fll!~.&7f<0:t~M.t:: J: 0 .~-k . ~~iJ-> Ji 
bh6 t::.~, ~mt=~ L, .A 7/v .A_ 7°7.7..+ ·1 ::7, :IL, ~~- ~~J ~ ~t::J: 'Jf:ff-ii 
'96~ tiJ~¥~ Lt 10 :it:., ---imO:>OO~ l*J$iJ'll'*-C·~ 6J: -J t::fdt,f7:<.., i'dif:ff7'.7 1J 
1vtru1FatJX~ m~ 16 ~ t iJ,,.'Z'.2- 6 0 ~bi::, -iw,~0+-~r&:t::'9 6 ~ t b -c·2' 6 ¢ 

[ 0025] 
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®iW:t10J!12'tl:rJ..~Jil9 6:Udlttt~1frJ0fl~!H:: l> J: 6b', ---Ml.Hf.Jt:::5~30mm, !ff :i L < 
!i10----20mmiJ>J+J1i 10h6 o 

[ 0026] 
CMM,1#:2 1) 
~~0tci!llJOOt::i:;L :il[ifttffl>f::,7£ 0 MMm 2 1 iJ>~~Ht t::>:h e i:> t), ~JflJM 9 i:> J:tFI 7 

M 1 1 0Jf.'>U) f<Htf'F*t:::.'.bt..: ":> e t;L ,:_ 0lmMm 2 1 ~mi,.1e 1t*~1T 3 0 

[ 0027] 
c::z 7 1 r ;fl!fl ) 
®iW~ -y e::· :;(, ';I }-- HL 'fi~x ~ 7£ L' WJ~c l t..: J: -3 t:::tcf!llJOO t::: lmMm 2 1 ~ :ff-9 0 ;.ti>' 

2' 0t::, Eill 2 t:::~-9 J: -3 (,:::, 1Jr100~-ftbWTOOmHi'-2 5 t WOO~-ftbWOO$fr 2 7 iJ>-:fr1!PJ2' 
tL e i:> I) ' WOO$·fr 2 7 iJ>~liiffl~ii 2 9 t:::IIDJ:E lei:> IJ ' ,:_ 0W00$7t 2 7 (::Xi le ' 
WJ00$·5:i'-2 5iJ'Wff&nfi'rJt::.::z71 f~n~7£.::Z71 ftlir1iJ31 ~:ff-90" WJ00$7J'-2 50_1_ 
$C.r$i::.::z71:7"-33A, 3 3 BiiWJ1X.2'h, W00$7J'-2 70_l_$C.T~~(,;:, .:0.::z 
71 :7"-3 3 A, 3 3 B ~;7'1f-90.::Z71 rn·1 r 3 5 A, 3 5 Bb'lfJot2'tt0 c 

[ 0028] 
1Ji100$Jt2 5 t::1\1111.--J,.''.J 0::::7 /<r-r 3 1 iJ'JJ.£*'1i2'tL, W00$7t2 7 t::~cR-~mm 

1 5~1fT0o 
1t*G!H::!:J:, fi=~li8Hi~~01J~OOt::JI.0, WJOO$:fr2 5 ~A 71 f;f,1!*13 1 t::J: IJ-'FWI 

t::51~ lli-9.:. c 'Z", tc::bfIDJOOb':*~ < lm:tt<2':h6 o :it.:, J\17 ;J,], IJ 0::1/TT3 7 c 
, R-~mm 1 5 t ~~iL, jjijj~0f'a'Jt::1t*.::z«..-.::z s ~.vtff 6.:. t iJ''"C'2 6 0 .:. 0ttYm'"C' 
, 1t*~li, tc::b0-¥t::J: I), :il[ifttf11~ 0J\17 Jv },}) 0::::1/TT3 7 ~, Jl.£*fi$ r- v 
1 3 9 t=~ < 7£ t' 01'1=*~ :IT -3 0 

[ 0029] 
( fl'dt1f1:~jflJ) 

.:. C:. :.::m1i i 0tL6 ia~7C0:1t<f.Mi*ilit. IJ: PET ( ~~-Tl!~fi~i::lfJT~ : Positron 
Emission Tomography) .f9!=ill:.l+J0t.ff59'1l"iJ.ftfl~1l;'u' FD G ( 7•;;*1 8 c·~~2'ht.:~jf1J 

: [18F] -2-deoxy-2-fluoro-D-glucose) , FD PA ( 7 ·1*18'"("rN-~2'tLt..:~jfrJ: 6- [ 
18F] -fluoro-3,4-dihydroxy-
phenyl-L-alanine) , FD A ( 6- [ 18F] -fl uoro-dopamine) ~if·.106 b', j::(;:, [ 18F] -
2-deoxy-2-fluoro-D-glucoseb>f~.l+I2'tL6, fl!!(::, 9 9 :n Tc, 1 2 3 I, 1 3 1 I, 2 

o 1T1, 6 7 Ga, 5 1 C r~c7JSPECT(~:lt;-=f-fl)(lli::J/t°.::i.-:711'TJltiH9$: Single 
Photon Emission Computed Tomography) .l+J:1t<!llt'tirr:tlf1r5t*.ftfl;lpt;,7£ .Q~a~Jtfi:> J:tl.f9! 
=ill:.l+Ii±.!lftilit:: t:i@.J+Jc·~ ;s. 
[ 0030] 
( (Jf-~fli;J1'1 5) ) 

Em 3 ~Em 0 t::::t:> ~ ''Z, R-~mm 1 5 ~ ~!lBA-t 6 0 

(fj!Jf~) 

C:.0J\'-~;fl!fl 1 5U, :i~Ji:~-y i::·,t,.;; r- 1O-J.$7~$t:::~§Ht0tLt..:.~l!Jvr\-2 2 C: rr:tl!l!ffit:: 
, ~li:~-'7 c;;t, ·1 r-- 101*1$t:::~igjfi;-L4 1 iJ'~~~t GtL6 0 J: ":> e, -¥1!.Jt::J: IJ .~igjj]v 
;\-2 2:1J>@Il!J2'h6 c., !ml!J7-L4 1 l>J:Ijfil e@Illr96 • .:.0~igl!J1-L4 u::J: 
IJflJJ~tL eR-~-9 6~1frJM:z 71 ?'"4 3 !i, fcill[1Jfi'rJt::Wc~2'tL6*1frJM.::z 71 Yv-Jv 
45~J:~'ZJ\'-~}J~~ff1f2'tL0. 

[0031] 

+ L 'Z, x;M.::z 71 :7"4 7 Ii, ~iiH L eWc~2'tLorTH.::z 71 r: v-Jv4 9 t::J: ":> 

e*!f.i1)0J\'-~nfi'r1t::n·1 r ~h6. ~ifrJM;z.. 71?'"4 3 i:.1ID.J:E~ht::?l<3¥7£t*~J..,-Jv 5 
It•, I/M.::Z71:7"?1<3¥1Jfi'r1(::;7·1 fT-bo .:nt:::J: IJ, =.-::>0.::Z71:Y'0J\'-~JJJ{t~ 
[r:tjmJ~1t{So 

[0032] 
x ;~t .::z 717"4 7 ~*1bbt:::R-~2'-tt 6 c:. c. c·, --::>0\lt~, J\171v s 0_r_im01*~ 1 

ooff0 ::fL.fi 1 3 t:::, lfJiU:::mlJ ~ 1t 6 .:. t b1--C'2 6 o 
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[0033] 
( {f!:fl!JO)H:il:IH) 
l:Rl3 <A) i:.jj;-9 J: :it:., :f't~ff!m 1 5 z-:mfflt--t o7Hmk'>.~1311JvJ\-2 2 tL .illUiH--v 

t .. ;f,·:1t-1Z.li.il-90!IBtiJ:;_.;-v7 t- 5 3 (.;:J: 'J, :J&nil~='f-v t .. i,·:1 t- 1 O"Jl*J~0.~IZllJ7-.L .. 
4 1 c. ll"II!Jffit:.J};.Jl~ho 0 l:RI 4. ml 5 ml 6 t:.jj;-9 J.: :it:.. ~1f1JM ;;z. 71 ~ v-Jv4 5 tL 
2::zls:0-'¥fi'v·-Jvb'l?~bo I.7it.::Z71~v-Jlr49tL l::zls;O)J....·-Jvb'G~b" *Wl 
M7. 71 ::9"4 3&tFI.7it7. 71 p··4 7 l:L l) ::.7.r<..71) Yfb">~=lf~tC( ~ \'"(' .-ftt-f:'' 
:tL0v-1v4 5. 4 90J::.Z.i~Gb>(;:~llJ-90J.: :i ?:.~-:i"CV•o 0 

[0034] 
t¥Mlv-1v 5 1 0Jt!iffi!.i, ~#'lit ;;z. 71 p··4 3 t:.OOJE:~h c .B IJ, x 7it.::z 71?'"4 7 

t::u 1J ::.7.r<..71J /:7 .. b.,~:lf~hc~•-r, x7M7. 71:7··47iJ>..:.0t¥Mlv-Jv5 10J::. 
Z. i~ G b>t:.:tillJ'"C· ~ o J.: '3 t:. ~ -:i c ~ > o o 

~gj)J 7-L 4 1 O))t;!iffit::tL -ffi:fL 5 5 i)>lfj mt~ .h' ..:. 0-ffi:fL 5 5 i::~jfljif A 71 f 4 3 
t::IDfft~ht..: e Y 5 7 b':.fEfiI..~h c ·~ 10 0 

[ 0035] 
£t..:!1llZllJ7-L4 1 t:.!.i7-L7.7°1J /:7··5 90T!iffit>:Jj;m!i~h, 7-L.7.7°1) /:7 .. 5 

9 0J::.)!lfiU~1.li::zls:f*(;:J};ffi~tL "C v 'o, J.:-:i c, 7-L.7.7°') ./f 5 9 W~l'.illJ7-L 4 1 
z.~t:.J::.1fF,5r ~,,1J.R0 0 + L c, 7-L7.7°IJ ::.rfT!iffit>, .~IB:llJ7-L4 1 0@J11Jt:.ffi.. \ 
, @JllJ!ft~6 3 Z.~i_611*t::U51~1$kf~h. !mi_ c L£ '3 UH'ltf o 

[0036] 
( 11111') 
i:Rll (D) (;:jj;-9J.:'3t::, ~IB:t!JvJ\-22Z. ljfl::_{.lrl.liJ J:'J ljfTflrl.liJ 0:1ffi'll(;:@J 

llJL"CTWoC., mllJ7-L4 UJ:C:.O)@]jfi(:J};llJLc@JlfJL_ -ffi:tL5 5i)'>t"/5 7Z., 
J::.Tnfi'llt;:tlf!L, J.:~,,(, *WJit7.71?'··43z-T:1ft::tlflLT~fo (ml4 (E)' ml5 ( 
B) ) 0 ~11, I./;Jf7.71?'"47 b*A'l:JL::Z..717··4 3t:.OO'!E~tc(V\of¥il:J'Cv-Jv5 
u:.J.: IJ' ~jfljjf71 fll"llt~H::T}Jl::tlflL Tff t:.ho 0 ~jfljif 7. 71 :7"4 3' &UI. /jf 
A 71 :Y4 7 h'T1f(;:flf!L Tff Gho . .:. c (;:J.: 'J' +t·Vftl0)7. 71 :J"(;:J~ 'J111t"C Ibo 
~:tf1Jlf9&UI7itl Ui, 11"11.Jt!JL"C, ;\17lv50:iLt:.ll"IJWH:.~~J~:hoo .it..:, ~13 

llJJ....1\-2 2 Z.5C0 lifl::_f.lr@'.J t::lR;-92:. c t:.J.: IJ, C:.tLG0jf~;q 7;r, 5t>Gtk< ~ 
ct>:::·~;; 0 

[ 0037] 
£t..:, 7-L.7.7° 1) /:7··5 901JJJ~ t:.J.: IJ, .~131fJvJ\-2 2&U'.~IZllJ7-L4 1 t'*-'¥ 

f.lr@'.Z.~(;:J::.1f(;:;fj6:t~, -9~bt:), 7-L.::Z7°lJ /:7··5 9b'mlt:·jj;--t:fil:rui!JAJ: VJh: 
mui:.£>0tg,iiii, mt!l7-L4 1 ~J::.110 rjt <J::.> f.lrl.liJ &:., ~t!J--toJ.: :it::ftllJ-96 
0 ~t=!1i1ZllJvr\- 2 2&U.!1llZllJ7-L4 1 h'7J<-'Ff.lr1.li~~t=T1Jt:.ibo:l:!;ir' T~bt?' 
7-LX/l) /:7 .. 5 9f.i->:fil:rnVl!irAJ: IJ:f:Ji!!IJ(;:(b.t,tg,irU, !1ilZ:t!J7-L4 1 ~T1J0 I it ( 
T ) (.lr@'. J t::f$11J-9 o J.: '3 t:: 1tt!J-9 o o 

[ 0038] 
..:. :ht:. J.: 'J .~l'.111J v; \- 2 2 0t!J ~ ~=~1i&Z. Y>t..: .Z o ..:. c ·tF·r:· ~ , :o.i: t..:, 1\1 7 Jv 5 i:.~ 

:WIJ~ht'2:~1Jjf9 tL ..:.<7)!-L7.7°1J /:7··5 90fj:::J+H:.J.: IJ]jjlE~1J-r-1\17Jv50JK 
$~:.tlf!L~itt.:>:ho o 

[ 0039] 
< c JfXJl*1$ r- v 1 3 9 0ft!'!ii'I- ; 
ml 2 , ml 3 t:.jj;-9 J.: '3 i::, ; \1 7 !Ir 5 0A-:it..:J,glll£t:f112; 0 :J >r7 3 7 ~ , Wl*J-9 .f> 

w~n$ r- v 1 3 g i±, :rJTJE:J'Ij &fl;!'!if-'f- ~-it 0 0 ..:. O)ftUl:jfjJJiJ.ifr!!J+J--t 0 j \1 7 A· 5 0'.E :i: i= 
liJ.:of.i>~a1t:.10~25°, tff£L<U15~20° '"C'iboo C:.h(::J.:f), ~WJit9h'~~J~ 
t1t..: C. ~ ~:.M:lt:h"', fl;!'!~ >t..:J\17 JV!fiCTJ!K$0(.ff;ttffi$(;:fil1Ji L, J\1/lv5 $0*A'JO")!;f 
cA...c·~11LFH-90 2:. cb>''"('·~ o o 

[0040] 
( ( 00'5~:fnf~:fl!J&U5 I ttff!:fl!J) ) 
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ISl7, IS!st::t-n-\"Z", ~WJtt9&trI. r:Jti 10+tl..:ClH=~1tb.hoii'~fll~m& 
U'l:Jl:±:~m~~JiBJJ-900 IS!tL (Jilt L"t", ~1trJtt9 'b0~~T, 

#9, 1 U;L jfD,:;:7vJ\-6 7t::J:-:i--CimMTolt;f;Jv:7"6 9(;:J:-:>"t"JDUJ11ftb 
il.oo ..:.0it;t;1v:7"6 9iJ'ff9, 11t=~~f,;:t~J§!l!-9oi'm-7i\.U:77>7°7 1 tll'¥tf.h, ..:. 
0~JJl!Ul'3l'l&'t"l:L ..:. 0 :7 7 './ 7 7 Ui/ 7 .::z.. + '>' :7~ii>J+I1,,1 (,.ho o 

-t;;£bi?, tt9, 1 Ui, + J_-f 1 1 iJ'tim2il.oiit9, 1 1O)J\f1 3 c')i'm-7:J"~# 

•m3*:7:775~~2il.o • ..:.0#.H3*:7:775iJ~;j-:;~~690:77Y7710 
*UL 7 7 i::i!!!2.ho 0 -9;;£.;bi?, :7 7 /7°7 1UU':f'~x-eft:t!O)Jf\7 9 ~fl L, U':f'O)£ 
Mitt, Jf\.7 9fl!!J:iJ{~1f)(Ltc::*1HL 7 7t::~-:>"t"~•o. 

[0041] 

C.:.0*1iftl 7 7 01*Jg1H::U~b'IDJVt~tL ~FP11®Tir'fi~flT oflJ!J±lf!ffi8 1 o::i-MiiJ>~:±:-9 o 
0 ~F-P31®TOOU, {§JJ;Ui:tvf~ (AT /k::Z..tf) 0-MiiJ>ooJ['ii'. IJ ~.h"Z"i~bico 0 flJ!J±lf!!ll8 1 
!itto 'Y :7 vJ\- 6 7 t::Ll'!JJi:'.~ho. tto ,,, :7 vJ\-6 7 0@111Jt;:J: IJ, flJ!J±lf!!llS 1 b{lf!ffi 

MI rJ t::@IIJJ-9 o t, ::Jl:p:jft~OOo::iOOJf:X. IJ ~:il. -n ·~~ •OOb"'~:±l-9 o..:. t --c·, ..:. o::ioob"'iitfiH 
3*:7:775~flJ!J±Lo~:7~~~.ho. 

[0042] 

£t;f;Jv:7"6 9~i, t~ftC'J$tt-c·, !J!lftJl®TOO~flL, xtM5-9o!J!lftJl®T000ftfiAJ'\8 3 ~fl 
-t 0tt;t;JJ.;:7""(-Y- s s 1.::l:Jf 2' :±: L1!Jn~i=ftfiA.2no. iit;t;;i,.,7··"(-Y- s s o::i1w1oot=t:tf1l 
li:?R:bb 7· 7 >::.; f 8 7 t , Ml VJ ll:li:> t." > 8 8 t iJ{~~ tt Gil., C.:. fl. b OJ:$t!tiffiiJ>ff;t;Jv:7·· 6 9 
OJf!!IJOO (;: IDJVt ~ .h tc:: ISi~ L ~ ~ •filID:Rli:> 1\ (;: ~i't L , 1:;r :±lf &t::m ~ :tl.td1lli: ''-filli:?:Rli:> T 
0. 
[ 0043] 

£t;t;1v:7" 6 9 O"Jf&ttn\H;L e >"*ai't s 9 t= J:-:> "Z", 7.f<-f:;_,.f 7 ~ 9 1 t::f:ai't~:ico • ..:. 0 
7.f<J:JL:;_,.f 7 ~ 9 1 a, tt;t;1v7"1f:X.117-L. 9 3 0-Mit::l!'!!Ji:'.2il.0 0 -t~bi?, tt;t;1v:P" 
IrZ117-L. 9 3tL 7f<-f(,;::JUJVt~il.o 30':f'ID~iC~flL, ..:.O"J30':f'0$:W:~t::, 7f<J:JL:;_,. 
f7~911J'Ll'!IJi:'.~tt0. c.:.nt=J: IJ. 30J':f'o::i--1::ro::iill.$!i, tlft0:lt;t;;v:7"6 90--1:: 
rt::f1lli:-t 0. 

[ 0044] 

£t;t;1vY1f:X.1t7-L. 9 3030':f'OJ--1::ill.$9 5 t::!i, flJ!J±Y-7° 1J /:7"9 7 b'~ltbil., 
flJ!EEY- 7· 1J >:7" 9 1o::irttffib'jt;t;Jv:7"6 9 o::i7t~0")--1::Tiif~, r1Jr"liJt::iJ!l!·til'r"Jt=flJ!EE-t 0 0 

C.:. il.t::J: VJ, jf)t(;:__l::rtiJ2' (;::Jii¥b>{jj]Ptc:: t 2' (;:, :Jii¥~~;f0-9 o..:. t iJ>-c·2' 0. -f L "t" 
, 30':f'0Till$99t::(i, --1::r"liJ2'o::i~~.:t-V'l 0 lb'~ttbh'""C, ~~.:t-::...::10107t 
tiffii;>:Jt;t;11,f 6 9 0:$t!1ifil0TOO~ --1::1Jt;:f1J! L--1::0" ~.:t-::...:: 1 o 1 i::J:-:> "t"..:. o::iflJ! L--1::11' 
:i: ~ it~~-9 0 c: t -c·, flJl J±Y-7° lJ / :7' 9 7 o::iflJ! J±::h iJ>Jte ~ h 0 ¢ 

[ 0045] 

< 51:±:~mo::ilbtF) 

£t9, 1 1 ~ Jf:x. VJ11tt .blR'Hi, tt;t;1v:P" 6 9 ~¥ri?cf-wrt::5r < t, #;t;Af 6 9 ihl<J:JL 
1JrtiJt::Y-71 V:fJ:IJJL, 512':±l~il.oo it;t;1v:7"6 90-1::':1 Hl£li:&U'#Y:~ffilft'Lli:tL 
{llli:i:R/ib 7 7 /::...:: f 8 7 t:: J: ".) f:\j~tj ~ tl. 0 0 

[0046] 

.:c L '""C, tt;t;1v:P·· 6 9 ~cf-lfrf~=i:11 :e :±: Ltc::~x~'t'·, ~ff1JM 9X!J:I.1tt 1 1 ~tttJ' .__ 
iJ>111.-1tc:: £. £.JL"{ IJ ft~t 0 0 c.:. o::iJx117J'~.h-:i td.£, ~ G ?::ti, .il\tM&tt11e 0;\171vJ,_ VJ 

03 >"'T-T3 70"J.ll~$flh'#~;b-:itc::f&i=. lffJJ\-~7~L M;t;1v:P"6 9 ~flJ!L "Z"Jti::m-t 

[0047] 

=o::ic1: -J t::, MtJr\-~7~-t= t ~< ~WJ£t9 x1:t.:r.1iti 1~n1J111t 0 = t iJ>--c-2' 
00-c·, 'R~ <MWIJLliJJJ!:) · :pf;j1:_ (cf-o::it~MliJJJ!:) t::f~fl."'(t,..160 

T~ bi?' jf ;t; Jvf 6 9 ~ ' ~lltt~-¥ t::' .:t- 'Y ~ 1 O)~i;:·htc:: cf lfrf 1IDJA..fi!T)Elffi~i5 I e :±: T 
= t :b{-c·2' 00--c·, +7i\.~1'F*.::z""-Y-f.i'.'.bo:%?'1f-c·c.:.n0o::iit 9, 1 1 crJ-c '1 ~ ~~~ 

t:::fi' -J ..:. t /J{-c·fE. , £. tc::, -c ,,, r r&t::ISI~ L ~ 1.- 1£t tJ; \- ~?7~ L "'?-t1.- 10 
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f&t::, 51 ~ t±:l-9..:. c ff;\:·~ ~i,, • i:: ~ti:, M7t:c J\17H/ 5 ~, c:· c 0Fs'it::+~+~.::ZFZ- .7.. 
i}"f;;: I,, VJ)(:'' -t ·:; Hit::t:J:121)f; L~ \; 1jf n) \- ~7~-9..:. c h~c·~ i"'\ L t.:i.JL:;i l i"Y)jf n 
;\-~7~ Lt.:~7C!l.Ec· 2 *0M 9, 1 1 ~ )["{ 1J ftlt o fi=*~fi.b~ftic~f~ 0 i", ~~-:i c-¥ 
t::iit9, l li.J>JfirJ~~.d.:fL M9, 1 U::-¥b'Mht.:IJLc~i1:.J::.0Fa'i~i.J>ib-:it.:o .:.0 
~fii!llf0~i:: JJUf, ..:. ht:, CTJ Fa'i:lm ~ 11~i'k: c· ~ o o 

[ 0048] 

c ~1Tm:m0ifi110) 
!filifi7-.b. 4 1t::U7-.b..7..7° 1J /7" 5 9 b'IDUJ ftfthh -ri,, •-~d.:Y), *1frJM9 t~J\1 

71i 5 ~roH::ti~!I! L -r ti IT¥a·~~cJt f.lfb' b•b• 0 ~ \; • J: :i t::~ ~, -r i... 10 b'. -f :hJ).71-t:: i , 
..:. CTJf!Jl J±;;z 7° iJ / f 9 7 (,;: J: fJ IT~wifab'~ ~ho o 

[ 0049] 

-9"1;;:.bi?, M;t1v5' 6 9 tL it;t1v.7"J:Rft7-L 9 3 CTJf!JIJ±;;z 7° 1J /7'9 7 (,;:J: fJ T1f 
r11H::f!JIJ±~tL -r i... •o 0 .:c- L -r, it 9, 1 1 n>r\171v5 i*H=~wU~tL. r\1 71v 5 0IB;$ 
t::fi L c v •o fJ>, ~ t;, t::T1f t::::hb"1Ja.b-:i t._::t_,;.@!, Ji\;$A..CTJ~~i...1t¥Mt1>:tQ ~ , M7t:t::J::.rnl 
~CTJIT!ib'1'1h<..:. t.tJ'ib.t>h•, WJ±X71J /:7"9 7 t::J: IJ121$CTJ.7.. r.o-:7 s LCTJ7i'"tc:·~t 
:fHIJ L, -fCTJoo!i~~f0-9 o..:. c t;'»·r:·~ o o 

[ 0050] 

( 7 7 // 7 1 CTJ:tf 111) 
*jfrJM 9 !:> J: V'I 7M$CTJJ\ f 7 3 t::fiM L c!IDJE'.-9 o 7 7 /7° 7 U:J:, M 9, 1 1 CTJ 

; \ 7"73CTJ$7i'-b'f¥M-9 o $7i'-tUfifY)·f11tb'+7i'-t::"f;;: o J: '3 t::7'7 .7.. + ·:; 7 ~'!Wio"liX!:J:7 Jv 
2~'!Wi&btJ'.llti 0111tt::>tLo 0 li '7 c. i>, :7 7 /7°7 10*rm0h~7'7 ;;z+ ·:17c·~m:-t 
o 1f$c·ti J: \. >o 

[ 0051] 

-9"1;;:.bi?, *1frJJ'fH::'/Mi:>J:::ti::r.7M$0J\7"7 3~IID'iETo:75/7'7 U:J:H9, 1 
1 t>tiMT o$5:NjJfifY)f11tb'+5H::~ 0 J: j (::.::z T /v.7..;ft' 7Jv 2:tfb'J'l'n •Gtlo 0 

£ t.:, .:.ht=>0).7.. ::;- /'V .7..;ft, 7 Jv 2 :ttt::7°5 .7.. + ·:; 71'4'!Wi&'oh'!lli IJ fttt 0 hob•, :7 5 
Y7'7 1~7'7.7..+·:1:7c·:f8Zf!:-to}J$ti'ffl\;•0tt00 ~ffl~ho 7°7.7..+ ·:17 t L -rtt 
;T-" 1)7-1::5'-Jk T1D/, ABS~CTJI./S-::.::.70/:7°7'5.7..1-·:;-7, r.Jrfi.·:::J.b., BR,SBR, 

NBR, ~l) =1-/~CTJ::::f.b.~t::>J:::V~;:f;0 0:;tv·7 1 /*, ;1;01).7..1-v/*, i_it::'*, ;j-."l)X. 

.7.. 7-Jv*, ;T-" 1) 7 2 Y*, ;:f;0 0 ry v 5' /*~.:7J~fi:rf~fl:I. 7.7.. J-. 7-:Q>ffl~> .Sito o $(:' 
l,;t." 1) 7-t7'-Jvb'lt.'3tl¥JL-:i:ip 0 c :7 5 /7"c·~ of.:(l)ffftf. L ~'o 
[0052] 

< < y 1J >S:ffl)!g~* 3) ) 
1219 , [:RI 1 0 t::t:; \. > c, ~ 1) / ~)· 7 ~ .QJfflT o ~ 1) / ;....~ffi)!gl®:n 3 ~~!tBJl-9 o 0 

( /lj /S-::7) 
1219 t::)f;-t J: :i t::. ..:. 0~1i~Jt.~-r:·~m ~ :ti.o > 0 Y ~./ 7 u . 1 @l 0~m cflft::@lll£ ~ t1. 

;.s::r: 1 _::z;:t;0 -f7°JvylJ /9 7 c·, -f:h!31*tJ'ibo:ffi1.J'.lL ~1*.J]!;~)!gl®:-9 o~:tf~:ff-9 

o" -9~.bi?, ~ 1J y~· 7 ti:, wHk1R~11r1.12S.*1frJ~ 11&5 I L~Y)o $7-i'- l o 5 b'. 5' Yf.7.. 
7-/~0J:m:ttz:ff-90YlJ >S::>-1vF 1o7~fiiili .. oo ~ 1J YS::>-JvY 1o70)$ 
:W:t::!:J:i'ciif 7 .7.. 1 O 9 ;'.J>~lt GtL11it~1RMttl2S.*1frJt;>l!l~'f:·~ o o 1&1ft::!J:, 7°5 /S::-y 
87~1.il!J:t, l'itr}J(;:(:J:, =1f~5ttl l li.J1ti'®i:~h-C1t100 =)J~5ttl 1 U:i+:i-7"1 
7 t::Jj;.ifi~:h*1f!J~t g t::ti®C~:ho, 
[ 0053] 

<~'.&'.n) 

1211 o t::)f;-t J: :i i::, ~ 0 > ;....~ 1 ~ .QJ*l*i-t o ~ 1J / s::m)!g~* 31:1, mr:n t::i:t ;...., 0 / s:: 
70=)J~5tt111~till.ALc11'3~'fi:f7e0WJ1f>-1vY11 3;0>~~:ttt;,:hoo 7'7.7..+ 
-:; :7~0=]J~5tt 1 1 l l*J.;7)iliti~~t1r1.12S.*1frJt;:J: o:fBzl!i~Jl!!flt o..:. c ii>c-~ o 0 l'itr1f > 
-Jv F 1 1 3 CTJfi1fGi~ l) /S-::7 CT)~I) /S::~-Jv F 1 0 7 t::t¥-t 0 c ~ 1) /y/-Jv F 
1 o 7 CTJf*:}Jt::tL 7°5 /S::-y 8 7 ~ J::. Tft::tlb•G ~~'Jilfl'l~?::m '3 7°5 /~'-y >-A" r J::. 
oo, TOO, term, :tlOO 1 1 5 A, 1 1 5 B , 1 1 5 C , 1 1 5 D h't~-9 .b o 7' 5 / S:: -v- > 
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-Jv y O)f£jJO)~Ot::':~L 7°7 /S:"\'" y-Jv H£00 1 1 7 ;Q>f~Ht~tl.0 0 7°7 /::..-~"I" y
Jv H!OO 1 1 7 O)fl}J2' t::J:. IJ, Y 1J /S: 7 0)7 7 Y :;:$:BJ:.tf7"7 /S:"C-A... ·y Y$ l 2 
1 x,..; O)ti~t-Utt:: J:. 0rltl!iz ~it 0 = t ti>--ee. 0 0 

[0054] 

7°7/S:"CY-lvH!ool l 70)$~t::tL 7°7/S:"\'"87z~.ft-907°7/S:"i>Y-V-
7 ~ 1 2 3 ;Q>l§:Ji-9 0 0 

-9".£ht?, 77 /:;:-y 8 7 O)fitffniHi, 7°7 YS:-y Y"r' 7 ~ 1 2 3 O))'[;j/ffi(;:~!·t C:.i1.f~7 
7/S:-y;T-;1v?1·-1 2 5t::J:. ''.J1liH~~h0o 7°7/:;:"i'Y-V-7 l, 1230)$~t::tL Y-V-

7~D-1:7127:Q>~~ft0h--C, 7°7/V."l'"Y-lvH&001l7t::xt-90f.ll~iRY:>t>~~ 

i1., t!~t=ii, 7°7YS:"C./7"129h'~~lt0.h.0o =0)7"7/S:"i'./7"129z•m\-z 
~51zfi-J 0 

[0055] 

::..h.t,O)y-1v Y zIDftX.-9 .o~lll.t:t-fO):t:fffttY' Y'7·::z 7- /:tI'~± L ~ •:tJ', Y' Y'7·::z 7- Y 
ii"-&, £'rL £'ri;:f7 ::z 1 o 9, :9 /:9 ;v_ t.:';;:z '< :;z'lfiJ>ffl~ • 0i1.0 c =.h.t,~;L 1=J'!!!.1tt~Hi 

O)f*:lt!l!:b J.:IF~'A~ft.t::J:. 0 m'it. fij~fJ'J!G.h.0 t~Y:>, ~mi=~ L' AT /v ::z' 7°7 
::z + "' 7, ~ L, ~r-L Y:l-> 2- 'lft:: J.: 0 :fetfl-9 0 = t ti~¥± L 1 • .-10 

[ 0056] 

( <ilil:H!t+:.i.-7"1 7) ) 
Htix:fi)(!lltti:~~*IJO)VfJmtL ~~$t::wc.~~nt~y 1J y:;:m~iiifn30)y-Jv H*rt'· 

, ylJ /S:7:$'CUffi0)=1fi5tt11 u::~Ji~nt~I.7::Zf/y3/1-:.i.-f1 7zJl-:;-z 
jt;t1t..·:Y 6 9 t::[QJ)E~.h.t~~1f1Jit9 O)J\ 7°7 3 t::f*m~i1.0 o 

[ 0057] 

y 1J /S-::7 )'[;f!fffiO)=mtitt 1 1 1 O)fiJ!1Jli, IZ!7F L~~ l1::.f1!1tmi~mf 1 ::z;r.0 --lff1v 
y 1J / s: 1 z J[:t f'.J 11~t 0 = t tJ't.." e. . ilil:Ji!!O);.)ti1i-:b J:. uBitO*O)i~:it±Jl!J::m v • 0 = t t;>··e e. 
0 " ~ 0 t::, =1J~i5ti: 1 1 1 0) b -3 -jJ 0) ./ .:(Jv!i, )JljO)I. :7 ::Z T / Y :::1 / + :.i. - f 1 7 
zt*~-9 0 = t :Q->-ee., ~1frJm y u /V'r"JO)~:l'f!Jz fl:!Y'-i±..A -9 0 = t ti>·c~ 0" 
[ 0058] 

I/' ::z 7- /y :::1 /1- :.i. -f 1 7 O):t:fff t L -Z 0);1'" IJ ijj\_-ft.t.:«::.1v!J!! ( P V c ) ti, .f:O)~ 
.h.t~!t1JJ'f1:t;:J:. 1'.J ( *H::, ijij~;t:/7~0)~nt O)fJFffl'lft::J:. 0+ :.i. - 7" 1 7 t::::kg. ~Jtf.lf 
iJ>t•iJ'>0 tiJii-t::;b ~ \'"( 'j:' + :L -f 1 7 O)?l:ttt::J:. 0 M~-'?5h ~ IJ t:: J:: 0 Ii!Zlt~ t ~I-:; tc: 
/f ~ ii-z1::. u:: < < , IA~ •-z tJ:,=ht,crJ/f ~ ii-O)ms:WA:. t6tjt~...Cc1Jra"Jlrn~~.IfI1'lfCTJ?TI;~9'!: 
tH{{.l:f; ~ ·~~m~ t L -Z ) , 00r"J:7H:::b ~ • -Z ~~O):t:!JiZ'Jl; < f'!!ffl ~ :tt 'l ~ '0 t~Y:>, Rf± L 
~ )o 

[ 0059] 

~j]' p v c ti' .f:0)~~1f1:l.."ib ,Q{;f;/Lt,:*ll!X1r!z f*:J?fT 0 tc:Y:>t::' tlW$t::nJ~.!UFJ:Q>i;f\ 

1Ja~n--Ct-ir), =O)nJ~1frJt L-ZDEHP: 7:91i...ns:-2-I+1J..."'-3f-Y1v:b', ~<m~\ 
0i1.:Z ~ •.b ti>, t~~ 0i'.1¥~$t::~WlliT o = t iJ>9;cJ G.h. -Z ~ •0 0 .f:O)f~Y:>, Jtf~1ftJ c L -Z 
~1Jy(lJ."/Hl~1'l):;( (2-I1-JvA...3fyJv): TOTl\L 7S:t"/MS:;t7+n/: DO 

Azffl~1t~'bO):Q>, Rt± U•o it~, P vcu:g.f*m$cO)f*~h'1:fi1. --Cv•0t..::Y:>, :flt± 
L~ •0 
[ 0060] 

P v c i.:J3~0)+ :.i. - 7"ffltlW t L 'l tL ;t: IJ 7 .. Y S:I /, tXW;t: 1J I+ v /, ;f\" IJ r'J v 
:9/, yiJ::i-y~~JL, ~nr~tt.I.77.. l,<-'lft>mv1t,fl0" 

< (~@fm~a2 9) ) 
~~tJ:~fiI[iJi~Jt1.t:t:f(;:J:. I) fib.fl., j!j!iJ>;b r) ~£t;::fyjfil_'·~ 'd:'~ >f~/st), :fyjj}Jtffl'~~3f 

"I" ::zY'-11-g. O)~a 1 3 3 t=~< :b•, ~@fl31*t::3f-y ::zY-z :i& 011it, ~~Mimt=~~ 
L, llJtr"J~:::btt 0 :f%jfi l~-9~ >J:: -3 t::-9 o::. t ii Jtf§~-r·ib0 o 

[0061] 
( ( .'f'-jfijfifl=) ) 
= O)~~tU1-Y 0) J:: -3 t::tifl= L -Z f'!!ffl-9 0 o 
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3) ll:f!!IJOO<TJ!miTJ,~ 2 1 ~lmlt 6 o 

4) ~~3f ~ c:· .:t, .,, r- i i*I:m-c·, i ::7 .:::z.:r- / y ::r /-T ;L - 7·· i 1 c:~Jt!JM 9 ~ JfY. IJ 1t1t 0 0 

5) f-<TJ*il'JM9 ~~IJMJl'h1'Jv7"-t;:JfY. rJ1tt·t, iftJJ\-~ttf-9 .. 
6)I/§ltl 1 ~;J\Jv5''-t:Jf3t'Jft?t, ~tt;J\-~UfT .. 
7) ::/ 1.) / s-~ ffl~~ 3 ~ !mlt' r:p t:.J>) 6 I ::7 ;:z T / y 3 /-T ;L - f 1 7 <TJft!!liiffi ~ ' T. 1 
.:::z ;t'--!f 7·'Jv y 0 Y s:: 7 crJ = m5ti: i i i t::inunH t 0 .. 
8) s- 1) ./S::ffl~~~3 ~iTJt6 0 

9)~~t1~1fT 6 =i /'T-J-3 7 t:JN?h0:h::tiZM't1*1f'JXU!fili1:1'b<TJA -:d.:1\1/Jv5 ~, 

~~t.111~ <TJiN*i*1$ r- v1 3 9 t=t .,, r--t 6 0 

10) =i /'T-T 3 7 <TJ7Y' ~lmlt 6 .. 
11) ~~3f ~ t:»t- '/' r- 1 <7).:::Z 71 Ff'fl,ttfij 3 1 ~fJ»fpit'"(' FJU00$~flf! L '"(' Jtt=~-t 0 

12) ~~3f C\""c· i, ·:; r- 1 <TJ:tlf.!!1100t:.11 ~ 1 t.:.~l'iiJJ v J \- 2 2 ~ r ~t ( J:::J f.ll®' J fp CJ r M ( 
T) fil:i!iJ <TJ)JrtlJt;:T!·f, **1Jit9 :OJ:!FI !M 1 1 ~J\1/Jf...,5 t=~wlJ-9 6 o 

13) Y iJ /S::J+l~~*C'J7°7/S::~/f1 2 9 ~5IV1'"(, J\1/Jv5 i*JC'J~IJ~IJ!k'719 

6 .. 
14):tlf!!IJOOt=11~ 1t-::.~~i1Jv1\-2 2 ~Jtt=~-t 0 

( El i1Ji1J1'F ) 
12) :bJ:t.f'l4) ~1:/-;:ff::C-:Y'-, '.:I./ 1'- D-7-112' O),~.::L2 ·:; 1'- ~J+I~ >'"'( EJ~}J'"'("fift 

~11''3 ~ c fJ>-c·e. 6 .. :C:hJ,17HJ:*i11i111tc fQJ~-c·J>).Q .. 
[ 0062] 

( ( ~J]ifi:tf:5!rn<TJ~}J~) ) 

W.J:::.<TJ~J1ifi:%1rnt:.J::h1L ~3f ·v c:·,t, ·:; 1'- 1 t S.- 1) /S::J+I~~~ 3 c ~ Jm:~§!Jt 6 C'J 
c·, 1:::t=01\111v5 iJ'i?~Jtll~*tt<TJ y u ./ > 7 ,,7J .... ~t-CIJ!kJN-9 6~c·J>)-:> -c ib, y 1J 
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lm~t 6 ,Q:-~iJ"~~ ,0 J:-:> -c, :C<TJ7T, fltl!i<TJ'i!f!J~·~:b"ID'T 6 .. 
[0063] 

~ G t=, 1 "i· ~ fFm x_ t-::~:to~m01111 ~ c·, &tJIG:b'; \1 ; 1v 5 0) m;:m t= ~ t-:: -:> -c ib If 7 .:::z 
~~m{~T ,Q~~iJ'>~~ lo ~ <TJt::.ih, &tJIGfJ'>J\17 IV' 5 <TJ)B;$~{ t) ~· 0 t=t¥ L '"( fil@fc':2> 
, l\1/1v51*JO)**'l~J!~f1Jfk'71c"~0 .. 
~Gt:, *.illJM9&U'I7itl l<TJJ\f73<TJ$7J"~lfXIJ11~t6ibt1f....7"6 91J>, ~lii3f 

f c:·i- ,,, r- 1 ;J)i;JiJ»td-::fJllJl"-...PJf5Elf~'71 :2> tti-9 c:. t iJ»·r·~ 6 0-·c .. , ~:ht:.<TJM 9, 1 1 ~ 
IfXtJ11tt6t·:'f 1'-iJ".'&'.~c·J>) IJ, .it::., t·:; H:~H=&t:fJ1\-~:t'~L-?"9t.10 J:-:>'"'C, :!'~~ 

i~-::>ttt;:< \.> .. 

[0064] 

~Gt;:, it;t1v7"6 9<TJ'3 i?<TJNH¥i:}t9, 1 1<TJJ\f73<TJ$7J .... t=t¥M'967 7 /7°7 

1 iJ>, ~'"(Ji) 6 1 .. »U:J'i{00a':Jt:7°7 ,7...-T ':'! ::7~.XU/ JV~~c·Ji),Q ~ c fpf:,, ~'"( fihC'>:&:.!it 
~c·J>) ;.stwt=J:tK.., M9, 1 i ~ifriB011it 0+7J .... ~fi'iHf::fJ1JiflFJ:h6" J:-:> -c*i'fHf::fJ ~ 
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@f~ =i / r\;7 H:·e~ 6 o 

[ 0065] 

~Gt;:, ~.Jllj}t 9&tlI/it1 1 ~[Q]JJJL '"( M~~-tt6M~~m 1 5 Cl)tfij)g:f.;>fmllfl;(:c· 
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ft][\.1t-::m;:m0~11it=~lh6 ~ t iJ>c·~, 7!~f1Jfk51c·~ 0 0 
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RADIOPHARMACEUTICALS SUCKING 
DEVICE 

-" m ..._, 

PROBLEM TO BE SOLVED: To reduce the possibility of exposure of a medical staff, to 
eliminate the risk of damage of a glass wall of a vial with a needle tip, to prevent injury of 
fingers of the medical staff during the manual operation, and to make a device compact on 
a radiopharmaceuticals sucking device with a shielding material to prevent the medical 
staff in charge of sucking a liquid radiopharmaceuticals in the vial into a syringe from being 
exposed to radiation. 

SOLUTION: A shielding cabinet 1 and a shield 3 for the syringe are separately disposed to 
be independently opened/closed. A lifting mechanism 15 for lifting a pharmaceuticals 
needle 9 and an air needle 11- has a spring not to apply the impact to the vial even if the 
tip of the punctured pharmaceuticals needle 9 touches the glass wall. A holder part to 
which the pharmaceuticals needle 9 and the air needle 11 are attached has a drawer 
mechanism capable of being moved by a prescribed distance to the side where the 
shielding cabinet 1 is opened. A storage part for storing the inclined vial 5 has inclination, 
and the lowered tips of the pharmaceuticals needle 9 and the air needle 11 are set in 
corners of the inclined bottom of the vial 5. 
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\0 (57) Abstract: A device and a method for accurate and remote dispensing of a radioactive liquid are disclosed. A source of a 
Q radioactive liquid (1) and a source of a flushing liquid (5) are selectively connected to a fluid delivery path (7, 8, 10) by way of 
0 valve means (Vl). An activity metering unit (9) is operable to determine a level of radioactivity in a metering section (8) of the fluid 
M delivery path downstream from the valve means (Vl). The device is operated by transporting a first amount of radioactive liquid 
O ( 1) to the metering section (8), using the activity metering unit (9) to measure a reference level of radioactivity, calculating a second 
> amount of the radioactive liquid still to be delivered such that the first and second amounts of radioactive liquid together have some 
~ predetermined level of radioactivity, and delivering the first and second amounts of radioactive liquid to the destination (11 ). 
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Method and device for accurate dispensing of radioactivity 

Background of the invention 

The present invention relates to a device and a method for dispensing a radioac

tive liquid to a destination. In particular, the invention relates to the problem of ac

curately dispensing a well-determined dose of radioactivity, e.g., for injection to a 

1 5 living body. 

In a number of medical applications, it is necessary to deliver a radiopharmaceuti

cal containing a radionuclide to a patient. Due to the ionizing radiation emitted by 

the radionuclide, such pharmaceuticals pose a danger to both the patient and the 

20 personnel administering the radiopharmaceutical if not handled properly_. 

Examples for diagnostic uses of radiopharmaceuticals include positron emission 

tomography (PET) and single-photon emission computerized tomography 

(SPECT). In these methods, a patient is injected a dose ·of a radiopharmaceutical 

25 which can be absorbed by certain cells in the brain or in other organs. The con

centration of the accumulated radiopharmaceutical in a specific body part will often 

depend on factors of diagnostic interest, such as cell metabolism or other physio

logical or biochemical processes. Thus, such processes can be imaged in a non

invasive fashion by determining the spatio-temporal distribution of radioactivity 

30 within the body part of interest. In PET, this is achieved by monitoring pairs of 

temporally coincident gamma rays emitted in opposite directions resulting from the 

annihilation of positrons, which are emitted through beta-plus decays of the (pro

ton-rich) radionuclide. The most common radionuclides (radioisotopes) for use 
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with PET are 150, 18F, 11 C, 13N and 82Rb. Radiopharmaceuticals of interest for 

PET include, but are not limited to, substances like [1 50]-H20, [18F]

fluorodeoxyglucose ([18F]-FDG), [18F]-fluoromisonidazole ([18F]-FMISO), [1 1C]

labeled amino acids, [1 3N]-ammonia etc. 

The most common therapeutic uses of radiopharmaceuticals are the 131 1 therapies 

in thyroid diseases. 

In these applications, it is desirable to administer an exactly determined dose of 

1 O radiopharmaceutical to the body. Often the radiopharmaceutical is delivered in a 

vial from which it has to be dispensed into individual patient doses. In many cen

ters this is a manual process done by the technical personnel. Since the concen

tration of the radiopharmaceutical in the vial can be very high, the manual dispens

ing is associated with considerable radiation burden to the hands. Furthermore the 

15 accuracy of the manual dispensing is limited and dependent on the experience of 

the person in charge. 

As an example, U.S. patent No. 4,410,108 discloses a syringe shield equipped 

with a radiation detector. A liquid radiopharmaceutical is drawn from a vial into the 

20 barrel of a syringe placed within the syringe shield, while the level of radioactivity 

within the barrel is monitored by the radiation detector. In this way, an aliquot of 

the radiopharmaceutical having exactly the required dose of radioactivity can be 

drawn into the syringe. Subsequently, the syringe with its shield is manually re

moved from the vial, and the radiopharmaceutical is injected to the patient. This 

25 device is unsatisfactory in requiring manual transfer of the syringe after it has been 

filled with the radiopharmaceutical, as this may expose the personnel handling the 

syringe to ionizing radiation. Although the half-life of the radiopharmaceutical is 

usually rather short and the applied dosages are themselves not harmful, constant 

and repeated exposure over an extended period of time can be harmful. 

30 

A number of techniques have been proposed to reduce exposure by minimizing 

the time of exposure of personnel, by maintaining distance between personnel and 

the source of radiation, and by shielding personnel from the source of radiation. As 
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an example, European patent application EP O 486 283 discloses a system for 

delivering H2
150. A collection bottle is filled with saline, then a fluid stream com

prising H2
150 is passed through the collection bottle while the activity in this bottle 

is monitored by a radiation detector. When a desired level of radiation is reached, 

5 the liquid in the bottle is transferred to a motor-driven syringe and then injected to 

the patient body. U.S. patent application publication No. 2003/0004463 also dis

closes a system for dispensing a radiopharmaceutical in a remote fashion, without 

the need of manual intervention. The radiopharmaceutical is drawn from a vial into 

a syringe surrounded by a radiation detector, and the level of radioactivity in the 

1 O syringe is determined. Through specially adapted tubing and valves, the radio

pharmaceutical is subsequently delivered to a patient without the need of moving 

the syringe to another location. 

While these systems obviate the need of manual handling of a syringe, they tend 

15 to be imprecise in situations where small amounts of radioactive liquid, possibly 

with a very high concentration of activity, need to be handled, due to the presence 

of dead volumes. By the way of example, the radiopharmaceutical may come in a 

vial at an activity concentration of 2 GBq/ml (one billion Becquerels per milliliter). If 

the required activity for injection to the patient is, say, 100 MBq, a volume of just 

20 50 microliters needs to be transferred from the vial to the patient. Such small 

amounts of liquid are difficult to handle with the systems of the prior art. 

U.S. patents No. 4,562,829 and 4,585,009 disclose strontium-rubidium infusion 

systems equipped with an in-line radiation detector. A radiopharmaceutical exiting 

25 a strontium-rubidium generator flows past the radiation detector, which monitors 

the activity of the radiopharmaceutical in passing. From there, the radiopharma

ceutical is either administered to a patient or is sent to waste. In U.S. patent No. 

4,409,966, a flow of patient blood is shunted through a radiation detector during 

injection of the radiopharmaceutical, and the level of radioactivity in the blood is 

30 monitored. Also with such systems, it is difficult to administer an exactly deter

mined dose, especially for concentrated radiopharmaceuticals with high specific 

activities, as the volume of the tubing already may exceed the desired volume to 

be injected. 
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Summary of the invention 

It is therefore an object of the invention to provide a device which is capable of 

accurately dispensing a desired level of radioactivity in a liquid, and which may be 

5 operated remotely. This object is achieved by a device with the features of claim 1. 

Thus, according to the invention, a source of a radioactive liquid and a source of a 

flushing liquid can be selectively connected to a fluid delivery path by way of valve 

means. An activity metering unit is operable to determine a. level of radioactivity in 

1 O a metering section of the fluid delivery path downstream from the valve means. In 

this way, it is possible to provide some amount, even a very small amount, of the 

radioactive liquid to a section of the fluid delivery path adjacent to the valve 

means. The flushing liquid can then be used to flush this amount of radioactive 

liquid to the metering section, where its activity can be determined and further 

15 steps to be taken can be decided based on this determination of activity. By use of 

valve means adapted for remote control (e.g. an electromagnetically or pneumati

cally operated valve), operation of the inventive device can be performed remotely. 

It is a further object of the present invention to provide a method of operation of 

20 such a device. This object is achieved by a method with the features of claim 7. 

Thus, according to the invention, the device is operated by transporting a first 

amount of radioactive liquid to the metering section, using the activity metering unit 

to measure a reference level of radioactivity, calculating a second amount of the 

25 radioactive liquid still to be delivered such that the first and second amounts of 

radioactive liquid together have some predetermined level of radioactivity, and de

livering the first and second amounts of radioactive liquid to the destination. In this 

way, it is possible to deliver an exactly known level of radioactivity to the destina

tion, independent of the activity concentration of the radioactive liquid. Preferably, 

30 the first amount of radioactive liquid is between 20% and 80% of the sum of the 

first and second amounts of radioactive liquid, more preferably between 30% and 

70%, most preferably between 40% and 60%. In this way, high precision can be 

achieved. 

1185 of 1573



WO 2006/007750 PCT/CH2005/000403 

5 

In an advantageous embodiment of the inventive device, the device additionally 

comprises a control unit. The unit receives signals from the activity metering unit 

and controls operation of the valve means between at least two states. In the first 

5 state, the source of radioactive liquid is connected to the fluid delivery path for flow 

of the radioactive liquid into the fluid delivery path. In the second state, the source 

of flushing liquid is connected to the fluid delivery path for flow of flushing liquid 

into the fluid delivery path. If any other actively driven components are present in 

the device, such as additional valves or pumps, they may also be controlled by the 

1 O control unit. 

Advantageously, second valve means are provided downstream from the metering 

section for directing flow in the fluid delivery path either to the destination or to a 

waste reservoir. In this way it is avoided that the destination receives excessive 

15 amounts of flushing liquid during operation of the device, and in case of malfunc

tioning of components of the device, the radioactive liquid can be dumped to the 

waste reservoir. 

Advantageously, a first and/or a second pump are provided for pumping the radio-

20 active liquid or the flushing liquid, respectively, through the first valve means and 

into the fluid delivery path. Preferably, the first pump and/or the second pump is 

operable to receive a control signal and to deliver a predetermined volume of liquid 

based on the controi signal. In this way, exactly known amounts (volumes) of the 

radioactive liquid and/or of the flushing liquid can be dispensed to the fluid delivery 

25 path. 

The fluid delivery path may comprise a fill-in section extending from the first valve 

means to the metering section. Advantageously, the metering section is capable of 

holding a fluid volume which is at least three times, more preferably at least five 

30 times the volume of the fill-in section. This enables the metering section to hold at 

least two, preferably three, fractions of radioactive liquid, each with a volume up to 

the volume of the fill-in section, plus the flushing liquid required to flush these frac

tions into the metering section. Thereby, the total activity of two, preferably three, 
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fractions of radioactive liquid may be determined in a single measurement by the 

activity metering unit. 

Advantageously, the device is adapted for delivering a radiopharmaceutical for 

5 injection to a living body (i.e., for delivering the radiopharmaceutical to an injection 

needle). This encompasses, among other things, the use of compatible materials, 

which must be resistant to the radiopharmaceutical and the flushing liquid (usually 

saline solution in this case), and which must be able to withstand sterilization pro

cedures. Such materials are well known. 

10 

As used herein, the term "pharmaceutical" refers to any substance to be injected 

or otherwise delivered into the body (either human or animal) in a medical proce

dure and includes, but is not limited to, substances used in imaging procedures 

and therapeutic substances. The term "radiopharmaceutical" refers to any phar-

15 maceutical emitting ionising radiation by radioactive decay. 

Further advantageous embodiments of the invention are laid down in the depend

ent claims. In particular, the inventive method may comprise an additional initiali

zation procedure, in which an offset amount of radioactive liquid is transported to 

20 the metering section, an offset level of radioactivity is determined, and the prede

termined level of radioactivity for the main procedure is determined from this offset 

level and a desired level of radioactivity to be dispensed. 

Brief description of the drawings 

25 The invention will be described in more detail in connection with an exemplary 

embodiment illustrated in the drawings, in which 

Fig. 1 shows a schematic and simplified illustration of a device according to 

the present invention; 

Fig. 2 shows a schematic and simplified illustration of a dose calibrator; 

30 Fig. 3A and 38 show simplified illustrations of a pinch valve; 

Fig. 4 illustrates a first state of operation of the device of Fig. 1; 

Fig. 5 illustrates a second state of operation of the device of Fig. 1; 

Fig. 6 illustrates a third state of operation of the device of Fig. 1; 
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illustrates a fourth state of operation of the device of Fig. 1; 

illustrates a fifth state of operation of the device of Fig. 1; 

shows a flow diagram of a process according to the present inven

tion; and 

illustrates the levels of activities measured in various stages of the 

process of Fig. 9. 

Detailed description of the invention 

Fig. 1 shows, in a highly schematic manner, a device for dispensing a radioactive 

10 liquid according to a preferred embodiment of the present invention. The device is 

designed for dispensing a radiopharmaceutical for injection to a patient. 

The radiopharmaceutical 1 is provided in a vial 2. In order to protect the surround

ings from radioactivity originating from the vial 2, the vial 2 is placed inside a shield 

15 3. Suitable vials and shields for various kinds of radiopharmaceuticals are well 

known in the art and are available commercially. 

A section 4 of tubing, comprising a needle at its end for puncturing a septum clos

ing off vial 2, extends from the inside of vial 2 through a first peristaltic precision 

20 pump P1 and to a first three-way pinch valve V1. At its first port "a", the valve V1 is 

connected to the section 4 of tubing from the vial 2; at its second port "b", it is 

connected to a section of tubing 7 extending from the valve V1 to an activity me

tering unit 9 {in the following shortly called a "dose calibrator"). The third port "c" is 

connected to a section 6 of tubing leading from a saline reservoir 5 through a sec-

25 ond peristaltic precision pump P2 to the valve V1. The valve V1 is operable to con

nect port "a" with port "b" or to connect port "c" with port "b". 

Fig. 3A and 38 illustrate, in a highly schematic manner, the mode of operation of 

the pinch valve V1 as advantageously used in the present embodiment. A sliding 

30 element 31 can be moved up or down, pressing either on an upper or on a lower 

section of flexible tubing which is passed through the pinch valve. Thereby, either 

port "c" or port "a" is closed off from port "b", and the other port is connected to 

port "b". The sliding element 31 may, e.g., be operated electromechanically or 
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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 B and D. This volume need not be known exactly. 

Thereby, the "offset volume" 21 is moved into the metering section 8. The situation 

at the end of this step is illustrated in Fig. 5. 

15 

Step 913 (Initial determination of activity): The activity of volume 21 in the metering 

section 8 is measured by the dose calibrator 9 (measurement M1 ). This activity will 

be called the "offset activity" A 1 . The controller 13 now calculates the missing ac

tivity Am required to reach a total activity of Ar: Am = Ar - A 1. This is illustrated in 

20 Fig. 1 O in the leftmost column. From this and the estimated concentration of activ

ity in the vial, Cv, the estimated missing volume Va1 still to be delivered is calcu

lated: Va1 = Am I Cv. It is important to note that this calculation is still based on 

the estimate of the concentration of activity in the vial, and the result cannot be 

expected to be highly accurate. It is further important to note that no knowledge 

25 about the offset volume 21 is required in this calculation. 

This step concludes initialisation 910. In the following calibration phase 920, the 

following steps are performed: 

30 Step 921 (Filling of radiopharmaceutical to point C'): Valve V1 is switched to a 

state in which it connects ports "a" and "b". Pump P1 is operated to pump a vol

ume Ve' through valve V1, filling the fill-in section to point C'. This situation is illus

trated in Fig. 6, where this volume is designated by reference number 22. Volume 
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Ve' is chosen to be approximately half of the estimated missing volume Va 1: Ve' = 
Va1 I 2. It is important to note that volume Ve' is known exactly in system internal 

units. The exact nature of these units depends on the type of pump used, e.g., the 

units could be pump revolutions, pump cycles etc. If a volume flow meter is placed 

5 in-line with the pump, the units provided by the flow meter can be used as system 

internal units. Depending on the type of pump and the type of tubing, the resolu

tion of volume in this step can be very small, and even small volumes can be de

livered accurately. 

10 Step 922 (Flushing of volume Ve' to dose calibrator): Valve V1 is switched to con

nect ports "c" and "b". Pump P2 is operated to pump slightly more than the volume 

between points B and D of saline through valve V1. Thereby, volume 22 (=Ve') of 

radiopharmaceutical is moved into the metering section 8. The situation at the end 

of this step is illustrated in Fig. 7. 

15 

Step 923 (Calibration of activity): The activity in the metering section 8 is meas

ured by the dose calibrator 9 (measurement M2). This activity level will be called 

A2. It corresponds to the sum of the offset activity A 1 and the activity of the vol

ume Ve', which will be called the "reference activity" Ac'. This is illustrated in the 

20 second column of Fig. 10. Now the activity concentration in the vial in system in

ternal units, Cs, is calculated: Cs= Ac' I Ve'= (A2 -A1) I Ve'. The system is now 

calibrated in system internal units. 

Step 924 (Determination of volume Ve"): The activity Ac" still required to reach a 

25 total activity of Ar is determined: Ac" =Ar - A2. From this, the volume Ve" still to 

be delivered is calculated in system internal units: Ve" = Ac" I Cs = (Ar - A2) I Cs 

= (Ar-A2) I (A2 -A1) *Ve'. 

This completes the calibration phase 920. In the following delivery phase 930, the 

30 following steps are performed: 

Step 931 (Filling of radiopharmaceutical to point C"): Valve V1 is switched to a 

state in which it connects ports "a" and "b". Pump P1 is operated to pump the vol-
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ume Ve" through valve V1, filling the fill-in section to point C". This situation is il

lustrated in Fig. 8, where this volume is designated by reference number 23. 

Step 932 (Flushing of volume Ve" to dose calibrator): Valve V1 is switched to con-

5 nect ports "c" and "b". Pump P2 is operated to pump slightly more than the volume 

between points Band D of saline through valve V1. Thereby, volume 23 (=Ve") of 

radiopharmaceutical is moved into the metering section 8. Optionally, the total ac

tivity in the metering section is now measured (optional measurement M3, see 

right column of Fig. 10). It should correspond exactly to the total desired activity 

1 O Ar, provided that the volume of the metering section is large enough to hold all 

three volumes 21, 22 and 23 within this section. The latter condition is can always 

be fulfilled if the volume of the metering section 8 is at least five times the volume 

of the fill-in section 7. If a significant discrepancy is detected, the system is 

stopped. 

15 

Step 933 (Delivery to injection needle): Valve V2 is switched to connect ports "d" 

and "e". Pump P2 is operated to pump at least the volume of the metering section 

8, plus the volume of the tubing from the metering section to the injection needle 

and of the injection needle itself, of saline through valve V1. Thereby, all liquid in 

20 the metering section 8 is flushed to the patient, and exactly the required dose of 

radioactivity is delivered to the patient. 

This completes the delivery phase 930. If another injection of the same radio

pharmaceutical (to the same or a different patient) is required, operation continues 

25 by repeating the calibration and delivery phases 920 and 930. Otherwise, opera

tion stops by a suitable shutdown procedure, which may involve additional cycles 

of flushing with saline. 

When repeating calibration phase 930, no additional initialisation as in phase 910 

30 is necessary, since the metering section 8 has been flushed with saline, and the 

radiopharmaceutical extends exactly to point B. No activity is present in the meter

ing section 8. Therefore, in the above calculations, A 1 can be set to zero in this 

case, and Am is set to Ar. No further changes are necessary. The three-phase 
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procedure with phases 910, 920 and 930 now simplifies to a two-phase procedure 

with phases 920 and 930 only. 

It will be appreciated that the device of the present invention and the associated 

5 method of operation provide a number of inherent safety features. Specifically, 

there is a high degree of redundancy in the operation of the device, such that even 

in case of failure of one component, such as a pump or a valve, it is impossible 

that more than the desired dose will be delivered to the patient. Specifically, by its 

design the system will only allow the dose present within the metering section 8 to 

10 be delivered to the patient. This is because during the actual delivery of the radio

pharmaceutical there is no connection between the vial 2 and the fluid delivery 

line. The discrete nature of the sequential measurements of activity within the me

tering section 8 is another feature which increases safety: In step 932, the activity 

in the metering section 8 is actually known beforehand, and measurement M3 just 

15 serves to confirm that the right amount of activity is present in the metering section 

8. If significant discrepancies are detected between the expected result and the 

actual measurement, operation will be stopped immediately, and an alarm will be 

given. 

20 It will also be appreciated that, in normal operation, no radiopharmaceutical will 

enter the waste reservoir 12. Thus, generation of radioactive waste is minimized. 

A device according to the present invention in the embodiment of Fig. 1 has been 

set up and tested in practice. The device was assembled from standard compo-

25 nents available commercially. For the tubing sections 4 and 6, flexible tubing made 

from silicone with an inner diameter of 1.52 mm was used. The pumps P1 and P2 

were peristaltic precision pumps {P1: lsmatec™ ISM 5968, P2: Arcomed™ 

Volumed™ mVp 5000). The valves V1 and V2 were electrically operated pinch 

valves available from Bio-Chem Valve Inc. The metering section 8' of tubing had a 

30 coil shape with nine windings and a diameter of 3.5 cm, made from fluoro

ethylene-propylene. A Veenstra VDC 405 dose calibrator was used as activity me

tering unit/dose calibrator 9. The complete assembly was shielded by a 5 cm lead 

shield. As a controller 13, a standard personal computer (Compaq Armada E500) 
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equipped with a standard interface card was used. The control algorithm was im

plemented in LabVIEW™, available from National Instruments™. 

This embodiment is especially suitable for the use with radiopharmaceuticals typi-

5 cally used in PET and SPECT applications. The device has been used to deliver 

radiopharmaceuticals with activity concentrations as high as 1000 MBq/ml to pa

tients, with an absolute precision of as good as 100 microliters and a relative pre

cision of better than 2 % of the total activity delivered to the patient. 

10 From the above description, it is clear that numerous variations of the described 

device and method are possible, and the invention is in no way limited to the 

above examples. 

While the method has been described in a way that the volume of the metering 

15 section 8 of tubing is large enough to hold at the same time all volumes of radio

pharmaceutical to be injected together, the method can readily be adapted for use 

with a dose calibrator which measures only one of these volumes at a time. In this 

case, the activities A1, Ac' and, optionally, Ac" are measured directly and sequen

tially and need not be calculated. Both variants of the method have in common 

20 that the activity of a precisely known volume (in some arbitrary units) is measured, 

enabling determination of the activity concentration of the radiopharmaceutical. 

The method can be extended to take into account the decrease of activity during 

the dispensing procedure, in a straightforward manner by calculating the decay 

25 during the {predetermined) time needed for the dispensing procedure. 

The inventive device and method are not only useful for delivering a radiopharma

ceutical to a human or animal body, but also in other applications, also of a non

medical nature, in which a precisely known amount of activity is to be delivered to 

30 some destination. Accordingly, many variations of the types of tubing, valves, 

pumps etc. are possible. Specifically, other pump types than peristaltic pumps may 

be used. In fact, while the use of pumps is preferred, pumps may be omitted if the 

vial 2, the saline reservoir 5 or both are placed "top-down" in a position higher than 
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valves V1, V2 and the destination 16. Fluid flow is then effected by gravity alone. 

Instead of pumps, flow meters should then be provided, yielding volume informa

tion to the controller 13. 

5 Different types of valves than the above-described two-way pinch valves may be 

used. Specifically, it may be advantageous to provide, as valve V1, a valve which 

can be switched to a third state such that liquid can flow between ports "a" and "c". 

In this way, the sections of tubing between points A and B may be flushed with 

saline from reservoir 5, without the need of inserting a vial with saline instead of 

10 the vial with the radiopharmaceutical during initialisation. 

Any suitable activity detector may be used as a dose calibrator 9. Such detectors 

include standard Geiger-Muller counters, scintillating counters etc., which should 

be calibrated to yield a sufficiently precise measure of the actual activity in the me-

15 tering section 8. 

20 

25 

Additional safety measures may be taken, such as providing bubble detectors in 

the fluid delivery path which stop operation immediately if bubbles are detected. 

Bubble detectors are well known in the art. 

List of reference signs 

P1 first pump 

P2 second pump 

V1 first valve 

V2 second valve 

a,b,c connections of first valve 

d, e, f connection of second valve 

A inlet of radiopharmaceutial 

30 B, C, C', C" reference points 

D 

E 

start of metering section 

end of metering section 
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M1, M2, M3 measurements 

A1, A2, Ar, Am, Ac', Ac" activities 

1 radio pharmaceutical 

5 2 vial 

3 shield 

4 tubing 

5 saline container 

6 tubing 

10 7 tubing 

8, 8' metering section 

9 dose calibrator 

10 tubing 

11 injection needle 

15 12 waste 

13 controller 

21, 22, 23 volumes of radiopharmaceutical 

20 31 sliding element 
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Claims 

5 1. Device for dispensing a radioactive liquid ( 1 ) to a destination ( 11 ), com

prising 

10 

15 

20 

25 

30 

first valve means (V1 ); 

a fluid delivery path (7, 8, 10) for fluid flow from said first valve means 

(Y1) to said destination ( 11 ); and 

an activity metering unit (9) operable to determine a level of radioac

tivity within a metering section (8) of said fluid delivery path (7, 8, 10); 

wherein said first valve means (V1) are adapted for selectively connecting a 

source (2) of said radioactive liquid (1) and a source of a flushing liquid (5) 

to said fluid delivery path (7, 8, 10) upstream of said metering section (8). 

2. Device according to claim 1, characterized in that said first valve means 

(V1) are adapted for remote operation and that said device further com

prises a control unit (13) receiving signals from said activity metering unit 

(9) and controlling operation of said first valve means (V1) between at 

least the following states: 

a state in which said source (2) of radioactive liquid (1) is connected to 

said fluid delivery path (7, 8, 10); and 

a state in which said source of flushing liquid (5) is connected to said 

fluid delivery path (7, 8, 10). 

3. Device according to claim 1 or 2, characterized in that said device further 

comprises second valve means (V2) for selectively connecting said fluid 

delivery path (7, 8, 10) downstream from said metering section (8) to said 

destination (11) or to a waste reservoir (12). 
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4. Device according to one of claims 1 to 3, characterized in that said device 

further comprises a first pump (P1) for pumping said radioactive liquid ( 1) 

from its source (2) toward said first valve means (V1) and/or a second 

pump (P2) for pumping said flushing liquid from its source (5) toward said 

first valve means (V1 ). 

5. 

6. 

7. 

Device according to one of claims 1 to 4, characterized in that said fluid 

delivery path comprises a fill-in section (7) extending from said first valve 

means (V1) to said metering section (8), and that said metering section {8) 

is capable of holding a fluid volume (D-E) which is at least three times the 

volume (B-D) of said fill-in section (7). 

Device according to one of claims 1 to 5, characterized in that said device 

is adapted for delivering a radiopharmaceutical to an injection needle for 

injection of liquid into a human or animal body. 

Method of operation of a device according to claim 1 , comprising the steps 

of 

transporting a first amount (22) of said radioactive liquid to said me

tering section (8) of said fluid delivery path (7, 8, 10); 

with said activity metering unit (9), measuring a reference level of 

radioactivity (A2) present in said metering section (8); 

from said reference level of radioactivity (A2), calculating a second 

amount (23) of said radioactive liquid still to be delivered such that said 

first and second amounts of radioactive liquid together have a predeter

mined level of radioactivity (Am); and 

delivering at least said first and second amounts of radioactive liquid 

(1) to said destination (11 ). 

30 8 Method according to claim 7, characterized in that said first amount of ra-
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dioactive liquid is between 20% and 80% of the sum of the first and sec

ond amounts of radioactive liquids. 

Method according to claim 7 or 8, characterized in that said step of trans

porting said first amount of said radioactive liquid comprises: 

operating said first valve means to connect said source (2) of radio

active liquid ( 1 ) to said fluid delivery path (7, 8, 10 ); 

allowing said first amount of radioactive liquid (1) to flow from said 

first valve means (1) into said fluid delivery path (7, 8, 1 O); 

operating said first valve means to connect said source of flushing 

liquid (5) to said fluid delivery path (7, 8, 10); and 

allowing flushing liquid (5) to flow into said fluid delivery path (7, 8, 

10), whereby said first amount of radioactive liquid is moved into said me

tering section (8) of said fluid delivery path (7, 8, 10). 

10. Method according to one of claims 7 to 9, characterized in that said step of 

delivering said first and second amounts of said radioactive liquid (1) com

prises: 

operating said first valve means to connect said source (2) of radio

active liquid (1) to said fluid delivery path (7, 8, 10); 

allowing said second amount of radioactive liquid (1) to flow from 

said first valve means (1) into said fluid delivery path (7, 8, 10); 

operating said first valve means to connect said source of flushing 

liquid (5) to said fluid delivery path (7, 8, 10); and 

allowing flushing liquid (5) to flow into said fluid delivery path (7, 8, 

10), whereby said first and second amounts of radioactive liquid are 

moved to said destination (11 ). 

11. Method according to one of claims 7 to 10, additionally comprising the fol-
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lowing steps: 

before transporting said first amount (22) of radioactive liquid (1) to 

said metering section (8), transporting an offset amount (21) of said radio

active liquid (1) to said metering section (8); 

with said activity metering unit (9), measuring an offset level of radio

activity (A 1) of said offset amount (21) of radioactive liquid; 

from said offset level of radioactivity (A 1 ) and a desired level of ra

dioactivity to be dispensed (Ar), calculating said predetermined level of ra

dioactivity (Am); and 

delivering said offset amount (21) of radioactive liquid to said destina-

tion. 

12. Method according to one of claims 7 to 11, wherein said radioactive liquid 

is a liquid comprising a radiopharmaceutical and wherein said destination 

is an injection needle for injection of liquid into a human or animal body. 

13. Method of operation of a device to deliver a radioactive liquid to a destina

tion (11 ), comprising: 

determining a predetermined level of radioactivity (Am) to be deliv

ered to said destination ( 11 ); 

transporting a first amount (22) of said radioactive liquid to a meter

ing section (8) of a fluid delivery path (7, 8, 10) for fluid flow to said desti

nation (11 ), said metering section (8) having a metering unit (9) in opera

tive connection therewith and being operable to determine a level of radio

activity within the metering section (8), the first amount (22) of said radio

active liquid having a reference level of radioactivity (A2) less than the 

predetermined level of radioactivity {Am); 

with said activity metering unit (9), measuring the reference level of 

radioactivity (A2) present in said metering section (8); 

from said reference level of radioactivity (A2), calculating a second 
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amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have the predetermined 

level of radioactivity (Am); and 

delivering at least said first and second amounts of radioactive liquid 

(1) collectively from said fluid delivery path (7, 8, 10) to said destination 

(11 ). 

System for dispensing a radioactive liquid (1) to a destination (11 ), com

prising: 

a first valve (V1 ) adapted for remote operation; 

a fluid delivery path (7, 8, 10) for fluid flow from said first valve (V1) to 

said destination (11 ); 

an activity metering unit (9) operable to determine a level of radioac

tivity within a metering section (8) of said fluid delivery path (7, 8, 10); 

wherein said first valve (V1) is adapted for selectively being placed in one of 

at least two states: a first state in which a source (2) of said radioactive liq

uid ( 1) is connected to said fluid delivery path (7, 8, 10) upstream of said 

metering section (8) and a second state in which a source of a flushing liq

uid (5) is connected to said fluid delivery path (7, 8, 10) upstream of said 

metering section (8); and 

a control unit ( 13) adapted to receive signals from said activity meter

ing unit (9) and control operation of said first valve (V1) between the first 

state and the second state; said control unit being adapted to: 

i. place said first valve (V1) in the first state to transport a first amount (22) 

of said radioactive liquid through said first valve ·(V1 ), the first amount (22) 

of said radioactive liquid having a level of radioactivity less than a prede

termined level of radioactivity (Am) input into said control unit (13); 

ii. place said first valve (V1) in the second state to transport an amount of 

flushing liquid (5) through said first valve (V1) to transport said first amount 

of said radioactive liquid to said metering section (8) of said fluid delivery 
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path (7, 8, 10); 

iii. receive a signal from said activity metering unit (9) of a measured ref

erence level of radioactivity (A2) present in said metering section; 

iv. calculate from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that said 

first and second amounts of radioactive liquid together have a predeter

mined level of radioactivity (Am) input into said control unit (13); 

v. place said first valve (V1) in said first state and transport through said 

first valve (V1) said second amount (23) of said radioactive liquid; 

vi. place said first valve (V1) in said second state to transport an amount 

of flushing liquid (5) through valve (V1) to transport said second amount 

(23) of said radioactive liquid to said metering section (8) of said fluid de

livery path (7, 8, 10) while maintaining said first amount (22) of said radio

active liquid in said metering section (8); and 

vii. place said first valve (V1) in said second state and transport through 

said first valve (V1) sufficient flushing liquid to deliver at least said first and 

second amounts of radioactive liquid (1) through said fluid delivery path (7, 

8, 10) to said destination (11 ). 

System for dispensing a radioactive liquid (1) to a destination (11 ), com

prising: 

a source of a radioactive liquid (1 ); 

a source of a flushing liquid (5); 

a fluid delivery path (7, 8, 10) for fluid flow of said radioactive liquid 

and said flushing fluid to said destination (11 ), the fluid delivery path includ

ing a metering section (8); 

an activity metering unit {9) operable to determine a level of radioac

tivity within said metering section (8) of said fluid delivery path (7, 8, 10); 

and 

a control unit (13) adapted to receive signals from said activity meter-
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ing unit (9) and control flow of said radioactive liquid and said flushing fluid 

through said fluid delivery path (7, 8, 10); said control unit being further 

adapted to: 

i. transport a first amount (22) of said radioactive liquid having a level of 

radioactivity less than a predetermined level of radioactivity (Am) to said 

metering section (8) of said fluid delivery path (7, 8, 1 O); 

ii. receive a signal from said activity metering unit (9) of a measured refer

ence level of radioactivity (A2) present in said metering section; 

iii. calculate from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have a predetermined 

level of radioactivity (Am) input into said control unit (13); 

iv. transport said second amount (23) of said radioactive liquid to said me

tering section (8) of said fluid delivery path (7, 8, 10) while maintaining 

said first amount (22) of said radioactive liquid in said metering section (8); 

and 

v. transport sufficient flushing fluid through said fluid delivery path (7, 8, 

10) to deliver at least said first and second amounts of radioactive liquid 

(1) through said fluid delivery path (7, 8, 10) to said destination (11 ). 

16. Method of delivering a radioactive liquid to a destination (11 ), comprising: 

determining a level of radioactivity (Am} to be delivered to said desti

nation (11 ); 

transporting a first amount (22) of said radioactive liquid having a 

level of radioactivity less than the determined level of radioactivity (Am) to 

a metering section (8) of a fluid delivery path (7, 8, 10), said metering sec

tion (8) having an activity metering unit (9) in operative connection 

therewith to measure radioactivity in said metering section (8); 

measuring a reference level of radioactivity (A2) present in said me

tering section (8); 
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calculating from said reference level of radioactivity (A2) a second 

amount (23) of said radioactive liquid still to be delivered such that first 

and second amounts of radioactive liquid together have the predetermined 

level of radioactivity (Am); 

transporting said second amount (23) of said radioactive liquid to 

said metering section (8) of said fluid delivery path (7, 8, 10) while main

taining said first amount (22) of said radioactive liquid in said metering 

section (8); and 

delivering said first amount and said second amount of radioactive 

liquid (1) through said fluid delivery path (7, 8, 10) to said destination (11 ). 

Method of delivering a radioactive liquid to a destination ( 11 ), comprising: 

determining a level of radioactivity (Am) to be delivered to said desti

nation ( 11 ); 

estimating a concentration of activity (Cv) in a source of radioactive 

liquid (1 ); 

transporting from said source of radioactive liquid (1) a first amount 

(21) of said radioactive liquid having a level of radioactivity, based upon 

the estimated concentration of activity (Cv), less than the determined level 

of radioactivity (Am) to a metering section (8) of a fluid delivery path (7, 8, 

10), said metering section (8) having an activity metering unit (9) in opera

tive connection therewith to measure radioactivity in said metering section 

(8); 

measuring a level of radioactivity (A 1) present in said metering sec

tion (8); 

based upon the estimated concentration of activity (Cv), transporting 

a second amount (22) of said radioactive liquid having a reference level of 

activity (Ac') such that the total activity (A2) of said first amount (21) and 

said second amount (22) is less than the determined level of radioactivity 

(Am) to said metering section (8); 
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measuring a level of radioactivity (A2) present in said metering sec

tion (8); 

based upon the measured level of radioactivity (A2), calculating the 

concentration of radioactivity (Cs) in said source of radioactive liquid (5); 

based upon the calculated concentration of activity (Cs), transporting 

a third amount (23) of said radioactive liquid having a level of activity (Ac") 

such that the total activity of said first amount (21 ), said second amount 

(22) and said third amount (23) is the determined level of radioactivity 

(Am) to said metering section (8); and 

delivering said first amount, said second amount and said third 

amount of said radioactive liquid (1) through said fluid delivery path (7, 8, 

10) to said destination (11 ). 
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A RUBIDIUM GENERATOR FOR CARDIAC PERFUSION 

IMAGING AND METHOD OF MAKING AND 

MAINTAINING SAME 

TECHNICAL FIELD 

5 The present application relates in general to nuclear 

10 

15 

medicine and, in particular, to a rubidium generator for 

cardiac perfusion imaging and method of making and 

maintaining same. 

BACKGROUND OF THE INVENTION 

As is well known in the art, 82Rb is used as a 

positron emission tomography {PET) tracer for measurement 

of myocardial perfusion (blood flow) in a non-invasive 

manner. 

Recent improvements 

3-dimensional positron 

in PET technology have introduced 

emission tomography {3D PET) . 

Although 3D PET technology may permit more efficient 

diagnosis and prognosis in patients with suspected coronary 

artery disease, the sensitivity of 3D PET requires very 

accurate control of the delivery of 82Rb activity to a 

20 patient being assessed. 

As is well understood in the art, 82Rb for myocardial 

perfusion imaging is produced using a strontium-rubidium 

(
82Sr/82Rb) generator which is eluted using a sterile saline 

solution {O. 9% Sodium Chloride Injection) to produce an 

25 82Rb eluate ( [82Rb] Rubidium Chloride Injection) that is 

injected into the patient during the PET imaging. Due to 

the above-noted sensitivity of 3D PET it is desirable to 

deliver the 82Rb elution to the patient as far away from 

the patient's heart as can be practically achieved. This 
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is best accomplished by using a small vein in the patient's 

hand, for example, as the 82Rb elution injection site. 

Doing so, however, requires a low pressure, low flow rate 

elution and precision flow control. 

There therefore exists a need for an 82Rb generator 

that enables low pressure elution and facilitates precision 

flow control of patient elution injections. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 

10 a rubidium generator column that enables low pressure 

elution and facilitates precision flow control of patient 

elutions. 

The invention therefore provides a method of preparing 

an 82Sr/82Rb generator column for low pressure elution, 

15 comprising: filling the generator column with an ion 

exchange material that tightly binds 82Sr but not 82Rb, and 

compacting the ion exchange material to a density that 

permits fluid solutions to be pumped through the generator 

column at a rate of at least 5 ml/min at a fluid pressure 

20 of 1.5 pounds per square inch (10 kPa); conditioning the 

ion exchange material; and loading the generator column 

with a solution of 82Sr. 

The invention further provides an 82Sr/ 82Rb generator 

column, comprising: a fluid impervious cylindrical 

25 container having a cover for closing the container in a 

fluid tight seal, and further having an inlet for 

connection of a conduit for delivering a fluid into the 

container and an outlet for connection of a conduit for 

conducting the fluid from the container; and an ion 

30 exchange material filling the container, the ion exchange 
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material being compacted within the container to a density 

that permits the ion exchange material to be eluted at a 

rate of at least 5 ml/min at a fluid pressure of 1.5 pounds 

per square inch (10 kPa) . 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Further features and advantages of the present 

invention will become apparent from the following detailed 

description, taken in combination with the appended 

drawings, in which: 

Fig. 1 is a schematic diagram illustrating the packing 

of a generator column in accordance with the invention; 

Fig. 2 is a schematic diagram of the generator column 

shown in Fig. 1 suspended in a shielding body and being 

loaded with 82Sr; 

15 Fig. 3 is a schematic diagram of the generator column 

shown in Fig. 1 configured for calibration and patient 

elutions; 

Fig. 4 is a flowchart illustrating the method in 

accordance with the invention for making the generator 

20 columns shown in Figs. 1-3; and 

Fig. 5 is a flowchart illustrating principle steps in 

the use of the generator column shown in Fig. 3. 

It will be noted that throughout the appended 

drawings, like features are identified by like reference 

2 5 numerals. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides an 82Sr/82Rb generator 

column for use in positron emission tomography cardiac 

perfusion imaging. In accordance with the invention, the 

5 generator column is filled with an ion exchange material 

10 

that tightly binds 82Sr but not 82Rb. The ion exchange 

material is compacted to a density that permits fluid 

solutions to be pumped through the generator column at a 

rate of at least 5 ml/min at a fluid pressure of 1.5 pounds 

per square inch (10 kPa) . After the generator column is 

packed with the ion exchange material, it is conditioned 

with a source of excess sodium cations and loaded with a 

solution of 82Sr. The generator column in accordance with 

the invention enables low pressure injections using a 

15 peristaltic pump and facilitates precision flow control of 

20 

patient elutions. Advantageously, the generator column in 

accordance with the invention can also be reloaded with 
82Sr a plurality of times. This has distinct advantages. 

First, residue 82Sr remaining in the column from a previous 

load is not wasted. Second, the expense of building and 

conditioning the generator column is distributed over a 

plurality of 82Sr loads, so the overall cost of using 82Rb 

for cardiac perfusion imaging is reduced. 

Fig. 1 illustrates the packing of an 82Rb generator 

25 column 10 using a method in accordance with the invention. 

30 

As is known in the art, the generator column 10 is 

constructed from stainless steel hardware components that 

are commercially available. In the embodiment shown in 

Fig. 1, a pair of SWAGELOK® reducing adaptors with nuts and 

ferrules 12, 14 are connected to opposite ends of a 

stainless tubing 16 that is packed with an ion exchange 

material 18. In one embodiment of the invention, the ion 

exchange material 18 is an a-hydrous tin dioxide 
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Sn02 .xlh0, where x equals 1-2) wetted with a NH40H/NH4Cl 

buffer (pH 10) . 

A 25 micron filter 24 closes a bottom of the cylinder 

16 at an outlet end thereof. Likewise, a 25 micron filter 

5 22 closes an inlet end of the cylinder 16 after the 

cylinder 16 is packed with the ion exchange material 18. A 

feature of the invention is that, unlike prior art 

generator columns in which the ion exchange material is 

tightly packed so that high pressure elution is required, 

10 the ion exchange material 18 is packed only to a density 

that permits fluid solutions to be pumped through the 

generator column at a rate of at least 5 ml/min at a fluid 

pressure of 1.5 pounds per square inch (10 kPa). As shown 

in Fig. 1, a simple and practical way of accomplishing the 

15 required packing of the ion exchange material 18 is to 

repeatedly strike a side of the generator column 10 with an 

instrument 26, such as a laboratory wrench, with a force 

that exerts about O. 1 Joule. Experience has shown that 

between 50 and 100 strikes are required to achieve the 

20 required density of the ion exchange material 18. 

After packing of the generator column 10 

a funnel 20 that was used to introduce the 

material 18 into the cylinder 16 is removed 

is complete, 

ion exchange 

and the ion 

exchange material is leveled with the top of the cylinder 

25 16. The ion exchange material packed into the generator 

column 10 has a density of not more than 3 g/cm3 in the 

packed state. The filter 22 is then placed on top of 

cylinder 16 and the SWAGELOK adapter, nut and ferrule 12 is 

secured to the top of the cylinder in a manner well known 

30 in the art. As will be understood by those skilled in the 

art, the generator column 10 in accordance with the 

invention is constructed under sterile conditions using 
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sterile components and may be pressure tested for leaks 

after assembly. 

Fig. 2 is a cross-sectional view of the generator 

column 10 suspended in a shielding body 40. The shielding 

5 body 40 is made from a dense shielding material 42, such as 

lead, tungsten or depleted uranium optionally encased in a 

stainless steel shell 44. The shielding body 42 includes a 

shielding lid 50 having apertures through which extend an 

inlet line 34 and outlet line 36. The inlet line 34 is 

10 connected to an inlet end 30 of the generator column 10. 

15 

The outlet line 36 is connected to an outlet end 32 of the 

generator column 10. The inlet and outlet lines are 

connected to external tubing lines 60, 

fittings 56 and 58. The shielding lid 

constructed of a shielding material 52 

62 using Luer 

50 is likewise 

such as lead, 

tungsten or depleted uranium encased in a stainless steel 

shell 54. 

After the generator column 10 is packed with ion 

exchange material 18, as explained above with reference to 

20 Fig. 1, the generator column 10 must be loaded with 82Sr 

before patient elutions can begin. As schematically 

illustrated in Fig. 2, in one embodiment a syringe pump 80 

is used to deliver 82Sr from a supply 70 through an inlet 

tube 60 to the generator column 10. The 82Sr is bound by 

25 the ion exchange material 18 in the generator column 10. 

Waste fluid is evacuated through the outlet tube 36 and 

outlet line 62 to a shielded waste container 90, in a 

manner known in the art. 

Fig. 3 is a schematic diagram of the generator column 

30 10 configured for daily use as an 82Rb source for cardiac 

perfusion imaging. A source of sterile saline solution 100 

is connected to a saline supply tube 104. The sterile 
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saline solution 100 is pumped through the saline supply 

tube 104 by a pump 102. In one embodiment of the 

invention, the pump 102 is a peristaltic pump. In 

accordance with an alternate embodiment, the pump 102 is 

5 the syringe pump 80 shown in Fig. 2. 

As understood by those skilled in the art, the pump 

102 is controlled by a control algorithm that regulates a 

flow rate and volume of the sterile saline solution 100 

pumped through the generator column 10 via the inlet tube 

10 104 to provide an 82Rb eluate via an outlet tube 106 

connected to a controlled valve 108. The valve 108 directs 

the eluate through a delivery line 112 for a calibration 

elution or a patient elution 110, or to a shielded waste 

container 90. As is further understood by those skilled in 

15 the art, control of the system shown in Fig. 3 is complex 

and not all of the fluid paths and control mechanisms are 

depicted because elution control is not a subject of this 

invention. 

Fig. 4 is a flowchart illustrating principle steps in 

20 constructing the generator column 10 in accordance with the 

invention. The process begins by preparing the ion 

exchange material and packing the generator column as 

explained above with reference to Fig. 1 {step 200). The 

generator column is then conditioned by saturating the ion 

25 exchange material 18 with sodium cations. In one 

embodiment, this is accomplished by passing 120 ml of 2 M 

NaCl through the column at a flow rate of 0. 5 ml/minute 

followed by waiting for a period of 12 hours. 500 ml of 

sterile saline solution is then passed through the column 

30 at a flow rate of 10 ml/minute. A nondestructive pH test 

is performed {step 202) by testing a pH of the initial 

sterile saline solution passed through the column. This 
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nondestructive pH test prolongs the life of the generator 

column 10. 

If it is determined (step 204) that the pH of the 

generator column 10 is not alkaline, the generator column 

10 is defective and it is disposed of (step 224) If the 

saline solution is determined in step 204 to be alkaline, 

the generator column is loaded with 82Sr (step 206) in a 

manner well known in the art using the equipment briefly 

described above with reference to Fig. 3. After the 82Sr 

10 is loaded into the generator column 10, the generator 

column 10 is flushed with 1.0 L of sterile saline solution 

to clear traces of tin dioxide and any radionuclide 

impurities. The generator column is then eluted with 

sterile saline solution and the eluate is tested for: trace 

15 metals; sterility; radionuclide purity; pyrogens; and pH 

(step 208). If all of those tests are passed (step 210) 

the generator column 10 is ready for use (step 212) . If 

any one of the tests fails, 82Sr is optionally recovered 

from the generator column 10 (step 222) and the generator 

20 column 10 is disposed of (step 224). 

During generator use, daily testing is performed for 

the purpose of patient safety and quality control, as will 

be described in detail with reference to Fig. 5. As long 

as all daily tests are passed, the generator column can 

25 continue to be used for patient elutions. As understood by 

those skilled in the art, one of the daily tests is a 

measure of 82Rb yield. If it is determined 

that one of the daily tests failed, it 

determined whether a reload of the generator 

30 permitted (step 216). Reloading is permitted 

test failed due insufficient 82Rb yield only. 

in step 214 

is further 

column 10 is 

if the daily 

If the daily 

test failed for some other reason the generator column 10 
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cannot be further used, and the 82Sr is optionally 

recovered (step 222) before the generator column is 

disposed of (step 224), as described above. If an 82Sr 

reload is permitted, it is determined in step 218 whether 

5 the number of 82Sr reloads of the generator column 10 has 

exceeded a predetermined reload limit. A generator column 

in accordance with the invention can be loaded with 82Sr at 

least three times before any significant 82Sr breakthrough 

occurs. If it determined in step 218 that the reload limit 

10 has been reached, certain jurisdictions require that the 

generator column be flushed and the eluate tested for: 

trace metals; sterility; radionuclide purity; pyrogens; and 

pH. If it is determined in step 218 that the reload limit 

has not been reached, the process branches back to step 206 

15 and the generator column is reloaded with 82Sr and steps 

208-218 are repeated. 

Fig. 5 is a flowchart illustrating principle steps 

involved in the daily use of the generator column 10 in 

accordance with the invention. Prior to each day's use of 

20 the generator column 10, the generator column 10 is flushed 

with 50 ml of sterile saline solution (step 300) in order 

to remove any strontium breakthrough from the generator 

column 10 into the waste vessel 90. The operator then 

waits for a predetermined period of time (step 302) before 

25 performing a calibration elution (step 304) As is well 

understood by those skilled in the art, under stable 

conditions the generator column maintains a 82Sr/ 82Rb 

equilibrium which is achieved after about 10 minutes. 

Consequently, the predetermined wait before a calibration 

30 elution is performed is at least 10 minutes. After the 

required wait, the generator column is eluted with about 15 

ml of sterile saline solution at a constant flow rate of 

about 15 ml/minute. The calibration eluate is tested (step 
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306) for 82Rb yield and 82Sr breakthrough. In step 308 it is 

determined whether the 82Rb yield is above a predetermined 

radioactivity limit. As is understood by those skilled in 

the art, the half life of 82Rb is very short (i.e. 76 

seconds) . Consequently, in one embodiment the 82Rb yield 

is measured using a positron counter during the elution, in 

a manner well known in the art. 

In step 310, it is determined whether the 82Sr, 85Sr 

breakthrough is less than a predetermined breakthrough 

limit. As is also understood by those skilled in the art, 

all jurisdictions define a threshold for permissible levels 

of 82Sr, 85Sr breakthrough. As is further understood by 

those skilled in the art, the strontium breakthrough is 

readily determined by testing the radioactivity of the 

15 elution after about 20 minutes has elapsed, at which time 

the amount of residual 82Rb is insignificant and does not 

distort the test results. 

Before daily use begins, a cumulative volume of all 

fluids flushed and eluted through the generator column 10 

20 is computed. Since the generator column 10 in accordance 

with the invention is repeatedly reloaded with 82Sr, each 

generator column is identified by a unique identifier, in 

one embodiment a serial number. If the user of a generator 

column 10 does not have the facility to reload the 

25 generator column 10, the user must return the generator 

column 10 to the manufacturer, along with a cumulative 

total of fluid flushed and eluted through the column during 

that use. Likewise, when a reloaded column is supplied to 

a user, a cumulative volume of fluid used to flush and 

30 elute the column during all prior reload(s) and use(s) is 

provided to the user. Control software used to control a 

volume of fluid used during generator column 10 flushes and 
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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 

limit. If the 

is compared to the predetermined volume 

volume limit has been exceeded, the 

generator column is disposed of (step 324) . 

If it is determined in step 318 that the control 

25 system date has changed, the generator column 10 must be 

flushed and re-tested per steps 300-312, as described 

above. If those tests determine 

less than a predetermined 1 imi t 

that 

(step 

the 82Rb yield 

308) then it 

is 

is 

determined in step 320 whether the reload limit has been 

30 exceeded and if not the generator column 10 is returned for 

reload and pre-use testing (step 322) . Otherwise, the 

generator column is disposed of (step 324) It should be 
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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 

striking 

force. 

exchange material comprises 

the generator column with a 

repeatedly 

controlled 

4. The method as claimed in claim 2 wherein repeatedly 

striking the generator column comprises repeatedly 

delivering a controlled force that transfers about 

0.1 Joule to the generator column. 

5. The method as claimed in claim 3 further comprising 

repeatedly striking the generator column to deliver 

the controlled force between 50 and 100 times in 

order to compact the ion exchange material. 
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6. The method as claimed in claim 1 wherein conditioning 

the ion exchange material comprises eluting the 

material with a source of sodium ions and 

subsequently flushing the column with a sterile 

saline solution. 

7. The method as claimed in claim 6 further comprising 

measuring a pH of the sterile saline solution after 

the generator column has been eluted with the source 

of sodium ions. 

8. The method as claimed in claim 1 further comprising 

eluting the generator column with a predetermined 

volume of sterile saline solution and testing the 

eluate to: determine whether the eluate is free of 

trace metals; determine whether the eluate is free of 

radionuclide impurities; 

determine whether the 

measure a pH of the eluate; 

eluate is sterile; and 

determine whether the eluate is free of pyrogens. 

9. The method as claimed in claim 1 further comprising 

reloading the generator column with 82Sr after the 
82Sr has depleted to an extent that an elution of the 

generator column with the saline solution yields an 
82Rb activity that is below a predetermined limit, 

until a total number of reloads reaches a 

predetermined radioactivity limit. 

10. The method as claimed in claim 1 further comprising, 

on a daily basis, flushing the generator column with 

a predetermined volume of sterile saline solution to 

remove any 82Sr or 85Sr breakthrough. 
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11. The method as claimed in claim 10 further comprising 

waiting a predetermined period of time after the 

flushing, and eluting the generator column with a 

predetermined volume of sterile saline solution at a 

constant flow rate to obtain a calibration eluate of 
82Rb activity. 

12. The method as claimed in claim 11 further comprising 

measuring a total 82Rb activity of the calibration 

eluate during the elution for activity calibration. 

13. The method as claimed in claim 11 further comprising 

measuring a radiation activity level of the 

calibration eluate after a predetermined period of 

time has elapsed to determine whether a concentration 

of 82Sr or 85Sr in the test eluate is below a 

predetermined breakthrough limit. 

14. The method as claimed in claim 11 further comprising: 

waiting a predetermined period of time after 

obtaining the calibration eluate, and eluting the 

generator column with a sterile saline solution 

to obtain a patient eluate of 82Rb activity; and 

computing for each generator column after each flush 

or elution, a cumulative volume of sterile saline 

flushed and eluted through the generator column, 

and disposing of the generator column when the 

cumulative volume exceeds a predetermined volume 

limit. 

15. An 82Sr/82Rb generator column, comprising: 

a fluid impervious cylindrical container having a 

cover for closing the container in a fluid tight 
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seal, and further having an inlet for connection 

of a conduit for delivering a fluid into the 

container and an outlet for connection of a 

conduit for conducting the fluid from the 

container; and 

an ion exchange material filling the container, the 

ion exchange material being compacted within the 

container to a density that permits the ion 

exchange material to be eluted at a flow rate of 

at least 5 ml/min at fluid pressure of 1.5 pounds 

per square inch (10 kPa) . 

16. The 82Sr/82Rb generator column as claimed in claim 15 

wherein the ion exchange material comprises a-hydrous 

tin dioxide. 

1 7. The 82Sr/82Rb generator column as claimed in claim 16 

wherein a total volume of the a-hydrous tin dioxide 

in the generator column is about 1.5 cm3
• 

18. The 82Sr/ 82Rb generator column as claimed in claim 17 

wherein the a-hydrous tin dioxide has a density of 

about 3 g/cm3
· 

19. The 82Sr/82Rb generator column as claimed in claim 15 

further comprising a particle filter at each of the 

inlet and the outlet. 

20. The 82Sr/82Rb generator column as claimed in claim 15 

further comprising a peristaltic or syringe pump for 

flushing and eluting the generator column. 
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RUBIDIUM ELUTION SYSTEM CONTROL 

FIELD OF THE INVENTION 

The present application relates in general to nuclear 

medicine and, in particular, to a rubidium elution control 

5 system. 

10 

BACKGROUND OF THE INVENTION 

As is well known in the art, Rubidium (82Rb) is used 

as a positron emission tomography (PET) tracer for non

invasive measurement of myocardial perfusion (blood flow) . 

Recent improvements in PET technology have introduced 

3-dimensional positron emission tomography (3D PET). 

Although 3D PET technology may permit more efficient 

diagnosis and prognosis in patients with suspected coronary 

artery disease, the sensitivity of 3D PET requires very 

15 accurate control of the delivery of 82Rb activity to a 

patient being assessed. 

FIGs. 1 and 2 illustrate a conventional rubidium 

elution system used for myocardial perfusion imaging. As 

may be seen in FIG. 1, the elution system comprises a 

20 reservoir of sterile saline solution (e.g. 0.9% Sodium 

Chloride Injection), a pump, and a strontium-rubidium 

(
82Sr/ 82Rb) generator. In operation, the pump causes the 

saline solution to flow from the reservoir 4 and through 

the generator 8 to elute the 82Rb. The active solution 

25 output from the generator 8 is then supplied to a patient 

(not shown) via a patient outlet 10. 

When the system 2 is not in use, the amount of 82 Rb 

within the generator 8 accumulates until a balance is 

reached between the rate of 82Rb production (that is, 82Sr 
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decay) and the rate of 82Rb decay. As a result, the 82Rb 

activity level in the active saline emerging from the 

generator 8 tends to follow a "bolus" profile 12 shown by 

the solid line in FIG. 2a. In particular, at the start of 

5 an 82Rb elution "run", the activity level rises rapidly and 

peaks, as accumulated 82Rb is flushed out of the generator 

8. Thereafter, the activity level drops back to a 

substantially constant value. The maximum activity level 

AMAX (bolus peak) obtained during the run is dependent on 

10 the amount of accumulated 82Rb in the generator 8, and thus 

is generally a function of the system's recent usage 

history, principally: the current 82Rb production rate; the 

amount of accumulated 82Rb (if any) remaining at the end of 

the previous elution run; and the idle time since the 

15 previous run. The generally constant level of the bolus 

tail is dependent on the rate of 82Rb production and the 

saline flow rate produced by the pump 6. 

As is well known in the art, 82 Rb is generated by 

radioactive decay of the 82Sr, and thus the rate of 82Rb 

20 production at any particular time is a function of the mass 

of remaining 82Sr. As will be appreciated, this value will 

diminish (exponentially) through the useful life of the 

generator 8. The result is a family of bolus curves, 

illustrated by the dashed lines of FIG. 2a, mapping the 

25 change in elution system performance over the useful life 

of the generator 8. 

30 

Because of the high activity level of 82Rb possible in 

the generator 8, it is desirable to limit the total 

activity dosage delivered to the patient during any given 

elution run. The total elution time required to reach this 

maximum permissible dose (for any given flow rate) will 

therefore vary over the life of the 82Sr charge in the 
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generator 8, as may be seen in FIG. 2b, where the total 

activity dose, represented by the area under each curve, is 

equal in both cases. 

A limitation of this approach, particularly for 3D PET 

5 imaging, is that the delivery of a high activity rate over 

a short period of time tends to degrade image quality. Low 

activity rates supplied over a relatively extended period 

are preferred. As a result, the user is required to 

estimate the saline flow rate that will obtain the best 

10 possible image quality, given the age of the generator and 

its recent usage history, both of which will affect the 

15 

20 

bolus peak and tail levels. This estimate must be 

continuously adjusted throughout the life of the generator 

8, as the 82 Sr decays . 

Accordingly, techniques for controlling an 

elution system that enable a desired activity level to be 

supplied over a desired period of time, independently of a 

state of the 82Sr/ 82Rb generator, remain highly desirable. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide techniques for controlling an 82Rb elution system. 

The present invention therefore provides a method of 

controlling an 82Sr/ 82Rb elution system having a generator 

valve for proportioning a flow of saline solution between 

25 an 82Sr/ 82Rb generator and a bypass line coupled to an 

outlet of the generator such that saline solution 

traversing the bypass line will merge with eluted saline 

solution emerging from the generator to provide an active 

saline solution. During each elution run, a plurality of 

30 successive concentration parameter values are obtained at 
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predetermined intervals. Each concentration parameter 

value is indicative of a respective instantaneous activity 

concentration of the active saline solution. Respective 

error values between each concentration parameter value and 

5 a target activity concentration value of the elution run 

are computed. Error data based on a plurality of the 

computed error values is accumulated. Between successive 

elution runs, at least one performance parameter of the 

elution system is adjusted based on the accumulated error 

10 data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present 

invention will become apparent from the following detailed 

description, taken in combination with the appended 

15 drawings, in which: 

FIG. 1 is a block diagram schematically illustrating 

principal elements of a conventional Rubidium elution 

system; 

FIGs 2a and 2b are graphs illustrating representative 

20 performance of the elution system of FIG. 1; 

FIG. 3 is a block diagram schematically illustrating 

principal elements of a Rubidium elution system in 

accordance with an embodiment of the present invention; 

FIG. 4 illustrates a pinch-type valve arrangement 

25 usable in the elution system of FIG. 3; 

FIG. 5 schematically illustrates a positron detector 

usable in the elution system of FIG. 3; 

Figs. 6a-6d schematically illustrate respective 

operating states of the Rubidium elution system of FIG. 3; 
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FIGs. 7a-7c schematically illustrate a first algorithm 

for controlling the Rubidium elution system of FIG. 3; and 

FIGs. 8a-8c schematically illustrate 

algorithm for controlling the Rubidium elution 

FIG. 3;. 

It will be noted that throughout the 

a second 

system of 

appended 

drawings, like features are identified by like reference 

numerals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a Rubidium (82Rb) 

elution and control system in which the 82Rb activity rate 

delivered to a patient can be controlled substantially 

independently of the condition of 

Representative embodiments are 

reference to FIGs. 3-8. 

In the embodiment of FIG. 

the 82Sr / 82 Rb generator. 

described below with 

3 I the elution system 

comprises reservoir 4 of sterile saline solution (e.g. 0.9% 

Sodium Chloride Injection) a pump 6 for drawing saline 

from the reservoir 4 at a desired flow rate; a generator 

20 valve 16 for proportioning the saline flow between a 

strontium-rubidium (82 Sr/82Rb) generator 8 and a bypass line 

18 which circumvents the generator 8; a positron detector 

2 O located downstream of the merge point 22 at which the 

generator and bypass flows merge; and a patient valve 24 

25 for controlling supply of active saline to a patient outlet 

10 and a waste reservoir 26. A controller 28 is connected 

to the pump 6, positron detector 20 and valves 16 and 24 to 

control the elution system 14 in accordance with a desired 

control algorithm, as will be described in greater detail 

30 below. 
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If desired, the strontium-rubidium 

generator 8 may be constructed in accordance with 

Applicant's co-pending United States Patent Application No. 

11/312, 368 entitled A Rubidium Generator For Cardiac 

5 Perfusion Imaging And Method Of Making And Maintaining 

Sarne, filed December 21, 2005. In such cases, the pump 6 

may be a low-pressure pump such as a peristaltic pump. 

However, other types of generator may be used. Similarly, 

other types of pump may be used, provided only that the 

10 pump selected is appropriate for medical applications and 

is capable of maintaining a desired saline flow rate 

through the generator. 

The generator and patient valves 16, 24 may be 

constructed in a variety of ways. In principal, the 

15 generator valve may be provided as any suitable valve 16 

arrangement capable of proportioning saline flow between 

the generator 8 and the bypass line 18. If desired, the 

generator valve may be integrated with the branch point 30 

at which the saline flow is divided. Alternatively, the 

20 generator valve 16 may be positioned downstream of the 

branch point 3 O, as shown in FIG. 3. In embodiments in 

which flexible (e.g. Silicon) tubing is used to convey the 

saline flow, the generator valve 16 may be provided as one 

or more conventional "pinch" valves of the type illustrated 

25 in FIG. 4. The use of pinch valves is beneficial in that 

it enables saline flow to be controlled in a readily 

repeatable manner, and without direct contact between the 

saline solution and components of the valve. Factors 

associated with the design of the patient valve 24 are 

30 substantially the same as those discussed above for the 

generator valve 16, with the exception that the saline flow 

through the patient valve 24 is (or must be' assumed to be) 

carrying radioactive 82Rb. Accordingly, while any suitable 
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valve design may be selected for the patient valve 24, it 

is particularly beneficial to avoid direct contact between 

the active saline solution and valve components. For this 

reason, pinch valves are pref erred for the patient valve 

5 24. 

As may be seen in FIG. 5, 

conveniently be provided as 

the positron detector 20 may 

a scintillator 32 disposed 

immediately adjacent to a feed-line 33 carrying the active 

saline solution; a photon counter 34 optically coupled to 

10 the scintillator 32; and a radiation shield 36 surrounding 

the scintillator 32 and photon counter 34. The 

scintillator 32 may be provided by a length of fluorescent 

optical fiber, which absorbs Beta (e+) radiation generated 

by 82Rb decay to produce a photon. The photon counter 34 

15 (which may, for example be an H7155 detector manufactured 

by Hamamatsu) detects incident photons, and generates a 

detection signal 38 corresponding to each detected photon. 

The shielding 36, which may be constructed of lead (Pb), 

serves to shield the scintillator 32 and photon counter 34 

20 from ambient Gamma and Beta radiation. In some 

embodiments, the radiation shield 36 is approximately ~ 

inch thick in the vicinity of the scintillation fiber 32, 

and may extend (in both directions) at least 5-times the 

feed-line 33 outer diameter from the scintillation fiber 

25 32. This arrangement effectively suppresses ingress of 

ambient Gamma and Beta radiation along the channel through 

which the feed-line 33 passes. As a result, spurious 

photons are suppressed, and the rate at which photons are 

30 

counted by the photon counter 34 will 

the 82Rb activity concentration of 

be proportional to 

the active saline 

solution adjacent to the scintillator 32. 

illustrated embodiments, the number of photons 

In the 

detected 

within a predetermined period of time is counted (e.g. by 
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the controller 28), and the count value Cctet is used as an 

activity parameter which is proportional to the 82Rb 

activity concentration. If desired, a proportionality 

constant K between the activity parameter Cctet and the 82Rb 

5 activity concentration can be empirically determined. 

In operation, the pump 6 and valves 16, 24 can be 

controlled to route saline solution through the system 14 

in accordance with various modes of operation, as may be 

seen in FIGs. 6a-6d. Thus, for example, in a "Bypass-to-

10 waste" mode of the system illustrated in FIG. 6a, the 

generator and patient valves 16, 24 are positioned to route 

the entire saline flow through the bypass line 18, and into 

the waste reservoir 26. 

for initializing the 

This mode of operation is suitable 

system 14 immediately prior to 

15 beginning an elution run. 

FIG. 6b illustrates a "patient line flushn mode of the 

system 14, in which the generator and patient valves 16, 24 

are positioned to route the saline flow through the bypass 

line 18 and out through the patient outlet 10. This mode 

20 of operation may be used prior to an elution run to prime 

(that is, expel air from) the patient line 40 in 

preparation for insertion of the patient outlet into, for 

example, a vein of a patient. At the end of an elution 

run, this mode may also be used to flush any 82Rb activity 

25 remaining within the patient line 40 into the patient, 

thereby ensuring that the patient receives the entire 

activity dose required for the PET imaging. 

FIG. 6c illustrates a "waiting for threshold" mode of 

the system 14, in which the generator and patient valves 

30 16, 24 are positioned to route the saline flow through the 

generator 8, and into the waste reservoir 26. This mode of 

operation is suitable during the beginning an elution run, 
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while the 82Rb concentration is increasing from zero, but 

has not yet reached desired levels. Flushing this leading 

portion of the 82Rb bolus 12 to the waste reservoir 26 

avoids exposing the patient to 

and allows the total activity 

patient to be closely controlled. 

unnecessary 82Rb activity 

dosage delivered to the 

FIG. 6d illustrates an "elution" mode of the system 

14, in which the generator valve 16 is actively controlled 

via a control loop 42 from the positron detector 20 to 

10 proportion saline flow through both the generator 8 and the 

bypass line 18. The generator 8 and bypass saline flows 

are then recombined (at 22) downstream of the generator 8 

to produce an active saline solution having a desired 82Rb 

activity concentration. The patient valve 24 is positioned 

15 to direct the active saline solution to the patient outlet 

10. 

In the foregoing description, each operating mode is 

described in terms of the associated steps in performing an 

elution run to support PET imaging of a patient. However, 

20 it will be appreciated that this context is not essential. 

Thus, for example, one or more of the above operating modes 

may be used to facilitate calibration of the system, in 

which case the patient outlet 10 would be connected to a 

conventional dose calibrator (not shown), rather than a 

25 patient. 

As will be appreciated from the· foregoing discussion, 

each of the operating modes of the elution system is 

controlled by the controller unit 28 operating under 

software control. As a result, it is possible to implement 

30 a wide variety of automated processes, as required. Thus, 

for example, elution runs can be fully automated, based on 

user-entered target parameters, which allows the user to 
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avoid unnecessary radiation exposure. Similarly, it is 

possible to automate desired system calibration and 82Sr 

break-through detection protocols, which ensures 

consistency as well as limiting radiation exposure of 

5 users. A further benefit of software-based elution system 

control is that data logs from each elution run can be 

easily maintained, 

diagnostics, but can 

elution parameters 

which 

also 

(e.g. 

assists 

be used 

elution 

not only system 

to ensure that the 

concentration and 

10 duration) specified for PET imaging have been satisfied. 

As described above, in the \\elution" mode of operation 

(FIG. 6d) , the generator valve 16 is actively controlled 

via a control loop 42 from the positron detector 2 0 to 

proportion saline flow through both the generator 8 and the 

15 bypass line 18. Recombining the corresponding generator 

and bypass saline flows downstream of the generator 8 

produces an active saline solution having a desired 82Rb 

activity concentration. Preferably, the control loop 42 is 

implemented using suitable software executing in the 

20 controller 28. Representative algorithms for implementing 

the control loop 42 are described below with reference to 

FIGS. 7 and 8. 

In the embodiment of FIG. 7, the controller 28 

implements a threshold-based control algorithm, in which 

25 the generator valve 16 is controlled by comparison of 

measured activity concentration to a desired activity 

concentration. If the measured concentration is higher than 

the desired concentration, the generator valve 16 directs 

saline flow to the bypass line 18 rather than the generator 

3 0 8, and vice versa. 

In general, the elution run is designed to generate a 

target 82Rb activity concentration which follows a desired 
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function in time CM(t). In the embodiment of FIG. 7, CM(t) 

is a square-wave function having a predetermined constant 

activity concentration CM and duration (t 2 -t 1 ), as may be 

seen by the dotted line of FIG. 7b. These parameters may 

5 be provided by explicit user input using the user interface 

44 (Fig. 3) , or calculated f ram other user-input 

parameters, such as a total activity dosage and saline flow 

rate. As will be appreciated, the target activity profile 

CM(t) need not be a square-wave function, other profiles 

10 may be used, such as a ramp function, if desired. 

In some embodiments, the target activity profile CM(t) 

may define the desired 82Rb activity concentration at the 

patient outlet 10. In such cases, an adjusted target 

profile C'M(t) may be computed based on the selected flow 

15 rate and patient supply line length, to account for 

expected 82Rb decay (and thus loss of activity) in the 

patient supply line 40 between the positron detector 20 and 

the patient outlet 10. 

that it allows a user 

This arrangement is advantageous in 

to specify an amount of activity 

20 (either activity concentration or total dose) delivered to 

the patient, and the control loop 42 will operate to match 

this specification, taking into account the 82Rb decay 

within the system 14. 

FIG. 7a is a flow chart illustrating a representative 

25 threshold-based valve control algorithm which may be used 

30 

in the embodiment of FIG. 7. For ease of illustration, the 

flow-chart of FIG. 7a only illustrates the control loop. 

Process steps and threshold, related to transitioning 

between various modes of operation are not shown. 

In preparation for an elution run, a user enters 

target parameters for the elution. These 

include any three of: total activity dose, 

parameters may 

target activity 
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concentration, elution duration, and saline flow rate. 

From the entered parameters, the remaining parameter can be 

calculated, and, if desired, an adjusted target profile 

C'M(t) obtained (step 82). 

At the start of the elution run, the controller 28 

opens the generator valve 16 (at time t 0 in FIG. 7b) to 

place the elution system 14 into the "Waiting for 

Threshold" mode. During this period, the activity level 

detected by the positron detector will begin to ramp up 

10 following the leading edge of the 'natural' bolus curve 12 

(Fig. 2a) During this period, the patient valve 24 

remains closed, so that any activity eluted from the 

generator 8 is passed to the waste reservoir 26. When the 

detected activity concentration Cctet exceeds the target 

15 value CM, the controller 28 opens the patient valve 24 (at 

time t 1 in FIG. 7b), and shifts to the "elution" mode of 

operation. 

During the elution mode, the controller 28 iteratively 

obtains an updated concentration parameter Cctet (at 84) , 

20 which indicates the instantaneous activity concentration at 

the positron detector. The concentration parameter Cctet is 

then compared to the desired concentration CM. If Cctet is 

below the desired concentration CM (at 86), the generator 

valve 16 is opened (at 88) so that saline flows through the 

25 generator 8 to elute 82Rb activity. If Cctet is above the 

desired concentration CM (at 810), the generator valve 16 

is closed (at 812) so that saline flows through the bypass 

line 18. As may be seen in FIG. 7b, due to delay in 

response, the result of this operation is a saw-tooth 

30 activity concentration profile 46 centered on the target 

concentration CM (or C' M) 

(time t 2 in FIG. 7b) f 

At the end of the elution run 

the controller 28 closes the 
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generator valve 16 and places the elution system 14 into 

the "Patient line Flush" mode, which terminates elution of 
82Rb activity from the generator 8 and flushes any 

remaining 82Rb activity within the patient line 40 into the 

5 patient. 

10 

FIG. 7c illustrates the activity concentration profile 

delivered to the patient as a result of the above-described 

process. As may be seen from FIG. 7c, no 82Rb activity is 

delivered to the patient during the "Waiting for Threshold" 

mode During the "elution" mode the 

activity concentration 46 follows a saw-tooth pattern 

centered on the target concentration CM (or C'M). Finally, 

in "Patient line Flush" mode following t 2 ) the activity 

concentration drops rapidly as 82Rb elution is terminated 

15 and residual activity is flushed from the patient supply 

line 40. 

As will be appreciated, the accuracy with which the 

delivered activity concentration follows the target profile 

CM(t) is largely dependent on the line volume between the 

20 merge point 22 and the positron detector 20. In some cases 

relatively large excursions from the target profile CM (t) 

are acceptable. However the control loop response is such 

that the difference cannot be reduced past a certain limit. 

As a result, the "error" between the target profile CM(t) 

25 and the delivered concentration profile 46 (Fig. 7c) cannot 

be eliminated in the embodiment of FIG. 7. A pulse-width 

modulation technique which overcomes this limitation is 

described below with reference to FIG. 8. 

The embodiment of FIG. 8 differs from that of FIG. 7 

30 primarily in the manner in which the generator valve 16 is 

controlled. In the embodiment of FIG. 7, the generator 

valve 16 is opened or closed based on a comparison between 
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the detected activity concentration Caet and desired 

activity concentration. By contrast, in the embodiment of 

FIG. 8, the generator valve is opened and closed 

continuously at a predetermined frequency. Any desired 

5 frequency may be used, depending primarily on the physical 

properties of the generator valve 16. In some embodiments, 

a frequency of between 1 and 10 Hz {e.g. 5 Hz) may be used. 

In order to control the proportioning of saline flow 

between the generator 8 and the bypass line 18, the duty 

10 cycle of the valve 16 is varied. Thus, for example, a duty 

cycle of "0" may have the effect of directing the entire 

saline flow through the bypass line 18, and a duty cycle of 

"100" directs the entire saline flow through the generator 

8. A duty cycle between these limits divides the saline 

15 flow between the generator 8 and bypass line 18 in 

accordance with the duty cycle value. The precision with 

which the saline flow can be divided between the generator 

8 and bypass line 18 will be determined by a minimum 

adjustment step size, which can be a programmable value. 

20 As described above, the amount of 82Rb eluted from the 

generator 8, for any given flow rate, will depend on the 

recent usage history of the elution system 14, and the 

instantaneous production rate of 82Rb within the generator 

8. Accordingly, it is possible to improve the accuracy of 

25 the elution system 14 by implementing a predictive control 

algorithm, in which models of the valve 16 and generator 

performance are used to predict the amount of 82Rb activity 

that will be eluted from the generator 8 for a given duty 

cycle setting. 

30 In particular, the generator performance can be 

modeled to predict the amount of 82 Rb activity that will be 

eluted from the generator for a given flow rate, as will be 
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described in greater detail below. In some embodiments, a 

dose calibrator (not shown) is used to measure the 

generator performance in terms of, for example, 

activity concentration vs. eluted volume. This data can be 

5 used to predict eluted 82Rb activity concentration for any 

given saline flow rate. 

In addition, the generator valve response can be 

modeled to enable a prediction of the flow rate through the 

generator for any given total saline flow rate (as 

10 determined by the pump control setting) and valve duty 

15 

20 

25 

cycle. In some embodiments, the valve response may be 

modeled in terms of respective parameters defining upper 

and lower duty cycle limits I1max and Timin, and a flow ratio 

vs. duty cycle slope L between the upper and lower limits. 

With this arrangement, the upper duty cycle limit TI max 

represents the value beyond which all of the flow is 

considered to be directed into the generator 8 . 

Conversely, the lower duty cycle limit I1min represents the 

value below which all of the flow is considered to be 

directed into the bypass line 18. The flow ratio vs. duty 

cycle slope L defines the change in the ratio between the 

respective flows through the generator 8 and the bypass 

line 18 for duty cycle values lying between the upper and 

lower limits. 

In cases where the valve response is non linear, it 

may be advantageous to replace the flow ratio vs. duty 

cycle slope parameter L with one or more parameters 

defining a mathematical valve response curve. 

At the start of the elution run, the controller 28 

30 opens the generator valve 16 (at time t 0 in FIG. Sb) to 

place the elution system into the "Waiting for Threshold" 

mode. During this period, the activity level detected by 
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the positron detector 20 will begin to ramp up following 

the leading edge of the 'natural' bolus curve 12 (Fig. 2a). 

During this period, the patient valve 24 remains closed, so 

that any activity eluted from the generator is passed to 

5 the waste reservoir 26. When the detected activity 

10 

concentration reaches the target concentration CM (or 

adjusted target C'M, as applicable), the controller 28 

opens the patient valve 24 (at time t 1 in FIG. 8b) , and 

shifts to the "elution" mode of operation. 

During the elution mode, the controller 28 implements 

a predictive control algorithm in which previously stored 

generator performance data is used 

flow ratio that will yield 

(at 814) to estimate a 

the target activity 

concentration CM (or C'M) at the positron detector 20, for 

15 the selected flow rate of the elution run. This estimated 

(predicted) flow ratio is then used to control the duty 

cycle of the generator valve 16. The controller 28 then 

obtains an updated concentration parameter Cctet (at 816) , 

which indicates the instantaneous activity concentration at 

20 the positron detector 20. The concentration parameter Cctet 

is then compared to the target concentration CM (or C'M) to 

obtain an error function ~C (at 818) . Based on the value 

of the error function ~C, the duty cycle of the generator 

valve 16 is adjusted. If ~C<O (step 820), the duty cycle 

25 is increased (at 822) so that proportionally more saline 

flows through the generator 8 to elute more 82Rb activity. 

If ~C>O (step 824), the duty cycle is decreased (at 826) so 

that proportionally more saline flows through the bypass 

line 18. If neither condition is satisfied the duty cycle 

30 is maintained at its current status (828) . As may be seen 

in FIG. 8b, the result of this operation is a low-error 

concentration profile 48 that closely matches the target 

concentration CM (or C'M). At the end of the elution run 
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(time t 2 in FIG. Bb) , the controller 2B closes the 

generator valve 16 (that is, reduces the duty cycle to "0") 

and places the elution system 14 into the "Patient line 

Flush" mode, which terminates elution of 82Rb activity from 

5 the generator B and flushes any remaining 82Rb activity 

within the patient line 40 into the patient. 

FIG. Be illustrates the activity concentration profile 

48 delivered to the patient as a result of the above-

described process. As may be seen from FIG. Be, no 82Rb 

10 activity is delivered to the patient during the "Waiting 

for Threshold" mode (t 0 -t 1 ). During the "elution" mode (t 1 -

t2), the activity concentration closely follows the target 

concentration CM (or C'M) Finally, in "Patient line 

Flush" mode following t 2) the activity concentration 

15 drops rapidly as 82Rb elution is terminated and residual 

activity is flushed from the patient supply line 40. 

In practice, the above-described predictive control 

algorithm has been found to produce an 82Rb activity 

concentration that closely matches the desired target 

20 profile CM (t) , except during the first few seconds of the 

elution, where significant prediction errors may occur. In 

cases where all of the activity from the generator must be 

eluted to reach the requested total dosage, this error must 

be tolerated. However, in other cases it is possible to 

25 eliminate the error by delaying the start of the "elution" 

30 

mode of operation. Thus, for example, during the "waiting 

for threshold", mode, the detected activity level Cctet can 

be monitored and compared to a threshold (e.g. 90% of the 

target concentration CM) When the threshold level is 

reached, the generator valve control loop 42 begins 

operating as described above with reference to FIGs. Ba and 

Bb, but the patient valve 24 remains closed so that active 

1264 of 1573



WO 2007/104133 PCT /CA2007 /000295 

- 18 -

solution continues to be routed to the waste reservoir 26. 

After a predetermined delay, the patient valve 24 opens to 

begin supplying active saline solution to the patient 

outlet 10. The duration of the delay may be calculated 

5 based on the relative activity of the elution. For 

example, in elutions in which the target activity 

concentration CM is less than 10% of the maximum 

concentration that the generator 8 can produce, a delay of 

about 10 seconds may be used. Conversely, for elutions in 

10 which the target activity concentration CM is more than 

about 70% of the maximum concentration that the generator 8 

can produce, no delay may be required. For elutions in 

which the target activity concentration lies between these 

two limits, an intermediate delay may be calculated. 

15 As described above, the predictive control algorithm 

uses stored generator performance data to model the 

generator performance and thereby enable prediction of a 

valve flow ratio (or, equivalently duty cycle) that will 

yield the target activity concentration CM (or C'M) at the 

20 positron detector 20. One way of obtaining the generator 

performance data is to calibrate the elution system 14 by 

performing a predefined elution run with the patient outlet 

10 connected to a conventional dose calibrator (e.g. a 

Capintec CRC-15). Such a calibration elution run enables 

25 the dose calibrator to be used to measure the generator 

performance in terms of, for example, 82Rb activity 

concentration vs. eluted volume. This data can be used to 

predict eluted 82Rb activity concentration, for any given 

saline flow rate, with an accuracy that that will gradually 

30 decline with time elapsed since the calibration run. 

Repeating the calibration run at regular intervals (e.g. 

once per day) allows the generator performance data to be 

updated to track changes in the generator performance as 
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the generator 8 ages, and thereby enable accurate flow 

ratio prediction between successive calibration runs. If 

desired, calibration elutions can be scheduled to run 

automatically, for example as part of a daily protocol, 

5 which ensures system accuracy and at the same time limiting 

the potential for human error. 

Preferably, calibration elution runs are performed at 

the same flow rate (e.g. 15ml/min), and over the same 

duration (e.g. 1 minute). This enables the known half-life 

10 of the 82Rb ( 76 seconds) to be used to predict the decay 

time of activity detected by the dose calibrator. A 

difference between the predicted and actual decay times 

indicates breakthrough of 82Sr. Accordingly, 82Sr 

breakthrough can be automatically detected as part of a 

15 scheduled system calibration protocol, by sampling the 

activity level in the dose calibrator at regular intervals 

throughout the duration of each calibration elution run, 

and for a predetermined period following completion of the 

calibration run. The resulting calibration data tracks the 

20 activity level within the dose calibrator, as both a 

function of time and active saline solution volume. 

Calibration data collected during the elution enables 

prediction of the 82Rb decay curve after the elution has 

stopped. Comparison between this predicted decay curve and 

25 the calibration data collected after the elution enables 

detection of 82 Sr breakthrough. 

30 

The calibration data collected during the elution can 

also be used to calculate the proportionality constant K 

between the activity parameter Cctet and the 82Rb activity 

concentration. In particular, the instantaneous activity 

detected by the dose calibrator during the calibration 

elution is the convolution of the activity concentration 
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and the well known 82Rb decay curve. Since the saline 

volumetric flow rate is known, the calibration data 

collected during the elution can be used to calculate the 

actual activity concentration of the active saline solution 

5 entering the dose calibrator, and thus the proportionality 

constant K. 

In the foregoing description, the predictive control 

algorithm uses stored generator performance data to predict 

a valve duty cycle that will yield the target activity 

10 concentration CM (or C'M) at the positron detector, and 

this estimate is used to control the generator valve 16. 

An error 1'::.C between the detected concentration parameter 

Cctet the target activity concentration CM is then calculated 

and used to adjust the flow ratio (duty cycle) of the 

15 generator valve 16. This error may also be used as data 

input for a self-tuning algorithm for updating the 

generator valve response parameters. This functionality is 

useful for ensuring accuracy of the predictive control 

algorithm, as well as compensating valve performance 

20 changes due, for example, to component aging and wear. 

In some embodiments, the self-tuning algorithm uses 

error data accumulated over a number of elution runs. 

Thus, for example, during each elution run, desired flow 

ratios can be calculated (e.g. based on the saline flow 

25 rate, target activity concentration CM and stored generator 

performance data) and error function 6.C values stored as a 

function of desired flow ratio. Accumulation of error 

value vs. flow ratio data over a number of elution runs can 

then be processed to obtain a slope error 6.L. This error 

30 value can then be used to incrementally adjust the flow 

ratio vs. duty cycle slope parameter L of the value so as 

to drive the slope error 6.L toward zero. 
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The upper duty cycle limit Dmax may be adjusted based 

on error data accumulated during el utions in which the 

predicted activity concentration from the generator cannot 

satisfy the desired target value CM. This situation can 

5 occur during elution runs conducted toward the end of the 

useful life of the generator 8, when the 82Rb production 

rates are at their lowest. When the predicted activity 

concentration from the generator 8 is less than the desired 

target value CM, the predictive control algorithm will 

10 operate to set the duty cycle at its upper limit value nm~· 

In this condition, if the measured concentration parameter 

Cctet is less than the target value CM, the error function 

value ~C will be a non-zero value, and the corrective loop 

(FIG. Sa) will attempt to further increase the duty cycle. 

15 If no further increase in the concentration parameter Cctet 

occurs (as indicated by a change in the function value ~C), 

then the upper lirni t value Dmax may be reduced by a 

predetermined step size (e.g. 10-5
). On the other hand, if 

operation of the corrective loop does produce an increase 

2 0 in the detected concentration Cctet, the slope of the error 

data can be used to increase the upper limit value Timax· 

25 

If desired, a similar approach can be used to correct 

for hysteresis of the valve 16. Hysteresis refers to a 

system behaving differently depending on the direction of 

change of an input 

response. In the 

type illustrated 

parameter, usually involving a delayed 

case of a bi-state pinch valve of the 

in Fig. 4 the opening and closing 

latencies 

itself in 

may 

the 

differ. This valve hysteresis manifests 

algorithm threshold-based elution control 

30 described above with reference to FIG. 7, and appears as a 

difference between a predicted elution duration (required 

to achieve a desired eluted activity dose) and the actual 

elution duration required to obtain that dose. 
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Accordingly, by monitoring the actual 

"total activity dose"-type elution runs, 

calculate a hysteresis factor H, which 

the threshold set point (i.e. the 

PCT /CA2007 /000295 

elution time for 

it is possible to 

can be applied to 

target activity 

5 concentration CM) to compensate the valve hysteresis. 

In the foregoing embodiments, the generator valve is 

controlled as a bi-state valve, which is either "on" to 

direct all of the saline solution flow into the generator 

8; or "off" to direct all of the saline solution flow into 

10 the bypass line 18. In the embodiment of FIG. 7, the 

generator valve 16 is controlled in precisely this manner, 

in response to a threshold comparison. In the embodiment 

of FIG. 8, the valve 16 is cycled continuously at a 

predetermined frequency (e.g. 5Hz) and the duty cycle 

15 adjusted to emulate a continuously (or step-wise) variable 

proportioning valve. Both of these methods of valve 

control are particularly suited to embodiments in which the 

valve of FIG. 4, for example, is controlled by a solenoid 

and a spring. However, it will be appreciated that a 

20 continuously variable valve could be used, if desired. For 

example, the position of the valve of FIG. 4 could be 

controlled by a servo-motor, in which case accurate 

proportioning of saline flow between the generator and 

bypass lines could be obtained without cycling the valve 

25 between "on" and "off" states. Clearly, use of different 

generator valve control techniques would imply 

corresponding differences in the valve control signal and 

response parameters. However, based on the teachings 

provided herein, it is considered that all such 

30 modifications will be well within the purview of those of 

ordinary skill in the art, and therefore are contemplated 

within the scope of the present invention. 
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The embodiment(s) of the invention described above 

is(are) intended to be exemplary only. The scope of the 

invention is therefore intended to be limited solely by the 

scope of the appended claims. 
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WE CLAIM: 

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

having a generator valve for proportioning a flow of 

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

bypass line coupled to an outlet of the generator 

such that saline solution traversing the bypass line 

will merge with eluted saline solution emerging from 

the generator to provide an active saline solution, 

the method comprising steps of: 

during each elution run: 

obtaining a plurality of successive concentration 

parameter values at predetermined intervals, 

each concentration parameter value being 

indicative of a respective instantaneous 

activity concentration of the active saline 

solution; 

computing respective error values between each 

concentration parameter value and a target 

activity concentration value of the elution 

run; and 

accumulating error data based on a plurality of 

the computed error values; and 

between successive elution runs, adjusting at least 

one performance parameter of the elution system 

based on the accumulated error data. 

2. A method as claimed in claim 1, wherein the step of 

adjusting at least one performance parameter of the 

elution system comprises a step of tuning a 

performance model of the generator valve. 
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3. A method as claimed in claim 2, wherein the 

accumulated error data comprises the computed error 

values as a function of an estimated flow ratio. 

4. A method as claimed in claim 3, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

calculating a slope of the error data; and 

adjusting a response slope parameter of the generator 

valve model based on the calculated slope of the 

error data. 

5. A method as claimed in claim 2, wherein the error 

data comprises one or more error values accumulated 

during a period in which a target activity 

concentration of an elution exceeds the predicted 

activity concentration of that elution. 

6. 

7. 

A method as claimed in claim 5, 

tuning a performance model of 

comprises steps of: 

wherein the step of 

the generator valve 

calculating a slope of the error data; and 

adjusting an upper limit parameter of the generator 

valve based on the calculated slope of the error 

data. 

A method as claimed 

adjusting the upper 

of: 

in claim 6, wherein the step of 

1 imi t parameter comprises steps 

if the calculated slope is zero, reducing the 

upper limit parameter by a predetermined 

increment; and 
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otherwise, calculating an adjusted upper limit 

parameter value using the calculated slope. 

8. A method as claimed in claim 2, wherein the error 

data comprises a difference between a predicted 

elution duration required to achieve a desired total 

activity dose and an actual elution duration. 

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

tuning a performance model of the generator valve 

comprises a step of adjusting a hysteresis factor H 

based on the difference between the predicted and 

actual elution durations. 

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

step of enforcing a predetermined delay between 

successive elution runs. 

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

steps of: 

12. 

defining a plurality of operating modes of the 

elution system; and 

during each elution run, automatically transitioning 

between selected ones of the operating modes, in 

accordance with user-input parameters of the 

elution run. 

A method as claimed in claim 11, 

plurality of operating modes comprise: 

wherein the 

a "Bypass-to-waste" mode in which the entire saline 

flow is directed through the bypass line and into 

a waste reservoir; 

1273 of 1573



WO 2007/104133 PCT /CA2007 /000295 

- 27 -

a "patient line flush" mode in which the saline flow 

is directed through the bypass line and out 

through a patient outlet; 

a "waiting for threshold" mode in which the saline 

flow is directed through the generator, and the 

active saline solution directed into the waste 

reservoir; and 

an "elution" mode in which the saline flow is 

proportioned between the generator and the bypass 

line, and the active saline solution directed out 

through the patient outlet. 

13. A method as claimed in claim 11, wherein the user

input parameters comprise: 

at least one of a desired duration of the elution, 

and a desired saline flow rate; and 

at least one of a target activity concentration 

profile, and a total eluted activity dose. 

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

steps of: 

15. 

defining a set of one or more predetermined elution 

runs, each having respective set of predetermined 

parameters; and 

executing the set of predetermined elution runs in 

accordance with a predetermined schedule. 

A method as claimed in claim 14, wherein 

predetermined schedule defines a daily protocol. 

the 

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

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

of: 

a performance of the generator; 

a proportionality constant between the concentration 

parameter value and the instantaneous activity 

concentration of the active saline solution. 

A method as claimed in claim 16, wherein the 

calibrated performance of the generator comprises 

either one or both of: 

82Rb activity concentration vs. eluted volume; and 

82Sr breakthrough. 

18. A positron detector for detecting instantaneous 82Rb 

activity concentration of an active saline solution 

generated by an 82Sr/82Rb elution system, the positron 

detector comprising: 

a scintillation fiber disposed adjacent a feed line 

for conveying the active saline solution; 

a photon counter operatively coupled to the 

scintillation fiber for detecting photons 

generated by positron annihilation within the 

scintillation fiber; and 

a radiation shield surrounding the scintillation 

fiber and at least a portion of the feed line, 

for shielding at least the scintillation fiber 

from spurious radiation. 

19. A positron detector as claimed in claim 18, wherein a 

thickness of the radiation shield is on the order of 

~ inch. 
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20. A positron detector as claimed in claim 18, wherein 

the radiation shield surrounds a length of the feed 

line corresponding to at least five times an outer 

diameter or the feed line, in each direction from the 

scintillation fiber. 
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AUTOMATED STRONTIUM-RUBIDIUM INFUSION SYSTEM 

The invention relates to medical engineering, and particularly to means for automation 

of a process for producing a diagnostic solution from a radionuclide strontium-rubidium 

5 generator and remote carrying out a checked infusion with automatic checking main process 

characteristics, such as an introduced activity value, presence of air bubbles as well as a 

solution weight and activity in a waste container. 

One of the most perspective directions m the nuclear diagnostics is the positron 

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

10 and F-18 are used in the PET centers. This obliges to have cyclotrons at the place of 

diagnostic for making such isotopes. It is possible to widen the functionality of the PET 

diagnostics in use of generator systems having a parent radionuclide lifetime significantly 

longer that a lifetime of radionuclides made in cyclotrons of the PET centers. Generator 

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

15 (t112 = 78.3 minutes) are the most promising systems among the PET isotope generators. 

Therefore, it is possible to say with respect to generator isotopes that any clinics 

having PET scanners within a region, a country or a group of countries are to be provided 

with said isotopes. 

Generator systems can find the widest use in so called mobile PET scanners mounted 

20 in auto-trailers and called for servicing clinics that have no both own cyclotrons and own PET 

scanners. Absence of "affixment" of such a mobile PET scanner to an isotope base 

substantially widens a radius of the territory serviced thereby. 

A strontium-rubidium infusion system for producing a diagnostic solution from a 

radionuclide strontium-rubidium generator and carrying out a checked infusion is known (US 

25 4,562,829, 1986), said system comprising: an eluent tank connected by respective pipes of a 

transporting system via a first three-way valve to a syringe pump; a strontium-rubidium 

generator with a first filter and a first pressure sensor at an input; a second three-way valve 

whose first opening is coupled via a second filter to means for infusing an eluent into a patient 

and whose second opening is coupled to an eluate surplus storing and collecting means; 

30 radioactivity measurement means; and a check and control system. The prior art system is not 

optimal in a degree of radioactive radiation protection and in a service life of a generator 

column. 

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

technical result to be accomplished by using the inventive system consists in enhancement of 
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effectiveness in carrymg out of a diagnostic procedure due to automation of the infusion 

procedure, reducing undesirable irradiation doses for a patient and maintenance personnel, 

increasing exploitation lifetimes of a generator column. 

The essence of the disclosed invention consists m that an automated strontium-

5 rubidium infusion system comprises: an eluent tank, a strontium-rubidium generator with a 

filter and a pressure sensor at an input; means for infusing an eluent into a patient, said tank, 

generator and means being connected by a transporting system to pipes and two three-way 

valves; radioactivity measuring means; and a check and control unit. At the same time, the 

eluent tank is connected via first and second openings of the first three-way valve to a syringe 

10 pump, a first opening of the second three-way valve is coupled by pipes via a second filter to 

the means for infusing the eluent into the patient and is coupled by a second opening thereof 

to a waste receptacle. The system further comprises: third and fourth three-way valves; first 

and second air bubble detectors coupled to the check and control unit being in communication 

with a computer, said third three-way valve being connected by first and second openings via 

15 pipes to a third opening of the first three-way valve and to an input of the strontium-rubidium 

generator, respectively, an output of the generator being coupled to a first opening of the 

fourth three-way valve, wherein the third opening of the third valve and a second opening of 

the fourth valve are in communication by a pipe, the first air bubble detector is mounted on a 

pipe between the eluent tank and the first opening of the first valve while the second detector 

20 is mounted on a pipe between the third openings of the fourth and second valves. 

Further, the radioactivity measurement means include first and second activity sensors. 

At the same time, the first activity sensor is placed on a pipe between the third openings of the 

fourth and second valves and is embodied as a beta detector. 

A radiation protection of the eluate surplus collecting and storing means may be 

25 implemented as a protection box including waste weight check means in the form of a force 

sensor, while the second activity sensor in the form of a gamma detector may be mounted 

within an opening of the protective box in order to determine a radioactivity level. 

A column of the strontium-rubidium generator has a radiation protection including 

external main and transportation protective containers, said main protection container being 

30 mounted stationary on a shelf of a bogie. 

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

with a shifting tabletop. 

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

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

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

Conditional notation used in drawings is listed below: 

1 - Eluent tank 

2, 3, 4, 5 - three-way valves 

6, 7 - activity sensors 

8, 9 - pressure sensors 

10 - Syringe pump 

11 - strontium-rubidium generator 

12 - Check and control unit 

13 - Weight sensor 

14 - Remote computer 

15, 16 - filters 

17, 18 - air bubble detectors 

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

20 - Eluent and eluate waste receptacle 

21 - Movable housing 

22 - Stand 

23 - Protective container of strontium-rubidium generator 

24 - Protective container for beta detector 

25 - Power supply source 

26 - Protective box of waste reservoir 

27 - Shifting tabletop 

PCT/RU 2008/000211 

An automated strontium-rubidium infusion system includes means for generating 

25 rubidium-82 in a solution which can be infused into a patient, exactly, a rubidium-strontium 

generator 11 (Fig. 1) of a traditional type in a transporting container. This container is placed 

in a protective external main container 23 and fulfils a main radiation protection function 

together with the latter. The assembled system may be mounted in a movable housing 21 (Fig. 

2) covered by decorative panels (not shown). There is a stand 22 mounted on a tabletop and 

30 having an eluent tank fastened thereon. There are a syringe pump 10 and a computer 14 

further mounted here. Components mounted on an upper shelf of the movable housing 21 are 

as follows: 

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

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

activity of a solution passed through the strontium-rubidium generator 11; 

- a power supply source 25. 

A protective box 26 is placed at a lower shelf, said box having an eluent and eluate 

5 waste receptacle arranged therein. 

A top lid of the container 23 is turned back in Fig. 3, which makes it possible to see a 

cavity into which the transporting container with the strontium-rubidium generator 11 is 

placed. In order to make easier the access to the main protective container 23 during 

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

10 column of the strontium-rubidium generator 11 and installation of a transporting container 

with a fresh column), a tabletop part is made as a shifting tabletop 27 which provides 

convenience in operation. 

Further, the system includes means for infusion, exactly (Fig. 1): a remote-controlled 

syringe pump 10 whose rod is actuated, for example, by a step motor; means for automated 

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

eluent and an eluate to a patient or an eluent and eluate waste receptacle, said transporting 

system being provided with multi-way (three-way) valves 2 to 5 (Fig. 1) that ramify the 

transporting system in accordance with a job making program; antibacterial protection means, 

exactly, antibacterial filters 15 and 16 at an input and at an output of the transporting system; 

20 eluate activity measurement means 6 and 7 for monitoring and dozing in infusion into a 

patient; pressure measurement means 8 and 9 for measurement a pressure in the transporting 

system, said means being designed for measuring occlusion as well; an eluent and eluate 

waste receptacle 20 also capable of measuring a solution activity value and a solution weight 

in a waste reservoir 13; means 12 for automated check throughout the eluation process and 

25 components thereof, implemented by on-board or remote computers 14. 

The tank 1 with an eluent (for example, brine) is connected by a plastic fitting to a 

pipe (for example, an infusion tube that has an outer diameter of 2.5 mm with an inner 

diameter of 1.5 mm). Lengths of such tubes (pipes) are used further to build the transporting 

system as a whole for infusion. Other end of the pipe is attached via an air bubble detector 17 

30 that generates a signal to a check and control unit 12 in case of passing an air bubble, and said 

unit generates a control signal to valves 2, 3, 4, and 5 as a result of which the eluent solution 

comprising the air bubble is removed into the eluent and eluate waste receptacle 20 and does 

not passes through the column of the strontium-rubidium generator 11. 
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The valve 2 switches the infusion system into one of two possible operating modes 

for: (1) filling the syringe when the syringe pump 10 operates for suction the brine from the 

eluent tank 1 (via the first and second openings of the valve); or (2) infusing, that is, 

supplying the brine from the filled syringe of the syringe pump 10 into the infusion system 

5 (via the first and third openings of the valve). 

Further, the three-way valve 2 is connected by a length of a connecting tube to the first 

opening of the third three-way valve 4 whose second opening is connected via the first filter 

15 to an input of the column of the strontium-rubidium generator 11. The first pressure sensor 

8 checks a pressure at the input of the column of the strontium-rubidium generator 11. 

10 The third opening of the valve 4 via a length of a connecting tube is connected to the 

second opening of the fourth three-way valve 5. This valve (the first opening) also has 

connections to an output tube of the column of the strontium-rubidium generator 11 and an 

extension of the infusion system in the third opening. 

When the syringe pump operates in the operating "infusion" mode, the pair of three-

15 way valves 4, 5, while operating in synchronism, allows either pumping the brine from the 

syringe 10 via the column of the strontium-rubidium generator 11 further to the infusion 

system already in the form of an eluate, that is, a Rb-82-enriched solution, or pumping the 

brine into the infusion system while by-passing the strontium-rubidium generator 11. Thus 

operating mode is used when a necessary Rb-82 activity amount has been made and should be 

20 delivered to a patient 19 while the infusion system should be filled with the inactive brine at 

the end of infusion into the patient. When the brine pumping mode is used, practically the 

entire transporting system, exceptive for a connecting pipe from the strontium-rubidium 

generator output to the fourth three-way valve, will be filled with the non-radioactive brine 

and will not be a source of additional undesirable radioactivity for the patient and the 

25 maintenance personnel; additionally, a brine volume necessary to after-press the made eluate 

into the patient will not pass through and deplete the column of the strontium-rubidium 

generator, because it is known that a potency of the generator depends not only upon a time of 

using thereof but also upon a volume of the brine passed through the generator. 

There are a first radioactivity detector 6 (a beta detector) and a second air bubble 

30 detector 18 mounted on a pipe from the third opening of the fourth three-way valve 5 to the 

third opening of the second three-wave valve 3, said air bubble detector being similar to the 

first air bubble detector 1 7 .. When an air bubble is detected, the detector 18 generates a signal 

to the check and control unit that generates a control signal to the second three-way valve 3. 

As a result, an eluate comprising the air bubble is removed into the eluent and eluate waste 

1298 of 1573



5 

WO 2008/140351 PCT/RU 2008/000211 

6 

receptacle 20. If an air bubble is not detected, the eluate is directed via the first of said three

way valve 3 and the second filter 16 into the patient, that is, onto a needle 19. 

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

location of the detector 18. 

The check for filling said waste receptacle with a liquid is carried out by a force 

sensor (not shown). To measure a radioactivity present in the eluent and eluate waste 

receptacle, the second radioactivity sensor 7 (a gamma detector) is used. The radiation 

protection of the eluate surplus collecting and storing means is implemented as a protection 

box including a force sensor, while the second activity sensor is mounted within an opening 

10 of the protective box. 

15 

20 

During infusion into the patient, the second three-way valve 3 is switched for passing 

the eluent to a pipe connected to the needle 19 via a Millipore filter 16. There is a second 

pressure sensor 9 mounted in this section which allows measurement of an occlusion pressure 

when an Rb-82-containing solution in administered into the patient. 

The process of operating the strontium-rubidium infusion system takes place under 

control of a control computer program that registers a status of each of devices included in the 

infusion system at moments of starting and finishing a step, and also registers actions of said 

devices under condition of their normal functioning and in case if an emergency situation 

occurs. 

To exclude overfilling the eluent and eluate waste receptacle 20 with a radioactive 

liquid, a level of said liquid is remotely checked using the force sensor; in doing so, there is 

monitoring of a total container and liquid weight (volume) and a limit value thereof. 

Additionally, by fixing a weight of the empty waste collection receptacle, a system for 

scheduled interrogating the check and control unit receives information that the receptacle is 

25 mounted in a container. A maximum waste volume in the receptacle is 250 ml. 

The check and control unit 12 is coupled to a remote computer whose display displays 

a graphical mnemonic diagram of the generator device, said diagram providing observation of 

parameters to be checked in an automatic mode and parameters for operating control of 

individual members (the electromagnetic three-way valves 2 to 5 and the pump 10) in a 

30 manual mode. The diagram makes it possible to observe a current state of all members (the 

valves 2 to 5, the air bubble detectors 17, 18) of the disclosed infusion system, and operation 

of the syringe pump 10. The system also allows reception of information about parameters of 

a pressure in a line from the pressure sensors 8, 9, and reception of information about an 
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eluate activity at an output of the generator column 11 and a total activity, a weight of the 

eluate and eluent waste receptacle 20, an activity in said receptacle from the detectors 6, 7. 

The check and control unit 12 of the system is connected to control members of the 

generator plant, that is, the electromagnetic three-way valves 2, 3, 4, 5 and the pump 10, and 

5 also includes members for gathering and processing signals from the sensors 6, 7 (the 

radioactivity sensors), 8, 9 (the pressure sensors), and 17, 18 (the bubble detectors). The 

control unit 12 is in communication with a panel personal computer (PPC) or any other 

remote computer (14) through an Ethernet channel. The control unit receives commands from 

the PPC or remote computer to execute individual steps of the generator plant operating 

10 program and informs said computers about a current state of members controlled thereby and 

a state of system sensors. 

The disclosed system improves the safety of use due to the fact that automation of the 

infusion process has allowed significant reduction in the radioactive irradiation because the 

system includes additional members that provide ramification of pipes. As a result, it is 

15 possible to after-press the made eluate into the patient by the eluent while by-passing the 

strontium-rubidium generator. At the same time, the pipe is pumped through by the non

radioactive eluent and there is no additional depletion of the strontium-rubidium generator, 

which makes the life thereof longer. Further, the risk of presence of air bubbles in the eluent 

delivered into the patient is excluded because of introducing air bubbles into the system of 

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

eluate wastes to the eluent and eluate waste receptacle via branches of the pipe without 

depletion of the strontium-rubidium generator. 
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CLAIMS 

1. An automated strontium-rubidium infusion system comprising: 

an eluent tank; 

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

means for infusing an eluent into a patient, said tank, generator and means being 

connected by a transporting system to pipes and two three-way valves; 

radioactivity measuring means; and 

a check and control unit, 

wherein the eluent tank is connected via first and second openings of the first three

way valve to a syringe pump, a first opening of the second three-way valve is coupled by 

pipes via a second filter to the means for infusing the eluent into the patient and is coupled by 

a second opening thereof to a waste receptacle, 

15 said system being characterized in that it further comprises: 

third and fourth three-way valves; 

first and second air bubble detectors coupled to the check and control unit being in 

communication with a computer, 

said third three-way valve being connected by first and second openings via pipes to a 

20 third opening of the first three-way valve and to an input of the strontium-rubidium generator, 

respectively, an output of the generator being coupled to a first opening of the fourth three

way valve, 

wherein the third opening of the third valve and a second opening of the fourth valve 

are in communication by a pipe, the first air bubble detector is mounted on a pipe between the 

25 eluent tank and the first opening of the first valve while the second detector is mounted on a 

pipe between the third openings of the fourth and second valves. 

2. The system according to claim 2, characterized m that the radioactivity 

measurement means include first and second activity sensors. 

3. The system according to claim 3, characterized in that the first activity sensor is 

30 placed on a pipe between the third openings of the fourth and second valves and is embodied 

as a beta detector. 

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

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

opening of the protective box. 

5. The system according to claim 1, characterized in that the strontium-rubidium 

generator has a radiation protection including external main and transportation protective 

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

10 

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

movable housing. 

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

a shifting tabletop. 
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~ (57) Abstract: The invention relates to medical engineering. The inventive automated strontium-rubidium infusion system com-
0 prises a container with eluent, a strontium-rubidium generator with a filter and a pressure sensor and an eluate infusion unit, which 
~ are connected by means of a transporting system provided with pipes and two three-way valves, radioactivity measuring means and 
-- a control and operating unit. An eluent container is connected to a syringe pump via the first valve, the second three-way valve is 
QO connected to the eluate infusion unit and a waste re~eptacle via the second filter. First and second air bubbles detectors are connected g to the control and operating unit. The second three-way valve is connected to the first three-way valve and to the input of the stron
M tium-rubidium generator. The generator output is connected to the fourth valve which is connected to the third valve. The first air 

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

~ 
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MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

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

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

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

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

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

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

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

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

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

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

npose,n:eHHH KOHTpOnHpyeMOH HHtPY3HH, c aBTOMan1qecKHM KOHTpOJieM 

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

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

I 0 aKTHBHOCTb paCTBOpa B KOHTeHHepe c OTXO.llaMH. 

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

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

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

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

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

20 

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

cymecTBeHHo pacmMpeHbI IIpH HCIIOJib30BaHHH reHepaTOpHbIX 

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

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

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

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

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

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

(t112=68,) MHH). 

Tio3TOMY B rrpHMeHeHHH K reHepaTopHbIM H30TorraM MO)KHO rosopHTb o 

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

perMoHa, rocynapcTsa HJIH rpyrrrrhI rocynapcTB. 

HaH6orrhlnee rrpHMeHeHHe rettepaTopHbie cacTeMbI Moryr HaHTH B 

CMOHTHpOBaHHbIX B aBTOTpeH:nepax TaK Ha3bIBaeMbIX M06HJibHbIX TI3T, 

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

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

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

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

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

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

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

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

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

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

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

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

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

KOHTpOJUI H yrrpaBJICHHH. H3BeCTHaJI CHCTeMa He HBJIHeTCH OIITHMaJibHOH no 

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

reHepaTOpHOH KOJIOHKH. 

Ilpe.n:naraeMoe H3o6peTeHHe HarrpaBneHo Ha ycTpaHeHHe rrepe1mcneHHhIX 

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

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

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

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

rrepcoHana, yBeJmqeHHH cpOKOB 3KCIIJiyaTaQHH reHepaTOpHOH KOJIOHKH. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TPeThero KJiarraHa H BTopoe OTBepcTHe 'IeTBepToro KJiarraHa CBH3aHbl 

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

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

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

OTBepCTHHMH "leTBepToro H BToporo KJiarraHOB. 

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

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

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

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

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

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

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

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

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

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

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

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

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

30 

CHcTeMa ycTattaBJIHBaeTcx B 3aKpb1TOM nepeMemaeMOM Kopnyce. KpoMe 

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

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

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

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

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

I - eMKOCTb c 3JIIOeHTOM 

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

6, 7 - .II.aTqHKH aKTHBHOCTM 

8, 9 - .II.aTqHKH )J.aBJieHH» 

10 - rnrrpHuesoH: Hacoc 

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

12 - 6rroK KOHTporr» H yrrpasnemrn: 

13 - .naTqMK Beca 

14 - y.II.arreHHbIH KOMilbIOTep 

15, 16 - cpHJibTpbI 

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

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

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

21 - rrepeMemaeMbIH Koprryc 

22 - IIITaTHB 

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

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

25 - llCToqHHK IIHTaHfUI 

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

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

ABTOMaTH3HpoBaHHM CTpOHUHH - py6H)J.HeBa» HHcpy3HOHHM CHCTeMa 

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

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

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

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

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

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

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

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

rronKe rrepeMemaeMoro Koprryca 21 ycTaHOBJieHbI: 

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

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

rettepaTopoM 11; 

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

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

CTpOHIIllH-py6H,L(lleBbIH rettepaTop; 

- MCTOqHllK ITMTaHHSI 25. 

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

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

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

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

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

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

CHCTeMbl (M3BJieKaeTCH TpaHcnopTHbll KOHTeliHep c OTpa60TaB11IeH: KOJIOHKOH 

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

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

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

np11 pa6oTe. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

aBTOMani3HpOBaHHOro KOHTpOJIH BCero rrpouecca 3JIIOauHH H ero COCTaBHbIX 

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

KOMIIbIOTepoB 14. 

B OIIHCbIBaeMOH CHCTeMe eMKOCTb c 3JIIOeHTOM 1 ( COJIHHbIM 

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

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

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

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

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

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

Bbipa6aTbIBaeT CHrHan Ha 6JIOK KOHTpOJIH H yrrpaBJieHmI 12, KOTOpbIH 

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

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

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

reHepaTopa 11. 

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

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

rrrnpHuesoro Hacoca 10 Ha BCaCbIBaHHe COJIHHOro paCTBOpa H3 eMKOCTH c 

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

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

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

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

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

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

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

naBrremrn 8. 

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

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

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

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

rrponorr)KeHJieM HH$Y3MOHHOH CllCTeMbl Ha TpeTbeM OTBepCTllH. 

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

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

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

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

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

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

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

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

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

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

paCTBopa rrpaKTHqeCKH BCH fIH$y3HOHHaH CllCTeMa, 3a HCKmoqeHHeM 

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

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

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

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

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

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

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

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

pacTBOpa. 

Ha Tpy6orrpoBo.ne OT TpeThero OTBepcTmI qeTBepToro Tpexxo.noBoro 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

aKT.HBHOCTH. 

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

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

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

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

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

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

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

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

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

<PYHKUHOHHpOBamrn B HOpMarrhHbIX ycnomrnx H B crryqae B03HHKHOBemrn 

aBapHHHOH CHTyaUHH. 

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

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

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

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

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

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

eHeTeMa pernaMeHTHoro onpoea 6noKa KOHTpOJIJI H ynpaBJieHH.H ycTaHOBKH 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

rrporpaMMbl pa6oThI reHepaTOpHOM ycTaHOBKH H irncpopMHpyeT HX 0 TeKyrn;eM 

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

OrrHchrnaeMM cHcTeMa IIOBhrmaeT 6e3orracnocTb 3KCIIJiyaTaU:HH, TaK 

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

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

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

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

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

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

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

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

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

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

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

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

py6M,UHeBbIH rettepaTop. 
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<l>opMyJia H306peTeHHH 

1. ABTOMannHpOBaIIHM CTpOHUHH - py6t.UlHeBaH J·rncpy3HOHHaH 

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

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

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

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

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

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

15 

20 

25 

30 

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

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

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

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

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

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

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

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

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

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

I 
TpeThero KJiaIIaHa H BTOpoe OTBepCTHe qeTBepToro KJiarraHa CBH3aHb1 

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

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

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

. I 
OTBepCTHHMH qersepToro H BToporo KnarraHOB. 

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

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

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

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

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

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

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

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

yc:mnuI, a B OTBepcnu1 

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

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

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

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

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

KOHTeHHep CTaIJ;HOHapHO ycTattOBJieH Ha IlOJIKe TeJie>KKH. 

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

l 0 3aKpbITOM rrepeMew;aeMOM Koprryce. 

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

CTOJieillHHUeH. 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/RU2008/000211 

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

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

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

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

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

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

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

c. DOCUMENTS CONSIDERED TO BE RELEVANT 

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

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

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

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

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

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

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

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

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

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

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

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

24 July 2008 04 September 2008 

Name and mailing address of the ISA/ Authorized officer 

RU 

Facsimile No. Telephone No. 

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

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

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

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

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

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

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

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

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

http://www.eapatis.com 

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

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

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

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

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

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

3JIEKTPOMEXAHI1Kl1) 27.12.2003, 4JopMyna, qrnr. I 

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

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

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

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

E 6oJiee paHHUI 33HBKa HJlH nareHT, 
0

HO ony6nHKOBaHHa>I Ha .uazy OCHOBbIB8eTC>I H306pereHHe 

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

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

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

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

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

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

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

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

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

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

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

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

Ha11MeH0BaHl1e 11 aD.pec ISNRU YnoJIHOMoqettttoe JIHQO: 

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

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

<l>opMa PCT/ISA/210 (ernpofi JIHCT)(moJih 2008) 
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Electronic Acknowledgement Receipt 

EFSID: 4634335 

Application Number: 12137363 

International Application Number: 

Confirmation Number: 7372 

Title of Invention: INFUSION SYSTEM CONFIGURATIONS 

First Named Inventor/Applicant Name: Charles R. Quirico 

Customer Number: 22859 

Filer: Elisabeth Lacy Belden 

Filer Authorized By: 

Attorney Docket Number: 56782.1.6 

Receipt Date: 20-JAN-2009 

Filing Date: 11-JUN-2008 

Time Stamp: 11:40:02 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 
Information Disclosure Statement (IDS) 

56782_ 1 _6_1DS2.pdf 
Filed (SB/08) 

756410 

no 4 
59c7e603eee5830eb3c4d9a 1608e3c72257 

87f33 

Warnings: 

Information: 
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A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for 
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if 
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available 
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent 
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

2108847 

2 Foreign Reference 56782_ 1_W008140351A1.pdf no 28 
898d2e8296aea 121d5dbb5ba800d0676d1 

67dda4 

Warnings: 

Information: 

Total Files Size (in bytes) 2865257 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/137,363 06/11/2008 

22859 
INTELLECTUAL PROPERTY GROUP 
FREDRIKSON & BYRON, P.A. 
200 SOUTH SIXTH STREET 
SUITE 4000 
MINNEAPOLIS, MN 55402 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Charles R. Quirico 56782.1.6 
CONFIRMATION NO. 7372 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!l]~~1~~1~~U~j!HHll l1111111111111111111111 

Date Mailed: 01/08/2009 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 01/05/2009. 

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

/sabuna/ 

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

page 1of1 
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POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

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

I hereby appoint: 

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

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

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

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

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

I OR 

LJ Firm or 
Individual Name 

Address 
City I State I Zip 
Country 
Telephone I Email I 

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

A copy of this form, together with a statement under 37 CFR 3. 73(b) (Form PTO/SB/96 or equivalent) is required to be filed in each 
application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of the practitioners appointed 
in this form if the appointed practitioner is authorized to act on behalf of the assignee, and must identify the application in which this 
Power of Attorney is to be filed. 

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

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

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

' 
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Electronic Acknowledgement Receipt 

EFSID: 4550636 

Application Number: 12137363 

International Application Number: 

Confirmation Number: 7372 

Title of Invention: INFUSION SYSTEM CONFIGURATIONS 

First Named Inventor/Applicant Name: Charles R. Quirico 

Customer Number: 22859 

Filer: Elisabeth Lacy Belden 

Filer Authorized By: 

Attorney Docket Number: 56782.1.6 

Receipt Date: 05-JAN-2009 

Filing Date: 11-JUN-2008 

Time Stamp: 13:04:01 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

202404 

1 
Assignee showing of ownership per 37 

56782_ 1 _6_Statement.pdf no 2 
CFR 3.73(b). 

c72075bb4453c5674dacc53787ad76fOa2fL 
85af 

Warnings: 

Information: 

1326 of 1573



58043 

2 Power of Attorney 56782_PowerofAttorney.pdf no 1 
283a0d970401b4122cc59ee7ac526c528e6 

84bf5 

Warnings: 

Information: 

Total Files Size (in bytes) 260447 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/96 (12-08) 
Approved for use through 01/31/2009. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless it dis la s a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent Owner: Charles R. Quirico et al. 

Application No./Patent No.: _1_2_/_13_7_.,._3_6_3 ___________ Filed/Issue Date: _J_u_n_e_1_1 ... ,_2_0_0_8 _________ _ 

Entitled: INFUSION SYSTEM CONFIGURATIONS 

Bracco Diagnostics, Inc. ______________________ ,a corporation 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that it is: 

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

2. D an assignee of less than the entire right, title and interest 
(The extent (by percentage) of its ownership interest is ____ %) 

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

A. [Z] An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 022011 , Frame 0380 , or for which a 
copy therefore is attached. 

OR 

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

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

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

2. From: To: --------------------- ---------------------
The document was recorded in the United States Patent and Trademark Office at 

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

3. From:--------------------

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

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

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

[Z] As required by 37 CFR 3.73(b )(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

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

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

/Elisabeth Lacy Belden/ January 5, 2009 

Signature Date 

Elisabeth Lacy Belden 612-492-7000 

Printed or Typed Name Telephone Number 

Patent Agent 

Title 

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

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

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

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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

12/137,363 

22859 

FILING or 
37l(c)DATE 

06/11/2008 

GRPART 

UNIT 

3763 

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

FIL FEE REC'D 

2170 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

56782.1.6 36 4 
CONFIRMATION NO. 7372 

UPDATED FILING RECEIPT 

111111111111111111111111]~!l]~~1~~1~~U~J1~1~u] 11111111111111111111111 

Date Mailed: 12/08/2008 

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

Applicant( s) 
Charles R. Quirico, Warren, NJ; 
Ernest Balestracci, lselin, NJ; 
Daniel Darst, Zimmerman, MN; 
Eric J. Krause, Big Lake, MN; 
Vishal N. Lokhande, Mountain View, CA; 
Jacob S. Childs, Minneapolis, MN; 

Assignment For Published Patent Application 
BRACCO DIAGNOSTICS, INC., Princeton, NJ 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 

Foreign Applications 

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices 
(PTO/SB/39 or its equivalent) has been received by the USPTO. 

If Required, Foreign Filing License Granted: 06/23/2008 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 12/137,363 

Projected Publication Date: 12/17 /2009 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

INFUSION SYSTEM CONFIGURATIONS 

Preliminary Class 

604 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

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

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

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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22859 
Customer Number 

Patent 
Case No.: 56782.1.6 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Application No.: 

Filed: 

Title: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Charles R. Quirico 

12/137,363 

June 11, 2008 

Group Art Unit: 

Examiner: 

INFUSION SYSTEM CONFIGURATIONS 

3763 

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

In response to the Notice to File Missing Parts of Application - Filing Date Granted mailed June 

24, 2008, submitted herewith is an executed Declaration and Replacement Sheets (23 sheets). Submitted 

herewith in the amount of $130 is the surcharge fee. The Commissioner is hereby authorized to grant any 

extensions of time, including those that may be due under 3 7 C.F .R. § 1.136, and to charge any fees that 

may be required, including those under 3 7 C.F.R. § § 1.16 and 1.1 7, during the entire pendency of this 

application to Deposit Account No. 06-1910. 

Entry of this document should complete all of the filing fom1alities and fully satisfy all 

requirements of the Notice to File Missing Parts. Accordingly, examination and allowance of this 

application in due course are respectfully solicited. 

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

to Deposit Account No. 06-1910. 

November 24 2008 
Date 

Fredrikson & Byron, P.A. 
200 South Sixth Street, Suite 4000 
Minneapolis, l\1N 55402-1425 USA 
Telephone: (612) 492-7000 
Facsimile: (612) 492-7077 

Respectfully submitted, 

/Elisabeth Lacy Belden/ 
Elisabeth Lacy Belden 
Registration No. 50, 751 
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Doc Code: OATH PTOISBI01 (05-08) 
Approved for use through 061301201 O. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
I be Under the Paoerwork Reduction Act of 1995 no oersons are ""'Uired to resoond to a ccllectlon of Information unless tt contains a valid OMB centre num r. 

r Attorney Docket 56782.1.6 DECLARATION FOR UTILITY OR Number 

DESIGN First Named Inventor Charles R. Quirico 

PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63) Application Number 12/137,363 

D Declaration 0 Declaration Filing Date June 11, 2008 
Submitted OR Submitted after Initial 
With Initial Filing (surcharge Art Unit 3763 Filing (37 CFR 1.16 (f)) 

required) Examiner Name 

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

INFUSION SYSTEM CONFIGURATIONS 

the application of which 

D is attached hereto 

OR 

(Title of the Invention) 

0 was filed on (MM/DDIYYYY) l .... 0_61_1_11_2_oo_s ___ _, as United States Application Number or PCT International 

Application Number I 121137,363 and was amended on (MM/DDIYYYY)l .._ ______ _.! (if applicable). 

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

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

Authorization To Permit Access To Application by Participating Offices 

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

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

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

[Page 1 of3] 

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

If you need assistance In compleUng the form, caU 1-80(}-PT0-9199 and select option 2. 
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PTO/SB/01 (05-08) 
Approved for use through 06130/2010. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papeiwork ReducUon Act of 1995, no persons are required to respond to a collection of lnfonnatlon unless It contains a valid OMB control number. 

DECLARATION - Utility or Design Patent Application 

Claim of Foreign Priority Benefits 

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

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberts\ Countrv lMM/DDJVVvv\ Nnt-• " --' YES Nn 

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

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

[Page2 of3] 

1358 of 1573



PTO/SB/01 (05-08) 
Approved for use through 06130/2010. OMB 0651--0032 

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

DECLARATION - Utility or Design Patent Application 

Direct all 0 The address 1~ I 
OR D Correspondence 

correspondence to: associated with address below 
Customer Number: 

Name 

Address 

City State ZIP 

Country Telephone I Email 

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

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

NAME OF SOLE OR FIRST INVENTOR: I D A oetition has been filed for this unsianed inventor 
Given Name (first and middle [if any]) Family Name or Surname 

Charles R. Quirico 

Inventor's Signature Date 

[i_fy, ,/; /\ ~ ~,. /,n__) 11/ 1~/o ~ 
Residence: City -<>' State I Country I Citizenship 
Warren NJ us us 
Mailing Address 

19 Robin Road 

City State I Zip Country 
Warren NJ 07059 us 

f7l Additional inventors or a leaal reoresentative are beina named on the 2 suoolemental sheetlsl PTO/SB/02A or 02LR attached hereto. 

[Page 3 of3] 
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Under the Pa erwork Reduction Act of 1995 no 

PTO/SB/02A (07-07) 
Approved for use through OS/30/2010. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
ersons are re uired to res ond to a collection of information unless it contains a valid OMB control number . 

DECLARATION 

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

Ernest 

··~A 
' y)d. I > 

Inventor's r/ ,KA A~/j rift 
Sionature ., .. , ,,_..,,., """" _., - - ... 

/ 
lselin NJ 
Residence: Citv State 

404 Hampton Lane 

Mailino Address 

lselin NJ 
Citv State 

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

Daniel 

Inventor's 
Sionature 

Zimmerman MN 

Residence: Citv State 

25540 96th Street NW 

Mailina Address 

Zimmerman MN 
City State 

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

EricJ. 

Inventor's 
Sianature 

Big Lake 
IMN 

Residence: Citv State 

3360 Lake Ridge Drive 

Mailina Address 

Big Lake 
IMN 

Citv State 

ADDITIONAL INVENTOR(S) 
Suppiemental Sheet 

Pa e-1 __ of-2 __ 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Balestracci 

x I !~1f1~cJ>?' Date 

!us us 
Countrv Citizenshio 

08830 us 
Zip Countrv 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Darst 

I Date 

us us 
Country Citizenshio 

155398 
Zip 

!us 
Country 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Krause 

Date 

jus 
Country 

\us 
Citizenshio 

155309 us 
Zip Country 

This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The information 1s required to obtain or retain a benefit by the public which 1s to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11and1.14. This collection is estimated to take 21 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 (1-800-786-9199) and select option 2. 

1360 of 1573



Under the Pa erwork Reduction Act of 1995 no 

PTO/SB/02A (07-07) 
Approved for use through 06/30/2010. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
arsons are re uired to res ond to a collection of information unless it contains a valid OMB control number. 

DECLARATION 

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

Vishal N. 

Inventor's 
Signature 

Mountain View CA 
Residence: Citv State 

100 N. Whisman Road, Apt. #1412 

Mailina Address 

Mountain View CA 
Citv State 

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

Jacob S. 

Inventor's 
Sia nature 

Minneapolis MN 

Residence: Citv State 

30 W. 22nd Street, Apt. 202 

Mailing Address 

Minneapolis MN 
Citv State 

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

Inventor's 
Signature 

Residence: City State 

Mailina Address 

Citv State 

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

p e2 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Lokhande 

Date 

lus India 
Country Citizenshio 

94043 us 
Zip Country 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Childs 

I Date 

us us 

of 2 

Country Citizenshin 

155404 
Zip 

I us 
Country 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

I Countrv I Citizenshio 

Zip Countrv 
This collect1on of mformat1on 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The information 1s required to obtam or retam a benefit by the public which 1s to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, call 1-800-PT0-9199 (1~800-786-9199) and select option 2. 
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Doc Code: OATH PTO/SB/01 (05-08) 
Approved for use through 06130/2010. OMB 0651-0032 

U.S. Patent and Trademark Offi~e; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995. no oersons are reoulred to resDond toe collactlon of!nformation unless H c:ontalns a vaUd OMB control number. 

/' Attorney Docket 
56782.1.6 DECLARATION FOR UTILITY OR Number 

DESIGN First Named Inventor Charles R. Qulrlco 
PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63} Application Number 12/137,363 

D Dec:laratlon 0 Dec:larallon Filing Date June 11, 2008 
Submitted DR Submltled after lniUal 
W!thlnillal Filing (suroharge Art Unit 3763 Filing (37 CFR 1.16 (f)) 

required) Examiner Name 

I hereby declare that: (1} Each Inventor's residence, malling address, and citizenship are as stated below next to their name; 
and (2) I believe the inventor(s) named below to be the original and first lnventor(s) of the subject matter which Is claimed and 
for which a patent Is soui:iht on the Invention entitled: 

INFUSION SYSTEM CONFIGURATIONS 

the application of which 

0 Is attached hereto 

OR 

(771/e of the Invention) 

0 was med on (MM/DDIYYYY) ._lo_e1_11_12_o_o_s ___ _, as United States ApplicaUon Number or PCT International 

Application Number 1121137,353 and was amended on (MM/DD/YYYY) !._ _____ __.I (if applicable). 

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

I acknowledge the duty to disclose informatron which Is material to patentabillty as defined In 37 CFR 1.56, Including for 
continuation-In-part applications, material Information which became aval!able between the filing date of the prior appllcalion 
and the national or PCT International filing date of the continuation-In-part application. 

Authorization To Permit Access To Application by Participating Offices 

[{] If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO}, the Japan 
Patent Office (JPO), and any other Intellectual property offices in which a foreign applicalion claiming priority to the above
ldentffled appllcaUon ls filed access to the above-Identified patent appllcatlon. See 37 CFR 1.14(c) and (h). This box should 
not be checked if the applicant does not wish the EPO, JPO, or other Intellectual property office In which a foreign appllcatlon 
clamlng priority to the above-Identified application Is filed to have access to Iha application. 

In accordance with 37 CFR 1.14(h)(3), access wlll be provided to a copy of the appllcatlon-as-flled with respect to: 1) the 
above-identified applicatron, 2) any foreign application to which the above-Identified appllcation claims priority under 35 USC 
119(a)-(d) if a copy of the foreign appl!catlon that satisfies the certified copy requirement of 37 CFR 1.55 has been filed In the 
above·identffled US appllcation, and 3) any U.S. appllcatlon from which benefit Is sought in the above-Identified application. 

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

{Page 1 of3] 

This collecllon of Information Is required by35 U.S.C. 115 and 37 CFR 1.63. The Information Is required to t1blaln or retain a benent by the public which Is lo file 
(and by the USPTO to process) an appllcaUon. ConfidenUaUty IB governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collectlon Is estimated lo lake 21 
minutes to complete, Including gathering, preparing, and aubmllling the completed appllcatlon form to th11 USPTO. Time wnt vary dependlng upon the Individual 
case. Any comments on Illa amount of time you requln? lo complete this form and/or suggesflons for reducing this burdan, should ba sent lo the Chlof Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1•150. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you ne11d assistance in camplellng the form, caU 1 ·BDO.PT0-9199 and select option 2. 
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PTO/SB/01 (05-08) 
Approved for use through 06/30/2010. OMB 0651--0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork ReducUan Act of 1995, no persons are required to respond to a ao/lectlon oflnfonnatlon unless h conlalns a valid OMB conrrol number. 

DECLARATION - Utlllty or Design Patent Application 

Claim of Foreign Priority Benefits 

I hereby clalm foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s) for patent, 
inventor's or plant breeder's rights cerllllcate(s}, or 365(a) of any PCT International application which designated at least one 
country other than the United States of America, listed below and have also Identified below, by checking the box, any foreign 
application for patent, inventor's or plant breeder's rights certlflcate(s}, or any PCT ln!emal!onal application having a filing date 
before that of lt]e application on which priority Is claimed. 

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberls\ Countrv fMM/DDFYYvvl Not Claimed YES NO 

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

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

(Page 2 of3] 
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PTOISB/01 (05-011) 
Approved far use through 06130/201 D. OMB 06li1-0032 

U.S. Patent and Trademark Ofilce; U.S. DEPARTMENT OF COMMERCE 
Underihe Pa l!IW!lrk Redm:llon Act of 1995 no ersons are re uired to ms ond to a collecUon of nfonnallon u less It contains a va~d O B control umber. 

DECLARATION - Utility or Design Patent Application 

Direct all 0 The address 122659 I OR D Co11espondence 
correspondence to: associated with address below 

Customer Number: 

Name 

Address 

City I Slate I ZIP 

Country I Telephone I Email 

WARNING: 
PellUoner/appllcant Is cauUoned to avoid submltllng personal lnformaUon In documents filed In a patent appllcatlon that may contribute to 
ldentlly theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or 
credit card authorization fonn PT0.2038 submitted for payment purposes) ls never required by the USPTO to support a petiUon or an 
application. If this type of personal infonnalion Is Included In documents submitted to the USPTO, petnloners/sppllcanls should consider 
redacling such personal Information from the documents before submHllng them to the USPTO. PeUtlonertappllcant Is advised that the record 
of a patent application Is available to the public after publication of the appllcallon (unless a non-pubficallon request In compliance with 37 
CFR 1.213(a) Is made In the appllcallon) or Issuance of a patent. Furthermore, the record from 1111 abandoned application may also be 
available to the public If the appllcaUon Is referenced In a publlshed appllcaUon or an Issued patent (see 37 CFR 1.14). Checks and credit 
card authoti~llon forms PT0-2038 submitted for payment purposes are not retained In the application file and therefore are not publicly 
available. Pelllloner/appllcant ls advised that documents which fonn the record of a patent appllcallon (such as the PTO/SB/01) are placed 
Into the Privacy Ac:t 5yslem of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent AppRca/fon Flies. 
Documents not retained in an application file (such as the PT0-2038) are placed Into the Privacy Act system of COMMERCEIPAT-TM-10, 
System name: Deposit Accounts and Elaclronlc Funds Transfer Profiles. 

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

NAME OF SOLE OR FIRST INVENTOR: I D A petition has been filed for this unsianed inventor 
Given Name (first and middle Vf any)) I Family Name or Surname 

Charles R. Qulr!c:o 

Inventor's Signature I Dale 

Residence: City I State l Country I Citizenship 
Warren NJ us us 
Malllng Address 

19 Robin Road 

City I State I Zip -, Country 
Warren NJ 07059 us 

0 Addlllonal fnvenlois or a leoal renrasenta!lve 11m belno named on Iha 2 sunnlemental sheetlsl PTOJSB/02A or 02.LR allached hereto. 

[Page 3 of3J 
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DECLARATION _2 __ 

Name of Additional Joint Inventor, if any; I D A petition has been filed for this unsigned Inventor 

Given Name (first and middle (if anvll Familv Name or Surname 
Ernest Balestraccl 

Inventor's 
Sianature Date 

lsalin 
'NJ lus us 

Residence; Citv State Countrv Cltizenshlo 
404 Hampton Lana 

Mallina Address 

lselln INJ 108830 I.JS 
Citv State ZlD Countrv 

Name of Additional Joint Inventor, if any: I D A petillon has been filed for this unsigned Inventor 

Given Name {first and middle {If any}) Family Name or Surname 

Daniel Darst 

Inventor's \~"\~·-·~~~) -~ Date\\\~~ \ t-.Y> Sianature - !us \ \ Zimmerman IMN jus 
Residence: Cltv State countrv Citizenshll'.I 

25540 96th Street NW 
Mallina Address 

Zimmerman IMN 155398 !us 
Citv State Zin Countrv 

Name of Additional Joint Inventor, if any: I D A petition hi!$ been filed for this unsigned inventor 

Given Name {first and middle (lf any)) Family Name or Surname 

Ertc J. 

'' \ ; Krause 

lnven1~y,· Siona A A \~~ -·"" I Date\\ ' i\ l 08 
' ~ 

Big Lake 
,...,,. 

\~\ . IMN jus jus 
Residence: City State Countrv Citizenshln 

3360 lake Ridge Orm 

Mamna Address 

BllJLake IMN 155309 II.JS 
Cltv State Zin Countrv 
Th111 colledlan of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nforrnation m required to obtain or retain a benefit by the publ1e wlllch ts to file 
(and by the USPTO to proONS) an application, Confidentiality Is governed by 3S U.S.C. 122 and 37 CFR 1.11and1.14. This colleetion is eslimated to take 21 
minutes to complete, including gathering, preparing, and submiltlnlJ the completed applieetlon fonn to the USPTO. Time wiU vary depending upon the indi\'idual 
Clllle, Any comments on the amount of time you require to complete this form and/or iuggestio!lll for reducing this bu«:len. should be aent to the Chief lnforination 
Officer, U.S. Patent and Trademark Office, U.S. Oepartment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SeNO 10: Commls&loner for Patents, P.O. Box 1460, Alexandria, VA 22313-1450. 

If you neea assistance iry completing the form, ca/11-80()..PTo-9199 (1-800-786-9199) and select option 2. 
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1112412008 16:41 FAX 617 969 2864 DESIGN CONTINUUM 141001 

Under 

DECLARATION p 

Name of Addltlonal Joint Inventor, ff any: } D A petition bas been 1lleQ for thls unsigned inll<lntor 

Given Name lflrsl and middle llf anv)} Famllv Name or Sumame 

Vlsllal N, Lol<hande 

Inventor's 
Sia nature Date 

Mountain Vk!Mi l~ate l~ounfiv lndla 
Residence: Cltv Cltizenshlo 

100 N. Whl$man Road, ApL #1412 

Maillno Address 

Mounlaln View l~te 194043 us 
Cllv Zict Countrv 

Name of Additional Joint Inventor, If any: l D A petltlon has been filed for this unsigned Inventor 

Glven Name (first a~ddle (If any)) Family Name or surname 

Jacob S. II Cllllds 

I Inventor's CJ(~ .. 
'Dale l \-)~-60 Sloneture ~ 

Mlnnaapolf& 1· IMN !us lu~ltlzenshlo Resldern::e: t"Jtv State CountN 
30 W. 22nd Street, Apt. 202 

Maillna Address 

MlnneaPOll& IMN 155404 1us 
Cltv Stale Zlo 

, 
Countrv 

Name of Additional Joint Inventor, if any: I D A oelltlon ha$ been filed for this unsigned inventor 

Given Name (first end middlu (if any)) . Family Name or Surname 

lnventol'a 
\ Date Siana lure 

Realdence: City · I State l~ntN 
' Cffizenshfu 

Malftrnl Addre&S 

... - I State I ~D I Countnt Cltv 
This collec11on of infOrmetlon le required by 35 u.s.c. 116 and 37 CFR 1.63. The lnfafmallon la req11Jred lo obtain or retain a beneflt by 1h1t publk:which is tome 
(end by 1he USPTO to proc:ei;a) an ai>Plfcallon. Conlldentlallly Is ;oYemGd by 3S U.S.C. 122 and 37 CFR .1.111111d 1.14. Thia colledlan Is es\imated to take 21 
ml/lilies lo 0Jtnpl111111, including Q!llherlng, pn!lpalfng, and wbmlttlng 1he c:ompleled appllca11on form to Ola USPTO. Time wlll vary depanding upon the.lndMdual 
can. Any comments en Ille amount of timo you 19qul111 lo complete thls fonn llndlor auggesllons·IOt reducing lhla burden, ahould be sent IQ 1he Chl<d !Mirrnet1011 
Officer, U.S. Patent and Thad8mark Olllce, IJ,S. P~ of Commen:e, P.O. Box 1450, Aleundda, VA 22313-1450. 00 NOT SENO FEE!S OR COMPLETEO 
F'ORMS TO THIS ADDRESS. SENO TO: Commtsslomir for Patents, P.O. Box '1480, Alexandria, VA 22313-1450. 

If you nf!f)d assistance In compfr;tfng the form, csU 1...SOO.PT0~199 (1·800-186-9199) snd select option 2, 
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Doc Code: OATH PTO/SB/01 (05-08) 
Approved for use through 06/30/2010. OMB 0651--0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
u I . l"d 0 t I b nderthe Pa""""Ork Reduction Act of 1995 no oersons are reouired to resnond to a collection of information un ess it contains a va 1 MB con ro num er. 

f Attorney Docket 
56782.1.6 DECLARATION FOR UTILITY OR Number 

DESIGN First Named Inventor Charles R. Quirico 

PATENT APPLICATION COMPLETE IF KNOWN 

(37 CFR 1.63) Application Number 12/137,363 

D Declaration 0 Declaration Filing Date June 11, 2008 
Submitted OR Submitted after Initial 
With Initial Filing (surcharge Art Unit 3763 Filing (37 CFR 1.16 (f)) 

required) Examiner Name 

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

INFUSION SYSTEM CONFIGURATIONS 

the application of which 

D is attached hereto 

OR 

(Title of the Invention) 

!2J was tiled on (MM/DDIYYYY)J ...._ o_e1_1_11_2_00_8 ___ _, as United States Application Number or PCT International 

Application Number J 121137,363 and was amended on (MM/DDIYYYY)I ~ ------~' (if applicable). 

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

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

Authorization To Permit Access To Application by Participating Offices 

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

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

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

[Page 1 of3) 

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

If you need assistance in completing the form, ca/11 ·800-PT0-9199 and select option 2. 
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PTO/SB/01 {05-08) 
Approved for use through 06/30/2010. OMB 0651..()032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless it contains a valid OMB control number. 

DECLARATION - Utility or Design Patent Application 

Claim of Foreign Priority Benefits 

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

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Numberls\ Country lMM/DDNYYY\ NotClaim~d YES NO 

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

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

[Page 2 of3] 
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PTO/SB/01 (05-08) 
Approved for use through 06/30/2010. OMB 0651-0032 

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

DECLARATION - Utility or Design Patent Application 

Direct all 0 The address 122859 I 
OR D Correspondence 

correspondence to: associated with address below 
Customer Number: 

Name 

Address 

City State I ZIP 

Country I Telephone I Email 

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

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

NAME OF SOLE OR FIRST INVENTOR: I D A petition has been filed for this unsianed inventor 
Given Name (first and middle [if any]) Family Name or Surname 

Charles R. Quirico 

Inventor's Signature Date 

Residence: City I State I Country I Citizenship 
Warren NJ us us 
Mailing Address 

19 Robin Road 

City I State I Zip I Country 
Warren NJ 07059 us 

0 Additional inventors or a leaal reoresentative are beino named on the 2 sunnlemental sheetls\ PTO/SB/02A or 02LR attached hereto. 

[Page 3 of3] 
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Under the Pa eiwork Reduction Act of 1995 no ersons are r 

DECLARATION 

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

Ernest 

Inventor's 
Sionature 

lselin NJ 

Residence: Citv State 

404 Hampton Lane 

Mailino Address 

lselin NJ 

Citv State 

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

Daniel 

Inventor's 
Signature 

Zimmerman MN 

Residence: City State 

25540 96th Street NW 

Mailing Address 

Zimmerman MN 

Citv State 

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

EricJ. 

Inventor's 
Signature 

Big Lake MN 

Residence: Citv State 

3360 Lake Ridge Drive 

Mailing Address 

Big Lake MN 
Citv State 

PTO/SB/02A (07-07) 
Approved for use through 06/30/2010. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
uired to res ond to a collection of information unless it contains a valid OMB control number. 

ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Pa e-1-- of_2 __ 

D A petition has been filed for this unsigned inventor 

Familv Name or Surname 

Balestracci 

Date 

lus us 
Countrv Citizenshio 

08830 us 
Zio Countrv 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Darst 

Date 

us us 
Country Citizenshio 

55398 us 
Zio Countrv 

D A petition has been filed for this unsigned inventor 

Family Name or Surname 

Krause 

Date 

us us 
Countrv Citizenship 

55309 us 
Zip Country 

This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The information 1s required to obtain or retain a benefit by the pubhc which 1s to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 (1-800-786-9199) and select option 2. 
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OECLARA TION 2 

Name of Addltlonal Joint Inventor, If any: I 0 A petition has been 1lled for lhill unsigned Inventor 

G1ven Name lflrst and middle tlf a""'\ Famllv Name or SUrnam4i! 

VllihalN. l.e>Kllanda ,, 
~ ,0 .&' o 5/~':J-/D '8 1nventof11 :~~~- ~ "'1t1nab.Jre Date 

I -
lc;tate Mauntaln View lus India 

Re!lldence: Citv Cnunlrv Cltfzen&hlD 

100 N. Wfll!lmen Rood. Apt. 11412 

Matnna Address 

MOuntaln View jc~ l9404S us 
Cltv State 7in COUnhv 

Name of Addition al Joint lnventur, if any: I D A petition ll!IS been Hied fOr this unsigned Inventor 

Given Name (111'11t and mlddle {If any)) Family Name or surname 

Jeoob B. Childs 

lnwnlof's I Da~ s1anature 

Mlnl'l!l~plllle l~ate !us lus 
Residence: Cllv Countn1 Cltlzensllln 

30 W. 221\d Street, Apt, :'lD2 

Malll!ICI Addre8$ 

MlnneapOll~ IMN 155404 jus 
ClfV State ZlD Col.ll'rtN 

Name of AddlUonal Joint Inventor, if any: l D A pettllon nas been !Hell for thl>s mslgned Inventor 

Given N!ll'll!!! {first and rnicklle (If any)) Family Name or SUmama 

lmtenlor's I~ Slanature 

Residents: cttv 
., Stall!! I countrv I Cltlzanshln 

MalUnu Addtess 

Cltv I $1:!.!l!I I ~D I counbv 
Tllls calledlon llf lnrormMMi ts raqulroi:I i.y 35 u.s.c. 115 :and 37 CFR 1.63. '1'11e lnf<>l'!MllDn I• ~Ired to QbCltln or retain a b0fl9fil by tl\Q publlc whld\ I~\/;! fll!! 
(llnd by ttio USPfO to pre-sa) sn 111ppiea\lon. Confldcnll"llUy la 90Wl'Mlj by :15 U.$,C, 122 M<l 37 CFR 1.11 and i.14. This ;;oileclkM'l I\: Mllmall!d le lako :/.1 
~nutes t<> camplela, lne!Udklg gsth~. pl'@perlng, and submltling, the COl'llPlelad app~eatlon form ta Iha USPTO. 11m11 wtn \Sf depe11dli'Q upon lhe lndMd!Mll 
casl), l\ny comm~r'M ~ thl!I G"'°"'11 Of urna you require to ~!1111 lhi!I rorm and'or ~;s!lllona for redudng this b~Cll, :sbauld bo sent to the Cl't!Cf 1nlormatlon 
omcar. U.S. F'>Rmlll llnd Tre®nWk Olllc&. U.S. DOPMm~lll ot Commerce, ~.o. 8aK 14QD, All!l!artdtia, I/fl. 22S1S-1450. DO NOT SEND l'i:i=s OR COMF'LETm 
!'ORMS TO THIB AOORESS. Saitl 1'0: Commlsalorlet tor P~ta, P.O. Soll: 1450, Alexandria, VA 22313-1450, 

If }'t;l{l '1'J«I assistance In complsttng tllS fo1171, call 1-800-PT0·9199 (1-BCJO..tBS-9199) 8lld :Je/ect option 2. 
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PTO/SB/22 (10-08) 
Approved for use through 11/30/2008. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE 
Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number. 

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

FY 2009 
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).l 

Application Number 12/137,363 

For INFUSION SYSTEM CONFIGURATIONS 

Art Unit 3763 

Docket Number (Optional) 

56782.1.6 

Filed June 11, 2008 

Examiner 

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

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

D 
D 
0 

Fee Small Entity Fee 

D One month (37 CFR 1.17(a)(1)) $130 $65 

D Two months (37 CFR 1.17(a)(2)) $490 $245 

0 Three months (37 CFR 1.17(a)(3)) $1110 $555 

D Four months (37 CFR 1.17(a)(4 )) $1730 $865 

D Five months (37 CFR 1.17(a)(5)) $2350 $1175 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

Payment by credit card. Form PT0-2038 is attached. 

$ 

$ 

$ 1110 

$ 

$ 

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

[a The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number _0_6_1_9_1_0 _______ __; 

WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PT0-2038. 

I am the D 
D 
0 
D 

applicant/inventor. 

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

attorney or agent of record. Registration Number _5_0_,7_5_1 ______ _ 

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

/Elisabeth Lacy Belden/ 2008-11-24 

Signature Date 

Elisabeth Lacy Belden 612-492-7000 

Typed or printed name Telephone Number 

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

D Totalof forms are submitted. 
This collection of information 1s required by 37 CFR 1.136(a). The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12137363 

Filing Date: 11-Jun-2008 

Title of Invention: INFUSION SYSTEM CONFIGURATIONS 

First Named Inventor/Applicant Name: Charles Quirico 

Filer: Elisabeth Lacy Belden 

Attorney Docket Number: 56782.1.6 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Late filing fee for oath or declaration 1051 1 130 130 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 3 months with $0 paid 1253 1 1110 1110 

Miscellaneous: 

Total in USO($) 1240 
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Electronic Acknowledgement Receipt 

EFSID: 4346003 

Application Number: 12137363 

International Application Number: 

Confirmation Number: 7372 

Title of Invention: INFUSION SYSTEM CONFIGURATIONS 

First Named Inventor/Applicant Name: Charles Quirico 

Customer Number: 22859 

Filer: Elisabeth Lacy Belden 

Filer Authorized By: 

Attorney Docket Number: 56782.1.6 

Receipt Date: 24-NOV-2008 

Filing Date: 11-JUN-2008 

Time Stamp: 17:35:07 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $1240 

RAM confirmation Number 4981 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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69779 

1 
Applicant Response to Pre-Exam 

56782_ 1_6_ResponseToMP.pdf no 1 
Formalities Notice 

06336f59b486c91c87740f46dedb1686b00 
80fc8 

Warnings: 

Information: 

3359510 

2 
Drawings-only black and white line 56782_ 1_5_6_7 _S_Replaceme 

no 23 
drawings ntDrawings.pdf 

ae834f3ef728a795bd8e3c6fc52bbf8aba05 
2235 

Warnings: 

Information: 

949999 

3 Oath or Declaration filed 56782_ 1 _6_Declaration.pdf no 15 
303 94-eS afcaef79fffb 166cfdf3 da86f93 e 3df( 

b 

Warnings: 

Information: 

350791 

4 Extension of Time 56782_ 1 _6_Extension_3Mo.pdl no 2 
f1db640a79d33990ed325a1 01 ea368015dt' 

7946e 

Warnings: 

Information: 

32227 

5 Fee Worksheet (PT0-06) fee-info.pdf no 2 
4 514d 90a 7 a2bb9ed af64 7f4d 73 a2d2a5 5 68 

Odcbc 

Warnings: 

Information: 

Total Files Size (in bytes) 4762306 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

1377 of 1573



Doc code :IDS PTOISB/08a (03-08) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 06/30/2008. OMB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Application Number 12137363 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Charles R. Quirico 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 56782.1.6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 3710118 1973-01-09 Holgate et al. 

2 4562829 1986-01-07 Bergner 

3 4585009 1986-04-29 Barker et al. 

4 4585941 1986-04-29 Bergner 

5 6870175 B2 2005-03-22 Dell et al. 

6 7204797 B2 2007-04-17 Reilly et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Cite Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Publication Number Code1 Date of cited Document 

Relevant Passages or Relevant 
Figures Appear 

EFS Web 2.1.2 
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Application Number 12137363 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Charles R. Quirico 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 56782.1.6 

1 20050278066 A1 2005-12-15 Graves et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 0102121 EP A1 1984-03-07 DeJong, Rudolf et all D 

2 2007016170 WO A1 2007-02-08 Fago D 

3 2007030249 WO A2 2007-03-15 Gibson D 

4 2007149108 WO A2 2007-12-27 Pollard D 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
BRACCO Brochure, "Rubidium 82 Infusion System, Easy to Operate ..Automated ... Complete", (C)Bracco Diagnostics, 

D Inc., 0605-002NA, June 2001. (2 pages) 

2 BRACCO, "Cardio-Gen82(R) Infusion System User's Guide", pages 1-42 D 

EFS Web 2.1.2 
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Application Number 12137363 

Filing Date 2008-06-11 

INFORMATION DISCLOSURE First Named Inventor I Charles R. Quirico 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 56782.1.6 

3 IMAGING TECHNOLOGY NEWS, web exclusive: "FOG-PET Injector Thrusts New Life into Molecular Imaging", April 
D 2008, 2 pages. 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature I I Date Considered I 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFS Web 2.1.2 
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Application Number 12137363 

Filing Date 2008-06-11 
INFORMATION DISCLOSURE First Named Inventor I Charles R. Quirico 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 56782.1.6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ None 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Elisabeth Lacy Belden/ Date (YYYY-MM-DD) 2008-11-12 

Name/Print Elisabeth Lacy Belden Registration Number 50,751 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFS Web 2.1.2 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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

European Patent Office 

Office europeen des brevets 

@ Publication number; 0 102 
A1 

@ EUROPEAN PATENT APPLICATION 

N 
0 .... 
0 

A. 
w 

@ Application number: 83201201.7 

@ Date of filing: 18.08.83 

@ Priority: 26.08.82 NL 8203349 

@ Date of publication of application: 
07.03.84 Bulletin 84110 

@ Designated Contracting States: 
AT BE CH DE FR GB ff LI NL SE 

@ lnt.Cl.3 : G 21 G 1/04 

@ Applicant: Byk·Malllnckrodt CIL B. V. 
Westerdulnweg 3 
Nl-1755 LE Petten(NL} 

@ Inventor: De Jong, Rudolf Barend Jan, Drs. 
c/o OCTROOIBUREAU ZOAN B.V. Apollolaan 151 
Nl-1077 AR Amsterdam(Nl) 

@ Representative: Svnrtera, Pieter D., Drs. et al, 
Octrooibureau ZOAN B.V. Apollolun 151 
Nl-1077 AR Amaterdam(NL) 

@ 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 closable access for the reservoir Is recessed. The shielding 
device furthermore is provided with means which the device 
can be moved forward. 

Croydon Printing Company Ud. 

121 

1383 of 1573



01 02121 

CIL 0111 - 1 .. 

5 

10 

15 

20 

25 

30 

Shielding device for a reservoir comprising a radioactive 

material. 

The invention relates to a shielding device for a 

reservoir comprising a radioactive material and having an 

inlet and an outlet aperture, in particular a column for a 

radio-isotope generator, comprising a lead cover for the 

reservoir in which a closeable access for the reservoir is 

recessed.· 

A radioisotope generator is to be understood to 

mean herein a device for generating a radioactive isotopes 

comprising liquid. Such a liquid is prepared by eluting a 

column in which a parent isotope is present which produces 

a daughter isotope by decay. In this elution only the 

daughter isotope is eluted from the column by means of a 

suitable eluent. 

Radioactive isotopes having a half-life up to a 

few days are frequently used in medicine for diagnostic 

purposes. One radioactive isotope frequently used for 

diagnostic examinations is technetium-99~. However, for 

certain applications, for example, for cardiological exa-

minations, the comparatively long half-life of technetium

-99m, namely 6 hours, is a disadvantage. As a result of 

this the radioactive material remains circulating in the 

body for a long period of time, so that an immediate repe

tition of a certain diagnostic examination with the same 

isotope is not possible. 

However, very short-living radioactive isotopes having a 

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

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

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

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

have proved suitahle for blood circulation studies. An 

interesting application of gold-195~ was described recent

ly in Netherlands non-prepublished Patent Application 

8201591 in the name of Applicants. 

35 Gold-195~ is an isotope having a half-life of 

30.6 sec. and emits gamma rays of 261 keV which, due to 

the energy and intensity, are suitable to enable a good 

observation with apparatus usual for this purpose, for 

example, a gamma camera. 
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It is known from Netherlands Patent Application 

8002235 in the name of Applicants to generate gold-195~ 

from the radioactive parent isotope mercury-195~ in a sa

tisfactory manner. This process is preferably carried out 

in a so-called radio-isotope generator, in this case a 

Hg/Au generator, from which the ~be can withdraw a quanti

ty of radioactive isotope-containing liquid at any desired 

instant. Such an instantaneous production is of great 

practical importance due to the rapid decay of the compa

ratively short-living isotope. 

An improved method of preparing gold-195m is des

cribed in Netherlands non-prepublished Patent Application 

· 8202407 also in the name of Applicants. 

In view of the high radiation intensity, extensi

ve safety measures have to be taken to shield the parent 

isotope present in the generator. Therefore the generator 

comprises a lead screening jacket which provides a suffi

cient safety upon storage and transport. The screening 

jacket surrounding the generator is generally considered 

to be an i-flsufficient safety against radioactive radiation 

for hospital or laboratory personnel who are regularly in 

the direct proximity of the generator. It is therefore 

necessary to surround the generator with an extra lead 

shielding device. 

Such a device should not only provide a good 

shielding from radioactive radiation, but, in connection 

with the necessity of a regular replacement, should also 

be readily accessible for the reservoir with radioactive 

material, in particular the generator column. 

Therefore, various shielding devices are known 

from literature substantially all of which are destined 

for a column for generating technetium-99~, a radioactive 

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

which are fixedly arranged. 

When a very short-living radioactive isotope is 

used for diagnostic purposes, the time between the prepa

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

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

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

administer said isotope directly from the generator to the 

patient. In a clinic in which radioa~tive isotopes for 

diagnostic purposes are used, tha apparatus necessary for 

detection, for example, a gamma camera with special colli

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

radiodiagnostic examination the patient is then brought 

(wheeled) to the detection apparatus. 

It is therefore obvious to give the very short

living material to be used for the examination, in parti

cular a generator for producing a very short-living iso

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

is feasible that high requirements as regards the shiel

ding from radioactive radiation have to be imposed upon 

such a device beside the patient to be examined ("bed-side 

arrangement"}. In fact, not only the hospital personnel 

familiar with handling radioactive material will have to 

be present' near the radiation source for a longer period 

of time, but also other personnel accompanying the patient 

will have to be shielded from unnecessary radioactive ra

diation. Moreover it is of utmost importance for the exa-

mination that the source of radiation should be shielded 

carefully from the gamma camera which is very disturbance

-sensitive to background radiation. 

A fixed arrangement as suggested above which 

would satisfy these requirements, however, has important 

practical disadvantages, namely: 

(1) it is not possible to move the device around the 

patient's bed. This is a disadvantage because in exa

minations with very short-living radioactive isotopes, 

the organ, for example, the heart, has to be inspected 

35 usually in various directions by means of the gamma 

camera, so as to gain optimum insight in the function 

of the organ. A fixed bed-side arrangement of the ra

dioactive material to be administered considerably 
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restricts the possibilities of moving the bed with the 

patient with respect to the gamma camera. This disad

vantage is the larger since, for reasons which will 

be stated hereinafter, the connection between the 

source of the radioactive material and the patient 

should be as short as possibl~. 

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

greater part under aseptic conditions because the 

radioactive material must be introduced into the 

patient's body directly and cannot be previously sub

jected to a separate sterilization. 

Because the device with radioactive material, in par

ticular the radio isotope generator, will be used for 

a longer period of time, such an assembling shoula be 

carried out under so-called laminar flow conditions, 

and therefore requires provisions which are particu

larly difficult to realize in an examination room. 

(3) Another important disadvantage relates to the working 

with radioactive material upon assembling the device. 

As a matter of fact, the shielding from radioactive 

radiation is not yet optimum during the assembly, so 

that such an assembly, in which large quantities of 

not yet optimally shielded activity are handled, 

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

a nuclear medical department of a clinic and not in an 

examination room for patients where in addition dis

turbance-sensitive detection apparatus is arranged. 

It is the object of the present invention to pro

vide a shielding device for a reservoir comprising radio

active material, in particular a column for a radioisotope 

generator, which does not exhibit the above-mentioned dis

advantages. 

For that purpose, the shielding device according 

35 to the invention is provided with means with which the 

device can be moved forward. The complete device compri

sing radioactive material can now be assembled in suitable 

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

shielding device can be freely shifted, the device can be 

moved at will around the patient during the examination. 

Such a movable shielding device for a column for a radio

isotope 9enerator is moreover more flexible because the 

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

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

or a mercury-gold 195~ generator. 

It is of course necessary that the shielding de

vice should also satisfy all conventional safety require

ments in addition to the above-mentioned radiological sa

fety requirements. This involves, for example, that the 

device should be sufficiently stable and be protected as 

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

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

the radioactive radiation can pass the-shielding device 

and enter the examination room • 

. Preferably the device in addition comprises pro

visions for the safe handling of radioactive material, 

such as a receptacle for waste fluid, a work-top, etc. 

These provisions enable the user to carry out various ma

nipulations with radioactive materials at different places 

without risky manually displacing these materials, be

cause, as a matter of fact, the device can be moved for

ward. 

On its lower side the shielding device preferably 

comprises at least three, preferably five, casters to be 

able to easily turn and manoeuvre the heavy device in the 

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

cover, a shieldiilg device according to the invention ap

proaches a weight of approximately 360 kg. 

Furthermore it is desired to provide the device 

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

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

rential tubular or rod-shaped member connected to the out

side of the lead cover has proved particularly suitable. 

When such a grip having no projections is used, it is 
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avoided that components of the device or connections can 

be drawn along or loose during movement of the shielding 

device. 

When using the device it is often necessary to 

temporarily store radioactive waste ~~terial. For example, 

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

must first be rinsed several times with eluent before an 

eluate is obtained having a composition which is suffi

ciently constant for administration to a patient. It is 

therefore advantageous that the device moreover comprises 

a separate lead-shielded space for a receptacle for radio

-active waste material. 

Because the radioactive liquid has to be introdu

ced directly into the patient's body, the means for doing 

this are preferably connected on or to the shielding-de-

vice. 

In a suitable embodiment the shielding device 

according_to the invention comprises a base in which the 

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

reduced ouEside diameter in which the lead cover for the 

reservoir containing radioactive material is present, and 

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

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

space for the waste reservoir and the means to introduce a 

radioactive liquid into a patient's body. 

As a result of the large diameter of grip and 

base as compared with that of the reservoir shielded by 

means of a lead cover, the distance between the radiation 

source and the operating personnel is increased, for 

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

this the radiation received is still further reduced, for 

example, by a factor of approximately 4 as compared with 

the radiation at the outer surface of the shielded reser

voir. 

Lead is vulnerable because is is a soft metal. 

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

the ~ase of a fire, it will melt and drip away, thus allo-
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wing radioactive radiation to be released from the cover. 

Therefore, the lead cover for the reservoir consists pre

ferably and in agreement with the requirements which are 

imposed upon the storage of radioactive material in 

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

top and which is enclosed between sheet material of iron 

or steel, protected on the outside against corrosion, or 

of stainless steel, while the open top end accessible for 

the reservoir can be closed by a lead lid provided with 

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

connection between the reservoir and the means for 

introducing a radioactive liquid into a patient's body 

being present in the lid or between the vessel and the 

lid. The sheet material which can withstand high 

temperatures ensures sufficient safety for the ambience in· 

the case of a_ calamity, for example, a fire, so that the 

lead shielding remains contained and no undesired 

radioactive radiation can get out of the shielding system. 

It cannot always be avoided that a little radio-

active liquld is spilled when installing or using the 

source of the radioactive material. Then it is difficult 

to thoroughly clean the vessel which forms part of the 

heavy shielding device. Therefore, a stainless steel ves-

sel is preferably present between the substantially lead 

vessel and the reservoir, which stainless steel vessel 

comprises on its open top a radially outwardly projecting 

flange to which the lid can be sealingly connected. 

The shielding device in accordance with the in

vention serves in particular for shielding a radio isotope 

generator. The provisions necessary upon eluting a genera

tor column are preferably connected on or to the above

-mentioned top part of the device, namely a reservoir for 

the eluent for the generator column which communicates 

35 with the column; means for pumping or injecting the eluent 

out of the eluent reservoir into the column; means for 

bringing the resulting eluate out of the column into a 

patient's body; means for adding a rinsing of formulating 
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liquid to the eluate; and a tube which is connected on one 

side to the means for adding the rinsing or formulating 

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

be connected to an auxiliary means to admit liquids to the 

blood vessels or body cavities of a p~tient. 

In order to be able to handle all operating mem

bers easily, rapidly and safely, a connection and opera

ting block or tray is connected to the top part, in which 

block are accommodated injection means for the eluent and 

the eluate, valves to prevent undesired directions of flow 

of liquids, cocks to enable or block the passage of li

quids, and connection provisions for the means provided in 

the block both mutually and to the tubes which are 

connected to the reservoirs, the column and the auxiliary 

means to be used for the administration to a patient. 

Preferably the operating block or tray is attached on top 

of the lid of the lead vessel and the lid is provided with 

a bore to let pass connecting tubes from the generator to 

the auxiliary means for injection and from the auxiliary 

means to tlie waste fluid receptacle thereby shielding the 

environment as far as possible from radiation emanating 

from these tubes when radioactive liquid passes through 

them. The above embodiment has the advantage that an 

optimum safety can be reached inspite of the excess 

pressure at which generally the radioactive liquid is 

administered to a patient. Moreover, the path which the 

eluate has to cover, hence the distance between the 

generator and the patient, can be kept as short as 

possible. This latter is of importance in particular 

because, when very short-living radio-isotopes are used, 

high requirements are generally imposed upon the volume to 

be administered to the patient and in which the 

radioactive material is present. As described in the 

above-mentioned Netherlands Patent Application 8201591, 

repeated administrations within a short period of time are 

necessary for various app1ications. In order to enable 

suer. examinations, the vo1ume in which the reactivity is 
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present must be as small as possible. 

The invention will now be described in greater 

detail with reference to an embodiment which is shown in 

the accompanying drawings. 

Figure 1 is a side-view of a shielding device according to 

the invention; figure 2 shows the same shielding device 

from top. Figure 1 is for the greater part a longitudinal 

sectional view of the shielding device taken on the line 

I-I of fig. 2, viewed in the direction of the arrows. Fi

gure 3 is a longitudinal sectional view of a part of the 

device taken on the line III-III of fig. 2. 

The operation of the device will be described in detail 

with reference to figure 4. Figure 4 shows an exploded 

view of a part of the device. 

The base 21 of the screening device shown in Fi

gure 1 comprises a base plate 23 which is hooded with a 

stove-enamelled sheet iron cap 22 below which five casters 

24 are connected so as to be rotatable. 

The central part 25 is mounted on said base plate 

and compri~es a lead vessel 26 which is enclosed between 

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

manufactured from stainless steel and comprises a radially 

outwardly projecting flange 28 is provided in the vessel. 

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

toms of the vessels 27 and 29 a space 30 remains in which 

heating elements, for example a heating plate, can be ac

commodated. As described in the above-mentioned Nether

lands Patent Application 8202407 it may be useful when 

certain radio isotope generators are used, for example, a 

gold-195~ generator, to heat the generator column during 

the elution. If desired, a bore may be recessed in vessel 

26 for leading through a supply for the heating means. 

As shown in figures 1 and 2 a grip 33 in the form 

of a circumferential tube which is connected to the vessel 

by means of three spoke-shaped elements 34 is provided 

around the top part of the device. The vessel 26 can be 

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

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

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

lid can be clamped sealingly on the vessel {flange 28) by 

means of a clamping lock 39 provided with a handle. A bore 

32 is present in lid 36 for leading through two connection 

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

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

the lid of the lead vessel and forming a base for an ope

rating block or tray. Between the circumferential grip and 

the upper edge of the lead vessel, a circumferential 

stainless steel top 40 having upright edges is present on 

which auxiliary means necessary for using the device can 

be placed. 

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

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

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

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

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

On·top of mount 45 is connected an operating 

block or tray 46 in or on which two syringes can be acco

modated, as well as other auxiliary means needed during 

operation of the device. 

Figure 3 shows a waste overflow bottle 12b placed 

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

to the outlet tube llb of receptacle 12a. 

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

eluent and rinsing or formulating liquid, respectively, 

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

As shown in Figure 4, ~wo syringes 5 and 9 provi

ded on their front sides with connection means in the form 

of Luer cones are connected to three-way cocks, the former 

directly to a three-way cock 4a and the latter to a three

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

The use of the device shown will be explained 

with reference to figure 4. All connections between the 

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

ditions. 

During operation of the device the tube connec

tions are provided between eluent reservoir 1 and an out

let of three-way cock 4a, the inlet aperture of the gene

rator column 13 and the other outlet of three-way cock 4~, 

the reservoir with rinsing or formulating liquid 2 and 

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

and valve 8£, the receptacle for waste fluid 12a and an 

outlet of three-way cock 4b and the auxiliary means to be 

used for administration to a patient and the other outlet 

of three-way cock 4b. 

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

is opened to communicate-the eluate duct 7 through cock 

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

Overflow bottle 12£ is connected to receptacle 12a through 

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

three-way cock 4~, syringe 5 is communicated with eluent 

reservoir 1, after which the syringe is filled with 2 ml 

of eluent.-Eluent reservoir 1 and rinsing agent reservoir 

2, clamped in stand 16, are provided with dropping cham

bers 3a and 3£. After opening the cock lOa, syringe 9 is 

filled with a saline solution from reservoir 2 (through 

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

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

tents of syringe 5 are injected through tube 6 into the 

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

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

liquid (eluate) rinsed through the column and leaving the 

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

collected through tubes 7 and lla in the waste receptacle 

12a. 

After having repeated this operation several 

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

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

cock 4£, is filled with a saline solution from syringe 9 

after opening said valve, and is then connected to an 
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auxiliary means to administer the radioactive liquid to a 

patient, for example, a needle or a catheter. After having 

placed the patient in a suitable position below a gamma 

camera, the generator is eluted with 2 ml of eluent by 

means of syringe 5, the eluate being injected directly 

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

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

lution from reservoir 2 by means of syringe 9. 

The examination may be repeated any desirable 

number of times. 
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CLAIMS: 

1. A shielding device for a reservoir comprising 

a radioactive material and having an inlet and an outlet 

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

rator, comprising a lead cover for the reservoir in which 

a closable access for the reservoi~ is recessed, characte

rized in that the shielding device is provided with means 

with which the device can be moved forward. 

2. A device as claimed in Claim 1, characterized 

in that the device comprises in addition provisions for 

the safe handling of radioactive material. 

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

rized in that the device comprises on its lower side at 

~east three, preferably five, casters. 

4. A device as claimed in any of the preceding 

Claims, characterized in that the device comprises a grip, 

preferably consisting of a circumferential tubular or rod

-shaped member connected to the outside of the lead cover. 

5. A device as claimed in any of the preceding 

Claims, cha~acterized in that the device comprises in ad

dition a separate lead-shielded space for a reservoir for 

radioactive waste material. 

6. A device as claimed in any of the preceding 

. Claims, characterized in that the device is provided with 
25 

30 

35 

means for introducing a radioactive liquid into a 

patient's body,_ while the environment is shielded as far 

as possible from radiation emanating from these means when 

radioactive liquid passes through them. 

7. A device as claimed in Claim 6, characterized 

in that the device comprises a base in which the.means to 

move the device are present, a central part of reduced 

outside diameter in which the lead cover for the reservoir 

containing the radioactive material is present, and a top 

part which comprises: the lead closure for the access in 

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

the waste reservoir and the means to introduce a radioac

tive liquid into a patient's body. 
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B. A device as claimed in Claim 7, character~zed 

in that the lead cover for the reservoir consists of a 

lead vessel which is open at its top and which is enclosed 

between sheet material of iron or steel treated externally 

against corrosion, or of stainless steel, while the open 

top end accessible for the reservoir can be closed by 

means of a lead lid provided on its outside with the same 

sheet material, an aperture for a connection between the 

reservoir and the means for introducing a radioactive 

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

between the vessel and the lid. 

9. A device as claimed in Claim 8, characterized 

in that a vessel of stainless steel which at its open top 

side comprises a radially outwardly projecting flange to 

which the lid can be sealingly connected, is present be

tween the substantially lead vessel and the reservoir. 

IO. A shielding device as claimed in any of the 

Claims 7-9 for a radio-isotope generator, characterized in 

that there are additionally connected on or to the top 

part: a reservoir for an eluent for the generator column 

which communicates with the column; means for pumping or 

injecting the eluent out of the eluent reservoir into the 

column; means to bring the resulting eluate out of the 

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

formulating liquid to the eluate; and a tube which is con

nected on one side to the means for adding the rinsing or 

formulating liquid and which comprises on the other side a 

member which can be connected to an auxiliary means to 

admit liquid to blood vessels or body cavities of a 

patient. 

11. A device as claimed in Claim 10, characteri

zed in that a connection and operating block or tray is 

connected to the top part, in which block are accomodated 

injection means for the eluent and the eluate, valves to 

prevent undesired directions of flow of liquids, cocks to 

enable or block the passage of liquids, and connection 

means for the means accomodated in the block both mutually 

1397 of 1573



5 

10 

15 

20 

25 

30 

35 

0102121 

-15-

and to the tubes which are connected to the reservoirs, 

the column and the auxiliary means to be used for adminis

tering to a patient. 

.--
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SYSTEM AND METHOD OF IDENTIFYING ELUANT AMOUNTS 
SUPPLIED TO A RADIOISOTOPE GENERATOR 

FIELD OF THE INVENTION 

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

invention relates to a system and method of identifying an amount or flow of eluant in an 

elution system configured to enable extraction of a radioactive material from a radioisotope 

generator for use in the practice of nuclear medicine. 

BACKGROUND 

[0002] This section is intended to introduce the reader to various aspects of art that may 

be related to various aspects of the present invention, which are described and/or claimed 

below. This discussion is believed to be helpful in providing the reader with background 

information to facilitate a better understanding of the various aspects of the present invention. 

Accordingly, it should be understood that these statements are to be read in this light, and not 

as admissions of prior art. 

[0003] Nuclear medicine is a branch of health science that utilizes radioactive material for 

diagnostic and therapeutic purposes by injecting a patient with a small dose of the radioactive 

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

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

Strontium-87m among others. Some radioactive materials naturally concentrate toward a 

particular tissue; for example, iodine concentrates toward the thyroid. However, radioactive 

materials are often combined with a tagging or organ-seeking agent, which targets the 

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

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

radiopharmaceuticals in the field of nuclear medicine. At relatively lower doses of the 

radiopharmaceutical, a radiation imaging system (e.g., a gamma camera) can provide an 

image of the organ or biological region that collects the radiopharmaceutical. Irregularities in 

the image are often indicative of a pathologic condition, such as cancer. Higher doses of the 

radiopharmaceutical may be used to deliver a therapeutic dose of radiation directly to the 

pathologic tissue, such as cancer cells. 

[0004] A variety of elution systems are used to generate radiopharmaceuticals. 

Unfortunately, radioactive shielding containers of these systems tend to block visualization of 

the state and progress of the elution process. For example, the amount of available eluant 
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and/or the amount of extracted el1,.1ate are generally unknown without opening one or more of 

the radioactive shielding containers. Rather, the pharmacist typically has to wait an estimated 

amount of time to ensure the process is complete, which results in wasted time or premature 

termination of the process. If a specific amount of eluate is desired, then the time estimation 

may tend to result in too much or too little of the eluate. 

SUMMARY 

[0005J The present invention, in certain embodiments, is directed to identifying or 

monitoring a volume, mass, weight, displacement or flow of a supply element (e.g., eluant) 

and/or an output eluate associated with eluting a radioisotope from a generator product in the 

field of nuclear medicine. Specifically, in some embodiments, visual access may be provided 

into an eluant supply container to facilitate performance of elution procedures. For example, a 

visual portal into an eluant supply container during an elution can provide data for measuring 

and calculating metrics relating to completion of full or partial elutions and data relating to 

when a generator is available for milking. Other embodiments may measure an amount or 

flow of eluant and/or eluate, such that a user can directly view the measurement (e.g., scale or 

flow meter) or indirectly view the measurement on a remote display screen or computer. 

[0006] Certain aspects commensurate in scope with the originally claimed invention are 

set forth below. It should be understood that these aspects are presented merely to provide 

the reader with a brief summary of certain forms the invention might take and that these 

aspects are not intended to limit the scope of the invention. Indeed, the invention may 

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

[0007] In accordance with a first aspect of the present invention, there is provided a 

system having a shielded container, a radioisotope generator disposed within the shielded 

container, and an elution supply mechanism. The elution supply mechanism has an eluant 

supply container at least partially (and in some cases, completely) external to the shielded 

container, a conduit extending between an inlet of the radioisotope generator and an outlet of 

the eluant supply container, and an eluant visualization portal. 

[0008] In accordance with a second aspect of the present invention, there is provided a 

system that includes a radiation shielded container having a receptacle and a cover disposed 

over an opening in the receptacle, a radioisotope generator disposed within the receptacle 

below the cover, and an eluant supply mechanism. The eluant supply mechanism includes an 

eluant supply container and a conduit coupled with the eluant supply container and the 
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radioisotope generator. The conduit is disposed at least partially within the shielded 

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

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

radioisotope elution system. With regard to this third aspect, a radioisotope generator that is 

disposed inside a radiation shielded container receives an amount of eluant. The amount of 

eluant received by the radioisotope generator is visually indicated outside the radiation 

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

[0010] In accordance with a fourth aspect of the present invention, there is provided a 

system including an eluant supply mechanism and a radiation shielded lid having an aperture 

defined therein. The eluant supply mechanism includes an eluant supply container, a conduit 

coupled to the eluant supply container and at least partially disposed in the aperture, and an 

eluant measurement feature. 

[0011] Various refinements exist of the features noted above in relation to the various 

aspects of the present invention. Further features may also be incorporated in these various 

aspects as well. These refinements and additional features may exist individually or in any 

combination. Again, the brief summary presented above is intended only to familiarize the 

reader with certain aspects and contexts of the present invention without limitation to the 

claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features, aspects, and advantages of the present invention will 

become better understood when the following detailed description is read with reference to the 

accompanying drawings in which like characters represent like parts throughout the drawings, 

wherein: 

[0013] FIG. 1 is a perspective view of an exemplary embodiment of a generator product 

Including a visually accessible eluant supply bottle, a vented spike, a stop cock, tubing, a 

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

[0014] FIG. 2 is a partial cross-sectional side view of an exemplary embodiment of the 

generator product, wherein the tubing may pass through an aperture defined along an edge of 

the lid and into the shielded container; 

[0015] FIG. 3 is a top view of an exemplary embodiment of a portion of the generator 

product, wherein the lid may be mounted over an opening in the shielded container; 
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[0016] FIG. 4 is a cross-sectional side view of an exemplary embodiment of the generator 

product, wherein the tubing may be coupled to the generator via an inlet needle and the lid 

plug may be replaced by an elution assembly; 

[0017] FIG. 5 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein a syringe pump may be incorporated in the place of the eluant supply bottle; 

[0018] FIG. 6 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein a drip chamber may be incorporated in the tubing; 

[0019] FIG. 7 is a partial perspective view of an exemplary embodiment of the generator 

product that may include the drip chamber, an electronic drop counter, a display, and a 

computer, wherein the electronic drop counter may be utilized to count the drops passing 

through the drip chamber; 

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

product, wherein the eluant supply may be utilized with a splitter or manifold to supply a 

plurality of generators, each disposed within a shielded container; 

[0021] FIG. 9 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein the eluant supply bottle may be at least partially shielded and may include a 

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

and wherein the drip chamber and drop counter may be disposed within the shielded 

container; and 

[0022] FIG. 10 is a partial perspective view of an exemplary embodiment of the generator 

product, wherein the eluant supply bottle, the drip chamber, and the drop counter may be 

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

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

bottle. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0023] One or more exemplary embodiments of the present invention are described below. 

In an effort to provide a concise description of these embodiments, some features of an actual 

implementation may not be described in the specification. It should be appreciated that in the 

development of any such actual implementation, as in any engineering or design project, 

numerous implementation-specific decisions may be made to achieve the developers' specific 

goals, such as compliance with system-related and business-related constraints, which may 

vary from one implementation to another. Such a development effort would be a routine 
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undertaking of design, fabrication, and manufacture for those of ordinary skill having the 

benefit of this disclosure. 

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

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

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

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

access to an eluant supply and/or an eluate output during a radioisotope elution process. In 

other words, techniques are disclosed for identifying or tracking a volume, mass, weight, 

displacement, and/or flow of a supply eluant and/or an output eluate associated with eluting a 

radioisotope from a radioisotope generator via direct visualization or non-visual 

measurements that can be visualized remotely. As discussed below, these techniques may 

include a scale to monitor changes in weight of a supply eluant and/or an output eluate. 

Additionally or alternatively, these techniques may include a flow meter or displacement 

gauge, graduated volume marks on the supply and/or output container, and so forth. 

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

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

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

shielded container 16 (e.g., an auxiliary shield). In some embodiments, the lid plug 14 may be 

replaced by an elution assembly. It should be noted that the term "generator product" herein 

interchangeably refers to both a radioisotope elution system and/or a radioisotope generator 

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

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

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

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

container and an elution shield surrounding the eluate output container. 

[0026] As illustrated in FIG. 1, the eluant supply container 4 may be entirely or at least 

partially transparent (or translucent) and external to the shielded container 16, thereby 

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

may be partially external and/or partially internal to the shielded container 16. The supply 

bottle 4 can be fully or partially composed of glass, hard plastic, soft plastic, and other 

appropriate material(s) that allow visual access. As such, a user can visualize eluant 18 

disposed within the bottle 4. Because the eluant 18 is visible, a user can observe how much 

of it has been used during an elution process and/or how much of it remains after an elution 

process. For example, in the illustrated embodiment, a user can visually monitor the level of 

eluant in the bottle 4 with respect to index marks 19, which correspond to predefined metrics 
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(e.g., volume). This facilitates determination of when an elution process is complete. 

Further, if a partial elution (e.g., an elution to partially fill a standard sized eluate output 

container) is desired, visual access to the eluant supply may facilitate accurate performance of 

the partial elution. The eluant supply container 4 may be coupled to a generator disposed 

within the shielded container 16 via the tubing 10. Incidentally, "coupled" or the like herein 

generally refers to two or more components that are either directly or indirectly connected to 

one another. In this particular example, the coupling of the eluant supply container 4 and the 

generator may be characterized as a fluid coupling of those components. Incidentally, "fluidly 

coupling" or the like refers to a coupling of first and second components so that molecules of a 

substance(s) (such as a liquid or gas) may be substantially confined within and capable of 

flowing between the first and second components. 

[0027] The tubing 10 can be a rigid or flexible conduit {e.g., flexible tubing or a needle) 

capable of enabling flow of the eluant 18 from the eluant supply container 4 to the generator. 

In some embodiments, the tubing 10 is transparent and/or translucent, which further facilitates 

observation of the eluant flow from the eluant supply 18 to the generator. The tubing 10 may 

be coupled to the eluant supply container 4 in any appropriate manner, such as via a stopcock 

8 and a vented spike 6. In the illustrated embodiment, the eluant supply container 4 may be 

made of a generally rigid material that does not collapse as the eluant 18 is evacuated. 

Accordingly, the vented spike 6 may allow filtered air to enter into the bottle 4 to reduce the 

likelihood of a vacuum {e.g., a state of negative pressure) inside the bottle 4 when the eluant 

18 flows out. In other embodiments, the eluant supply container 4 may be made of flexible 

material that collapses as it is evacuated with or without aid by the vented spike 6. The 

stopcock 8 may enable a user to regulate flow of the eluant 18 from the bottle 4 through the 

tubing 10 and into the generator. For example, the stopcock 8 may include a valve that opens 

and closes by means of a tapered plug, enabling a user to control flow of eluant 18 between 

the bottle 4 and the generator. 

£0028] The tubing 10 may pass into the shielded container 16 through the lid 12 via an 

aperture 20 in the lid 12. In some embodiments, the aperture 20 may be formed in a central 

portion of the lid 12 and may include a nipple or other connection mechanism. However, in 

the illustrated embodiment, the aperture 20 is disposed along the circumference of the lid 12 

such that a gap is formed between the edge of the lid 12 and the shielded container 16. The 

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

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

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

passing between the lid 1 O and a top section of the shielded container 16 through the aperture 

20 and coupling with a generator 22 via a coupling mechanism 24 (e.g., a needle, a nipple, 
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threaded fastener, flange, and/or the like). In some embodiments, the coupling mechanism 24 

may include a check valve that reduces the likelihood of backflow of eluant and/or eluate from 

the generator 22 to the tubing 10 (and possible even the eluant supply container 4). In some 

embodiments, the tubing 10 may include a check valve disposed therein to reduce the 

likelihood of backflow from downstream tubing to upstream tubing and/or to the eluant supply 

container 4. It should be noted that in some embodiments, the tubing 10 may pass through an 

opening in the side of the shielded container 16. For example, in some embodiments, the 

tubing 10 may pass through an opening formed between sectional rings 26 that are stacked to 

form the shielded container 16. 

[0029] FIG. 3 is a top view of a portion of the generator product 2, wherein the lid 12 is 

mounted over an opening in the shielded container 16. Specifically, FIG. 3 illustrates the 

aperture 20 disposed along an edge of the lid 12 and forming a gap between the lid 12 and 

the shielded container 16. As noted above, in some embodiments, the aperture 20 may be 

located in a generally central location on the lid 12 or in a side portion of the shielded 

container 16. In some embodiments, the aperture 20 and the tubing 10 may correspond in 

size so that the tubing 10 is tightly secured when engaged with the aperture 20. In other 

embodiments, the aperture 20 may be larger than the tubing 10, allowing maneuverability of 

the tubing 10 while it is engaged in the aperture 20. In still other embodiments, the tubing 10 

includes one or more seals or the like that operate to secure the tubing 10 in the aperture 20 

and prevent flow (e.g., air flow) in and out of the shielded container 16 through the aperture 

20. 

[0030] FIG. 4 is a cross-sectional side view of the generator product 2, wherein the tubing 

10 is shown coupled to the generator 22 via a hollow inlet needle 28 and the lid plug 14 has 

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

elution shield 32 at least generally disposed about an eluate collection bottle 34. The elution 

shield 32 is designed to shield users from radioactive elements that are received by elution 

into the bottle 34. The eluate collection bottle 34 may be coupled to the generator 22 via a 

hollow outlet needle 36. During a wet elution process (e.g., an elution process wherein the 

generator generally remains charged), the eluate collection bottle 34 may be coupled to the 

generator 22 to enable eluate residing in the generator 22 to circulate through the generator 

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

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

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

chemically less tightly than the parent, thereby enabling flowing eluant to flush the desired 

radioisotope from the radioisotope generator 22 into the collection bottle 34 as eluate. 
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[0031) The eluate collection bottle 34 may have a standard or predefined volume, which 

may begin in an evacuated condition. A pressure drop into the evacuated eluate collection 

bottle 34 may facilitate eluate residing in the generator 22 to begin filling the bottle 34. 

Correspondingly, eluant 18 from the eluant supply container 4 may begin flowing into the 

generator 22 to replace the eluate passing to the collection bottle 34. Indeed, once the eluate 

collection bottle 34 is connected to the generator 22, a user can observe that eluant levels in 

the eluant supply container 4 go down in an amount generally corresponding to the amount of 

eluate received in the eluate collection bottle 34. For example, a user can observe the volume 

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

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

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

andlor may facilitate performance of partial elutions, in which the eluate collection bottle 34 is 

partially filled with eluate. It should be noted that in some embodiments, the eluate collection 

bottle 34 may not begin in an evacuated condition. For example, in some embodiments, other 

system conditions (e.g., generated pressure and/or gravity) may cause flow into the eluate 

collection bottle 34. 

[0032) FIG. 5 illustrates an alternative embodiment of the generator product 2, wherein a 

graduated syringe pump 40 may be incorporated in the place of the eluant supply container 4. 

The syringe pump 40 is adapted to inject the eluant 18 into the generator 22 via the tubing 10. 

Because the syringe pump 40 generates pressure, an evacuated eluate collection bottle 34 

may or may not be used in this embodiment. For example, a collection bottle 34 with a vent 

for expelling air may be used to collect the eluate. While the syringe pump 40 may drive the 

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

the amount of eluant injected into the generator 22. In other embodiments, other electrical 

and/or mechanical pumps and measurement systems may be used ·to supply and measure 

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

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

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

should be noted that FIG. 5 also illustrates that the aperture 20 may be disposed in a 

generally central portion of the lid 12. Additionally, as shown in FIG. 5, the tubing 10 may be 

coupled to a nipple 42 that passes through the lid 12 and couples to the generator 22 within 

the shielded container 16. 

[00331 FIG. 6 shows an exemplary embodiment of the generator product 2, wherein a drip 

chamber 44 is incorporated in the tubing 10 to facilitate tracking or identification of an amount 

of eluant flowing into the generator 22. The drip chamber 44 may facilitate measurement of 

the eluant passing between the eluant supply container 4 and the generator 22 in a variety of 

8 

1411 of 1573



WO 2007/016170 PCT/US2006/029055 

ways. For example, an observer can manually calculate the amount of transferred eluant by 

counting the drops that pass through the drip chamber 44. For instance, thirty drops of the 

eluant may correspond to one milliliter of eluant. As another example, in the embodiment 

illustrated in FIG. 7, an electronic drop counter 46 may be utilized to count the drops passing 

through the drip chamber 44 by, for example, detecting motion in the drip chamber 44. In one 

embodiment, the drop counter 46 may include an infra-red light emitting diode (LED) 48 and a 

photo detector 50. The LED 48 and photo detector 50 are aligned such that the photo 

detector 50 receives a light beam from the LED 48. When a drop passes through the drop 

counter 46, it breaks the light beam and the drop counter 46 outputs and/or stores data 

corresponding to the break. This facilitates measurement of the number of drops and the 

provision of metrics relating to the amount of eluant being passed from the eluant supply 

container 4 through the drip chamber 44 and into the generator 22. Metrics can be calculated 

from the data retrieved by the drop counter 46 manually, in the drop counter 46 itself, or in 

other devices capable of receiving data and performing calculations. 

[0034] As illustrated in FIG. 7, the drop counter 46 may be communicatively coupled to a 

display 52 for display of metrics relating to the elution process. The drop counter 46 may be 

coupled to an electronic device and/or computer 54 (e.g., a laptop computer) to store data, 

facilitate communication with other devices, and/or perform calculations relating to the elution 

process. It should be noted that in some embodiment, the display 52 may be incorporated 

into the computer 54. In other words, rather than having a separate display 52, a computer 

screen 56 of the computer 54 may be utilized for displaying data associated with the elution 

process. For example, a volume associated with the number of counted drops (e.g., thirty 

drops corresponds to one milliliter) can be calculated and displayed on the computer screen 

56. A time associated with each counted drop can be displayed on the computer screen 56. 

The volume and/or time associated with each elution process may be tracked and displayed 

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

elution process. For example, a value corresponding to an expected radioactivity level of an 

elution at a certain time can be calculated and displayed on the computer screen 56. By 

further example, a user (or the computer) can determine an actual radioactivity level of an 

eluate at a given time. The radioactivity level information can be programmed into the 

computer 54 if that information is not already in the computer, for example, which can 

incorporate other data (e.g., time data from the drop counter 46) to determine an expected 

radioactivity level at a specified future time. In some embodiments, a certain time when an 

elution should be performed, based on data from the drop counter 46 and/or predefined data 

(e.g., a calculated expected radioactivity level), can be calculated and displayed on the 

computer screen 56. 
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[0035] FIG. 8 shows another exemplary embodiment of the generator product 2, wherein 

the eluant supply container (here, a bag) 4 may be utilized with a manifold or splitter 60 to 

supply a plurality of generators 22, each disposed within a shielded container 16. As 

illustrated, this generator product 2 may have a variety of different measurement and 

visualization features that may complement or supplement one another. The single bulk 

supply of eluant (e.g., eluant supply container 4) may increase the likelihood that the individual 

generators 22 have sufficient eluant during individual or simultaneous operation. In addition, 

the total eluate output from all of the generators may be tracked or visualized by comparing 

the eluant level inside the bag 4 against the index marks 19. 

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

drop counters 46 and/or displays 52 that provide data relating to elution processes in each of 

the generators 22, thus enabling collection and provision of data relating to generator usage 

individually and/or collectively. For example, based on time stamped usage data and related 

calculations, the computer 54 may indicate that a particular generator 22 in a set of generators 

should be milked before the others based on a greater likelihood that it may produce an eluate 

with an appropriate and/or desired radioactivity level. Further, having a single source of 

eluant may facilitate rapid replacement of the eluant source (e.g., eluant supply container or 

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

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

collapsible plastic bag with or without a vent to facilitate flow. Thus, the level of eluant may be 

directly visualized in the container or bag 4. In some embodiments, the container or bag 4 

may be mounted on or hung from a scale 57 to measure weight changes in the container or 

bag 4 and, thus, track the amount of eluant flowing into the generators. For example, an initial 

weight of the container or bag 4 may be weighed as a reference, followed by a manual or 

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

57 may be attached independently to each of a plurality of eluate supply containers for the 

generators 22. 

[0037] FIG. 9 shows an exemplary embodiment of the generator product 2, wherein the 

eluant supply container 4 may be at least partially shielded and may include a visualization 

window 66 that facilitates viewing and measurement of eluant levels in the bottle 4. The 

window 66 may operate as a visualization portal, which may include index marks 19 that can 

operate as a measurement feature corresponding to volume or another metric. Further, the 

illustrated embodiment may include the drip chamber 44 and drop counter 46 disposed within 

the shielded container 16. Again, the drop counter 46 may be communicatively coupled to the 

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

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

1. A system, comprising: 

a radioactivity shielded container; 

a radioisotope generator disposed within the radioactivity shielded container; and 

an elution supply mechanism comprising: 

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

container; 

a conduit extending between an inlet of the radioisotope generator and an 

outlet of the eluant supply container; and 

an eluant visualization portal. 

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

chamber. 

3. The system of claim 2, wherein the eluant visualization portal comprises a 

transparent or translucent portion of the drip chamber. 

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

5. The system of claim 4, comprising an electronic measurement device 

communicatively coupled to the drop counter. 

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

computer. 

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

radioactivity shielded lid including an aperture having the conduit extending therethrough. 

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

radioactivity shielded lid. 

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

radioactivity shielded lid having a hollow nipple coupled to the conduit. 
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10. The system of claim 1, wherein the eluant visualization portal comprises a 

transparent or translucent portion of the eluant supply container having demarcations 

corresponding to levels of eluant in the eluant supply container. 

11 . The system of claim 1, wherein the outlet of the elution supply container 

comprises a conduit splitter coupled to the conduit and at least one other conduit that leads to 

a different radioisotope generator. 

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

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

system. 

14. A system, comprising: 

a radiation shielded container comprising a receptacle and a cover disposed over an 

opening in the receptacle; 

a radioisotope generator disposed within the receptacle; and 

an eluant supply mechanism comprising: 

an eluant supply container; 

a conduit coupled with the eluant supply container and the radioisotope 

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

an eluant measurement device coupled to the eluant supply mechanism. 

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

extending therethrough. 

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

17. The system of claim 14, wherein the conduit comprises a hollow needle. 

18. The system of claim 14, wherein the eluant measurement device comprises an 

eluant level gauge coupled with the eluant supply container. 

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

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

drop counter coupled to the drip chamber. 

21. The system of claim 14, wherein the eluant measurement device is at least 

partially disposed inside the radiation shielded container. 

22. The system of claim 21, wherein the eluant measurement device comprises a 

drop counter disposed within the radiation shielded container. 

23. The system of claim 14, comprising an electronic display disposed at least 

partially external to the radiation shielded container and coupled to the eluant measurement 

device. 

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

scale. 

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

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

shielded container; 

visually indicating an amount of the eluant received by the radioisotope generator, 

wherein the visually indicating occurs at a location outside the radiation shielded container; 

and 

eluting radioactive material from the radioisotope generator. 

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

eluant received into the radioisotope generator. 

27. The method of claim 26, comprising calculating a suggested time for performing a 

future elution based on the metric. 

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

eluant is received. 

29. The method of claim 25, comprising measuring the amount of eluant received 

from within the radiation shielded container. 
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30. The method of claim 29, wherein measuring comprises counting drops of the 

eluant. 

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

displaying a metric of the amount of eluant received. 

32. The method of claim 25, wherein visually indicating comprises providing a visual 

line of sight to the eluant. 

scale. 

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

34. A system, comprising: 

a radiation shielded lid comprising an aperture; and 

an eluant supply mechanism comprising: 

an eluant supply container; 

a conduit coupled to the eluant supply container and at least partially disposed 

in the aperture; and 

an eluant measurement feature. 

35. The system of claim 34, wherein the eluant measurement feature comprises a drip 

chamber and an electronic drop counter coupled to the drip chamber. 

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

eluant visualization portal. 

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

scale. 
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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., molybdemun-99) which produces the daughter 

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

the parent radioisotope adsorbed on a carrier medium (e.g., alumina). The carrier medium has a 

relatively higher adsorptive capacity for the parent radioisotope and a relatively lower adsorptive 

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

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

eluant (e.g., a sterile saline solution) through the column such that the resulting eluate contains the 

daughter radioisotope (e.g., in the form of a dissolved salt), which makes the eluate useful in nuclear 

medicine. For example, the eluate may be adapted for intravenous administration for any of a variety of 

diagnostic and/or therapeutic procedures. 

To obtain a quantity of the eluate from the generator, a container (e.g., a vial) may be connected 

to an outlet of the column at a tapping point of the generator to receive the eluate containing the 

daughter radioisotope. The container may be an evacuated container, in which case the partial vacuum 

in the container is used to draw eluant through the column from an eluant reservoir in fluid 

communication with an inlet to the column, thereby eluting the daughter radioisotope from the column. 

Using vacuum pressure in the container to draw eluate out of the generator avoids the need to pressurize 

the radioactive materials, as would be the result if the fluids were pumped through the column, thereby 

reducing the risk of accidental release of radioactive materials. 

Another advantage of using vacuum pressure in the container to draw eluate out of the 

generator column is the elimination of the need for moving parts to cause the fluid flow. This may make 

the system more resistant to mechanical failure and may also render operation of the system relatively 

simple and clean. Because the eluate may be dispensed directly from the outlet of the generator column 

to tl1e container, there is no need to clean an intermediate chamber/reservoir of the type used in some 

prior art systems (e.g., U.S. Patent No. 4,625,118). Unnecessary cleaning is not only undesirable from 

the standpoint of the cost {in materials and time) of the cleaning itself, but in some circumstances trace 

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

draw eluate from the generator directly into the container is desirable for a variety of reasons. 

The same generator column may be used to fill a number of containers with eluate before the 

radioisotopes in the column are spent. The amount of eluate needed at any time may vary depending on 

the number of prescriptions that need to be filled by the radiopharmacy and/or the remaining 

concentration of radioisotopes in the generator column. One way to vary the amount of eluate drawn 

from the column is to vary the volume of the containers. For example, different sized containers having 

volumes ranging from about 5 mL to about 30 mL are common. fu particular, standard elution vials 

having volumes of 5 mL, 10 mL, or 20 mL are currently available in the industry and may be used to 

facilitate dispensing of the corresponding amount of eluate from the generator column. 

Unfortunately, the use of multiple different types of containers has significant disadvantages. 

For example, a radiopharmacy may use different labels, rubber stoppers, flanged metal caps, lead 

shields, and/or spacers to handle different sized containers, requiring the radiophannacy to keep 

supplies of these items in stock for each type of container. Likewise, packaging for transport of the 

filled containers to healthcare facilities must also account for the different dimensions of the containers. 

Another way to vary the amount of eluate dispensed to a container is to interrupt the elution 

process before the container is completely filled. For example, U.S. Pat. No. 4,387,303 discloses a 

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

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

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

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

container could be partially filled to obtain any desired amount of eluate equal to or less than the 

capacity of the vial. Another advantage of interrupting the elution process before a container is filled to 

capacity is that it is easier to draw the eluate from the container when it is not completely filled. 

Unfortunately, it is not easy to identify the level of the eluate in a partially filled container. For 

instance, the container may be housed in a radiation shield-that prevents visual inspection of the level of 

eluate in the container. Educated guesswork and/or trial and error are generally used to interrupt the 

elution based on an estimate of how much eluate is in the container. However, use of this method can 

easily lead to overfilling or underfilling of a container, both of which may result in undesirable 

inefficiencies. Even if it is possible for a person to visually monitor the level of eluate in the container 

(e.g., through a leaded glass window in the radiation shield), a person would have to dedicate some of 

his or her attention to monitoring the elution process to stop it at the right time. This would detract from 

the person's ability to do other things. Further, ifthe person were distracted, it would be easy to fill the 

container more than intended. 

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

dispensing of a desired amount of eluate from a radioisotope generator. 
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:SUMMARY 

One aspect of the invention is directed to a radioisotope generation system for dispensing a 

radioactive eluate (i.e., an eluate including a radioisotope) into a container for holding such an eluate. 

A radioisotope generator of the system is operable to dispense the eluate into the container. While the 

eluate is being dispensed by the generator into the container, a monitoring system monitors the amount 

of eluate dispensed into the container and generates a signal indicative of the amount of eluate 

dispensed into the container. 

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

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

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

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

generator to the cavity of the shield and is operable to generate a signal in response to the dispensing of 

a desired amount of eluate into the cavity and/or the elapsing of a predetermined elapsed time during 

which eluate is dispensed into the cavity. 

Still another aspect of the invention is directed to a radioisotope generation system that includes 

a radioisotope generator for dispensing radioactive eluate. This system also includes a dispensed eluate 

sensor that may be used to sense an amount of eluate that has been dispensed from the generator, and a 

signaling device that is communicatively connected with the sensor. Incidentally, "communicatively 

connected" or the like herein refers to a relationship of first and second components characterized in 

that at least an electrical signal can be conveyed at least from one of the components to the other. 

Yet another aspect of the invention is directed to a method for dispensing a radioactive eluate. 

In this method, eluate is dispensed from a radioisotope generator into a container while the container 

and the generator are in fluid communication. Incidentally, "fluid communication" or the like herein 

refers to a relationship between at least first and second components of a system; this relationship being 

such that a substance(s) (e.g., a liquid and/or gas) may flow through the system at least from one of the 

components to the other. In any event, in this method, the dispensing of the eluate into the container is 

monitored (e.g., using one or more appropriate sensors). Further, a signal (e.g., visible and/or audible) 

indicative of an amount of eluate dispensed is provided. 

Still yet another aspect of the invention is directed to a method of providing a radioactive 

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

shield. An amount of eluate in the cavity is monitored during at least a portion of the eluate being 

dispensed. A signal (e.g., visible and/or audible) is automatically generated in response to detecting a 

desired amount of eluate in the cavity and/or a passing of a predetermined elapsed time during which 

the eluate is dispensed. 

In yet another aspect, the present invention is directed to a method of providing a radioactive 

eluate. In this method, eluate is dispensed from a radioisotope generator into a container while the 

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

result of the amount of eluate that is determined (e.g., a threshold amount). 

In still yet another aspect of the invention, an amount of radioactive eluate eluted from a 

radioisotope generation system in an elution procedure is determined. In addition, an electrical 

condition of the system is changed based on the amount of eluate that is determined to be eluted. By 

way of example, a change in electrical condition may refer to a closing and/or opening of an electrical 

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

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

change in electrical condition may refer to a change in capacitance between first and second electrical 

conductors of the system. 

Various refinements exist of the features noted in relation to the above-mentioned aspects of 

the present invention. Further features may also be incorporated in the above-mentioned aspects of the 

present invention as well. These refinements and additional features may exist individually or in any 

combination. For instance, various features discussed below in relation to any of the illustrated 

embodiments of the present invention may be incorporated into any of the aspects of the present 

invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a schematic diagram of a radioisotope generation system according to one embodiment 

of the present invention; 

Fig. 2 is an enlarged view of a portion of the system of Fig. I illustrating a monitoring system 

thereof, 

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

but further having an automatic interruption system. 

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

ofFigs. 1 and 3; 

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

embodiment; 

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

embodiment; 

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

the present invention; and 

Fig. 8 is a schematic diagram of one embodiment of a selector useful with the radiation 

generation system of Figs. 1, 3 and 7. 

Corresponding reference characters indicate corresponding parts throughout the drawings. 
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DETAILED DESCRITPTION OF ILLUSTRATED EfvIBODilVIENTS 

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

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

having a column I 03 containing a carrier, having a parent radioisotope (e.g., Molybdenum - 99) that 

decays into a daughter radioisotope (e.g., Technetium - 99m), adsorbed thereon. The generator column 

103 may be enclosed in a conventional radiation-shield I 05 as shov.m in the embodiment of Fig. 1. The 

generator column 103 has an inlet 107, which may be connected to an eluant reservoir 111 by a suitable 

inlet conduit 113. The column 103 also has an outlet 117 that may be connected to a tapping point 119 

by a suitable outlet conduit 121. 

The eluant reservoir 111 contains eluant (e.g., saline solution or other fluid capable of eluting 

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

for multiple elutions. However, the eluant reservoir may alternatively be sized to contain no more 

eluant than is sufficient for a single elution without departing from the scope of the invention. The 

eluant reservoir may be a flexible (e.g., collapsible) bag or a substantially rigid container without 

departing from the scope of the invention. Where the container is rigid, a pressure relief system (e.g., a 

filtered vent to atmosphere) may be used so that withdrawal of eluant from the eluant reservoir does not 

create a vacuum in the eluant reservoir. The eluant reservoir 111 may be suitably mounted on the 

system 101 above the level of the generator column 103 as shown in Fig. 1. 

The tapping point 119 may be constructed to allow a container 125 to be mounted thereon for 

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

For example, in one embodiment (illustrated in Fig. 1) a hollow needle 127 capable of piercing a 

septum on the container 125 may be attached to the end of the outlet conduit 121 to serve as the tapping 

point. The system 101 may be configured so the tapping point 119 is above the level of the generator 

column 103 as in the illustrated embodiment. The system 101 may be configured so that the tapping 

point 119 is also at about the same level as the eluant reservoir 111. 

The radioisotope generation system 101 may further comprise an elution shield 131 constructed 

to have an internal cavity 133 for receiving the eluate from the generator column 103 via the output 

conduit 121 and tapping point 119. In particular embodiments, the elution shield 131 may be 

constructed to house the container 125 within the internal cavity 133 thereof with the container 

connected to the generator at the tapping point as illustrated in Fig. 1. For example, the elution shield 

131 shown in the drawings is constructed to have a cavity 133 sized and shaped to hold the container 

125 and an opening 139 through which the needle 127 may be inserted to provide fluid communication 

between the container and the generator column 103 while the container is in the cavity. Other 

configurations offue radioisotope generation system are also contemplated to be within the scope of the 

invention, as long as the system is operable to dispense eluate to the cavity of the elution shield, and in 

particular embodiments to a container disposed in the cavity. 
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Fluid flow through the system 101 may be suitably controlled by one or more valves. For 

example, the system 101 may include at least one pinch valve 141, which is operable to selectively 

block the flow of eluate through the outlet conduit 121 to the container 125 (broadly, the internal cavity 

133 of the elution shield 131). The pinch valve 141 may in part define an interruption system of the 

type described in U.S. Patent No. 4,387,303, which is hereby incorporated by reference to the extent it 

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

be interrupted before the container is filled to its maximum volume. The term "maximum volume" as 

used in reference to the container 125 refers to that volume to which an evacuated container would be 

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

to stop the inflow of fluids. 

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

tungsten, depleted uranium, etc.) to protect workers from radiation emitted by the eluate after it is 

received in the container 125. Those skilled in the art will know how to construct an elution shield 

having a sufficient amount of radiation-absorbing material in view of the type and amount of radiation 

expected to provide a desired level of protection against radiation exposure. The elution shield 131 may 

be substantially opaque, as indicated in the drawings, which inhibits manual monitoring of the amount 

of eluate in the container 125. However, the present invention is not limited to generation systems 

having opaque elution shields. Accordingly, an elution shield having a viewing window (e.g., leaded 

glass window) that allows viewing of the contents of the elution shield is contemplated to be within the 

scope of the invention. 

The generation system 101 also comprises a monitoring system 151 capable of automatically 

monitoring the dispensing of eluate from the generator column 103 to the container 125, e.g., to 

monitor the amount of eluate dispensed into the container (broadly, into the cavity 133}. The 

monitoring system 151 may generally be any system operable to automatically determine (e.g., sense, 

measure, meter, calculate, or otherwise gauge) the amount of eluate in the container 125 as eluate is 

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

system may include a dispensed eluate sensor capable of determining the amount of eluate eluted from 

a generator communicatively connected to a signaling device. The dispensed eluate sensor may be a 

component of the elution shield 131, associated with other components of a radioisotope generation 

system or even be characterized as a component of the system in and of itself. It is contemplated that 

the monitoring system 151 may be operable to monitor the dispensing of eluate on a substantially 

continuous basis or on an intermittent basis. 

Referring to Fig. 2, one embodiment of a suitable monitoring system comprises a liquid level 

sensor 161 capable of detecting the level of the eluate in the container 125. For example, an infrared 

LED 163 and corresponding infrared detector 165 (e.g., photo diode) may be mounted inside the cavity 

133 of the elution shield 131 in spaced relation to one another. The LED 163 (upon operation of the 

monitoring system) emits light (e.g., infrared light) which reflects off the upper surface 167 of the 
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liquid back to the detector 165. Data from the detector 165 is transmitted (e.g., by hardwiring or 

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

determine the path length of the reflected light based on the data, and thereby to determine the fluid 

level of the eluate in the container 125 as a function of the path length of the reflected light. The 

teachings disclosed in U.S. Patent No. 5,291,031, which is hereby incorporated by reference to the 

extent it is consistent, may be used to construct a suitable processor capable of measuring the path 

length of the reflected light. It is contemplated that the container may be configured (e.g., contoured) to 

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

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

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

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

level sensor 161 without any lenses and/or with a container that is not configured to modify the path of 

light in any particular way is within the scope of the invention. 

The fluid level in the container 125 corresponds to the amount of eluate in the container. 

Accordingly, the processor 171 (Fig. 1) is also capable of determining the corresponding amount of 

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

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

container 125 to a desired amount of eluate to be dispensed into the container. 

The monitoring system 151 is further operable to generate a signal once it determines that a 

desired amount of eluate has been received by (e.g., dispensed into) the container 125 (broadly, the 

internal cavity 133 of the elution shield 131). In one embodiment, the signal may be perceptible exterior 

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

other operators of the generation system). For example, the signal may be a light (broadly, a visual 

signal) or noise (broadly, an audible signal) perceptible to workers to alert them that it is time to 

interrupt the elution process. The monitoring system 151 illustrated in Figs. 1and2, for instance, 

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

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

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

of the elution shield 131, as indicated for example by connection of the piezoelectric speaker 175 to the 

elution shield in Fig. 2. In some embodiments, the processor 117 may function as a signaling device 

and may be operable to change an electrical condition of the system (e.g., open and/or close a circuit of 

the system, change a voltage applied to one or more components of the system, etc.) in a manner that is 

in and of itself imperceptible to unaided humans, although such a change in an electrical condition of 

the system by the processor may ultimately produce a tangible result (e.g., activation of an interruption 

system as described below) that may be perceptible to humans, if any are in a position to observe the 

result. 
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The generation system 10 I may also comprise a selector in communication with the processor 

171 and operable to allow a user to pre-select (e.g. prior to operation of the radioisotope generator to 

dispense eluate into the container) the desired amount of eluate to be dispensed into the container 125. 

Virtually any device capable of providing user input to the processor 171 can be used as the selector. 

For example, the selector may comprise a hall effect sensor dial 181 as illustrated in Fig. 8, a set of 

buttons, a potentiometer, a touch screen display, a computer terminal, or the like. The selector may be 

operable to allow the user to pre-select the desired amount of eluate from a set of predetermined desired 

amounts. For example, in the illustrated embodiment of Fig. 8, the hall effect sensor dial has indicia 183 

that indicates the desired amount of eluate to be dispensed and a set of magnetic elements 185 and hall 

effect sensors 187 positioned to determine which of the indicia is aligned with a fixed marking 189 

(e.g., a selection arrow). In other embodiments, the selector may instead be operable to allow the user 

to select any desired amount of eluate within a range of permissible amounts. For example, the selector 

may allow the user to select a set amount of eluate, or the selector may allow the user to select a certain 

fill percentage (e.g., 25%, 50%, etc.) of the container. 

It is understood that the system 101 may also permit the user to opt to fill the container 125 to 

its maximum volume, such as by including on the selector a setting for disabling the monitoring system 

151 or selecting a desired amount of eluate about equal to the maximum volume of the container. It 

may be more desirable to stop the dispensingjust before the container 125 is filled to its maximum 

volume (e.g., to facilitate piercing the septum of the container to draw eluate into a syringe) rather than 

disable the monitoring system 151. 

According to one embodiment of a method of the present invention for dispensing a desired 

amount of eluate to the container 125 (broadly, the cavity 133 of the elution shield 131), a user uses the 

selector to pre-select a desired amount of eluate to be dispensed from the generator column 103 into the 

container. An evacuated container 125 may be loaded into the elution shield 131 and connected to the 

generator column 103 by insertion of the needle 127 through a septum of the container. The pinch valve 

141 may be opened (if it was initially closed) such that the vacuum pressure in the container 125 

induces the eluant to flow from the eluant reservoir 111, through the inlet conduit 113 and into 

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

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

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

flow without pressurizing either the eluant or eluate above atmospheric pressure. 

The monitoring system 151 monitors the dispensing of eluate into the container 125. For 

example, for the embodiment illustrated in Figs. 1 and 2, the infrared LED 163 may emit light that is 

detected by the detector 165 after reflecting off of the upper surface 167 of the eluate in the container 

125. The processor 171 determines the amount of eluate in the container 125 based on the fluid level 

data it receives from the detector 165. When the processor 171 determines that the amount of eluate in 

the container 125 is in a range from about equal to through greater than the pre-selected desired amount 
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ot eluate, the processor activates the piezoelectric speaker 175 (e.g., by changing a voltage applied to 

one or more electrodes of the piezoelectric speaker) to produce an audible signal. The processor 117 

may activate the piezoelectric speaker when it determines a threshold amount of eluate has been eluted 

from the generator 103. In one embodiment, the processor 117 activates the piezoelectric speaker just 

before the amount of eluate in the container reaches the desired amount of eluate to account for the 

expected delay between activation of the speaker 175 and manual interruption of the elution process. 

A person in the vicinity of the radioisotope generation system 101 (e.g., a radiopharmacist or 

other worker) may perceive the signal (e.g., see in the case of a visual signal and/or hear in the case of 

an audible signal) from the monitoring system l 5 I and thereby be alerted to the fact that the desired 

quantity of eluate has been dispensed into the container 125. The person may then interrupt the flow of 

eluate into the container 125 (e.g., by manually closing the pinch valve 141 and/or by disconnecting the 

container 125 from the outlet conduit 121). After the radioisotope generation process is complete, the 

user may use the selector to change the desired amount of eluate to a different amount and repeat the 

process to obtain a different amount of eluate in another container. 

With reference now to Fig. 3, in another embodiment of a radioisotope generation system 201 

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

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

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

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

processor 11 7 may alter an electrical condition of the system (e.g., open and/or close a circuit of the 

system, change a voltage applied to a component of the system, etc.) to activate the interruption system. 

It is understood that the electronic signal generated by the monitoring system 151 to activate the 

interruption system may be instead of, or in addition to, a signal that is perceptible exterior of the 

elution shield 131 (e.g., an audible or visible signal). 

The interruption system may comprise a valve actuator 209 operable to close the pinch valve 

141 in response to the signal from the monitoring system 151. Other suitable interruption systems may 

comprise an actuator (not shown) operable to disconnect the container 125 from the generator column 

103 by withdrawing the needle 127 from the container in response to the signal from the monitoring 

system 151, such as by movement of the container, movement of the needle, or both. Construction and 

operation of the generation system 201 of Fig. 3 is otherwise substantially the same as the construction 

and operation of the system 101 ofFig. 1. 

It is understood that suitable monitoring systems other than that illustrated in Figs. 1-3 and 

described previously may be used without departing from the scope of this invention. For example, 

Fig. 4 illustrates a portion 351 of one alternative embodiment of a suitable monitoring system 

comprising an ultrasonic liquid level sensor 361 having an ultrasonic transmitter and receiver (e.g., a 

resonator 363 that transits ultrasound in an active mode and receives ultrasound in a passive mode) 

mounted in the cavity 133 of the elution shield 131. Operation of the liquid level sensor 361 shown in 
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Fig. 4 involves emitting ultrasonic energy (e.g., a burst or chirp) from the transmitter 363 and detecting 

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

ultrasonic detector 363 may be transmitted (by wire or wirelessly) to the processor 171 whereby the 

processor determines the level of the eluate based on the data relating to the echo. The processor 171 

may determine the amount of eluate in the container 125 (broadly, the cavity 133 of the elution shield 

131) based at least in part on the determined fluid level of the eluate. 

Another embodiment of a suitable monitoring system 451 is illustrated in part in Fig. 5. Such a 

monitoring system 451 comprises an inductive liquid level sensor 461. The inductive sensor comprises 

a conductive coil 463 turning about at least a part of the cavity 133 of the elution shield 131, and in the 

illustrated embodiment about the outer surface of the container 125 within the cavity. The inductance 

of the coil 463 may vary depending on the fluid level of eluate in the container 125. Operation of the 

monitoring system 451 of Fig. 5 may include measuring the inductance of the coil 463 and using the 

processor 171 to determine the level of eluate in the container 125 based on the inductance of the coil. 

Similarly, a capacitive sensor (not shown) comprising a pair of parallel conductors in opposing relation 

to one another may be positioned in the cavity so that the capacitance of the conductors varies 

depending of the level or eluate in the container 125, in which case the monitoring may include 

measuring the capacitance of the conductors and using the processor 171 to determine the level of 

eluate as a function thereof As in previous embodiments, the fluid level of eluate corresponds to the 

amount of eluate in the container 125 (broadly, the cavity 133). 

Fig. 6 illustrates part of yet another embodiment ofa suitable monitoring system 551 in which 

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

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

pcsitioned in the cavity 133 of the elution shield 131 with the weight of the container 125 bearing down 

against the sensor. Data from the pressure sensor 563 may be sent to the processor 171, which 

correlates the pressure exerted on the pressure sensor to the weight of eluate in the container 125. The 

weight of the eluate corresponds to the amount of eluate in the container 125. A system incorporating 

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

201 shown in Figs. 1-3. 

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

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

comprises a timer 691 operable to monitor an elapsed time during which eluate is dispensed from the 

generator column 103 into the container 125 (broadly, the cavity 133 of the elution shield l31). In 

particular, the elapsed time may be monitored relative to the time at which dispensing of eluate into the 

container 125 is initiated. The timer 691 can be used to gauge the amount of eluate dispensed into the 

container 125 based on previously calibrated data regarding the amount of time required for eluate to 

accumulate in the container under similar operating conditions. In this case, the monitoring system 651 

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

select the predetermined elapsed time during which eluate is to be dispensed into the container 125. 

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

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

outlet conduit 121. For example, one or more sensors 695 (e.g., a hall effect sensor, optical sensor, 

RFID sensor, proximity sensor, or the like) may generate a signal upon connection of the container 125 

to the outlet conduit 121. The timer 691 may be operable to begin monitoring the elapsed time in 

response to the signal indicating that the container 125 has been connected to the outlet conduit 121. 

Alternatively, the timer 691 may be started manually by a person when he or she connects the container 

125 to the outlet conduit 121 without departing from the scope of the invention. 

It is understood that the configuration of the radioisotope generation system can be different 

from the configurations discussed above and shown in the drawings without departing from the scope 

of the invention. Although the systems described and shown above involve dispensing of eluate into a 

container housed within an elution shield, it is understood that the elution system can dispense eluate 

directly into the cavity of the shield, or that the container may be unshielded, without departing from 

the scope of the invention. 

Although a pinch valve is used to facilitate interruption of the elution in the illustrated 

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

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

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

and of itself. 

\Vhile in each of the illustrated embodiments the monitoring system generates a signal upon 

determining that the amount of eluate dispensed into the container is approximately equal to a desired 

amount of eluate, it is contemplated that the monitoring system may instead, or may additionally, 

generate a continuous or intermittent signal prior to the desired amount of eluate being dispensed into 

the container, e.g., indicative of the determined amount of eluate in the container (broadly, the cavity). 

For example, in one embodiment the signal may comprise visual or audible signals that indicate various 

incremental amounts of eluate dispensed into the container. Examples of such signals include, without 

limitation, lights, digital displays, alphanumeric displays or other suitable visual indicators of the 

amount of eluate dispensed into the container. Other examples include audible signals that may or may 

not increase in intensity as the amount of eluate in the container increases. 

When introducing elements of the present invention or the preferred embodiments thereof, the 

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

The terms "comprising", "including", and "having" are intended to be inclusive and mean that there 

may be additional elements other than the listed elements. Moreover, the use of "top" and "bottom" 

and variations of these terms is made for convenience, but does not require any particular orientation of 

the components. 
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As various changes could be made in the above products and methods without departing from 

the scope of the invention, it is intended that all matter contained in the above description and shown in 

the accompanying drawings shall be interpreted as illustrative and not in a limiting sense. 
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CLATh1S: 

What is claimed is 

1. A radioisotope generation system comprising: 

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

a monitoring system operable while the radiation generator system dispenses eluate into the 

container to monitor the amount of eluate dispensed into the container and to generate a signal 

indicative of the amount of eluate dispensed into the container. 

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

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

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

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

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

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

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

the container. 

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

and audibly perceptible exterior of the container. 

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

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

level sensor operable to sense a level of eluate in the container, the level corresponding to the amount of 

eluate in the container. 

9. A radioisotope generation system as in claim 8 wherein the level sensor is selected from the 

group consisting of optical sensors, infrared sensors, ultrasonic sensors, inductive sensors, and 

capacitive sensors. 

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

timer operable to monitor an elapsed time during which eluate is dispensed into the container, the 

elapsed time being relative to a time at which the dispensing of eluate into the container is initiated, the 

elapsed time corresponding to the amount of eluate in the container. 
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11. A radioisotope generation system as in claim 10 wherein the monitoring system is operable 

to generate a signal following dispensing of eluate into the container for a predetermined elapsed time 

wherein the predetermined elapsed time corresponds to a desired amount of eluate to be dispensed into 

the container. 

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

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

13. A radioisotope generation system as in claim 10 further comprising a timer initiation 

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

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

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

tags. 

15. A radioisotope generation system as in claim l wherein the monitoring system comprises a 

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

amount of eluate in the container. 

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

dispensing eluate from a radioisotope generator into a container while the container and the 

generator are in fluid communication; 

monitoring the dispensing; and 

providing a signal indicative of an amount of the eluate dispensed into the container. 

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

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

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

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

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

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

dispensing of eluate into the container in response to the signal. 
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20. A method as in claim 17 further comprising selectively adjusting the desired amount of 

eluate to be dispensed into the container, the selectively adjusting being conducted prior to the 

operating of the radioisotope generator. 

21. A method as in claim 16 wherein the monitoring comprises monitoring an elapsed time, 

starting from initiation of the dispensing, during which eluate is dispensed into the container, the 

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

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

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

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

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

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

monitoring. 

25. A method as in claim 24 wherein the providing results from the electrical signal generated. 

26. A radioisotope generation system comprising: 

a radioisotope generator operable to dispense eluate; 

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

elution shield being constructed at least in part of a radiation-absorbing material; and 

a monitoring system for monitoring the dispensing of eluate by the generator to the cavity of 

the shield, the monitoring system being operable to generate a signal in response to at least one of 

receipt of a desired amount of eluate in the cavity and elapse of a predetermined time period during 

which eluate is dispensed into the cavity. 

27. A radioisotope generation system as in claim 26 further comprising a container disposed in 

the cavity for receiving the eluate therein, the container being adapted to hold a maximum volume of 

eluate, the monitoring system being capable of generating the signal in response to receipt of a desired 

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

the container. 

28. A radioisotope generation system as in claim 26 further comprising a container disposed in 

the cavity for receiving the eluate therein, the container being adapted to hold a maximum volume of 

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

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

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

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

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

of the elution shield. 

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

visually and audibly perceptible exterior of the elution shield. 

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

human. 

33. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a level sensor operable to sense the level of eluate in the cavity, the level corresponding to the amount 

of eluate in the cavity. 

34. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a timer operable to monitor an elapsed time during which eluate is dispensed into the cavity, the elapsed 

time being relative to a time at which the dispensing of eluate into the cavity is initiated, the elapsed 

time corresponding to the amount of eluate in the cavity, the monitoring system being operable to 

generate a signal following dispensing of eluate into the cavity for a predetermined elapsed time 

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

35. A radioisotope generation system as in claim 34 further comprising a timer initiation 

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

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

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

37. A radioisotope generation system as in claim 26 wherein the monitoring system comprises 

a sensor operable to determine the weight of eluate in the cavity, the weight corresponding to the 

amount of eluate in the cavity. 

3 8. A method of producing radioactive eluate, the method comprising: 
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dispensing eluate from a radioisotope generator into a cavity of an elution shield; 

monitoring an amount of eluate in the cavity during at least a portion of the dispensing; and 

automatically generating a signal in response to detecting at least one of a desired amount of 

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

39. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a 

container disposed in the cavity of the elution shield, the container being adapted to hold a maximum 

volume of eluate, wherein the automatically generating occurs in response to receipt of a desired 

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

40. A method as in claim 38 wherein the dispensing comprises dispensing eluate into a 

container disposed in the cavity of the elution shield, the container being adapted to hold a maximum 

volume of eluate, wherein the automatically generating occurs in response to the passing of a 

predetermined elapsed time during which eluate is dispensed into the container, the predetermined 

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

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

response to the signal. 

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

response to the signal. 

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

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

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

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

45. A method as in claim 38 further comprising selectively varying at least one of the desired 

amount of eluate in the cavity and the predetermined elapsed time during which eluate is dispensed into 

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

46. A radioisotope generation system comprising: 

a radioisotope generator for dispensing radioactive eluate; and 

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

and 

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

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

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

an audio signal and a visual signal. 

49. A system as in claim 46 further comprising an elution shield having an internal cavity for 

receiving eluate dispensed from the generator, wherein the elution shield is constructed at least in part 

of a radiation-shielding material, and wherein at least one of the dispensed eluate sensor and the 

signaling device is a component of the elution shield. 

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

components of the elution shield. 

51. A method of dispensing a radioactive eluate comprising: 

determining an amount of radioactive eluate eluted from a radioisotope generator of a 

radioisotope generation system in an elution procedure; and 

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

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

the system. 

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

the system. 

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

threshold amount of the eluate. 

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

a visual signal as a result of the changing. 

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

between first and second components of the system. 

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

component of the system. 
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~ t:::: (57) Abstract: The invention, in one characterization, may be said to be directed to a radiophatmaceutical system that may be 
O utilized in radioisotope elution procedures. In some embodiments, the system may include a radioisotope generator assembly having 
Q a radiation shield with a receptacle and a cover disposed over the receptacle. The system may also include a radioisotope generator 
N disposed in the receptacle belo\~r the cover. Some embodiments of the system may include an eluate extraction mechanism having 
O 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 need1e 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, Indium-l l3m, and Strontium-87m among others. Some radioactive materials 

naturally concentrate toward a particular tissue, for example, iodine concentrates toward the thyroid. 

However, radioactive materials are often combined with a tagging or organ-seeking agent, which 

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

materials alone or in combination with a tagging agent may be to as radiopharmaceuticals in the field of 

nuclear medicine. At relatively lower doses of the radiopharmaceutical, a radiation imaging system 

(e.g., a gamma camera) provides an image of the organ or biological region that collects the 

radiopharmaceutical. Irregularities in the image are often indicative of a pathologic condition, such as 

cancer. Higher doses of the radiopharmaceutical may be used to deliver a therapeutic dose of radiation 

directly to the pathologic tissue, such as cancer cells. 

[0004] A variety of systems are used to generate, enclose, transport, dispense, and administer 

radiopharmaceuticals. Unfortunately, these systems often use different containers and shielding 

structures and, thus, the radiopharmaceuticals tend to be repeatedly exchanged from one container to 

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

systems often involve repeated connection and disconnection of components, such as male and female 

connectors of containers. Unfortunately, the male connectors can be damaged due to misalignment 

with the corresponding female connectors. For example, hollow needles can be bent, crushed, or 
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broken due to misalignment with female connectors. As a result, the systems may operate less 

effectively or become completely useless. If the systems contain radiopharmaceuticals, then the 

damaged connectors can result in monetary losses, delays with respect to nuclear medicine procedures, 

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

SUMMARY 

(0005] The present invention, in certain embodiments, is directed to removability and replaceability 

of a hollow needle that pierces an eluate container (e.g., a septum thereof) in a radioisotope elution 

system. Specifically, in some embodiments, a removable hollow needle may be coupled to a 

radioisotope generator via an eluate conduit, which in turn may be coupled to an output needle of the 

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

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

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

generator output needle, while possibly reducing the cost and downtime associated v.ith any potential 

damage to the removable hollow needle. In some embodiments, the removable hollow needle may be 

disposed outside of a radiation shield that is disposed about the radioisotope generator. As such, a user 

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

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

opening the radiation shield. 

(0006) Certain aspects commensurate in scope with the originally claimed invention are set forth 

below. It should be understood that these aspects are presented merely to provide the reader with a 

brief summary of certain forms the invention might take and that these aspects are not intended to limit 

the scope of the invention. Indeed, the invention may encompass a variety of features and aspects that 

may not be set forth below. 

[0007) A first aspect of the invention is directed to a radiopharmaceutical system that includes a 

radioisotope generator assembly and an eluate extraction mechanism. The radioisotope generator 

assembly includes a radiation shield having a receptacle, a cover disposed over the receptacle, and a 

radioisotope generator disposed in the. receptacle below the cover. The eluate extraction mechanism 

includes an eluate conduit fluidly coupled to a hollow output needle of the radioisotope generator, a 

radiation shielded housing disposed outside the radiation shield, and a hollow needle fluidly coupled to 

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

inside the radiation shielded housing of the eluate extraction mechanism. Incidentally, "fluidly 

coupled" or the like herein refers to a joining of a first component to a second component or to 

one or more components which may be connected vvith the second component, or to joining the 

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

through both the first and second components. 

[0008] A second aspect of the invention is directed to an eluate extraction mechanism that includes 

a radiation shielded housing and an eluate conduit. The eluate conduit has a radioisotope generator end 

disposed outside the radiation shielded housing and an opposite end disposed inside the radiation 

shielded housing. The eluate extraction mechanism also includes a hollow injection needle fluidly 

coupled to the opposite end of the eluate conduit. In addition, the eluate extraction mechanism includes 

a plunger coupled to the radiation shielded housing movably through a guide structure. The plunger is 

typically coupled to the hollow injection needle inside the radiation shielded housing. 

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

includes a radiation shielded housing and a shielded eluate collection assembly. This shielded eluate 

collection assembly may be disposed removably inside the radiation shielded housing adjacent a door 

of the housing. The eluate extraction mechanism includes an eluate conduit having a radioisotope 

generator end disposed outside the radiation shielded housing and an opposite end disposed inside the 

radiation shielded housing. In addition, the eluate extraction mechanism includes a hollow needle 

fluidly coupled to the opposite end of the eluate conduit. The hollow needle may be moved between a 

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

[0010) Still a fourth aspect of the invention is directed to a method of using a radiopharmaceutical 

system. In this method, an eluant is supplied into a radioisotope generator, and a radioisotope is eluted 

in the radioisotope generator. An eluate (including the radioisotope) is received at an output of the 

radioisotope generator. This eluate flows from the output through an eluate conduit and a hollow 

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

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

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

rermements and additional features may exist individually or in any combination. For instance, various 

features discussed below in relation to one or more of the specific embodiments may be incorporated 

into any of the above-described aspects of the present invention alone or in any combination. Again, 

the brief summary presented above is intended only to familiarize the reader with certain aspects and 

contexts of the present invention without limitation to the claimed subject matter. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] These and other aspects, features, and advantages of the present invention will become 

better understood when the following detailed description is read with reference to the accompanying 

figures in which like characters represent like parts throughout the figures, wherein: 
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(0013] FIG. 1 is a front perspective view of an exemplary embodiment of a radioisotope elution 

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

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

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

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

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

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

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

confignration, wherein the door is rotated open and the plunger includes a hollow injection needle 

uncoupled from an eluate container; 

[0016] FIG. 4 is a cross-sectional side view of the radioisotope elution system as illustrated in FIG. 

3, further illustrating the eluate extraction mechanism in a closed, circulating configuration, wherein the 

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

[0017] FIG. 5 is a rear perspective view of the radioisotope elution system as illustrated in FIG. 4, 

further illustrating an open viewing slot in a shielded eluate assembly having the eluate container 

disposed inside; 

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

5, further illustrating the shielded eluate assembly removed from the eluate extraction mechanism when 

the hollow injection needle is uncoupled from the eluate container and the door is disposed in an open 

position; 

[0019] FIG. 7 is an exploded cross-sectional side view of the radioisotope elution system as 

illustrated in FIG. 6, illustrating the hollow injection needle removed from the plunger of the eluate 

extraction mechanism; 

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

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

eluate extraction mechanism; 

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

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

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

further illustrating the removable fluid coupling having a bossed portion or rail exploded laterally from 

a slot in the bottom side of the plunger; 

[0024] FIG. 12 is a side view of an embodiment of the removable fluid coupling as illustrated in 

FIGS. 9-11; 

[0025] FIG. 13 is a bottom view of an embodiment of the pltmger as illustrated in FIGS. 9-11, 

further illustrating the pltmger without the removable fluid coupling; 

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

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

extraction mechanism; 

[0027) FIG. 16 is a flowchart illustrating an exemplary embodiment of a nuclear medicine process 

using a radiopharmaceutical acquired by the radioisotope elution system as illustrated in FIGS. 1-15; 

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

system utilizing the radioisotope elution system as illustrated in FIGS. 1-15; and 

[0029] FIG. 18 is a block diagram illustrating an exemplary embodiment of a nuclear imaging 

system utilizing a radiophannaceutical acquired by the radioisotope elution system as illustrated in 

FIGS. 1-15. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0030] One or more specific embodiments of the present invention will be described below. In an 

effort to provide a concise description of these embodiments, all features of an actual implementation 

may not be described in the specification. It should be appreciated that in the development of any such 

actual implementation, as in any engineering or design project, numerous implementation-specific 

decisions must be made to achieve the developers' specific goals, such as compliance with system

related and business-related constraints, which may vary from one implementation to another. 

Moreover, it should be appreciated that such a development effort might be complex and time 

consuming, but would nevertheless be a routine undertaking of design, fabrication, and manufacture for 

those of ordinary skill having the benefit of this disclosure. 

[0031] FIGS. 1 and 2 are perspective views of an exemplary embodiment of a radioisotope elution 

system 10 having an eluate extraction mechanism 12 mounted outside, and specifically on top of, a 

radioisotope generator assembly 14. The radioisotope generator assembly 14 may include a radiation 

shielded container or auxiliary shield 16, which may receive and at least substantially enclose a 
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radioisotope generator 18 and an eluant supply container 20 as discussed below with reference to FIG. 

3. The eluate extraction mechanism 12 and the auxiliary shield 16 may include a variety ofradiation

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

radiation shielding material. The eluate extraction mechanism 12 may be mounted at least partially or 

entirely outside of the auxiliary shield 16 in a variety of configurations, orientations, and positions, such 

that an elution process may be performed to output an eluate to a position outside of the auxiliary shield 

16. For example, the eluate extraction mechanism 12 may be mounted along a generally horizontal 

surface on top of a cover 22 that generally closes a receptacle 24 of the auxiliary shield 16. 

Alternatively, the eluate extraction mechanism 12 may be mounted to the auxiliary shield 16 along a 

generally vertical surface or a side of the auxiliary shield 16. Alternatively, the eluate extraction 

mechanism 12 may be mounted separate from the radioisotope generator assembly 14. For example, 

the eluate extraction mechanism 12 may be disposed next to, above, below, or in a variety of remote 

locations relative to the radioisotope generator assembly 14, wherein an eluate conduit 52 may couple 

the eluate extraction mechanism 12 to the radioisotope generator assembly 14 as discussed in further 

detail below with reference to FIG. 3. 

[00321 In the illustrated embodiment of FIGS. I and 2, the eluate extraction mechanism 12 may be 

removably coupled to the cover 22, such that the eluate extraction mechanism 12 can be installed and 

removed without removing the cover 22 from the receptacle 24. In this manner, the eluate extraction 

mechanism 12 may improve the containment of radioactivity from the radioisotope generator l& 

disposed within the auxiliary shield 16. If the radioisotope generator assembly 14 is not being used for 

an elution process, then the eluate extraction mechanism 12 may be removed and replaced with a 

radiation shielded plug that may extend into and/or cover the passage 48 in the cover 22. If an elution 

process is desired now or in the near future, then the radiation shielded plug may be removed and 

replaced with the eluate extraction mechanism 12 on or over the cover 22. The eluate extraction 

mechanism 12 may be removably coupled to the cover 22 by a variety of fasteners and alignment 

structures. For example, the fasteners may include screws, bolts, or other threaded fasteners. The 

fasteners also may include latches or tool free connectors, such as snap-fit mechanisms, boss members 

that mate with keyhole slots, and so forth. The fasteners may also include hinges, adhesives, and 

compressive or interference fits. Alternatively, the eluate extraction mechanism 12 and the cover 22 

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

[0033] FIG. 3 is a cross-sectional side view of an embodiment of the radioisotope elution system 10 

as illustrated in FIGS. 1 and 2, further illustrating the eluate extraction mechanism 12 in an open, non

circulating configuration on top of the radioisotope generator assembly 14. As illustrated, the 

radioisotope generator assembly 14 may include the auxiliary shield 16 and the radioisotope generator 

18 disposed in the receptacle 24 below the cover 22 of the auxiliary shield 16. The radioisotope 

generator assembly 14 also may include the eluant supply container 20 coupled to one or more hollow 
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input needles 26 of the radioisotope generator 18. For example, the one or more hollow input needles 

26 may pierce a flexible insert 28, such as a rubber material, disposed within a head 30 of the eluant 

supply container 20. In this manner, the one or more hollow input needles 26 fluidly couple the eluant 

supply container 20 with an internal radioisotope element, such as molybdenum-99, disposed inside the 

radioisotope generator 18. The eluant supply container 20 may be disposed entirely or at least 

substantially inside the auxiliary shield 16 in the receptacle 24 below the cover 22, as illustrated in FIG. 

3. Alternatively, the eluant supply container 20 may be disposed at least partially or entirely outside the 

auxiliary shield 16 in other embodiments of the radioisotope elution system 10. As discussed in further 

detail below, the eluant supply container 20 may hold a variety of eluants, such as a saline solution, 

suitable for eluting a radioisotope (e.g., technetium-99m) from the radioisotope generator 18 into the 

eluate extraction mechanism 12. 

[00341 As illustrated in FIG. 3, the eluate extraction mechanism 12 may have a shielded eluate 

assembly 34 disposed removably inside a radiation shielded housing 36 on top of the cover 22. The 

illustrated radiation shielded housing 36 may have a variety of shapes and configurations. For example, 

the radiation shielded housing 36 may have a generally L-shaped or angled structure having a top or 

elongated housing portion 38 and a bottom housing portion 40. 

(0035] The radiation shielded housing 36 also may have a cover alignment member 42 disposed 

about an opening 44 in a base 46. In certain embodiments, the cover alignment member 42 may 

improve the alignment of the eluate extraction mechanism 12 with a passage 48 through the cover 22 of 

the auxiliary shield 16. For example, the base 46 may have a generally flat bottom surface 50, and the 

cover alignment member 42 may protrude outwardly from the flat surface 50. In view of this 

protruding characteristic, the cover alignment member 42 may fit or extend at least partially inside or 

through the passage 48 when the eluate extract mechanism 12 is mounted on the cover 22. In this 

manner, the cover alignment member 42 may increase the likelihood of proper alignment with the 

radioisotope generator 18 disposed inside the auxiliary shield 16. For example, the cover alignment 

member 42 may improve alignment between conduits, hollow needles, and various connections 

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

[0036] Regarding the various fluid connections, the eluate extraction mechanism 12 of FIG. 3, for 

example, may include an eluate conduit 52 that may pass through the radiation shielded housing 36 and 

the passage 48 in the cover 22. At one end, the eluate conduit 52 may be coupled with a hollow output 

needle 54 on the radioisotope generator 18. At an opposite end from the hollow output needle 54, the 

eluate conduit 52 may be coupled to a plunger 56 movably coupled to the eluate extraction mechanism 

12 along a path of travel, e.g., a linear path of vertical motion. For example, the plunger 56 may be 

moveably disposed in a guide structure or passage 58 within the top or elongated housing portion 38 of 

the eluate extraction mechanism 12. The plunger 56 also may include a hollow injection needle 60 or 
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another suitable fluid connector. Thus, the plunger 56 and the hollow injection needle 60 may be 

jointly moved along a path of travel between a connected position and a disconnection position between 

the hollow injection needle 60 and an eluate container 74 as discussed in further detail below. The 

hollow injection needle 60, or other suitable fluid connector, may be removably coupled to the eluate 

conduit 52 via a releasable fastener 62. For example, the fastener 62 may include a luer connection, a 

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

(0037] As discussed in detail below, the hollow injection needle 60 may be accessed, removed, 

serviced, or replaced independent and remote from the hollow output needle 54 on the radioisotope 

generator 18. Moreover, the coupling of the eluate conduit 52 and the hollow output needle 54 may be 

maintained during the life or use of a radioisotope generator 18, thereby reducing the likelihood of 

bending or damaging the hollow output needle 54. Instead, over the course of repeated use of the 

radioisotope elution system 10, the hollow injection needle 60 may be repeatedly connected and 

disconnected with the shielded eluate assembly 34. In view of the removability of the hollow injection 

needle 60, any bending or damage may be easily and cheaply serviced by replacing the needle 60 rather 

than the entire radioisotope generator 18. Moreover, the hollow injection needle 60 is disposed outside 

the auxiliary shield 16, such that servicing may be performed without removing the cover 22 and being 

exposed to radiation from the radioisotope generator 18. 

[0038] As further illustrated in FIG. 3, the shielded eluate assembly 34 may be inserted and 

removed from a region 64 generally below the plunger 56 via a door opening 66 along a side of the top 

or elongated housing portion 38. The radiation shielded housing 36 also includes a selective access 

door 68 having a hinge 70 coupled to the elongated housing portion 38 adjacent the door opening 66. 

Accordingly, radiation shielded housing 36 including the door 68 may provide substantially continuous 

radioactive shielding ahoui the shielded eluate assembly 34 outside of the auxiliary shield 16, while the 

door 68 and opening 66 may enable a user to view and selectively access the shielded eluate assembly 

34 quickly 311d easily without opening the auxiliary shield 16. In addition, as discussed below, the 

shielded eluate assembly 34 may have a variety of features, such as a slot 93 and a door 94, to enable 

viewing of the extracted eluate. As illustrated in FIG. 3, the door 68 can open and close the door 

opening 66 for selective access, insertion, and removal of the shielded eluate assembly 34. In other 

embodiments, the door 68 may be coupled to the radiation shielded housing 36 via a sliding 

mechanism, a spring-loaded mechanism, a swinging mechanism, or =ther suitable opening and 

closing mechanism configured to enable selective access, viewing, insertion, and removal of the 

shielded eluate assembly 34. 

[0039] 11ie shielded eluate assembly 34 as illustrated in FIG. 3 may include an eluate container 

shield 72 disposed about an eluate container 74, such as an evacuated vial, bottle, or other container in a 

vacuum condition. The eluate container shield 72 rnay include a variety of radiation-shielding 
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materials, such as lead, tungsten, tungsten impregnated plastic and/or another suitable radiation 

shielding material. The eluate container 74 may include a variety of transparent or translucent 

materials, such as glass. The eluate container shield 72 may include a cap 76 coupled to a shielded cup 

structure 78, such that the eluate container 74 may be generally aligned with an opening 80 through the 

cap 76. The cap 76 may be coupled to the shielded cup structure 78 via threads, an interference fit, a 

snap-fit mechanism, or another suitable attachment mechanism. The eluate container 74 may be 

aligned with the opening 80 via a variety of alignment mechanisms, such as an alignment adapter or 

ring 82 disposed about the eluate container 74 inside the shielded cup structure 78. Alternatively, the 

opening 80 may have a protruding portion facing downwardly toward a head 84 of the eluate container 

74, such that the head 84 may be aligned with the opening 80. 

[0040] The eluate extraction mechanism 12 as illustrated in FIG. 3 may also include a variety of 

alignment mechanisms to improve alignment of the shielded eluate assembly 34 relative to the hollow 

injection needle 60 coupled to the plunger 56. For example, the eluate extraction mechanism 12 may 

include one or more aligmnent members or tabs 86 along the base 46 of the radiation shielded housing 

84. The alignment members or tabs 86 may increase the likelihood that the shielded eluate assembly 34 

fits snugly between the tab 86 and the door 68 when the door 68 is closed over the door opening 66. In 

addition to the snug fit, the alignment members or tabs 86 may position a center of the head 84 (and 

longitudinal axis) of the eluate container 74 with a longitudinal axis of the hollow injection needle 60 

and the direction of motion of the plunger 56. In this manner, the hollow injection needle 60 may be 

connected and disconnected in a generally centered and straight direction into and out of the eluate 

container 74, thereby reducing the likelihood of bending or damaging the hollow injection needle 60. 

Again, a variety of fasteners, alignment mechanisms, containers, and configurations of the eluate 

extraction mechanism 12 may be employed to elute a radioisotope to the shielded eluate assembly 34 

generally outside the confines of the radioisotope generator assembly 14. 

[0041] F1G. 4 is a cross-sectional side view of and embodiment of the radioisotope elution system 

I 0 as illustrated in FIG. 3, further illustrating the eluate extraction mechanism 12 disposed in a closed, 

fluidly coupled configuration with the radioisotope generator assembly 14. As illustrated by arrow 88, 

the door 68 has been rotated about the hinge 70 to close the door opening 66, such that the shielded 

eluate assembly 34 may be snuggly fit between the alignment tab 86 and the door 68. In this manner, 

the alignment tab 86 and the door 68 can secure and align the opening 80 in the eluate container shield 

72 in a generally centered position with the hollow injection needle 60 of the plunger 56. In addition, 

the head 84 of the eluate container 74 may be generally aligned or centered with the opening 80 and the 

hollow injection needle 60 via the alignment adapter or ring 82 disposed about the eluate container 74 

inside the shielded cup structure 78. With the eluate container 74 generally aligned or centered with the 

hollow injection needle 60, the plunger 56 may be depressed downwardly as indicated by arrow 90 to 
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pierce the hollow injection needle 60 into the eluate container 74 through a flexible insert 92, such as a 

rubber material, in the head 84 of the eluate container 74. 

[0042] In certain embodiments, the eluate container 74 may be in vacuum, such that the pressure 

differential between the eluant supply container 20 and the eluate container 74 facilitates circulation of 

the eluant 32 through the radioisotope generator 18 and out through the eluate conduit 52 into the eluate 

container 74. As the eluant 32, e.g., a saline solution, circulates through the radioisotope generator 18, 

the circulating eluant 32 generally washes out or elutes a radioisotope, e.g., Technetium-99m. For 

example, one embodiment of the radioisotope generator 18 includes a radiation shielded outer casing 

(e.g., lead shell) that encloses a radioactive parent, such as molybdenum-99, adsorbed to the surfaces of 

beads of alumina or a resin exchange column. Inside the radioisotope generator 18, the parent 

molybdenum-99 transforms, with a half-life of about 67 hours, into metastable technetium-99m. The 

daughter radioisotope, e.g., technetium-99m, is generally held less tightly than the parent radioisotope, 

e.g., molybdenum-99, within the radioisotope generator 18. Accordingly, the daughter radioisotope, 

e.g., technetium-99m, can be extracted or washed out with a suitable eluant, such as an oxidant-free 

physiologic saline solution. The eluate output from the radioisotope generator 18 into the eluate 

container 74 generally includes the eluant 32 and the washed out or eluted radioisotope from within the 

radioisotope generator 18. Upon receiving the desired amount of eluate within the eluate container 74, 

the plunger 56 may be withdrawn outwardly from the shielded eluate assembly 34, such that the 

circulation and output of eluate is terminated. As discussed in further detail below, the extracted 

daughter radioisotope can then, if desired, be combined with a tagging agent to facilitate diagnosis or 

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

[0043] After or during the elution process, the door 68 may be rotated open to view the level or 

amount of eluate collected within the eluate container 74. For example, the eluate container shield 72 

may include one or more viewing windows or openings to enable a user to view the quantity of eluate 

within the container 74. FIG. 5 is a rear perspective view of an embodiment of the radioisotope elution 

system 10 of FIG. 4, further illustrating the eluate extraction mechanism 12 with the plunger 56 

depressed and tl:ie door 68 opened to enable viewing of the eluate through a viewing window or slot 93 

in the shielded cup structure 78 of the shielded eluate assembly 34. The slot 93, if included, also may 

be removably covered by a door 94 disposed along the outer walls of the shielded cup structure 78. In 

certain embodiments, the door 94 may include a sliding door, a rotating door, a sleeve disposed about 

the shielded eluate assembly 34, or another suitable mechanism for opening and closing the viewing 

window or slot 93. 

[0044] FIG. 6 is a cross-sectional side view of an embodiment of the elution system 10 of FIGS. 3 

and 4, further illustrating the plunger 56 withdrawn in an upward direction as indicated by arrow 96, the 

door 68 opened in a counterclockwise direction as indicated by arrow 98, and the shielded eluate 
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assembly 34 withdrawn from the eluate extraction mechanism 12 in an outward direction as indicated 

by arrow 100. In certain embodiments, the shielded eluate assembly 34 may be a radiopharmaceutical 

dosing assembly, such that one or more doses of the radioisotope may be extracted directly into a 

syringe or other container for delivery to a hospital or other medical facility. In other words, the eluate 

extraction mechanism 12 may reduce the number of shielded containers involved in the 

radiopharmaceutical preparation process within a radiopharmacy. For example, the eluate extraction 

mechanism 12 may eliminate the use of a shielded eluate container configured to fit within the passage 

48 in the cover 22 and/or with the top side of the radioisotope generator 18 inside the auxiliary shield 

16. Thus, the eluate extraction mechanism 12 enables output of the eluate directly into the shielded 

eluate assembly 34, which may then be used to prepare one or more radiophannaceutical doses without 

first transferring the eluate to another shielded container assembly. 

[00451 FIG. 7 is an exploded cross-sectional side view of an embodiment of the radioisotope 

elution system 10 of FIG. 6, further illustrating the removability and replaceability of various 

components including the hollow injection needle 60 of the eluate extraction mechanism 12. In 

addition, FIG, 8 is an exploded cross-sectional side view of an embodiment of the eluate extraction 

mechanism 12, further illustrating the removability and replaceability of the hollow injection needle 60. 

As illustrated, if the hollow injection needle 60 becomes damaged, bent, clogged, or inoperable during 

an elution process, then the hollow injection needle 60 may be removed and replaced with another 

needle 60 to ensure proper circulation offlnids through the elution system 10 into the shielded eluate 

assembly 34. The eluate extraction mechanism 12 and the removable hollow injection needle 60 may 

increase the life and operational efficiency of the radioisotope generator assembly 14, for example, by 

substantially reducing the likelihood of an inoperable generator assembly 14 that may be caused by 

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

[0046] In other words, after making the initial connection between the hollow output needle 54 of 

the radioisotope generator 18 and the eluate conduit 52 of the eluate extraction mechanism 12, the 

connections and disconnections with the eluate container 74 may be made with the plunger 56 and the 

hollow injection needle 60 rather than the hollow output needle 54. For example, each time an amount 

of eluate is desired from the radioisotope generator 18, the hollow injection needle 60 may be inserted 

into the eluate container 74 and then removed after the amount of eluate is collected in the container 74. 

However, the eluate conduit 52 may remain continuously coupled to the hollow output needle 54 of the 

radioisotope generator 18 during each elution process. Therefore, any likelihood of potential damage to 

the eluate output connectors (e.g., hollow needles) may be moved away from the radioisotope generator 

18 to the eluate extraction mechanism 12. Any potential damage to hollow injection needle 60 can be 

easily and cheaply addressed by replacing the hollow injection needle 60, whereas the relatively lower 

potential for damage to the hollow output needle 54 may be addressed by replacing the entire 

radioisotope generator 18. For these reasons, the removability and replaceability of the hollow 
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injection needle 60 may reduce downtime, costs, and difficulty in repairing the system l 0 in the event 

of damage to the eluate output connectors. 

[0047] FIGS. 9-13 are various views of an embodiment of the plunger 56, further illustrating 

connection mechanisms for the eluate conduit 52 and the hollow injection needle 60. FIGS. 9 and 10 

are top and bottom perspective views of the plunger 56 illustrating a removable fluid coupling 57 that 

may be removably coupled to a bottom side 59 of the plunger 56. As illustrated in FIGS. 9 and 10, the 

removable fluid coupling 57 may include an eluate conduit connector 61 extending laterally from the 

coupling 57, such that the eluate conduit 52 can fit securely and removably about the connector 61. 

The illustrated eluate conduit connector 61 also may include a variety of raised and lowered portions, 

such as a series of rings 63, to resist separation between the eluate conduit 52 (e.g., a flexible tube) and 

the connector 61. In the illustrated embodiment, the connector 61 is oriented at about 90 degrees 

relative to the hollow injection needle 60. However, the connector 61 may be oriented at a variety of 

angles in other embodiments of the plunger 56. The hollow injection needle 60 may be generally 

aligned with a centerline 65 of the plunger 56, such that the needle 60 can be inserted and removed in a 

straight direction relative to the centerline of the eluate container 74. In certain embodiments, the 

hollow injection needle 60 may be removably coupled to the removable fluid coupling 57. 

Alternatively, the hollow injection needle 60 may be an integral portion of the removable fluid coupling 

57. In either embodiment, the hollow injection needle 60 may be quickly removed and inexpensively 

replaced if the needle 60 becomes damaged during use. 

[0048] For example, turning to FIG. 11, the plunger 56 may include a slot 67 (e.g., a T-shaped slot) 

to receive a bossed portion or rail 69 (e.g., a T-shaped head) of the removable fluid coupling 57. As 

illustrated in FIG. 11, the slot 67 may include a narrow outer opening 71 leading into an enlarged inner 

channel 73. Similarly, the bossed portion 69 may include a narrow inner portion 75 leading to an 

enlarged outer portion 77. FIG. 12 is a side view of the removable fluid coupling 57, further illustrating 

the geometry of the portions 75 and 77. As indicated by arrow 79 in FIG. 11, the fluid coupling 57 may 

removably couple with the plunger 56 by laterally or horizontally moving the bossed portion or rail 69 

into the slot 67. In this manner, the fluid coupling 57 may be vertically interlocked with the plunger 56. 

In addition, the top of the bossed portion or rail 69 may include a detent 81 to interlock removably with 

a protrusion 83 inside the slot 67, as illustrated in FIGS. 11 and 13. In certain embodiments, the detent 

81 illustrated in FIG. 11 may be a concave recess, and the protrusion 83 illustrated in FIG. 13 may be a 

convex protrusion or ball-shaped portion. FIG. 13 is a bottom view of the plunger 56 illustrating an 

embodiment of the protrusion 83 positioned toward the interior or center of the plunger 56. At this 

interior position, the protrusion 83 may engage the detent 81 as the bossed portion or rail 69 of the 

removable fluid coupling 57 slides into the slot 67 of the plunger 56. In certain embodiments, the 

protrusion 83 and the detent 81 may snap-fit together, thereby removably securing the bossed portion or 

rail 69 in a lateral or horizontal direction relative to the slot 67. In this manner, a user may quickly 
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install, remove, and replace the removable fluid coupling 67 relative to the slot 67 and rail 69 via the 

vertical interlocking between the slot 67 and rail 69 and the horizontal interlocking between the detent 

81 and protrusion 83. fu other embodiments, the removable fluid coupling 67 may be coupled to the 

plunger 56 via threads, latches, pin and grooves, and so forth. 

[0049] Referring again to FIG. 11, the plunger 56 may include one or more guiding rails 85, which 

may extend vertically lengthwise along the exterior of the plunger 56. These guiding rails 85 may have 

a generally rectangular geometry or another suitable geometry, which slides lengthwise along a mating 

portion of the guide structure or passage 58 within the radiation shielded housing 36. In this manner, 

the guiding rails 85 may ensure proper alignment of the hollow injection needle 60 relative to the eluate 

container 74 and, also, ensure proper positioning of the eluate conduit connector 61 relative to the 

eluate conduit 52. However, other embodiments of the plunger 56 may employ a variety of alternative 

alignment mechanisms. 

[0050] FIGS. 14 and 15 are perspective views of an embodiment of the eluate extraction 

mechanism 12, further illustrating alignment features that may facilitate alignment with the radioisotope 

generator assembly 14. As illustrated, the radiation shielding housing 84 has a generally L-shaped or 

90 degree elbow-shaped geometry. However, any other suitable shapes, structures, or geometries are 

within the scope of the disclosed system. Moreover, the cover alignment member 42 may have a 

variety of shapes and configurations to facilitate alignment of the eluate extraction mechanism 12 and 

the elnate conduit 52 with the radioisotope generator assembly 14. For example, the cover alignment 

member 42 may have an elongated portion 102, such as an alignment adapter, that may be configured to 

fit and align with the passage 48 in the cover 22 and a top portion of the radioisotope generator 18. The 

elongated portion 102 may be an integral part of the eluate extraction mechanism 12 or the elongated 

portion 102 may be a removable structure having a suitable fastener, such as threads, latches, or snap-fit 

members, among other fasteners. fu addition, the conduit 52 may be at least partially rigid (or rigidly 

supported) to facilitate the connection and alignment with the hollow output needle 54 of the 

radioisotope generator 18. For example, the eluate conduit 52 may be supported along most of its 

length by the alignment portion 102, such that the eluate conduit 52 may be generally centered with the 

hollow output needle 54 of the radioisotope generator 18 during insertion and removal of the eluate 

extraction mechanism 12 relative to the cover 22. However, a variety of mounting mechanisms and 

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

[0051] FIG. 16 is a flowchart illustrating an exemplary nuclear medicine process utilizing the 

radioactive isotope produced by the elution system 10 illustrated with reference to FIGS. 1-15. As 

illustrated, the process I 04 begins by providing a radioactive isotope for nuclear medicine at block I 06. 

For example, block 106 may include eluting technetium-99m from the radioisotope generator 18 

illustrated and described in detail above. At block 108, the process 104 proceeds by providing a 
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tagging agent (e.g., an epitope or other appropriate biological directing moiety) adapted to target the 

radioisotope for a specific portion, e.g., an organ, of a patient. At block 110, the process 104 then 

proceeds by combining the radioactive isotope with the tagging agent to provide a radiopharmaceutical 

for nuclear medicine. In certain embodiments, the radioactive isotope may have natural tendencies to 

concentrate toward a particular organ or tissue and, thus, the radioactive isotope may be characterized 

as a radiopharmaceutical without adding any supplemental tagging agent. At block 112, the process 

104 then may proceed by extracting one or more doses of the radiopharmaceutical into a syringe or 

another container, such as a container suitable for administering the radiopharmaceutical to a patient in 

a nuclear medicine facility or hospital. At block 114, the process 104 proceeds by injecting or generally 

administering a dose of the radiopharmaceutical into a patient. After a pre-selected time, the process 

104 proceeds by detecting/imaging the radiophannaceutical tagged to the patient's organ or tissue 

(block 116). For example, block 116 may include using a gamma camera or other radiographic 

imaging device to detect the radiopharmaceutical disposed on or in or bound to tissue of a brain, a 

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

[0052] FIG. 17 is a block diagram of an exemplary system I I 8 for providing a syringe having a 

radiopharmaceutical disposed therein for use in a nuclear medicine application. As illustrated, the 

system 118 includes the radioisotope elution system 10 previously described with regard to FIGS. 1-15. 

The system 118 als.o includes a radiopharmaceutical production system 120, which functions to 

combine a radioisotope 122 (e.g., technetium-99m solution acquired through use of the radioisotope 

elution system 10) with a tagging agent 124. In some embodiment, this radiopharmaceutical production 

system 120 may refer to or include what are known in the art as "kits" (e.g., Technescan® kit for 

preparation of a diagnostic radiopharmaceutical). Again, the tagging agent may include a variety of 

substances that are attracted to or targeted for a particular portion (e.g., organ, tissue, tumor, cancer, 

etc.} of the patient. As a result, the radiopharmaceutical production system 120 produces or may be 

utilized to produce a radiopharmaceutical including the radioisotope 122 and the tagging agent 124, as 

indicated by block 126. The illustrated system 118 may also include a radiophannaceutical dispensing 

system 128, which facilitates extraction of the radiopharmaceutical into a vial or syringe 130. In certain 

embodiments, the various components and functions of the system 118 are disposed within a 

radiopharmacy, which prepares the syringe 130 of the radiophannaceutical for use in a nuclear 

medicine application. For example, the syringe 130 may be prepared and delivered to a medical facility 

for use in diagnosis or treatment of a patient 

(0053] FIG. 18 is a block diagram of an exemplary nuclear medicine imaging system 132 utilizing 

the syringe 130 of radiopharmaceutical provided using the system 118 of FIG. 12. As illustrated, the 

nuclear medicine imagining system 132 includes a radiation detector 134 having a scintillator 136 and a 

photo detector 138. In response to radiation 140 emitted from a tagged organ within a patient 142, the 

scintillator 136 emits light that is sensed and converted to electronic signals by the photo detector 138. 
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Although not illustrated, the imaging system 132 also can include a collimator to collimate the radiation 

140 directed toward the radiation detector 134. The illustrated imaging system 132 also includes 

detector acquisition circuitry 144 and image processing circuitry 146. The detector acquisition circuitry 

144 generally controls the acquisition of electronic signals from the radiation detector 134. The image 

processing circuitry 146 may be employed to process the electronic signals, execute examination 

protocols, and so forth. The illustrated imaging system 132 also includes a user interface 148 to 

facilitate user interaction with the image processing circuitry 146 and other components of the imaging 

system 132. As a result, the imaging system 132 produces an image 150 of the tagged organ within the 

patient 142. Again, the foregoing procedures and resulting image 150 directly benefit from the 

radiopharmaceutical produced by the elution system 10 as illustrated and described with reference to 

FIGS. 1-15. 

[0054] When introducing elements of the present invention or various embodiments thereot: the 

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

The terms "comprising", "including", and "having" are intended to be inclusive and mean that there 

may be additional elements other than the listed elements. Moreover, the use of "top", "bottom", 

"above", "below" and variations of these terms is made for convenience, but does not require any 

particular orientation of the components. 

[0055] While the invention may be susceptible to various modifications and alternative forms, 

specific embodiments have been shown by way of example in the figures and have been described in 

detail herein. However, it should be understood that the invention is not intended to be limited to the 

particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, and 

alternatives falling within the spirit and scope of the invention as defined by the following appended 

claims. 
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CLAIMS: 

1. A radiopharmaceutical system, comprising: 

a radioisotope generator assembly, comprising: 

a radiation shield having a receptacle and a cover disposed over the receptacle; and 

a radioisotope generator disposed in the receptacle below the cover; and 

an eluate extraction mechanism, comprising: 

an eluate conduit fluidly coupled to a hollow output needle of the radioisotope 

generator; 

a radiation shielded housing disposed outside the radiation shield; and 

a hollow needle fluidly coupled to the eluate conduit opposite the radioisotope 

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

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

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

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

along a path of movement within the radiation shielded housing. 

4. The radiopharmaceutical system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed removably inside the radiation shielded housing adjacent a 

door. 

5. The radiophannaceutical system of claim 4, wherein the radiation shielded housing 

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

6. The radiopharmaceutical system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed inside an eluate container shield comprising a radiation 

shielding material, wherein the eluate container shield comprises an eluate container viewing window. 

7. The radiopharmaceutical system of claim 1, further comprising an eluate container, 

wherein the eluate container is disposed inside an eluate container shield comprising a radiation 

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

container shield. 

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

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

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

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

the alignment portion and the passage. 

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

plunger via a releasable fastener. 

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

a luer connector. 

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

fluidly coupled to the radioisotope generator. 

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

disposed inside the radiation shield. 

1 S. An eluate extraction mechanism, comprising: 

a radiation shielded housing; 

an eluate conduit having a radioisotope generator end disposed outside the radiation shielded 

housing and an opposite end disposed inside the radiation shielded housing; 

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

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

the plunger is coupled to the hollow iajection needle inside the radiation shielded housing. 

16. The eluate extraction mechanism of claim 15, wherein the hollow injection needle 

comprises a release mechanism. 

17. The eluate extraction mechanism of claim 15, wherein the plunger has a path of travel 

including a connected position and a disconnected position between the hollow injection needle and an 

eluate container disposed inside the radiation shielded housing. 

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

removably inside the radiation shielded housing adjacent a door. 
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19. The eluate extraction mechanism of claim 17, whereiu the eluate container is disposed 

inside an eluate container shield comprising a radiation shielding material, wherein the eluate container 

shield comprises a viewing window and the eluate container comprises a transparent or translucent 

material. 

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

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

21. An eluate extraction mechanism, comprising: 

a radiation shielded housing comprising a door; 

a shielded eluate collection assembly disposed removably inside the radiation shielded housing 

adjacent the door; 

an eluate conduit having a radioisotope generator end disposed outside the radiation shielded 

housing and an opposite end disposed inside the radiation shielded housing; and 

a hollow needle fluidly coupled to the opposite end of the eluate conduit, wherein the hollow 

needle includes a connected position and a disconnected position relative to the shielded eluate 

collection assembly. 

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

the radiation shielded housing and coupled to the hollow needle. 

23. The eluate extraction mechanism of claim 21, wherein the shielded eluate collection 

assembly comprises an eluate container disposed inside an eluate container shield comprising a 

radiation shielding material, wherein the eluate container shield comprises a viewing window and the 

elu,ate container comprises a transparent or translucent material. 

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

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

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

supplying an eluant into a radioisotope generator; 

eluting a radioisotope in the radioisotope generator; 

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

flowing the eluate from the output along an eluate conduit to a hollow needle that is rernovably 

inserted into an eluate container via a plunger. 
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26. The method of claim 25, wherein flowing comprises transferring the eluate through a 

radiation shield disposed about the radioisotope generator and directly into a radiation shielded housing 

disposed outside the radiation shield, wherein the radiation shielded housing is disposed about the 

eluate container, the hollow needle, and at least a portion of the plunger. 

27. The method of claim 25, comprising maintaining a continuous connection between the 

output and the eluate conduit during connections and disconnections between the hollow needle and the 

eluate container. 

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

eluate container via a window. 

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

via a door. 

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

between an engaged position and a disengaged position with the eluate container. 
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INFUSION SYSTEM CONFIGURATIONS 

RELATED APPLICATIONS 

[01] The present application is related to the following commonly assigned utility 

patent applications, all of which are filed concurrently herewith and all of which 

are hereby incorporated by reference in their entireties: Practitioner Docket No. 

56782.1.5, entitled: SHIELDING ASSEMBLIES FOR INFUSION SYSTEMS; 

Practitioner Docket No. 56782.1.7, entitled: INFUSION SYSTEMS INCLUDING 

COMPUTER-FACILITATED MAINTENANCE AND/OR OPERATION AND 

METHODS OF USE; and Practitioner Docket No. 56782.1.8, entitled: CABINET 

STRUCTURES SUPPORTING INFUSION SYSTEMS. 

TECHNICAL FIELD 

[02] The present invention pertains to configurations of systems that generate and 

infuse radiopharmaceuticals, and, more particularly, to the routing of infusion 

circuit tubing lines. 

BACKGROUND 

[03] Nuclear medicine employs radioactive material for therapy and diagnostic 

imaging. Positron emission tomography (PET) is one type of diagnostic imaging, 

which utilizes doses of radiopharmaceutical, for example, generated by elution 

within a radioisotope generator, that are injected, or infused into a patient. The 

infused dose of radiopharmaceutical is absorbed by cells of a target organ, of the 

patient, and emits radiation, which is detected by a PET scanner, in order to 

generate an image of the organ. An example of a radioactive isotope, which may 

be used for PET, is Rubidium-82 (produced by the decay of Strontium-82); and 

an example of a radioisotope generator, which yields a saline solution of 

Rubidium-82, via elution, is the CardioGen-82® available from Bracco 

Diagnostics Inc. (Princeton, NJ). 
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[04] Whether the half-life of a particular radioactive isotope, employed by a 

radiopharmaceutical, is relatively short or long, a patient undergoing a nuclear 

imaging procedure is not typically exposed to a significant amount of radiation. 

However those personnel, whose job it is to set up and maintain 

radiopharmaceutical infusion systems, and to administer doses therefrom, are 

subject to more frequent and prolonged exposures to radiation. Therefore, 

shielding assemblies, which provide a radiation barrier to protect these personnel 

from excessive exposure to radiation sources, are an important component of 

radiopharmaceutical generators and infusion systems. These shielding 

assemblies are typically formed with lead sidewalls, the bulk and weight of which 

can pose difficulties for the personnel who regularly set up disposable tubing 

lines for the infusion circuit of the infusion system. These lines should be routed 

into and out from compartments of the shielding assembly without kinking or 

crushing the lines. Thus, there is a need for new infusion system configurations 

and assemblies that facilitate this task. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[05] The following drawings are illustrative of particular embodiments of the present 

invention and therefore do not limit the scope of the invention. The drawings are 

not to scale (unless so stated) and are intended for use in conjunction with the 

explanations in the following detailed description. Embodiments of the present 

invention will hereinafter be described in conjunction with the appended 

drawings, wherein like numerals denote like elements. 

[06] Figure 1A is a first perspective view of an infusion system, according to some 

embodiments of the present invention. 

[07] Figure 1 B is another perspective view of a portion of a cabinet structure of the 

system shown in Figure 1A, according to some embodiments. 

[08] Figure 1 C is a second perspective view of the system shown in Figure 1 A, 

according to some embodiments. 

[09] Figure 1 D is a schematic of an infusion circuit, according to some embodiments 

of the present invention. 
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[1 O] Figure 2A is a perspective view of a shielding assembly for an infusion system, 

such as that shown in Figures 1A-C, according to some embodiments of the 

present invention. 

[11] Figure 28 is a perspective view of a framework of the system, according to some 

embodiments, with an enlarged detailed view of a component of the system, 

according to some embodiments. 

[12] Figure 3A is another perspective view of the shielding assembly shown in Figure 

2A. 

[13] Figure 38 is a perspective view of the infusion circuit, shown in Figure 1 C, 

configured and routed, according to some embodiments. 

[14] Figure 3C is a perspective view of a disposable infusion circuit subassembly, 

according to some embodiments. 

[15] Figure 30 is a frame for the subassembly shown in Figure 3C, according to some 

embodiments. 

[16] Figure 4 is a main menu screen shot from an interface of a computer, which may 

be included in systems of the present invention, according to some 

embodiments. 

[17] Figure 5A is a schematic showing a first group of successive screen shots from 

the computer interface, according to some embodiments. 

[18] Figure 58 is a pair of screen shots from the computer interface, which provide 

indications related to eluant volume levels in a reservoir of the system, according 

to some embodiments. 

[19] Figure 5C is a schematic showing a second group of successive screen shots 

from the computer interface, according to some embodiments. 

[20] Figure 6 is a schematic showing a third group of successive screen shots from 

the computer interface, according to some embodiments. 

[21] Figures 7 A-C are schematics showing a fourth group of successive screen shots 

from the computer interface, according to some embodiments. 

[22] Figures 8A-8 are schematics showing a fifth group of successive screen shots 

from the computer interface, according to some embodiments. 
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[23] Figures 9A-C are schematics showing a sixth group of successive screen shots 

from the computer interface, according to some embodiments. 

[24] Figure 10 is a schematic showing a seventh group of successive screen shots 

from the computer interface, according to some embodiments. 

DETAILED DESCRIPTION 

[25] The following detailed description is exemplary in nature and is not intended to 

limit the scope, applicability, or configuration of the invention in any way. Rather, 

the following description provides practical illustrations for implementing 

exemplary embodiments. Utilizing the teaching provided herein, those skilled in 

the art will recognize that many of the examples have suitable alternatives that 

can be utilized. 

[26] Figure 1A is a first perspective view of an infusion system 10, according to some 

embodiments of the present invention, wherein system 10 is shown supported by 

a cabinet structure, which includes a platform 113 (seen better in Figure 2B) and 

a shell 13; shell 13 extends upward from a skirt 11, that surrounds platform 113, 

to surrounds an interior space in which a portion of infusion system 10 is 

contained (-seen in Figure 1 C). Shell may be formed from panels of injection

molded polyurethane fitted together according to methods known to those skilled 

in the art. Figure 1A illustrates the cabinet structure of system 10 including a grip 

or handle 14, which extends laterally from shell 13, in proximity to an upper 

surface 131 thereof, and a post 142, which extends upward from shell 13, and to 

which a work surface, or tray 16 and a computer 17 are, preferably, attached, via 

an ergonomic, positionable mount. According to some embodiments, computer 

17 is coupled to a controller of system 10, which is mounted within the interior 

space surrounded by shell 13, and a monitor 172 of computer 17 not only 

displays indications of system operation for a user of system 10, but also serves 

as a device for user input (e.g. touch screen input). However, according to 

alternate embodiments, another type of user input device, known to those skilled 

in the art, may be employed by computer 17. Other types of user input devices 

may included, for example, a keyboard, a series of control buttons or levers, a 
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barcode reader (or other reader of encoded information), a scanner, a computer 

readable medium containing pertinent data, etc. The user input device may be 

mounted on the cabinet structure of system 10, as shown, or may be tethered 

thereto; alternatively the user input device may be remote from system 10, for 

example, located in a separate control room. According to some additional 

embodiments, another user input device, for example, in addition to a touch 

screen of computer 17, may be remote from system 10 and used to start and 

stop infusions. Operation of system 10, which is facilitated by computer 17, will 

be described below, in conjunction with Figures 4-9C. 

[27] Figure 1A further illustrates two pairs of wheels 121, 122, mounted to an 

underside of platform 113, to make system 10 mobile; handle 14 is shown 

located at an elevation suitable for a person to grasp in order to maneuver 

system 10, from one location for another, upon pairs of wheels 121, 122. 

According to some preferred embodiments, one or both pairs of wheels 121, 122, 

are casters, allowing for rotation in a horizontal plane (swivel), in order to provide 

additional flexibility for maneuvering system 10 in relatively tight spaces. 

[28] Figure 1 B is a perspective view of a portion of system 10, on a side 111 of the 

cabinet structure, which is in proximity to wheels 121. Figure 1 B illustrates a 

lever or pedal 125, which is located for activation by a foot of the person, who 

grasps handle 14 to maneuver system 10. In a neutral position, pedal 125 allows 

wheels 121, 122 to rotate, and, if embodied as casters, to swivel freely. Pedal 

125 may be depressed to a first position which prevents a swiveling of wheels 

122, according to those embodiments in which wheels 122 are casters, and may 

be further depressed to brake wheels 121, 122 from rolling and swiveling, upon 

reaching a desired location. Figure 1 B further illustrates a rear access panel 

174, for example, providing access to circuit boards of the aforementioned 

controller contained within the interior space surrounded shell 13, an optional 

lock 184, to secure panel 17 4, a power jack 118, for connecting system 10 to a 

power source, and a printer 117 for providing documentation of each patient 

infusion carried out by system 10, and of system quality control test results. In 

some embodiments, system 10 may further include one or more additional 
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connectors, or ports (not shown), which allow system 10 to be coupled to, for 

communication with, other devices used for nuclear imaging procedures. 

[29] Figure 1A further illustrates upper surface 131 of shell 13 including several 

openings 133, 135, 139 formed therein. Figure 1 C is a partially exploded 

perspective view of system 10, wherein a removable access panel 132 is shown 

as a contoured portion of upper surface 131, which, when exposed, by lifting 

away a bin 18, that mates therewith, may be removed from another opening 137 

formed in upper surface 131. Figure 1 C also provides a better view of another 

panel 134 which may be lifted away from opening 139. According to the 

illustrated embodiment, openings 139 and 137 provide a user of system 10 with 

independent access to separate portions of infusion system 10, which are 

contained within shell 13, for example, to set up and maintain system 1 O; and 

openings 133 and 135 provide passageways for tubing lines to pass through 

shell 13. Figure 1C further illustrates an optional switch 102, which in case of an 

emergency, may be activated to abort function of system 10. With reference to 

Figures 1 A and 1 C, it may be appreciated that an arrangement of features 

formed in upper surface 131 of shell 13, in conjunction with bin 18, tray 16 and 

computer 17, provide a relatively ergonomic and organized work area for 

technical personnel who operate system 10. 

[30] Turning now to Figure 1 D, a schematic of an infusion circuit 300, which may be 

incorporated by system 10, is shown. Figure 1 D illustrates circuit 300 generally 

divided into a first part 300A, which includes components mounted outside shell 

13, and a second part 3008, which includes components mounted within the 

interior space surrounded by shell 13. (Parts 300A and 3008 are delineated by 

dotted lines in Figure 1 D.) Figure 1 D further illustrates second part 3008 of 

circuit 300 including a portion contained within a shielding assembly 200, which 

is designated schematically as a dashed line. Some embodiments of shielding 

assembly 200 will be described in greater detail, in conjunction with Figures 2A-8 

and 3A-8, below. 
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[31] According to the illustrated embodiment, circuit 300 includes an eluant reservoir 

15, for example, a bag, bottle or other container, containing saline as the eluant, 

which is shown hanging from a post, or hanger 141 above upper surface 131 of 

shell 13 in Figure 1A; a syringe pump 33, for pumping the eluant from reservoir 

15, and a pressure syringe 34, for monitoring pumping pressure; a filter 37, which 

may also serve as a bubble trap, for the pumped eluant; a radioisotope generator 

21, through which the filtered eluant is pumped to create a radioactive eluate, for 

example an eluate carrying Rubidium-82 that is generated by the decay of 

Strontium-82, via elution, within a column of generator 21; and an activity 

detector 25, for measuring the activity of the eluate discharged from generator 

21, in order to provide feedback for directing the flow of the eluate, via a 

divergence valve 35WP, either to a waste bottle 23 or through a patient line 

305p, for example, to inject a dose of the radiopharmaceutical eluate into a 

patient. With reference back to Figure 1A, patient line 305p is shown extending 

out from shell 13, through opening 135, to a distal end thereof, which, according 

to some embodiments, includes a filter. Patient line 305p may be coupled to 

another line that includes a patient injection needle (not shown). Alternatively, 

patient line 305p may be coupled to another line (not shown), which extends 

from a source of another active substance, for example, a stress agent; the other 

line is coupled to the line that includes the patient injection needle, in order to 

permit injection of the additional active substance. Figure 1 D illustrates an eluant 

tubing line 301 coupled to reservoir 15 and to pump 33, and, with reference to 

Figures 1 A-B, it may be appreciated that opening 133 provides the passageway 

for tubing line 301 to enter the interior space surrounded by shell 13. According 

to some preferred embodiments, opening 133 includes a grommet-type seal that 

prevents leakage of eluant, which may spill from reservoir 15, into the interior 

space through opening 133, while allowing a user to assemble tubing line 301 

through opening 133. Likewise opening 135, which provides a passageway for 

patient line 305p, may include a grommet-type seal. 
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[32] Figure 1 D further illustrates another eluant tubing line 302 coupled to pump 33 

and a divergence valve 35BG, which may either direct pumped eluant through a 

tubing line 304, to generator 21, or direct the pumped eluant through a by-pass 

tubing line 303, directly to patient line 305p. Divergence valve 35BG, as well as 

divergence valve 35WP, which directs eluate from an eluate tubing line 305 

either to a waste line 305w or to patient line 305p, may each be automatically 

operated by a corresponding servomotor (not shown), coupled to the controller 

(not shown) of system 10, which controller receives feedback from activity 

detector 25. When system 10 is operating for automatic infusion, to deliver a 

dose of radiopharmaceutical to a patient, for example, Rubidium-82 for 

diagnostic imaging, divergence valve 35BG is initially set to direct eluant to 

generator 21 and divergence valve 35WP is set to direct eluate from generator 

into waste bottle 23, until activity detector 25 detects the desired activity of the 

eluate, at which time the feedback from activity detector 25 causes the controller 

to direct the corresponding servo-motor to re-set valve 35WP for diverting the 

flow of eluate into patient line 305p. According to some embodiments, once a 

prescribed volume of the eluate has passed through patient line 305p, the 

controller directs the corresponding servomotor to re-set divergence valve 35BG 

for diverting the flow of eluant through by-pass line 303 and into patient line 305p 

in order to flush, or push any eluate remaining in patient line 305p into the 

patient. According to some embodiments, the controller may also direct the 

corresponding servomotor to re-set divergence valve 35WP back toward waste 

bottle 23, prior to the flush through by-pass line 303, in order to prevent back flow 

of eluant, through line 305, toward generator 21. 

[33] With further reference to Figure 1 D, it may be appreciated that shielding 

assembly 200 encloses those portions of circuit 300 from which radioactive 

radiation may emanate, with the exception of that portion of patient line 305p, 

which must extend out from shielding assembly 200 in order to be coupled to the 

patient for injection, or in order to be coupled to shielded sample vials, as will be 

described below. Thus, technical personnel, who operate system 10, are 

protected from radiation by shielding assembly 200, except at those times when 
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an infusion is taking place, or when quality control tests require collection of 

eluate into sample vials. During infusions and quality control test sample 

collection, all technical personnel are typically in another room, or otherwise 

distanced from system 10, in order to avoid exposure to radiation during the 

infusion, and, according to some preferred embodiments of the present invention, 

system 10 includes at least one means for informing technical personnel that an 

infusion is about to take place or is taking place. With reference back to Figures 

1A and 1C, system 10 is shown including a light projector 100, mounted on post 

142. According to the illustrated embodiment, projector 100, projects a light 

signal upward, for maximum visibility, when pump 33 is pumping eluant and 

elution is taking place within generator 21, or at all times when pump 33 is 

pumping eluant. According to some embodiments, the light signal flashes on and 

off when the eluate is being diverted from generator 21 into waste bottle 23, and 

the light signal shines steadily when the eluate is being diverted through patient 

line 305p, or visa versa. According to other embodiments, a projector 100 shines 

a light having a first color, to indicate that eluate is being diverted to waste bottle 

23, and then shines a light having a second, different color, to indicate that eluate 

is being directed to patient line 305p for infusion. Light projector 100 may further 

project a more rapidly flashing light, for example, for approximately five seconds, 

once a peak bolus of radioactivity is detected in the eluate, to provide further 

information to technical personnel. Alternative means of informing technical 

personnel that an infusion is taking place may also be incorporated by system 

10, for example, including audible alarms or other types of visible or readable 

signals that are apparent at a distance from system, including in the control 

room. 

[34] When maintenance of system 10 requires the emptying waste bottle 23, relatively 

easy access to waste bottle 23 is provided through opening 139 in top surface 

131 of shell 13. It should be noted that technical personnel are preferably trained 

to empty waste bottle 23 at times when the eluate, contained in waste bottle 23, 

has decayed sufficiently to ensure that the radioactivity thereof has fallen below a 

threshold to be safe. Opening 139 is preferably located at an elevation of 
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between approximately 2 feet and approximately 3 feet; for example, opening 

139 may be at an elevation of approximately 24 inches, with respect to a lower 

surface of platform 113, or at an elevation of approximately 32 inches, with 

respect to a ground surface upon which wheels 121, 122 rest. According to the 

illustrated embodiment, opening 139 is accessed by lifting panel 134; just within 

opening 139, a shielded lid or door 223 (Figure 2A) may be lifted away from a 

compartment of shielding assembly 200 that contains waste bottle 23. With 

further reference to Figure 1 C, it may be appreciated that opening 137 provides 

access to other portions of circuit 300 for additional maintenance procedures, 

such as changing out generator 21 and/or other components of circuit 300, as 

will be described below. 

[35] Figures 1A and 1C further illustrate a pair of relatively shallow external recesses 

190, which are formed in upper surface 131 of shell 13, for example, in order to 

catch any spills from infusion system; one of recesses 190 is shown located in 

proximity to post, or hanger 141, which holds reservoir 15, and in proximity to 

opening 133, through which tubing line 301 passes. Another recess 192 is 

shown formed in upper surface 131; a width and depth of recess 192 may 

accommodate storage of technical documentation associated with infusion 

system 10, for example, a technical manual and/or maintenance records, or 

printouts from printer 117 (Figure 1 B). With reference to Figure 1 C, upper 

surface 131 of shell 13 is shown to also include additional recesses 101, which 

are each sized to hold a shielded test vial, which contains samples from infusion 

system 10, for example, for breakthrough testing and/or calibration, which will be 

described in greater detail, below. Additional receptacles 180 are shown formed 

in bin 18, on either side of a handle 182, which facilitates removal of bin 18 away 

from shell 13. Technical personnel may, thus, conveniently transport bin 18 to a 

storage area for a collection of supplies, for example, sharps, gloves, tubing 

lines, etc ... , into one or more receptacles 180 thereof, and/or to a waste 

container where separate receptacles 180 of bin 18 may be emptied of waste, 

such as packaging for the aforementioned supplies, for example, deposited 

therein during infusion procedures. 
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[36] Figure 2A is a perspective view of shielding assembly 200, according to some 

embodiments of the present invention. With reference to Figures 1 C and 2A, 

together, it may be appreciated that opening 137, in upper surface 131 of shell 

13, provides access to a lid or door 221 of a sidewall 201 of shielding assembly 

200, which sidewall 201 encloses a compartment sized to contain a radioisotope 

generator of system 10, for example, generator 21, previously introduced. 

According to the illustrated embodiment, opening 137 and door 221 are located 

at a lower elevation, for example, with respect to platform 113, than are opening 

139 and lid 223, which provide access to the compartment being formed by a 

sidewall 203 of shielding assembly 200 to contain waste bottle 23, as previously 

described. When panel 132 is separated from shell 13, and door 221 opened, 

generator 21 may be lifted out from an opening 231 (Figure 3A) which mates with 

door 221 of sidewall 201. A weight of generator 21, which includes its own 

shielding, may be between approximately 23 and approximately 25 pounds, thus, 

according to some preferred embodiments of the present invention, the elevation 

of each of openings 137 and 231, with respect to the lowermost portion of the 

cabinet structure, is between approximately 1 foot and approximately 2 feet, in 

order to facilitate an ergonomic stance for technical personnel to lift generator 21 

out from the compartment. According to an exemplary embodiment, when 

shielding assembly 200 is contained in the cabinet structure of Figure 1A , 

openings 137 and 231 are located at an elevation of approximately 12 inches, 

with respect to the lower surface of platform 113, or at an elevation of 

approximately 19 inches, with respect to the ground surface upon which wheels 

121, 122 rest. Figure 1 C further illustrates access panel 132 including a security 

lock 138, which mates with a framework 19 of system 10, shown in Figure 28, in 

order to limit access to generator 21. 

[37] Figures 1 C and 2A further illustrate a lid or a door 225 of another sidewall 205 

(Figure 3A) of shielding assembly 200, which encloses another compartment that 

is accessible through opening 137 of shell 13, and which is located adjacent the 

compartment enclosed by sidewall 201. Each of doors 221, 225 are shown 

being attached by a corresponding hinge H, and another door 227 is shown 
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attached to sidewall 203 by another hinge H. Figure 2A illustrates each of lid 223 

and doors 221, 225, 227 including a handle 232, 212, 252 and 272, respectively, 

for moving lid 223 and doors 221, 225, 227, in order to provide access to the 

corresponding compartments, which can be seen in Figures 3A-8. Figure 2A 

further illustrates optional thumb screws 290, one securing lid 223 to sidewall 203 

and another securing door 221 to sidewall 201, or other means for securing the 

doors, which are known to those skilled in the art, may be incorporated. Each 

sidewall 201, 203, 205 and the corresponding lid/door 223, 221, 225, 227 thereof 

may be individually cast from 3% antimony lead, or from other known shielding 

materials, and then assembled together according to methods known to those 

skilled in the art. 

[38] According to the illustrated embodiment, doors 221, 225 are hinged to open in an 

upward direction, per arrows D and C, and, with reference back to Figure 1 C, a 

latch component 191 is provided to hold each of doors 221, 225 in an opened 

position, thereby, preventing doors 221, 225 from falling closed, which could 

pinch/crush fingers of technical personnel and/or tubing lines of circuit 300, when 

in the midst of a maintenance procedure. Figure 28 is a perspective view of 

framework 19 of the cabinet structure of system 10, according to some 

embodiments, to which latch component 191 is mounted; Figure 28 includes an 

enlarged detailed view of latch component 191, according to some embodiments. 

Figure 28 illustrates latch component 191 including a first pin 193, corresponding 

to door 225, and a second pin 195, corresponding to door 221; each pin 193, 195 

includes a lever end 193A, 1938, respectively, and a holding end 1938, 1958, 

respectively. An edge of each door 221, 225, upon opening of doors 221, 225, 

may push past the holding end 1958, 1938 of the corresponding pin 195, 193, in 

a first direction, per arrow F, and then may rest against a respective side S95 

and S93 of each end 1958, 1938, until the corresponding lever end 195A, 193A 

is rotated in a counter-clockwise direction, per arrow cc, thereby moving the 

corresponding holding end 1938, 1958 to make way for the closing of doors 221, 

225. Doors 221, 225 being held by latch component 191 in an open position may 

be seen in Figure 3A. 
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[39] With further reference to Figure 2A, according to some preferred embodiments of 

the present invention, an edge of door 225 overlaps door 221 to prevent door 

221 from being opened, per arrow D, if door 225 is not opened, per arrow C; and 

an edge of door 227 overlaps an edge of door 225 to prevent door 225 from 

being opened if door 227 is not opened, per arrow B; and an edge of lid 223 

overlaps door 227 to prevent door 227 from being opened if lid 223 is not 

opened, per arrow A. Thus, access to the compartment enclosed by sidewall 

201 and containing generator 21 is only systematically allowed through a 

sequential opening of lid 223 and doors 227, 225, 221, since, when generator 21 

is replaced it is typically desirable to also replace those portions of circuit 300 

which are shielded behind lid 223 and doors 227, 225. The routing of these 

portions of circuit 300 will be described in conjunction with Figures 3A-C. 

[40] Figure 3A is another perspective view of shielding assembly 200, according to 

some embodiments of the present invention. In Figure 3A, lid 223 and doors 

221, 225, and 227 are opened to provide a view into openings 233, 235 and 231 

of sidewalls 203, 205 and 201, respectively, and into a passageway 207, which is 

formed in sidewall 203, opposite the compartment, which contains waste bottle 

23. Passageway 207 is shown extending vertically along sidewall 203 and 

having a grooved extension 213 formed in a perimeter surface of opening 233. 

An optional retaining member 237, for example, formed from an elongate strip of 

resilient plastic having a generally c-shape cross-section, is shown being 

mounted along a length of passageway 207 to hold lines 305w and 305p in place 

within passageway 207. Figure 3A further illustrates a pair of passageways 251 b 

and 251 g, which are formed as grooves in a portion of sidewall 205, and another 

pair of passageways 215i and 2150, which are formed as grooves in a portion of 

sidewall 201. A routing of portions of tubing circuit 300 (Figure 1 D) through 

passageways 207, 251b, 251c, 215i and 2150 is shown in Figure 38. 

[41] Figure 38 illustrates tubing line 304 being routed through passageways 251 g and 

215i, eluate tubing line 305 being routed through passageway 2150, and both 

waste line 305w and patient line 305p being routed along passageway 207. 

Waste line 305w further extends through grooved extension 213 to waste bottle 
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23, and patient line 305p further extends outward from shielding assembly 200, 

for example, to extend out through opening 135 in upper surface 131 of shell 13 

(Figure 1A). According to the illustrated embodiment, each passageway formed 

in shielding assembly 200, by being accessible along a length thereof, can 

facilitate a relatively easy routing of the corresponding tubing line therethrough, 

when the corresponding lid/door is open, and a depth of each passageway 

prevents pinching and/or crushing of the corresponding tubing line routed 

therethrough, when the corresponding lid/door is closed down thereover. 

[42] Figure 3A further illustrates sidewall 205 including a valve actuator receptacle 

253, into which divergence valve 35WP is mounted, to be controlled by one of 

the servomotors (not shown) of system 10, and an opening 325 for activity 

detector 25. Activity detector 25 is mounted in a shielded well 255 that extends 

downward from opening 325 (shown in Figure 38), and, with reference to Figure 

38, tubing line 305 passes over opening 325 so that detector 25 can detect an 

activity of the eluate, which passes therethrough. According to some 

embodiments, the positioning, within the compartment enclosed by sidewall 205, 

of the components of the portion of infusion circuit 300 which are shown routed 

therein, is facilitated by providing the components mounted in a frame 39 as a 

disposable subassembly 390, an embodiment of which is illustrated by Figures 

3C-D. 

[43] Figure 3C is a perspective view of subassembly 390, and Figure 30 is a 

perspective view of frame 39. According to the embodiment illustrated by Figure 

30, frame 39 is formed from mating trays 39A, 398, for example, formed from a 

thermoformed plastic, which fit together to capture, therebetween, and hold, in 

fixed relation to a perimeter edge of frame 39, divergence valve 35WP and 

portions of eluant tubing line 304, by-pass tubing line 303, eluate tubing line 305, 

waste line 305w and patient line 305p. Figure 3C illustrates the perimeter edge 

divided into a first side 391, a second side 392, opposite first side 391, a third 

side 393, extending between first and second sides 391, 392, and a fourth side 

394, opposite third side 393. Although Figure 30 shows trays 39A, 398 

individually formed for fitting together, according to alternate embodiments, 
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mating trays of frame 39 may be parts of a continuous sheet of plastic folded 

over on itself. 

[44] According to the illustrated embodiment, an end 404A, of eluant line 304, and an 

end 403, of by-pass line 303 extend from third side 393 of frame 39 to couple 

with divergence valve 35BG and an upstream section of eluant tubing line 302. 

Figure 3C further illustrates an opposite end 4048 of eluant line extending from 

first side 391 of frame 39, alongside a similarly extending end 405 of eluate line 

305, and ends 406 and 407 of patient line 305p and waste line 305w, 

respectively, extending from second side 392 of frame 39. Although ends 406, 

407 are shown extending upward from tray 39a, as they would within shielding 

assembly 200, it should be appreciated that the tubing lines of circuit 300 are 

preferably flexible and would drop down under their own weight rather than 

extending upward, as shown, if not supported. Referring back to Figure 1 D, in 

conjunction with Figure 3C, it can be seen that fittings are provided for coupling 

subassembly 390 into circuit 300: a first fitting 311 couples the section of eluant 

line 302 to filter 37; a second fitting 312 couples eluant line 304 to an inlet port of 

generator 21; a third fitting 313, which may incorporate a check valve, couples 

eluate line 305 to an outlet port of generator 21; a fourth fitting 314 couples waste 

line 305w to waste bottle 23; and a fifth fitting 315 couples patient line 305p to 

an extension thereof, which extends outside shell 13 (designated by the dotted 

line). Each of the fittings 311, 312, 313, 314, 315 may be of the Luer type, or any 

other suitable type that is known to those skilled in the art. 

[45] As previously mentioned, when generator 21 is replaced, it is typically desirable 

to also replace those portions of circuit 300 which are shielded behind lid 223 

and doors 227, 225, and, in those instances wherein system 10 is moved to a 

new site each day, these portions may be replaced daily. Thus, according to the 

illustrated embodiment, these portions are conveniently held together by frame 

39, as subassembly 390, in order to facilitate relatively speedy removal and 

replacement, while assuring a proper assembly orientation, via registration with 

features formed in sidewall 205 (Figure 3A), for example: registration of 

divergence valve 35WP with valve actuator receptacle 253, registration of tubing 
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line ends 403 and 404A with passageways 251 b and 251 g, respectively, 

registration of tubing line ends 4048 and 405 with passageways 215i and 2150, 

respectively, and registration of tubing line ends 406 and 407 with passageway 

207. 

[46] With further reference to Figure 38, other portions of tubing circuit 300 are 

shown. Figure 38 illustrates eluant tubing line 301 extending from reservoir 15, 

outside of shell 13 (Figure 1A), to syringe pump 33, which is mounted to an 

actuating platform 433. According to the illustrated embodiment, platform 433 is 

actuated by another servomotor (not shown) of system 10, which is controlled by 

the controller and computer 17 of system 10, to cause a plunger of pump 33 to 

move, per arrow I, so as to draw in eluant, from reservoir 15, through tubing line 

301, and then to cause the plunger to move in the opposite direction so as to 

pump the eluant, through tubing line 302, to either generator 21 or to by-pass line 

303. Although the illustrated embodiment includes syringe pump 33, other 

suitable pumps, known to those skilled in the art, may be substituted for pump 

33, in order to draw eluant from reservoir 15 and to pump the eluant throughout 

circuit 300. Although not shown, it should be appreciated that divergence valve 

358G is fitted into another valve actuating receptacle mounted within shell 13 

and coupled to yet another servomotor (not shown) of system 10. 

[47] Figure 38 further illustrates a filter holder 317 that is mounted alongside an 

interior surface of shell 13 to hold filter 37 (Figure 1 D) of tubing line 302. Filter 

holder 317, like frame 39 for subassembly 390, may be formed from a 

thermoformed plastic sheet; holder 317 may have a clam-shell structure to 

enclose filter 37 in an interior space, yet allow tubing line 302, on either side of 

filter 37, to extend out from the interior space, in between opposing sides of the 

clam-shell structure. Holder 317 is shown including an appendage 307 for 

hanging holder 317 from a structure (not shown) inside shell 13. 

[48] Turning now to Figures 4-9C details concerning computer-facilitated operation of 

system 10 will be described, according to some embodiments of the present 

invention. As previously mentioned, and with reference back to Figure 1 A, 

computer 17 of system 10 includes monitor 172, which, preferably, not only 
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displays indications of system operation to inform a user of system 10, but is also 

configured as a touch screen to receive input from the user. It should be 

understood that computer 17 is coupled to the controller of system 10, which may 

be mounted within the interior space surrounded by shell 13. Although Figure 1A 

shows computer 17 mounted to post 142 of system 10, for direct hardwiring to 

the controller of system 10, according to some alternate embodiments, computer 

17 is coupled to the controller via a flexible lead that allows computer 17 to be 

positioned somewhat remotely from those portions of system 10, from which 

radioactive radiation may emanate; or, according to some other embodiments, 

computer 17 is wirelessly coupled, for example, via two-way telemetry, to the 

controller of system 10, for even greater flexibility in positioning computer 17 

away from radioactive radiation. 

[49] According to some preferred embodiments, computer 17 is pre-programmed to 

guide the user, via monitor 172, through procedures necessary to maintain 

system 10, to perform quality control tests on system 10, and to operate system 

10 for patient infusions, as well as to interact with the user, via the touch-screen 

capability of monitor 172, according to preferred embodiments, in order to track 

volumes of eluant and eluate contained within system 10, to track a time from 

completion of each elution performed by system 10, to calculate one or more 

system parameters for the quality control tests, and to perform various data 

operations. It should be understood that screen shots shown in Figures 4-9C are 

exemplary in nature and are presented to provide an outline of some methods of 

the present invention in which computer 17 facilitates the aforementioned 

procedures, without limiting the scope of the invention to any particular computer 

interface format. 

[50] Figure 4 is a screen shot of a main menu 470, which is presented by computer 

17 on monitor 172, according to some embodiments. Main menu 470 includes a 

listing of each computer-facilitated operation that may be selected by the user, 

once the user has logged on. 
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[51] Figure 5A is a schematic showing a series of screen shots which includes a log 

in screen 570. After the user enters the appropriate information into data entry 

fields of log in screen 570, computer 17 presents a request for the user to 

confirm the volume of eluant that is within reservoir 15 (e.g. saline in saline bag), 

via a screen 571, and then brings up main menu 470. According to some 

embodiments, when the user touch-selects the data entry fields of screen 570 or 

571, or of any of the other screens presented herein, below, a virtual keyboard is 

displayed for touch-select data entry into the selected data entry field; alternately, 

computer 17 may be augmented with another type of device for user data entry, 

examples of which include, without limitation, a peripheral keyboard device, a 

storage medium (i.e. disk) reader, a scanner, a barcode reader (or other reader 

of encoded information), a hand control (i.e. mouse, joy stick, etc ... ). 

[52] If the user determines that the volume of eluant/saline is insufficient, the user 

selects a menu item 573, to replace the saline bag, which leads computer 17 to 

prompt the user to enter a quantity of saline contained by the new saline bag, via 

a screen 574. Thus, computer 17 uses either the confirmed eluant/saline 

volume, via screen 571, or the newly entered eluant/saline volume, via screen 

574, as a baseline from which to track depletion of reservoir volume, via 

activations of pump 33, in the operation of system 10. With reference to Figure 

58, during the opera ti on of system 10, when computer 1 7 detects that the el uant 

reservoir/saline bag has been depleted to a predetermined volume threshold, 

computer 17 warns the user, via a screen 577. If the user has disregarded 

screen 577 and continues to deplete the saline bag, computer 17 detects when 

the saline bag is empty and provides indication of the same to the user, via a 

screen 578. To replenish the reservoir/saline bag, the user may either refill the 

reservoir/bag or replace the empty reservoir/bag with a full reservoir/bag. 

According to some embodiments, system 10 automatically precludes any further 

operation of the system until the reservoir is replenished. 

[53] In addition to tracking the volume of eluant in reservoir 15, computer 17 also 

tracks a volume of the eluate which is discharged from generator 21 into waste 

bottle 23. With reference to Figure 5C, an item 583 is provided in main menu 
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470, to be selected by the user when the user empties waste bottle 23. When 

the user selects item 583, computer 17 presents a screen 584, by which the user 

may effectively command computer 17 to set a waste bottle level indicator to 

zero, once the user has emptied waste bottle 23. Typically, the user, when 

powering up system 10 for operation, each day, will either empty waste bottle 23, 

or confirm that waste bottle 23 was emptied at the end of operation the previous 

day, and utilize screen 584 to set the waste bottle level indicator to zero. Thus, 

computer 17, can track the filling of waste bottle 23 via monitoring of the 

operation of pump 33 and divergence valve 35WP, and provide an indication to 

the user when waste bottle 23 needs to be emptied, for example, via 

presentation of screen 584, in order to warn the user that, unless emptied, the 

waste bottle will overflow. According to some embodiments, system 10 

automatically precludes any further operation of the system until the waste bottle 

is emptied. 

[54] In addition to the above maintenance steps related to eluant and eluate volumes 

of system 10, the user of system 10 will typically perform quality control tests 

each day, prior to any patient infusions. With reference to Figure 6, according to 

preferred methods, prior to performing the quality control tests (outlined in 

conjunction with Figures 7 A-C and 8A-B), the user may select an item 675 from 

main menu 470, in order to direct system 10 to wash the column of generator 21. 

During the generator column wash, which is performed by pumping a 

predetermined volume of eluant, for example, approximately 50 milliliters, 

through generator 21 and into waste bottle 23, computer 17 provides an 

indication, via a screen 676, that the wash is in progress. Also, during the 

generator column wash, the system may provide a signal to indicate that eluate it 

being diverted to waste bottle 23, for example, light projector 100 (Figure 1 C) 

may project a flashing light signal, as previously described. 

[55] Figure 6 further illustrates a screen 677, which is presented by computer 17 upon 

completion of the column wash, and which provides an indication of a time lapse 

since the completion of the wash, in terms of a time countdown, until a 

subsequent elution process may be effectively carried out. While screen 677 is 

19 

1526 of 1573



UTILITY PATENT APPLICATION 
Practitioner Docket No. 56782.1.6 

displayed, system 10 may be refilling, from reservoir 15, pump 33, which has a 

capacity of approximately 55 milliliters, according to some embodiments. 

According to some preferred embodiments of the present invention, computer 17 

starts a timer once any elution process is completed and informs the user of the 

time lapse, either in terms of the time countdown (screen 677), or in terms of a 

time from completion of the elution, for example, as will be described in 

conjunction with Figure 78. According to an exemplary embodiment, wherein 

generator 21 is the CardioGen-82® that yields a saline solution of Rubidium-82, 

produced by the decay of Strontium-82, via the elution, a time required between 

two effective elution processes is approximately 10 minutes. 

[56] Once the appropriate amount of time has lapsed, after the elution process of 

generator column wash, a first quality control test may be performed. With 

reference to Figure 7 A, the user may select, from main menu 4 70, an item 773A, 

which directs computer 17 to begin a sequence for breakthrough testing. In 

conjunction with the selection of item 773A, the user attaches a needle to an end 

of patient line 305p and inserts the needle into to a test vial, for the collection of 

an eluate sample therefrom, and, according to Figure 7A, computer 17 presents 

a screen 774, which instructs the user to insert the test vial into a vial shield, 

which may be held in recess 101 of shell 13 (Figure 1 C). 

[57] Figure 7A further illustrates a subsequent screen 775, by which computer 17 

receives input, from the user, for system 10 to start the breakthrough elution, 

followed by a screen 776, which provides both an indication that the elution is in 

progress and an option for the user to abort the elution. As previously described, 

the system may provide a signal to indicate that elution is in progress, for 

example, light projector 100 (Figure 1C) may project a flashing light signal during 

that portion of the elution process when eluate is diverted from generator 21 

through waste line 305w and into waste bottle 23, and then a steady light signal 

during that portion of the elution process when the eluate is diverted from 

generator 21 through patient line 305p and into the test vial, for example, once 

activity detector 25 detects a dose rate of approximately 1.0 mCi/sec in the 

eluate discharged from generator 21. Another type of light signal, for example, 
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the more rapidly flashing light, as previously described, may be projected when a 

peak bolus of radioactivity is detected in the eluate. 

[58] Upon completion of the elution process for breakthrough testing, computer 17 

presents a screen 777, shown in Figure 78, which, like screen 677, provides an 

indication of a time lapse since the completion of the elution, but now in terms of 

a time since completion of the breakthrough elution process. When the user 

transfers the vial containing the sample of eluate into a dose calibrator, to 

measure the activity of the sample, the user may make a note of the time lapse 

indicated on screen 777. With further reference to Figure 78, once the user has 

received the activity measure from the dose calibrator, the user proceeds to a 

screen 778, which includes data entry fields for the activity measure and the time 

between that at which the dose calibrator measured the activity of the sample 

and that at which the elution was completed. The user may enter the data via 

the touch-screen interface of monitor 172, or via any of the other aforementioned 

devices for user data entry. According to some alternate embodiments, 

computer 17 may receive the data, electronically, from the dose calibrator, either 

via wireless communication or a cable connection. 

[59] After the data is entered by the user, computer 17 presents screen 779, from 

which the user moves back to main menu 470 to perform a system calibration, 

for example, as will be described in conjunction with Figures 8A-8, although the 

breakthrough testing is not completed. With reference back to Figure 7A, an item 

7738 is shown, somewhat faded, in main menu 4 70; item 7738 may only be 

effectively selected following the completion of steps for item 773A, so as to 

perform a second stage of breakthrough testing. In the second stage, the 

breakthrough of the sample of eluate collected in the test vial for the 

breakthrough testing is measured, at a time of approximately 60 minutes from the 

completion of the elution that produced the sample. With reference to Figure 7C, 

after the user has selected item 7738 from main menu 470, in order to direct 

computer 17 to provide breakthrough test results, a screen 781 is displayed. 

Screen 781 includes, for reference, the values previously entered by the user in 

screen 778, along with another pair of data entry fields into which the user is 
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instructed to enter the breakthrough reading of the sample at 60 minutes and the 

background radiation reading, respectively. After the user enters this remaining 

information, as described above, computer 17 may calculate and then display, on 

a screen 782, the breakthrough test results. According to the illustrated 

embodiment, computer 17 also displays on screen 782 pre-programmed 

allowable limits for the results, so that the user may verify that the breakthrough 

test results are in compliance with acceptable limits, before moving on to a 

patient infusion. According to some embodiments, system 10 will not allow an 

infusion if the results exceed the acceptable limits, and may present a screen 

explaining that the results are outside the acceptable limits; the screen may 

further direct the user to contact the generator supplier, for example, to order a 

replacement generator. 

[60] With reference to Figure 8A, during the aforementioned 60 minute time period, 

while waiting to complete the breakthrough testing, the user may perform 

calibration by selecting item 873 from main menu 4 70. Upon selection of item 

873, computer 17 presents a screen 87 4, which instructs the user to insert a new 

test vial into an elution vial shield. In addition to placing the vial in the shield, the 

user, preferably, replaces patient line 305p with a new patient line, and then 

attaches a needle to the end of the new patient line for insertion into the test vial, 

in order to collect an eluate sample therefrom. After performing these steps, the 

user may move to screen 875, wherein a plurality of data entry fields are 

presented; all or some of the fields may be filled in with pre-programmed default 

parameters, which the user has an option to change, if necessary. Once the 

user confirms entry of desired parameters for the calibration, the user may enter 

a command, via interaction with a subsequent screen 876, to start the calibration 

elution. 

[61] With reference to Figure 88, after computer 17 starts the elution process, a 

screen 87 informs the user that the calibration elution is in progress and provides 

an option to abort the elution. As previously described, the system may provide 

an indication that elution is in progress, for example, light projector 100 (Figure 

1 C) may project a flashing light signal during that portion of the elution process 
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when eluate is diverted from generator 21 through waste line 305w and into 

waste bottle 23, and then a steady light signal during that portion of the elution 

process when activity detector 25 has detected that a prescribed dose rate 

threshold is reached, for example, 1.0 mCi/sec, and the eluate is being diverted 

from generator 21, through the new patient line, and into the test vial. Another 

type of light signal, for example, the more rapidly flashing light, as previously 

described, may be projected when a peak bolus of radioactivity is detected in the 

eluate. Upon completion of the elution process for calibration, computer 17 

presents a screen 878, which provides an indication of a time lapse since the 

completion of the elution, in terms of a time since completion of the calibration 

elution process. When the user transfers the vial containing the sample of eluate 

into the dose calibrator, to measure the activity of the sample, the user may 

make a note of the time lapse indicated on screen 878. With further reference to 

Figure 88, once the user has received the activity measure from the dose 

calibrator, the user proceeds to a screen 879, which includes data entry fields for 

the activity measure and the time, with respect to the completion of elution, at 

which the dose calibrator measured the activity of the sample. Once the data is 

input by the user, as described above, computer calculates a calibration 

coefficient, or ratio, and presents the ratio on a screen 880. According to Figure 

88, screen 880 further provides an indication of a desirable range for the 

calibration ratio and presents an option for the user to reject the calculated ratio, 

in which case, the user may instruct computer 17 to recalculate the ratio. 

[62] With reference to Figure 9A, upon completion of the above-described quality 

control tests, the user may select an item 971, from main menu 470, in order to 

direct system 10 to begin a procedure for the generation and automatic infusion 

of a radiopharmaceutical into a patient. As previously described, system 10 

infuses the patient with the radiopharmaceutical so that nuclear diagnostic 

imaging equipment, for example, a PET scanner, can create images of an organ 

of the patient, which absorbs the radiopharmaceutical, via detection of 

radioactive radiation therefrom. According to Figure 9A, upon selection of item 

971, computer 17 presents a screen 972 which includes a data entry field for a 
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patient identification number. This identification number that is entered by the 

user is retained by computer 17, in conjunction with the pertinent system 

parameters associated with the patient's infusion. After the user enters the 

patient identification number, computer 17 directs, per a screen 973, the user to 

attach a new patient line and to purge the patient line of air. A subsequent 

screen 97 4 presented by computer 17 includes data entry fields by which the 

user may establish parameters for the automatic infusion; all or some of the fields 

may be filled in with pre-programmed default parameters, which the user has an 

option to change, if necessary. 

[63] With reference to Figure 98, if pump 33 does not contain enough eluanUsaline 

for the patient infusion, computer 17 will present a warning, via a screen 901, 

which includes an option for the user to direct the refilling of pump 33, via a 

subsequent screen 902. Once pump 33 has been filled, computer 17 presents 

an indication to the user, via a screen 903. According to some embodiments, if 

the user does not re-fill pump 33, yet attempts to proceed with an infusion, 

system 10 will preclude the infusion and present another screen, that 

communicates to the user that no infusion is possible, if the pump is not refilled, 

and asking the user to refill the pump, as in screen 901. When pump 33 contains 

a sufficient volume of eluant for the patient infusion, computer 17 presents a 

screen 975, which is shown in Figure 9C, and allows the user to enter a 

command for system 10 to start the patient infusion. During the infusion, 

computer 17 provides the user with an indication that the infusion is in process 

and with a option for the user to abort the infusion, via a screen 976. As 

previously described, the system may provide an indication that an elution is in 

progress, for example, light projector 100 (Figure 1 C) may project a flashing light 

signal during that portion of the elution process when eluate is diverted from 

generator 21 through waste line 305w and into waste bottle 23, and then a 

steady light signal during that portion of the elution process when activity detector 

25 has detected that a prescribed dose rate threshold is reached, for example, 

1.0 mCi/sec, and the eluate is being diverted from generator 21, through the new 

patient line for infusion into the patient. Another type of light signal, for example, 
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the more rapidly flashing light, previously described, may be projected when a 

peak bolus of radioactivity is detected in the eluate. At the completion of the 

infusion, a screen 977 is displayed by computer 17 to inform the user of the 

completion of the infusion and a time since the completion. Computer 17 also 

displays a summary of the infusion, per screen 978. 

[64] Printer 117 (Figure 1 B) may be activated to print out a hard copy of the infusion 

summary, on which the patient identification number and pertinent system 

parameters are also printed, for reference. Alternatively, or in addition, according 

to some embodiments, the summary of the infusion, which includes the patient 

identification number and pertinent system parameters, may be downloaded onto 

a computer readable storage device to be transferred to one or more remote 

computers and/or automatically transferred thereto, via wireless communication 

or a cable connection. The one or more remote computers may be included, for 

example, in a hospital information system, and/or an inventory system, and/or a 

billing system, and/or in a medical imaging system. With reference back to 

Figure 9A the user may select an item 995, from main menu 470, in order have 

system 10 perform data operations, such as, archiving a data base of patient 

infusion information and quality control test results, transmitting patient infusion 

summary records to USB mass storage devices, and various types of data 

filtering, for example, according to date ranges and/or patient identification 

numbers, for example, to search for a particular set of data and/or to compile a 

summary report of related sets of data. 

[65] Turning now to Figure 10, an item 981 for computer-facilitated purging of the 

tubing lines of system 10 is shown included in main menu 470. When a user 

selects item 981, computer 17 guides the user to select either an air purge or a 

saline purge. The direction provided by computer 17 is not explicitly laid out 

herein, for a saline purge, as procedures for saline purging should be readily 

apparent to those skilled in the art, with reference to the schematic of infusion 

circuit 300 shown in Figure 1 D. A saline purge of circuit 300 is desired to assure 

that all the air is removed from circuit 300 when a new generator and/or a new 

complete or partial tubing set is installed. An air purge of the tubing lines of 
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circuit 300 may be performed after removing reservoir 15, by-passing generator 

21, by connecting tubing line 304 to tubing line 305, and coupling patient line 

305p to a vial, for example, as is directed by the computer interface, in screens 

983 and 984 shown in Figure 10. The air purge is desirable for blowing out the 

tubing lines, thereby removing all remaining eluant and eluate, prior to installing a 

new generator and/or prior to transporting system 10 from one site to another. If 

generator 21 is not depleted and will be used in system 10 at the new site, it is 

important to by-pass the generator prior to purging the tubing lines of circuit 300 

with air, so that air is not blown across the generator, since air through generator 

21 may compromise both the function and the aseptic nature of generator 21. 

[66] According to preferred embodiments, once the user has followed the instructions 

presented in screens 983 and 984 and selects to start the air purge, for example, 

via screen 985, computer 17 directs the controller of system 10 to carry out a 

complete air purge, in which pump 33 and divergence valves 35BG and 35WP 

are automatically controlled. The automated air purge preferably includes the 

following steps, which may be best understood with reference to tubing circuit 

300 in Figure 1 D: pumping any remaining volume of eluant left in pump 33, 

through lines 302, 304, 305 and 305w, to waste bottle 23; refilling pump 33 with 

air and pumping the air through lines 302, 304, 305 and 305w, into waste bottle 

23 (lines 304 and 305 have been previously connected directly to one another, in 

order to by-pass generator 21; if generator 21 is depleted and will be replaced 

with a new generator, pumping air through generator 21 may be acceptable); 

refilling pump 33 with air and then pumping a portion of the air through lines 302, 

304, 305 and 305p, into the vial, and then a remaining portion of the air through 

lines 302, 304, 303 and 305p, into the vial. With reference to Figure 1 D and the 

previous description of divergence valves 35BG, 35WP, it should be understood 

how divergence valves 35BG, 35WP are automatically controlled to carry out the 

above steps. 

[67] The purge operations, which are facilitated by selecting item 981 from main 

menu 470, may also be accessed via the selection of an item 991 for generator 

setup. When the user selects item 991, computer 17 may present an option for 
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guidance in removing an old, depleted, generator and a set of tubing lines, prior 

to installing the new generator, or an option to just be guided in the installation of 

the new generator. 

[68] In the foregoing detailed description, the invention has been described with 

reference to specific embodiments. However, it may be appreciated that various 

modifications and changes can be made without departing from the scope of the 

invention as set forth in the appended claims. 
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We claim: 

1. An infusion system comprising: 

UTILITY PATENT APPLICATION 
Practitioner Docket No. 56782.1.6 

a cabinet structure including a shell defining an interior space thereof; 

an eluant source; 

a shielding assembly located within the interior space of the cabinet structure, the 

shielding assembly including a sidewall defining a plurality of compartments and 

providing a barrier to radioactive radiation for the compartments, the shielding 

assembly further including a corresponding plurality of doors, each door, when 

open, providing access to the corresponding compartment via an opening in the 

sidewall, and, when closed, providing further barrier to radioactive radiation for 

the corresponding compartment; 

a radioisotope generator contained within a first compartment of the plurality of 

compartments of the shielding assembly; 

an eluant line coupled to the eluant source and to the generator, the eluant line 

extending from the eluant source to the generator, through the shielding 

assembly, at a first location between the sidewall and a first door of the plurality 

of doors, which corresponds to the first compartment; 

an eluate line coupled to the generator and extending out from the first compartment 

and into a second compartment of the plurality of compartments of the shielding 

assembly, at a second location between the sidewall and both the first door and 

a second door of the plurality of doors, which corresponds to the second 

compartment, the second compartment being located immediately adjacent the 

first compartment; 

a patient line coupled to the eluate line, within the second compartment, the patient 

line extending out from the second compartment at a third location between the 

sidewall and the second door, and out from the interior space through an opening 

in the shell of the cabinet structure. 
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2. The system of claim 1, wherein: 

UTILITY PATENT APPLICATION 
Practitioner Docket No. 56782.1.6 

the eluant source comprises a reservoir and a pump; 

the reservoir is mounted to the cabinet structure outside the interior space defined 

by the shell and the pump is mounted within the interior space; 

the eluant line includes a first segment coupled to the reservoir and to the pump and 

a second segment coupled to the pump and to the generator; and 

the first segment of the eluant line extends from the reservoir to the pump through 

another opening in the shell of the cabinet structure. 

3. The system of claim 2, wherein at least one of the openings in the shell of the 

cabinet structure includes a grommet-type seal surrounding the corresponding line that 

extends therethrough. 

4. The system of claim 1, further comprising: 

a bypass flush line coupled to the eluant source and coupled to the patient line, 

within the second compartment; 

wherein the flush line extends from the eluant source to the patient line, through the 

shielding assembly at a fourth location between the sidewall and the second 

door. 

5. The system of claim 1, wherein the eluant line includes a filter, the filter being 

mounted within the interior space of the cabinet structure. 

6. The system of claim 1, further comprising: 

a filter holder mounted within the interior space of the cabinet structure; and 

wherein the eluant line includes a filter, the filter being housed in the holder. 
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7. The system of claim 1, further comprising: 
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a waste bottle contained within a third compartment of the plurality of compartments 

of the shielding assembly; and 

a waste line coupled to the eluate line, within the second compartment, and coupled 

to the waste bottle, within the third compartment; 

wherein the waste line extends out from the second compartment at the third 

location. 

8. The system of claim 7, wherein the waste line extends into the third compartment at 

a fourth location, the fourth location being between the sidewall and a third door of the 

plurality of doors, which corresponds to the third compartment. 

9. The system of claim 7, wherein: 

the plurality of compartments of the shielding assembly further includes a fourth 

compartment located immediately adjacent the second compartment and the 

third compartment; 

the waste line extends from the second compartment directly into the fourth 

compartment at the third location, the third location also being between the 

sidewall and a fourth door of the plurality of doors, which corresponds to the 

fourth compartment; and 

the waste line extends from the fourth compartment directly into the third 

compartment at a fourth location, the fourth location being between the sidewall 

and a third door of the plurality of doors, which corresponds to the third 

compartment. 

10. The system of claim 9, further comprising a retaining member mounted within the 

fourth compartment to hold the waste line in place within the fourth compartment. 
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11. The system of claim 9, wherein: 
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the patient line extends from the second compartment directly into the fourth 

compartment at the third location; and 

the patient line extends out from the fourth compartment at a fifth location, the fifth 

location being between the sidewall and the fourth door. 

12. The system of claim 11, further comprising a retaining member mounted within the 

fourth compartment to hold the waste line and the patient line in place within the fourth 

compartment. 

13. The system of claim 1, wherein: 

the plurality of compartments of the shielding assembly further includes a third 

compartment located immediately adjacent the second compartment; 

the patient line extends from the second compartment directly into the third 

compartment at the third location, the third location also being between the 

sidewall and a third door of the plurality of doors, which corresponds to the third 

compartment; and 

the patient line extends out from the third compartment at a fourth location, the 

fourth location being between the sidewall and the third door. 

14. The system of claim 13, further comprising a retaining member mounted within the 

third compartment to hold the patient line in place within the third compartment. 

15. The system of claim 1, wherein the opening in the shell of the cabinet structure 

includes a grommet-type seal surrounding the patient line extending therethrough. 
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16. A shielding assembly for an infusion system, the shielding assembly comprising: 

a sidewall defining a plurality of compartments and providing a radioactive radiation 

barrier for the compartments; 

a first passageway formed in an upper surface of a first portion of the sidewall, the 

first portion of the sidewall defining a first compartment of the plurality of 

compartments, the first compartment being sized to contain a radioisotope 

generator of the infusion system, and the first passageway being sized to 

accommodate routing of an eluate line from the generator; 

a second passageway formed along a second portion of the sidewall, the second 

portion of the sidewall extending upward relative to the first portion of the sidewall 

and defining a second compartment of the plurality of compartments, the second 

compartment being sized to accommodate a waste bottle of the infusion system 

and the second compartment being located on a side of the second portion of the 

sidewall that is opposite the second passageway, and the second passageway 

being sized to accommodate routing of at least one extension of the eluate line 

from the generator. 

17. The shielding assembly of claim 16, wherein the upper surface of the first portion of 

the sidewall extends about a perimeter of an opening into the first compartment. 

18. The shielding assembly of claim 16, wherein the second passageway extends to an 

upper surface of the second portion of the sidewall, the upper surface of the second 

portion extending about a perimeter of an opening into the second compartment. 

19. The shielding assembly of claim 16, further comprising a retaining member 

mounted within the second passageway to hold the at least one extension of the eluate 

line in place within the second passageway. 
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20. The shielding assembly of claim 16, further comprising: 

a third compartment defined by a third portion of the sidewall, the third compartment 

extending between the first passageway and the second passageway and being 

sized to hold a portion of an infusion circuit of the infusion system; 

wherein the portion of the infusion circuit includes the eluate line, a patient line and a 

waste line, the patient line and the waste line being coupled to the eluate line 

within the third compartment; and 

the at least one extension of the eluate line includes the patient line and the waste 

line. 

21. The shielding assembly of claim 20, further comprising a third passageway formed 

in an edge of the third compartment, the third passageway being sized to accommodate 

routing of an eluant line from an eluant source of the infusion system. 

22. The shielding assembly of claim 21, further comprising a fourth passageway formed 

in the upper surface of the first portion of the sidewall and extending alongside the first 

passageway, the fourth passageway being sized to accommodate routing of the eluant 

line to the generator. 

23. The shielding assembly of claim 16, further comprising a third passageway formed 

in the upper surface of the first portion of the sidewall, the third passageway being sized 

to accommodate routing of an eluant line from an eluant source of the infusion system 

to the generator. 

24. The shielding assembly of claim 23, wherein the third passageway extends 

alongside the first passageway 
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25. A shielding assembly for an infusion system, the shielding assembly comprising: 

a sidewall defining plurality of compartments and providing a radioactive radiation 

barrier for the compartments; 

a first passageway formed in an upper surface of a first portion of the sidewall, the 

first portion of the sidewall defining a first compartment of the plurality of 

compartments, the first compartment being sized to contain a radioisotope 

generator of the infusion system, and the first passageway being sized to 

accommodate routing of an eluate line from the generator; and 

a second compartment defined by a second portion of the sidewall, the second 

compartment being sized to hold a portion of an infusion circuit of the infusion 

system and extending immediately adjacent to the first passageway, and the 

infusion circuit being an extension of the eluate line from the generator. 

26. The shielding assembly of claim 25, further comprising a second passageway 

formed in an edge of the second compartment, the second passageway being sized to 

accommodate routing of an eluant line from an eluant source of the infusion system. 

27. The shielding assembly of claim 26, further comprising a third passageway formed 

in the upper surface of the first portion of the sidewall and extending alongside the first 

passageway, the third passageway being sized to accommodate routing of the eluant 

line to the generator. 

28. The shielding assembly of claim 25, further comprising a second passageway 

formed in the upper surface of the first portion of the sidewall, the second passageway 

being sized to accommodate routing of an eluant line from an eluant source of the 

infusion system to the generator. 
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29. A disposable infusion circuit subassembly for an infusion system, the assembly 

comprising: 

an eluate line; 

a patient line; 

a waste line; 

a valve member coupling the patient line and the waste line to the eluate line; and 

a support frame including a perimeter edge, the support frame holding the valve 

member and a portion of each of: the eluate line, the patient line and the waste 

line in approximately fixed relation with respect to the perimeter edge; 

wherein the perimeter edge of the support frame is sized to fit within a compartment 

of a shielding assembly of the infusion system; and 

an end of each of the eluate line, the patient line and the waste line extends out from 

the perimeter edge. 

30. The subassembly of claim 29, wherein the end of the eluate line extends out from a 

first side of the perimeter edge of the support frame, and the end of each of the patient 

line and the waste line extends out from a second side of the perimeter edge, the 

second side being opposite the first side. 

31. The subassembly of claim 29, further comprising: 

an eluant line; and 

wherein the support frame further holds a portion of the eluant line in approximately 

fixed relation with respect to the perimeter edge of the support frame; 

opposing ends of the eluant line extend out from the perimeter edge; and 

the portion of the eluant line extends between the opposing ends of the eluant line. 
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32. The subassembly of claim 31, wherein 
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the end of the eluate line extends out from a first side of the perimeter edge of the 

support frame, and the end of each of the patient line and the waste line extends 

out from a second side of the perimeter edge, the second side being opposite the 

first side; 

a first of the opposing ends of the eluant line extends out from a third side of the 

perimeter edge, the third side extending between the first side and the second 

side; and 

a second of the opposing ends of the eluant line extends out from the first side of the 

perimeter edge. 

33. The subassembly of claim 29, further comprising: 

a bypass line coupled to the patient line; and 

wherein the support frame further holds a portion of the bypass line in approximately 

fixed relation with respect to the perimeter edge of the support frame; and 

an end of the bypass line extends out from the perimeter edge. 

34. The subassembly of claim 33, wherein: 

the end of the eluate line extends out from a first side of the perimeter edge of the 

support frame, and the end of each of the patient line and the waste line extends 

out from a second side of the perimeter edge, the second side being opposite the 

first side; and 

the end of the bypass line extends out from a third side of the perimeter edge, the 

third side extending between the first side and the second side. 

35. The subassembly of claim 29, wherein the support frame exposes and orients the 

valve member for interlocking with a valve actuator receptacle within the compartment 

of the shielding assembly. 

36. The subassembly of claim 29, wherein the support frame is formed from at least 

one thermoformed plastic sheet. 
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ABSTRACT 

UTILITY PATENT APPLICATION 
Practitioner Docket No. 56782.1.6 

Infusion system configurations and assemblies facilitate routing of infusion circuit 

tubing lines. Tubing lines are routed into and out from compartments of a shielding 

assembly for the infusion system, at locations which prevent kinking and/or crushing of 

the lines, and/or provide for ease in assembling the circuit. A plurality of the lines may 

be held together by a support frame to form a disposable infusion circuit subassembly, 

that can further facilitate routing of the lines. 

4359625 I.DOC 
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35 U.S.C. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDE.NT CLAIM PRESENT (37 CFR 1.16{j)) 185 370 

• If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2040 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST ADDI- ADDI-REMAINING NUMBER PRESENT RATE($) TIONAL RATE($) TIONAL < AFTER PREVIOUSLY EXTRA 
I- AMENDMENT PAID FOR 

FEE($) FEE($) 
z 
w Total . Minus •• OR 
::ii = x = x = 
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FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(])) NIA OR N/A 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 
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This collection of information 1s required by 37 CFR 1.16. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 

on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent. to the Chief Information Officer, U.S. Paten· 

and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313·1450. 
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If you need assistance in completing the form, call 1-BOQ..PT0-9199 and seJect option 2. 
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