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multidose (302) d'une forme correspondant a celle do bras de transport (3 04) et un

conteneur d'expédition (402) pour le flacon multidose (3 02).

7. Systeme selon la revendieation 1, cornprenant en outre :

une salle (509) de cyclotron pour produire un produit radiopharmaceutique ;

5 une tubulure (206) pour transporter le produit radiopharmaeeutique de la

salle (509) de cyclotron au systéme d'étalmmage (404) de dose ; et

un dispositif de perfusion (512) pour recevoir du systeme d'étalonnage (404)

de dose 1a dose individuelle (126 01.1 128) du marqueur radioactif (104), via Ia

tubulure (206) ; et

10 um dispositif de perfusion (512) pour recevoir la dose individuelle (126 cu

128) produit radiopharmaceutique du systeme d'étalonnage (404) de dose par la

tubulure (206).

8. Procédé pour preparer un systéme d'injeetion (122 on 124), comprenant

1es étapes consistant a :

15 installer (902) um flaeon (416) de patient dans un systemic d'étalonnage (418)

do dose du systeme d'injcction (400), lc flacon dc patient étant sterile et apyrogene ;

monter (904) une aiguille de sortie sur une tubulure venant d'une pompe

peristaltique (414) du systeme d'injection _;

insérer (906) 1'aiguille de sortie au fond du flaeon (416) de patient ;

20 placer (908) le flaeon (416) the patient dans 1e systeme d'étalonnage (418) de

dose ;

installer (910) un robinet d'arrét (422) dans le systeme d‘injection (400) ;

installer (912) um: tubulurc intraveineusc (428) a travers le robinet d‘arrét

(422) _:

25 installer (914) une aiguille intraveineuse (204) dans le systéme d‘injection

(400) ; et

fixer (916) une poche de solution saline (412) an robinet d'arrét (422).

9. Procédé selon la revendication 8, comprenant en outre les étapes

consistant a :

30 mettre en marehe (802) um systemic irifonnatique (1200) ;

foumir (804) um flacon multidosc (302) (Fun produit radiopharmaceutique

(104) an systeme d‘injection (122 on 124) commandé par Ie systeme informatique

(1200) ; et

lever (806) le flacon multidose (302) jusque dans un systeme d'étalonnage

300) de dose du systéme d'injection (122 on 124).b) U1
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10. Procédé {1000) de préparation d’un produit radiopharmaceutique dcstiné

2‘1 étre injecté é um patient an utilisant un systéme d'injection (400), 16 procédé

comprenant ies étapes consistant a :

extraire (1002) (Fun flacon multidose (302) um dose individuelle (126 on

S 123) d‘un produit radiophammceutique (104) ;

vérifier (1004) que la quantité dc radioactivité dans le flacon (416) de

patient est égale :21 la quantité de radioactivité qui a été évacuée du flacon multidose

(302) ;et

ajouter (1006) um: solution saiine provenant d‘unc pochc (412) CI: solution

10 saline et d‘une conduite de solution saline dans le flacon (416) de patient via un

deuxiéme robinet d'arrét (410) E} trois voies.
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FIG.7
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FIG.8
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FIG.9
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FIG.10
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FIG.11

Recevoir une demande E, 1102
de matiére de cibie

Déterminer la production I 1104

de matiére de cible [/- 

Envoyter des insttuctions tie L, 1105
1 production de matte-re de Cible 'L_._.._._...__  

 
Envoyer des instructions de /' 1108

distribution de matiére de cible ' 

K110E}

2867084



12
99

 o
f 1

75
4

2867084

12/12

 

8E/0N9mggmama
mur.mV—¢

 2200:?///gtmumarm?
2._o.E.w_2_»....-s;ome

mom_‘

i.[EU
woww

Emmmmooi

VONv/New?

.z<mZ<>>

0:=@fl.mmmroaficWL..E
].mmmv. NFNF

E326

595.520__alilli..Ill.l.:..J.Ecaocm. 9:60am
wmmvown?

 
Begum—.1

I|I|./NNNw

 

Em?

.vmnFhommNF



1300 of 1754

esp@cenet — Bibliographic data Page 1 of 1

Automatic injection system for radiopharmaceutical products,

comprises an injector connected to an extractor that selects a dose of

a radiopharmaceutical product

 
Abstract of FR 2867084 (A1)

An automatic injection system comprises an injector
(122, 124) connected to an extractor that selects an
individual dose (126, 128) of a radiopharmaceutical

product from a multiple dose unit (104). - An
automatic injection system com prises an injector

(122, 124) connected to an extractor that selects an
individual dose (126, 128) of a radiopharmaceutical
product from a multiple dose unit (104). It has a
calibration system that cc-operates with the
extractor, and a perfusion pump co—operates with

the calibration system and an intravenous needle to
inject the selected individual dose into a live subject.
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EUROPEAN PATENT OFFICE
 

PUBLICATION NUMBER : 2006325826

PUBLICATION DATE 2 07-1206

' APPLICATION DATE : 25-05-05

APPLICATION NUMBER : 2005152149

APPLICANT : SD GIKENiKK;

INVENTOR SAITO KAZUHIRO;

INT.CL. A61.) ‘UOO (2006.01)

TITLE HADIOPHARMACEUTICALS SUCKING

DEVICE ' '

ABSTRACT PROBLEM TO BE SOLVED: To reduce the possibility of-exposure of a medical staff, to
eliminate the risk of damage of a glass wail of a vial with a needle tip”. to prevent injury of

fingers of the medical statf 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 01 sucking a liquid radiopharmaceuticals in the vial into a syringe from being
exposed to radiation.

SOLUTION: A shielding cabinet 1 and a shieid 3 for the syringe are separately disposed to
be independently openeda'closed. A lifting mechanism 1 5 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 wail. A holder part to
which the pharmaceuticals needle 9 and the air needle 1 1 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
comers oi the inclined bottom of the vial 5.

COPYRIGHT: (C)2007,JPO&INPIT
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PUBLICATION NUMBER 2000350783

PUBLICATION DATE - : _-19-12-oo

APPLICATION DATE : 14-0e99 RI
APPLICATION NUMBER 1 11166230

APPLICANT : SUMITOMO HEAVY IND LTD;

. E

INVENTOFI 1 SUZUKI TAKAFUMI; IE
INT.CL. : A61M 5H4 A61M 5100 G21G 4208 a

TITLE :' INJECTION METHOD AND

APPARATUS OF RADIOACTIVE LIQUID

L\\\\\§ _SZMfififllflm
IRVMWJ

#3“

ABSTRACT -: PROBLEM TO BE SOLVE-ID: To reduce exposure quantity to a handling person and

measure the dose simply and accurately by temporarily keeping the whole radioactive

liquid in a radiation shielding liquid retainer immediater before injection, measuring the

radiation dose, then injecting the whole quantity into a human body.

SOLUTION: A medicine liquid of a precalculated quantity is pushed in a medicine retainer

30 by tightly pushing a medicine injecting cyiinder26. And, the medicine liquid remaining

in a valve 16 and the inlet of a coil-form medicine retainer 30 is pushed in the medicine

retainer 30 by quantitative discharge of distilled watertor injection or saline by a pushing

cylinder 22. Thereby the whole quantity is pushed in the retainer 30. Then. inspection

preparation is arranged by attaching an injection needle 20 at the tip of a tube 12 to a-
subject, and the radiation dose is measured by a radioactivity measuring instrument 32.

Then the total radioactive medicine is administered to the subject by feeding distilled water '

for injection or saline with the pushing cylinder 22. Thus accurate administration is

possible with reduced exposure quantity to a handling person. '

COPYRIGHT: (C)2000,JP0
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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

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

personnel administering the radiopharmaceutical if not handled properly.

Examples for diagnostic uses of radiopharmaceuticais include positron emission

tomography (PET) and single-photon emission computerized tomography

(SPECT). In these methods, a patient is injected a dose-of a radiopharmaceutical

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-temporai distribution of radioactivity

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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2

with PET are 1"’0. 18F. 11C, 13N and 82Rb. Radiopharmaceuticals of interest for

PET include. but are not limited to, substances like [15O}—H20. [18F]-

fluorodeoxygiucose ([18F1—FDG). [‘aFl—fluoromisonidazoie ([18F]-FMISO), [”0]-

labeled amino acids, [BM-ammonia etc.

The most common therapeutic uses of radiopharmaceuticais are the 1“I therapies

in thyroid diseases.

in these applications, it is desirable to administer an exactly determined dose of

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 radiopharmaceutioal in the vial can be very high, the manual dispens-

ing is associated with considerable radiation burden to the hands. Furthermore the

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

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 radiopharmaceuticai 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

device is unsatisfactory in requiring manual transfer of the syringe after it has been

filled with the radiopharmaceuticai. 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.

A number of techniques have been proposed to reduce exposure by minimizing

the time of exposure of personnel. by maintaining distance between personnel and

the source of radiation, and by shielding personnel from the source of radiation. As
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an example, European patent application EP 0 486 283 discloses a system for

delivering H2150. A collection bottle is filled with saline, then a fluid stream com—

prising H2150 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.

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. 200300044463 also dis-

closes a system for dispensing a radiopharrnaceutical 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

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

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 rad iopharmaceutical 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

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.

US. patents No. 4,562,829 and 4,585,009 disclose strontium-rubidium infusion

systems equipped with an in-line radiation detector. A radiopharmaceutical exiting

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 US. patent No.

4,409,966. a flow of patient blood is shunted through a radiation detector during

injection of the radiopharmaceuticai, and the level of radioactivity in the blood is

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.



1341 of 1754

WO 2006007750 PCTJ'CH20051000403

1O

15

20

25

30

1341 of 1754

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

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

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

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

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

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,

the first amount of radioactive liquid is between 20% and 80% of the sum of the

first and second amounts of radioactive liquid, more preferably between 30% and

70%, most preferably between 40% and 60%. In this way, high precision can be

achieved.
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In an advantageous embodiment of the inventive device, the device additionally

comprises a control unit. The unit receives signals from the activity metering unit

and controls operation of the valve means between at least two states. In the first

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

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

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.

Advantageousiy, a first andi'or a second pump are provided for pumping the radio-

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 control 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

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

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.

Advantageousiy, the device is adapted for delivering a radiopharmaceutical for

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.

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-

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

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

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;

Fig. 3A and 3B 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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Fig. 7 illustrates a fourth state of operation of the device of Fig. 1;

Fig. 8 illustrates a fifth state of operation of the device of Fig. 1;

Fig. 9 shows a flow diagram of a process according to the present inven-

fion;and

Fig. 10 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

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

3. Suitable vials and shields for various kinds of radiopharmaceuticals are well

known in the art and are available commercialty.

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

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 “0" is

connected to a section 6 of tubing leading from a saline reservoir 5 through a sec-

ond peristaitic precision pump P2 to the valve V1. The valve V1 is operable to con-
" 3|

nect port a with port “b” or to connect port "c" with port “".b

Fig. 3A and 38 iliustrate, in a highly schematic manner, the mode of operation of

the pinch valve V1 as advantageously used in the present embodiment. A sliding

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

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

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 B being

called a “metering section". The metering section 8 is relatively long, providing a

volume of at least five times the volume of the fiil-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 iilus-

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

Fig. ‘i. The third port "f” of valve V2 leads to a waste reservoir 12. The waste res-

ervoir 12 is preferabiy 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.

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

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:

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 MBqlml),

Cv. These data are provided to the controller 13. Operation then starts with the

initialisation period 910.

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

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

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 completeiy 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

of radiopharmaceuticai 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-

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.

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" A1. The controller 13 now calculates the missing ac-

tivity Am required to reach a total activity of Ar: Am = Ar — A1. This is illustrated in

Fig. 10 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 1 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

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:

Step 921 (Filling of radiopharmaceutical to point 0’): Valve V1 is switched to a

state in which it connects ports "a" and "b”. Pump P1 is operated to pump a vol-

ume Vc' 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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Vc' is chosen to be approximately half of the estimated missing volume Va1: Vc' =

Va1 l 2. It is important to note that volume Vc’ 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

in—Iine 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.

Step 922 (Flushing of volume Vc‘ 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 (= Vc’) of

radiopharmaceutical is moved into the metering section B. The situation at the end

of this step is illustrated in Fig. 7.

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 A1 and the activity of the vol-

ume Vc‘. which will be called the “reference activity” Ac’. This is illustrated in the

second column of Fig. 10. Now the activity concentration in the vial in system in-

ternal units, Cs, is calculated: Cs = Ac‘ / Vc‘ = (A2 — A1) 1 Vc‘. The system is now

calibrated in system internal units.

Step 924 (Determination of volume Vc"): The activity Ac” still required to reach a

total activity of Ar is determined: Ac" = Ar — A2. From this. the volume Vc" still to

be delivered is calculated in system internal units: Vc“ = Ac” I Cs = (Ar — A2) 1' Cs

= (Ar—A2) l (A2—A1) * Vc'.

'This completes the calibration phase 920. In the following delivery phase 930. the

following steps are performed:

Step 931 (Filling of radiophannaceutical 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 Vc” 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 V0" 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 23 (= Vc“) 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

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.

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

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-

pharmaceutica! (to the same or a different patient) is required, operation continues

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 saiine.

When repeating caiibration phase 930, no additionai initialisation as in phase 910

is necessary. since the metering section 8 has been flushed with saline, and the

radiopharmaceutical extends exactly to point B. No activity is present in the meter-

ing section 8. Therefore, in the above calculations, A1 can be set to zero in this

case, and Am is set to Ar. No further changes are necessary. The three-phase
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procedure with phases 910, 920 and 930 now simplifies to a two-phase procedure

with phases 920 and 930 only.

It will be appreciated that the device of the present invention and the associated

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

be delivered to the patient. This is because during the actual delivery of the radio-

pharmaceutical there is no connection between the via! 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

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.

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-

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: lsmatecTM ISM 5968, P2: ArcomedT'“

VolumedTM 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

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 unitldose calibrator Q. 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 LabVIEWTM, available from National Instruments“.

This embodiment is especially suitable for the use with radicpharmaceuticals typi-

cally used in PET and SPECT applications. The device has been used to deliver

radiopharmaceuticals with activity concentrations as high as 1000 MBqul 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.

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

section 8 of tubing is large enough to hold at the same time all volumes of radio-

pharrnaceutical 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, Optionaily, Ac" are measured directly and sequen-

tially and need not be calculated. Both variants of the method have in common

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

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-

medlcal nature, in which a precisely known amount of activity is to be'dellvered to

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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vaives 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.

Different types of valves than the above-described Mo-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

the vial with the radiopharmaceutical during initialisation.

Any suitable activity detector may be used as a dose calibrator 9. Such detectors

include standard Geiger-Mailer counters. scintillating counters etc., which should

be calibrated to yield a sufficiently precise measure of the actual activity in the me-

tering section 8.

Additional safety measures may be taken, such as providing bubbie 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. 0 connections of first valve

d, e, f connection of second vaive

A inlet of radiopharmaceutial

B, C, C’. C" reference points

D start of metering section

E end of metering section
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M1, M2, M3 measurements

A1, A2, Ar, Am, Ac'. Ac" activities

1 radiopharmaceutical

2 vial

3 shield

4 tubing

5 saline container

6 tubing

7 tubing

8, 8’ metering section

9 dose calibrator

10 tubing

11 injection needle

12 waste

13 controller

21, 22, 23 volumes of radiopharmaceutical

31 sliding element

PCT!C H2005m00403
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Claims
 

Device for dispensing a radioactive liquid (1) to a destination (11), com-

prising

— first vaive means (V1 ):

- a fluid deiivery path (7, 3, 10) for fluid flow from said first valve means

(.V‘l ) to said destination (11); and

- an activity metering unit (9) operabte to determine a level of radioac-

tivity within a metering section (B) 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).

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 controi unit (13) receiving signals from said activity metering unit

(9) and controlling operation of said first valve means (V1) between at

least the foilowing 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).

Device according to ciaim 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 (1 1) or to a waste reservoir (12).
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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).

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).

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, 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 amount of radioactive liquid is moved into said me-

tering section (8) of said fluid delivery path (7, 8, 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 (1’, 8, 10);

- operating said first vaive 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).

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 (A1) of said offset amount (21) of radioactive liquid;

— from said offset level of radioactivity (A1) and a desired level of ra-

dioactivity to be dispensed (Ar), calculating said predetermined level of ra-

dioactivity (Am); and

- delivering said offset amount (21) of radioactive liquid to said destina-

tion.

Method according to one of claims 7 to 11, wherein said radioactive liquid

is a liquid comprising a radiophannaceutical and wherein said destination

is an injection needle for injection of liquid into a human or animal body.

Method of operation of a device to deliver a radioactive liquid to a destina-

tion (11), comprising:

— determining a predetermined level of radioactivity (Am) to be deliv-

ered to said destination (11);

- transporting a first amount (22) of said radioactive liquid to a meter-

ing section (8) of a fluid delivery path (7, 8, 10) for fluid flow to said desti-

nation (11), said metering section (8) having a metering unit (9) in opera-

tive connection therewith and being operabie 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

(1 1 ).

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 (t1):

- 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 ieast two states: a first state in which a source (2) of said radioactive liq-

uid (1) is connected to said fluid deiivery 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 deiiver 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 iess than a predetermined level of radioactivity (Am) to said

metering section (8) of said fluid delivery path (7, 8, 1 0);

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).

Method of delivering a radioactive liquid to a destination (11), comprising:

- determining a ievel of radioactivity (Am) to be delivered to said desti-

nation (1 1);

- tranSpoding 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 (B);
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- calculating from said reference level of radioactivity (A2) a second

amount (23) of said radioactive tiquid 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 deiivery 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);

- transoorting 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 ievel of radioactivity (A1) 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 tevel 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

The present application relates in general to nuclear

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, asz is used. as a

positron emission tomography (PET) tracer for measurement

of myocardial perfusion (blood flow) in a non—invasive

manner .

Recent improvements in PET technology have introduced

3—dimensional positron emission tomography (3D PET}.

Although 3D PET technology may permit more efficient

diagnosis and prognosis in patients with suspected coronary

artery’ disease, the sensitivity' of 3D PET requires very

accurate control of the delivery' of asz activity to a

patient being assessed.

As is well understood in the art, 32Rb for myocardial

perfusion imaging is produced using a strontium—rubidium

PZSr/MRb) generator which is eluted using a sterile saline

solution (0.9% Sodium Chloride Injection) to produce an

82Rb eluate (fiszJ 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 32Rb elution injection site.

Doing so, however, requires a low pressure, low flow rate

elution and precision flow control.

There therefore exists a need for EH1 32Rb 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

 

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/“Rb generator column for lOW’ pressure elution,

comprising: filling the generator column with an ion

exchange material that tightly binds 82Sr but not El2121:), 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

of 1.5 pounds per square inch (10 kPa); conditioning the

ion exchange material; and loading the generator column

with a solution of B2Sr.

The invention further provides an.‘”Sr/“Rb generator

column, comprising: a fluid impervious cylindrical

container having a cover for closing the container in a

fluid tight seal, and further having an inlet for

connection of a conduit for delivering a fluid into the

container and an outlet for connection of a conduit for

conducting the fluid from the container; and an ion

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).

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

drawings, in which:

Fig. l 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 “Sr,-

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

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

numerals.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides an “Er/”Rb generator

 

column for use in positron emission tomography cardiac

perfusion imaging. In accordance with the invention, the

generator column is filled with an ion exchange material

that tightly’ binds ser‘ but not ssz. 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 32Sr. The generator column in accordance with

the invention enables low pressure injections using a

peristaltic pump and facilitates precision flow control of

patient elutions. Advantageously, the generator column in

accordance with the invention can also be reloaded with

BzSr a plurality of times. This has distinct advantages.

First, residue aE‘Sr 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 32Sr loads, so the overall cost of using asz

for cardiac perfusion imaging is reduced.

Fig. 1 illustrates the packing of an :3sz generator

column 10 using a method in accordance with the invention.

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 d—hydrous tin dioxide {
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SHOQ.XH20, where X’ equals 1—2) wetted. with. a NH40H/NH4C1

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

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,

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

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 0.1 Joule. Experience has shown that

between 50 and 100 strikes are required to achieve the

required density of the ion exchange material 18.

After packing of the generator column 10 is complete,

a funnel 20 that was used to introduce the ion exchange

material 18 into the cylinder 16 is removed and the ion

exchange material is leveled with the tOp of the cylinder

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

in the art. As will be understood by those skilled in the

art, the generator column 10 in accordance with the

invention is constructed under sterile conditions using
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sterile components and may be pressure tested for leaks

after assembly.

Fig. 2 is a cross-sectional view of the generator

column 10 suspended in a shielding body 40. The shielding

5 body 40 is made from a dense shielding material 42, such as

lead, tungsten or depleted uranium optionally encased in a

stainless steel shell 44. The shielding body 42 includes a

shielding lid 50 having apertures through which extend an

inlet line 34 and outlet line 36. The inlet line 34 is

10 connected to an inlet end 30 of the generator column 10.

The outlet line 36 is connected to an outlet end 32 of the

generator column 10. The inlet and outlet lines are

connected to external tubing lines 60, 62 using Luer

fittings 56 and 58. The shielding lid 50 is likewise

15 constructed of a shielding material 52 such as lead,

tungsten or depleted uranium encased in a stainless steel

shell 54.

After the generator column 10 is packed. with ion

exchange material 18, as explained above with reference to

20 Fig. 1, the generator column 10 must be loaded with B2Sr

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 92Sr 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

1384 of 1754
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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

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

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

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

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

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

at a flow rate of 10 ml/minute. A nondestructive pH test

is performed (step 202) by testing' a gni 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 gfli 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 32Sr (step 206} in a

manner well known in the art using the equipment briefly

described above with reference to Fig. 3. After the ”Sr

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

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

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

continue to be used for patient elutions. As understood by

those skilled in the art, one of the daily‘ tests is a

measure of 32111:1 yield. If it is determined in step 214

that one of the daily tests failed, it is further

determined whether a reload of the generator column 10 is

permitted (step 216). Reloading is permitted if the daily

test failed due insufficient 52Rb yield only. If the daily

test failed for some other reason the generator column 10
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cannot be further used, and the 32Sr is optionally

recovered (step 222) before the generator column is

disposed of (step 224), as described above. If an agar

reload is permitted, it is determined in step 218 whether

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 azsr at

least three times before any significant I”Sr breakthrough

occurs. If it determined in step 218 that the reload limit

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

and the generator column is reloaded with 32Sr and steps

208—218 are repeated.

Fig. 5 is a flowchart illustrating jprinciple steps

involved in the daily use of the generator column 10 in

accordance with the invention. Prior to each day’s use of

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

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/“Rb

equilibrium which is achieved after about 10 minutes.

Consequently, the predetermined wait before a calibration

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 32Rb 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 32Rh is ‘very‘ short (i.e. 76

seconds). Consequently, in one embodiment the ssz 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 eer, 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 ”Sr, asSr breakthrough. As is further understood by

those skilled in the art, the strontiunl breakthrough is

readily' determined by testing the radioactivity of the

elution after about 20 minutes has elapsed, at which time

the amount of residual 32Rb 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

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

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

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

(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

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

minutes, {step 316) to permit 32Rb 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

changed, i.e. a new day has begun {step 318). If not, the

cumulative volume is compared to the predetermined volume

limit. If the volume limit has been exceeded, the

generator column is disposed of {step 324}.

If it is determined in step 318 that the control

system date has changed, the generator column 10 must be

flushed and re—tested per steps 300—312, as described

above. If those tests determine that the Bad) yield is

less than a predetermined. limit (step 308} then it is

determined in step 320 whether the reload limit has been

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

324} if it cannot be reloaded.

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

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:

A method of preparing a 32Sir/”Rb generator column for

low pressure elution, comprising:

filling' the generator column with an ion exchange

material that tightly binds 32Sr 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.

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/cma.

The method as claimed in claim 2 wherein compacting

the ion exchange material comprises repeatedly

striking the generator column with a controlled

force.

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.

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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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.

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.

The method as claimed in claim 1 further comprising

eluting the generator column. with a predetermined

volume of sterile saline solution and. testing the

eluate to: determine whether the eluate is free of

trace metals; determine whether the eluate is free of

radionuclide impurities; measure a pH of the eluate;

determine whether the eluate is sterile; and

determine whether the eluate is free of pyrogens.

The method as claimed in claim 1 further comprising

reloading the generator“ column. with 82Sr after the

32Sr has depleted to an extent that an elution of the

generator column with the saline solution yields an

32Rb activity that is below a predetermined limit,

until a total number of reloads reaches a

predetermined radioactivity limit.

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 32Sr or 85Sr breakthrough.
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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

32Rh activity.

The method as claimed in claim 11 further comprising

measuring a total 82Rb activity' of the calibration

eluate during the elution for activity calibration.

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 32Sr or 35Sr in the test eluate is below a

predetermined breakthrough limit.

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 82Rh activity; and

computing for each generator column after each flush

or elutionIr 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.

An 82Sr/“Rb 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).

The 82Sr/“Rb generator column as claimed in claim 15

wherein the ion exchange material comprises a-hydrous

tin dioxide.

The 32Sat/“Rb generator column as claimed in claim 16

wherein a total volume of the c-hydrous tin dioxide

in the generator column is about 1.5 cm3.

The 82Sir/”Rb generator column as claimed in claim 17

wherein the d—hydrous tin dioxide has a density of

about 3 g/cmL

The 32Sr/“Rb generator column as claimed in claim 15

further comprising a particle filter at each of the

inlet and the outlet.

The 82Sr/“Rb 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

system.

BACKGROUND OF THE INVENTION

As is well known in the art, Rubidium (was) is used

as 63 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

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

reservoir of sterile saline solution (e.g- 0.9% Sodium

Chloride Injection), a pump, and a strontium—rubidium

(”Sr/”Rb) generator. In operation, the pump causes the

saline solution to flow from the reservoir 4 and through

the generator 8 to elute the 3%&L The active solution

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 82Rb

within the generator 8 accumulates until a balance is

reached between the rate of 82Rh production (that is, 82Sr
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decay} and the rate of 82Rb decay; .As a result, the asz

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

an 32Rb elution “run", the activity level rises rapidly and

peaks, as accumulated B2Rb is flushed out of the generator

8- Thereafter, the activity level drops back to a

substantially constant value. The maximum activity level

Amm (bolus peak) obtained during the run is dependent on

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 32Rb production rate; the

amount of accumulated 82Rb (if any) remaining at the end of

the previous elution run; and the idle time since the

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, a2Rb is generated. by

radioactive decay' of the str, and thus the rate of 89'Rb

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

change in elution system performance over the useful life

of the generator 8-

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

maximunl 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

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

possible image quality, given the age of the generator and

its recent usage history, both of which will affect the

bolus peak and tail levels. This estimate must be

continuously adjusted throughout the life of the generator

8, as the 82Sr decays.

Accordingly; techniques for controlling an 82Rb

elution system that enable a desired activity level to be

supplied over a desired period of time, independently of a

state of the 82Sr/“Rb 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/asz elution system having a generator

valve for proportioning a flow of saline solution between

an 82Sr/Ssz 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

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

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

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

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

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

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- aa—Bc schematically illustrate a second

algorithm for controlling the Rubidium elution system of

FIG. 3; .

It will be noted that throughout the appended

drawings, like features are identified by like reference

numerals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a Rubidium (“Rb)

elution and control system in which the 82Rb activity rate

delivered to a patient can. be controlled substantially

independently of the condition of the 32Sr/flRb generator.

Representative embodiments are described below with

reference to FIGS. 3—8-

In the embodiment of FIG. 3, the elution system

comprises reservoir 4 of sterile saline solution (e.g. 0.9%

Sodiunt Chloride Injection); a. punc: 6 for' drawing saline

from the reservoir 4 at a desired flow rate; a generator

valve 16 for proportioning the Saline flow between a

strontium—rubidium (MSr/flRb) generator 8 and a bypass line

18 which circumvents the generator 8; a positron detector

20 located downstream of the merge point 22 at which the

generator and bypass flows merge; and a patient valve 24

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

below.
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If desired, the strontium—rubidium (“Sr/“Rb)

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

Perfusion Imaging And Method. Of Making' And Maintaining

Same, filed December 21, 2005. In such cases, the pump 6

may‘ be a low—pressure pump such as a peristaltic pump.

However, other types of generator may be used. Similarly,

other types of pump may be used, provided only that the

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

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

generator 'valve 16 may‘ be positioned. downstreanl of the

branch point 30, 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

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

substantially the same as those discussed above for the

generator valve 16, with the exception that the saline flow

through the patient valve 24 is (or must be‘assumed to be)

carrying radioactive 82Rb. Accordingly, while any suitable
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valve design may be selected for the patient valve 24, it

is particularly beneficial to avoid direct contact between

the active saline solution and valve components. For this

reason, pinch valves are preferred for the patient valve

24.

As may be seen in FIG. 5, the positron detector 20 may

conveniently' be provided. as a scintillator 32 disposed

immediately adjacent to a feed—line 33 carrying the active

saline solution; a photon counter 34 optically coupled to

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 '3sz decay to produce a photon. The photon counter 34

(which may, for example be an H7155 detector nmnufactured

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

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 133 outer diameter frtm1 the scintillation fiber

32. This arrangement effectively suppresses ingress of

ambient Gamma and Beta radiation along the channel through

which the feed—line 33 passes. As a result, spurious

photons are suppressed, and the rate at which photons are

counted by the photon counter 34 will be proportional to

the 32Rb activity concentration of the active saline

solution adjacent to the scintillator 32. In the

illustrated embodiments, the number of photons detected

within a predetermined period of time is counted (e.g. by
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the controller 28), and the count value Cfit is used as an

activity parameter which is proportional to the 82Rb

activity concentration- If desired, a proportionality

constant K between the activity parameter Cfifi and the 32Rb

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—

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. This mode of operation is suitable

for initializing the system 14 immediately prior to

beginning an elution run.

FIG. 6b illustrates a “patient line flush" mode of the

system 14, in which the generator and patient valves 16, 24

are positioned to route the saline flow through the bypass

line 18 and out through the patient outlet 10. This mode

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

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

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 Bsz concentration is increasing from zero, but

has not yet reached desired levels. Flushing this leading

portion of the asz bolus 12 to the waste reservoir 26

avoids exposing' the patient to unnecessary 32Rb {activity

and allows the total activity‘ dosage delivered to the

patient to be closely controlled.

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

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 MRb

activity concentration. The patient valve 24 is positioned

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,

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

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

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



1413 of 1754

W0 20071104133 PCTICA20071000295

10

15

2O

25

3O

1413of1754

-10—

avoid unnecessary' radiation exposure. Similarly, it is

possible to automate desired. systeHI calibration and 82Sr

break—through detection protocols, which ensures

consistency as well as limiting radiation exposure of

users. A further benefit of software—based elution system

control is that data logs from each elution run can be

easily maintained, which assists not only system

diagnostics, but can also be used to ensure that the

elution parameters (e.g. elution concentration and

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 fronl the positron. detector‘ 20 to

proportion saline flow through both the generator 8 and the

bypass line 18. Recombining the corresponding generator

and bypass saline flows downstream of the generator 8

produces an. active saline solution. having ea desired asz

activity concentration. Preferably, the control loop 42 is

implemented using suitable software executing in the

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 £1 threshold—based control algorithm, ill which

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

8, and vice versa.

In general, the elution run is designed to generate a

target “Rb 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 (ta—tfl, as may be

seen by the dotted line of FIG. 7b. These parameters may

5 be provided by explicit user input using the user interface

44 (Fig- 3), or calculated. from other user—input

parameters, such as a total activity dosage and saline flow

rate. As will be appreciated, the target activity profile

Cnfifl 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 ‘an decay {and thus loss of activity) in. the

patient supply line 40 between the positron detector 20 and

the patient outlet 10. This arrangement is advantageous in

that it allows a user 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

in the embodiment of FIG. 7. For ease of illustration, the

flow—chart of FIG. 7a only illustrates the control loop-

Process steps and threshold, related. to transitioning

between various modes of operation are not shown.

30 In preparation for an elution run, a user enters

target parameters for the elution. These parameters may

include any three of: total activity dose, target activity

1414of1754
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concentration, elution duration, and saline flow rate.

From the entered parameters, the remaining parameter can be

calculatedq and, if desiredq an adjusted. target profile

C’M(t) obtained (step 82).

At the start of the elution run, the controller 28

opens the generator valve 16 {at time to in FIG. 7b} to

place the elution system 14 into the “Waiting for

Threshold” mode. During this period, the activity level

detected by the positron detector will begin to ramp up

following the leading edge of the ‘natural’ bolus curve 12

(Fig. 2a). During this period, the patient valve 24

remains closed, so that any activity eluted from the

generator 8 is passed to the waste reservoir 26. When the

detected activity concentration Cfln exceeds the target

value CM, the controller 28 opens the patient valve 24 (at

time t1 in FIG. 7b), and shifts to the “elution” mode of

operation.

During the elution mode, the controller 28 iteratively

obtains an updated. concentration parameter‘ Cam. (at S4),

which indicates the instantaneous activity concentration at

the positron detector. The concentration parameter Cm“ is

then compared to the desired concentration CM. If Cfit is

below the desired concentration CM {at 86}, the generator

valve 16 is opened (at 88) so that saline flows through the

generator 8 to elute B2Rb activity. If C¢m 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

activity concentration profile 46 centered on the target

concentration CM (or C'M). At the end of the elution run

(time t; in FIG. 7b), 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 32Rb activity within the patient line 40 into the

patient.

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 (to—t1)- During the “elution” mode {tl—tg, 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 t2) the activity

concentration drops rapidly as 82Rb elution is terminated

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

merge point 22 and the positron detector 20- In some cases

relatively large excursions from the target profile CMCt)

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 CMUfl

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

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 Cfit 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

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

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

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.

As described above, the amount of 82Rb eluted from the

generator 8, for any given flow rate, will dapend on the

recent usage history" of the elution systenl 14, and. the

instantaneous production rate of wa within the generator

8. Accordingly, it is possible to improve the accuracy of

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 B2Rb activity

that will be eluted from the generator 8 for a given duty

cycle setting.

in particular, the generator performance can be

modeled to predict the amount of a2Rb 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, 32Rb

activity concentration vs. eluted volume. This data can be

used to predict eluted 32Rb 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

determined by the pump control setting) and 'valve duty

cycle. In some embodiments, the valve response may' be

modeled in terms of respective parameters defining upper

and lower duty cycle limits Hm,ix and Hmfl, and a flow ratio

vs- duty cycle slope L between the upper and lower limits.

with. this arrangement, the upper duty cycle limit me

represents the value beyond which all of the flow is

considered to be directed into the generator 8.

Conversely, the lower duty cycle limit Hmfi 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

opens the generator valve 16 (at time to in FIG. 8b) to

place the elution system into the “Waiting for Threshold”

mode. During this period, the activity level detected by
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the positron detector 20 will begin to ramp up 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

the waste reservoir 26. When the detected activity

concentration reaches the target concentration CH (or

adjusted target C'M, as applicable), the controller 28

opens the patient valve 24 (at time t1 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 {at 314) to estimate a

flow ratio that will yield the target activity

concentration CM {or C'M) at the positron detector 20, for

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 th (at 816},

which indicates the instantaneous activity concentration at

the positron detector 20. The concentration parameter Cw“

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 ac, the duty cycle of the generator

valve 16 is adjusted. If ACcO (step 820), the duty cycle

is increased (at 822) so that proportionally more saline

flows through the generator 8 to elute more 82Rb activity.

If AC>O (step 824), the duty cycle is decreased (at S26) so

that proportionally more saline flows through the bypass

line 18. If neither condition is satisfied the duty cycle

is maintained at its current status (S28). As may be seen

in FIG. 8b, the result of this operation is a low-error

concentration profile 48 that closely watches the target

concentration CM (or C’M). At the end of the elution run
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(time t2 in FIG. 8b), the controller 28 closes the

generator valve 16 (that is, reduces the duty cycle to “0"}

and places the elution system 14 into the “Patient line

Flush" mode, which terminates elution of 32Rb activity from

the generator- 8 and flushes any' remaining 82Rb activity

within the patient line 40 into the patient.

FIG. 8c illustrates the activity concentration profile

48 delivered to the patient as a result of the above—

described process. As may be seen from FIG. BC, In) 82Rb

activity is delivered to the patient during the “Waiting

for Threshold" mode (to—t1). During the “elution" mode (t1—

tz), the activity concentration closely follows the target

concentration CM (or C’M). Finally, in “Patient line

Flush“ mode ( following t2) the activity‘ concentration

drops rapidly as Ian 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

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

eliminate the error by delaying the start of the “elution”

mode of operation. Thus, for example, during the “waiting

for threshold”, mode, the detected activity level Cfifi 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. 8a and

8b, but the patient valve 24 remains closed so that active
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solution continues to be routed to the waste reservoir 26.

After a predetermined delay, the patient valve 24 opens to

begin supplying active saline solution to the patient

outlet 10. The duration of the delay may be calculated

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

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.

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

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 11) a conventional dose calibrator (e.g. a

Capintec CRC—lS). Such a calibration elution run enables

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 Bin activity concentration, for any given

saline flow rate, with an accuracy that that will gradually

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,

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

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 Ber. Accordingly, “Sr

breakthrough can be automatically detected as part of a

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

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 wa decay curve after the elution has

stopped. Comparison between this predicted decay curve and

the calibration data collected after the elution enables

detection of E52Sr breakthrough.

The calibration data collected during the elution can

also be used to calculate the proportionality constant K

between the activity parameter Cmt and the afifla activity

concentration. In particular, the instantaneous activity

detected by the dose calibrator during' the calibration

elution ii; the convolution (fl? the activity concentration
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and the well known asz 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

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

concentration. CM kn: C'M} at the positron detector, and

this estimate is used to control the generator valve 16.

An error QC between the detected concentration parameter

Cfim the target activity concentration CM is then calculated

and used to adjust the flow ratio (duty cycle) of the

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

changes due, for example, to component aging and wear.

In some embodiments, the self—tuning algorithn: 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

rate, target activity COncentration CM and stored generator

performance data) and error function at 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 3L. This error

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 AL toward zero.
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The upper duty cycle limit Umx may be adjusted based

on error data accumulated during elutions in ‘which the

predicted activity concentration from the generator cannot

satisfy the desired target value CM- This situation can

occur during elution runs conducted toward the end of the

useful life of the generator 8, when the 8%H) production

rates are at their lowest. When the predicted activity

concentration from the generator 8 is less than the desired

target value C”, the predictive control algorithm will

operate to set the duty cycle at its upper limit value HEX.

In this condition, if the measured concentration parameter

th is less than the target value CM, the error function

value 8C will be a non—zero value, and the corrective loop

(FIG. 8a) will attempt to further increase the duty cycle.

If no further increase in the concentration parameter CM:

occurs {as indicated by a change in the function value AC),

then the upper limit value Hmax may be reduced by a

predetermined step size {e.g. 105). On the other hand, if

operation of the corrective loop does produce an increase

in the detected concentration CMt, the slope of the error

data can be used to increase the upper limit value mmx-

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 parameter, usually involving a delayed

response. In the case of a bi—state pinch valve of the

type illustrated in Fig. 4 the opening and closing

latencies may differ. This valve hysteresis manifests

itself in the threshold—based elution control algorithm

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 elution time for

“total activity dose”—type elution runs, it is possible to

calculate a hysteresis factor H, which can be applied to

the threshold set point (i.e. the target activity

concentration C“) to compensate the valve hysteresis.

In the foregoing embodiments, the generator valve is

controlled as a td—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

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- 5H2) and the duty cycle

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

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

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

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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