Office de la Proprieté Canadian CA 2913373 C 2017/11/07

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 91 3 373
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2007/10/03 (51) CLInt./Int.Cl. G27G 7/00(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2008/04/17 GOT7 1/167(2000.01), G277 7/08(2006.01),

GZ27F 1/70(2006.01)

(45) Date de délivrance/lssue Date: 2017/11/07 _

(72) Inventeurs/Inventors:
(62) Demande originale/Original Application: 2 665 193 HORTON, DUANE L., US;
(30) Priorité/Priority: 2006/10/06 (US60/849.869) SPETH, ANDREW D., US

(73) Proprietaire/Owner:
MALLINCKRODT NUCLEAR MEDICINE LLC, US

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : SYSTEME D'ELUTION DE RADIOISOTOPES A AUTO-ALIGNEMENT
(54) Title: SELF-ALIGNING RADIOISOTOPE ELUTION SYSTEM

(57) Abréegée/Abstract:

A radioisotope elution system Iincluding a radioisotope generator having an alignment structure. The alignment structure may be
configured to Interface with a complementary alignment structure of an auxiliary radiation shield assembly.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02913373 2015-11-27

ABSTRACT

A radioisotope elution system including a radioisotope generator having an alignment structure.
The alignment structure may be configured to interface with a complementary alignment structure of an

auxiliary radiation shield assembly.
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SELF-ALIGNING RADIOISOTCPE ELUTION SYSTEM

FIELD OF THE INVENTION

[0001)  The invention relates generally to radioisotope elution systems and, more specifically, to self-afigning
components for use in such systems.

BACKGROUND

[0002]  This section is intended to introduce the reader to various aspects of art that may be related to various
aspects of the present invention, which are described and/or ciaimed below. This discussion is believed to be
helpful in providing the reader with background informatian to facilitate a better understanding of the various
aspects of the present invention. Accordingly, it should be understood that these statements are to be read in this
light, and not as admissions of prior art.

[0603]  Nuclear medicine uses radioactive material jor diagnostic and the rapeutic purposes by injecting @
natient with a dose of the radioactive material, which concentrates in certain organs or biological regtons of ihe
natient. Radioactive materials typically used for nuclear medicine include Technetium-89m, Indium-111, and
Thallium-201 among others. Some chemical forms of radicactive materials naturally concentrate in a particular
tissue, for example, iodide (1-131) concentrates in the thyroid. Radioactive materials are offen combined with @
tagaing or argan-seeking agent, which targets the radioactive material for the desired organ or biologic region of
the patient. These radioactive materials alone ar in combination with a tagging agent ate typically referred to as
radiopharmaceuticals in the field of nuclear medicine. At relatively low doses of the radiophamaceutical, &

radialion Imaging system (2.g., a gamma camera) may be utilized to provide an image of the organ or biological
reglon that collects the radiopharmaceufical. Irregularities in the image are often indicative of a pathology, such as
cancer. Higher doses of the radiopharmaceutical may be used {o deliver a therapeutic dose of radiation directly to
the pathologic tissue, such as cancer celis.

[0004) A variety of systems are used to generate, enclose, transport, dispense, and administer
radiopharmaceuticals. Using these systems often involves manual afignment of components, such as male and

female connectors of containers. Unfortunately, the male connectors can be damaged due to misalignment with
the corresponding female connestors. For example, hollow needles can be bent, crushed, or broken due

misalignment with female connectors, As a result, the systems operate less effectively or become completely
useless. If the systems cantaln radiopharmaceuticals, then the damaged connegtors can result in monetary losses
or delays with respect fo nuclear medicine procedures.

SUMMARY
10005]  Certain exemplary aspects of the invention are set forth below. it should be understood that these
aspecis are presented merely to provide the reader with a brief summary of certain forms the invention might take



and that these aspects are not intended to limit the scope of the invention.

[0006] In some embodiments of the present invention, a radicisotope elution system includes self-aligning
components that protect needles from being damaged. In one embodiment, a radioisotope generator includes an
alignment structure that is keyed to a complementary alignment structure on a lid of an auxiliary radiation shield.
The complementary alignment structure may be inserted into the alignment structure, and the pasition of the lid
relative to the radicisotope generator may be generally fixed. Once these components are aligned, apertures in
the lid may be used to guide various components onto the needles of the generator in a confrolled manner,
thereby reducing the likelinood of a misaligned component damaging the needles.

[0007] A first aspect of the present invention is directed to a radioisotope elution system that includes a
radioisotope generator having an alignment structure configured to interface with a complementary alignment
structure on a radiation shield.

[0008] A second aspect of the invention is directed to a radiation shield for shielding a radioisotope
generator. The radiation shield has a shield lid that includes an alignment structure configured to align the shield
Iid to a radioisotope generator.

[0009] A third aspect of the invention is directed to a radioisotope elution system that includes an auxiliary
shield having a top plane, a shield lid that includes a handle, and a radioisotope generator disposed in the
auxiliary shield and biased by the weight of the shield lid. The shield lid may be disposed in the auxiliary shield,
and the handie may cross the top plane.

[0010] A fourth aspect of the invention is directed to a method of operating a radioisotope elution system.
The method Includes aligning a radiation shield lid to a radicisotope generator via a first alignment structure on
the radiation shield lid and a second alignment structure on the radioisotope generator.

[0010a] In another aspect of the present invention there is provided a radioisotope generator comprising: a
generator body that incluges an elution column, and at least one radiation shielding material selected from
depleted uranium, tungsten, tungsten impregnated plastic, or lead; a needle assembly comprising an input
needle and an output needle, wherein the input needle is fluidly interconnected with an input to the elution

column, and the output needle is fluidly interconnected with an output from the elution column; and a cap having

a recess defined therein, wherein the recess is in the form of a cylinder having both a base and walls that are
generally perpendicular to the base, and wherein both the input needle and the output needle of the needle
assembly are located within the same recess defined in the cap.

[0010b] In afurther aspect of the present invention there is provided a radioisotope elution system comprising:
a radioisotope generator comprising: a generator body; a needle assembly comprising an input needle and an
output needle; and a cap disposed on an end of said generator body, wherein said cap comprises an input
needle aperture and an output needle aperture, wherein said input needle extends through said input needle
aperture of said cap, and wherein said output needle extends through said output needle aperture of said cap; a
radiation shield assembly comprising a shield lid and a shield, wherein said shield comprises an open end,

wherein said shield is disposed about said generator body and with said radioisotope generator being aligned
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witn said open end of said shield, wherein said shield lid is aligned with said open end of said shield and is
positioned over said cap, wherein said shield lid comprises an eluant assembly aperture and an elution tool
aperture, wherein said eluant assembly aperture is aligned with said input needle, and wherein said elution tool
aperture I1s aligned with said output needle; an eluant assembly that extends through said eluant assembly
aperture of said shield lid and that is fluidly connected with said input needle; an elution tool that extends through
said elution fool aperture of said shield lid and that is fluidly connected with said output needle; and first and
second alignment structures, wherein an operational state of said radioisotope elution system requires said first
and second alignment structures to collectively dispose said shield lid relative to said radioisotope generator
such that: 1) said eluant assembly aperture of said shield lid is aligned with said input needle of said
radioisotope generator; and 2) said elution tool aperture of said shield lid is aligned with said output needle of
said radicisotope generator.

[0011]  Various refinements exist of the features noted above in relation to the various aspects of the present
invention. Further features may also be incorporated in these various aspects as well. These refinements and
adaitional teatures may exist individually or in any combination. For instance, various features discussed below in
relation to one or more of the illustrated embodiments may be incorporated into any of the above-described
aspects of the present invention alone or in any combination. Again, the brief summary presented above is
intended only to familiarize the reader with certain aspects and contexts of the present invention without limitation

to the claimed subject matter.

BRIEF DESCRIPTION OF THE FIGURES

[0012]  Various features, aspects, and advantages of the present invention will become better understood
when the following detailed description is read with reference to the accompanying figures in which like
characters represent itke parts throughout the figures, wherein:

[0013]  FIG. 1is a perspective view of a radioisotope elution system;

10014] FIGS. 2, 3 are exploded views of the radioisotope elution system;

[0015] FIG. 4 s a perspective' view of a radioisotope generator:

2a
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[0016]  FIG. 5is a perspective view of an auxiliary shield lid:

{00171  FIC. 8 is a top view of the radicisotope elution system:

[0018]  FIG. 7 is a cross-section of the radioisotope elution system;

[0019]  FIG. 8 is a flow ¢chart of an elution process:

[0620]  FIG. Ois across-section of a second embodiment of a radivisotope elution system;
[0021]  FIG. 10is a fop exploded view of a thind embodiment of a radicisotope elution system;
[0022] FIG. 111s a flow chait of & nuclear medicine process;

{0023] FIG. 12is a diagram of a system for loading a syringe with a radioisotope; and

[0024]  FIG. 13 is a diagram of a nuclear imaging system.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0025]  One or more specific embodiments of the present invention will be described below. In an effort 10
provide a concise description of these embodiments, all features of an actual implementation may not be deseribed
In the specification. it should be appreciated that in the development of any such actual implementation, as in any
engineering or design project, numsrous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-refated constraints, which may
vary from one implementation to another. Moreover, it should be appreciated that such a development effort might
be complex and time consuming, but would nevertheless be a routine undertéking of deslgn, fabrication, and
manufacture for those of ordinary skill having the benefit of this disclosure.

[0026]  When infroducing elements of various embodiments of the present invention, the articles "a", “an’, “the”,
and “said” are intended to mean that there are one or more of the elements. The terms ‘comprising’, “including”,
and *having" are intended o be inclusive and mean that there may be additional elements other than the fisted
elements, Moreover, the use of “top”, "bottom”, “above”, *below’ and variations of these terms is made for
convenience, but does not require any particular orientation of the components. As used herein, the temm
‘coupled” refers 1o the condition of being directly or indirectly connected or in contact.

[0027)  FIG. 1 shows an exemplary radioisotope elution system 10 that includes an auxiliary shield assembly

12, an elution too! 14, and an eluant assembly 16. As discussed below, a variety of alignment structures,
alignment mechanisms, and/or alignment indicators may be incorporated into the radioisotope elufion system 10 to
facilitate proper alignment of the various containers, hollow needles, radioisolope generator, and ofher

components residing inside the auxiliary shield assembiy 12.
[0028)  The ilustrated auxiliary shield assembly 12 includes an auxfliary shield lid 18 and an auxiliary shield 20.

For brevity, the auxiliary shield lid 18 is referred to as a *it." The auxiflary shield 20 may include a top ring 22, a
base 24, and a plurality of step-shaped or generally tieted modular rings 26, which are disposed one over the other
between the base 24 and the top ring 22 (see FIGS. 1 and 7). Substantially all or part of the illustrated auxiliary
shield assembly 12 may be made of cne or mare suitable radiation shielding materials, such as depleted uranium,
tungsten, tungsten impregnated plastic, or lead. One or more of the components of the auxiliary shield assembly
12 may be lined with, powder coated an, and/or embedded in other materials, such as an appropnate polymer
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material. Forinstance, in some emhbodiments, at least a portion (e.q., a majority, or a substantial entirety) of the lid
18 of the assembly 12 may be over-molded with polycarbonate tesin {or other appropriate polymer). Embedding
or over-molding the shielding materials may promote safefy, enhance durability, andior faciltate formation of
components with smaller dimensional folerances than components made entirely ot of shielding materials.
morepver, the modular aspect of the rings 24 may tend to enhance adjusiment of the height of the auxiliary shield
12, and the step-shaped configuration may tend to contain some radiation that might otherwise escape through an
interface between the modular rings 26. While FIG. 1 depicts one example of an auxiliary shield assembly 12, it
should be noted that other auxiliary shield assemblies may be emploved.

[0023] FIGS. 2, 3 are exploded views of the radicisotope elution system 10 from different perspectives. The
auxiliary shield assembly 12 is designed to house a radivisctape generator 28 within the auxdliary shield 20 and
under the lid 18. The radioisofope generator 28 may include a generator body 30, a needle assembly 32, and a
cap 34.

10030]  The Hlustrated generator body 30 includes an elution column configured to generate and oulput a
desired radioisotope. Except for the needle assembly 32, the various components of the efution column of the
radioisotope generator 28 are not shown in detail, However, elution columns are well known to those of ordinary
skill in the art (see US Patent No. 5,109,160 and US Patent Application Publication No. 2005/0253085, for
example). As such, one of ordinary skill in the art could easily employ various aspects of the Invention with
radioisotope generators having a wide range of elution column designs.

[0031]  Cerain medically useful radioisotopes have relatively short half-lives (e.g., technetium-93m (Tc39m)
has a half-ife of approximately 8 hours). To potentially expand ihe useful life of the radioisotope generator 28, the
elution column may include a more stable radioisolope that decays into the desired radiocisotope (e.qg.,
molybdenum-98 (Mo99) has a half-life of approximately 66 hours and decays info Tc39m). As the desired
radicisotope is needed, it may be separated from the more stable radicisotope with an elution process, as
explained below. The generator body 30 may also include shielding configured to diminish radiation, and tubing fo
conduct fluids info and out of the elution column.

[0032])  Externally, the illustrated generator body 30 includes a lifting strap 36, two strap supports 38, 40, and
outer rings 42, 44, The two strap supports 38, 40 exiend upward from the generator body 30 and pivotably
intarconnect {e.g., connect in a manner that enables pivoting or pivot-like motion {e.g., flexing, elastic deformation,
etc.)) to opposing ends of the kifting strap 36. The outer rings 42, 44 are near the top and bottom of the generator
body 30, respectively. As depicted in FIG. 7, the outer rings 42, 44 extend radialfly from the generator body and
limit the range of non-axial movement (e.g., movement other than up or down franstation} of the generator body 30
within the auxiliary shteld 20, ,

[0033]  The needle assembly 32 may include an input needle 46, an ouiput needle 48, and 2 vent needle 0.

The fubing in the generator body 30 may fluidly interconnect {e.g., connect either directly or indirectly in a manner
that enables fluid to flow there between) to needles 46, 48, andfor 50. Specifically, the input needie 46 may fiuidly
interconnect with an input to the elution column, and the output needle 48 may fluidly interconnect with an output
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from the elution column. The vent needle 50 may vent {o atmosphere to equalize pressure during an elution, as
explained below. The needlas 46, 48, 50 are hollow to facilitate fluid flow therein.

[0034]  The cap 34 may include needie apertures 52, 54, support channels 96, 58, {abs 80, 62, 64, 66, a top
surface 67, and an dlignment structure 68, Here, the ferm "alignment structure” rafers 1o a member oF surface that
reduces the range of relative motion bstwaen two components as those companents are interconnected, coupled,
or brought info proximity. In other words, an alignment sfructure reduces the number of degrees of freedom
betwesn components as the components are interfaced {e.g., brought into contact with each other or an
intermediary component such that mechanical forces may be transmitied from one alignment structure to anather).
The needle apertures 52, 54 are disposed within the alignment structure 68. In other embodiments, the needle
aperiures 52, 54 may be positioned elsewhere relafive to the alignment structure 68, e.g., not within it of on a
separate component. The support channels £6, £8 are shaped to complement the strap supports 38, 40 and orient
the cap 34 relative to the generalor hody 30. That is, fhe support ¢hannels 86, 58 cooperate with the strap
supports 38, 40 to align the cap 34 {0 the generator body 30 in one of 2 finite number of discrete orlentations and
positions, such as a single orfentation and position.

[0035]  The illustrated alignment structure 68 generally defines a cylinder with an oval base 70 and walls 72
that are generally perpendicular o the base 70. As used herein, the term “cylinder® refers to a surface or solid
bounded by fwo parallel planes and generated by a straight line {i.e., a generatrix) moving parallel (o the given
planes and tracing a curve {including but not limited te a circle) bounded by the planes and lying in a plane
perpendicular or oblique to be given planes. The base 70 is generally paraliel to the base 24 of the auxiliary shield
20, and the cylinder defined by the alignment structure 68 has a single plane of symmetry that is generally
perpendicular to the base 70. The illusirated alignment structure 68 is recessed Inward into the cap 34 and
may be generally characterized as a female alignment structare, In other embodiments, the alignment structure 68
may have a variety of different shapes and configurations, For example, the alignment structure 66 may be
generally asymmetric, or the alignment stricture 68 may extend outward from the cap 34. As described below, the
alignment strucfure 68 may align the lid 18 to the radioisotope generator 28.

[0838]  FIG. 4 depicts the radioisotope generator 28 in an assembled state. The needie assembly 32 Is
disposed between the cap 34 and the generator body 32. The needies 46, 48, S0 extend through the apenures
52, 54, and the tabs 60, 62, 64, 66 are inserted into the generator body 32. Additionally, the strap supporls 38, 40
are aligned with and inserted in the support channels 56, 58, respectively, thereby generally fixing the position and
orientation of the cap 34 relative to the generator body 30.

[0037]  With reference to FIGS. 2, 3, and 5, the lid 16 will now be described. [n the present embodiment, e
lid 18 includes a bottom surface 74, a complementary alignment structure 76, a sidewall 78, handles 80, 82, an
elution toof aperture 84, and an eluant aperture 86. The iid 18 may be made of appropriate radiation shielding
materials, such as those discussed above. The handles may be generally U-shaped. The Husirated
complementary alignment structure 76, which may be generelly characterized as a maie alignment struciure,
extends downward from the bottom surface 74 and includes a mating surface 88 that is generaliy perpendicular io
the bottom surface 74. The complementary alignment structure 76 generally defines a right cylinder (e.g., @
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cylinder with sidewalls that are perpendisular fo the base) with an oval base that is complementary {(€.g., keyed) fo
the alignment structure 68. in other words, the complementary alignment structure 76 is configured to mate with
the atignment structure 68 on the radivisotope generator 30. When ihe alignment structures 76, 68 are mated, the
sidewall 72 may be in contact with or proximate fo the mating surface 88 on the lid 18, and confact between the
suriaces may reduce the number of degrees of relalive freedorﬁ betwaen these components. in short, the
alignment structures 76, 78 may cooperale 1o afign the lid 18 with the radivisotope generator 30.

{0038]  The elufion tool aperture 84 and eluant apertute 86 extend through the illustrated lid 18. These
apertures 84, 86 may have a generally circular horizontal cross-section that is generally constant through at least a
nortlon of the vertical thickness of the lid 18. The apertures 84, 86 may be disposed within and extend through the
cemplementary alighment structure 76, In other embodiments, these features 84, 86, 76 may be disposed else
elsewhere with respect to one another. The eluant aperture 86 may include a flared portion 90 (see FIGS. 3 and
6) for pesitioning subsequently discussed components.

[0039) Refeming general to FIGS. 2 and 3, the elufion ool 14 may have a generally cylindrical shape and
include an outer shield 92 and an sluate receptacle 94. The outer shield 92 is made of radiation shielding material,
such as those discussed above, and is shaped to be inserted through the elution fool aperture 84 on the lid 18,
Dusing Insertion, contact between the oufer shield 92 and the elulion fool aperiure 84 may generally confine the
elution too! 14 o translating up and down and substantiaily prevent the elution tool 14 from fransiating horizontally
or rotating about a horizontal axis {e.g., rotating end-over-end), In other words, the elufion tool aperiure 84 may
cooperate with the outer shield 92 to position the elution fool 14 over the cutput needle 48 and guids the elution tool
14 along a path that is generally parallel {e.g., coaxially) with the output needle 48, thereby generally preventing the
glution too! 14 from potentially damaging the outputneedie 48. The eluate receptacle 94 may be gengrally
enveloped by the outer shield 92 with the exception of an aperture 96 in the bottom of the auter shield 92. The
eluate receptacle 94 may include an evacuated vial, a conduit, or some other container configured to receive fluid
from the oufput needle 48 on the radiolsotope generator 28,

[0040) The eluant assembly 16 may include an eluant shigld 98 and an eluant source 100. The ifiuslraiea
efuant shield 98 has a handle 102, quide members 104, 106, and a recessed porfion 108, The eluant shield 88
may be made of radiation shielding material, such as those materials discussed above, The guide members 104,
106 are shaped to fit within the flared portion 90 of the lid 18 and guide the eluant shield 98 into a resling position
on the lid 18 {see FIG.1). The recessed porfion 108 generally corresponds to the shape of the fop of the eluant
source 100, which may be a vial of saline or other appropriate fluid. The eluant source 100 has a generaly
cylindrical shape and is sized such that it may pass through the eluant aperture 86 In the lid 18. When the eluant
source 100 is inserted through the eluant aperture 86, contact with the walis of the eluant aperture 86 many
generally constrain movement of the eliiant souree to up-and-down transiation and rotafion about a vertical as,
in other words, this contact may tend to prevent the eluant source 100 from translating horizontally or rotating
about a horizontal axis during insertion. That s, the position and orientation of the eluant aperture 86 generally
determines the position and orientation of the efuant source 100 when the eluant source 100 is positioned therein.
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[0041]  FIGS. 8, 7 depict top and cross-seclion views, respectively, of the assembled radicisotape slution
system 10. The rad oisotope generator 28 Is positioned within a cylindrical receptacle 108 in the auxiliary shield
20, and the top surface 67 of the cap 34 recessed delow a fop plane 110 of the auxifiery shield 20. Contact
between ¢he outer rings 42, 44 and the walls of tha cylindrical recepiacle 108 may tend to reduce honzontal
translation of the radisisctope generator 28 and rotstion of the radicisotope generator 28 about horizontel axes
(e.q., rotating end-over-end). The lid 1§ also fits into the cylindrical receptacle 108, and the shape of the outer
walls 78 generally corresponding to the shape of the side walls of the cylindrical receptacle 108, Contact between
the sidewalls 78 and the sidewalls of the cylindrical receptecte 108 may tend to reduce horizontal transiation of the
lid 18 and rotation of the lid 18 about horizontal axes. The lid 18 may be generally free fo slide vertically within the
cylindrical receptacle 108 until the bottom surface 74 of the lid 18 makes contact with the top surface 67 of the cap
34. In other words, the fid 18 may rest on the radicisolops generator 28 with the radicisotope generator 28
canying the weight of the lid 18.

[0042] A variety of components may Interface with the lid 18. As discussed above, the eluant source 100 may
slide through the eluant aperture 86 In the lid 18, and contact between these components 85, 100 may terd to
reduce horizontal transiation of the efuant source 100 and rotation of the etuant source 100 about horizontal axes.
Similarly, the elution tool 14 may sfide through the elufion {ool aperture 84, and contact between these components
14, 84 may tend to reduce horizontal franslation of the elution tool 14 and rotalion of fhe elution tool 14 about
horizontal axes. In other words, the lid 18 may tend to constrain movement of the elubion tool 14 and eluant source
100 fo an up-and-down motion that is paralle] {e.g., coaxial) with the needles 46, 48, 50 as these components 14,
100 are brought in contact with the needles 46, 48, 50. Aligning the elution toof 14 and eluant source 100 with the
needles 46, 48, 50 before they make contact may reducs the chances of the needles 46, 48, 50 baing damaged,
The eluant shield 98 may rest on the lid 18 and cover a portion of the eluant source 100 that extends above a top
of the fid 13.

[0043)  In the assembled state depleted by FIGS. 6, 7, the lid 18 is aligned to the radioisatope generator 28,
The complementary alignment structure 76 on the fid 18 is inserted into the alignment struciure 68 on the cap 34.
Contact between the sidewalls 88 of the complementary alignment structure 76 and the sidewalls 72 of the
alignment structure 68 may tend to reduce rotation of the lid 18 about vertical exes and reduce horizontal

translation of the lid 18. In other words, when assembled, the lid 18 and radioisotope generator 28 generally have
a single degres of freedom, i.e., vertical translation of the fid 18 In the cylindrical receptacle 108 away from the

radivisotope generator 28. Other embodiments may include a latch or locking device for the lid 18 and reduce the
number of degrees of freedom {o zero.

[0044]  In operation, an eluant inside the eluant source 100 is circulated through the inputnieadie 46, through
the radioisotope generator 28 (including the elution column), and out thicugh the outputneedie 48 info the eluate
receptacle 94, This circulation of the eluant washes out or generally extracts a radioactive material, eg., a
radloisotope, from the radivisotope generator 28 into the eluate receptacle 94, For oxample, ong embodiment of
the radiisotope generator 28 includes an internal radiation shield (e.g., lead shetl) fhat encloses a radipactive
parent, such as molybdenum-99, affixed fo the surface of beads of alumina or a resin exchange column. Inside
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the radioisofope generator 28, the parent molybdenum-99 transforms, with a half-life of about 86 hours, into
metastable technetivm-99m. The daughter radioisotope, e.g., technetium-99m, is generally held less tightiy than
the parent radioisolope, e.q., molybdenum-98, within the radicisotope generator 28. Accordingly, the daughter
radioisotope, e.9., technetium-98m, can be extracted or washed out with a suitable sluant, such as an oxidant-free
physiologic saline solufion. Upon ¢ollecting a desired amount {e.g., desired number of doses) of the daughter
radioisotope, e.g., technetium-29m, within the eluate raceptacle 94, the elution tool 14 can be removed from the
raclioisotope elution system 10. As discussed in further detail below, the extracted daughter radicisotope ¢an then,
if desired, be combined with a tagging agent fo facilitate diagnosis or treatment of a patient {e.g., in a nuclear
medicine facility).

[0045]  The fllustrated radioisotope elution system 10 is & dry elution system. Prior {o an elution, the cluant
receptacie 34 is subsiantially evacuated, and the eluant source 100 is filled with a vplume of saiing that generally
comesponds to the desired volume of radicisotope solution. During an efution, the vacuum in the giuant receptacle
94 draws saline from the eluant source 100, through the radicisotope generator 28, and into the eluant receplacle
94, After substantially all of the saline has been drawn from the efuant source 100, a remaining vacuum in the
eluant receplacie 94 draws air through the radicisotope generator 28, thereby removing fldid that might otherwise
remain in the radioisotope generator 28, Air or other appropriate fluids may flow into the éluant source 100
thwough the vent needle 50 and into the radioisotope generator 28 through the input needie 46. The volume and
nressure of the eluant receplacle 84 may be selected such that substantially all of the eluant fluid is drawn out of
the radinisotope generator 28 by the end of an elution operation.

[0046]  in view of the operation of the elution system 10, proper alignment of the various camponents may be
particularly important fo the life of the needles 46, 48, 50 and, thus, proper circulation of the eluant from the eluant
source 100 through the radicisotope generator 28 and into thé eluant receptacle 94. For example, when the eluant
source 100 is coupled to the needles 46, 50, it may bend the needles 46, 50 If not properly aligned. Simfiarly,
pressing the efution tool 14 down anto the needle 48 may bend the needle 48 if the elution tool 14 is rot properly
aligned. Certain embodiments of a subsequently described elution process may align the eluant source 100 wit:

the needles 46, 50 before the eluant source 100 contacts the needles 46, 50 and, also, may align the elution tool
14 with the needie 48 before the elution fool 14 contacts the needle 48. Moreover, certain embodiments may

guide the elution tool 14 and the ejuant source 100 through an up or down mavement that is paralie! with the
needles 46, 48, 50 when the elution tool 14 and eluant source 100 are positioned over the needles 46, 48, 50 and
properly orientad.

[0047]  Anelution process 112 will now be described with reference to FIG. 8. Initially, a radiation shield, such
as the lid 18, is aligned to a generator, as depicted by block 114. In the embodiment of FIGS. 1-7, aligning a
radiation shield includes interfacing the alignment structure 68 on the cap 34 with the complementary afignment
structure 76 on the lid 18, The lid 18 is inserted into the cylindrical receptacle 108 in the suxiliary shield 20 and
lowered until the lid 18 makes contact with the top surface 67 of the cap 34. Then the fid 18 is rotated about a
vertical axis within the cylindrical receptacie 108 until the complementary alignment structure 76 slides info the
alignment structure 68. The complementary alignment structure 76 is inserled into the alignment structure 68 until
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the bottom surface 74 of the lid 18 makes contact with the top surface 67 of the cap 34. At this point, the position
and grientation of the lid 18 is generally determined by the position and crientation of the radigisolope generator
28. n otherwords, the lid 18 is referenced 1o the radioisotope generator 28. Once aligned, In some embodiments,
lid 18 and radicisotope generator 28 may have a single degree of relative freedom: for example, the lid 18 may
translate vertically within the cylindrical receptacle 108, but the {id 18 may be generally cbstructed from rofating
about horizontal or vertical axes or transiating horizontally, Because the lid 18 can translate vertically within the
cylindrical receptacle 108, the radioisotope efution system 10 may accommodate radioisotope generators 28 of a
variely of sizes. In other words, the lid 18 is able to self-adjust the height to match the generator 28. For example,
the lid 18 may transiate further into the cylindrical receptacle 108 fo accommodate a smaller radioisotope
generator 28 or less distance to accommedate a larger radioisotope generator 28.

[0048]  After aligning the radiation shield io the generator, a seurce of eluant may be aligned to the raciation
shield, as depicted by biock 116. For example, the eluant source 100 may be aligned to the fid 18, Aligning the
eluant source 100 may include vertically crienting eluant source 100 over the efuant aperture 86 and inserting the
eluant source 100 through the eluant aperture 86 until the needles 46, 50 have substantially penetrated the efuant
source 100. Because the lid 18 is aligned {or referenced) to the radioisotope generator 28 and the eluant source
100 is aligned (or referenced) to the lid 18, the eluant source 100 may be alfigned (or referenced) to the
radioisctope generator 28. Moreover, the path traveled by the eluant source 100 as it interfaces or makes contact
with the needies 46, 50 may be controlied by the eluant aperture 86. That is, the eluant aperture 85 may guide the
ejuant source 100 onfo the needles 46, 50 in a path that is substantially paralle! to the needles 46, 50,

[0049]  Next an elution too! is afigned to the radiation shield, as depicted by block 118, In the embodiment of
FIGS. 1-7, the elution fool 14 may be aligned with the elution aperture 84 on the lid 18. Aligning the elution tool 14
may include positioning the elution too! 14 over the elution aperture 84 and vertically crienting the elution tool 14 so
that it may be inserted into the elution aperture 84, As the elution tool 14 is inserted, the elution receptacle 94 may

vertically translate in a direction that is paraliel with the needle 48. That is the eluant aperture 84 may guide the
elution tool 14 onto the needle 48 in a path and orientation that are referenced to the needle 48. During insertion,

movement of the elution tool 14 relative to the needle 48 and radioisotope generator 28 may be generally limited {o
vertical transiation and rotalion about a verlical axis.

10050  FIG. 9 depicts ancther radioisotope elution system 120. The embodiment of FiG. 8 includes a T
shaped handle 122 that extends upward from the lid 18 and through the top plane 110 of the auxiliary siiield 20
The present embodiment includes a pair of T-shaped handles 122 symmetrically dispose on the lid 18. Other
embodiments may include handles with different shapes and/or handles that do not extend above the lop plane
110.

10051)  FIG. 10 depicts a radioisotope elution system 124 ihat is configured to indirectly align the lid 18 with the
radicisotope generator 28. In the present embodiment, the lid 18 includes alignment structures 126, 123, and the
radioisotope generator 28 includes alignment structure 130, 132. The auxiliary shigld 20 includes camplementary
alignment sfructures 134, 136, 138, 140, which mate with {or are keyed 10) the alignment siructures 128, 126, 130,
132. Specifically, the triangie-shaped alignment structures 128, 126 on the {id 18 inferface with the complementary
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alignment structures 136, 140 to align the lid 18 to the auxiliary shield 22. Similarly, the square-shaped alignment
structures 130, 132 interface with the complementary alignment structures 134, 138 to align the radioisotope
generalor 28 10 the auxiliary shield 22. That is, both the radioisotope generator 28 and the lid 18 are 2ligred fo the
auxiliary shield 22, thereby aligning these components 18, 28 with each other. In other words, the lid 18 is
indirectly aligned with the radioisotope generator 28 through the auxiliary shield 22, Other embaodiments may
inciude alignment structures with different shapes, different positions, and/or other intermediary components.

[0052] FIG. 11 is a fiowchart {llustrafing an exemplary nuclear medicine process that uses the radioactive
isotope produced by the previously discussed radivisotope elution systems 10, 110, 124. As illustrated, the
process 162 begins by providing a radicactive isotope for nuclear medicine at block 164. For example, block 164
may include eluting technefium-99m from the radioisotope generator 22 Hlustrated and described in detail ahove,
At block 166, the process 162 proceeds by providing a tagging agent (e.g., an epitope or other appropriate
biological directing moiety) adapted 1o target the radivisotope for a specific portion, €.g., an organ, of a patient. At
block 168, the process 162 then proceeds by combining the radicactive isotope with the fagging agent to provide &
radiophammaceutical for nuclear medicine. [n certain embodiments, the radioactl‘ve isotope may have natural
tendencies to concentrate toward a particular organ or tissue and, thus, the radioactive Isotope may be
characterized as a radiopharmaceutical without adding any supplemental tagging agent. At block 170, the process
162 then may proceed by extracting one or more doses of the radiopharmaceutical into a syringe or another
confainer, such as a container suitable for administering the radiopharmaceutical to a patient in a nuclear medicing

facility or hospital. At block 172, the process 162 proceeds by injecting or generally administering a dose of the
radiophamaceufical inte 2 patient. After a pre-selected time, the process 162 proceeds by detecting/imaging the
radiophammaceutical tagged to the patient's organ or tissue (block 174). For example, block 174 may include using
a gamma camera or other radiographic imaging device to detect the radiopharmaceutical disposed on or in or
bound o tissue of a brain, a heart, a liver, a tumor, a cancerous tissue, or various other organs or diseased tissue.

[0053) FIG. 12 is a block diagram of an exemplary system 176 for providing a syringe having a
radiopharmaceutical disposed therein for use in a nuclear medicine application. As illustrated, the system 176

includes the radioisotope elution systems 10, 110, 124. The system 176 also includes a radiopharmaceutical
nroduchion system 178. which functions o combine a radioisotope 180 {e.g., technetium-99m solulion acquired

through use of the radioisolope elution system 10) with a tagging agent 182. In some embodiment this
radiopharmaceutical production system 178 may refer to or include what are known in the art as “«its” (eg.,
Technescan® kit for preparation of a diagnostic radicpharmaceutical). Again, the tagging agent inay include a
variety of substances that are attracled to or targeted for a particular portion {¢.g., organ, tissue, umor, cancer,
etc.) of the patient. As a result, the radiopharmaceutical production system 178 produces or may be ufilized (o
nroduce a radiopharmaceutical including the radicisotope 180 and the tagging agent 182, as indicated by block
184. The illustrated system 176 may also include a radiopharmaceutical dispensing system 186, which facilitates
extraction of the radiopharmaceutical into a vial or syringe 188. In certain embodiments, the various components
and functions of the system 176 are disposed within a radiopharmacy, which prepares the syringe 186 of the

10
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radiopharmaceutical for use in a nuclear medicine application. For example, the syringe 188 may be prepared
and delivered to a medical facility for use in diagnosis or treatment of a patient.

[0054]  FIG. 13 is a block diagram of an exemplary nuclear medicine imaging system 190 utilizing the syringe
188 of radiopharmaceutical provided using the system 176 of FIG. 12. As illustrated, the nuclear medicine
imagining system 190 includes a radiation detector 192 having a scintiliator 194 and a photo detector 196. In
response to radiation 198 emitted from a tagged organ within a patient 200, the scintiltator 194 emits light that is
sensed and converted to electronic signals by the photo detector 196. Although not illustrated, the imaging
system 190 also can include a collimator to collimate the radiation 198 directed toward the radiation detector 192.
The illustrated imaging system 190 also includes deteclor acquisition circuitry 202 and image processing circuitry
204. The detfector acquisition Circuitry 202 generally controls the acquisition of electronic signals from the
radiation detector 192, The image processing circuifry 204 may be employed to process the electronic signals,
execute examination protocols, and so forth. The illustrated imaging system 190 also includes a user interface
206 to facilitate user interaction with the image processing circuitry 204 and other components of the imaging
system 190. As a result, the imaging system 180 produces an image 208 of the tagged organ within the patient
200. Again, the foregoing procedures and resulting image 208 directly benefit from the radiopharmaceutical
produced by the elution systems 10, 110, 124.

[0055] While the invention may be susceptible to various modifications and altemative forms, specific
embodiments have been shown by way of example in the drawings and have been described in detaif herein.
However, it should be understood that the invention is not intended to be limited to the particular forms disclosed.
The scope of the claims should not be limited by the preferred embodiments set forth in the examples, but should
be given the broadest interpretation consistent with the description as a whole.

il
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The embodiments of the present invention for which an exciusive praperty or privilege is claimec

are defined as follows:

1. A radioisotope elution system comprising:

a radicisotope generator comprising:

a generator body:

a needle assembly comprising an input needie and an output needle; and

a cap disposed on an end of said generator body, wherein said cap comprises
an input needle aperture and an output needle aperture, wherein said input needie
extends through said input needle aperture of said cap, and wherein said output needle
extends through said output needle aperture of said cap;

a radiation shield assembly comprising a shield lid and a shield, wherein said shield
comprises an open end, wherein said shield is disposed about said generator body and with said
radioisotope generator being aligned with said open end of said shield, wherein said shieid id is
aligned with said open end of said shield and is positicned over said cap, wherein said shield lid
comprises an eluant assembly aperture and an elution tool aperture, wherein said eluant
assembly aperture is aligned with said input needle, and wherein said elution tool aperture is
aligned with said output needie;

an eluant assembly that extends through said eluant assembly aperture of said shield
lid and that is fluidly connected with said input needle;

an elution tool that extends through said elution tool aperture of said shield iid and that
is fluidly connected with said output needle; anc

first and second alignment structures, wherein an operational state of said radioisotope
elution system requires said first and second alignment structures to collectively dispose said
shield lid relative to said radioisotope generator such that;
1) said eluant assembly aperture of said shield lid is aligned with said
input needle of said radioisotope generator; and
2) said elution tool aperture of said shield iid is aligned with said output

needie of said radioisotope generator.

2. The radioisotope elution system of claim 1, wherein said generator body comprises an
elution column, wherein said input needle is fluidly interconnected with an input to said elution column,

and wherein said output needle is fluidly interconnected with an output from said elution column.

3. The radioisotope elution system of claim 1 or claim 2, wherein said cap comprises said

first alignment structure, and wherein said shield lid comprises said second alignment structure.

12
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4. The radioisotope elution system of claim 3, wherein said first alignment structure is on
an upper surface of said cap and comprises a female alignment structure, and wherein said second
alignment structure is on a lower surface of said shield lid and comprises a male alignment structure that

is located within said female alignment structure of said cap.

D. The radicisotope elution system of any one of claims 1 to 4, wherein said cap comprises
a recess that defines said first alignment structure, and wherein said input needle aperture and said output

needle aperture are each located within said recess of said cap.

0. The radioisotope elution system of claim 5, wherein said first alignment structure
comprises a base and sidewalls that collectively define said recess, and wherein said sidewalls extend

away from said base and are substantially parallel to said input and output needies.

7. The radioisotope elution system of ciaim & or claim o6, wherein said recess is

asymmetric in a plan view.

8. The radioisotope elution system of any one of ¢claims 5 to 7, wherein said input needle

and said output needie are each located within said recess of said cap.

g. The radioisoiope elution system of any one of claims 5 to 8, wherein an eluant source
of said eluant assembly is positioned within said recess ot said cap and is fluidly connected with said input
needle, and wherein an eluate receptacle of said elution toot is also positioned within said recess of said

cap and is fluidly connected with said output needle.

10, The radicisotope elution sysiem claim 9, wherein said eluant source extends
completely through said eluant aperture of said shield {id and alsc exiends beyond said shield lid in a
direction that is away from said cap, and wherein said eluate receptacle extends completely through said
elution tool aperture of said shield lid and aiso extends beyond said shield lid in a direction that is away

from said cap.

1. The radioisotope elution system of ciaim 10, wherein said eluant assembly further

comprises an eluant shield that is disposed over said eiuant source, and wherein said elution tool further

comprises an outer shield that is disposed over said eluate receplacle.

13
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12. The radioisotope elution system of claim 11, wherein each of said eluant shield and

sald outer shield comprise a radiation shielding material selected from the group consisting of depleted

uranium, tungsten, tungsten impregnated plastic, or lead.

13. The radioisotope elution system of any one of claims 1 o 12, wherein said cap
comprises a pair of channels that are disposed oppositely of one another and that are on an outer

perimeter of said cap.

14, The radioisotope elution system of claim 13, wherein said generator body comprises a
pair of strap supports and a lifting strap that is coupled to each strap support of said pair of strap supports,
wherein each said strap support of said generator body is received in a corresponding channe!l of said

pair of channels for said cap.

15. The radioisotope eiution system of any one of claims 1 to 14, wherein said eluant

assembly aperture and said efution ool aperiure of said shieid lid each extend through said second

alignment structure.

16. The radioisotope elution system of any one of claims 1 1o 14, wherein said second
alignment siructure comprises a protrusion on a lower surface of said shield lid, and wherein said eiuant

assembiy aperture and said elution tool aperture each extend through said protrusion.

17. The radioisotope elution system of any one of claims 1 to 16, wherein said second

alignment structure is integrally formed with said shield lid.

18. The radioisotope elution system of any one of claims 1 o 12, further comprising a lifting

strap coupled o said generator body at a first strap support and a second strap support.

18, The radioisotope elution system of claim 138, wherein said Iifting strap is pivotally

connected to each of said first strap support and said second strap support.

20, The radioisotope elution system of claim 18 or claim 19, wherein said cap comprises a
first support channel ang a second support channel, wherein said first strap support of said generator

body is received in said first support channel of said cap, and wherein said second strap support of said

generator body is received in said second support channel of said cap.

14
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21 The radioisotope elution system of claim 20, wherein said first and second sirap
supports of said generator body and said first and second support channels of said cap accommodate

oniy a single orientation of said cap relative o said generator body when fixing a position of said cap

relative to said generator body.

22, The radiocisotope elution system of any one of claims 1 to 21, further comprising a single
degree of freedom between said shield lid and said generator body, wherein said single degree of freedom

utilizes a mating relationship between said first alignment structure and said second alignment structure.

23. The radioisotope elution system of any one of claims 1 to 22, wherein said eluant

assembiy comprises a saline source, and wherein said elution tool comprises a radioisotope solution,

24, The radioisotope elution system of any one of claims 1 to 23, wherein said eluant
assembly comprises first and second configurations, wherein said first configuration comprises a space

that is evacuated, and wherein said second configuration comprises a radioisotope solution within said

space.

25, The radioisotope elution system of any one of claims 110 24, wherein an upper surface

of said shield lid i1s recessed within said shield assembly and relative to said open end of said shield.

20. The radioisotope elution system of any one of claims 1 to 24. wherein an upper surface
of said shield lid is recessed a first distance within said shield assembly and relative to said open end of
said shield when said radioisotope generator s positioned within said shield of said shietd assembly, and
wherein sald upper surface of said shield lid 1S recessed a difierent second adistance within said shield of

said shield assembly and relative 10 said open end of said shield when said radicisotope generator is

replaced with a ditferent said radioisotope generator.

27, The radioisotope elution system of any one of ¢claims 1 {0 26, wherein said shigld hd

and said shield of said radiation shield assembly each comprise a radiation shielding material.

28, The radicisotope elution system of any one of claims 1 to 26, wherein said shield lid
and said shield of said radiation shield assembly are each formed from at least one radiation shielding

material selected from the group consisting of depleted uranium, tungsten, tungsten impregnated plastic,

orlead.

15



CA 02913373 2017-02-13

29. The radioisotope elution system of any one of claims 1 to 28, wherein said shield lid of

said radiation shielding assembly is over-moided in a polymer.

30. The radioisotope elution system of claim 1 or clam 2, wherein said first alignment

structure comprises a first pair of alignment structures on an outer perimeter of said shieid lid that mate
with a corresponding second pair of alignment structures on an inner perimeter of said shield, and wherein

said second alignment structure comprises a third pair of alignment structures on said inner perimeter of

said shield that mate with a corresponding fourth pair of alignment structures on an cuter perimeter of

said generator body.

16
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