12 Septenber 2006 1 RADI O SOTOPE GENERATOR AND METHOD OF CONSTRUCTI ON
THEREOF Exanpl e enbodi nents of the present invention &eptfbér@086
radi oi sot ope generator of the type commonly used to generate radi oi sotopes
such as netastable technetium99m (99inTc) and to a nmethod of construction
of the radioi sotope generator. The diagnosis and / or treatnent of disease
i n nucl ear nedicine constitute one of the major applications of short-1lived
radi oi sotopes. It is estimated that i nuclear nedicine over 90% of the

di agnosti c procedures performed worl dw de annual |y use 99nmTc | abel | ed

radi o- pharmaceuticals. Gven the short half-life of radio-pharnmaceuticals,
it is helpful to have t he faC|I|t to oenerate sui tabl e radi oi sotopes on
site. Accor RAROISOTORE ATG METHEDOREONSTRUCTION i ¢ sj ze 99nilc
generators has greatly |ncreased over the years Port abl e radi oi sot ope
generators are used to obtain a sEHEREOR jved daughter radioi sotope which
is the product of radioactive decay of a longer-lived parent radioisotope,
usual | y adsorbed on a bed in an ion exchange colum. Conventionally, the
radi oi sot ope generator includes shielding around the ion exchange col um
contai ni ng t he Eganglatmbadimensal theprededhigvantioh refatens a taticigitege ng t he
daught er radi oi sotope fromthe colum wth an eluate, such as saline

sol ut i QRnerafbr dsthe tfgecofinmtlyeused tPgsrRpsle ttlicitadhdstach homerx@bBRNge col um and
t he daughter radioisotope is collected in solution with the eluate, to be

used agecReREROEMREFTEAAE to megr%/d%%u&ﬁﬁ%@éi@%p@genemton

The diagnosis and / or treatment of disease in nuclear medicine constitute

one of the major applications of short-lived radioisotopes. It is estimated that in nuclear
medicine over 90% of the diagnostic procedures performed worldwide annually use *"Tc
labelled radio-pharmaceuticals. Given the short half-life of radio-pharmaceuticals, it is
helpful to have the facility to generate suitable radicisotopes on site. Accordingly, the
adoption of portable hospital / clinic size *"Tc generators has greatly increased over the
years. Portable radioi'sotope generators are used to obtain a shorter-lived daughter

‘radioisotope which is the product of radicactive decay of a longer-lived parent
radioisetope, usually adsorbed on e bed in an ion exchange column. Conventionally, the |
radioisotope generator includes shielding around the ion exchange column oonfaining the
parent radioisotope along with means for eluting the daughter radicisotope from the
column with an eluate, such as saline solution. In use, the eluate is passed through the
ion exchange column and the daughter radioisotope is collected in solution with the

eluate, fo be used as




~required. 'In the case of 99nifc, this radioisotope is the principle product"
of the radi oactive decay of 99Mb. Wthin the generator2 Seprmeatdoonal |y the
99Mb i s adsorbed on a bed of alum nium oxi de and decays to generate 5

99nmlc. AswbigodPedc has a relatively short half-life it esicabbrehrsa
transient equilibriumw thin the ion exchange columm after approxi mately

twenty-four hours. Accordingly, the 99gic can be eluted daily fromthe ion
exchange columm by flushing a solution®of chloride ions, i.e. sterile
saline solution through the ion exchange colum. This pronpts an ion
exchange reaction, 1o in which the chloride ions displace 99nlc but not
99Mb. I n t heequiired. of radi o- pharnaceuticals, it is highly desirable for the
radi oi sot ope generator to be constructed and used under aseptic conditions

i .e. there shoul d be nptHenEkss BT THaRlsEHdbISSbpe id thepemesipleqrodudr eover ,
due to the fact that the isotope used in the ion exchange colum 15 of the

generator i @%{h%%ﬂfi’a%tciti% deﬁQ? of ng&eg\gwn @H(% g@ﬁ@ﬂd{onh %ﬁ\(rr)ér@lﬂgﬁaill{/ et

handl ed in e correct nmanne the radiois pe genéra so” shoul d be

construct edg@apd. used under radiologically safe conditions. In trying to

enour e adeq. Bbis SHRcebSi 0.4 B B BBt obfe =i By ranrelelshe

‘generators ve tendéqm$£ be of a conplicated 20 construction incaorporating

a | ar ge hunber cofAsclhgpontsngs anglatively sharghalidife it ggtablishemagdransientn to be

i ntroduced early on in the construction of the generator. This nmeans that

there is a kquilibfiympeithiodhelion exchomgetaakemnattensperoximatelydiventyefoupe

generator and those constructing the generator are 12 Septenber 2006

| " hours. Accordingly, the ®™Tc can be eluted daily from the ion exchange ¢
column by flushing a solution of chloride ions, i.e. sterile saline solution
through the ion exchange column. This prompts an ion exchange reaction,

10 in which the chloride ions displace *™Tc but not *Mo.

In the case of radio-pharmaceuticals, it is highly desirable for
the radioisotope generator to be constructed and used under aseptic
conditions i.é. there should be no ingress of bacteria into the generator.
Moreover, due to the fact that the isotope used in the ion exchange column

15 of the generator is radioactive, and is thereby extremely hazardous if not.
handled in the correct manner, the radioisotope generator also should be
constructed and used under radiologically safe conditions.

in trying to ensure adequate radiological protection, some
kno_Wn radioisotope generators have tended to be of a complicated

20  construction incorporating a large number of components and requiring the
ion exchange column to be introduced early on in the construction of the

generator. This means that there is a lengthy period during construction

when the radidisotope generator and those constructing the generator are




. WD 03/ 088269 PCT/ GB02/ 05604 3 unnecessari | y exposed to radiation. Such
- conpl ex structures also add to the cost of the gener afoieptelbed Boé hus

i nportant that the actual construction of the generator is reliable and

limts tReyExiBMe t O Which the generator and those const;gﬁﬁﬁgg,oﬁagt os

generator are exposed to radiation during 5 construction.

Pat ent No. 3,946, 238 descri bes a shielded radioisotope generator
conprising a cylindrical shielded housishg for a central repository. The
repository is bound by a renovable top cover and side walls and a base
whi ch are made from |l ead and which act as the to shielding. Wthin the

reposi t or yuanbotdsagily exposad fecdidtionh SwdH ebmpleXstiiured#dtiade te ol um on
whi ch  99Mo is absorbed. In this docunent the construction of the generator

i s al nost ﬁfé@é&t&@h@t@tﬁgbﬁtbhenii%ﬁﬁﬁﬁ%ﬁn 'tHé"}éc'tu%l EBﬁ%Rﬁﬂ@ﬁ-] fo the

repository. However, uate 1s 1ntroduced to renove he ion

exchange cgl u f.th r re Vil &, apertures in t he |1s of the

ot t 160 hite BndraisigR BRASE IR ERSERH BovhlniPa safedforand « he
exposure talqradi ation, durj ng}ﬁconst ruction, the eluate is introduced and
extract ed HQsggFAstcEng;tie Oepeieas expasgRIty radiadon dupng as it means
that the users of the generator are exposed to radiation each tine (i.e.
once ever Corsiryctiodur hours) the radioi sotope is extracted. Mreover, this
20 arrangenent provides no neans for accurately controlling the flow of

eluate. United StategriiRideBlatdPaendiib. 375161288 debembas 4 aRicRistPt ope

( radioisotope generator comprising a cylindrical shielded housing for a
central repository. The repository is bound by a removable top cover and
side walls and a base which are made from lead and which act as the

10 shielding. Within the repository a bottle is provided which contains an ion
exchange column on which **Mo is absorbed. In this document the
donstructioh of the generator is almost completed before the ion exchange
column is introduced to the repository. However, the eluate is introduced to
/ removed from the ion exchange column of the g;nerator via apertures in

P 15 the walls of the bottle. Thus, although the construction of the generator
limits the exposure to radiation during construction, the eluate is introduced
and extracted using only a pipette which is highly undesirable as it means
that the users of the genérator are exposed to radiation each time (i.e.
once ever twenty-four hours) the radioisotope is extracted. Moreover, this

20 arrangement provides no means for accurately controlling the flow of
eluate.

United States Patent No. 3,564,256 describes a radioisotope

generator in which the ion exchange column is in a cylindrical holder which




generator in which the ion exchange colum is in a cylindrical hol der whi ch
12 September 2006 WO 03/088269 PCT/ GB02/ 05604 4 is | pogdpfRabédobsn two
box- shaped el enents that are in turn | ocated within appropriate radiation

shi el di ngy ;P bol der is closed by rubber plugs at both epggpedaskohe
box- shapedo ements have passages opposite each of the rubber plugs in
whi ch respective needl es are | ocated. the outernost s ends of the

needl es qui ck-coupling nmenbers are provided to enable a syringe vessel
containing a saline solution to be connected to one of the needles and to
enabl e a collection vessel to be connected to the other of the two

needl es. | s iosatsrl Witkin thenbox-shaped eldmenisthpedreehduemipsateddwitia  radi ati on
shi el ding nust be constructed around the hol der containing the io ion

exchange cg PHPqPrnaTB%Bifa@ibﬁ,smémﬁgh%thélher ROGABEEWB Ir@nsbérfpm?@atgener at or
all parts o e generator and ose constructing t e generator wl| of

necessity, S |

made to nebaEMETE it &?83%#%@8@%%@%%%8 %%Ba%% TS or e
hol der, this generator constructio es no, ne roII ng 15
the penet r 418 g%bhﬁrﬁﬂgsﬁb |cBSeERP qgﬂeﬁpuﬁéocal?ec? Ulgff EWQ# Pat ent
No. 4,387,303 describes a rad|0|sotope generator conprising a colum having
an el uest iendetof dpe neediesauicianouplingamentrrsareseyided & anablednt ai ni ng an

i on exchange bed with the parent radioisotope. Both the eluent inlet and
el uat e out Isgfings eebseclosuntainingsd saline2Solutioh to hensarinected folunesof theundi ng

shleldlng for the introduction and renoval

needles and to enable a collection vessel to be connecied to the other of (
the two needles. It is self-evident that the box-shaped elements and the
radiation shielding must be constructed around the holder containing the

10 ion exchange column. Therefore, throughout the construction of the
generator all parts of the generator and those constructing the generator
will, of necessity, be exposed to radiation. Furthermore, although reference
is made to needles being used to pierce the rubber plugs at each end of
the holder, this generator construction provides no means for controlling

15 the penetration of the needles through the plugs. : C

United States Patent No. 4,387,303 describes a radioisotope |

generator compr'isihg a column havihg an efuent infet aperture and an
eluate outlet aperiure and containing an ion exchange bed with the parent
radioisotopé. Both the eluent inlet and eluate outlet are in commuhication

26 with channels in the surrounding shielding for the introduction and removal
of eluate to and from the ion exchange column. A[though no information is
provided witﬁ regard to the construction of the geherator, it is evident that

the shielding must be constructed around the ion exchange column as




of eluate to and fromthe ion exchange colum. Al though no information is
provided with regard to the construction of the gener ab®epteinber2BogVvi dent
that the shielding nust be constructed around the ion exchange colum as
12 Septenber 2006 5 accurate alignnent of the channels in the shielding
with the inlet and outlet of the ion exchange colum is essential. Thus,
here too, during construction all parts of the generator and those
constructing the generator will be exposed to radiation fromthe ion
exchange colum. United States Patent No. 4,801047 describes a dispensing

devi ce Hekurate aligHihdtt SAhO BRarBRREH Blehididing\RittFihe il avl Bl @ninaiish ng t he
saline solution that will be used to flush out the desired radi oi sotope

fr om t he, {io e XANARRS SO L HePD! ffhnly Borb B part Bifhe S Moveabl e

relative to ow needl e Use 0 plefce the seal o e vial and to

extract th | i ol utjon. i nst r. ' ' ‘i providi ng
control g%?g?t%gand;tﬁ%%en?olﬁ%%g%'g ;tl;% < o%ﬁ iR%Mgér é%\s/;%%toﬂ Fg%nfl; c%nﬁgo%ﬁjgllgﬁ The

exanpl e enbodi mints seek to provide a radioi sotope generator and a nmnethod
of consEXUBIPBFP'YP™ he generator that is sinple in construction but which

ensures the necessary degree of sterility and radiol ogical protection is
provi ded duri ng UnilsA StatercPatent Nq. 4.80004¢ desstleesa dispegsinp deyicatdhact of the
present invention, there is provided a device for producing a fluid
cont ai nrattipisptopeciepaetdrirewbiehn e vial epntaining dheealing eolelinmghatyyithbe Bseddhi el ded
chanber with an opening for receiving an i sotope container housing a '
r adi oacflusheout et desieed radioisatvpe frool tbe icmeexaltiange edlufnor is copptaddn aregrrier t h and
closing the chanber opening; a first fluid port conprising a first hollow
needl e fHa0jsendveBbleirglativeltdithe hollow needle used to pierce the seal of the vial and to
extract the saline solution. This construction is described as providing control of the
amount of saline solution removed from the vial.
The example embodiments seek to provide a radioisotope generator and a
method of construction of the generator that is simple in construction but which ensures
the necessary degree of sterility and radiological protection is provided during
construction.
In accordance with a first aspect of the present invention, there is provided a
device for producing a fluid containing a radioactive constituent, the device comprising a
shielded chamber with an opening for receiving an isotope container housing a
radioactive isotope; a chamber closure adapted for cooperating with and closing the
chamber opening; a first fluid port comprising a first hollow needle projecting into the

shielded chamber from the chamber closure for fluid communication with the isotope -

container; a second fluid port comprising a second hollow needle projecting into the




shi el ded chanber fromthe chanber closure for fluid comunication wth the
i sotope container; a second fluid port conprising a skecepe@mbal2desv needl e
projecting into the ----- e - 12 Septenber 2006 6 shiel ded chanber
fromthe closed end of the chanber opposite the chanmber closure for fluid
communi cation with the isotope container; first and second conpressible
buffers nounted so as to surround at |east partially the respective first
and second hol |l ow needl es, each buffgr providing an outer surface for
contact with opposed ends of the isotope container; and a spacer of a
predet erm ned thickness associated with one or each of the first and
second conpressi ble buffers for determ ning the gfsitioning of the isotope

cont ai nefhigidedhehambiesframites despdandialthe chamberenpepite thchambeiclosHigi®er cl osure
in place in the chanber opening, the first and second hol | ow needl es may
be fi xedfliig cpowunicationavithdhe Isotopd coftaingie fisshand sheand esraprsesible feffargeal |y t he
spacer nmay be provided with the second conpressible buffer at the cl osed
end of t heustkded detb sh@obe at le4st partipihyethe respdctatficad ene secontidoliast eri al of t he
first and second conpressible buffers nay be a sem -open cell foam whereas

t he mat epédtllespbadnRiffepRreditingay obfr surfazkdsrednizael with sppotsedendsivétheor e, t he
i sotope container may preferably be an ion exchange colum and each of its

OppOSsi NYisBRAS cHMYind: 8hEH 3PAEr b brédBtemnihEPMRKRER sa8adiatadiaih 66k 60 be
pierced by and to seal around the respective first and second hol | ow

B ik et L e R
a fluid %8{0|p§ tcor%te%?l rev%Ehiir)r/ ﬁle)éhielded chamber.

Preferably, with the chamber closure in place in the chamber opening, the
first and second hollow needles may be fixed in position at each end of the shielded
chamber and ideally the spacer may be provided with the second compressible buffer at
the closed end of the shielded chamber.

In a preferred embodiment the material of the first and second compressible
buffers may be a semi-open cell foam whereas the material of the spacer may be a
closed celt foam.

| Furthermore, the isotope container may preferably be an ion exchange
column and each of its opposing énds may preferably include a frangible seal adapted to
be pierced by and to seal‘around the respective first and second hollow needles.

In the preferred embodiment the first and second hollow needies may each
be connected via associated fluid conduits with a fluid infet and a fluid outlet respectiyely

with the fluid inlet and the fluid outlet ideally consisting of hollow spikes. Also, the device

may preferably further include an




with the fluid inlet and the fluid outlet ideally consisting of hollow

spi kes. Al'so, the device may preferably further incl ugd&ep@ambetr 2869t enber
2006 7 outer housing within which the shielded chanber is | ocated wherein
the fluid inlet and the fluid outlet are nounted in the outer housing to
provide fluid connections external to the outer housing. The fluid
conduits may each consist of flexible tubing which is greater in length

t han the di stance between the holl ow rieedl es and their respective fluid
inlet or outlet. In accordance with a second aspect of the present

i nvent i Qiter hb@iry Within WhieN ttashickiciRhBRBel IccaraWheedin the flgidrsel pidtied ope
generator conprising the steps of: providing a shielded chanber with an
openi ng ﬂam%uﬁet%?@maﬁtee!mero@teﬁﬂa&ﬁrgqofpﬂfvadeqmnaé¢tiegs WitbharBthe | 0sing the
chanber opening; providing a first fluid port conprising a first holl ow
needl e QLE#%S&& into the shielded chanmber fromthe chanber closure;

provi ding a second fluid port conprising a second hol |l ow needl e projecting
into the shielded ghanber. at the,end of the chanber,. i .1 he openi ng;
mount i ng first afte TLLEORHS bR SRiedl o prel IR kOB WA dhna ot -l enst
partially the respective first an second hol | ow needl es, . one or each of
t he confsPe8dhas e gisianss Qe‘a@e@)&\e}tf’ﬂ@” Pedesandy %'éFeSp%cﬁ“’?)ﬁléglgﬁ)‘hgroFri ned

t hi ckness; thereafter introducing an isotope container housing a

r adi oac®itlek i sot ope through the chamber opening into the shielded chanber
so as to contact with the second holl ow needl e and the second conpressible
buffer at the cllossdordamg vith a $esoncthaspest of thmpresens givaglionhiberstis el ded chanber
by positioning the chanber closure in the opening and bringing the first
hol | ow mesdted sanethbdof dansisicting apadidisitdidecgenerator comprising the steps of:

providing a shielded chamber with an opening and a chamber closure adapted for
cooperating with and closing the chamber opening; providing a first fluid port comprising
a first hollow needle projecting into the shielded chamber from the chamber closure;
providing a second fluid port comprising a second hollow needle projecting into the
shielded chamber at the end of the chamber opposite the opening; mounting first and
second compressible buffers so as to surround at least partially the respective first and
second hoIIon needles, one or each of the compressible buffers associated with a spacer
of predetermined thickness; thereafter introducing an isotope container housing a
radioactive isotope through the chamber opening into the shielded chamber so as to
contact with the second hollow needie and the second compressible buffer at the closed
end of the chamber; and closing the shielded chamber by positioning the chamber
closure in the opéning and bringing the first hollow needle and the first compressible .

buffer into contact with the isotope container whereby the spacer determines the




buffer into contact with the isotope container whereby the spacer

determ nes the 12 Septenber 2006 8 positioning of thei2iskptempe 20061t ai ner
wi thin the shielded container. Preferably the nethod may further conprise
the steps of, prior to introduction of the isotope container into the

shi el ded chanber, connecting the first hollow needle to a first fluid
condui t; connecting the second hollow needle to a second fluid conduit;

| ocating the shielded container wthingan outer housing and connecting the
first fluid conduit to a fluid inlet in the outer housing and the second
fluid conduit to a fluid outlet in the outer housing. ldeally, the first
and second fluid conduits are each of flexible tubing which nmay be greater
i n | engt ROSHRANGL G dhedpaipraeantaiear wilbin the ghiglded soniaitersecond hol | ow needl es
and their respective fluid inlet and fluid outlet when the chanber closure
is in place in tReeferabiytieanstbedmiar furthetcamsiss iestersoofeprionter i s positi oned
Wi thin the outer housing whereby all fluid connections can be established
prior tointmducibh af theisotwpe tchatainspintpbe shiekded cmenbeani dconhecting ¢hestistel ded
chanber. An enbodi ment of the present invention will now be described, by

- way of  RuRMeRdRb ¥ firstAlib comduitr eanmecting tie gaobad hollsi redadiel tb asetaides a
radi oi sot ope generator having fluid connections to the ion exchange col um

in accor gagesndlit! IBcdting tHer shfetdtld confhirein WithiR anuik heusing dddushhadting t
radi oi sotope generator 1 conprising an outer container 2, atop plate 3

whi ch isﬁr%ﬁ?.h& BeHaVit &;e&mg@meﬁghm%u@%@asi qh@%mad ﬂaagﬁﬁdmeamafde top

cover 4 whi IS secured to e outer contal ner over e top plate 3

I nsi de t RGiPRS ouGPRIBIGST 2 an i nner

Ideally, the first and second fluid conduits are each of flexible tubing which
may be greater in length than the distance between the first and second hollow needles
and their respective fluid inlet and fluid outlet when the chamber closure is in place in the
chamber opening and the shielded cﬁamber is positioned within the outer housing
whereby all_ﬂuid connections can be established prior to installation of the isotope
container within the shielded chamber.

An embodiment of the present invention will now be described, by way of
exaﬁple only, with reference to Figure 1 which illustrates a radioisotope generator
having fluid connections to the iori exchange column in accordance with the present
invention.

Figure 1 illustrates a radioisotope generator 1 comprising an outer container

- 2, atop plate 3 which is sealingly secured to the outer container 2, and a separate top
| cerr 4 which is secured to the outer container 2 over the top plate 3. Inside the outer

container 2 an inner




- 12- Sept ember 2006 WO 03/ 088269 PCT/ GB02/ 056049 -shi el ded contai ner 5,
- providing shielding against radiation, is |ocated whi ¢ sehembér&bss abl y, but
not exclusively, made fromeither lead or a depleted wuraniumcore within a

stai nl esgy§hesdsa@hel | . The shiel ded container 5 surround -
cont ai.ni ngéanﬁgl on exchange colum 7. The 5 nol ybdenum iniﬁ@%@ﬁ@éf its

radi oactive isotope 99Mb, is adsorbed on to the ion exchange columm 7. The
tube 6 containing the ion exchange col¥Ym has frangi bl e rubber seals 8 and
9 at opposing ends 10 and 11 which, as illustrated, when in use are

pi erced by respective hollow needles 12 and 13. 10 Each of the holl ow

needl es 12 saiulbé@cbatdimeﬁ?n,tﬂrdvidmyﬂmélidm}! bgaingt idligtiore sPRataEwhicw d
conduit 14, 15 that are in turn in flui comuni cation respectively with

an el uent iiéf"{ﬂﬁfeﬂﬁ@lﬁ%f%t%kléﬁﬁﬁle ,hj_lrﬁe f’ég‘. %igﬁ]fﬁ'llééd'idjaccf%‘i’é{jeﬁs 14, 15 are

preferably exl bl € plastic tubing. extending fromthe

hol | e -t h h | ' t ai I 18, that
closes. ¢ he e eRBN R RltHos s Car BhaL T he BhldieEPo8aEr st hon okt enas
fromthe container pl 18 to the eluent inlet 16. The tubing 15,

ext endi ng SHERHPAR alfHE’%cﬁ/\Pﬂ@@m"éﬁ an o gxchangecolgit & T&®annel in the

shi el ded container 5 to the eluate outlet 17. The inner shielded container
5 is smal | ewolybdenurheirolhedor eiitairadioagtiemisotape féde 16 adsodedforet space 20
within the outer container 2 above the shielded container 5. This free
space 20 atwoimsattemgeatdlumh 1.hEhé Wibes cbhtaidmgakt eo eREhdriga
( column has frangible rubber seais 8 and 9 at opposing ends 10 and 11
which, as fllustrated, when in use are pierced by respective hollow needles
12 and 13.
10 Each of the hollow needles 12 and 13 is in fluid
communication with a respective fiuid conduit 14, 15 that are in turn in fluid
communication respectively with an eluent inlet 16 and an eluate outlet 17.
The fluid conduits 14, 15 are preferably flexible plastic tubing. The tubing
14, extending from the hollow needle 12, passes through a channel in a
-~ 15 container plug 18, that closes the upper opening 19 to the shielded
container 5, and then extends from the container plug 18 to the eluent inlet
16. The tubing 15, .extending from the holfow needle 13, passes through a
channel in the shielded container 5 to the eluate outlet 17. The inner
shielded container 5 is smaller than the outer container 2 and so there is a
20 free space 20 within the outer container 2 above the shielded container 5.
This free space 20 accommodates part of the tubing 14, 15 extending from

the hollow needles fo the eluent inlet and eluate outlet as the lengths of the

tubing 14, 15 are both much greater than the minimum length required to




the hol'l ow needles to the eluent inlet and eluate outlet as the |engths of
the tubing 14, 15 are both much greater than the m nimgpleRbgidoos equired
to 12 Septenber 2006 WO 03/088269 PCT/ GB02/ 05604 10 connect the holl ow
needl es 1¥s oddsstbd h the respective eluent inlet 16 and -elpgatcBmusiat 17
and their [ength may be approximately tw ce the distance to the respective
inlet and outlet. The top plate 5 of thgqpradi oi sotope generator 1 has a
pair of 5 apertures 21 through which respective eluent inlet and outl et
conponents project. The eluent inlet and eluate outlet conponents are each
hol l ow spi kes 22 though in the case of the inlet conponent the holl ow

spi ke has comngobithke hollow nesdlashb2,pks withdhe respeaative ghiend idet Haands
connected to a filtered air inlet. The holl ow spi ke 22 consists of an

el ongat e geslaatd butiéiol T ghd tiesii leaigtis pidyebd agpraXmatelly avicatimuibigtande ai ni ng
plate 24 which is attached to or is noulded as a single part with one end

of the spi kg hadbspdtive Mfet@measiyg, end of the spi ke body 23 is shaped to a
poi nt and has an gperture communi cating with the interior of the spike

body adj acent the poiat. ' | ' 1.8 shaped
so that it is capabl eﬁé t@'&};ﬁg?ﬁﬁb@&a@i@gﬁqﬁé@é %gﬂg&gérﬁ\g ggg%ﬁ%ﬁ[ %e
comonly found wth sanple Lals. The anpul ar retajni plate 24 fornms a
skirt prioj e%wrﬁge@&m}fngvs}h ’P"m reSRECcUYR ﬁgjeb‘gwetzﬁﬁ" W%&?W i nuous
around the spi ke body or discontinuous in the formof a plurality of

di screte prpjoganti de eluest intg anshveluaie ontiaticompafientsarcoprciyeeliovat or 1 al so

I ncl udes :
spikes 22 though in the case of the inlet component the hollow spike has (

two holes, one for the passage of fluid and one that is connected to a
filtered air inlet. The holiow spike 22 consists of an elongate generally

10.  cylindrical spike body 23 and an annular retaining plate 24 which is
attached to or is moulded as a single part with one end of the spike body
23. The opposing end of the spike body 23 is shaped to a pointand has an
aperture communicating with the interior of the spike body adjacent the
point. This pointed end of the spike body 23 is shaped so that it is capable

15 of piercing a sealing membrane of the type commonly found with sample
vials. The annular retaining plate 24 forms a skirt projecting outwardly from
the spike body 23 'and may be continuous around the spikel body or
discontinuous in the form of a plurality of discrete projections.

The top cover 4 of the radioisotope generator 1 also includes

20 a pair of apertures 25 arranged so as to align with the apertures 21 in the
top plate 3-and shaped to allow through passage of the spike body 23.
Thus, each of the holiow spikes 22 is arranged to be held and supportéd by

its annular retaining plate-24 by component supports 26 provided on the




X 20" a pair of apertures 25 arranged so as to align with the apertures 21 in
- the top plate 3 and shaped to allow through passage of debemb&tidses body 23.
Thus, each of the hollow spikes 22 is arranged to be held and supported by

I ts annulag of/edsddoni Ng pl ate 24 by conponent supports 26 ppeyidgdon.t he 12
Sept enber 2006 WO 03/088269 PCT/ GB02/ 05604 11 inside of the top plate 3

whi | st the hol |l ow spi ke body. 23 proj ectsmthrough the apertures in both the
top plate 3 and the top cover 4 to the exterior of the outer container 2.
Each one of the apertures 25 in the top cover 4 is |ocated at the bottom
of a well 27 that is shaped to receive and support 5 either an isotope

col | ecti on insige afithg t@@p%@mwmtﬁheih@nowm barbyt 23 prajestsdhesudioused
outside of the outer container 2 and are not exposed to radiation fromthe

i on exchandheapartured in bothdhddop platellahdy thdop oveedchaneexidtsf Wi th the
chloride ions required for elution of the radioisotope, saline solution is

drawn io0 t *’t"-néldﬂﬂent E6nthiter ©X FEdHIEnE OF %H@Féertlﬁ)r%%%%t iAthe 385 '&B\Jn?ri JS?F]sg 35 ur €

differential across the ion exchange columm. I's is acconp by

connectin | i ' t .eluent . inlet. 16 ich is in fluid
conmuni catg il‘gcr:\at\%at%r{ﬁ?ﬁ)(é&gh%oﬁég)ei{ﬁoﬁh%&ﬁsesi%%’%?crﬁ’gﬁ'dg %ngrﬁ‘rlﬁp via the
tubing 14 and hollow needle.12 and connecting an evacuated coll ection vial
to the &l u&He5&N Isptops cppeglipnvial or psalingsyPBlidlni 1hais. bethwials are bot t om

end 11 of the ion r exchange colum 7 via the tubing 15 and hol | ow needl e
13. The pr &siged outside of the outer container 2 and are not exposed to radiation

( . from the lon exchange column 7.
In order to supply the ion exchange qolumn with the chloride
ions required for elution of the radioisotope, saline solution is drawn
| 10 through the ion exchange column 7, by establishing a pressure differential
across the ion eﬁchange column. This is éccorhplished by bonnecting a
saline supply vial to the eluent inlet 16 which is in fluid communication with
the top end 10 of the ion exchange column 7 via the tubing 14 and hollow
needle 12 and connecting an evacuated collection vial to the eluate outlet
15 17 which is in fluid communication with the bottom end 11 of the ion
exchange column 7 via the tubing 15 and hollow needle 13. The pressure
differential is estabiished by virtue of the fluid pressure of the saline in the
supply vial and the extremely low pressure in the evacuated collection vial.
This urges passage of the saline solution through the ion exchange column
20 7 to the collection vial carrying with it the daughter radioisotope.
- This process enables the radioactive‘isotope to be collected
~ without either the outer container 2 or the inner shiélded container 5 being

opened. In this way radiological protection and aseptic conditions of the




differential is established by virtue of the fluid pressure of the saline-~
in the 'supply vial and the extrenely | ow pressure in fadmpRWdsiaded
collection vial. This urges passage of the saline solution through the ion
exchange we@hilega26920 7 to the collection vial carrying w tlrcirigHobesaaught er
radi oi sotope. This process enabl es the radi oactive isotope to be collected
w t hout either the outer container 2 or4the inner shielded container 5
being opened. In this way radiol ogi cal protection and aseptic conditions
of the 12 Septenber 2006 WO 03/088269 PCT/ GB02/ 05604 12 isotope generator
1 can be maintained during use. O course, in the event of failure of the
el uate pat hispiope gereratarehean he spaintriped dheng ugs: Ofkaurse. inthe e¥gat rs woul d
i nvol ve the opening of .at | east the outer container 2 and in all

pr obabi | i t yoft fagutenpiethesdlugiedmth dam Hieeluebt adisiol 6 tanther eluaiecautled i r epai rs
are 5 not undertaken because of the radiati on exposure that woul d ensue.

Therefore tpgaighidhblihvolvethd bsemhydrat Rl the o contdiverd ZTRAD TR AN -
Exi sting radioi sotope generators have sought to address this problem

e A B S S A L

t he el uate wTe a connecti ons
Gesi gns.> t HERGHOCTIARS ke ap SR8 FRIGEom SOOI 1BR: WBHE EHLEY but al so t he
exposure to radiation that results fromthe generator having to be built
around t he Thereferecthenghaliitynhihe shiate pathvissextegaelydmposast ENFSUBQ rated in
Figure 1 has been : ‘
radioisotope generators have sought to address this problem through ( :
complex designs in which the fluid path from the eluent inlet to the eluate
outlet are ‘hard-wired’. That is to say the fluid connections are established
10 during the actual construction of the generator. Such designs, though,
have the disadvantage not only of complexity but also the exposure {o
radiation that results from the'generator having to be built around the jon
exchange column.
The radioisotope generator illustrated in Figure 1 has been
15 “designed to improve the reliability of the eluate path whilst minimising the
radiation exposure during construction of the generator. [n particular, the
construction of thé generator involves initially establishing the fluid
connection between the hollow needle 13 and the tubing 15 that passes
through the shielded container 5 and connecting the tubing 15 to the eluate
20 outlet 17. The top plate 3 and the top cover 4 along with the hollow spikes
22 are connected together and are ready for closing the outer container 2.

Similarly, with the container plug 18 free from the opening 19 of the

shielded container 5, the fluid connections of the tubing 14 with the eluent




, lé-designed to inprove the reliability of the eluate path whilst m nimsing
the radiation exposure during construction of the gengrb@mped 2806
particular, the construction of the generator involves initially

est abl i skR{9@zhdxeed | uid connection between the hol | ow nee Qg t he
tubing 15 that passes through the shielded container 5 a%g%é%%%§6%}4ng the

tubing 15 to the eluate 20 outlet 17. THﬁf top plate 3 and the top cover 4
along with the holl ow spi kes 22 are conffected together and are ready for

closing the outer container 2. Simlarly, with the container plug 18 free
fromthe opening 19 of the shielded container 5, the fluid connections of
t he tubi ng ndetdnchiherwliohweesdle A 2Smet esthblisHzR06ith M2 ASH®OB8268ie 12

PCT/ GB02/ 05604 13 inlet and the hollow needle 12 are established with the

hol | ow needbmjécaingomm:yrfﬂ:n@ttﬁéﬂ@fr@r)énfdrémé*&%n'teﬂﬁ&*%lﬁgil89TTHebﬁeé&“t al ner

plug B. The need for the greater |lengths of tubing 14,715 is now apparent
as the tubi | Gt g I | ate to be
kept clear o tﬁ%?%%%ﬁ}ez@{@ ﬁoﬁ? h‘@y %%ﬁoﬁlsc@%‘tﬁraél%ﬁgferg%@%%&f‘gﬂnyﬁ fluid
pat h has begn establjshed., O  cqurse, | ddition or as an alternative the
Pibi ng-coul fe SUTIGHYIOHH to.ShabBHedek pifte fake EontRient o hampaningr m ¢ s
the tubing to be stretched when the top plate is held away fromthe
openi ng of toiBeqiter ceaingr depven aftemthperflyidipatioinas heen establishied.i OF t he t ube
6 containing the ion exchange io colum 7 is not in place within the
shi el ded cotpuBacin addifdreer as bnalestativet thertubingt dwild bedoahed of ai S
conpl eted, and the only remaining steps are the closure of the inner
frhl el ded comdsilioneor elsafid material which permits the tubing to be stretched when

the top plate is held away from the opening of the outer container 2.

During all of this consiruction the tube 6 containing the ion exchange

10 column 7 is not in place within the shielded container 5.
Once all construction of the generator 1 is completed, and the

only remaining steps are the closure of the inner shielded container 5 and

the outer container 2, the tube 6 containing the ion exchange column 7 is

inserted into the interior of the shielded container 5. This insertion of the

i 15 tube may be performed using a robotic arm so as to minimise the extent of

any radiation exposure. The opening 19 of the shielded container 2 to the

interior space that is to accommodate the tube 6 includes a frusto-conical

wall which assists in guiding and aligning the outiet end 11 of the fube 6 in

position above the hollow needle 13 at the base of the substantially

20 cylindrical interior space defined by the inner walls of the shielded coritainer
5. Further lowering of the tube 6 down into the interior space results in the

tip of the hollow needie 13 contacting and piercing the bottom seal 9 of the

tube 6. Further lowering of the tube 6 ensures that the holiow needle 13




the outer container 2, the tube 6 containing the ion exchange colum 7 is-
inserted into the interior of the shielded container 5 skBiefmbbd¥®66ti on of
the is tube may be perfornmed using a robotic armso as to mnimse the
extent ofywo@B¥ssrgsi ati on exposure. The opening 19 of the iradgie@dseant ai ner
2 to.the 1nterior space that is to acconmmpdate the tube 6 includes a
frusto-conical wall which assists in gLIi4di ng and aligning the outlet end
11 of the tube 6 in position above the 'hollow needle 13 at the base of the
substantially 20 cylindrical interior space defined by the inner walls of
the shielded container 5. Further lowering of the tube 6 down into the

i nterior sppeectratealsuffidienttyHpto thepintgriariaf the fubend thaidhe apsrigthineldei ng and
piercing the bottomseal 9 of the tube 6. Further |owering of the tube 6

ensur es t hafip bhthdpbédiy 13ie Poitibhetidviel withiartha@e 6O 03/ 088269
PCT/ GBO2/ 05604 14 penetrates sufficiently into the interior of the tube 6

that the aperture in (i il inga hég HSRABN AR 1ROShIEIAREC AR s Vi thi n

the tube 6. Wth the now I n position within the shie container 5
the containgr pluyg. 18 is ihserted i.n he ni of,.. shiel ded 5
cont-ai ner 56'1908%%8‘95'"?’*{9 Lﬂfseﬁnéggegé'iﬁatﬁﬁé%p%ﬁg ?ﬂgﬁlﬁ\% @é@%gf posi ti oni ng
‘the plug 18 into the opening 19 of the shiel ﬂ_gd cont ai ne1[ 5.the tip of the
hol | ow needfentainesdnicdese Hirsshigkledrantainsr.: Retheprcesspt Peritieifdend 10 of
the tube 6 to penetrate the interior of the tube. Once the plug 18 is in
posi tion, st plag thistoieopening 18fofithe shivlded eantainer & thertitsof thige aperture
inio the tip of the hollow needle 12 is positioned wholly wthin the tube
6. There hollow needie 12 contacts and then pierces the seal 8 at the top end 10 of (

the tube 6 to penetrate the interior of the tube. Once the plug 18 is in

position, sealing the opening 19 of the shielded container 5, the aperture in |

10 the tip of the hollow needle 12 is positioned wholly within the tube 6. There

“is a risk during this procedure of the hollow needles 12, 13 failing to

penetrate far enough into the tube 6 o reliably ensure that the apertures in

the tips of the needies are wholly within the tube.

To prevent such an occurrence compressible disks 28, 29 are

15 mounted about their respective needles 12, 13. The compressible disk 28

_,.-:-\z«.\\

surrounding the upper hollow needle 12 is preferably made of a semi-open
cell foam such as 'polyether and has a cross—se:ction conforming o the
cross-section of the interior space of the shielded container 5. The
compressi‘ble disk 28 therefore acts to provide a protective sleeve to the

20 hollow needie 12 before the needle is inserted into the tube 6 and also
cushions the engagement of the container plug 18 with the top of the tube
6. .The compressible disk 29, which also has a cross-section |

correspondin'g to the interior space of the shielded container 5, similarly




~is arisk duri-ng-thi-s procedure of the hollow needles 12, 13 failing to

- penetrate far enough into the tube 6 to reliably ensure Sep@imbédseo@pert ures
in the tips of the needles are wholly within the tube. To prevent such an
occur r enggy fHEERE@SSi bl e disks 28, 29 are 15 nounted aboupctR§ishi@sPrective
needl es 12, 13. The conpressible disk 28 surrounding the upper hollow
needle 12 is preferably nade of a sem’-ﬁgen cell foam such as pol yet her
and has a cross-section conformng to t cross-section of the interior
space of the shielded container 5. The conpressible disk 28 therefore acts
to provide a protective sleeve to the 20 hollow needle 12 before the needle

i s insert eddtshtie a poicctve deavs abbabthedudlovonsedlbe 3eindhg Gaesiof tHe t he
container plug 18 with the top of the tube 6. The conpressible disk 29,

whi ch al S0 iiRsion SHEES Nt SFHILR the B reg, hid BempRiidoLgeage of the
shi el ded cc:nt a’iongrp 5 sim I'arl ye 12 ésggfg%%gr@azgg'éé B%bg%lgbﬂég%

PCT/ GB02/ 0 ' I t hol | ow,.needl e 13
n the. base- 8 PRabi? o ofld SoBATY BnfrS I8 A Wherelth el ca. i s
conpressible disk 29 is preferably formed of two separate |ayers, the
first |ayer ,ﬂs‘ﬁd] 1S erqt?l%o%th famgeRancceli foapt as &bl y of the sane
open cell foamas the 5 conpressible disk 28. The second | ayer 31, distant
from thé tigenaresable diskdi%e, The speend fayer B 1otlisianiiftsa the tip bf theam such as
pol yethylene and is |l ess conpressible than the first |ayer 30. The

t hi ckness otfeedle,ds pesferably ay arclosed cell fefamh bicls ek golyethyehd ahdsPhsys to the

| ength of the needle 13 so that when .
(- compressible than the first layer 30. The thickness of this second layer is
carefully selected with respect to the length of the needle 13 so that when
the tube 6 is lowered over the needle, the needie penetrates a
10 predetermined amount into the tube 6. By accurately controlling the eXtent
of penetration of the needle 13 through th.e lower seal 9 of the tube, the
extent of penetration of the needle 12 through the upper seal 8 can thereby
also be controfled. Thus careful selection of the compressibility and the
thickness of the two disks the fluid path ensures that the path from the
15 eluent inlet to the eluate outlet can be refiably established in a construction
process that minimises the extent of radiation exposure to which the
generator is subjecfed. For example, both discs may consist of a 12.5 mm
diameter cylinder comprising a 8 mm long cross-linked polyethylene closed
cell foam of density 45 Kg/cubic metre laminated to a 16 mm long polyether
20  semi-open cell foam of density 30 Kg/cubic metre.
| ~ Thus, with the embodiment of the radioisotope generator

described above, the constructional elements of the generator can each be

rendered sterile and confined to a sterile environment during construction.




the tube 6 is | owered over the needle, the needle penetrates a io '
predet erm ned anmount into the tube 6. By accurately cd2iSepleimberg00he extent
of penetration of the needle 13 through the |Iower seal 9 of the tube, the
extent ofywgeneidas i on of the needle 12 through the upper sealGBomaenat her eby
al so be controlled. Thus careful selection of the conpressibility and the

t hi ckness of the two disks the fluid pat,n3 ensures that the path fromthe is
eluent inlet to the eluate outlet can be teliably established in a '
construction process that mnimses the extent of radiation exposure to
which the generator is subjected. For exanple, both. discs nmay consist of a
12.5 nm di fuethermoye,icuting comstruciom éhea ralioactivenyateriad svhich ke donfined

pol yet hyl ene closed cell foam of density 45 Kg/cubic nmetre lam nated to a

16 mm | ong pRihirekReaElstDiubenis el nttsducddogttheferdiedtehé YoRSrlieHarbi ¢ netre.
Thus, with the enbodi nent of the radioi sotope generator described above,

the const T uphoQa el dRiciming s ARNSHGH Bkocde HRARg RBnshieis.ed sterile

and confine sterile envir during construc R
Y e - 12 Septenber 2006, WO 03/ 088269 ..

pr Gaoai 0sbIRFeoRr. s cPRERElan PRsRRR siu e Medtbe/e RRIRass snctieye
material, which is confined wthin a sealed tube, is only introduced at

the end of {eiatlyRanReeted & the)flyiddsth of the poneialenyi Rurtherand r adi ati on

exposure during construction. Mreover, this construction process ensures
t he tube i saitetnaiivededtusesiof theFadidisaibpe gemenator add vdthehprddessdfpat h of t he
generator. Further and -

construction of the generator are envisaged without departing from the (

scope of the present invention as claimed in the appended claims.

10




_-ai-ternative features-of the radioi sotope generator and of the process of
construction of the generator are envi saged w t hout dej2&ehiemyerf2008n t he
scope of the present invention as clained in the appended clains. 10 I"_ 12

Sept enbe 03/ 088269 PCT/ GB02/0560-t 17 CLAI M5 i for
pr oduci néﬁ%%ﬁﬁg% containing a radioactive constituent, %ﬁgkﬁgj?j?éf

conprising 5 a shielded chanber with an gpening for receiving an isotope
cont ai ner housing a radioactive isotopeﬂ7a chanber cl osure adapted for
cooperating with and closing the chanber opening; a first fluid port
conprising a first hollow needle projecting into the 1o shielded chanber
fromthe chanber closure for fluid cgpapaecation with the isotope
container; a second fluid port conprising a second holl ow needl e projecting
into the shielded chanber fromthe closed end of the chanber opposite the
chanmber closure for fluid comunication with the isotope container; 15

o O b i EBRh e S ehu b o) 2
provi di ng atnheoc%veiée ggrgp%gi%gf or contact with opposed ends of the isotope
5 a shielded chamber with an opening for receiving an isotope
container housing a radioactive isotope;
( | a chamber closure adapted for cooperating with and closing the
chamber opening;
a first fluid port comprising a first hollow needle projecting into the
10 shielded chamber from the chamber closure for fiuid communication with
the isotope container;
a second fluid port comprising a second hollow needie projecting
into the shielded chamber from the closed end of the chamber opposiie the

chamber closure for fluid communication with the isotope container;

15 first and second compressible buffers mounted so as to surround at

ortiny

least partially the respectiVe first and second hollow needles, each buffer
providing an outer surface for contact with opposed ends of the isotope
container; and
a spacer of a predetermined thickness associated with one or each
20  of the first and second compressible buffers for determining the positioning

of the isotope container within the shielded chamber.

2. Adevice as claimed in claim 1, wherein with the chamber closure in -




container; and a spacer of a predeternined thickness associated with one or
each 20 of the first and second conpressibl e buffers fogeptatber2toai ng t he
positioning of the isotope container within the shielded chanmber. 2. A
device aswg@l§®doi N claim 1, wherein with the chanber. cl oggF8pddhsdex

Sept enber 2006 WO 03/088269 PCT/ GB02/ 05604 18 place in the chanber
opening, the first and second hol | ow nee,fiéaes are fixed in position at each
end of the shielded chanber. 3. A device™as clainmed in any one of the
preceding clains, wherein the s spacer is provided with the second

_conpressible buffer at the closed end of the shielded chamber. | 4. A
devi ce as clpiacesid the chaynlmereopeiningdhe fiestenicnsparinal hsljowheedies atdne nat eri al
of the first and second conpressible buffers is a sem -open cell to foam

5. A devi cefiggd o pbBRiBnit etk ditFoltheldhtel@égedhiterc! ai ms, wherein the
material of the spacer is a closed cell foam 15 6. A'device as clained in

any one of the preceding clains wherein the device is a radioisotope
generator. 7. A device as clained in any one of the preceding clains,

wherein opposin nds of the isotope container each includes a frangible
seal 20 ad&pt ed%&e\ﬂgeﬁseql@%ecﬁv %fﬁﬂo?%o PrRCEAmY FRENS. ginithe first

and
5  spacer is provided with the second compressible buffer at the closed end of

the shielded chamber.

4. A device as claimed in any one of the preceding claims, wherein the
material of the first and second compressible buffers is a semi-open cell

10 foam.

5. A device as claimed in any one of the preceding claims, wherein the

material of the spacer is a closed cell foam.

15 6. A device as claimed in any one of the preceding claims wherein the

device is a radioisotope generator.

7. A device as claimed in any one of the preceding claims, wherein
opposing ends of the isotope container each includes a frangible seal
20  adapted to be pierced by and to seal around the respective first and

second hollow needles.

8. A device as claimed in any one of the preceding claims, wherein the




g second hol | ow needl es. 8. A device as cl-ained in any one of the preceding
clains, wherein the 12 Septenber 2006 WO 03/ 088269 PGE/Iep@abershos 19
i sotope container is an ion exchange colum. 9. A device as clained in any

one of tReyRYGGESEH Ng clainms, wherein the first and secongf:?@ﬂ&%vﬁﬁaztedl es

are each connected via associated fluid 5 conduits with a and a
fluid outlet respectively. 10. A device as clained in claim9, wherein the
fluid inlet and the fluid outlet each 9nsists of hollow spikes. to 11. A
device as clained in either of clains 9 or 10, wherein the device further
i ncludes an outer housing within which the shielded chanber is |ocated

wher ei n t heisblopeccdriaiaber &ngan iditetdHtngesilngh, are nounted in the outer
housing to provide fluid connections external to the outer housing. is 12.

A device as clainmed in claim11l, wherein the fluid conduits each consi st
of flexible tubing which is greater in length than the distance between

t he hol | ow needl gs, and t hej spective fluid inlet or outlet. 13. A device

as claimed ¥n clAdRvEs a %\ﬁ‘?r'@?ﬁ 'f)ﬁBVPr'@ﬁfﬁh%Pf%ﬁﬁ%p gleinaa.cwhersin thayi d

conduit is jn length at |east twice the distance between the holl ow

needl es andehand 3?@@%5@['% needlas arsleacharonmectast viaessogiated floid of

constructl ng a radi ol sotope generator conprising the 12 Septenber 2006 20
5  conduits with a fluid inlet and a fluid outfet respectively.

( 10. A device as claimed in claim 9, wherein the fluid inlet and the fluid

- outlet each consists of hollow spikes.

10 11.  Adevice as claimed in either of claims 9 or 10, wherein the device
further includes an outer housing within which the shielded chamber is
located wherein the fluid inlet and the fluid outiet are mounted in the outer

housing to provide fluid connections external to the outer housing.

15 12. Adevice as claimed in claim 11, Wherein the fluid conduits each
consist of flexible tubing which is greater in length than the distance

between the hollow needies and their respective fluid iniet or outlet,
13.  Adevice as claimed in claim 12, wherein the flexible tubing of each
20 fluid conduit is in length at least twice the distance between the hollow

needles and their respective fluid inlet or outlet.

14. A method of constructing a radioisotope generator comprising the.




steps of: providing a shielded chanber with an opening and a chanber

cl osure adapted for cooperating with and cl osi ng t he ©Sepleeberisedi ng;
providing a first fluid port conprising a first holl ow needl e projecting
into the shielded chanber fromthe chanber closure; providing a second
fluid port conprising a second hollow needle projecting into the shielded
chanber at the end of the chanber opposite the opening; nounting first and
second conpressible buffers so as to syrround at |east partially the
respective first and second hol | ow nee Oes, one or each of the conpressi bl e
buffers 1is associated with a spacer of predeterm ned thickness; thereafter
i ntroduci ng an i sotope contai ner housing a radi oactive isotope through the
chanber arpsiafig i nto the shi el ded chanber so as to contact with the second
hol | ow needl e and the second conpressible buffer at the closed end of the
chanber; andpriviggigragshididedsdmasibdeitic irmogimingand@odhatibenclogure béaptdtbiober

closure in the opening and bringing the first hollow needl e and the first
conpr essidabgerBitg vith ddﬂkﬂbsﬁ@ﬂh@@ﬁarﬁﬁérbpeﬁir&g i sot ope cont ai ner whereby the
spacer determ nes the positioning of the 1sotope container within the

shi el ded. conpzl Ay ks Auf SR daAbrisRg Gl NBfbw fbebleidbddhg iftdkidIer compri sing

the step of, prior to intro tion“of the 1sotope contdiner into the

shi el ded 0 WO 03/ 088269 PCT/ GB02/ 03604 21
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connecti ng e to’a first fluid conduit and connecting

the second Et%lvajdlcr)'l\év ans%%grllde ﬂutit? pgrt goeng[g‘%gngfal suelcgncf' I?oqlg\lf\lll nte'edle projecting into the

éhielded chamber at the end of the chamber opposite the opening;

mounting first and second compressible buffers so as to surround at least partially
the respective first and second hollow needles, one or each of the compressible buffers
is associated with a spacer of predetermined thickness; |

thereafter introducing an isotope container housing a radioactive isotope through
the chamber opening into the shielded chamber so as to contact with the second hollow
needle and the second compressible buffer at the closed end of the chamber; and

closing the shielded chamber by positioning the chamber closure in the opening
and bringing the first hollow needle and the first compressible buffer into contact with -
the isotope container whereby the spacer determines the positioning of the isotope

container within the shielded container.

15. A method as claimed in claim 14, further comprising the step of, prior to

introduction of the isotope container into the shielded chamber,




: 16. A met hod as clained in-claim15, further conprising the step of, 5
- prior to introduction of the isotope container into tht Shiesbdeatogont ai ner,
| ocating the shiel ded container within an outer housing and connecting the

first flwelopsuaeksit to a fluid inlet in the outer housi ngp%q,yh];d%.@gcond '
fluid conduit to a fluid outlet in the outer housing. to I7. A'nethod as

clainmed in claim116, wherein the first d second fluid conduits are each
of flexible tubing which is greater in ngth than the distance between
the first and second hol I ow needl es and their respective fluid inlet and
fluid outlet when the chanber closure is in place in the chanber opening
and the shl@Jt’tmattﬁgéheéiu’snmllpmeecbawavﬂrsﬁlundtdwduﬂtaad comnlaoting fige wher eby
all fluid connections can be established prior to installation of the

i sot-ope condariondrholicihheedlbao shésdoeichuid 25Bauit.

16. A method as claimed in claim 15, further comprising the step of,
5 prior to introduction of the isotope container into the shielded container,
locating the shielded container within an outer housing and connecting the
. ( ~first fluid conduit to a fiuid infet in the outer housing and the second fluid

conduit to a fluid outlet in the outer housing.

10 17. A method as claimed in claim 16, wherein the first and second ﬂuid
conduits are each of flexible tubing which is greater in leﬁgfh than the
distahce between the first and second hollow needles and their respective
fluid inlet and- fluid outiet when the chamber closure is in place in the
chamber opening and .the shielded chamber is positioned within the outer

_ 5 housing whereby ail fluid connections can be established prior to

installation of the isotope container within the shielded chamber.




