RADI ONUCLI DE GENERATOR AND METHOD OF STERI LI ZATI ON BACKGROUND 1. Field
Aspects of the present invention relate to a radionuclide generator having
a col um wezerisysshat may be termnally sterilized w t lrowiuskévs/002998

i ntroduction of excess noisture. 2. Discussion of Related Art Radionuclide
generators include a columm that has nedia for retaining a |longlived parent
radi onucl i de that spontaneously decays into a daughter radionuclide that
has a relatively short-lived life. The-&olum may be incorporated into a
colum assenbly that has a needle-like outlet port that receives an
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including the columm itself. This quuid nay el ute and deliver daughter

radi onuclide fromthe colum and to(g ated vial for subsequent use
in nucl ear nedical inmaging appli cdtad ﬁg; g other uses. One exanple of a
generator ig shgyggand descri bed |n uU. S Patent No. 5,109, 160, owned by
Lant heus Medical | nmag |ng I nc. d which is jncor orat ed R reference
herein ih its erftpet9f theprepent I"ZS‘E‘!OGHe'?@t%Bﬁaé“Qi‘é‘ g egef‘%’a@é é’r‘%ﬂ‘?y per f or med
on radi onuclofen &@&%]?Elﬁ’f tha} B@ﬁenﬂfn@lly‘ §8dliZed wWithButTRElin€rdludtidA dbéNckss
Sterilization may be perfornmed by exposing a columm assenbly of a

radi onucl | deoigigffer at or, having a col um | oaded with parent radionuclide, to
a saturated steam envi ronrrent. During this process, liquid that resides in
t he col um assenbly, including the colum and tubes that extend between the
colum and Z.he iDibaussiamdf BelatedtArsorts may be heated to vapor form (e.g.,

st eam Kill =Yy ) t uded at

t he out?(fe)t port%{% Ogl:'?] aggﬁét %ﬁtg{sﬁ%a?%troduc ?%tnho \égiaefg{ﬁé"gﬁ%é]%%el ease of
vapor s fr onhivieti pareol radinnigtlide thgt $poetagemsiyldegays indma gaupbies sadichyclilegbaidged i n

U S. Patent t~may, b ucl i de
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sterilized that has a needle- llke outlet port that receives an evacuated vial to draw saline or other

eluant liquid, provided to a needle-like inlet port, through a flow path of the column

15  assembly, including the column itself. This liquid may elute and deliver daughter
radionuclide from the column and to the evacuated vial for subsequent use in nuclear
medical imaging applications, among other uses. One example of a generator is shown
and described in U.S. Patent No. 5,109,160, owned by Lantheus Medical Imaging, Inc.,
and which is incorporated by reference herein in its entirety.

20 Sterilization to some degree is generally performed on radionuclide generators
that are used in the medical industry. Sterilization may be performed by exposing a
column assembly of a radionuclide generator, having a column loaded with parent
radionuclide, to a saturated steam environment. During this process, liquid that resides
in the column assembly, including the column and tubes that extend between the column

25  and the inlet and outlet ports may be heated to vapor form (e.g., steam) to kill and/or
inactivate contaminants. A vent may be included at the outlet port to allow both the
introduction of steam and the release of vapors from the column during the sterilization
process.

As discussed in U.S. Patent No. 5,109,160, it may be desirable to provide a

30 radionuclide generator as a terminally sterile product — that is, a product that is sterilized

in its final container, or at least that is sterilized with the flow path between the inlet port,

the column, and the outlet port assembled in its final form, including any vented or non-



inits final container, or at least that is sterilized with the flow path
between the inlet port, the colum, and the outlet port assenbled in its
final forwp2oneisedsng any vented or nonvented caps over PCmasszonvmv29ahd
outlet ports. This may be contrasted with aseptic sterilization where at

| east some of the individual conmponents that make up the flow path between
the inlet port, the colum, and the outlet port are sterilized separately
and subsequently assenbl ed t oget her. SUMVARY Provi di ng a vented outl et
cover at the outlet port of a columm assenbly durin terilization, instead
of assenbl i vegted capspver the inetand putdat pertse rThis pay P‘b‘iﬂmrﬁ%‘fpsﬁgﬁ‘ BBUGr oduct

achi eve t ergl il Widrd hdédsi Ve R iAHRldusABpbASthaGRI@ LB dhe foWpaRr , t hat

vent ed outl et covers nay, In sonme Instances, provi de an entranceway to the
f1 ow path oOfetweendhaintet pert dhregojunim and heentietportiagsterilizad ssppiately # presence of

a filter at nt MHaNGoctfer@ vented outlet cover. In fact, the
appl i cant o%é%ﬁvéénglytaﬁ%&%a flg%et eerr' on a upwardly facing vent opening has

provi deds a surface on which condensate may accunul ate during or after steam
sterilization. The accunul ated cond py@s found to breach the filter

and enter the colum assenbly flow path, 1n sone cases, and to be the cause
of reductions i rPrpvidiigatvehted eutlet caver atshaioutishpat 6 ajodyraryassemblyiduringadi oact i ve

integrity (i.e.,.colu assenblies emttin | ALl t hat
exceeds a t?ﬁ‘f’@?ﬁ%‘?'}j "]Sgeg%f)fa,‘sseg"%l&g 4°6P Bééodﬁc%ﬂgﬁt?gﬁéﬁ%e’ mel% éra%ljgg%tti ons,
until the pichkeatermimabnérilazationserhe applécapl lais dsdovieord, hawavsrt, that gentedi awglet o one
aspect, a columm assenbly of a radionuclide generator Ingl col um
having &h i FRVEFI"HP E‘osﬁfnﬁi'?f?%{jesap%tﬁifG%e?tbafnc?‘g?ygt?rtllilenﬁg)o“ép%}grolggﬁ?%%@a par ent
rT ﬁdl on:Jcl | dgyséritsl lfd}mfﬂd.'ufte% liguiti &leagiie\rd presdnos ofd filedt taughipeningdizonucl i de.
e colum asse y inc s an injet port in flyid comunigcati on with the
interior of i OGHFttﬁ?ﬁerax'H?a&h%tﬁpP FaniSErVF &'f" %Hhﬂé’BrﬁﬂRFﬁa (g)f faSWg\Xie?th t he
interior of,llmehal pavided BSurfuet BAMWhARLOAdUNYaté MG Helamuite/@itingopefiirng t hat
provides fluid access to the interior of the colum via\%l out | et port.
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anot her aspect, a nmethod is gr ovi ded for producing a_.termnall yg@_e,ri | e

col unm asseprofyct bife Ges el Fiepry) gechisrradisactive iteehipt (6o CBMEAFSERIHY ovi di ng
a emitting an amount of radiation that exceeds a threshold level), prior to product
shipment. These reductions, until the present invention, were unexplained for years.
According to one aspect, a column assembly of a radionuclide generator includes
20  acolumn having an interior containing a medium for retaining a long-lived parent
radionuclide that produces a relatively short-lived daughter radionuclide. The column
assembly includes an inlet port in fluid communication with the interior of the column
and an outlet port in fluid communication with the interior of the column. The column
assembly includes a vént opening that provides fluid access to the interior of the column
25  via the outlet port. The vent opening is configured to provide fluid access and to prevent
condensate from entering the vent opening or outlet port.
According to another aspect, a method is provided for producing a terminally
sterile column assembly of a radionuclide generator. The method compriseé providing a
column assembly of a radionuclide generator that includes a column having a long-lived
30  parent radionuclide that produces a relatively short-lived daughter radionuclide. The )
column assembly also includes an inlet port in fluid communication with the column and

an outlet port in fluid communication with the column. The outlet port includes a vent



colum assenbly of a radionuclide generator that includes a colum having a
| ong-1ived parent radionuclide that produces a relatively short-1lived
daught er wadnmmsed43de. The col utm assenbly al so i ncl udegcarnuseommd2oport in
fluid communication with the colum and an outlet port in fluid

comuni cation with the colum. The outlet port includes a ventopening that
provides fluid access to the colum. The columm assenbly is positioned in
an orientation with the vent opening faéirng downwardly to prevent
condensate fromentering the vent from above. The colum assenbly is also
exposed to ¥reBHthay proyidss flpidagedss i thaedwnai Floe ecdurar agsembly ispositicnadindi ment s,
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vent opening. The outlet port nay e structure and the outl et
cover may inidringghevept Bowabbve Therbluameassembly isalseiexpased tresteapefdr e structure
of the outlglpatidy !N sone enbodi ments, the outlet cover includes a body
portion and a renovabl e cap. The vent opening may be defined as an annul ar
space bet ween t hccoslingtahil kas apmendbodimeirs ey optieticowar at Rast paddiahigcdverss one
enbodi nent s

ilter is in the outlet cayer. The filt.er be bacteria
retentive, Bg g%tﬁeé P%’S a't“%mgfgﬁ%s tg%%] RIS %Iﬁ’@tl?tipf)fté’?ayrfﬁﬁ)u%?'%@let i oned at
t he vent opsmcte andahosdiengpveomap ineludeh pitrazatle smenmbrdniclthiat Fecoivys the posi ti oned
between and in fluid c ni.cation with the. outl et rt and the columm. In
sone enbodi '}?Sﬂlf@%ru‘itwg O?ﬁigléj’t"ﬂ?)td’roft E&?P"beee"é@gég‘gﬁtsoﬁ@ "E‘ﬁ&trﬁoﬁfft'g‘?lﬂfges 8f a
shi el ded pasiggertiohahd & aRivaBIe chf ETIEONeHBpeAmE ANHYI bE defiistaR @nKidrepRtel S
i nsi de of the shiel ded ckageBéTQe col um assenbly nmay be provided in

combi natd orPSWeeR theremonable cappn gPOROB) ug nay be renovably attached to

the inlet port tAccbidaptolsbiit BmBodTHdR: GtlilteP ik ih theldd@led VAL THRMTHtef MAHAN
at nosphere outside of the colum assenbly, according to sone enbodi nents.

The medi um FaRteriRp ECtebiverASCording it eqmpnbadimsnisa, Thedidtsr mryBe pesitiapsg at the
enbodi ment Syendfjenfmg! UMM assenbly may be provided in conmbination with the

| ong-1ived parent ) )
According to some embodiments, a filter may be positioned between and in fluid

15 communication with the outlet port and the column.

In some embodiments, the inlet port may be accessible from outside of a shielded
package that receives the column assembly, when the column is inside of the shielded
package. The column assembly may be provided in combination with the shielded
package.

20 A plug may be removably attached to the inlet port to block fluid communication
to the inlet port from an atmosphere outside of the column assembly, according to some
embodiments.

The medium in the column may include alumina, according to some
embodiments.

25 The column assembly may be provided in combination with the long-lived parent
radionuclide and the relatively short-lived daughter radionuclide, according to some
embodiments, and the long-lived parent nuclide may include molybdenum-99 and the
relatively short-lived daughter radionuclide may include technetium-99m.

According to some embodiments, a plurality of column assemblies may be

30  exposed to a steam environment at a common time for one or more sterilization cycles.
In some embodiments, exposing the plurality of column assemblies to steam for a single

sterilization cycle results in an amount of remaining liquid that varies by 5% or less



radi onuclide and the relatively short-1lived daughter radionucli de,
according to sone enbodi nents, and the long-lived parent nuclide may

i ncl ude mebyboersww99 and the relatively short-1ived damghmtuseomadisenucl i de
may include technetium99m According to some enbodi ments, a plurality of
colum assenblies may be exposed to a steam environnment at a common tine
for one or nore sterilization cycles. In sone enbodi nents, exposing the
plurality of colum assenblies to steanffor a single sterilization cycle
results in an amount of remaining |iquid that varies by 5% or Iess(relatlve

standard dety¢lativestandard devatinm. Bngibeficmbadinentsxpdesingthepirplity eheal¥nof col um
assenbl i es és@erﬁtﬂ%@ §Qn foMBve t@lrll'iﬂahgﬁ"&)lc% r&Nf ﬁnsanraﬁl%u}nto? réaifig Hghdnt  of

remai ni ng |1 qui at varies by % or less (relative standard devi ation).
Accor di ng t@amdﬁml%pe'@ss (rQiatUGIS@nﬁaréslS‘emny of a radionuclide generat or
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provide a term ster e co asse et cover
has a vent xapxenuqitget T oypleoportdissn ﬂhldlcdrrmm@ssort wntln the coblhunmnd ancbvetedt

prevents th n f raV|t driven liguid snsat.e oduce a
col um asse g?ﬁ‘fm§%55|sfeﬁ%?'dea an?l ﬁﬂﬂ%a& mna§% e pIrorevents
m gration o‘ien&ﬂroeﬁét cbaﬂihas\meéntdﬁerﬁNWatfﬁrmméshmnd:adcmo thﬁccohundu angd thad anot her

aspect, a columm assenbly.of .a radi enerator includes a | umm and
o out i o poPTeeREEER St eGSR bR REE b et MR B Bar ont
radi onucl i %aﬁd@aﬁlstaftgwxﬁms Bigh6hel hndehyt pshents nigraaéh ipagdit exdidhaclidenucl i de.
The outl et {&P is.in fluid commnication with the colum and is covered
with a vent ¥YJRM B ce r to provide a termnally sterilizable colum

assenbly. Means @Jc@rdﬂ’fg?‘é'aﬂ@cﬂeﬂd@p&f AQUBNIm A€eniIPbLSRdRhudide Seheratdl | ven
liquid to produce a col umm assenbly t hat consistently exhihits high yield

and that pri@cfess sofumandsn aytletperte dihe celymphat? ma@umS/reF%ﬁg # @8tol um.

Accor di pg 1ty APaRnEABBAHNTRB Rt p%ﬁ@ce@ﬁ@&&nﬁ%’@iﬁbhﬁﬁléd Baughfdt rRARPOLING. t hat
provides fluid access to the colum and that prevents the ingress of
gravi ty- dr i Vesrputletperids in fluid communication w1th the column and is covered with a vented

outlet cover to provide a terminally sterilizable column assembly. Means are provided to
prevent the ingress of gravity-driven liquid to produce a column assembly that
consistently exhibits high yield and that prevents migration of parent radionuclide away
20 from the column.
According to some embodiments, the means comprises a vent opening that
provides fluid access to the column and that prevents the ingress of gravity-driven liquid.

The vent opening may face toward the column, according to some embodiments.

25 BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing. In the drawings:
30 FIG. 1 is a cross sectional view of a column assembly, according to one

embodiment, that includes a flow path extending from an inlet port covered with a plug,



The vent opening may face toward the columm, according to some enbodi nents.
BRI EF DESCRI PTI ON OF DRAW NGS The acconpanyi ng drawi ngs are not intended to
be drawn wo 28mal320431 n t he drawi ngs, each identical or neamTus2ecdenpgal
conmponent that is illustrated in various figures is represented by a |ike
nuneral . For purposes of clarity, not every conponent may be | abeled in
every drawing. In the drawings: FIG 1 is a cross sectional view of a
colum assenbly, according to one embod? rrent , that i ncludes a flow path

extending froman inlet port covered with a g,through a colum, and to
an outl et péreughaseluad Wdttﬂ a&ﬁ“%tPP'éPO‘t?&ﬁe‘f“ﬂhﬁ\/?‘ﬁﬁt %f"’\‘/'(e'i‘ﬁ""tgc?n‘fqnbur ed to

prevent thecdn@ig{"%gg)lg}gvénltgféllygreslgloﬁlqlgdshovvs portions of the colum assenbly
of FIG 1, configured charging of the colum with parent radionuclide.

FIG 3 is a crodsdGs2ehavsmertians efithsicolumpensseablyneit F16x 1.ccoptigured for chargingt
openi ng O”gf’thggnﬁﬁr%l Rﬁtﬁ‘bﬁﬁht ,tagi%nﬁ(ﬂggess of i qU| d from above, according to
t

one enbodi nen i's a cross sectional view of the colum assenbly
shown ins FI G 1,FlGs3évbiress seetionalavionptd ventedpmtkicqpeer WG veht opemg el ut i on

of 101 enct e fols Bl ASRETR AR AR B R RIS A QYD 1 & vent

t hat opens upwar t exc an upper for emtted
radi ati on. Fl Gs.FIGA4 &edcr6483 sshmwlowvunﬁthasslemmlaysenrbbi showh imbiGstlur e | evel s
recovered fromglo% gmaahﬁge ac s that were found to exceed an upper
threshol d 1 TRPTOFOMER T ed Fath®Sti on and for col urm assenblies that did
not exceed the ufipes slt\dWs&Sllﬂﬁinbeﬂimmciesff@TcoEli’n’htets&]lnb‘l'&dhﬂtiitg)eﬂvenﬁd@utl@t shows

change in colum. asse ht s ur| St ea terili col um
assenbl its FAYS Wﬁl?@@?ﬂ%%?"ﬁggwﬁﬁd cgtg &Fﬁ‘\ﬁ%ﬁ?&??" URB° I’@H(B {fé’ﬁange in
col um assegmhited Yoliagibh.s durl ng steri I i zation for columm assenblies having

vent openi ngs or| ent ed to ven the ingress of ljquid. FIG ows
change in col um® Oi“’ﬁ'b?ﬁs?f@ W’%L’?@Eﬂ‘ﬁ \%el%teé%‘fﬁredspom

sterilizati @igmh Qs'senﬁgl'nédmﬁht %&eﬂ&bﬂxd R%xbeddial dppee MreSHORIiRE for @miigsat ed
upwardly. radiation and for column assemblies that did not exceed the upper threshold limit for
15 emitted radiation. -

FIG. 7 shows change in column assembly weights during steam sterilization for
column assemblies having vent openings oriented upwardly.

FIG. 8 shows change in column assembly weights during sterilization for column
assemblies having vent openings oriented to prevent the ingress of liquid.

20 FIG. 9 shows change in column assembly weights during two consecutive steam
sterilizations for column assemblies having vent openings oriented upwardly.

FIG. 10 shows change in column assembly weights during two consecutive steam
sterilizations for column assemblies having vent openings oriented to prevent the ingress
of liquid.

25
DETAILED DESCRIPTION

Broadly speaking, a radionuclide generator includes a column that retains a
parent radionuclide which spontaneously decays to a relatively short-lived daughter
radionuclide. The column may be incorporated into a column assembly that includes a

30  fluid path extending from an inlet port, through the column, and then to an outlet port
_ from which daughter radionuclide may be delivered for use. The column assembly is

typically positioned within a shielded package. Some aspects described herein provide



FIG 10 shows change in colum assenbly wei ghts during two consecutive
steam sterilizations for colum assenblies having vent openings oriented to
prevent twe 2origisews of |iquid. DETAI LED DESCRI PTI ON Br oadiryussmeaiiog, a
radi onucl i de generator includes a colum that retains a parent radionuclide
whi ch spont aneously decays to a relatively short-1ived daughter

radi onuclide. The colum may be incorporated into a colum assenbly that

i ncludes a fluid path extending from an®nl et port, through the col umm, and
then to an outlet port fromwhich daughter radi onuclide may be del i ver ed
for use. Thiorinprgnsd ratsatdomofyparest tagﬂmnefgldwn §PlPF’6ﬁ’€Hf%a€‘WPWV8 shigldineded

package. ~SoRyASMSGh orASE! TRSCha) Bt b 85\ Bhtig TUMURTLERRY Y o1 Of

parent radionuclide inh the co where ‘radi oactive shielding iS typically
t he great esmannphihat myerwhemmpf liqvids dyying stenilizagiom yeothatrallowsfutid y in a

manner t hat ﬁh&‘ng% Eﬁe&xﬂ%n &%tfr‘e?%aﬁ’érs"rﬁlk"nﬂ'ﬁm‘?%dgf}gha%tlfﬁfebén%@%de?s"hqrd&t t hat

allows for t ange o st eam and/ or er vapors intu
reliablys pr&umibeingiweslgcdditqppdions ofth edlugn ammbbrusueu as porgons ¢f¢hesintsf t he

col um_assegbl g AHER A5, ARL LIRS, BF kD8 1Dt AT UL L el LiDRS where the
G Tu B blsPOSe BB e o B o Rk 06

presence of excess pr ovi m gration of
r adi onucl i dmwaﬂddemgaﬂpeof&dmhudlide Dtthneastpiecmofteb atventian mkatettabélgabkyr eventing
excess noisture fromco ich may adversely

i npact col uPRSVEHE %ne’éﬁeﬁsym%'ﬁt&rﬁ p%a C?%esﬂé‘éu%raabfﬂ“ ‘P%ic%’r‘maavf}ymt Kt @Y r adi onucl i de.
Par ent radi advestlyd@pac cblymhmaémiytrpam/lemteﬁ rédllcéd gieldwiidaughted ridistudliddhar geh
where the radi onuclide sele t.ive bi nd |a i l e the
(o 6 o gt o BaremRignieis DRI OYRe Rt a1 Rkt et

assenbl y. Déﬂloﬁ@clﬁi% 8éledtiveBlbini té hram in ﬂleaﬂluﬁmﬁhﬂlégl@e idid CRPEE B drdwi ough t he

vented out | cover bet ween eat % resi dual ch g%ﬂi flud re5|d|ng in
Lhe. col um BEu efoquem Ah @A RE 2 SAPTR FESERD ngsiesibizgtion hege is

sterilizatisexchaEB8F vaperyl thtligh iR CRRKIRHCROAG S5ctwidnHeatb®! rk S
sterilization, steam my condense about a column assenbly and may enter the

col urm assef3rajng fuid residingin thewgodurm agsemblyflost pagvand thexspiuspied pleaip presentt o
prevent | hejy NGBS S chgh B! tD(mqé 'tﬁé%oin'n&?}bgpss thﬁtei%m)\tv& QGrilAusx Glam | 1 qui d

in the colum assenbly flow path.” Excess Tiquid may reside In the
col umm or omAefondeRseia o1t asplupteassanghly Mmamﬁe@v@m axsereblypasdiquisad out | et

through an outlet port (absent features to prevent the ingress of gravity-driven liquid),
resulting in excess liquid in the column assembly flow path. Excess liquid that may
reside in the column or other portions of the flow path between the inlet port and outlet

20  port of a radionuclide generator column assembly may provide a path along which parent
radionuclide may migrate. Migration, in some instances, may occur to areas of a flow
path that are shielded to a lesser degree than the column itself, which may result in
radiation being emitted at a level that exceeds a threshold level. Aspects of the invention
described herein relate to controlling the moisture content of a column assembly during

25  and/or after steam sterilization so as to prevent excess liquid in the flow path of a column
assembly, along which radionuclide may migrate.

Excess moisture in the column or column assembly of a radionuclide generator
may result from the entry of liquid into the column assembly during or after steam
sterilization, and may adversely impact column chemistry, resulting in reduced yield of

30  daughter radionuclide. Aspects of the invention relate to controlling the amount and/or
phase state of moisture that may enter a column during or after sterilization to promote

the production of a high yield radionuclide generator.



port of a radionuclide generator colum assenbly may provide a path al ong
whi ch parent radionuclide may migrate. Mgration, in sonme instances, nay
occur to wpean/Bto4a fl ow path that are shielded to a | epsgrusdegnemos han t he
colum itself, which may result in radiation being emtted at a | evel that
exceeds a threshold | evel. Aspects of the invention described herein relate
to controlling the noisture content of a colum assenbly during and/or
after steamsterilization so as to prevént excess liquid in the flow path
of a columm assenbly, al ong which radi onuclide may mgrate. Excess noisture
in the col um orlt @@nyinstapessdhinpy beflesirabladn pravide Pd@lg@ﬁ@%ﬁemramwar Bsul t
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fl ow path ofolihe 12 RAvIREa a.a&errblaud tthlmmmy mwedtéu 4tloRe Eldreraf $nle ignitially
FIG 1, one enbodinent of a colum assenb 10 of, a_radionucli gener at or

i s shown. THY ahrigaRORdE dhipyah aI‘G“iehE‘l%]&&‘déCB@BElHﬂe 1% r?fawwalyw?em a 13 and

that is fluigdly, t‘l‘q@'ﬂﬂ&%ﬁ‘h%d@ﬁh‘? @m {Par@BadhtbGlredRith a pthe@ndrf L£Raxge port
16 through an inlet Tine 18 and a charge I'ine 20, respectively. As shown,

the inlet pefrt 2@watag¢mwaﬂag@5dbu@ly réthaneluapicrent 2y s pesitionedipdigeqtt tgthe 2, 24, A
vent poq; 2@ J:tt E@rrt 1&%%‘\44& Cnﬂto t?orf %l’Uv‘fHe f \)%fn aaﬁal%k H&HE o cq{?z;nt g&nfeéted

posi tioned adjacent’ to t et o -1 may, | n operation, provide a
vent to a vioahe ifet bm,tabéesmlb%d ingrates detadbered- t o the inlet port, as

described in gr eﬁ%e%%lu%a%émﬂ?? & LIEO includes an outlet port 30 that is fluidly connected
to the bottom of the column 12 through an outlet line 32. A filter assembly 34 is

incorporated into the outlet line, and the outlet port 30 is covered with a vented outlet

20  cover 36 that also includes a filter, as described in greater detail below. Various aspects
of the illustrated embodiment of the column assembly are described in greater detail in
U.S. Patent No. 5,109,610 (Evers), owned by Lantheus Medical Imaging, Inc, which is
hereby incorporated by reference in its entirety. Additionally, column construction
materials and operation are described in U.S. Patent Nos. 3,476,998 (Deutsch) and

25 3,774,035 (Litt), each of which is also hereby incorporated by reference in its entirety.

Manufacture of a radionuclide generator, according to some embodiments,

includes charging the column with a parent radionuclide after the column assembly has
been assembled. This may be accomplished by providing a vial or bottle that includes a
parent radionuclide, such as molybdenum-99 (Mo-99) in solution, to the charge port 16.

30 The Mo-99 in solution is then drawn to the column, either by applying a vacuum at the
outlet port 30 or by driving the fluid to the column under pressure provided at the charge

port 16. The parent radionuclide in solution passes through a medium 13 in the column,



The col umm assenbly 10 al so includes an outlet port 30 that is fluidly
connected to the bottomof the colum 12 through an outlet line 32. A
filter aswoertbioy13343i s i ncorporated into the outlet |inepcani$2eomomos | et
port 30 is covered with a vented outlet cover 36 that also includes a
filter, as described in greater detail below Various aspects of the
illustrated enbodi nrent of the columm assenbly are described in greater
detail in U S Patent No. 5,109, 610 (Evérs), owned by Lant heus Medi cal

| magi ng, Inc, which is hereby jncorporated by reference in its entirety.
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daught er r aglieptHéGhirde porft Gafiet chhrghg iR PR Prév@AtmPratRn@Pkddidhudisee bl y
configured for charging the colum w th parent radionuclide. Having
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m gration of radionuc
sterilization.

The flow path of the column assembly 10, including the inlet port 14, inlet line

20 18, column 12, outlet line 32, and outlet port 30, among other features, may be sterilized
with the inlet plug 22 and vented outlet cover 36 in position, and prior to the column
assembly being placed in a shielded package 40 (as shown in FIG. 4). Sterilization of
the column assembly in this manner may provide for a terminally sterile column
assembly, given that no further manipulations of customer access points (i.c., the inlet

25  port and the outlet port) or internal portions of the flow path therebetween may be
performed subsequent to sterilization and prior to the radionuclide generator being
accessed by an end user. Alternatively, the column assembly may merely be assembled
into a shielded package to complete assembly of a radionuclide generator, as discussed in
greater detail herein, and readied for shipment.

30 According to some embodiments, sterilization includes exposing the column
assembly 10 to a saturated steam environment. This may involve placing one or more

column assemblies into a sterilization chamber, each assembly having a plug 22



back up the charge Iine 20 fromthe colum. After charging, a vented outl et
cover 36 may be positioned over the outlet port 30 (as shown in FIG 1).

Q her pl wye 2ardi3t@at ures, including a vent cap 38 posit ipomas2a9en29he

el uant vent 28, nmay be assenbled to the colum assenbly 10 prior to or
after charging the colum to ready the device for sterilization. The flow
path of the columm assenbly 10, including the inlet port 14, inlet |ine 18,
colum 12, outlet line 32, and outlet p8rt 30, anong other features, may be
sterilized with the inlet plug 22 and vented outlet cover 36 in position,
and prior teesitipaedoventhy inlsspostang opEpiadly gverdbivanhpet %%iaéﬁaéfﬂmﬁfh%‘!égge 40 (as

shown in Fl GeMg poshd %ci &»%?EHeQJ{ﬁg&f 8[1%. St ngnf%%ﬁﬁm e s@drififdidn TRNNEr MRY

provide for a termnally steri umm asse ?/ given that no further
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may nerely be assenbled .i.nto hiel,ded . ssqnbly of a
r adi onucl i d#PPEEHIFS acgrs{,%"lela%atﬁ)f@%a s’g‘godgel ﬁangﬁsg%t%géﬁna ngﬁthg%rgﬁuﬁe, aﬁlgnd r eadi ed
f or shi pnenpressheoaiuds,3gct @ cootinad odsadiprasitrs andstempérhiurcadssaimtedeithiae s

exposing the colum assenbly 10 to t urat st eam. envi ronnment .. .This may
i nvol ve pl aﬁt‘ﬁﬁte‘gﬁga"bfnvag%%ﬁw E%‘iei "?egjgolmn? Bsyghré’ &'l clhzzlng’talngﬁhaéhanber,
each assenbiypedwhichigizaionloti@r thapestuiatedBRAMANS aldolte used, @ theefibodin@nept i onal |y
over the vent port, 26, and a vented outlet cover 36 Ltioned over the
outl et gbr t SO0 spidtp 18 s irinochpiaueedeserdiet prisit i Asana b IR e
pressure of (dnifnAdATORIudsTnt/BE VERSEvER hriay b pogtbicadvéranPRIlal dutier, and
pressure are achi eved. According to sone enbodi nents, colum assenplies are

exposed to @nddgrothenaesgssodimanh i oS FERedigents: 35ress PANE MAYPFHNCP Y

at nospheri cqyrlde steSilibRicRe appreci ated that sterilization may involve various
conbi nati ons of tenperature and pressure values, such as conbi nations of
pressure and tenpeplimamssembbonpybeerieatadilugng steilizatiogtohedmietadhvi r onment , as

Stori |1 25t | ooRRide SO BENE BRI AR B onfone A5 gl RET 8 solumn.
enbodi ment sAegoedingto somgiembddimentshihe solaminlassemblol) maxbnorinted inestmilaped
herein. Ad divg)i/,(?%%alll_yy ’wi&{ni tflé &h16Mh assembly lower than other portions of the flow path, both
during sterilization and when placed in a shielded package 40 for delivery and/or use.
As shown in the embodiment of FIG. 1, the column 12 may be positioned near a lower
20  portion of a column assembly 10, such that any liquid within the system is directed by
gravity toward the column or portions of the flow path that are near the column, where
shielding of a shielded package is generally thicker. The inlet and outlet lines 18, 32
may be oriented substantially vertically or diagonally downward at all points, lacking
dips or horizontal sections that might otherwise trap liquid containing radionuclide after
25  charging, elution, and/or during sterilization. It is to be appreciated that the embodiment
of FIG. 1 shows but one configuration of inlet and outlet lines, and other others are also
possible, including for instance lines that are configured differently from that shown in
FIG. 1, but that are generally ramped downward toward an area near the column at all
points along their length.
30 During steam sterilization, residual fluid used in charging the column with
radionuclide is heated to a vapor form (e.g., steam) to kill and/or inactivate contaminants.

The vapor may be driven at least partially from the column assembly while steam also



conbi nati ons of plugs and/or vented covers may be positioned over the
inlet, outlet, and/or other access points, and in sone enbodi nents, access
poi nts nawyokelwumse@ser ed during sterilization. A colum assarskéog/onmys be
oriented during sterilization to help retain radionuclide activity within
the colum and/or portions of the flow path near the colum. According to
sone enbodi nents, the columm assenbly 10 nay be oriented in a simlar way,
typically with the col um assenbly | o} than other portions of the flow
path, both during sterilization and when placed in a shiel ded package 40
for deliversnantiesplummessemblysfiomnthq sitursied @menwnmeeffmﬁl'@hefte“!'ﬁaé'%o| um
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e
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assenbly, i W&Lé’gf lgégngt &?ltﬁ%(ﬂmaeﬂ itegtﬁ}eg ’froﬁlr\ghltzltﬂ Qon%Q}{éafeC}HWd‘r}p, among other

factors. The applicant has appreciated that while the flow of saturated steam both to and
from the flow path of a column assembly may prove beneficial in the sterilization
20  process, that the introduction of fluid in a liquid state, such as condensate, to the flow
path during or after sterilization may not be desirable. Steam or fluid in vapor form may
naturally flow to and from the flow path of a column assembly at equivalent rates and/or
equivalent amounts, such that there is minimal or no net change in moisture content of a
column assembly during sterilization. On the other hand, fluid that may enter the flow
25 path of a column in liquid form, particularly after the sterilization process, may not find a
way back to the external environment, resulting in a net gain of moisture content in a
column assembly subsequent to sterilization.
Embodiments of the vented outlet cover 36 may include one or more features to
prevent the ingress of fluid in liquid form, while allowing the ingress and egress of fluid
30 ina vapor form (e.g., steam). In one illustrative embodiment shown in FIG. 3, the cover
36 includes a vent opening 44 that faces substantially downwardly, such that condensate,

when driven by gravity, will not enter the vent opening 44, but instead be shed



during sterilization, no net change or a mninmal net change in the anount
of noisture in the colum assenbly may generally be desirable. Condensation
may occurwa0tos2@avi ronnent about the col um assenbly ®OTITS2000/002908N
tenperature and/or returns to atnospheric pressure after sterilization.
Such condensation may col |l ect on surfaces of the colum assenbly, and
particularly horizontal surfaces, such as the top 42 of the vented outl et
cover 36 (or equivalently the filter 37lof vented outlet cover 36, absent
cap 48 and top surface 42 as shown in FIG 3? Addi tionally or
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assembly and through which steam may pass from an environment external to the

column assembly, through the outlet port, and into the interior of a column assembly.

20 Whether an upward facing vent opening of a column assembly is exposed to
liquid during sterilization may be a result of the column assembly being positioned in
particular places within a sterilizer and/or by chance, as one of skill in the art is to
appreciate. In this respect, it is possible that column assemblies with upwardly facing
vent openings may be sterilized without the introduction of excess liquid. The

25 introduction of liquid to such column assemblies, however, may prove to be
unpredictable. In contrast, column assemblies having vent openings facing downwardly
may prevent or reduce the introduction of liquid and/or excessive moisture into the
column. According to some embodiments, the liquid content amongst a plurality of
column assemblies, after a single sterilization cycle, may vary as measured in standard

30  deviation by fewer than 0.015 grams, fewer than 0.010 grams, fewer than 0.005 grams,
or by an even lesser amount. According to some embodiments, column assemblies with

an average of 0.040 grams of liquid may vary in liquid content by 0.002 grams or fewer



illustrated enbodi nent, the vent opening 44 has an annul ar shape that is
defi ned between a body portion 46 of the cover and a renovable cap 48

posi ti onestoanioizeosbody portion. The cap 48 includes a | ipquius2emperdneabl e
top surface 42 that is positioned above the vent opening 44, when

assenbl ed, and prevents water fromentering the vent from above. Conponents
of the vented outlet cover represented by FIG 3 nay be acquired from
Filtertek, Inc. of Hebron, IL. It is td2be appreciated that FIG 3 shows
one enbodi ment of a vented out! et cover, and that other enbodi ments are
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single sterilrzation cyc qU|d cont ent
a 75% reduction, or even greater than a 90% reduction as compared to column

assemblies that lack vent openings that face downwardly (e.g., that have vent openings
20 facing upwardly).
The cap 48 of the vented outlet cover shown in FIG. 3 is configured to be
removable from the body portion 46 of the vented outlet cover. As shown, the cap 48
includes tabs 35 that mate with corresponding features of the body portion 46 to hold the
cap in place. Removable caps may be configured to mate to other portions of the vented
25 outlet cover in other ways, such as with threaded connections, press fit connections, and
the like, according to some embodiments. According to other embodiments, the vented
outlet cover may lack a removable cap while still having a vent opening that faces
substantially downward.
The outlet port, according to some embodiments, may additionally or
30  alternatively be configured to prevent the ingress of gravity-driven liquid, such as
condensate, when a column assembly is oriented with a column positioned lower than

the outlet port for sterilization, shipment, and/or use. By way of example, according to
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3, or even directly at the opening of the vent, according to some embodiments. The filter
may include a glass matrix sandwiched between cellulose layers that hold the glass
matrix in place, and may be configured to retain bacteria, rather than solely preventing
20 bacteria passage.
The column assembly 10 may be positioned in a package 40 that includes
shielding to prevent the emission of radiation from the column assembly above a
threshold value. By way of example, FIG. 4 shows the column assembly 10 of FIG. 1
assembled into a package 40 that has a lead shield base 54 or shield of other suitable
25  material, such as tungsten or depleted uranium, held in position by a spacer 56. The
package receives the column assembly with a column shield 58 positioned around the
column 12 and a shield plug 60 positioned about portions of the inlet and outlet lines of
the flow path. As may be appreciated, the thickest and thus greatest amount of shielding
may typically exist around the column 12, where radionuclide is expected to reside. The
30 inlet and outlet lines 18, 32 are also shielded, but to a lesser degree. The package 40
additionally includes a charge well 62 about the inlet port 14 and the vent port 26 where

an eluant bottle may be received when daughter radionuclide are to be eluted. The
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20 Table 1: Examples of Threshold Limits

Charge Level (mCi) Threshold Limit (mR/hr)
1000 27
2000 41
2500 46
3000 36
4000 46
4500 50
5000 54
6000 63
7500 76
10000 98
12500 121
15000 140

18000 159
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outlet lines of the flow path. As nay be appreciated, the thickest and thus
gr eat est wonorwided43dshi el di ng may typically exist aroundpChasecabdnnyd?2,
where radi onuclide is expected to reside. The inlet and outlet lines 18, 32
are also shielded, but to a |l esser degree. The package 40 additionally

i ncludes a charge well 62 about the inlet port 14 and the vent port 26
where an eluant bottle may be received When daught er radi onuclide are to be

el uted. Thepackage nmay al so incJude a collection well 64 abaut {he outlet
port 30 that naylogetriskedanghiar wgiogudide Sogethe sensrteraths duskicarer 8P ivkingkr

cont ai ner %ﬁﬂvé@%&ﬂ&?ﬂhb%et%ﬁ pigl 22 @V&%vfeﬂ GOt the int pbAM 4 and &b byrt 10, as
di scussed in g_reater detail herein. A d cover 66 may be renovably

posi ti oned v dhevpeted putleyeovsebé 'S@anﬁdo‘@élfloébﬂﬁieﬁhﬂmpﬂ 384 A botf @A package
may incl Ud%h@wh‘@ﬂgb&ng%aﬁs RAWELIhE iShEh l%ced-:lmm éE‘?rHﬁﬁl&ftloEWlth

assenbl i es e configure to prevent radiation em ssion from exceedi ng
di fferent tlhheBQTblﬁaﬂdweﬂwﬁ Zﬁco@r&hpwg, th@VWPW A@ ard intet pera 14 Bayway of

non-limti no%mﬁ)lglggmegl’e? @%F@J q{upcgar}doth ggm cgﬁir/h Gt thOHHE aithé%%hm d

| evel may be I ne 1t asse ess of a Char | evel ,
as neasur ecbther cﬁmrecmms am‘ alsao poasjbl@ rasl cmbwtbmgﬂn enealpt)hmltﬂtf@dha! w\rhgchtls) one
enbodi nent res

I d |
as neasur ed‘“Bﬁ'{ ed i 8ffd ggreg gl Ihleﬁde evacuatte}gl Ofoﬂ?éﬂtoﬁ‘%l t%ovx% Eﬂeg(z feho imt,

truga car ges of
about 14" igdonhexigh hnﬁladtotthatofemcelmelmme mhermronawﬁhtbltl}e qnmlst pam}ﬁad i nsi de

of a shi el ded package r val ues, of hoI imt rnatively
be set, 'Suc d@ggf"e%{)‘?ﬁé‘f’e?ﬁ s&YasPYed Yigl ‘iféwagu?'ﬁgf"@w&safﬁ‘é%&% 8Scri bed

hrenr) e:j n are tﬂﬂilﬁlh thmh | a}tlﬁva@IHMCmﬂﬁngttlkH@)ﬁhﬁﬂd do&lﬁieu?ug}ﬁﬂ(}ﬁmdnuvaﬁdé ﬁ)rot helr
enmbodi nent resho imts en t he degree to [ a .col um
assenbly i sde(l:‘ﬁ%ﬁ'é'ga“% e oWl Boft a$/da lgerﬁﬁ‘tq ‘?‘gee"a Wala Fé‘%"tﬁ °VYH#'Eshol d

| evel s assagicadcPhe Wiuhht tdktlel tFoapH th%héﬁt%rt't@)mk@m né%aews brMurdRl thyeliudnt Tabl e 1.
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(R hr) 100®tierhstguightpotheryisg impgie the flow of eluant through the flow pathway. After
15  having eluted daughter radionuclide from the column, the shielded, evacuated collection

vial is removed from the outlet port of the generator, and a vial containing a preservative
(not shown), having a connection similar to that of the eluant bottle and collection vial is
inserted onto the outlet port. The radionuclide generator may then be stored until
radionuclide is again to be eluted.

20 The foregoing written specification is considered to be sufficient to enable one
skilled in the art to practice the invention. The present invention is not to be limited in
scope by examples provided, since the examples are intended as a single illustration of
one aspect of the invention and other functionally equivalent embodiments are within the
scope of the invention. Various modifications of the invention in addition to those

25  shown and described herein will become apparent to those skilled in the art from the
foregoing description and fall within the scope of the invention. The advantages and
objects of the invention are not necessarily encompassed by each embodiment of the
invention.

The present invention is further illustrated by the following Examples, which in

30  no way should be construed as further limiting.
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140 18000 159To retrieve daughter radionuclide fromthe generator, the dust
cover 66 we?2hiwseossenoved, and then the inlet port plugpPe2/ussomenyed from
the inlet port 14 and vent port 26. The vented outlet cover 36 is also
renmoved fromthe outlet port 30. A bottle (not shown) including eluant,

such as saline, is then placed in qurd comrunr cation with the inlet port
14 and vent port 26. As shown, the verit! port 26 and inlet port 14 may
conprise needles that puncture and then seal against a di aphragm of the
bottle, although other connections BX&MPLBS phossibl e as enbodi ments are not
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agai n to behetdlimf assemblies, residual moisture levels were tested prior to measuring elution

efficiency, while for others, elution efficiency was measured without testing residual
moisture levels.
The elution efficiency results for all column assemblies are shown in FIG. 5. The
15 elution efficiency is the ratio of the actual yield of daughter radionuclide to the expected
yield of daughter radionuclide, corrected for the elapsed time between elutions.
Typically, the Tc-99m elution efficiency is 85% - 95%. The Tc-99m yield for the
column assemblies that exceeded a threshold limit was impacted for approximately 80%
of the column assemblies that were tested for elution efficiency, with 58% of the column
20 assemblies tested exhibiting less than 10% elution efficiency. For comparison, five non-
high dose column assemblies (# 1815 — 181B) are also shown in FIG. 5, and have ¢lution
efficiency values that exceed 85%. The results of this example suggest a correlation
between exceeding upper threshold radiation limits and exhibiting elution efficiency less
than 85%.
25

Example 2: Residual Moisture Recovered from High Dose and Non-High Dose Column

Assemblies
Production of column assemblies configured as shown in FIG. 1, but with a
vented outlet cover having a vent that opens upwardly rather than downwardly (e.g., a
30 column assembly like that of FIG. 1, but with the cap 48 removed), was monitored to
identify column assemblies that exceeded an upper threshold radiation limit, as may be

associated with a parent radionuclide present in an outlet or inlet line. Column
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Typically, the Tc-99melution efficiency is 85%- 95% The Tc-99myield for
the col umm assenblies that exceeded a threshold limt was inpacted for

appr oxi pgat elli)}'an%@eo/g: Weight Change and Recovered Liquid for Column Assemblies Having

Vents Oriented Upwardly and Having Vents Oriented Downwardly

Positions were identified within a steam sterilizer where column assemblies
having vents oriented upwardly were previously found to have relatively wide range of
residual moisture levels following sterilization. Column assemblies configured as shown

20 in FIG. 1, but with a vented outlet cover having a vent that opens upwardly rather than
downwardly (e.g., a column assembly like that of FIG. 1, but with the cap 48 removed),
were charged with eluant lacking radionuclide. Column assemblies were charged with
different amounts of eluant so as to represent different size (i.e., Mo-99 activity levels) of
radionuclide generators that are typically produced. The column assemblies were

25  weighed, and placed in the identified positions within the sterilizer for steam
sterilization. The column assemblies were subjected to steam sterilization, and then
again weighed after sterilization. A change in column assembly weight was calculated.
Results of this test are shown in FIG. 7.

The test was then repeated with column assemblies configured as shown in FIG.

30 1, including a vented outlet cover with a vent that opens downwardly. The results of this
test are shown in FIG. 8. The mean recovered liquid from the column assemblies having

vents that open downwardly was 0.040 grams, a 25% reduction from the 0.053 grams of
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vented outlet cover having a vent that opens upwardly rather than downwardly, are
shown in FIG. 9. The results for column assemblies configured as shown in FIG. 1,
including a vented outlet cover with a vent that opens downwardly, are shown in FIG.
10. The mean recovered liquid from the column assemblies having vents that open

20  downwardly was 0.039 grams, a 64% reduction from the 0.108 grams of the column
assemblies having vents that open upwardly. Additionally, the standard deviation of
liquid recovered from column assemblies having vents that open downwardly was 0.006
grams, as opposed to 0.231 grams for column assemblies having vents that open
upwardly. Similarly, the relative standard deviation of liquid recovered from column

25  assemblies having vents that open downwardly was 15.4%, as opposed to 214.0% for -
column assemblies having vents that open upwardly, a reduction of 92.8%.

This Example suggests that a vented outlet cover with a vent that opens
downwardly may prevent the ingress of excess liquid, even after multiple steam
sterilizations.

30 Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art. Such alterations, modifications, and



havi ng vents oriented upwardly were previously found to have relatively

w de range of residual noisture levels following sterilization. Colum
assenbl i esocorfizgused as shown in FIG 1, but with a vemrCedSoavloetosgover
having a vent that opens upwardly rather than downwardly (e.g., a columm
assenbly like that of FIG 1, but with the cap 48 renoved), were charged
with eluant | acking radionuclide. Colum assenblies were charged mﬁth

di fferent amounts of eluant so as to réﬁresent different size (i.e., M-99

activity levels) of radionuclide generators that are typically produced.
The col urm HYEYeHENts arejaicadsddp Qﬁé%[‘ otthig disclosws, and af%@tePeFéHP.bF.Wé 88 ti ons
wi thin the gbgsdfthZ@beriidh, %E@&Hhéltyetrhb lférégamg)&scrmﬁngﬁa AR IR Was were
subj ected to steamsterilization, "and then agai n wei ghed after
sterilizatisxamplekakyge in col um assenbly wei ght was cal cul ated. Results
of this test areayfhoWlaifdq¢f:G 7. The test was then repeated with colum
assenbl i es configured as shown in FIG 1, including a vented outlet cover
with a vent that opens downwardly. The results of this test are shown in
FIG 8. The nean recovered liquid fromthe columm assenblies having vents
t hat open downwardly was 0.040 granms, a 25% reduction fromthe 0.053 grans
of t he col umm assenblies having vents that open upwardly. Additionally, the
standard deviation of liquid recovered fromcolum assenblies having vents
t hat open downwardly was 0.002 grans, as opposed to 0.024 grans for colum
assenbl i es having vents that open upwardly. Simlarly, the relative
standard deviation of |iquid recovered from colum assenblies having vents
t hat open downwardly was 5.0% as opposed to 45.3% for colum assenblies
havi ng vents that open upwardly, a reduction of 90.0% Exanple 4: Wi ght
Change and Recovered Liquid for Columm Assenblies Having Vents Oiented
Upwar dly and Having Vents Oiented Downwardly After Two Sterilizations The
procedures descri bed above with respect to Exanple 3 were repeated, except
that colum assenblies were subjected to two conplete steam sterilizations,
as may occur in the production of radionuclide generators when a steam
sterilization is interrupted, such as due to a power outage, and nmay need
to be repeated. The results for colum assenblies configured as shown in
FIG 1, but with a



vented outl et cover having a vent that opens upwardly rather than
downwardly, are shown in FIG 9. The results for colum assenblies

confi gur edoasiogtsemn in FIG 1, including a vented outl ePCEaseo0919b8 a vent
t hat opens downwardly, are shown in FIG 10. The mean recovered liquid from
the col um assenblies having vents that open downwardly was 0.039 grans, a
64% reduction fromthe 0.108 grans of the columm assenblies having vents

t hat open upwardly. Additionally, the -andard devi ation of |i qui d
recovered from colum assenblies having vents that open downwardly was
0.006 grams, as opposed to 0.23 1 gr&HAIMSr col utrm assenblies having vents
that open upwardly. Simlarly, the relative standard deviation of liquid
recovered from colum assenblies having vents that open downwardly was

15. 4% as obposeticelump assemblyfafia radipnnetidegenemntor @mpaNENg vent s that open
upwardly, a reduyct.| . o4, . Thi Fm@ghrg; S99 Stashi L out | et
cover with a ve%tCB%%Mgb%%gqc}%V\gq-%ﬁg y J}'/’g%ﬁllgvent{aﬁl ﬁi@?ﬁg?éﬁ?‘%@g&cess

| i qui d, %vendiahdobide that progices 8 tedativelbt shoitilivedidaughter ragipnirelilet hus descri bed
Sever a! aspect S.a(r)lfinlgtt oI elﬁ?ﬁudoc%%n?umt?c%ﬂl %ﬂ[‘l.t}%fimtem)tso Y &N hRAng! t 1S to be
appreci ated various A Lerat' ons, 1o P Ca i'ons, and I nprovenents wl |

readi |l y occur t antontagoghkn fhiddommunivatiar with edineadrtof ttetdobmsny; nodi fi cati ons,
andi nprovenents are.iptended to art. of this disclosur and are

Mt enteq to be Wi Meranor sty PRl whlvn el drlids rhRaepss

f or egoi ng a3k inREibOST thacblsthAawiansoleepdiy theayndpeaing wrkiedtol fgce VWhat i s
claimed is: CLAIMS 1. A colu assenbl f. a radionucl|ide generator

conpri stthg: %Wfﬂwhﬁ%ﬁﬁeﬁﬁﬁnﬁw 1§ H?Sét?q“%? 8@8Wtﬂéﬁ tigpoLt #’rﬁ'&ggﬁf’ﬁﬁaﬁ'opé‘? aining a
| ong-1ived maveantondasthRibnl efléridgtaé vank opunaRSiréin edval | vel y short-1ived

daughter radionuclide; an inlet port in fluid comrunication with the
interior of the colum; and an outlet port in fluid comunication wth the

interior ofythe gRlHMhn AR Hf dA/ CHMIPcARSRMY: Y | ncl udes a vent opening
that provides fluid access to the interior of the colum via the outl et
port, the vent cpentleigoneritaspelgast gartigbecaysitibfaruieyparhand thaiat kattum i s

posi tioned Dek My defiffesQhd Vit oftAidg. during sterilization to

3. The column assembly of claim 2, wherein the outlet port includes a needle
structure and the outlet cover includes a pierceable membrane that receives the needle

structure of the outlet port.

20
4. The column assembly of claim 2, wherein the outlet cover includes a body
portion and a removable cap.
5. The column assembly of claim 4, wherein the vent opening is defined as an
25 annular space between the removable cap and the body portion.
6. The column assembly of claim 4, further comprising:

a filter in the outlet cover.

30 7. The column assembly of claim 6, wherein the filter is bacteria retentive.



prevent condensate fromentering the vent opening fromabove. 2. The col um
assenbly of claim1, further conprising: an outlet cover that at |east

parti al | ywoavays2a4he outl et port and that at |east part iparius2aefnives t he
vent opening. 3. The colum assenbly of claim2, wherein the outlet port

i ncludes a needle structure and the outlet cover includes a pierceable
menbrane that receives the needle structure of the outlet port. 4. The
colum assenbly of claim2, wherein t te¢lout | et cover includes a body
portion and a renovable cap. 5. The columm assenbly of claim4, wherein the
vent openiny i s Thefcolam 3&@“&’(‘0’ afrlaim, Wheesinethp Sltords Rositiened ahiby 4ot e cap and
the body pogfiqp- 6. The colum assenbly of claim4, further conprising: a
filter in thHe otitlet cover. 7. The columm assenbly of claim®6, wherein the
filter is bacteria retentive.8. The columm assenbly of claim®6, wherein the

filter is p@Sl t'ﬁ\’é‘%gluﬁxtn ats%kg]lb\{)e&tc]ggleplﬂﬂgm 9%%@“@ écol um assenbly of claim

1, further Conprising osi t'i oned n and in fluid

communi cat i on wiat filter beslmxteti betwpom andain dluicdh@noainiganon $ith thehmitlegparmandassenbl y

of claiml1, wherein the inlet port is accessible fromoutside of a shiel ded
package t hat'® ?QBQPVes the col urm assenbly, when the colum is inside of the
shi el ded package. 11. The colum assenbly of claim 10, in conbination with

t he shiel de T lLum. a senb f claiml

Conprisi ng: [’ pIE LA LE Lol NaTLY i apr e b uBRvsids: o

conmmuni cat i g shizldel atkabethapretdivdsitmdoimmhIBapheweenahié silakan @f indileofcol um

assenbly. 13. The columm assenbly of claim1l, wherein the nediumincludes

aIunlna”’14he$H@d€%Wﬁhﬁ¥assenbly of claim1, in conbination with the

| ong-lived parent radionuclide and the relatively short-Ilived daughter

radi onucl i de. ) ] )
11 The column assembly of claim 10, in combination with the shielded package.

12.  The column assembly of claim 1, further comprising:
15 a plug removably attached to the inlet port to block fluid communication to the

inlet port from an atmosphere outside of the column assembly.
13.  The column assembly of claim 1, wherein the medium includes alumina.

20 14.  The column assembly of claim 1, in combination with the long-lived parent

radionuclide and the relatively short-lived daughter radionuclide.

15.  The combination of claim 14, wherein the long-lived parent radionuclide includes
molybdenum-99 and the relatively short-lived daughter radionuclide includes

25  technetium-99m.

16. A method of producing a terminally sterile column assembly of a radionuclide
generator, comprising:
providing a column assembly of a radionuclide generator that includes:
30 a column having a long-lived parent radionuclide that produces a
relatively short-lived daughter radionuclide;

an inlet port in fluid communication with the column; and



15. The conbination of claim 14, wherein the |long-lived parent radionuclide
i ncl udes nol ybdenum 99 and the relatively short-Ilived daughter radionuclide
i ncl udes wochretseumr 99m 16. A net hod of produci ng a tergirzskeog/ 08198 i | e
colum assenbly of a radionuclide generator, conprising: providing a columm
assenbly of a radionuclide generator that includes: a colum having a

| ong-1ived parent radionuclide that produces a relatively short-1lived
daught er radionuclide; an inlet port iT%1uid comunication with the

col um; andan outlet port in fluid communication with the colum, the

outl et port incl udes anoyésipot e Ahidgommumnicatianyidethecplyme. the eude ppg t he

col um; pOSﬁlEnhQ%iar\gne&g@g{t@gr&mﬁmc%c& s fhQEdigRAAt ion with the vent

openi ng faci ng downwa revent condensate fromentering the vent
openi ng from abgesitiosing thexpbeimagsenitdy énodnuarientatisewish yhetvgnisapsaimeg flaning
sterilization 17, The ' : I Si g si tioning
an outl et c@o\yvenrw a(r)c{/l&o ?rﬁgé%})gﬁ%gga%%& g%ﬂég“rg t}néé@%r{(?‘gé%nﬁr%f@tgbé(}%r ?J[{r?ﬁo assenbl y
to steam for st eaxpbdimahe colpmhlsseobtyl totstemarfor stexdizatibnng t he vent openi ng. 18.
The met hod of claim 17, wherein positioning the outlet cover over the

outl et port includes positioning an outlet cover that includes a renovable
cap. 19. Thg.netTrdnéhodcdfaiam 16, futthertdomprisiagpr i si ng: pl uggi ng the inl et

port of the colum,_assenbl rior to exposing the columm assenbly to steam
Por steri 1 zati GHRISHRE THATHEEHGout 163 SRt ol Prfh o QPR B BBSPRE™ he col arm
assenbly t OasSén@ignd SicantIfbe SteRKRBISH,NBe bRt pert oMdidg sieiehyopeingat ur at ed st eam
under pressure. 21. The nmethod of claim 16, wherein providing the colum

assenbl Y conprises providing a plurality of colum assenblies and wherein

posi tioni ngi¢ he wRIKIRLGETIRIR!Y, RhdeiRpBaRbIISL thB Buldlchval oR&IRIB i)t ri se
positioning the plurality of colum assenblies and exposing the plurality

of col unm ai@sldes|nogigionipng amagtict geyey thabincludesa IRBEWNE GP- cl ai m 21, wherein
exposing the plurality of colum assenblies to

19.  The method of claim 16, further comprising:
15 plugging the inlet port of the column assembly prior to exposing the column

assembly to steam for sterilization.

20.  The method of claim 16, wherein exposing the column assembly to steam
includes exposing the column assembly to saturated steam under pressure.

20
21.  The method of claim 16, wherein providing the column assembly comprises
providing a plurality of column assemblies and wherein positioning the column assembly
and exposing the column assembly comprise positioning the plurality of column
assemblies and exposing the plurality of column assemblies, respectively.

25
22.  The method of claim 21, wherein exposing the plurality of column assemblies to
steam for a single sterilization cycle results in an amount of liquid remaining in the

plurality of column assemblies that varies by 5% or less (relative standard deviation).

30 23.  The method of claim 21, wherein exposing the plurality of column assemblies to
steam for two sterilization cycles results in an amount of liquid remaining in the plurality

of column assemblies that varies by 15% or less (relative standard deviation).



steamfor a single sterilization cycle results in an anount of |iquid
remaining in the plurality of colum assenblies that varies by 5% or |ess
(rel ati vewetardae@d3devi ati on). 23. The nmet hod of cl ai m PCT/usk@mDdI9E&XpOosi ng
the plurality of columm assenblies to steamfor two sterilization cycles
results in an anmount of liquid remaining in the plurality of colum
assenblies that varies by 15%or less (relative standard deviation).24. A
colum assenbly of a radi onuclide generator, conprising: a colum and an
outlet port, the colum including a nediumfor retaining a |longlived parent
radi onucl i de that produces a relatively short-Ilived daughter radionuclide,
the outlet port A goifihHalem8 Q'r&tﬁ&du@ﬂdé"%&grawﬂecoﬁ%igi - and covered with a
vented outlet cover to provide a termnally sterilizable colum assenbly,
the vented out | @tcobwveandirawutieg partyidacolomainalingamedippfptistainings Wngccess to
t he col um I . | o i ayi

produce a clﬁ{gg R%Jégttsrg@é@ycyﬂ% E’aat ﬁ}gg%cg?éf%%{vlg@ Sgéﬁ:{llgi&%/g&ﬁrt\géﬁ&gi&g%idg2%9 The
col um as s emiletypootf indluad eonfiynication wiith thehwlumn drstcopered with @lvaeted ovtleheed| e
structure and the vented o e ' i.er rane t hat
recei ves t h& Hed Oé”d;,etartﬁrc 15%1!3/ S(%?ﬁ%ﬁg 8‘3?’?’%? gsg%P E'.’ &fg?ﬁ@ﬁg&%@ um assenbly
of cl ai m 2%avidgarnentopehiag that pevideoflaid access wdbscaurboayd thatrpréventsdied a
renovabl e cap. 27. The colum.assenbly of claim erein the yent
opening is 'Bgﬁefsr?é.&raé'té}yéjﬁw%ﬁ‘?ﬂlgfo ng%‘c% aﬁgltu\r/f’é’eaﬁsem??@ W\éwn%\?%'gfrédyceé%}ﬁgﬁd t he
body porti oigh ¥i8ld. The col unm assenbly of claim 27, further conprising: a
bacteria retentive filter in the body portion. 29. A colum assenbly of a
radi onudl i de generator, conprising: a colum and an outlet port, the colum
i ncl udi ng asreditHachRmn Biedibly Sklaml 2N gherRhPadtROport idivdesichdedie t hat
produces a relatively short-1ived daughter radjonuclide, the outlet port in
fluid conmustiueRts B t%/ﬁ YeRted QutletSPYRHANChlEs @ pirareabie membrapeyt faveuhf et cover
to provide geekiidddtloymetaliddpogabl e col um assembly, wherein neans are
provided to prevent the ingress of gravity-driven liquid to produce a

col um assenbly that consistently exhibits high yield and that prevents

m grati on ofg pargRlofuAH aggyrml§ 9&1&1}9{%, wherein the outlet cover includes a body

portion and a removable cap.

27.  The column assembly of claim 26, wherein the vent opening is defined as an

annular space between the removable cap and the body portion.

20
28.  The column assembly of claim 27, further comprising:
a bacteria retentive filter in the body portion.
29. A column assembly of a radionuclide generator, comprising:
25 a column and an outlet port, the column including a medium for retaining a long-

lived parent radionuclide that produces a relatively short-lived daughter radionuclide, the
outlet port in fluid communication with the column and covered with a vented outlet
cover to provide a terminally sterilizable column assembly, wherein means are provided
to prevent the ingress of gravity-driven liquid to produce a column assembly that

30  consistently exhibits high yield and that prevents migration of parent radionuclide away

from the column.



fromthe colum. 30. The colum assenbly of claim 29, wherein the outl et
port includes a needle structure and the vented outlet cover includes a

pi er ceablwonremisane t hat recei ves the needl e structure @CTiUSR000001998 port .
31. The columm assenbly of claim?29, wherein the nmeans conprises a vent
opening that provides fluid access to the colum and that prevents the
ingress of gravity-driven liquid. 32. The columm assenbly of claim 31,
wherein the vent opening faces t owar d "¢ col um. 33. The col um assenbl y
of claim 31, wherein the outlet cover includes a body portion and a
renovabl e Sfp. Jhe calpmnasiembly efcdaimizPywhareia|thg outisyporineludssp Repdley ent

openi ng i s G&iReHd A% RAed VR Rbye PRARIDEHUREHIE MRmbRNE YIRblReivanand t he
body portion. 35. A colum assenbly of a radionuclide generator,

conpr i si ng:negdle girustme ahidie antlspettet port, the col umm including a nedi um for
retaining a longlived parent radionuclide that produces a relatively
short-1ived daughter radionuclide, the outlet port in fluid conmunication
Wi th the cdlumm Thadolammassembiyheficlain|29wwhdrein theymesns lsempeises f venteopaiingi | e
reliably prgventi exce i Qlui r ' ' ritons of the
col um assetﬁ tlp§lovéphegiﬂrlllb asc§ gesrs ik(f ttﬂg 5&?&3%@@%{ &g‘éé&%tﬁglggegg%g §1/-R§)]: 51’2%9

radi onucl i dejugenerator, conprising: a columm and an outlet port, the colum
including a nediumfor retaining a |longlived parent radionuclide that
produces a relatively short-1lived daughter radionuclide, the outlet port in
flui d conmp2i catTihedolmintasiehblycofl diitn 3anahéeremelieetnnbjidning faest@chrotiel et cover
to provide a, termnally sterilizable colum assenbly, the vented outl et
cover hHvi f§""™ent opening that provides fluid access to the col um and
that prevents the ingress of gravity-driven liquid to produce a colum
assenbly that prevents mgration of parent, radionuclide away fromthe

col umm. 37. 3Phe dJoEGAMARSEMbIXofflaig 3d; whegin t%‘é’r‘@? spveniclydes aodyor ¢
includes a RARM MdatréHsile&apnd the vented outlet cover includes a

pi erceabl e menbrane that receives the needle structure of the outlet port.

15 34, The column assembly of claim 31, wherein the vent opening is defined as an

annular space between the removable cap and the body portion.

35. A column assembly of a radionuclide generator, comprising:
a column and an outlet port, the column including a medium for retaining a long-
20 lived parent radionuclide that produces a relatively short-lived daughter radionuclide, the
outlet port in fluid communication with the column and a means that allows for an
exchange of steam while reliably preventing excess liquid from being introduced to

portions of the column assembly during sterilization.

25 36. A column assembly of a radionuclide generator, comprising:

a column and an outlet port, the column including a medium for retaining a long-
lived parent radionuclide that produces a relatively short-lived daughter radionuclide, the
outlet port in fluid communication with the column and covered with a vented outlet
cover to provide a terminally sterilizable column assembly, the vented outlet cover

30  having a vent opening that provides fluid access to the column and that prevents the
ingress of gravity-driven liquid to produce a column assembly that prevents migration of

parent radionuclide away from the column.



38. The columm assenbly of claim37, wherein the outlet cover includes a
body portion and a renovabl e cap. 39. The columm assenbly of claim 38,
wher ei n twe 2o8vit32@peni ng i s defined as an annul ar space Po@tuse@@n/001ve8
renmovabl e cap and the body portion. 40. The columm assenbly of claim 39,
further conprising: a bacteria retentive filter in the body portion.

-25 -

37.  The column assembly of claim 36, wherein the outlet port includes a needle
structure and the vented outlet cover includes a pierceable membrane that receives the

needle structure of the outlet port.

s 38.  The column assembly of claim 37, wherein the outlet cover includes a body

portion and a removable cap.

39.  The column assembly of claim 38, wherein the vent opening is defined as an
annular space between the removable cap and the body portion.

10
40.  The column assembly of claim 39, further comprising:

a bacteria retentive filter in the body portion.



