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MEDI CAMENT VLAL HAVI NG A HEAT- SEALABLE CAP. AND APPARATUS AND METHOD FOR
FILLING THE VIAL 5 Field O The Invention The present. invention rel ates
to heat-seal abl e caps for nedicanent vials for use where a sterile

medi cament nust be maintained follow ng tenporary introduction of a
needl e or syringe through the cap, and to apparatus and nethods for
filling such vials. 10 Back round O The Invention Medicanents such as
vaccines are often stored in vials prior to use. Typically, the vials
are filled wth nedicanent, and then a cap is installed to seal the

medi cament in the vial. The cap is typically made of vul cani zed rubber or
simlar resilient material that neither contam nates nor affects the
cont ai ned nedi canent. 15 One of the drawbacks associated with this type
of filling procedure is that it is difficult to maintain the sterility
of the cap during the assenbly procedure. In 1 addition, it is difficult
to maintain the sterility of the vials and caps during transportation
and storage prior to filling. In order to overcone this contam nation

ri sk, the present inventor has determned that it would be desirable to
first assenble the cap to the vial, sterilize 5 the assenbled cap and
vial, such as by irradiation, and then fill the assenbled vial by
inserting a needle or like injection nmenber through the cap and

i ntroducing the medicanent through the needle into the sterilized vial.
One of the drawbacks associated with this approach, however, is that
when the needle or like injection nenber is inserted through the cap and
then withdrawn, it leaves a tiny hole in the 10 cap. The material of the
cap is resilient in order to reduce the dianeter of the hole,

MEDICAMENT VIAL HAVING A HEAT-SEALABLE CAP,
AND APPARATUS AND METHOD FOR FILLING THE VIAL

5 Field Of The Invention

The present invention relates to heat-sealable caps for medicament vials for
use where a sterile medicament must be maintained following temporary
introduction of a needle or syringe through the cap, and to apparatus and methods

for filling such vials.

10 Backeround Of The Invention

Medicaments such as vaccines are often stored in vials prior to use.
Typically, the vials are filled with medicament, and then a cap is installed to seal the
medicament in the vial. The cap is typically made of vulcanized rubber or similar
resilient material that neither contaminates nor affects the contained medicament.
15  One of the drawbacks associated with this type of filling procedure is that it is
difficult to maintain the sterility of the cap during the assembly procedure. In
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and therefore the hole is usually small enough to keep the nedi canent
fromleaking out. However, the hole typically is not small enough to
prevent air or other gases from passing through the hole and into the
vial, and therefore such holes can allow the nmedi canent to becone
contam nated or spoiled. 15 It has been a practice in the pharnaceuti cal
fields to add preservatives to nedicanents, such as vaccines, in order
to prevent spoil age of the medi caments upon exposure to air or other
possi bl e contam nants. Certain preservatives, however, have been

det er m naddition, G4 SRR BSnhRblie iR steihS o e PALY ﬁatcﬁgse%&&{gzequem ly, many

medi canent s, including vaccines, are preservative ese 20

preservarnja}{%-c i articularly preservative-free

vacci nes, a eh&@%gggg%%%%ﬁggﬁg%ﬁpgggion and/ or spoilage if contained
within a vial ,wherein the c has a needl.e hol e as_descrjbed above.

Vul cani zed ri Bb eﬁ@sovﬁ'é’@ﬂlegﬁfé?wn?‘bnﬂ%ﬂé?g‘ﬁﬁeé‘t WEer f¥%ct i ve materi al’
for manufacturing vial caps for containing nunerous types of nedicanents.
Many 2 ofiffermiged &%K woulithesdastiabie Fufiist sssemble dhe capde e viek stedligsati bility

wi th such nedicanents, and therefore cannot be used to repl ace the

vul cahi z 8w assepifded capiand ol | spchsebly irmdimtinuf aad tthenehilt theassemblatdiabbyrent
vials. Wul cani zed rubber, however, is infusible, and therefore any

needl e hidsesing @ meedld of HSinfectiomn fienbepthrouzh HRs€pl 8 iftrd dcg tthe
Accordingly, it is an object of the present invention to overcone the

above- dgrgichest tHfoapk BkRedB thid HRAMMANRLRYRE Ohe b#Be AfdvAfacRd . Summary O

The Invention The present invention is directed to a resealable cap for a

med cameRlooyh@l wiih & ABBIchSH, BOwaA3S ThaPUkh B d20TBE1RE infligRN! zed T ubber

or like materi al

member is inserted through the cap and then withdrawn, it leaves a tiny hole in'the

10  cap. The material of the cap is resilient in order to reduce the diameter of the hole,
and therefore the hole is usually small enough to keep the medicament from leaking
out. However, the hole typically is not small enough to prevent air or other gases
from passing through the hole and into the vial, and therefore such holes can allow
the medicament to become contaminated or spoiled.

15 It has been a practice in the pharmaceutical fields to add preservatives to
medicaments, such as vaccines, in order to prevent spoilage of the medicaments
upon exposure to air or other possible contaminants. Certain preservatives,
however, have been determined to cause undesirable effects on patients.
Consequently, many medicaments, including vaccines, are preservative free. These

20  preservative-free medicaments, and particularly preservative-free vaccines, are
subject to contamination and/or spoilage if contained within a vial wherein the cap
has a needle hole as described above.

Vulcanized rubber has been determined to be a safe and effective material

for manufacturing vial caps for containing numerous types of medicaments. Many



providing a stable environnment for the nmedi canent contained within the
vial, and a reseal able portion overlying the base portion. The
reseal abl e portion is nade of a. resealable polyneric nmaterial, such as
| ow- density pol yet hyl ene, and can be punctured by a needle or Ilike B
injection nenber for dispensing nmedicanent into the 15 vial. Upon renoval
of the needle, the punctured area of the reseal able portion can then be
heat sealed to nmintain the chanber containing the nedicanent in a
hernmetically seal ed condition. The present invention is also directed to
an appar atther pahonenstohaseridlohavieinot berg tested fos eernpgitalityivath sichh a

predeterm ned nmedi canent. The nethod includes the steps of 20 providing
a vial; amedisaadns)hrd hafzforachnidt bgusedhia seplqpethd wricaiidedtrablieral | y i nf usi bl e
in response to the application of thernmal energy thereto, wherein the

reseal abl QurRpdY LRA to dneAERAL dabs orhddicabidat PaRITHhRAMNEARGLBEI canent for
exposure to the nedi canent and for sealing the nedicanent within the

vial; a rgse . i I Eédﬁ@? j A nbgi ng fusible
in response ?%ég%gﬁlg%ﬁ’ %@g?ig%(%&%%h?ﬁer ma Jigsﬁligrsgg{édlp%grr et o;hpgtnd a | ocking
ms*rrber5 enlggcgﬁ%f)l.e %th the cap and vial for securing the cap to the

vial . Pri PP ng the vial with nedicanent, the reseal abl e cap and

| ocking nenber are secured to the vial to thereby forma, substantially
gas-ti ght seaIA‘E?Q’EqI\%E’iﬁ lﬁlstaﬂéi’lf’&‘p" GIPRFREt Ivepaen tot"fYérch‘?éH%g@He‘cap, vi al
and | ocking nenber are sterilized, such as by exposure to beta or ganma

radi at i ordesgibgd devebagks gadidesadmpnsages ehthewaioeart. i s then inserted through

the reseal abl e cap and the predeterm ned nedicanent is introduced
through the needle and into the interior of the vial. In the preferred
enbodi ment of the present inv&unimary @ffhekswtintions a "doubl e | unen”
needl e defining 10 a core passageway for the introduction of the
predeterm ned nmedi canent therethrough and into the vial, and an annul ar
passageway coUfieqdesent iffantidn icdrastedite atrésealable tchp forwasetdicamsmtivee f or
wi t hdrawi ng di spl aced air or other gases
10 comprising a base portion formed of vulcanized rubber or like material known for
providing a stable environment for the medicament contained within the vial, and a
resealable portion overlying the base portion. The resealable portion is made of a.
resealable polymeric material, such as low-density polyethylene, and can be
punctured by a needle or like injection member for dispensing medicament into the
15 vial. Upon removal of the needle, the punctured area of the resealable portion can
then be heat sealed to maintain the chamber containing the medicament in a
hermetically sealed condition.
The present invention is also directed to an apparatus and method for filling a
resealable vial with a predetermined medicament. The method includes the steps of
20  providing a vial; a resealable cap including a base portion substantially infusible in
response to the application of thermal energy thereto, wherein the resealable portion

is compatible with the predetermined medicament for exposure to the medicament

and for sealing the medicament within the vial; a resealable portion overlying the

L)



or vapors fromthe interior of the vial. Upon filling the vial with

medi cament, the needle is withdrawmm fromthe cap, and sufficient thernal 7
energy is applied to the 15 penetrated regi on of the reseal able portion

of the cap to fuse the penetrated region and forma substantially o
gas-tight seal between the penetrated region and the interior of the

vial. Preferably, the penetrable region of the reseal able nmenber is )
cauterized, such as by direct heat cauterization or |aser cauterization,
prior to introducing the needle through the cap, to further ensure the

mai nt enebagepdifion awd bdisg Asitdé in reffon2Otd the apigieation dfthemsd endsgy and filling
processes. One advantage of the apparatus and nethod of the present

| nVent i QReretoSadd Wockinp Sndiftts eAEHEhIE WiBOhOBAPIRIAS/ i fBr feb6riigatle bgp the vial s
prior to filling, thus enhancing the ability to maintain sterile

condit | Qe 10 $RIPH G hd {ikt Vil BIARSIRRE B rxatBlcNp b cRRE ¢ O :

assenble the vial's ina Steri envi ronment. a resu the dpparatus 4
penetration reqion that .is.pierceable wt needl e fon needl e
pert ur hei Pk AP o yilted R Pulla sl BRY e b P B RYRECE) e
needl e aperture b pplying |l aser radiation froma |aser source at a
predét er RO Eﬁ@q,ﬁg%ﬁaemﬁaaéﬁpwéﬁa@ ckipgnsialad e $eHEefat i on
region defines a predetermned color and 5 opacity that (i) substantially

absor bs stpteas byseposwe fabste Ar gammp sadiitiade tAe perditeer likgawereangnembgrd
substantially prevents the passage of the radiation through the

pr edet erisrihee thsedd thtdighkhessedldtde eayf audathel pledetpriaet asdichmentaser radi ati on
at the predeterm ned wavel ength and power to hernetically seal the

needl e dfp@sdubédthrdudhitRéindddld 41 inRabd it@eRef fatvidn If agipekider eof in a
predetermned tine period. The 10 assenbly further includes a filling

machi ne dfiphintnd 8f Bhe peRShEniQHiocROBE hE&HIE RG “dBBble 1GR&R RIS defpper and
i ntroduci ng a substance through the stopper and into the contarner, a

SUbgpaNGEoRPHsGipew Y Blrdfle iffrolihdtiot SFORTHRLGATLiAM hQdit e pecdl € Tor
therethrough and into the vial, and an annular passageway coupled in fluid
communication with a vacuum source for withdrawing displaced air or other gases
or vapors from the interior of the vial. Upon filling the vial with medicament, the
needle is withdrawn from the cap, and sufficient thermal energy is applied to the

15  penetrated region of the resealable portion of the cap to fuse the penetrated region
and form a substantially gas-tight seal between the penetrated region and the interior
of the vial. Preferably, the penetrable region of the resealable member is cauterized,
such as by direct heat cauterization or laser cauterization, prior to introducing the
needle through the cap, to further ensure the maintenance of sterile conditions

20 throughout the assembly and filling processes.

One advantage of the apparatus and method of the present invention, is that -
the caps and locking members are secured to the vials prior to filling, thus enhancing
the ability to maintain sterile conditions throughout the filling process and avoiding

the need to assemble the vials in a sterile environment. As a result, the apparatus



i ntroduci ng the substance through the needle and into the container, and
a laser source connectable in thermal comrunication with the reseal able
stopper for 15 applying laser radiation at the predeterm ned wavel ength
and power thereto. One advantage of the apparatus and net hod of the }
present invention, is that the caps and Iockingﬁﬁenbe s are secured to
t he vipaharaionoegionthiat sl fiergeabln withanesaleita dorm RSN FIYY S 0 nmi ntai n
sterile conditions throughout the filling process and avoi ding the need
t o assegbheugheand iahsatiresealablesviHeemetivally ceatehe needls apertBt | t he
apparatus 5 and nmethod of the present invention significantly reduce

Pr 0CeS 5 bJfhel U8 ARG B miallask QIRBE OPretieiingd vavtlengthlandand filling
systel"f’E’l,Jy nor eover, si gnﬁl cantly 1increase the assurance of sterility

throughout the assenbly and fillin . tg'xﬂﬁlg d3dparhages of the
pr eser?PWieﬁU’éfﬂt?-gﬁhwqeﬁy%%%t‘?%ggﬁr&eg%ggg gf‘etdel hoBoview of the
follow ng detailed description and accgonpanyi draw ngs, Bri ef

Des cr iopacitrthar (i) Hubstontiallyrapsorbs die lasqrd: a‘ﬁ%‘?ﬂ%\kﬁ%ﬂ“ﬁ%ﬁ@ﬂ%‘?? c,

partly-expl oded, cross-sectional view of a prior art end cap for a

medi capRalenythaind stBstddti@lly prévents the pasageeefthe rdiatiopdhiongh 86p| oded vi ew of
a reseal abl ecap enbodying the present invention. FIG | is a

CT 0SS Seeld-Afal wAIRhldde® théedL dnd (igwantestthelasevedibail & bap of FIG 2
shown*w th an injection needle or syringe inserted. through the end cap

fs;%i nié:gé eﬁeglgﬁeggv%gb%@%?dﬁyr% hiSnetically sl thedevdlBlaptiguraeed| e or

e end cap f'or venting the vial during

filling of the nedjcanent. FIG i . GF 2 Sect o8 HEA anot her
bt ifie Hedasaer gy iRe s AR e e H

5 is a cross-sectional view of the cr abl e_ | ockin her.of FIG 4
10  assembly further includes a filling mac}nne faclu inga Geedts For pgn%mg thd

resealable stopper and introducing a substance through the stopper and into the
container, a substance source coupled in fluid communication to the needle for
introducing the substance through the needle and into the container, and a laser
source connectable in thermal communication with the resealable stopper for
15  applying laser radiation at the predetermined wavelength and power thereto.

One advantage of the apparatus and method of the present invention, is that
the caps and locking members are secured to the vials prior to filling, thus enhancing
the ability to maintain sterile conditions throughout the filling process and avoiding

the need to assemble the vials in a sterile environment. As a result, the apparatus



for securing the resealable cap to the vial. 20 FIG 6 is a
cross-sectional view of the base portion of the resealable cap of FIG 4
made of a material conpatible with the predeterm ned nedi canent to be
seated within the vial, such as vulcanized rubber. FIG 7 is a i}
cross-sectional view of the resealable portion of, the cap, of FIG 4

f or meshdahethodnef thei presenhiavention signifrantlyredussspesssing t St ®ation of
thermal energy 6 thereto in order to hernetically seal the cap after

i nsergdmaﬂwwaa ahil Iflliimgsysteeres heed orordavks signéfisanitiEnt t her et hr ough.
FIG 8 is an enlarged, partial, cross-sectional view of the reseal able

portign ..of mgégalralméeﬁﬁéﬂgw BEbucREutRBE 8dseABlPar filting prédessesof f or

recei ving a n e or Ti 5 1nstrunent therethrough. FIGS. 9A through

9C are songwhat .schematc, Cross-secti I il '

i |lustrat rﬁﬂ"ef Advaniages Btﬁ@ Pé?%&“ﬁ%&%’?%ﬁ@’@mﬁ?é&glrgggg%‘? aa'Irp Rﬁhﬁﬁzn for
sterilizing the resealable portion of the ca di rect heat

caut erigwaf tenfofeving d%aliﬂ%%i%g’“flﬁéwfﬂ’qnﬁw%ggﬁse or like instrunent
t herethrough. 10 FIG 10 is a sonewhat schematic, partial cross-sectional
view of an apparatus enbodying the present invention for sterilizing the
reseal abl e portion of the cap by |aser cauterization prior to

i ntroducing the filling geadd&ceptibh Of ThePrawingst therethrough. FIG | |

is a sonewhat schematic, partial cross-sectional view of an 15 apparatus
enbodyi ng the present invention for needle filling the assenbl ed cap,

vial —and keekiiod SRERRL: Yhidladk, BRAGCLPI B GotRechaRE Miew BEES. 124
t hrough 1 are somewhat schematic, "cross-sectional, sequential views

Ihlalrlrjréér{"g%hn dtcggfglpéar%[a%tch%eﬁn‘qal_rret hod of t_he present invention for

10 FIG. 2 is a cross-sectional, partly-exploded view of a resealable cap
embodying the present invention.

FIG. 3 is a cross-sectional, partly exploded view of the resealable cap of FIG.
2 shown with an injection needle or syringe inserted through the end cap for
introducing medicament into the vial, and a venting needle or syringe inserted

15  through the end cap for venting the vial during filling of the medicament.

FIG. 4 is a cross-sectional view of another embodiment of the resealable cap
and vial of the present invention.

FIG. 5 is a cross-sectional view of the crimpable locking member of FIG. 4
for securing the resealable cap to the vial.

20 FIG. 6 is a cross-sectional view of the base portion of the resealable cap of
FIG. 4 made of a material compatible with the predetermined medicament to be
sealed within the vial, such as vulcanized rubber.

| FIG. 7 is a cross-sectional view of the resealable portion of the cap of FIG. 4

formed of a material that is fusible in response to the application of thermal energy



sealing the penetrated region of the reseal able portion of the cap by

direct heat 20 sealing after withdrawing the filling needle therefrom
FI GS. 13A through 13C are somewhat schematic, cross-sectional, sequenti al
views illustrating the apparatus and nethod of the present invention for
hernmetically sealing the penetrated region of the reseal able portion of -
the cap by |laser sealing after withdrawing the filling needle therefrom

| se | thdrawi ng t| . ,
or or - apgetedf ofisk Bl hebeftot e GE L 108 BB I Reiba e ) the

reference, nu al 10. The c 10 includes a vul cani zed rubber base 12,
whi ch i@e@FPgﬁ%?WE@itS%&%’ﬁ%in the open end of a vial 14. The vial 14
is made of glass or like material, and it defines a chanber 16 for
receiving et & wmanrnlacged, R srrpssertianal vieraf thereseaiatde pertionhe

peri phery of the cap 12 and vial 14, and it is crinped in place to

| ockablof FEGrihaet shaminsthe perdimbleggortion theesof f6r recaiving lameedievalikon, a
hypoderm ¢ needl e (not shown) is inserted through the vul canized rubber
basg i instmdent theredepagh.t nmedi canent within the chanber 16. Once the

medi canment has been deposited, the needle is withdrawn fromthe cap 10.

Al t hough t he1h9! o iesHEH 90 drelsoRIBWHhAERhbinafAc, trodshec iRl s&quhtidl Shri nk
somewhat from 15 its maxi num di aneter due to the resiliency of the

vul caniyzed if1bdRahe tﬁezb%tp eﬁﬂ'aﬁ& Hethd¥dfint §rets§rﬁii%\?én|ﬁ¥n $4 éténdz?xrlgg g enough to

pass gas or vapor-an reby conproni se’an reservati ve-

e o SRR AR R TR T AR L8 e i
gemer Sttt L SLENCe IBIAL 10, The cap 110 el udes 2 reei | ent
' h?(? e of FIG. 10 is a somewhat schematic, partial cross-sectional view of an
apparatus embodying the present invention for sterilizing the resealable portion of
.the cap by laser cauterization prior to introducing the filling needle or like
instrument therethrough..
| FIG. 11 is a somewhat schematic, partial cross-sectional view of an
15  apparatus embodying the present invention for needle filling the assembled cap, vial
and locking member with a predetermined medicament.

FIGS. 12A through 12D are somewhat schematic, cross-sectional, sequential
views illustrating the apparatus and method of the present invention for hermetically
sealing the penetrated region of the resealable portion of the cap by direct heat

20 seaiing after withdrawing the filling needle therefrom.

FIGS. 13A through 13C are somewhat schematic, cross-sectional, sequential
views illustrating the apparatus and method of the present invention for hermetically
sealing the penetrated region of the resealable portion of the cap by laser sealing

after withdrawing the filling needle therefrom.
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ordinary skill in the pertinent art, and acceptable for use in the

manuf acture of end caps or the portions thereof placed in contact wth,
or otherw se exposed to nedicanments, such as vaccines. The base 112
defines a | ower peripheral wall 115 | shaped and di nensioned to be o
slidably received within the open end of a vial 114. 25 The vial 114 is
made of glass or like material, and it defines a chanber 116 for

recei ving nmedi canent. The base 112 of the cap 110 further defines an
upper peri pheral DudiledD&crigtivns@fifbed PxpftrchdiEmboditacntso be slidably
received within the open end of the vial 114, and a peripheral sealing
flange 118 projecting outwardly fromthe upper end of the peripheral

wal | 117. Fhenbiilin tid 1,9 gRAarehp dbesmedicament fislis geddralbt e material, and
defines at its open end a peripheral flange 120. As shown

DLt Ve SHR NG DR 180816, ThORaPPS IRIRSL vilAfded Jidbeo! Lhe base

e peri pheral nge O of the vial 114 to seal

the interface. hety t he. cap.and vial. The.bas 1 defines an
upper bﬁséc]ézs?}llcﬁlzsF%ECWVF‘EF‘H&'{%@CL?BB%F“‘&Wﬁ’ﬁg}%‘l %hv\ély{ai lﬁ , and an
annul ar rim 124 projecting inwardly 10 fromthe upper end of the

per i phedabf glakd or likermatenalapndit defitrsre dpabes 16 fordgts)Vin8cei ved within the
upper recess 122 of the base 112 to formthe assenbled cap 110. The

r eseakilcameririog all2fnde todkésg dng 18 ppeourps thepreipheryf ofdhgeap DB, an annul ar
recessed portion or recess 130, and a base 112 |ocated on the opposite

si de Q{ﬁ %iﬁfl@,@ﬁg LA cHRPES fn A3t folbakdb¥ecdietiadiseaintgecapohd5 proj ecting:
y

out war romthe recess. As can be seen in FIGS. 2 and 3, the annul ar
r (gess.aiLBO and base 132 of the reseal abl e menber 126 are di nensi oned and
shaped® conpl ementary to (or define the mirror inmage of) the interior

surfaces of Lhe Upper, recess, 427 A0 AV Ahubldl dihgRlind e base 112

vulcanized rubber base in order to deposit medicament within the chamber 16. Once
the medicament has been deposited, the needle is withdrawn from the cap 10.
Although the hole resulting from insertion of the needle will shrink somewhat from
15  its maximum diameter due to the resiliency of the vulcanized rubber, the resultant
hole is typically still large enough to pass gas or vapor and thereby cOmpromise any
preservative-free medicament contained within the chamber 16.
Turning to FIG. 2, 2 heat-resealable cap embodying the present invention is
indicated generally by the raference numeral 110. The cap 110 includes a resilient
20  base 112 made of vulcanized rubber or like material which is known to those of
ordinary skill in the pertinent art, and acceptable for use in the manufacture of end
caps or the portions thereof placed in contact with, or otherwise exposed to
medicaments, such as vaccines. The base 112 defines a lower peripheral wall 115

shaped and dimensioned to be slidably received within the open end of a vial 114.

The vial 114 is made of glass or like material, and it defines a chamber 116 for

2
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menber 126 is pressed, snapped or otherw se. received wthin the upper
recess 122 20 such that the annular rim1124 is received wthin the
annul ar recess 130 to thereby fixedly secure the reseal abl e nenber

wi thin the base. The reseal able nmenber 126 is preferably nade of a -
resi | ireceivipg medivairentreTles bask, 1 12 ofithe ap 14 0Hutha defineshan yrreyneric materi al
sold by Kraton Polynmers and GLS Corporation under the registered

t r adernBpkndRATENG () aidh Shdbel Qi densisioheR % ¥E LB Rceivee ithsn tHae 4
pol yeﬁy\bene sol d by Dowa%(e:herri cal Co. e:under tlhg%?r ademar ks ENGAGETI m or

EXACTTM An. i ;por t feature. of re r i,S that it be
resealogﬁﬁlan% g}ﬂ}ﬂ{gﬂg@_aﬁe ersaieg hé??@rﬁé??ﬂs&gﬁoﬁgmgoﬁéﬁﬁf syringe or
i ke injection nmenber throuygh th reseal abl e . .nemher referably, the
resealf@m@eﬁ@ﬁﬁfe?ndc‘lfﬁh%ée%@&Ff’éd’"g&lWea egal Hé i F”gae Bfﬁg'ﬁ%‘?'hr ed by the
needl e in a manner known to those skilled in the pertinent art and

descr ioted stitablduprtehiel, and defimessd anpergendd perdphetil dladgd L3l Séer descri bed
above is that it is known to mnimze the degree to which the nedi canent

can beyahs paotxbided LEIGP A MEET, thpsrihpal iflange 118 KRATEMe i12sel f An
al um num | ocking or crinmping ring 13 )4 defining an upper peripheral 10

1 angee 4381y Andaged AUBLAREAIRNGEEN 26 baRSiAIT4ts s uni sidmver the end cap

| 10 an ocking ring is o type known to those of

ordinary skill in the rtine rt for. fixedl cur caps to

vi al s,%e%‘f?an s e2p pd Vt‘&}]le%g‘ﬁ%ﬁ%e Elﬁl M?ﬁ &)e&neﬁﬁ?u ot %‘gcr‘rag% %%%foglﬂ}gfl er ent

| ocking rings which are currently or |ater becone. known f performng--
t he f@vi?.félm tbﬁypmrmhprébWﬁHdl?H{&WHf%é'&l h%dr%tiwﬁm%énwu?fa@r 15 and

| ower flanges 13 )6 and 138, respectively, of the locking ring are

ct0 npédmothe uppérendiof cheppasipbert! agdi nst til e adj acent surfaces of the cap
and vial to press the sealing flanges of the cap against the vial and

t her eby najandegdambie fnkhibdr 12§ htfiadil eteivehsithinghe upparlredess W2nft he cap and
vi al .

the base 112 to form the assembled cap 110. The resealable member 126 defines an

upper peripheral flange 128, an annular recessed portion or recess 130, and a base
132 located on the opposite side of the annular recess 130 relative to the flange, and

15  projecting outwardly from the recess. As can be seen in FIGS. 2 and 3, the annular
recess 130 and base 132 of the resealable member 126 are dimensioned and shaped
complementary to (or define the mirror image of) the interior surfaces of the upper
recess 122 and annular rim 124 of the base 112. Accordingly, the resealable
member 126 is pressed, snapped or otherwise received within the upper recess 122

20  such that the annular rim 124 is received within the annular recess 130 to thereby
fixedly secure the resealable member within the base.

The resealable member 126 is preferably made of a resilient polymeric material,

such as a blend of the polymeric material sold by Kraton Polymers and GLS Corporation

under the registered trademark KRATON® and a low-density polyethylene, such as the



As shown in FIG 3, the heat-resealable cap | 10 is shown with a
hypoderm ¢ 20 or other type of needle 140 inserted through the

reseal abl e nenber 126 and the resilient base 112 in order to di spense
medi canment into the chanber 116 of the vial. A venting needle 142 is -~
| i ke- vpcdeethylsmy soddiby RosuGhemival Ceswwlentbe sradempeks EIYE Mtdie resilient
base 112 in order to allow gas to escape fromthe vial 114 as the

medi CaERALTTS. depasiokast feue: éftle visadlablPhedntiea 1R is thaeit dppesealtbles tand
met hod for 10 nedicanment is deposited into the vial. Preferably, the

appar . f t J i i i-8lthd S as
<hoan i oS 2 B s PRI sl TR AR ol B O e o
which is eb xpressly, incorporated b ref.eren a rt ..of e
prese ﬁ%sear IBéfE}E%’p 3 r‘l’ér%f:ye rﬂgﬁ Teg?ﬁlﬁﬁ?l gleFé’g’é%l?ﬁ ?%sz?"%“i\‘ﬁ% ﬂF’sa‘ri&’hn serted
into the base 112, and the assenbled end cap 110 is slidably inserted

i nfo tpuactoredrbyethel neddle inca miaaner knewntp ghosg skilled én therpgriinpat ag agdien cri nped

in place to lock the cap 110 to the vial and maintain the gas-tight seal

at t helebdribed fagier belotwh eOsapdanthge iofithe blfieled pobmivreldsadpdkbovaisdhatui al 114
preferably are then sterilized, such as by exposing the assenbly to beta

10 angy Qo Birdi Afhedhd Q8 rbtoAwARA R mKNOWedt @ah BE§Bsdbedingt hary skill in
the pertinent art The meél canent - di spensi ng, needle 140 is then inserted

t hr Ougﬁg’t“%f%iéﬁ‘iﬁﬁ%% %x?oﬂ?i‘?@f\l@lﬁ%lﬁpd the resilient base 112 until the

free e is'received 'into the chanber 116 of the vial to,
in turn, dispense nedi canent into the. ¢ er. The venting,needle 142 is
| i kewi se i MP@&"%%%W QFWQWPHE%HP%IBPJ;,'%%HB%F“ fﬁ@erarf?alp*f%‘%‘l he resilient
base 112 in order to draw gas fromthe sealed vial as the Iiquid
ntdi c angr 13Ganteplovier perintieraliflangs d3 & saneerebevaripe grdfar B he
medi canent has been deposited within the chanber of the vial, the
needl el 144 Fhellcthidgaing 134 it bfla sxpe Knowmto bieose af otdin®y skiblindbe descri bed
further below, a heat or other energy
pertinent art for fixedly securing end caps to vials, and may take the shape or form
of any of numerous different locking rings which are currently or later become
known for performing the functions of the locking ring described herein. The upper
15 and lower flanges 136 and 138, respectively, of the locking ring are crimped or
otherwise pressed against the adjacent surfaces of the cap and vial to press the
sealing flanges of the cap against the vial and thereby maintain a fluid-tight and/or
gas-tight seal between the cap and vial.
As shown in FIG. 3, the heat-resealable cap 110 is shown with a hypodermic
20 or other type of needle 140 inserted through the resealable member 126 and the
resilient base 112 in order to dispense medicament into the chamber 116 of the vial.
A venting needle 142 is likewise inserted through the resealable member 126 and the

resilient base 112 in order to allow gas to escape from the vial 114 as the

medicament is deposited into the vial. Preferably, the apparatus and method for

I0



source is applied to the portions of the reseal able nenber 126 punctured
by the 20 needles 140 and 142 to, in turn, seal the punctured areas &and
hernmetically seal the nedicanent within the vial. One advantage of the
preferred enbodi nents of the present invention is that the resealable™-
menber 126 of the cap | 10 may be resealed follow ng the deposit of -
medi canent into the chanber 116, thereby rendering the end cap of the

i nventi : j.eu j r '

preser vrgﬁl%/e-%ﬁ% e‘fe/pgr‘gﬁ‘]%égtr?e&ﬁ% gais U%Eérébsl?}‘%% g@é%%%? ia-{llg -ﬁfert%gedt@%c ci nes.
Accordi pgly,. a.further advantage of the preferyed odi of the
presen tﬂﬁ%ﬁé%ﬂ% ﬁ?rfn?‘gcﬁeég u?tﬂ %he%g&ﬁé gﬁgh%"‘??] E’eﬁg;] g)f‘tef}gﬁ?a? ,ﬁjfg&ﬁfto
preservative, and therefore_the above-described, drawbacks and,

di sadvé?ﬁ“é“ég’é” spuedsugg éfy 198w, gt‘? hersbx sipreshaipsomertedPiot her advant age
of the preferred enbodi nents of the present invention is that the

medi carefgrengg ehpart eftbe present| dstlesvearber 116 is not contani nated or
otherwi se affected by inpurities or other agents in the atnosphere where
t heSvi al i s Inspemtioh,dite teseabspo rteaxber 125 1srinderied.intd thdrbazedh2 Sandrihé her
reseal abl e cap enbodying the present invention 1is indicated generally by
t he refagdeaittal enddpall 0 ZldidaBhenseta ahtatheosaend b? théviab$BEMHeal | y the
sanme as the cap | 10 descri bed above, and therefore |ike reference

nuner al s Eess esh Rndd\SinipeBihace 2o 1dcRIAEAD Ofo thhGe RUMBIBhaintain ar e used

to indicate Iike elenents- As shown best in FIGS. 4 and 6, the base 212
of the _ [ ' j lde Ld ri.aheral wall -
017" o o Sod Bhe BRedil® R nd SidlC T8 abieRiPEl ABTLRNE! S

reseal %balé ? lggre e?réb%%% gle"f IS‘PC%%%QEP sﬁ%leas ﬂaeeé(ipggi?g %tlle asslélérf'lgﬁr Q%Ltai ts base 232

an annul raise oA~ rot'uberanc

10  and/or garuma radiation in a manner known to those of ordinary skill in the pertinent

art. The medicament-dispensing needle 140 is then inserted through the resealable
member 126 and the resilient base 112 until the free end of the needle is received
mto the chamber 116 of the vial to, in turn, dispense medicament into the chamber.
The venting needle 142 is likewise inserted through the resealable member 126 and
15  the resilient base 112 in order to draw gas from the sealed vial as the liquid
medicament is deposited within the chamber of the vial. Once the medicament has
been deposited within the chamber of the vial, the needles 140 and 142 are
withdrawn from the cap 110, and as described further below, a heat or other energy
source is applied to the portions of the resealable member 126 punctured by the
20  needles 140 and 142 to, in turn, seal the punctured areas and hermetically seal the
medicament within the vial.
One advantage of the preferred embodiments of the present invention is that
the resealable member 125 of the cap 110 may be resealed following the deposit of

medicament into the chamber 116, thereby rendering the end cap of the invention

H



e g-EASTHONEA - to~be-fri-cti onal I'y-recei ved-w-t-hi-n-the correspondi ng annul ar
groove 230 of the base 212 to thereby secure the reseal abl e nenber to
the base. As shown in 20 FIG 6, the base 212 further defines on the

exterior side of its |ower peripheral wall 215 a plurality of raised --
annul YO B¥#HH#Bns or protuberances 244 axially spaced relative to each
other for frictionally engaging the interior wall of the vial'-'" 14 to

t hereby secure the cap within the vial and facilitate naintaining a

her met i e gggiggg i . jn FIGS. 7 and 8,

t he reségﬁg@%“g grr‘g%ge?&ég&z erl n%tg‘}eg%eel @gdlé%%éﬂgsd?ﬁ%%g an annul ar rai sed
portion_or protuberance 246 def.inin cifcul ar rfac rtion 248
thereihm?ﬁ?&?ggggﬁWﬂfgf%i 51 Qgegﬁﬁﬁﬁ mﬁr @chﬁi?Eﬁﬂgﬁ ' as descri bed
further below. As _shown in FIG 5, the locking or crinping ring 234

def i nestBPeARERty of s dressriimyeniion is ot thesprdicagiegbogeg not geripiyiang
therethrough 5 the annul ar rai sed portion 246 of the reseal abl e nenber
226. Prestsareadivy, anditberefose Sleabbec-degsribad drantiacks ahd Bisad vantagas sBnbl ed and
the locking ring 234 is crinped in place as descri bed above and shown in

FI G5 4 pchpresévativastcawe aveidedany nedi cament or other fluid into the vial.
Then, one or nore of the enpty cap/vial assenblies of the present

i nvention argn@hed As@slagSbtht bief@thd dilsbdiferits 8NGO Prdsest intentiof @ dance with
the teachings of the present 1nventor's comonly owned U. S. Patent No.

5, 186, 72 theMleliichnt Wil Uk (healddPiabiblr | 14Gs AbL dontffinatedbANST €r Pocket

And Encl osure”, which I's hereby expressly incorporated by reference as':

part O-fotﬁ%}\%sgraﬁ%gﬁﬁ r?g:i;?léhﬁﬁéér &qﬂfé agLRE IARE Qﬁdg;;%%ﬁ v\g%@th@"e‘ia? i, the

enpty cap | "asse s are placed in an | ag or "pocket"™ which
is closed nd, if,desired, provided with a sterilization indicator.
Then, ti?eégfg?ﬁan%%cket is placed within a transfer pocket including a

S3ping TaE e 1100, Sry el . gL pve o B RerLbhersl ol e
1s indicated generally by the reference numeral 210. The resealable cap 210 is
essentially the same as the cap 110 described above, and therefore like reference
numerals preceded by the numeral "2" instead of the numeral "1" are used to
indicate like elements. As shown best in FIGS. 4 and 6, the base 212 of the cap

15  defines on the interior side of its upper peripheral wall 217 an annular groove 230.
As shown best in FIGS. 4 and 7, the rgsealable member 226 defines on the
peripheral surface of its base 232 an annular raised portion or protuberance 224
dimensioned to be frictionally recetved within the corresponding annular groove 250
of the base 212 to thereby secure the resealable member to the base. As shown in

20 FIG. 6, the base 212 further defines on the exterior side of its lower peripheral wall
215 a plurality of raised annular portions or protuberances 244 axiaily spaced
relative to each other for frictionally engaging the interior wall of the vial 214 to
thereby secure the cap within the vial and facilitate maintaining a hermetic seal

between the cap and vial. As shown best in FIGS. 7 and 8, the resealable member

2



the frame and cl osed by an el astic band overlying the transfer pocket and
received w thin the peripheral groove. The transfer pocket |ikew se nmay
include therein a 20 sterilization indicator. Preferably, the assenbl ed
transfer and internal pockets are sealed within an "external" pocket and
t he assenbl ed pockets are subject to sterilization, such as by exposure .
to ganma radiation, to sterilize the pockets and the enpty cap/vial

assenbl4gs, wi.Lhin.the kets. The t.ransfer pockets can_.then_he used to
store ar%/dgﬁhgr‘%{lnlst%{ép tsg'%%h:‘%e & %urﬂrf@%%ﬁ%% ROyhsrance 2y ﬁﬁ@‘“@%st em

w t hout .coptani.nati gg t? terié}i{zed,assenbl_ies. As further described in
the ' 72FUFHIaE fyrtaceportion ‘feﬁfg\@regy &sheivang » Ehmemegdianrdiks sterile

enclosure, and the enpty vials are introduced into the enclosure. by
renovi riBSTEIRENY;as dascaibad Turther dgloat nds shevakietFIGahdthe ook or anngie seal i ng:
frame of the transfer pocket to a window or transfer port of 5 the

encl| os uing. 23Asiefines heantrdl spErse2l5d in itshpper/dde fratrestiving theaeth@apbie materi al
is preferably superinposed on the sealing frame for securing the

trafisf ehe aoake raitdl pditon L4665Hhe teRabble Hhemitte 2Pkl | i Ng system encl osure.
Prior to releasing the cap/vial] assenblies into the filling system

encl osure, tPhgeSbRI Hd i Wale)] I in order
to ensure that thgfr’ gée%%ﬂe&%o%agﬁlpﬁeg%[ '?' Egaﬁoés%’gg%%ﬁd%ggﬁﬁ% es were

mai nt ai.ngchs r sfar, As.d ribed.in the '772
pat ent ,&ﬁf’%éag{)rtlﬂn ofpﬁtcﬁggtgrgsac?lfgg%%i;%%c gtSh%%??gﬁ‘g‘iPﬁ%”?r ame is then
cut a I t.aneously steri.lized al.ang.the trinmed rfaces to
dest r%ﬁ?gﬂﬁ%%g%ﬁme ﬁ%‘y e“éiﬂ‘%‘%? ﬂjé:rvé%n, b&ﬁdoﬁeoorép?%\ﬁ% lfif?e i nt er nal
pocket taq, be receive .thrg}ug}? the transfer port and_into the encl osure.
15 Onc&PECEP(AY Aertlss PhEReaReIeBEAY ertioniaes erplesedasterlételetnd s opened and
thg eg%t]%) cap/vi al assenblies are renoved and |loaded into a filling
madfi n (v

HEL IR ackprdanet Wib the taachings of gregraseat irxmsoter’s sammgnlnt o t he

filling machine, the reseal able
owned U.S. Patent No. 5,186,772, entitled "Method Of Transferring Articles,

Transfer Pocket And Enclosure”, which is hereby expressly incorporated by
reference as part of the present disclosure. As disclosed in the '772 patent, the
empty cap/vial assemblies are placed in an internal bag or "pocket” which is closed

15 and, if desired, provided with a sterilization indicator. Then, the internal pocket is
placed within a transfer pecket including a sealing frame defining an annular groove
on a peripheral surface thereof. The transfer pocksat is stretched over the surface of
the frame and closed by an elastic band overlying the transfer pocket and received
within the peripheral groove. The transfer pocket likewise may include therein a

20 sterilization indicator. Preferably, the assembled transfar and internal pockets are
sealed within an "external” pocket and the assembled pockets are subject to
sterilization, such as by exposure to gamma radiation, to sterilize the pockets and the
empty cap/vial assemblies within the pockets. The transfer pockets can then be used

to store and/or trausport the sterilized assemblies to a filling system without

%
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“menber 226 of each enpty cap/vial assenbly is preferably sterilized again
in order to further ensure that no contam nates enter the vial.during
the filling process- In 20 accordance with the preferred enbodi nents of
t he present invention, the reseal able nmenbers 226 are sterilized at this
stage by either direct heat cauterization or |aser cauterization. As
shown in FIGS. 9A through 9C, an apparatus for cauterizing the
reseal abl e caps by application of heat thereto is indicated generally by

the ref eseitRatig theRBrifizePdembie. 20farthértescived iR MY TEEpatént@ESi Ng 254
nount ed over a vial support 256. The vial support 256 nay be adapted to

hold a ﬁhi[l%:ssﬁs%ﬁl%loc&redvﬂfbﬂ§§£Hieymcfo§m€,deﬁ{atiﬁgeﬁﬁ{3?viﬂs%é”a' ity of vials.

The enbod t of the support adapted to hold a urality of vials

defi nes; or,..r IV s el . i.a. pair of
opposi nlgnqrso‘égu glgtlro s}g %gﬁiqsérre n}g’&% g%%e&g%%?ﬁé%%egﬁé@%ﬂ%ﬂ%ﬁ for
supporting thereon the.flan 220 of the vial. Jf desired, a yibratory
e e ( FOe IR fealiag oy i Fot BORsTS Bt St HansirpBPR obse o
vibrate the support and, in turn, nmove the vials through the channel at
a prdethecasipsre. As furthep dislosed ndhedy2 paient ae adhesivednaierial fose skil led in
the pertinent art based on the teachings herein, any 10 of nunerous

di f f er eprefedatily supsyigiosst anthe sm!@gcfmmeﬁ%r bscuripg thedramsfap poekebtathown, nmay
be equally enployed to nove the vials through the filling machine. The

housi ngir@sferpoftiof ds: flipe syspdre eadlosea| P te welbastey A6 2app/osired on the free
end of the housing for sealingly engaging the upper flange surface 236 of

each | geéhblgsiRphee fidi3d syAsmehavsurbaké steAlikticn iSBcatbRarper i pher al
sealing surface 15 surrounds the aperture 250 formed through the | ocking

menber ARLANPascRE fntBders Btk SRhehE AL ARl oftheviapspal abl e menber
226 of the cap. Preferably, the peripheral sealing surface 262 forns a

subgd anidkahblYestwdid Saldt@hd BRAhOSINRER ifd8ransfer. As described in the .

"772 patent, the portion of the transfer pocket overlying the frame is then cut away
and simultaneously sterilized along the trimmed surfaces to destroy any
microorganisms or germs thereon, and to allow the internal pocket to be received
through the transfer port and into the enclosure.

15 Once received within the enclosure, the internal pocket is opened and the
empty cap/vial assemblies are removed and loaded into a filling machine located
within the sterile enclosure. Once loaded into the filling machine, the resealable
member 226 of each empty cap/vial assembly is preferably sterilized again in order
to further ensure that no contaminates enter the vial during the filling process. In

20 accordance with the preferred embodiments of the present invention, the resealable
members 226 are sterilized at this stage by either direct heat cauterization or laser
cauterization.

As shown in FIGS. 9A through 9C, an apparatus for cauterizing the

resealable caps by application of heat thereto is indicated generally by the reference

3



housi ng and the cap. A heating surface 264 projects outwardly fromthe
free end of a central support 266 of the housing for contacting the
penetrabl e surface 243 of the 20 reseal abl e nenber and cauterizing the
surface. An annular conduit 268 extends about the periphery of the
heating surface 264 and is coupled in fluid conmunication to a vacuum
source 270 for drawing air through the conduit and away fromthe
cauterized rfa 248, as.Lndi cat.ed the. arrows in the Figures. The
Pous: ndrBIRLS 2 he AR S CURBHo R Bt o e s Pl Pt ng ¢ e
housi ng and 15, thus the heating surface_ 264 into and out of engagenent
with tHEPRTH% dTheeviak sunpetd 256 gray Readapied tohold agingle vishf er i zi ng t he
surface, as indicated by.the arrows in the Figures. As nay be recogni zed
by t hogeefetably, éxadantettholdbepliialisn of vials. tsembteditnéng of theasspporys herein, the
drive source 272 may take the formof any of nunmerous 5 different types
of dri udapteditcclesid alpdiraitverf vidls defifey a chandeh 268 fdreeciving tardin tHeor

perform ng the function of the drive source as described herein, such as

a pyeurgili Gnd dipatf ofposinS ot ACloHALE ok tBE uppdIRtpé ¥P@e @halePCt i C
drive. Simlarly, the heating surface 264 may take any of nunerous

di 11 1 35l S BBARES Wb RR ALY 230 Ofthe v 1B ired 8 ViiELRHalE Y, Of

numer ous nt ways thal are currently or Tater known, such
as by electric . resistance heater (or "hot w.re" Preferabl.y, however,
t he hegp?vr%) IE%PF *’%g%"”j‘ Xcgg??cﬁeecgt%atﬁesﬁé paogeﬁgﬁggéb%tﬁéh%%u P?)‘ﬁranc’c#r espondi ng
to the desired sh an onfour._of th enetrabl e _surface regi on 248 of
e Cafih BOFReGRar erh BF ChBeL s aTaaY S SR Dopt cal |y 11
FIG 9A, each vial is first introduced jnto the cauterizing station with
the peRerFeaBPEed by thise skillsd puihe prrtinant St baspd op dretspdprgs hesibany 226

al i gned with the heating surface 264. Then, the drive source 272 is
actat e nu@erpus differens dnge sysiemethat dswhwantl. pr laer hecome knpwn, pier al

seal ing surfaces 262 sealingly engage the upper flange surface 216 of the
be equally employed to move the vials through the filling machine.

The housing 254 defines a peripheral sealing surface 262 formed on the free
end of the housing for sealingly engaging the upper flange surface 236 of each
locking member 234. As shown best in FIG. 9B, the peripherél sealing surface -

15  surrounds the aperture 250 formed through the locking member and exposing the
penetrable region 248 of the resealable member 226 of the cap. Preferably, the
peripheral sealing surface 262 forms a substantially fluid-tight seal between the
housing and the cap. A heating surface 264 projects outwardly from the free end of
a central support 266 of the housing for contacting the penetrable surface 248 of the

20 resealable member and cauterizing the surface. An annular conduit 268 extends
about the periphery of the heating surface 264 and is coupled in fluid
communication to 2 vacuum source 270 for drawing air through the conduit and
away from the cauterized surface 248, as indicated by the arrows in the Figures. The

housing 254 is drivingly connected to a drive source 272 for moving the housing and

15



respective | ocking menber 234, and the heating surface 264 sinultaneously
engages the exposed penetrable surface portion 248 of the reseal able
menber 226. The 20 heated surface 264 is nmaintained at a predeterm ned
tenperature, and is held in contact with the exposed surface portion 248
for a predetermned tinme period, sufficient to cauterize the exposed
surface portion- One advantage of the construction of the reseal able
menber 226 as shown in FIGS ~ 7 and 8, is that the cauterization process

def or mephd e BRI L3 HDREADHHC R B8 chdHePmBntCHT Mdlexpbse8 PBAGFBINY tO that

of the heated surface, thus allow ng an operator (or optical or other

aut omat | ensi: . i - o1 cap has been
proper | g&ﬁfa:ge er %%@lgoﬁgggw{’%ng Pﬁ%&’% %%H\}\% WP&SG@ %,?ﬁgf ter
cauterizing the exposed surface, t Liye squrce 272 is actuated to

G ve. (HERG AT Ty SRR DERERIPY T SRR F PEREGEHEHECUPR A he cap.
another vial is poved under the housing, and the process is repeated
unti | dfachings hergmn, thedriyeSpuICE #U¢ Aay ke thadogp eEMPE AU MG Ner  bel ow, upon
exiting the cauterizing station of FIGS. 9A through 9C, the vials are

pr efer abiffsrentippesrad\deige senreesahat 4 cwgenilyaer lorer becommakistwn, fa1 | t he
sterilized vials. The cauterization and filling stations are preferably
nount ecgeriivtrizing tize fuhetiod & thadhiossoece & destriibed Heesin, rsach gaspridumatithr ough t he
enclosure to facilitate maintaining the sterile conditions, as

descri kigire, drarsopmsiiPicuatid\er e tepaefile@nedrive 22iniRteNhe heatidge currently
preferred enbodi nent of the present invention, the tenperature of the -

heat i NGyFidelRAGndStaith bdY OF dudfer bRy (SRt ARPEOHTRLELYEMY, akd i@y 300" G,
and the cycle tines (i.'e., the time period during which the heating

surf aC%eih@at@%ﬂ%%%ds%ﬁﬁ&@ﬁ%&y%&t@ré ?lﬁg%%l?%?ﬂ&%&ﬁge 248 of the

reseal abl e nenbe are wthin the rTange o oximately 1.0 to 3.0

Seqnase, J0e. B 65BNk, LAYERLOE. IS nedt B ThORMH b drlSS, AGIRREA Ur es and

cyc I mes’ nay achi eve a

the heating surface 264 defines a surface shape and contour corresponding to the
desired shape and contour of the penetrable surface region 248 of the cap.
In the operation of the apparatus 252, and as shown typically in FIG. %A,
each vial is first introduced into the cauterizing station with the penetrable surface
15  region 248 of the resealable member 226 aligned with the heating surface 264.
Then, the drive source 272 is actuated to drive the housing 254 downwardly until the
peripheral sealing surfaces 262 sealingly engage the upper flange surface 236 of the
raspective locking member 234, and the heating surface 264 simultaneously engages
the exposed penetrable surface portion 248 of the resealable member 226. The
20 heated surface 264 is maintained at a predetermined temperature, and is held in
contact with the exposed surface portion 248 for a predetermined time period,
sufficient to cauterize the exposed surface portion. One advantage of the
construction of the resealable member 226 as shown in FIGS. 7 and B, is that the

cauterization process deforms the annular protuberance 246 into a contour

i&



approximately a 6 log reduction in bio-burden testing to thereby
effectively sterilize the surface. 20 In FIG 10, an alternative
apparatus for cauterizing the reseal able caps is _indicated generally by -
the reference nuneral 274. The apparatus 274 differs from the apparatus
252 of FIGS- 9A through 9Cin that the thermal energy required for
sterilizing the filling area of the reseal able nenber is supplied by a

| aser (ré%erred tg}Ia qﬁgegn‘gi "lLaser cauterization"). The | aser

caut er i SHHIPOREE A Satel fie beale SRiFer s gliopying 48 eperaior (anmptical @it abl e

radi ation source 276 optically coupled to a scanning mrror 278 nounted
over t hethes aitemale %cggxems;e.m)ﬂwmﬁm dgtsrmifeoninether eR¢hZapls bedre vials are
preferably nounted within the sanme type of support as shown in FIGS. 9A

t hr oughpogeilncateized prcatol fdling.hAs skowa inBI@ I3 piet @ubeizingnhell y cauteri zed
in 5 succession prior to filling each vial with nedicanment, as descri bed
f ur t her expebalsurfate, ieddu sotrtel272 i £ftested t GTROEE KBNS 54 (Rvapaig s ent

i=d

invention, the laser 276 is a commercially available CO2  or G | aser.

The SOCParldase of OiRloahest vith de MR WBLERDYAL RImARRNGYLRL ﬁb&é@g??gd m At this

wavel engt h, absorption of th aser energy Is governed e electrical

conduct 4 Vvi f- il g 0 n.10Q insyl ati terial, such
as the ﬂelf'lgé‘%eg%e}??{b%an@ ]ggﬂlilaﬁ% %efs I‘%tﬁe%;seéégg?ua 5%%6%% Fcr%g,%‘“%sor bs and
convert,s st of the jncident enerqgy J heymal, energy.to cauterize the
F ecer vi e R st b g T dor SIS s p Ahamreh J0 e e

appr oxi el .06 u At this frequency, absorption is_governed by the-
latti c@’% &‘?ﬁ ,Veglmé% ling statiqo e qpeinaty ﬁﬂ;ldbwemhwdtqu-iﬁq e

ioni zati on woul d be _perneable to the | aser beam 15 Accordingly, when
enpl oyiAYIeHZaRD qndfdking statiqns ageprefesails momteddvishio el strdmenclasutehe
elastoneric material of the reseal abl e nenber in a manner known to those
of 100r gvifat langiRay gas fiowt theough the snslusurertp facilitradmpintaining Hrrseeild t S
absorption of the |aser .

conditions, as described, for example, the above-mentioned 772 patent.

In the currently preferred embodiment of the present invention, the
temperature of the heating surface is within the range of approximately 250° C to
300° C, and the cycle timss (i.e., the time period during which the heating surface is

15  maintained in contact with the exposed surface 248 of the resealable member) ars
within the range of approximately 1.0 to 3.0 seconds. The present inventor has
determined that these temperatures and cycle times may achieve at least
approximately a 6 log reduction in bio-burden testing to thereby effectively sterilize
the surface.

20 In FIG. 10, an alternative apparatus for cauterizing the resealable caps is
indicated generally by the reference numeral 274. The apparatus 274 differs from
the apparatus 252 of FIGS. 9A through 9C in that the thermal energy required for
sterilizing the filling area of the resealable member is supplied by a laser (referred to -

herein as "laser cauterization"). The laser cauterization apparatus 274 comprises a

13



energy. A significant advantage of the YAG | aser is that the superficial
| ayer of the penetrable region of the reseal able nenber, and any ger ns,
bacteria or other 20 contami nants thereon, are transforned into plasnma to
rapidly and thoroughly sterilize the effected surface. If necessary, a-
Wfiltration coating nmay be applied to the surfaces of the enclosure for
the apparatus of the invention to prevent the operators fromreceiving
any unnecessary WV exposure The present inventor has denonstrated that

beam engr.gi ' e r . ' fficient to
o roct | oty oleP sl BAGRR bou O AHbEBHT it o BBl | L0 <
menber - addi tion,, bi.o-burden f.est, as . denonst t hat, | aser

ener gi egjl%fmﬁ’b[ﬁ‘% AR et%lﬁyca?(ﬁ??ﬁél réa‘&&g}‘lg?@%;s BW&E%&E@? Bedds r educt i on.
5 At these energies, the apparatus of the present invention may

ef f ect i FEIRyeismBly;meunted wﬁhnstg? FaRe PR Of SRAPRTARS shewR MeF KT8 Aof
approximately 0.5 seconds. Accordingly, a significant advantage of the

| aser cthaowshi %ain ogder 4p phew thesreseaipbie cansdo b¢ rapkdy gaweraed ini nvention is
that they may involve significantly shorter cycle tinmes than various

di rext heatssivatphiots. filiet eactotihlewitha chedivhagst, af déshdbddbfuethexdseidver i zat i on of
the present 10 invention, is that it involves both a non-contact nethod

and appar at U, thebgrdofigpeéferred einboditaentofBe PREhtikvdabos ARERERETEW th t he
cl eaning of a contact head or |ike heating surface. Turning to FIG 11,

af ter disra%hﬁﬁﬁknfévéﬂﬁﬁﬁrc (AL OThO O, et G%&ﬁle@@ﬂ £ menber 226 _Of

each vial, the vial is noved within the support 256 (such as by 15
vi brato ive)einto .a fillj t ati . e fill.in tion 280
i ncl udegsvx‘éeq%nééjd%ap%'?x%a&%} :]!r)ugglcr?l %‘%hgngﬁ‘%gge% arb ecr {ﬁ‘!'r)%g%t?’% Si/‘asﬁ%unt ed over
t he support 256, as . indicated b he .arr in F 11, and axially
al | gnedtAFEHS ERterREHt s slketrioalf wO5y§ b meteriab TR R nber 226 of
each vial/cap assenbly_ passing ther,ethro,ulgh.

10  insulating material, such as the elastomeric material of the resealable member 226,

absorbs and converts most of the incident energy into thermal energy to cauterize the
receiving surface 248. The YAG laser operates at wavelength of approximately 1.06
um. At this frequency, absorption is governed by the lattice atoms. Thus, a clear or
transparent polymer with little ionization would be permeable to the laser beam.

15  Accordingly, when employing a YAG laser, it is desirable to add a colorant to the
elastomeric material of the resealable member in a manner known to those of
ordinary skill in the pertinent art in order to enhance its absorption of the laser
energy. A significant advantage of the YAG laser is that the superficial layer of the
penetrable region of the resealable member, and any germs, bacteria or other

20  contaminants thereon, are transformed into plasma to rapidly and thoroughly
sterilize the effected surface. If necessary, a UV-filtration coating may be applied to
the surfaces of the enclosure for the apparatus of the invention to prevent the

operators from receiving any unnecessary UV exposure.



A drive source 284 is drivingly connected to the needl e 280 for
reciprocal ly driving 20 the needle 282 into and out of engagenent with'
each cap 210. A nedicanment or other formulation reservoir 286 is coupled -
in fluid comunication with the needle 282 for introducing a S -
predet erm ned nedi canent or other fornulation through the needle and
into the vial. In the currently preferred enbodi nent of the present
invention, the needle 282 defines a plurality of fluid conduits therein,

i ncl udi ng a The piepasnt ifventod haodriodnstrags tha beamjeaetgiosgn theerapeeedit er ni ned
medi canment or other fornmulation into the vial, as indicated by the arrow
i n Fl GapptoximatlalsecihW itk yifficien adefféctiZO9 cﬁﬁﬂéﬁlz@ﬂlei sirfaéd 248 of

comuni cation with a vacuum source 292 for wthdrawing air or other

gases fihoslabidmeriot-edehlableGAMhbet. 24 8ddifiod hgo- Ehﬁien@és'hﬂ% gﬁﬂ%ﬁ% du“ ng
er

the filling of the cavity with the nedicanent or ot or mul at1 on.

IR e e s R e ?@@et?o'&l? b2 s
i e, o bRk ol B v ShGSRG PR P e 'R opl aced

air or ot ase out of the_interior cavity of the vi aI 10 As shown in
Flcs. 9% ‘fan% Ui 2’*[9Y°]§f%? O#mﬂr?wai%l)éﬁawwt AcErdingiedi cament or

ot her fﬂg&glatlon and wi thdrawi ng the needle 282 fromthe cap 210, the
penet r &LR5aBHadRnENze phthedagsT guReiration appasatue and mettedsf sheprgssphe pat h of
the w thdrawn needle (FIG 12B). Upon w thdraw ng the needl e, the

vul caniizeeatipn isotbat thepgey 21wt sighi@candly shertendyfclectired thyn vadddsi ent to cl ose
upon itself in the penetrated 15 region and thereby maintain the vial in
a seal @grectdieat inethods. Hiweanether advatiexve off Hedasen kaverizatiop@if the [gagas and/ or
liquid my be allowed over tinme to pass through the needle hole, and

t heoef aiventanis tadlt/isatvaRed hyntentB@s88E0d MDA PArMsS 8fd degrgkat i on,  as
shown typically in FIG 12C, to heat seal the reseal able portion 226 of

t he cafhere is no need to be concerned with the cleaning of a contact head or like heating

surface.
Turning to FIG. 11, after direct heat or laser cauterization of the resealable
member 226 of each vial, the vial is moved within the support. 256 (such as by
15 vibratory drive) into a filling station 280. The filling station 280 includes a needle
or like injection member 282 reciprocally mounted over the support 256, as
indicated by the arrows in FIG. 11, and axially aligned with the penetrable region
243 of the resealable member 226 of each vial/cap assembly passing therethrough.
A drive source 284 is drivingly connected to the needle 280 for reciprocally driving
20  the needle 282 into and out of engagement with each cap 210. A medicament or
other formulation reservoir 286 is coupled in fluid communication with the needle
282 for introducing a precetermined medicament or other formulation through the
needle and into the vial. In the currently preferred embodiment of the present

invention, the needle 282 defines a plurality of fluid conduits therein, including a



pronptly after withdrawi ng-the needle therefrom As shown typically in
FIG 12C, 20 a heated nenber or surface 264 is reciprocally nounted over,
and axially aligned wth the penetrable region 248 of the vial/cap
assenbly received within the filling station. A drive source 272 is ~-
drivingly connected to the heated nenber 264 to reciprocally drive the
heat ed nmenber into and out of engagenent with the reseal able nenber of
each cap. As shown typically in FIG 12C, the heated nenber 264 is 20

mai nt ai j L4 . o« i nt al i.n engagenent with
t he peﬁ%?ir@@é;gn%g%é%ﬁfogiﬁ J?%@%ﬁ%&@%ﬁoef %%rbt?% etlijlse t he

el astongric, materigl and hernetically seal needl e ho 94. As a
resul t TTE’EHHI&H‘%“ %‘6&}? ‘?%lp?séﬁﬁcg%filrl?yg? othfltc{fﬁé, ?ngaoﬁego?#oﬁ'él%i s
elimnated fromthe exterior region of _the reseal able nber 5 to thereby
mai nt ai $PrduréPyraeupledsiafluig compuaiceien WHB 2ReT spurced’ be recogni zed
by those skilled in the pertinent art based on the teachings herein, the
drive seithdrawmgditwathergasesifom thainteaorcayity 21 6of theovial prier trigd/ar2D may
take the formof any of nunerous different drive sources and heating
memger sdaihedks fillinh of daavity with the diedebment orpitier fdrymulationl G t12C, however,
10 the heating nenber 264 may define a smaller width than the heating

nenber / SiustAdEeriReiahemed Sent GiveSRiH, Gid kg 28D ¢s pEfribleldhent egi on of
the cap prior to filling. In addition, the tenperature of the heating

menber ol MfindRAl &éﬁ%axﬂ&a&éaﬁdﬁsglgéseforméamghﬁépﬁae&ﬂﬁné&ati ng menber

descri bed above I'n order to rapidly nel't and seal the penetrated region:

NS SouaeH b e SIS SOl i AR SESIEP R O, 5 e
S e TR e R T
cauteri zat! op, and heal -sepl | 00 BLOFAS SR A, ASUPY:RYR o any herml
medicament or other formulation and withdrawing the needle 282 from the cap 210,
the penetrated region of the cap defines a needle hole 294 along the path of the
withdrawn needle (FIG. 12B). Upon withdrawing the needle, the vulcanized rubber
base 212 of the cap is sufficiently resilient to close upon itself in the penetrated -
15  region and thereby maintain the vial in a sealed condition. However, as described
above, vapors, gases and/or liquid may be allowed over time to pass through the
needle hole, and therefore each vial/cap assembly is passed through a sealing station,
as shown typically in FIG. 12C, to heat seal the resealable portion 226 of the cap
promptly after withdrawing the needle therefrom. As shown ’cyp_ipally in FIG. 12C,
20  aheated member or surface 264 is reciprocally mounted over, and axially aligned
with the penetrable region 248 of the vial/cap assembly received within the filling
station. A drive source 272 is drivingly connected to the heated member 264 to
reciprocally drive the heated member into and out of engagement with the resealable

member of each cap. As shown typically in FIG. 12C, the heated member 264 is
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Alternatively, and as shown in FIGS 13A through 13C, the |aser source
276 20 and scanning mrror 278 may be enployed to heat seal the
penetrated regi on 294/ 248 of the reseal abl e menber. Accordingly, the sane
type of | aser source 276 and scanning mirror 278 as descri bed above may-
be enployed in the heat sealing station to performthis function, or
alternatively, a different type of |aser systemmy be enployed. In a
curren%%&Pﬁéfferred enbodi ment of the present invention, a CO2 21 |aser
of appr o8 3} a5pifigiens tesppsraysy 2pdmatvined ineggegemanp Mitkithet el y 0. 10
inch in dianmeter in the reseal able cap. As may be recogni zed by those
ski | | edrepptratpragaon ¢fitbntesealeblb avmaben 326 hefust draikishgseritametetial apdmer ous
changes and nodifications may be nmade to the above 5 described and ot her
enbodi rentsticallytsea the edlthala29nt Ao ravuld@id asiBBwh i Rsally/BRIG S scope as
defined in the appended clains. For exanple, the reseal abl e nenber may

be i nt @03 inoEBlotdett Wlelihiddial RasAE UG SreRbon! U fosdlBl AGpLe

reseal abl e nenber may be fused or otherw sé ne

ressal abuRdF AL erb%n@fﬁgg%m%ﬁgb%bl%%@ dad .10 the base- In addition,

t he reseal able ne ny of humerous different

mat eri al s i curr.entd v.kno I ich later, beco known for

per f or m ng%sgﬁ?)ﬁhgﬁcg%mgbgwgs‘?%@%ﬁ’&%‘?@ﬂ%%@f@b@g herein, such
as any ofhggngrous di fferent th&éan%aStic and/or el astoneric

mat er | ATSUEN SPGHY Ty drivg,sowres spf Beating membri{sprfagpfEIGSy I 2he- Sinil arly,

t he base %g}r e made of vul cani zed rubber as descri bed above, or any of-

numer of&o 15y fakedhe S ofanyrpiavmerensdifierent drivie soutces agsbcone known as

bei ng conpatible with, or otherw se defining a stable enclosure for the
part i chfaingraemberrandescobadadbond. Wistibdipated typicallplin FIG 2@hdwever, t he end
cap of the invention may include nore than one | ayer of vul cani zed
r ubber therhtatrg membet Rédhmey defime/z smalfervédthahabthe hemdey i al . I n addi ti on,
member/surface described above for cauterizing the penetrable region of the cap
prior to filling. In addition, the temperature of the heating member 264 for sealing
may be higher than that of the heating member described above in order to rapidly
‘melt and seal the penetrated region. One advantage of the reséalable cap of the
15 present invention, is that the underlying rubber base 212 thermally insulates the
heated region from the medicament in the vial to thereby maintain the medicament
in the vial within an appropriate temperature range throughout the cauterization and
beat sealing processes and thereby avoid any thermal damage to the medicament.
Alternatively, and as shown in FIGS. 13A through 15C, the laser source 276
20  and scanning mirror 278 may be employed to heat seal the penetrated region
294/248 of the resealable member. Accordingly, the same type of laser source 276
and scanning mirror 278 as described above may be emploved in the heat sealing

station to perform this function, or alternatively, a different type of laser system may

be employed. In a currently preferred embodiment of the present invention, a CO;
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the cauterization and sealing stations of the present invention may
enpl oy any of 20 nunerous different types of heat sources that are
currently, or |later becone known, for performing the functions of the
heat sources described herein, such as any of nunerous different types--
of | aser or other optical sources or conductive heat sources.
Accordingly, this detail ed description of the preferred enbodinents is to
be taken in an illustrative,as opposed to a limting sense. 22 Wat is

cl ai med lpssr ofiapproximetsbtiS W isiemmlexgddo 9¢ad k regiomappronisd e 6,10 hedh in

medi canment, conprising the follow ng steps: providing a vial; a

r eseal aliamet¢ropperresaabdbieiéapy a body defining a predeterni ned wall
thickness in an axial direction thereof, wherein the body defines a

needl e penet KatmBIbd REbIIzdd B thbse Mlﬁﬁﬁﬁﬂ@ﬂéﬁﬁiehﬂrﬁb&%%%é o] f_or m a
needl e aperture ther et hr ough, and is heat resealable to hernetically

seal thgeaggggg&%%&Héﬁug%mgppﬁﬂM@&ﬁﬁg@?%@}ﬂéﬁgé&gﬁ a |l aser source

at a predeterm ned wavel engt h and power Wember for
SeCUi”sttcB S0P t i L ak, .l aser source that _trapsmts
| as egr r adi atE ?%n; @gﬁ[’ree(t??[foﬁi%% gﬁ%r%{é & gerq ?nlﬁﬁ%‘é? B derartine SOmeis of t he
| aser source; ,selecting a det.er m.ned col| or, and opacity of the needle
penet r at i85 2 g@‘%ﬁ ‘5#139%91?8‘9@5‘32%1“5& & SeoR efhetrFﬁi’PJagl?Hﬁ?fa?ﬁrif&ﬂﬂ y absor bs
| aser radjation at the _&r edeterm ned wavel ength and power to
her met i BaiNSEralipokied avth the Spwreh & Dopssmpiding, temessdlable mpembsrr at i on
region thereof in a predetermned tinme period; selecting the
pr edet efay e dusgd of othreiknesliedto thh bassoetythofestdinble msmhkainhebe St opper t o
substantially absorb the laser radiation at the predeterm ned wavel ength
and subsaguentiaflly lnyoldecbtoghe basee Ipadditiers thefresealibRimdniber hiyUgmideeo s
predeter m ned wal |
10 any of numerous different materials which are currently known, or which later
become known for performing the functions of the resealable member described
herein, such as any of numerous different thermoplastic and/or elastomeric
materials, including, for example, low-density polyethylene. Similarly, the base can
be made of vulcanized rubber as described above, or any of numerous other
15 materials which are currently, or later become known as being compatible with, or
otherwise defining a stable enclosure for the particular medicament contained within
the vial. In addition, the end cap of the invention may include more than one layer
of vulcanized rubber and’/or more than ope layer of resealable material. In addition,
the cauterization and sealing stations of the present invention may employ any of
20 pumerous different types of heat sources’ that are Currently, or later become known,
for performing the functions of the heat sources described herein, such a5 any of
numerous different types of laser or other optical sources or conductive heat sources,

Accordingly, this detailed description of the preferred embodiments is to be taken in

an jllustrative, as opvosed 10 a limiting sense.



t hi ckness of the body; prior to filling the vial wth nmedi canent,
assenbling the stopper and locking nenber to the vial and formng a
substantially gas-tight seal between the stopper and vial; sterilizing
the enpty assenbl ed stopper, |ocking menber and vial; penetrating the
needl e penetrMMf the body with a needle coupl ed in fluid
comuni cation with a source of the predeterm ned nmedi canent; introducing
t he predeterm ned nedi canent through the needle and into fthe interi o][ of
the vial; w thdpawemed bhillged)is ﬁ;'aﬁ{e n o
the body and formng a neg% |l e ap"{él??ﬁ}r)feeat@tﬁgﬁgl?é\ﬁwgp B@gbﬁggéﬁgk@dl ation
f r om t he follpndng stsps: ce at the predeterm ned wavel ength and power to the

dl t f t od ubs ti absorbing wthin
The needl o penttidpk &¥ificy Rorafe SRab iaudinea bk oftinaiar on at ¢ he
pr edet er Ipirdibférmﬁ‘téﬂhﬁlll@lhftkﬁéﬂﬂ i WP akialditealib tHerRY SihdrBigh tﬁ@ﬁo 8%@9@ of

radi ati on through t he predeterm ned wal |l thi ckness of the

causi ng PRwlle penstratieniregiqnohatds picresablecrith @mmdifetd forw e needje hpt:{tullel ower to

hernetic the need] e penetration
r egi on o?ﬂ ﬁ %gﬁdénﬁqsﬁﬁaﬁ Stghle preger?neglg?] ﬁé‘e%ié‘?f‘ ij orma
subst ant iappliyingdaser tadgiﬁonSfﬂﬂxh a ld3et wReR dt B@rdd%&&h[r@ﬁ&ﬁhv&ﬁﬁgﬁrhna wehe
interior of the Viﬂﬁg A nmethod as defined in claim1, wheréin the

I

sterilizthfgERaloc r%ﬁﬂ%%er fersauinedhe seppsie theatialoand @ fasensopreetthat needl e

penetr at body with a heated nenber to sterilize the
surface. H:ﬁsnzl%oﬁngi&gefl ned in claiml1l, wherein the sterilizing step

i ncl udes selecting a predetermined wavelength and power of the laser source;

selecting a predetermined color and opacity of the needle penetration region of
the resealable stopper that substantially absorbs laser radiation at the predetermined
wavelength and power to hermetically seal a needle aperture formed in the needle
penetration region thereof in a predetermined time period,;

selecting the predetermined wall thickness of the body of the resealable
stopper to substantially absorb the laser radiation at the predetermined wavelength
and substantially prevent the passage of radiation through the predetermined wall
thickness of the body;

prior to filling the vial with medicament, assembling the stopper and locking
member to the vial and forming a substantially gas-tight seal between the stopper and
vial;

sterilizing the empty assembled stopper, locking member and vial;

penetrating the needle penetration region of the body with a needle coupled in
fluid communication with a source of the predetermined medicament;

introducing the predetermined medicament through the needle and into the
interior of the vial;

withdrawing the needle from the needle penetration region of the body and
forming a needle aperture therein; '

applying laser radiation from the laser source at the predetermined wavelength

and power to the needle penetration region of the body;
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providing a |l aser source, and transmtting radiation fromthe |aser
source onto the penetrable surface of the needl e penetration region of
the stopper body to sterilize the surface. 4. A nmethod as defined in
claim1l1, further coj rising_the step of using the Dbody to thermally

i nsul ate the ﬁﬂbﬁt@ﬁgﬁﬁtﬂbﬁiq{ ing avithim theinepdie phrettation regioreofthe bpdy thed by t he

| aser soy | danpge th icapent in.the vial. 5. A

met hod aséﬁgﬁﬁgdggﬁ%ﬂigﬁg%ﬁ]@?lﬂ%ﬁerei %etn e“?tsgﬁg‘%'fch Y SUTGIRE er eseal abl e

st opper  ipassagelefradiation diroggtothb peddetterhinet eall2Rickngls of HetibdpOddd on f or med

of afirst material cigsérrpat Ible with the predeterm ned nedi canent and
Jasgk

defini ng a nmedPisingthe laser rdiation ot the predetormingd wavelengh apddewertoni ned
medi came Pl Vi.aks gi%f: rijon over.l yi t he
under | yi %Sn%@gicﬂlgﬁé,aﬁltﬁﬁede?g%g a goilgeﬁtqﬁgﬂeq{ae%@%ﬁhﬁ%?ﬂogi“ﬁ%o%Sf on being
penet r ablbedpyithinetha peslleterhined itinter pediodito Gorivhesybsadailey sasright segedi cament

t hrough the st er and into the vial, wherein the penetrable region of
the und@FTWFER f&ﬁﬂf%ﬁdr@lwf%m@wﬁmﬁﬂ% ble in response to the

application of thermal energy fromthe |aser source, and the penetrable
region of the reseal able portionis fusible in response to the
appl i cati on of2. Almaethed asdefingd ifi claim § hwhéramehe stetiliziag sepfindlode gas-ti ght

seal between.t reseal abl e. portion d the nedicanent in fhe vial upon
removi ng “PEEIE ﬁPgn%’?bEeslurfG ortz"he geedie prucatrneetparat tasgbady ithha m 1,

wher ei N hbged hRfribet % i BqRe supkbeldes achieving an approxinmately 6 | og
reduction in bio-burden on the needle penetration region of the stopper.

7. A nethod as defined in claim3, further conprising the step of

sterilizing he needl e etration.region wthin.a cycle tinme of

appr oxi mat el ygo‘ggné‘g%%ﬂsq‘g&p"gq "}Af’lﬁ’é? Ao‘ﬁﬂ%fgmd'ﬁn? Ftﬁ‘a@Z‘Pﬁs PARGINAES £ ur t her

conpri si pepvidig 818er Surde) hid@atfshiifling radiation from the laser source onto the
penetrable surface of the needle penetration region of the stopper body to sterilize the
surface.

4. A method as defined in claim 1, further comprising the step of using the
body to thermally insulate the medicament in the vial from the laser energy applied by

the laser source to avoid thermal damage to the medicament in the vial.

5. A method as defined in claim 1, wherein the step of providing a resealable
stopper includes providing a body defining an underlying portion formed of a first
material compatible with the predetermined medicament and defining a medicament-
exposed surface exposed to the predetermined medicament within the vial; and a
resealable portion overlying the underlying portion, the resealable portion and
underlying portion being penetrable by the needle for introducing the predetermined
medicament through the stopper and into the vial, wherein the penetrable region of the
underlying portion is substantially infusible in response to the application of thermal
energy from the laser source, and the penetrable region of the resealable portion is
fusible in response to the application of thermal energy from the laser source to form
a gas-tight seal between the resealable portion and the medicament in the vial upon

removing the needle therefrom.
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medi canment through a first fluid passageway of the needle, and all ow ng
fluid to flow out of the vial through a second fluid passageway upon

i ntroduci ng nedi canent from the first fluid passageway into the vial. 9.
A nmethod as defined in claim1, conprising the step of introducing a
preservat i ve- ft: demnthdd asdefiviedtih cairgH, hereirethd serifipfhgistipdnélagesvi al . 10. A
met hod as fined in claim conpri,sing .the step otg sterilizing the

seal ed, V“&iamaPB';?xl‘ﬁ%elé&lﬁp‘P% F%‘W%i ip-byrden ondhe neetie peneirationod as
defi ned irggi6h of the StoppeTPri sing the step of transmtting the |aser

radi ation at a predeterm ned wavel ength of approximately 10.6 {gym 12. A
nmet hod as defined in claiml, conprising the step of transmtting the

| aser radiati a re er,m ned el ength of approxinmately. 1.06 pm
13. A net hod gg%é?‘ﬁﬂ@ﬁﬁ%“?ﬂé?ﬁf@?%ﬁ#&ﬁ&%ﬁ% ?@B‘ggteﬂl‘&‘t‘i'grritti ng
the | aselie ikdiedichotbativh régibh SHRIIEE @W%E%Y@ﬁpr%ﬁﬁ%t&ﬁblﬁs&&%? of

I

approximately 15 to 30 tts. 14. A nethod of fil g a container with a
pr edet er mi ned substance, conprising the follow ng steps: providing a

cont ai ner; pr@vigdi r.source.t transmts,. |l aser .radiatjion at a
pr edet er mi ned%' J\}.\‘/aqjl\}%;:kﬁ(é‘;6% ﬁa{:{lﬁg llbglr\?\ig? L g’?’ﬁ‘r%‘?{sﬁﬁ the siep 0% CBLopper

I ncl udi ngnealidaadyt theduigh aGrsefl @il pelaagewdystdhe\idddle, b SRS fhufd AN al
direction thereof that substanti_alFéy absorbs the | aser rg_diuati on at the
pr edet er RPhEFNGH sesendByidpassagewabunoarinireducingymedicarent fitom passage
of such P h.:and a needl e penetration region that is
pi erceabIt%@ﬂ&msmﬁlgrba%%g%‘?%gouﬁg%ﬁa needl e aperture therethrough and that
defines a predeterm ned col or

9. A method as defined in claim 1, comprising the step of introducing a

preservative-free medicament through the needle and into the vial.

16. A method as defined in claim 1, comprising the step of sterilizing the

sealed, empty vial by the applying radiation thereto.

11. A method as defined in claim 1, comprising the step of transmitting the

laser radiation at a predetermined wavelength of approximately 10.6 zm.

12. A method as defined in claim 1, comprising the step of transmitting the

laser radiation at a predetermined wavelength of approximately 1.06 ym.

13. A method as defined in claim 1, comprising the step of transmitting the
laser radiation at a predetermined power within the range of approximately 15 to 30
Watts.

14. A method of filling a container with a predetermined substance,
comprising the following steps:

providing a container;

providing a laser source that transmits laser radiation at a predetermined

wavelength and power;
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and opacity that substantially absorbs the | aser radiation at the
predeterm ned wavel ength and power to hernetically seal a needle
aperture therein in a predetermned tinme period; providing a | ocking
menber for securing the stopper to the container; prior to filling the

cont ai ner wi t Rreviding aescalable stopperinpluding atbedy defipivgra predetermingd wajl menber

to the c | : ] Lal k -t ght, seal,.hetween the
st opper g{%& g (E)ﬁna@%ﬁl gélg%ltgtgl rtﬁf%ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%@@ lé’gdgg?lﬂej% rg"éatlf‘%ﬁ r?‘dé?j‘fo&? of the
body wi t thespredetethfineibwplebehgttnand povwed afid subsincially prevints thepaSage 6 of the
pr edet er mi ned, substance; introqoducing the gredet_erm’ ned, substance through

t he needS¥hyadiation thepgthrough,ag iadl,eeayg penriraligh regionsthat igjpiaserable wigh e he
e . ! . .
el om0 s A,

needl e aperture erein; I on aser source
at the pradepasityithet dubstantiay gbdorbsthel lasenvadiation strthe peedefeemipedet r at i on

regi on of the dy; substantially absorbi within the needl e penetration
regi on o?”af’agn%g&édi’ﬂ‘é(e“f’j?g}mf Yé?ai?éﬂe%fﬂg?mg’&&“&”fﬁ ned wavel ength
and povepredefrmined iakipedody Preventing the passage of radiation through
the predeterm ned walI” thi ckness of the body; and causing the |aser

radi ati on at pryidingddéecking membevforsengngthastbppenerthe contieenyet i cal |y seal
t he needl e aperture.f.orqed in.the.needl enetration region of the body
within the pr 888‘&‘8&”1%%“1%@”&6??@'&% By ﬁ?’éssfﬁﬂ’i’f‘aﬁ‘ﬂ‘?g APPRF AL t i ght
seal  belavkRig thétfibdre eie dinBiindt AHH SinAREla slRtanfAIS SRl M séd) Beidhai ner .

15. A nethod as defined in claim 14, further conprising the step of:

steri| i zthegtanper andyspéainer; ocki ng menber and cont ai ner .
penetrating the needle penetration region of the body with a needle coupled in

fluid communication with a source of the predetermined substance;

introducing the predetermined substance through the needle and into the
interior of the container;

withdrawing the needle from the needle penetration region of the body and
forming a needle aperture therein;

applying laser radiation from the laser source at the predetermined wavelength
and power to the needle penetration region of the body;

substantially absorbing within the needle penetration region of the body the
laser radiation at the predetermined wavelength and power and substantially
preventing the passage of radiation through the predetermined wall thickness of the
body; and

causing the laser radiation at the predetermined wavelength and power to
hermetically seal the needle aperture formed in the needle penetration region of the
body within the predetermined time period to form a substantially gas-tight seal

between the penetrated region and the interior of the container.

15. A method as defined in claim 14, further comprising the step of:

sterilizing the stopper, locking member and container.
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26 16. A nethod as defined in claim15, wherein the sterilizing step
I ncl udes engag’l ng the penetrable surface of the needle penetration
region of the body with a heated nenber to sterilize the surface. 17. A
met hod as defined in claim115, wherein the sterilizing step includes

provi di ng a | d8eh mathedes dedingd i elaiond 3.twhegein thti steriliming steprinchwles aser
dl e. tratj [ f
The. ot opehfeiiihe BERERLA S bt BE Bedtlc AN iR ST e Bl St F e 1

cl ai m 14 hedted tembectongdrilivenke surfacét ep of using the body to thermally

I nsul ate the substance in the container fromthe | aser energy applied by
the | aser source to avoid thermal damage to the substance in the

cont ai ner. 19. Wﬂ ' ' ' s el p of

provi ding a rlg'?éa abl e ﬁ%%é%g‘i?dqlaﬁc ﬁdiﬂﬁ%\jﬁhﬁ%‘%@%‘%o%%@%@ﬁi ng an
under | yi prpviding a daserf souneed and tramsnfittingtradiatioer from theolapatsobice onid the t he
predet er m ned, subst ance. and defining a substance-exposed surface exposed
to the pPE‘&Fértan" acF LBe %@%Pwm%ﬁea@nomﬁsavmrﬁ%@ sierizedhe apl e
portion Qu@deyi Ng the underlying portion, the resealable portion and
under |l ying portion being penetrable by the needle for introducing the
predet er m ned substance through the stopper and into the container,

wherein the netrable region. of th nderlying portion is substantially
infusible in ?&%w@l@oc&s defined H’pﬂ?lf"tg‘%"lfﬁﬁh%fzg?lﬁf the-sien efusineBe t he

| aser soWp@eto tAéchallpenReNLiHe¥abRan@Th Bt Phialdes ﬁohﬁﬁﬁ%@%&r%%[ﬁne@ IS
fusible in response to the application of thermal energy fromthe |[aser
sour ce t bY therlases sgaree ta ayieid themnalisemagete the substanea inathk eopteinei.on and t he
substance in the container upon renoving the needle therefrom 20. A
met hod as defined in claim15, wherein the sterilizing step includes
achi eving an appA methel &l defified BOclAiRNLE WRReih thelitd)r SRPreddingM t he needl e

penetration ) L
resealable stopper includes providing a body defining an underlying portion formed of

a first material compatible with the predetermined substance and defining a
substance-exposed surface exposed to the predetermined substance within the
container; and a resealable portion overlying the underlying portion, the resealable
portion and underlying portion being penetrable by the needle for introducing the
predetermined substance through the stopper and into the container, wherein the
penetrable region of the underlying portion is substantially infusible in response to the
application of thermal energy from the laser source, and the penetrable region of the
resealable portion is fusible in response to the application of thermal energy from the
laser source to form a gas-tight seal between the resealable portion and the substance

in the container upon removing the needle therefrom.
20. A method as defined in claim 15, wherein the sterilizing step includes
achieving an approximately 6 log reduction in bio-burden on the needle penetration

region of the stopper.

21. A method as defined in claim 20, further comprising the step of sterilizing

the needle penetration region within a cycle time of approximately 0.5 seconds.
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region of the stopper. 21. A nethod as defined in claim20, further
conprising the step of sterilizing the needle penetration region within
a cycle tine of approximately 0.5 seconds. 27 22. A nethod as defined in
claim 14, con&rgi sing the step_ of introducing substance through a first
fluid passagewdyA&cthodasdefapdin ¢laim M- Icomprging|thg step of introducingit of t he

cont ai ne 1?%13519 | L I I stance
fromt hegﬁs%? HF-P?“ pggggggv%;gﬁ%??ﬁg%én é)h%ﬁ%raﬁ Bﬁﬁﬁln&ﬂ%\g as

def i ned iont afithé cortinercthrugh aisagpridfiuid papageiway mipoo thtfddnging substance

preser va%ri ve-freeéfuqtistance t hrough the needle and into the container.
24. A metiByths firgdhuid,passageway dnta the;condaingsy i sing the step of sterilizing
the sealed, enpty container by the applying radiation thereto. 25. A
met hod as defined in claim 14, conprising the step of transmtting the

| aser radiati @3 Atmeshql asdiefieedrimdainvdd;ebmpgsing die sigpobintrodnaihga 10. 6m  26.

A nethod as defingd in claiml4 onpr,l Si the step of transmtting the
| aser raBTeativavestreesybsiapes %‘F‘?thége gx%\‘?’ﬁ qé‘HS?‘H tﬁ? C‘H'B%F‘?)"xi mately 1.06 pm
27. A nethod as defined in claim 14, conprising the step of transmtting

the laser radiation at a predeterm ned power within the range of
appr oxi mat el y245A meetlssl asefined irpdaimal inspmpdsiag thteftemelisténiliaihgibn 14,

wherein LOfed emb) Mtainct b9 ifd Alpnyiff fadidlen RHER! ance 1 a medi cament. 28

25. A method as defined in claim 14, comprising the step of transmitting the

laser radiation at a predetermined wavelength of approximately 10.6 xm.

26. A method as defined in claim 14, comprising the step of transmitting the
laser radiation at a predetermined wavelength of approximately 1.06 um.

27. A method as defined in claim 14, comprising the step of transmitting the
laser radiation at a predetermined power within the range of approximately 15 to 30
Watts.

28. A method as defined in claim 14, wherein the container is a vial, and the

substance is a medicament.
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