SEALED CONTAI NERS AM METHODS OF MAKI NG AND FI LLI NG SAME Field of

t he I nvention The present invention relates to seal ed
containers, and nore particularly, to containers, such as nedi canent
vials, which have uni que spool -1i ke or "di abol 0" shaped
configurations, and still nore particularly, to containers that
include a closure device that hernetically seals 15 the contai ner,
that can be sterilized using irradiation, such as | aser, ganma,
e-beam x-ray or other fornms of ionizing radiation, that can be
needle filled when sealed to the container, and that ban be thermally
reseal ed after needle filling, such as by applying |aser radiation to
the needle fill hole. Background of the Related Art 20Nbd|canents
such as vacci nBEALER . B AND NIHTHOR MAT

typically include a main body portlon that IS elther cyllndrlcal or
spherical in shape and has a neck portion depending therefrom The
neck portion defines a nouth for receiving the nedi canent into an
interior chanber defined in the vial body. Normally, the vials are
filled with medi canent, and then a pre-sterilized cap or closure
device is installed to seal the nedicanment 25 within the vial. The
vial cap is typically a two-piece assenbly that includes a stopper
and a securing ring. The stopper is inserted into the nouth of the
vial and is configured to effectuate a circunferential seal. The
securing ring is engaged with the neck of the vial and at | east
partially overlies the stopper so as to retain the stopper within the
vial mouth. The stopper is 30 nade of vul canized rubber or simlar
resilient material that neither contam nates nor affects the
cont ai ned nedi canent. Wul cani zed rubber has been determned to be a
safe and effective materi al for!?ﬂﬂ%gﬁ%ﬁ{é vial caps for
cont ai ni ng nurerous types of medi . cani zed rubber,

however, is i nf ubletprasent mpehtipthesiates torsealed naptainstscing morsl pagicilnlyste containgpss

are not heat gufis S@dicaalehiials, which have unique spool-like or “diabolo” shaped configurations,
and still more particularly, io containers that include 2 closure device that hermeticaily seals

15  the container, that can be sterilized using irradiation, such as laser, gamma, e-beam, x;ray or
other forms of ionizing radiation, that can be needle filled when sealed to the container, and
that can be thermally resealed after needle filling, such as by applying laser radiation-to the

needle fil} hole.
Background of the Related Art
20 Medicaments such as vaccines are often stored in vials prior to use. Vials typically

include a main body portion that is either cylindrical or spherical in shape and has a neck
portion depending therefrom. The neck portion defines a mouth for receiving the medicament
into an interior chamber defined in the vial body. Normally, the vials are filled with
medicament, and then 2 pre—steriﬁzed cap or closure device is installed to seal the medicament
25  within the vial.
The vial cap is typically a two-piece assembly that includes a stopper and a securing
ring. The stopper is inserted into the mouth of the vial and is configured to effectuate a
circumferential seal. The securing ring is engaged with the neck of the vial and at least
partially overlies the stopper so as to retain the stopper within the vial mouth. The stopper is
30  made of vulcanized rubber or similar resilient material that neither contaminates nor affects the
contained medicament. Vulcanized rubber has been determined to be a safe and effective
material for manufacturing vial caps for containing numerous types of medicaments.



The securing ring is typically configured such that a portion of the
stopper is exposed and can be accessed by a needle, thereby allow ng
the nmedi canent to be withdrawn. 5 Traditionally, securing rings are

t hreadably engaged with the vial or affixed therewith by a netal
crinping technique. In applications such as healthcare, a crinped
metal securing ring is frequently preferred, since a crinped ring
provi des a nmechanism for assuring that the vial has not been opened
or conprom sed subsequent to being filled or sterilized. Referring to
FIG 1, a prior art cap for a nedicament vial is designated generally
by 10 reference nuneral 10. The cap 10 includes a vul cani zed rubber
stopper 12, which is slidably received wthin the open end or nouth 8
of a cyl i ndr i¥ddanigad subbdsdugvevin, is Mfveiblpiand théyefary 20vinepde hrdeddn wéh ghsageobr

| i ke mat eri alpesradehiduie, defines a chanber 16 for receiving nedicanent.

An alum num | ockipng ring 18, surr the eri phery of the stopper 12
and vial 14, and Ttg W?‘%ﬁ@& ‘i‘i‘ﬁ £ PO PLIEE SLRPEF ISR he
cap 10 to themttalbe izedied ba ncElile, ﬂl@eb&amtgmrglt&hgnaﬂﬁa:ﬁenum@buﬂ&ﬁav@ central
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aut ocl avi ng the conmponents and/or exp03| ng t nponents to gamma
radi ation. THEtReenappted Eréﬂm@@%ﬁﬁﬁfeﬁueﬁﬂéwﬂ?ﬁf%d ﬁé‘eﬂ’@ﬁ ed and
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some cases, t sterili cQ are co ned w nul 1.
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i sol ator, thelitinmd ginds fhepegiphery of depoprept 4 ViRt ¥Hed | ui d or
ot her subst al’tﬁxﬁlpe&lﬁlﬁacﬁ&rﬁé’ebdrt zeﬂecstumrsﬁwﬂ:e b 185 tBeEABblyad. The 1bdiRg ih@l
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subst ance’l n THE vi al’, Senbled to the
vial to secure thfeosimpﬁ’ésuchhewettmalsmaﬂ&nitﬂaedmmmmoawbmaat ed

with such priQigeafds:, &&e&aaanfﬂ&ee&peeem 1R s R IcR B onda o b Lkl 10,

such vials, is that rocess .is tine consum ng
processes andhBYRHoskERg %?%’P%Eﬁ%qf‘%féxmﬁ%&‘%‘é‘@?mteﬁ‘émrwW@P‘V‘ The
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aseptic area of ng machi ne_that nust_be maintained sterile.
This type machine of this type, evéry component is transferred sterile into the isolator, the storage

chamber of the vial is filled with the fluid or other substance, the sterilized stopper is
25 - assembled to the vial to plug the fill opening and hermetically seal the fiuid or other substance
in the vial, and then the crimping ring is assembied to the vial to secure the stopper thereto.

One of the drawbacks associated with such prior art vials, and processes and equipment
for filling such vials, is that the filling process is time consuming, and the processes and
equipment are expensive. Further, the relatively complex nature of the filling processes and

30  equipment can lead to more defectively filled vials than otherwise desired, For example,
typically there are at least as many sources of failure as there are components. In many cases,
there are complex assembly machines for assembling the vials or other containers that are
located within the aseptic area of the filling machine that must be waintained sterile. This type
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of machinery can be a significant source of unwanted particles.
Further, such isolators are required to maintain sterile air within a
barrier enclosure. In closed bather systens, convection flowis

i nevitable and thus lam nar flow, or substantially |am nar flow,
cannot be achi eved. 'Wen operation of an isolator is stopped, a
media fill test may have to be perfornmed which can 5 |ast for

several, if not many days, and can |ead to repeated interruptionsart—
significant reductions in production output for the pharnaceutical or
ot her product manufacturer that is using the equipnent. In order to
address such production issues, governnent-inposed regul ations are
becom ng increasingly sophisticated and are further increasing the

cost of already-expensive isolators and like filling equipnment. On
the ot her ha@@'mmaayﬁrcm@mﬂ@&m&mss&cé& o HR0el Btk il SEF A0S o8N
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possible contaminants. Certain preservatives, however, have been determined to cause

N

undesirable effects on patients. Consequently, many medicaments, including vaccines, are
preservative free. These preservative-free medicaments, and particularly preservative-free
30  vaccines, are subject to contamination and/or spoilage if contained within a vial wherein the
stopper has a needie hole as described above.
As noted above, it is difficult to maintain the sterility of stoppers and vials during the
transportation, storage and assembly process. There is a need, therefore, for vials and stoppers
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not been conprom sed, the netal ring does not allow the vial assenbly
to be easily sterilized as a unit by using a gamma sterilization
technique or simlar process. A netal ring conplicates 5 the gamm
sterilization process. Due to the density of the material, shadows
(i.e., areas where the gamma radiation is prevented from passing
through the material) are created which reduces the assurance that
the interior storage cavity has been conpletely sterilized. Al so, the
handling of the nmetal rings during the assenbly process can create
dust and/or other particulates that can contam nate the cl ean

envi ronment established for vial assenbly and filling.

10Addi tionally, the shape oftonventional nedi canent vials can be

di sadvant ageohish éan enstendRfl @idythasettited heanut g tofilipictdl usemttpwith

exanpl e, whe [ t he
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filling dRd | aserdgitionsiin Sls_ﬂee ?ﬁfeewonﬁeeeweﬁgﬂ%‘?mdvmgm from
Accordi ngly, akdfety &dﬂf\hzﬁhingﬁ&speénvé heor ptagigle\iheh ANQMchO Riotker IDWRERMRR one
or nore of the abov CLl dr awbacks a di.s ant age t.h
orior art. | SSuRE i AR PR R e RGN BRBAET v
present i nvemnwmonalswm,rbea@ewdmhaaawmd@nemissreﬁgrthwehefmer divihetgg of

steps: t O piR¥ipd Bdsuft, HUY REdEiind dl’PJf‘dQ'cEiQdu@ f&%ﬂénﬂ:‘lé‘%rthet}glg%e plhcement

thermally resealable portion Risible in response to the application
ol t her maiide e@%?ﬁqgﬁémﬁre%mféfoetbﬁﬂaeﬂ%e hoptgare WHE‘F 1S HagersoEe @ﬁ’ﬁ?’&? B fhspliey
seal ed Wt h pﬂlsﬂﬁh%ineé&h aﬂcﬂﬂh&remie abd Hkelg [ e fhirced Bbsingla fdriety df safety concez_*ns :
cot hnuni cati gn,, thsutc %on rngg%aé%ha{reeészgﬁéveglm}hg&% %}%mtgr £ fend pid

therein a preaae
upper porti ot t@nmaﬂlhl}ﬂgb@pélmmnﬂ Fugiirert defndrhapes @Nomnﬁgwmwmtmdém&m he

m d-portion gef ﬁﬁt&d’i@r&%éﬂ&&ﬁ@&au%%ﬂﬁdﬁému&fne&ﬁ@mﬁ?gsﬁdﬁ&@oﬂb@ﬁ?r

portion define a. laterally-extending dinension greater than a
maxi mum P24t e@éﬂa&m@%ﬁ’gﬁﬁi"%‘fﬁsdl mension (lithe md-portion;

~ Accordingly, it is an object of the present invention to overcome one or more of the
above-described drawbacks and disadvantages of the prior art.




(ii) penetrating the thermally reseal able portion with an injection
menber coupled in fluid conmunication with a source of predeterm ned
subst ance; (ii1) introducing the predeterm ned substance

t hrough the injection nmenber and into the chanber of the container:
(iv) withdrawing the injection nmenber finmthe thermally reseal abl e
portion: N) engagi ng the base of the body with Csupport during
the step of withdrawi ng the injection nenber and substantially
preventing axial novenent of the body relative thereto: and

(vi) applying sufficient energy to the thernal'ly reseal abl e portion
to thermally fuse the penetrated region and forma substantially

gas-ti ght seal between the pendumaseddieghemtiand t he Chanber. Anot her

aspect of the inventispat éﬁl]e@hﬁ@@ﬁ@.ﬂt;&@scﬁcﬁ%pqug&g@m ]SSIHD the
foll owi ng step (i) formng a contarlner del’e I'ng a

chapber in-a fﬁm§wﬂﬁﬁciln a clean room environnent; (i)
form ng a stopperUhnmamﬁeoomdnﬂmtMmmnumhanﬁaﬁﬁunﬁ&@@n:&Qﬂﬁk

envi rennent  ag, ko sfhlf St IR s 1 ) _ is a thernoplastic
stopper def i nlﬁjlillél aibr;eél ? s)m%eg:ei? r%ﬁ:ﬁmm It unnﬁ vy '-ptlhl.iLéU mnéwé@awb with

a needle to f pertur ghcreth heat
rescal abl e to&%g%ﬁé %ﬁ %mx %M“P?ﬁ”l ‘éﬂﬂ%& gPFﬂ$8 “BY% 88WPyi ng | aser
radi ation at émﬁW@ﬁéwewﬁﬂﬁéﬁmw@he%eﬁgtmmamdnpomenmmh&nemo and

(iii ). assenbl ;br&@tertrm@u &tbﬁlﬁlﬁ@ IUQSBCillTQg)-MIﬁ’dIInQIH mpﬂagy plnlﬂm]f ﬂ?\”\clpﬁéghonqom
cont al ner. er aspect

envi ronnent ttge %I'Omaa Sea;l. 6‘] ﬁg I\g

of the invent THRTAPAIEESE Jo0 FEribRpeos s iy bf*’é"hie'(ﬂ’”emoh@e st eps:
(i) formng abamd@mpaeﬁmmpm@ﬁae civanthyes tehdine@lihdnfist gréel flad MAmAinglyean room .
envi ronnent ; lateraily-extending dimension of the mid-portion;

(ii) penetrating the thermally resealable partion wilh an injection member coupled
in fluid communication with a source of predetermined substunce:

(iily introducing the predetermined substance thr ough the injection member and
into the chamber of the container:

{iv) withdrawing the injection member Irom the thermally resealable portion:

(v) engaging the base of the body with aSupport during the step ol withdrawing
the injection member and substantially prevenling axial movement of the body relative
thmeLo and

(vi} applying sufficient energy to the thermally resealable portion to 1f1em‘1all)r
fuse the penetrated region and form a substantially gas-tight seal between the penetrated
region and the chamber,

Another aspect of the invention iy directed (v a method comprising the following
steps: |

(i) forming a container body delining a chamber in 1 lirst mold in & clean room
environment;

(ii) fbrmi»ng a stopper in a second mold in the samu elean rovm environment as
the first mold. wherein the stopper is a 'themmplastic stopper defining a needle

penetration reging that is picreeable with aneedle to form 1 needle aperture therethrough.
and is heat resealable to hermetically seal the needle aperture by applying laser radiation
al a predetermined wavelenpth and pqwér thereto: and

(iif) assembling the stopper and container body in the clean room environment to

Torm a sealed empty container,



00 toa penetrable and thermally reseal able portion in a second nold
in the sane clean roomenvironnent as the first nold. wherein the
penetrable and thermally reseal able portion is !brined of

t hernopl astic and delines a penetration region that is pierceable
with an injection nmenber to forma penetration aperture therethrough,
and is heat resealable to hernetically seal the penetration aperture
by applying | aser radiation at a predeterm ned WaVel ength and power

t hereto; and (iii) assenbling the penetrable and thernally
rcseal abl e portion and body in the clean roomenvironnment to forma
seal ed enpty assenbly. Advant ages of the present invention
and/ or the disclosed enbodi nents thereof, will becone nore readily
apparent in viewoldie Ibllowing detailed description of currently
preferred enbodi nent:, and acconpanying (trimlogs. Brief
Description of the nravvmas 20So that those having ordinary skill in
the art to which the present application appertains will nore readily
understand how to nake and use the sanme, reference nay be had to the
drawi ngs wherein: FIG 1 is a cross-sectional view of a prior art cap

for a nmedi canent vial; FIG 2 is a cross-sectional view of
a reseal abl e stopper that may be enployed in vial 25 assenblies
enbodyi ng the present invention; FIG 3 is a cross-sectiona

view of the reseal abl e stopper of FIG 2 shown with an injection
needl e or syringe inserted through the stopper for introducing

medi canent into the vial, and a venting needle or syringe inserted

t hrough the stopper for venting the vial during filling of the

medi canent; 30FIG 4 is a cross-sectional view of another enbodi ment
of the reseal abl e stopper and vial; FIG 5 is a cross-sectiona
-view of the crinpable |ocking nenber of FIG 4 for securing the
reseal able cap to the vial;

Yet a further aspect of the invention relates to o method comprising the following
s1eps: -

(i} Forming a hody detining a chamber in a Iirst mod) in 2 clean room
environment; '

(i) forming u penetrabic and thermally resealable purtion in a second mold in the
same clean room environment as the frst mold. whercin the penetrable and thermally
resealable portion is lormed of thermoplastic and defines a penctration region that is
picrceable with an injection member 1o form a penelration aperture therethrough, and is
heat resealable to hermeticaily seal the penctration aperture by applying laser radiation at
apredetermined wavelength and power thereto: and

(iii) assembling the penetrable and thermally reseufable portion and hody in the
clean room environment & Form u seated empty assembly.

Advantages of the present invention. andsor the disclosed embodiments thereof,
will become muore readily apparcut in view ol the following detiled description of

currertly preferred embodiments and accompanying drawings,
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FIG 6 is a cross-sectional view of the base portion of the
reseal abl e stopper of FIG 4 nade of a material conpatible with the
predeter m ned nedi canent to be sealed within the vial, such as

vul c3nl7ed rubber; FIG 7 is a cross-sectional view of the reseal abl e
portion of the stopper of FIG 4 5 forned of a material that is
fusible in response to the application of thermal energy thereto in
order to hernetically re-seal the stopper after inserting and
renoving a filling needle or |ike instrunment therethrough; FI G
8 is an enlarged, partial, cross-sectional view of the reseal able
portion of FIG 7 and showi ng the penetrable portion thereof for
receiving a needle or like instrunment 10 therethrough; FI GS. 9A
t hrough 9C are sonewhat schematic, cross-sectional, sequential views
illustrating an exenplary apparatus and nethod for sterilizing the
reseal abl e stoppers of the vials of the present invention by direct
heat cauterization prior to introducing the filling needle or |ike

i nstrument therethrough; 15FIG 10 is a sonewhat schematic, partial,
cross-sectional view of an apparatus for sterilizing the reseal able
stoppers of the vials of the present invention by |aser cauterization

prior to introducing the filling needle or |ike instrunent
t her et hr ough; FIG-11 is a sonmewhat schematic, partial,
cross-sectional view of an apparatus-for needle filling the vial

assenblies of the present invention with a predeterm ned nedi canent
or 20 other substance to be contained therein; FIGS. 12A through 12D
are sonmewhat schematic, cross-sectional, sequential views
illustrating an apparatus and nethod for hernetically sealing the
penetrated regi on of the reseal able stoppers of the vials of the
present invention by direct heat sealing after w thdraw ng the
filling needle therefrom 25FIGS. Ilk through 13C are sonmewhat
schematic, cross-sectional, sequential views illustrating an
apparatus and nethod for hernetically sealing the penetrated region
of the reseal able stoppers of the vials of the present invention by
| aser sealing after withdrawing the filling needl e therefrom

Brief Description of the Urawings

20 So that those having ordinary skill in the arf to which the present application appertains
will more readily understand how to make and use the same, refetence may be had to the
drawings wherein:

FIG. 1 is a cross-sectional view of a prior art cap for a medicament vial;

FIG. 2 is a cross-sectional view of a resealable stopper that may be smployed in vial

25  assemblies embodying the present invention;

FIG. 3 is a cross-sectional view of the resealable stopper of FIG. 2 shown with an
injection needle or syringe inserted through the stopper for introducing medicament into the
vial, and a venting needle or syringe inserted through the stopper for venting the vial during
filling of the medicament;

30 FIG. 4 is a cross-sectional view of another embodiment of the resealable stopper and
vial;

FIG. 5 is a cross-sectional view of the crimpable locking member of FIG. 4 for securing
the resealable cap to the vial;
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FIG 14A is a side elevational view of a vial enbodying the present

i nvention; 30FIG 14B is a cross-sectional view of the vial of FIG

| 4A taken along line 14B-14B and illustrating a three-piece closure
assenbly partially inserted into the nouth of the vial, wherein the
cl osure assenbly includes a stopper, a heat-reseal able portion and an
over - nol ded securing or |ocking ring; FIG 14Cis a
cross-sectional view of the over-nolded vial of FIG 148 taken al ong
| i ne 14C- 14C thereof, wherein the vial has a relatively enlarged base
portion; FIG 15 is a cross-sectional view of another vial enbodying
the present invention, and i ncluding a closure or cap wherein the
over-nol ded securing ring is forned in an annular 5 recess defined
bet ween the out erFiies is phwessyscafondl hiew of thpipeer pogtiod of theresehlalile doapdstof F1G. 4

FI CS. 16A andu O oelatokatchithinle it R Blictchites ARAUEOL b sohlef Winif 18l
exenpl ary over-no ng protess for I ng over-no V|a yrng
the present ﬁﬁﬁéﬁ?@%ﬁﬂm¢¥ﬁkﬁ 17A through 17C are cross- sectlonal

sequential views @6, ﬁlaaﬂok%ﬁﬁﬁﬁw@wefthe :mmwmn%%@@&oﬂp%fmm ng
over-nnldgf Vj aI enbod Hgg resent ven I Qn, ﬁgﬂé in both 10
the vial c & ‘Pfaél??nﬁﬁft" hEpPlagpr of S?t"m
i njection rmlcﬂieng hermeucaﬂﬂe@ealﬂlﬂsm@sﬁaﬂe:rmmﬂgaﬂtremmg aﬁnﬁg\mtemeaﬂ‘lmbher
vi al enbodyi h i nvention wherein the base and | ocki ng

p' 1&{:&: &f Bérgzﬁl%{l@;

ring are sna body, and the tanper-resistant cover is
snap fit to the 136K ngn mlaqud partial, crpys ctiang] view of therresediebleenotion oEHIGT ew

of another Vigad oMY aﬁtrauikepo%ﬁ&@;e&ffmaeanﬁg @ Beedie oW irfeintachi1©
st opper and securln ring are formed using a sequential nolding

process; Ft GHHE Ut cross-sectional view of the stopper of the via
of FIG 19; FI GIG2.PpAl tsroaglmamsso&emta‘c hidati c@w-sedtiolidh eafuatipiatenand

securing rin &%fég .é%l f &%mﬁ éﬁém REF tiVv I ew
of the vial 8? &1%& f"rﬁa F %,eeﬁoégééfts an Falgge\?er I%B% e}é"g;?thg
vials of the present invention by direct heat cauterization prior to mtroducmg the filling needle
or like instrument therethrough;
15 FIG. 10 is a somewhat schematic, partial, cross-sectional view of an apparatus for

sterilizing the resealable stoppers of the vials of the present invention by laser canterization
prior to introducing the filling needle or like instrument therethrough;

FIG. 11 is a somewhat schematic, partial, cross-sectional view of an apparatus-for
needle filling the vial assemblies of the present invention with a predetermined medicament or

20 other substance to be contained therein;

FIGS. 12A through 12D are somewhat schematic, cross-sectional, sequential views
illustrating an apparatus and method for hermetically sealing the penetrated region of the
tesealable stoppers of the vials of the present invention by direct beat sealing after withdrawing
the filling needle therefrom;

25 FIGS. 13A through 13C are somewhat schematic, cross-sectional, sequential views
illustrating an apparatus and method for hermetically sealing the penetrated region of the
resealable stoppers of the vials of the present invention by laser sealing after withdrawing the
filling needle therefrom;

FIG. 14A is a side elevational view of a vial embodying the present invention;

30 FIG. 14B is a cross-sectional view of the vigl of FIG. 14A taken along line 14B-14B
and illustrating a three-piece closure assembly partially inserted into the mouth of the vial,
wherein the closure assembly includes a stopper, a heat-resealable portion and an over-molded

securing or locking ring;



20FI G 228 is a perspective view of the vial of FIG 18 including the
tanper-resistant cover fixedly secured thereto; FIG 22Cis a
perspective view of the vial of FIG 18 illustrating the frangible
portion of the tanper-resistant cover flipped upwardly to expose the
reseal abl e stopper and allow sane to be penetrated with the needl e of
a syringe to wthdraw the nedi canent of other substance 25 contai ned
within the vial into the syringe; FIG 23 is a side devotional view
of another vial enbodying the present invention wherein the | ocking
ring, cover and base are connected together by ultrasonic wel ding;
FIG 24 is a cross-sectional view of the vial of FIG 23; FIG 25 is

a partially exploded (5W spective view of the vial of FIG 23; 30Fl G
26 is a perspectiV a&ﬁ“s?ﬁ@°ﬁlaﬁﬁwa§t§%ﬁﬁ’l“§‘dﬁqﬂw?§F19314W‘1k1’71 lqpg line

t anper -resi st am-lmeeabf meramﬁmﬂaeam&ﬁwbsm&fgeeméﬂﬁm per spect ive

SR MEN i e
cross-secti on@bluhmiwmmpWMWﬂabV%@bﬁmngnsmlpfoas@mmﬂnmimt i on;
FIG 30 issa %é&ﬁﬁebwt@em%u&gg& e{er,eaaftﬁafmm@anuwm@ﬁo &l G 30; FIG

31 is a perspectl arti al away view of the vial of FIG 30;

FIG 32 is a persBE‘cStF%an dAgh liu Wa&smmvwwt&%ﬂwwmpm d

used in a neeghRing process for making over-molded vials embodying the present invention;

FIGS. 17A through 17C are cross-sectional, sequential views of an alternate over-

molding process for making over-molded vials emubodying the present invention, wherein both
10 the vial closure and the base portion of the vial are formed by injection molding;

FIG. 18 is a cross-seciional view of another vial embodying the present invention
wherein the base and locking ring are snap fit to the vial body, and the tamper-resistant cover is
snap fit to the locking ring;

FIG. 19 is a cross-sectional view of another vial embodying the present invention

15  wherein the stopper and securing ring are formed using a sequential molding process;

FIG. 20 is a cross-sectional view of the stopper of the vial of FIG. 19;

FIG. 21 is a cross-sectional view of the:stopper and secoring ring of the vial of FIG. 19;

FIG. 22A is a perspective view of the vial of FIG. 18 with the tamper-resistant cover
removed;

20 FIG. 22B i3 a perspective view of the vial of FIG. 18 including the tamper-resistant
cover fixedly secured thereto;

" FIG.22Cisa perspective view of the vial of FIG. 18 illustrating the frangible portion
of the tamper-resistant cover flipped upwardly to expose the resealable stopper and allow same
to be penetrated with the needle of a syringe to withdraw the medicament of other substance

25  contained within the vial into the syringe;

FIG. 23 is a side elevational view of another vial embodying the present invention
wherein the locking ring, cover and base are connected together by ultrasonic welding;

FIG. 24 is a cross-sectional view of the vial of F1G. 23;

FIG. 25 is a partially exploded, perspestive view of the vial of FIG. 23;

30 FIG. 26 is a perspective view of the vial assembly of FIG. 23 with the tamper-resisiant
cover removed;

FIG. 27 is an exploded, perspective view of the vial of FIG. 23;

FIG. 28 is partially cut-away, perspective view of the vial of FIG. 23;
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5filling nodule of a sterile filling machine for needle filling the
vials with a nedi canent or other substance to be contained therein;
FIG 33 is a front perspective view of the needle manifold of FIG 32
| ocated in an "up" position within a sterile enclosure of a sterile

filling machine, and with a plurality of vials munted within a
transport systemincluding a star wheel and associ ated gui de, that
are aligned 10 with the needles and ready for needle filling;

FIG 34 is a front perspective view of the needl e manifold and
transport systemof FIG 33 showing the needle manifold in a "down"
position with the needles penetrating the reseal abl e stoppers of the

vials and {1111 0o f B GEIOKSaPlioh Bk i dibh ) ol iR Bt

ot her substance to bé contai he er e is‘a rear
perspective vi ew B $0ies prementive. menktdpdyiew ofiiep vial afSGAYM system of FI G

33 showi ng the negdl 'ﬁzwpe&dis&u Xal, Afavial bbwBORE 4ik1QPFIGEEde 36 is a

perspective view of | aser | nfr red_sens fold
mount ed downst r ea 0‘%1??1%6“1%" a’argﬁ‘fp{‘]’g?dd'wﬁ‘f ?P?%emg%‘?%g‘%\a maneedle | ¢
encl osure of fllimtoedile of dstetileifillipz mmciiinafer teaile filligalic vidsweit]d mdichhet sreed| e
holes in the fdlle é@hécer:a%d&? @7 is a partly exploded, end

el evational view 0O nodu a needle manifold, |aser optic
assenbl i es, and sﬂﬁsﬁrlsafr@épﬂwe@ﬁﬁéle‘rv'Pf’fht?Mgdlm@iﬂﬂd@éﬂGr é@e‘a@ﬁh’gﬂnf‘ﬁé

vials therein, mntauteﬁg BRI G 0B a MM rheOfindS mrvhw@mﬁy of lﬁu@ 38
s an end elevat| vi ew of the ule of FIG 37
needl e mani f d’r"‘ﬂm‘fﬁ?ﬁﬁﬂ’éﬂ“w it ‘P‘go aztrpwheglpgd W‘i"ﬁ"‘eg §H‘ﬂe Y*’E%ahgned
renoved forF cwidvthdngedled aldlréady B9 Aecdle fdlingend el evati onal view of the
modul e of FIG 3 7FIG\.A§4tipa B {J&spm%@xg of 8 needle manifold and transport system of FIG.
33 showing the needle manifold in a “down” position with the needles penetrating the
resealable stoppers of the vials and filling the interiors of the vials with a medicament or other
substance to be contained therein;

15 FIG. 35 is a rear perspective view of the needle manifold and transport system of FIG.
33 showing the needle in the “down™ or fill position;

FIG. 36 is a perspective view of a Jaser sealing and infrared sense manifold mounted
downstream of the needle manifold of FIGS. 32-35 in a sterile enclosure of a sterile filling
machine for laser resealing the needle holes in the filled vials;

20 FIG. 37 is a partly exploded, end elevational view of a module including a needle
manifold, Iaser optic assemblies, and sensors, for needle filling and laser resealing the vials
therein, and with some parts yemoved for clarity;

FIG. 38 is an end elevational view of the module of FIG. 37 showing the needle
manifold clamped to the drive plate, and with some parts removed for clarity;

25 FIG. 39A is an end clevational view of the module of FIG. 37, with parts removed for
clarity, without any vials received within the module, and showing the needles in the “up
position;

FIG. 39B is an end elevational view of the module of FIG. 39A showing vials received
within the module and ready to be needle pierced and filled; '

30 FIG. 39C is an end elevational view of the module of FIG. 39A showing the needle
manifold in the “down” position with the needles piercing the resealable stoppers for allowing
the medicament or other substance to be pumped through the needles to fill the vials;



clarity, without any vials received within the nodule, and show ng
the needles in the "up" position; FIG 398 is an end el evati onal
view of the nodule of FIG 39A show ng vials received within the
nodul e and ready to be needle pierced and filled; 30FIG 39Cis an
end el evational view of the nodule of FIG 39A show ng the needle
manifold in the "down" position with the needles piercing the

reseal abl e stoppers for allow ng the nedi canent or other substance to

be punped through the needles to fill the vials; FIG 40A is
an end el evational view of the nodule with parts renoved for clarity,
and showi ng an exenplary | aser optic assenbly and sensor; FI G

40B is an end el evational view of the nodule of FIG 40A showi ng the

needl e pi erci ng tH6. Baas alzhdelshimploiewt of theimpdtlewith patts temovdddorichtiyy dandr

chanber of tfgﬁogrﬁ&r?gg%iﬁ' el Aotk aag BEGL.cament or ot her substance
ttherei léfy pFlg%\ AF%’ [

to be contai ne 0 1s an end el evational view of

the modul e of FI GICAER ismmsod sieyational virseaf the modHeRfET 1P 6 shoving theasedl abl e

stopper, t he pleas@lihdoadRbRatopger td, REH] RO thatB& PGB REfeativi Qa1 Wig At
of the needl e, .and }he | R sensar, sensing, the tenperature of the

reseal ed por Cre8RR ¢ AR SPHRRE booRRLH B e integrity of the seal :
10FI G 41 is a pafl6l4pCéxqnlcodidelatianelwiens of tHeenothdeafIFEG. 0 siooling faf netdie
nmodul e with sgn® [ AVATR 1S, 8.
per spective 3| 'ewe(gl?crnrt[ ﬁee{crgmgu]@%o%g%el\ng %ggrg%a}ﬁe‘{egggarﬁsﬁiﬁ% on?%dﬁ% e_é%m\?\no % hin
t he nmodul e f epinkafdheinpadie; and thedik asasos sensing thedermpcrayire efi{ee resceled nertien pfthel| es
| ocat ed wi t hisRpieh® effaetubeanteANiFMe sesNd Wi th the needl e manifol d and

ot her par}is renov qQr clarity: 15FI 43 is a. to | an, sqmewhat
Sherat s Gl e of A0t I e HHSA TR oLl Hedr Pt g CE P Yo b
conveyor for rehidved fogeldride vi al s t hrough the nodul e; FIG 44 is a

top pian, somewh ai;I(}?é‘g*}g%h%gyé AR &fme%ﬂylgrﬁl%%g ﬁg?b'élﬁﬁxgn ﬁ:?{%lgéagﬂ : ';/ 0 a

cl osed- | oop conveyor, conveyor erring

vial's onto t Hesreddnls &y sterdlizing cdevied yasfaces afilie vuirl andnerdes lesatad ifin the gpdule
recei ving t heupfnlted & valGhemesiRahRHol bl o¥er parts removed for clarity; -

15 FIG. 43 is a top plan, somewhat schematic view of the module mounted adjacent to a

screw-type conveyor for driving the vials through the module;

FIG. 44 is a top plan, somewhat schematic view of the module mounted adjacent to a
closed-loop conveyor, an inlet conveyor for transferring the empty vials onto the closed loop
conveyor, and an outlet conveyor for receiving the filled and resealed vials;

20 FIG. 45 is a cross-sectional view of another vial embodying the present invention
wherein the filling needle may penetrate the stopper in a marginal portion of the penetrable
region of the stopper at an acute angle relative to the axis of the vial, and the resealed portion
of the stopper may be concealed under the tamper-resistant cover upon removing the frangible
portion thereof;

25 FIG. 46 is an upper perspective view of the vial of FIG. 45 with the tamper-resistant
cover removed;

FIG. 47 is another cross-sectional view of the vial of FIG. 45 including the tamper-
resistant cover secured thereto, and illustrating the manner in which the laser resealed portion
of the stopper is visually concealed under the tamper-resistant cover upon removal of the

3¢  frangible portion thereof; and

FIG. 48 is an upper perspective view of the vial of FIG. 45.
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20FIG 45 is a cross-sectional view of another vial enbodying the
present invention wherein the filling needle may penetrate the
stopper in a marginal portion of the penetrable region of the stopper
at an acute angle relative to the axis of the vial, and the reseal ed
portion of the stopper may be conceal ed under the tanper-resistant
cover upon renoving the frangi ble portion thereof; 25FIG 46 is an
upper perspective view of the vial of FIG 45 with the

t anper-resi stant cover renoved; FIG 47 is another
cross-sectional view of the vial of FIG 45 including the
t anper-resi stant cover secured thereto, and illushating the manner in

whi ch the | aser reseal ed portion of the stopper is visually conceal ed

under the tanper-resi betaikd Deaorption ke Cotoie Prefdrell IBmbddiniehingi bl e

por ) on er ool | Sk A0 MUREBEE L i By
Enbodi ment s  dReflardened epkodinspts atidepressatidiselosiece Shapfiguyes angl abtogpenyingf or
e DU o bty ot el st salob B 0
gigsgpgviGigi%%%égﬁﬁﬁyég”ﬁ%g#ﬁ “gisclosegpsu%jegt mat t er and arepnot
S intended to |infamihpi®e F3G.apeheatreseaialile cap or stobptt thefeytbe ubel i th@vialfof the
prosent 1 nvertiighnatton §HARRAEL sl o7 B Bty o) 3d b 1o B
110. The cap r¢silipng haee 114 mgdepf vulcanized rubber or like material which is known to those of
ordinary skill in the perfinent art, and acceptable for use in the manufacture of end caps or the
10 portions thereof placed in contact with, or otherwise exposed fo medicaments or other
substances to be contained in the vials, such as vaccines. The base 112 defines a [ower
peripheral wall 115 shaped and dimensioned to be slidably received within the open end of a
vial 114, The vial 114 may be made of any of numerous different types of glass or plastic, or
any other material that is currently or later becomes known for use in connection with making
15  wvials, such as vials for storing medicaments or other substances. The vial 114 defines therein a
chamber 116 for receiving medicament. As described further below, the vial preferably
defines a “diabolo” or spocl-like shape to, for example, facilitate handling of the vial-during
sterilization, filling and/or other processing of the vial, and during use of the vial. The base
112 of the cap 110 further defines an upper peripheral wall 117 also shaped and dimensioned
20 1o be slidably received within the open end of the vial 114, and a peripheral sealing flange 118
projecting outwardly from the upper end of the peripheral wall 117. The vial 114 defines at its
open end a peripheral flange 120. As shown in FIGS. 2 and 3, the petipheral flange 118 of the
base 112 sealingly engages the peripheral flange 120 of the vial 114 to seal the interface
between the cap and vial. The base 112 further defines an upper recess 122 formed within the
25  upper peripheral wall 117, and an annular rim 124 projecting inwardly from the upper end of
the peripheral wall.
A resealable portion 126 is fixedly received within the upper recess 122 of the base 112
to form the assembled cap 110. The resealable portion 126 defines an upper peripheral flange
128, an annular recessed portion or recess 130, and a base 132 located on the opposite side of
30 the annular recess 130 relative to the flange, and projecting outwardly from the recess. Ascan
be seen in FIGS. 2 and 3, the annular recess 130 and base 132 of the resealable portion 126 are
dimensioned and shaped complementary to (or define the mirror image of) the interior swrfaces
of the upper recess 122 and annular rim 124 of the base 112. Accordingly, the resealable

1



resilient base 112 made of vul caning rubber or |ike material which is
known to those of ordinary *ill in the pertinent art, and acceptable
for use in the manufacture of end caps or the 10 portions thereof

pl aced in contact with, or otherw se exposed to nmedi canments or ot her
substances to be contained in the vials, such as vaccines. The base
112 defines a | ower peripheral wall 115 shaped and di nensi oned to be
slidably received within the open end of a vial 114. The vial 114 may
be made of any of nunerous different types of glass or plastic, or
any other material that is currently or |ater becones known for use
in connection with making 15 vials, such as vials for storing

medi canments or other substances. The vial 114 defines therein a
chanber 116 fmrtiona2sis )nicﬁgd, eRpied an@intwiseAscerabwittihichpberrédag 120eblomst tHehe

vial prefera Qi?@! I or
exanpl e, facri{d‘%lat e ewgd ﬁem\%%% gégrl?régmlsﬁ%reerg?%%?lgtsf%grﬁ thef| I'1ing
and/ or ot her rp‘reeiééemrtrvgvoﬁhmwaam al, and during use of the vial. The
b?se 1%2 of the ceg rdkBatids d&rrzbgrl%ﬂe fef2RBly eﬁ%ma%smaﬁbrmﬁc%temltéﬁcﬂaw
al so shape si 0 pe 0 a e e
open end o{i t‘ﬂ’gng ge & ﬁﬁnﬁ“‘ﬁ‘eﬁ”ﬁdﬂ%’g‘f* %%ﬁ??ﬂiji g%gé&%@

proj ecti ng oUDYWAAHIBKE andmsedamnﬂmlmﬁmdomfofih&-@ﬁtty pigstgienapilch askifie/ .
The vi al 114 r

shown in FI % %&Q@%s@fdh&?ﬁw%ﬁ%ﬁc era aﬁg‘iég‘%%‘;’&‘#ﬁ‘?%& %ase ﬁZ
seal i ngly engﬁagegnbddeneperthq)ﬁrérﬁad Se{:qnénlgfemiszm ti¢ndedrpethin aghngg e¥abous 5&:600y
the interfaceydagh weest b@ﬂ)@%:% de. Vﬁr@'mategrﬁese@ﬁtﬁ%la’geﬁa%flﬁ Bﬁézsiboﬂﬁédt,@es

an upper recess 122 forned wt per peripheral wal
and an anilil alendiofibe St and spcendimmairsials 15 Rbgubf O Oby Brsiehtn £he hspedits %Hﬁpefmﬁdne

per |h pher ﬁl Wetlldnd over the fifst ﬁ:@tﬁ:@ﬂbﬁi@eﬁ arp higroved witdr w@oﬂ‘ HaxRelrypeftRs eylhd\/a?ﬁ
within the up ed cap
110. The res elglpmﬁ‘fd&md(sl)l?tts%&ﬁlfﬁ vish mdvg ? ?eﬁgsg aléb%] %’U ] 5%(‘?“65 e?eﬁi%ﬁ?&tr 3?’ %bna nge
128, an annul lauprowebed@edmpu roldglowgntes; @de swluchigin hastelesis Mras A8y be

| ocat ed on t Ne..@RRATY iR sSdMed ﬁ%e?pgmlaéﬁ?arﬁﬁx@éé h@rﬁbe&s%ﬁ@ﬁ&eﬂa%%er ghative to

the flange, and projeéecting outward fromthe recgess. can "be seen
in FIGs. 2 rrercfsplmvﬁewar?ﬁardawarrbee@wdi@esﬂaﬁer °B’§§%SGI%‘12“‘?51F t he
reseal abl e porti Oanixﬂﬁmaitaeaﬁitdwmﬂmﬁle@ﬁdmﬁmaneﬂtRﬁélfﬁimmﬁ)&rm alp@s-

(or define an&hmeal ermse ealr%fﬁ he Ior}thgéllnf) le %?%%0 nthrltlgeatdﬁger

recess 122 annul ar e base
reseal abl e posmtien ﬁ@@@ly,@emmomsm@ppe@ﬂw brdtemxg rhesea pree*ereébrdthe

Wi thin the UpREde JsRERABed hatherIdRW. bha&avad%f, emeﬂr@aedrpbgm&%schﬁedrae&ersved
wi thin the annul ar, recess 130 to thereby fixedly secure

reseal abl &% &P‘W%WFFHW‘*E&%@EB “I'WB‘C‘F Bemedicamen W@%ﬁefﬁ‘?’@ theg
preferably nva@mfmaomm&mteamemrmr@emmm;mﬂch as 5 a blend

of a first polyneric, nateri sol.d _under e ster [

KRATON(r) or DYNAPPERBTER °°§‘“§ A geﬁm %}%e‘”fgmg%gm
| ow- density mibyawmbaﬂbﬂmmjé&maquwm\ye@hgﬂde@eﬂgeﬂddﬂﬂbiMDEmP upper
Chem cal Co. miio%rcrﬁiﬁ estlra@tgﬁrr@r ﬁeﬁﬁ»ﬁ@%mﬁ b ﬁ&%&gﬁ&@mﬁ%

enbodi ments, the first and seco matérials are b wthin a
range of &bouressy:-agwnshipe adiac surtaees aHbe tp ot vigh toyesyiBs tyrling dlaness of tejepny ¢
material se@ﬁlﬂdthas&taeiﬂdaﬂe)ebyinﬁnrameﬂenm@ntraﬂwmgas-ﬁgnesemem@mea;fannhe

first and seco d %ﬂé}g tt?eﬁoeci*n? %mar.é}%form %anon M&HP%EQJS of

t he preferred erra are | nproved
wat er or vapquwbamtemal Mwhersw-ﬁtmmﬂqﬁdqmmhﬁﬁrﬂewé@ Stydhefwise

[ife: inprovedoieab us amleabihi #i bod, k2Euaad re@BTbbGI ent of friction;
30 As shown in FIG. 3, the heat-resealable cap 110 is shown with a hypodermic or other
type of needle 140 inserted through the resealable portion 126 and the resilient base 112 in
order to dispense medicament into the chamber 116 of the vial, A ventiog needle 142 likewise
may be inserted through the resealable portion 126 and the resilient base 112 in order to allow
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i nproved noldability or nold flow rates; and a reduction in
hysteresis | osses. As may be recogni zed by those skilled in the
pertinent art, these nunbers and materials are only 15 exenpl ary,
however, and nay be changed if desired or otherw se required. An
important feature of the resealable portion 126 is that it be

reseal able to forma gas- tight seal after inserting a needle,
syringe or like injection nenber through the reseal able nenber.
Preferably, the reseal able portion can be seal ed by heating the area
punctured by the needl e as described further bel ow. One advantage of
t he bl ended pol yner described above is 20 that it is known to

Tz e oL et i i TS A ERUER SR % AU OLD S,
An al um num h@dllellm@may definb g on groreiarigllytdehgated gmmrgmam onigssefecpibegiier al

fl 136 e ) h
end cap 110 A B e Bt Tt

136 a
respect i vel yneedle 1¢her heeradiegnayi ﬂ%ﬁ%“@f?ﬁ%@ﬂ°d¥ %%ﬂ§ e@%wéWﬁﬁ@%d
agai nst the @ﬁl lﬁﬁﬁﬂif t&%écﬁ&&ﬁv@d‘ thé Heti@mpnt ancther metstadiod tque&ﬁxﬁazﬁdﬂ&uﬂim the

Fra oS ohe Beegtg 1A ROk AR lePfstde R R B E L Bk
Alternativ eI ggw vt the wlel. nthempragturayd mhorl@qr#@ﬁenéﬁlg medienmenier athqrisgbstances
material , tbh vid rmyqﬁée' a(foﬁaats Sifolv@hn U BBt T8, 51881,6023PDiridl P¥, Sustiell une

under si de of t eri pheral ange 120, or ot herwi'se secured to the
fl ange of théh \W%Yp body, as descrl bed Thither below. 30As shown in
FIG 3, tihe heat-reseal able cap 110 is shown with a hypoderm c or

ot her type of needle 140 inserted through the reseal able portion 126
and the resilient base 112 in order to dispense nedi canent into the
chanber 116 of the vial. A venting needle 142 |ikew se may be

Ilgg erted fj hr ough 11}1 F&:Jm’% el :@Qh@olmﬁdnqms i} BBerRAchid ﬁi@bdseﬂlzl dn& IfHe abasked
in order toa oW gas.to

Todi camons | GdEnH S R et Rt ebPR s [ 1P R Be ke top,
may define ognped inmice tabobladht yap ¢ L in getvizbang mpdyads the aasanghfcseﬁ afythesipferfage e
thereof to aéf’t'@%ag%?d\}%ﬂ Eh@asgéﬂl%leyhé}xlllé&dW@§l4tﬁ?§5§ﬁl Ergﬁﬂﬁ'stﬁ'ﬂge{f hek aby

elimnate thé nee venting needl e 142, or t Q‘F ag ytake
the form of *evexamtb@'%ﬁﬁmblmﬁ@m%%%ﬁaé&fdﬁ’%a ﬁﬁ'i’é’?”e?rr? HraB S
lumen of t hemaeedingwselthye mmmlaay Seittinaisrpeninero prt.oTHeenedsarret- meszngo be

contai ned w thi Iégge AN b éalahllé?&% PP %&ﬁe@ﬁéemunm :
di spl aced bynef‘?'il%}‘ E%}Pgér{eglaﬂou ﬁ'elf}@su ance t %@ow out of the
vial . Theo apipefies ad ofihenerdictivricohed inth thyrbprbar é;lwaheéfé‘h@n% 5 dHP?‘?é‘-‘r
substances | il foaldas it e cHﬁﬂbeE aﬁﬁ vétihOh a8 $45 N BMVide ashdteSthrdRgh 2Bt NO.
5,641,004 0135%212‘;;15 lportFZgﬁ Iiﬁsaig %e resxﬂent base 112 in order to draw gas from the sealed vial as
the liguid 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
25  cap 110, and as described further below, a heat or other energy souice is applied to the portions

of the resealable portion 126 punctured by the needles 140 and 142 to, in tum, seal the

punctured areas and hermetically seal the medicament within the vial.
One advéntage of the illustrated vial assemblies is that the stopper may be resealed
following the deposit of medicament into the interior of the vials, thereby réndering the vials
30 particularly suitable for use with preservative-free medicaments, such as preservative-free
vaccines, Accordingly, a further advantage of the illustrated vial assemblies is that the
medicament need not contain a preservative, and therefore the above-described drawbacks and

disadvantages of such preservatives can be avoided.
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24, 1997, 10 In operation, The reseal able portion 126 is
inserted into the base 112, and the assenbled end cap 110 is slidably
inserted into the open end of the vial 114. The locking ring 134 is
then 15 crinped in place to lock the cap 110 to the vial and maintain
the gas-tight seal at the interface of the cap and vial. The
assenbl ed cap 110 and vial 114 preferably are then sterilized, such
as by exposing the assenbly to irradiation, such as |aser, beta,
gama or e-beamradiationfin a manner known to those of ordinary
skill in the pertinent art. The nedi canent-di spensing - needle 140 is
then inserted tough the reseal able portion 126 and the resilient base
112 until 20 the fr nd of e.needl e | i er
116 of the .vial ﬁﬁig %?m%%§mgﬁgghﬁ%3§%§%%§ &Sﬂ? E% W&Bﬁ“ﬁgggg
The venting m@dﬂe@ch‘mzers sf thé Kalnis s@t cowtaipatesipr pihereisg btfecksd by wepaiien py agher
portion 126 %t%ﬂ%gﬁﬁéshhé%hep@ﬁgvéﬂ%ﬂrﬁ RuABpork® draw gas fromthe

sealed vial as t di canent deposited within the chanmber
of the vial. OncemHE rfb@}%éh%ﬁ@“ﬁ%g“ﬂé%ﬁf*@éﬁ&&?aﬁ’@&tWiﬂmeﬂlﬂf’ﬁé{m
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25 cap 110, ange%@a? desei g LRIIDEE R R @@9&5 Bl QLG e, S0EhFrore
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advant age of t lustrated vial assenbl |s th b b gl %gf gcgp¥
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vacci nes. Accordi n ant a | ustrated vi al
assenblies i yo@ﬁa@ndm@mﬁ@g@amﬁp offbelrshdie teiberehy) o the EwarRlargips to

and ther ef or gndihise. anmxﬁmﬂﬁm isb@elbals Apraeksieand oﬁlﬁﬁaﬂ&ﬁiﬁbﬁgﬂ'&s bivessuch
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vial is store transported. In FIGS hr ou 8 BQOHW%
reseal abl e stsByFeiestdn FiGSn 7 e tauye 1‘*@%%%?3(5‘9’ PHES tep TSP & B e
present i nvenkiedordtitn bﬂ}d&tﬁl&hﬁﬁb 76 deindiglayirbiar blhface @k tmeAR Serpin fine readiving
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st opper 110 dé€s ove e re erence nunera
preceded My tmemum@%‘* definpspsqepizad anstiure B2D in iinea side for roppiging Berghioneh

indi cate |ikepehammilised &%oﬁmthhl@ee%&aldbﬁpﬁusﬁzzﬁ and 6, the base 212
of the cap defines on_ t inte 0 ts u h

217 an annul ar gr]ﬁﬁﬁ?’@mﬁs‘g“ﬁﬁéﬂa b)%‘gt E’Il%li Ee%i{efgn&k% %mgtnﬁ‘ué 4
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frictionally et ondi ng annul ar groove 0 of

he corre
t he base 212 cemfvieligeseables e cnfiesed, ﬁfénlr%%é%ﬁp%ﬁlbéﬁﬁww%ﬁl%caor‘éaﬁ‘&‘ﬁ . As
shown i n Fl Geeabhinds Beinbae@niiiventors ddiionF@ivhaas.s datehien. 6X8E&TR Gatitkii de  Of
its lower periphe wal | .215 ur I |sednannular portions
or protuberanlégtél ‘%@ZT ’?ngs/})r&@%spjﬁf%s%rrgi)%ﬁﬂﬁlng &O&eh ot her for
frictionally engaging the interior wall of the vial 214 to thereby

secure the cap within the vial and facilitate maintaining a hernmetic
seal between the cap and vial. As shown best in FIGS. 7 and 8, the
reseal abl3 portion 226 defines on its-Fhssmsiycritd agmblies MR Hiagrdd gp
pﬁrtl on ]9r p&;ﬁérhbbeégaﬂ%c%&ﬁﬁai ik Elbﬂgla@, ﬁ‘ldésﬁéﬂ @fovﬁbﬂxfnﬁﬁﬁt&ﬁiahbﬁlﬂdl&éﬁ
therein for receiving illin eedl e or
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defining an apnular groove on a peripheral surface thereof. The transfer pocket is stretched
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20 or crinping ring 234 defines a central aperture 250 in its upper
side for receiving therethrough the annular raised portion 246 of the
reseal abl e portion 226. Preferably, the reseal able cap 210 and vi al
214 are assenbled and the locking ring 234 is crinped or otherw se
secured in place as described above and shown in FIG 4 prior to
I ntroduci ng any nedi canment or other fluid into the vial. Then, one or
nore of the enpty 25 cap/vial assenblies are enclosed, sterilized,
and may be transported in accordance with the teachings of the
present inventor's comonly owned U S. Patent No. 5,186,772, entitled
"Method OF Transferring Articles, Transfer Pocket And Encl osure"
30. The enpty cap/vial assenblies may be placed in an internal bag or
"pocket" whi civerts saifeos efthedimhe apd clukedsbyraedlpsnp bad iodelingiite ramfer pocket and
sterilization ﬂ&iiv?iﬁﬁ: epe?I 511015%% #&%&%&%JJ&}&E&%@:&QQ

ncl uding a s al

vmthlnatransfer p | Trame I nin
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qg t he t nsfer. po % m celved bh
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vials are |ntro € encl osure
for securing the transfer pocket to the transfer port of the filling system enclosure. Prior to

releasing the vial assemblies into the filling system enclosure, the sterilization indicators may
15 bechecked in order to ensure that the sterile condition of the vial assemblies were maintained
thronghout storage and transfer. As described in the above-mentioned patent and patent
application, 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 intemal pocket to be received through the trapsfer port and into the
20  enclosure.
Once received within the enclosure, the internal pocket is opened and the empty vial
assemblies are removed and loaded into a filling machine located within the sterile enclosure.
Once loaded into the filling machine, the resealable portion of each empty vial assembly may
be sterilized again in order to further ensure that no contaminates enter the vial during the
25  filling process. The resealable portions of the stoppers may be sterilized at this stage by direct
heat cauterization, laser cauterization, or the application of another form of radiation, such as
e-beam radiation.
As shown in FIGS. 9A through 9C, an apparatus for cauterizing the resealable stoppers
or caps by application of heat thereto is indicated generally by the reference numeral 252. The
30  apparatus 252 comprises a housing 254 mounted over a vial support 256. The vial support 256
may be adapted to hold a single vial, or preferably, is adapted hold a plurality of vials. The
embodiment of the support adapted to hold a plurality of vials defines a channel 258 for
receiving therein the vials, and a pair of opposing shoulders 260 formed at the upper edge of
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10 and di scarding the external pocket, and connecting the sealing
frame of the transfer pocket to a window or transfer port of the
encl osure. As further disclosed in the above-nentioned patent and
pat ent application, an adhesive material is preferably superinposed
on the sealing frame for securing the transfer pocket to the transfer
port of the filling systemenclosure. Prior to rel easing the vial
assenblies into the filling systemenclosure, the sterilization

i ndi cators may 15 be checked in order to ensure that the sterile
condition of the vial assenblies were naintained throughout storage
and transfer. As described in the above-nenti oned patent and patent
application, the portion of the transfer pocket overlying the frane
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25  typeof eiecmc drive. Similarly, the heating surface 264 may take any of numerous different
shapes and configurations, and may be heated in any of numerous different ways that are
currently or later become known, such as by an electric resistance heater (or "hot wire").
Preferably, however, 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.
30 Tn the aperation of the apparatus 252, and as shown typically in FIG. 9A, each vial is
first introduced into the cauterizing station with the penetrable surface region 248 of the
resealable portion 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

16



10 shown best in FIG 9b, the peripheral sealing surface surrounds
the aperture 250 fornmed through the | ocking nenber and exposing the
penetrabl e region 248 of the reseal able portion 226 of the stopper.
Preferably, the peripheral sealing surface 262 forns a substantially
fluid-tight seal between the housing and the stopper. A heating
surface 264 projects outwardly fromthe free end of a central support
266 of the housing for contacting the penetrable surface 248 of 15
the reseal abl e portion and cauterizing the surface. An annul ar
conduit 268 extends about the periphery of the heating surface 264
and is coupled in fluid comunication to a vacuum source 270 for
drawing air through the conduit and away fromthe cauterized surface
248, as i ndi célinglylsygagdibe wperdlangeisnfach2360F Gereepsctivy lelkihpmeney2335ud the
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FIG. 10, the vials are preferably mounted mthm the same type of support as showu in FIGS
9A through 9C in order to allow the rescalable caps to be rapidly cauterized in succession prior
to filling each vial with medicament, as described further below.
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15 within a sterile enclosure with a | am nar gas flow through the
enclosure to facilitate maintaining the sterile conditions, as
descri bed, for exanple, in the above-nentioned patent and patent

appl i cation. In the enbodinent illustrated in FIGS. 9A through
9C, the tenperature of the heating surface is within the range of
approximately 250 Cto 300 C, and the cycle tines (i.e., the 20 tine
period during which the heating surface is maintained in contact with
t he exposed surface 248 of the reseal able portion) are within the
range of approximately 1.0 to 3.0 seconds. The present inventor has
determ ned That these tenperatures and cycle tines may achi eve at
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surface 248 W LD D B1e Gh%n 34 4R rQlatable portion 226 of each vial assembly passing
therethrough, A, drive source 284 is drivingly connected to the needle 280 for reciprocally
driving the needle 282 into and out of engagement with each cap ot stopper 210, A
medicament or other formulation reservoir 286 is coupled in fluid communication with the
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approximately 0.5 seconds. Accordingly, a significant advantage of
the | aser cauterization apparatus and nethod is that they may invol ve
significantly shorter cycle tinmes than various direct heat nethods.
Yet anot her advantage of |aser cauterization, is that it involves
both a non-contact nethod and apparatus, and therefore there is no
need to be concerned wth the 25 cleaning of a contact head or I|ike
heating surface. Turning to FIG 11, after direct heat or | aser
cauterization of the reseakble portion 226 of each vial, the vial is
noved within the support 256 (such as by vibratory drive) into a
filling station 280. The filling station 280 includes a needle or

l'i ke injection menber 282 reciprocally nmounted over the support 256,
as i ndi cat ed opagle2B2fon nfrodueing mprddetgrminet medisemani¢rathpyforgiulatjeratbironghithe 30
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medi canent  Of,qaf amﬁny.&eﬁgmeh g%éve@fo@ea lﬂtﬂueodtér m&frﬂﬁetneémeqm?%@iﬁfalﬂgwt he

needl e 282 is a "doubl e | umen" needl e, defini a central
conduit 288 P@PW@EW??@ t‘icﬁée‘i]ﬁra%‘éf @Frﬁﬁdr?@’aw erehtshle PPt Atipay be
fornul ati on mb@lMBymsabfomﬁmymﬂ%@mmmﬂwwﬁﬂmtﬂm&gmmme 290

for draw ng th dIS ses of the.interi.or
cavity ofﬂt h&S% lenfe&?na d|;ﬁvvé o2t ﬁf mveﬂéoc':l&a fak *%’6 of the
doubl e- 1 unen nme@diSéiffmyt %@emﬂﬁon@dﬁwhméhabm eroerily e vad, bl;/latmb@wgaat ed
grooves T or Maghoifvod fafkRitleRhe ARidns O md RIS M Giobdkesd OF M 1 Ui d-T 1 ow

passageways between the needl e and the pierced portlon of the
reseat abl e st oppehssh W%@%M%&@’rﬂzge@%@hﬁ%@ Fith e eedicAmpntok| | |
in the perti pestfomfulatibbge cithdiawifieth @adih 2820wl tRY @p &, stobe@ 210, the penetrated

20  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 stopper is sufficiently

resilient to close upon itself in the penetrated 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 of the vulcanized rubber base, and therefore each vial/cap

25  assembly is passed through a sealing station, as shown typically in ¥IG. 12C, to heat seal the
resealable portion 226 of the cap promptly after withdrawing the needle therefrom. As shown
typically in FIG. 12C, a heated member or surface 264 may be 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 fo the heated member 264 to

30  reciprocally drive the heated member into and out of engagement with the resealable portion of
each cap. As shown typically in FIG. 12C, the heated member 264 is maintained at a sufficient
tempetature, and maintained in engagement with the penetrated region of the resealable portion
226 to fuse the clastomeric material and hermetically seal the needle hole 294. As a result, and
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15 needl es used to needle fill the vial assenblies of the present
invention may take any of nunerous different shapes and/ or
configurations that are currently known, or |ater beconme known for
perform ng the functions of the needl es as descri bed herein. As
shown in FIGS. 12A through 12D, after filling the vial with the
medi canent or other fornulation and withdraw ng the needle 282 from
the cap or stopper 210, the penetrated 20 region of the cap defines a
needl e hole 294 along the path of the withdrawn needle (FIG 1218).
Upon wi t hdrawi ng the needle, the vul cani zed rubber base 212 of the
stopper is sufficiently resilient to close upon itself in the
penetrated region and thereby maintain the vial in a seal ed
condi ti on. Heswhven typigdlydeEiGr 1200 the adsdiv bole is alpoinaied frastbsexteriol/ regiod df diai d
may be allo A : ..pf the
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226 to fuse hbededghmifmhs medivamen inabe viuht tresbpebintil themeieahent hehenidl e
hol e 294. As X w]]; i Ly ] . 1 he
needl e hol e |“§ﬂﬁé?$éﬁpﬁ%%§g{‘np%%1m§ﬁg ext‘g@%%@er%ut%%&dth%%}%%ﬂsgeal abl e
portion to tmoresyyandthambyiarridany el damagads the e tthe cap and vial .

As nmay be recogni gtk BRSEHSKA Inlrlsh. 13 bR PRI hPRRE soakct 2ased on
the teachjngs herein, the drive source and heati ng ne /surface o
be R BFORIEY

FI GS. 12A°% hrBayhe By 27HaRry eaiPlyREo 5ot A hegiensiaty pidhe -
di fferent drhusaldhpotios AncdhgatibasgnamepdadiaseraquradaIfani keghilgivier 278s8s

i ndi cated typical i . . . i 4 ma
define a srrg{a%sgﬁbe\l}mxgﬁv ﬁm&%‘#’ﬁg"dtﬁg@%ﬁ%?ﬂ%hg‘g‘%%l gﬁ#@gleﬁggggoﬁz)ogd g
above for caaglasatiyily, g diffseniimeef abiveten ogy bremployed dn enggmprditesnt, 8 602
filling. In m&iekapgﬂm&atwy 4080 REBbYHIR Rl alrdpfonAb NGB 1008 iR BdmE@r

seal i ng rraq\; be hi gher than that of the heating nenber described above
in order t MbFEFYaHaMPPPEhd seal the 10 penetrated regi on. One

advant age of r esdakhebreendy-ppfridsrbedihitatof tha erelrasieventinel awell deylabileapibat es
the heated re Lp%PisIf -0 éﬂ%a%@h&i%%&hﬂid 5 b peheRad B GLR YR Nt ai N
the medi cament iy n the Vial W thin an appropriate Pterrperature range
t hr oughout t hyrcezbletvéthangedlesn foam 6 needla epectang Herpgurquels eedsis bogt tassgatinier eby
avoi d any t hggiRbcaBPRRGR: debtid SR aSIEg hser radiation at a predetermined wavelength
25 and power thereto. As described further below, each cap or stopper includes a thermoplastic
body or body portion defining (1) a predetermined wall thickness in an axial direction thereof,
(i) a predetermined color and opacity that substantiaily absorbs the laser radiation af the
predetermined wavelength and substantially prevents the passage of the radiation through the
predetermined wall thickness thereof, and (iii) a predetermined color and opacity that causes
30  the laser radiation at the predetermined wavelength and power to hermetically seal the needle

aperture formed in the needle penetration region thereof in a predetermined time period and

substantially without burning the needle penetration region and/or the cover portion of the
stopper (i.e., without creating an irreversible change in molecular structure or chemical
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Alternatively, and as shown in FIGS. 13A through 13C, the |aser
source 276 and 15 scanning mrror 278 may be enployed to heat seal
the penetrated region 294/248 of the reseal able portion. Accordingly,
the sane type of |aser source 276 and scanning mrror 278 as
descri bed above nmay be enployed in the heat sealing station to
performthis function, or alternatively, a different type of |aser
system nay be enployed. In one enbodinent, a CO2 | aser of
approximately SOWis enployed to seal a region approximately 0.10
inch in dianeter 20 in the reseal able stopper. In the
currently-preferred enbodi nents of the present invention, each
seal abl e cap or stopper is fornmed of a thernoplastic materi al

defini ng a newpediessd ghemairipl nn pers cothodipents, he pisdeisppisediine riiieds a needl e
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bel ow, each cagppraietestiogpeweriofickhibiesis areferiblyiephasiog 30 By, and preduably
portion defi %@%b&@ Rr56l2 Sl G %ihRlle riddt GHBER T td dodRo Wik ALso in
direction thereof, (1"1) a predetermned color md opacity that
subst ant i al | ysompeighdse erptiediments.die prodefermined prloref hpmatprisb isgraprand thed

}Nﬁvel eﬂgm anﬂed‘a&&ﬁ?ﬁﬁea@gdcg&isﬁeméfwﬁaﬁc_ ; g‘;ﬂ?@g]@ﬁﬁt&a(tﬁﬂtd}ﬁ% Mpge(_ _r!in)’dﬁi‘iﬂﬁﬂ@n
rou e predetermned wa i.ckness reof: and (iii) a

pr edetger m ne%@&@@%ﬁ@%ﬁ&%’?ﬂpﬁﬁm %’8ﬁ§§%ﬁ§0’"’f%§ | aser radiation at
t he predet er m nedlnwadiddren gie themmplapoweteridipddseibedbbeatht therswplbstit naterial
needl e apegpt f ' . : Qgg@ ' ' in a
pr edet erfnﬁple ibﬁgij%g&rj?#g _aﬁlgwﬁs%%gétlaﬁt I a %i%&%‘{ffﬁ kuisn%lj’]nﬁ&fﬁféhe
heedl € penet rietrish s gadreierdiecmdaigs KBAEPN gPYNARLI, seohes BYNAFEX

(i. e-h, W t lhoumm-mobm afdla debdn€ Wiledl Qs SrBBMBIE ar SlefMDSBIC A4 IR maSHiAILISAAIT €
or cnem ca

roperties of th (Iarl I n swgimnts, t he
pr edet er mi ned™ffTFEheHEF Fi'f‘g s g%g? gf“ré%‘ @Tys"fh? S 4y iRES
preferably | essbofliiharts efithedapeation] e Sritand sedond matextadmgkshlended withinghofnge hese
erbodi ents: 5§ shSPRALAETIRE.NRY BLEI01 Ty heighl] Bod At} o @P:sh
about 980t1§r nabo%ﬁ@%? e péh[eg‘}d)}?e?rm ned.ﬂgo‘wery ocléghgac !ﬁqgg%reer 'S y
preferably | ewdsht fianfiestrouieiaboeonnd waeriatnThedeefitsof fie prefsmrpddhiend pypathe st
equal to aboufydfl MAtstiBare MproVed Rt of orbameieyrétertiod) Sdt s irbyRo @l fucil O
Watts. Also i sonme of t ese?f odi rggnt . Lhe grrcfl% eterm g{ad z(gjng 0of
the material ReERRARProXePegterialyife Ry CIGH S CTTERP WP {7’ 5
dark gray col mslafiow attdeid b eeddien Bheyreeis losms.eri al in an amount within
the range 28f abo uklt&nﬁi%l&,%eﬂ?&%pl&ﬁcﬁ%t@%l MRe Wb atable stoppers may take the form
of a styrene block copolymer sold by GLS Corporation of McHenry, Iilinois under the
designation LC 254-071. This type of styrene block copalymer compound exhibits
approximately the foliovﬁng physical properties: (i) Shore A Hardness: about 28-29; (ii)
Specific Gravity: about 0.89 g/cm’; (1) Color: approximately grey to dark grey; (iv) 300%
25  Modulus, flow direction: about 181-211 psi; (v) Tensile Strength at Break, flow direction:
about 429-498 psi; (vi) Elongation at Break, flow direction: about 675% - 708%; and (vii)
Tear Strength, flow direction: about 78-81 Ibf/in. In one embodiment, the predetermined color
and opacify of the thermoplastic is defined by a grey colorant that is provided in an
approximately 3% color concenirate (i.e., there is an approximately 33:1 ratio of the
30  concentrate to the natural resin or TPE). The color concentrate contains about 88.83% carrier

or base resin, and the remainder is pigment. In one embodiment, the pigment is grey carbon
black. Thus, the pigment is about 0.34% by weight of the resulting thermoplastic.

21



In addition to the thernoplastic materi als descri bed above, the
thernoplastic material 10 may be a blend of a first material that is
preferably a styrene bl ock copol yner, such as the materials sold
under either the tradenmarks KRATON or DYNAFLEX, such as DYNAFLEX
02706- 10000- 00, and a second material that is preferably an ol efin,
such as the materials sold under either the trademarks ENGAGE or
EXACT, such as EXACT 8203. In sone enbodinents of the invention, the
first and second naterials are blended within the range of 15 about
50: 50 by weight to preferably about 90:10 by wei ght, and nost
preferably about 90:5 by weight (i.e., first material : second
material). The benefits of the preferred blend over the first
mat eri al by it sel Inadditiinnif desiretla Whticant oz typepown fodhose efordnagypkifltd tbs, and
thus inpr ovedpeaﬁleﬂuﬁ} besdﬁ@édfto k. fBrmol ARE aag;qudaTeﬁeh é%'afomlﬁen&aﬂfd | Rgeme
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desi gnati %n 360 I\/E%!aycbael reclslgn%eg by tsnose skilled in the pertinent art based on the teachings

herein, the specific formulations of the polymeric compounds used to form the stoppers and the

vials or other containers of the present invention can be changed as desired to achieve the
desired physical characteristics, including sorption (both absorption and adsorption), and
moisture-vapor transmission (“MVT”). For example, the wall thicknesses of the vials and/or
30  stoppers can be increased or otherwise adjusted in order to provide an improved or otherwise
adjusted MVT barrier. Alternatively, or in conjunction with such measures, the blend of
components forming the thermoplastic corpounds may be changed as desired to meet desired
sorption levels with the particular product(s) to be contained within the vial, and/or to achieve
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10 CST", that is added to the styrene bl ock copol ymer or other

t her nopl astic conmpound in an anount sufficient to prevent, or
substantially prevent, the formation of particles upon penetrating
same with the needle or other filling nenber. Each of the vials
of the present invention nmay be nade of any of numerous different
materials that are currently, or |ater become known for making vials.
For exanple, in sone 15 enbodi nents of the present invention, the
vials are nade of glass. In one such exanple, the , vial body is nade
of glass; however, a laterally extending base is made of plastic, and
IS secured to the base of the glass vial body by an adhesi ve,
snap-fit, over-noldin or ot her knomn{gflnlng mechani sm and the
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adjusted in order to prow de an 1 nproved or otherw se adjusted
bat her. Al t erfeaficrieat ol copstryeied ingqrasdRte vk g ipantys asmedtiod &g preeent digglosure
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achi eve 370. ,
Storage vial 310 includes a body 312, a base 314 and a neck 316. Body 312 defines an

interior chamber 318 that is adapted for storing a predetermined medicament or other
substance to be contained therein. As shown herein, body 312 is substantially cylindrical in

20 . shape. However, those skilled in the art would readily appreciate that body 312 can be
spherical or any other shape conducive to defining an interior chamber suitable for the storage
of medicaments or other substances. Neck 316 is associated with the top of body 312 and
defines a vial mouth 320. In the currently preferred embodiments, medicament flow into and
out of the interior chamber 318 is through a needle (both directions).

25 Stopper member 330 is inserted into mouth 320 and includes an outer peripheral
surface 332 which is adapted and configured for insertion info mouth 320 and for engagement
with neck 316 of storage vial 310. The stopper member 330 provides a first primary seal for
containing the predetermined medicament within the interior chamber 318 of storage vial 310.
Stopper member 330 may be formed of vulcanized rubber. However, those skilled in the art to

30  which this application appertains would readily appreciate that other suitable materials may be
used for stopper member 330.

Heat-resealable portion 370 is also inserted into the mouth 320 of storage vial 310 and
preferably completely overlies stopper member 330, As described above with respect to the
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desired MWT characteristics. Still further, in those enbodi nents of

t he reseal abl e stopper of the present invention enploying nmultiple

| ayers of fusible and infusible materials, the relative thicknesses

of the different materials can be adjusted to, in turn, adjust the

MT characteristics of the stopper. In addition, as described further

bel ow, a tanper-resistant or other cover, that 5 may include a

frangible or like portion that is renovable imediately prior to use

of the vial to expose the reseal abl e stopper, can forma hernetic or

gas-tight seal between the needl e penetrable surface of the stopper

and the anbi ent atnosphere, to further inprove the M/T barrier to

nmedi canent or ot her substance contained within the vial. As al so may
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t he inter .t hrough a. nee oth d ons
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The st opper provides a first primary seal for containing
t he predeterri‘i’li“l’éfﬂZﬁ ribg PRgEe R %@WW‘%@W@E?‘%W‘”W&H‘BE?Y@ES" of

st orage vi al @&&ns&wawmm@ommm&mr rred of vul cani zed

r ubber. ver, se .skil
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mat eri al s nmayenpagedmigioihd ek B ofbevialpofrielis %@&@ed and conﬁMtfﬁmm thipheat-
portion 370 igals n%omﬁ da‘i@'thl: ofpet ,Q@mﬂzmb%éa%c% bRk 8oy deRkmadit

and preferably co over es st op 330. As_descri bed

above with respwedsel TP?]%“““B@H%& gﬁﬁﬂcﬁﬁrﬁ?@%M‘PﬁQ%%%”é@lﬂm
st opper, heatmh aa@ainaili® THRkicualy gQad % fqfed mﬁ@bde;mmﬁﬁymﬁc faterial and 2

il t | . terial.,. f |
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em ca " the storage vial 310 and stopper member 330 (referred to as “over-molding™).

As noted above, it is difficult to maintain the sterility of caps and vials during the
30 fransportation, storage and assembly process. The use of a non-metallic material for securing
ring 350 allows the vial and cap to be assembled and then sterilized as a unit prior to filling the
vial assembly with medicament by using, for example, a gamma sterilization technique or
other irradiation or sterilization process. Unlike threaded plastic caps, an over-molded
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5 under the traderctorks ENGAGE Tm or E3CACTT4. In one enbodi nent,
the first and second materials are blended within a range of about
50: 50 by weight to about 90:10 by weight (i.e., first materi al
second material). In another enbodinment, the blend of the fast and
second materials is about 50:50 by weight. The benefits of the
preferred blend over the first material by itself are inproved water
or vapor barrier properties, and thus inproved product shelf life; 10
i nproved heat sealability; a reduced coefficient of friction;

i nproved noldability or nold flow rates; and a reduction in
hysteresis | osses. As may be recogni zed by those skilled in the
pertinent art, these nunbers and materials are only exenplary,
however, and Sqﬁi’ﬁ?g Bag pRYAtjaenepianige Sy prsiring thapih wphhaswot beewyermpentiser al
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pol yet hylene, simlar to that used in the heat-reseal abl e portl on

370. Preferabty. %ﬁ@n%%fdleﬁw@alﬁ fpther gahgnces f%fﬂ*?@dﬁ%ﬂ?*ﬂ%é%ﬂﬁ%g t he
storage vi al ssB&G;gaihg)pﬂme&’arﬁﬁerBh of3ihe onBcre ofthy/elinith® aiestiibadiaBgisappar at us
and t hen | di t he.se terdal.dir ctI moyer.a porti.on
of t he st gtr) aaigrat\’;?ga?usgiﬁas g? miagvady ?T%Iam"t?é‘%? e recfmfOn OPanee&]
"over - nol di nittd)a stoger trotistd pmwgopnct infoghedaterfor dumbert b’nm*sm,aherﬁmmf
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assenbly process he use of a non-netallic materi al or securin
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as a unit pr bpltdsonid wlbing Gy kiplringitahmA syt by vaing Boyrogdt Imawe rthnbye for

usi ng, f%rne@%tgdpp?l Zamtias&csgmthermgéﬁgﬁn L6 %dgi gue or ot her

irradiati 1 Bh process readed pl astic caps,
an over-nol ded ddepmientdy mviﬁgﬂeéﬁew oleadteryatprembdimestbe bnat-igsealaile digs canat

the vi g' has b@ﬁho@@%h RORD:S 148%:1@& SV BR itTohl&el gﬂgi&fﬂhe §:5@@9 bei ng
renove shown in securi ef i
somewhat C-s H‘é‘ﬁ@?& lo/ge enbodimept e ﬁawwﬂsacw@%e é’ﬁ ?1 “@@b‘é %’P@%“ab
| ower f | angeitdG2ihafthean ol toftlandegeib@dr disthe0 Getherwisa gesttibadjabove. In
25  operation, the stopper member and the securing ring would be penefrable by a needle or like

filling member for the introduction of medicament into the interior chamber of the vial. Upon
withdrawal of the filling needle, thermal energy would be applied to the securing ring for
hermetically sealing any hole created by the filling needle.
With continwing reference to FIGS. 14A through 14C, vial assembly 300 further

30 includes a peel back cover 380. Cover 380 is adhered to sealing ring 350 subsequent to the
filling and resealing processes and provides a tamper-proof seal which signifies whether
medicament has been withdrawn or the vial tampered with subsequent to the filling process
and vial storage. In addition, if necessary or otherwise desired, the peel back cover can
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5 350 is forned so that |lower flange 352 is engaged wi th shoul der 322
of storage vial 310. Additionally, upper flange 354 partially
overlies stopper nenber 330 and heat-reseal able portion 370 and

t hereby secures these elenments within the nouth 320 of vial body 310.
During the over-nolding process, if desired, the material used to
formthe securing ring 370 can be provided to the nold at a
tenperature that is sufficient to partially nelt in the 10 regi on of
interface of the neck 316 of the vial and/or the heat-reseal able disc
370 or stopper nenber 330. As a result, upon the cooling of the
materials, the securing ring 370 is effectively fused wth the neck
316 of the vial and/or the heat-reseal able portion 370 or stopper

nmember 330. THeVideadirthgr bpeier ipdngisireanil/ar wper FRRSHéssioR iRt et of thpiatedraf tha g
and retai ni ngviftunction of securing ring 350. Partial fusion of one or

nore of the el enent cf s 15 advant in vials
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i nt roducti on Inhddita] asalmﬁbedlﬁnthabtﬂow, thmseabioor spodslaxkbﬁ:apeoﬁneahathmvhﬂto
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g g(r) ou%g 14C wcad ﬂlagiﬁﬁil@br}ép&ﬁlﬁkefslﬂd'p& hemmaemlsewmma oiﬁerﬂQEhanBlﬂ@EheG‘iﬁVer
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filling and r %ﬁ%% 4‘%&}5‘? ?lare e’:ﬁaf 5‘3‘?"‘0 " seal

whi ch si gni f| es mmmﬂnmmmmotmmmmmmm@mdm wihal

tanpered ! NiostlR 8hboder el phebdnt AR £ 28l chge?iér by eythage. | n

addi ti on, ervm se desired, the cover can
numeral 400. 1a1 asscmbly 400 includes, among other things, astoxage v1a1 410, a stopper

member 430, and a securing ring 450. Storage vial 410 has a cylindrical body 412 which
interconnects a base 414 and a neck 416. The body 412 has an outer wall 411 that defines an
interior chamber 418 for storing a predetermined medicament and a central axis 413 for vial

25 assembly 400.

Untike vial 300, in which base 314 and body 312 are formed as a unit, the base 414 and

the body 412 of storage vial 410 ate formed independently. Base 414 includes an inner surface
422 which is adapted and configured for engagement with an axially depending flange 424 of
storage vial 410. The base 414 can be engaged with the body 412 by means of a press-fit

30 relationship, adhesion, ulirasonic welding or any other joining technigue. Due to its width, and
as with the base of the vial 300 as described above, the base 414 increases the vertical stability
of vial assembly 400 when placed on a horizontal surface.
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provide a further barrier to noisture and/or vapor transm ssion into
or out of the interior of the vial. As shown in FIG 14A, the
vial 310 defines a spool-Ilike or diabolo shape. Mre specifically,

t he upper portion or securing ring 350 defines a first

| ateral |l y-extending 5 di nension or dianeter "DI", the vial body 312
defines a second | aterally-extendi ng di nension or dianmeter "D2", and
the base 314 defines a third laterally extending di nension or
dianeter "1/3". As can be seen, both D1 and D3 are greater than D2,
thus form ng a diabolo or spool-Ilike shape. As described above, this
shape facilitates handling during use by permtting the user to grasp
the reduced dianeter D2 of the vial body with, for exanple, an index

finger and 10 thurfbthoentawiae mimence PFL. ﬂ%Mﬁ?WOMWW@WW D1 of
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cylindrical badyla#k&&smOﬁhbdbammpmmEmbeammﬂa&ﬂemntﬁ o storegeleiad 48).
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vi al 25 asseniyembet i) can be formgd[in fide-byiside maldon a claanghdre bnvisersment The sopier
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storage vial 410 are forned |nde deng}ﬁ;ﬁi@d_gase 414 incl udes an inner

surface 422 WF@HU%G%WEWQW THY PE BRI tR an
axi al | y dependictiuldting hgke id2dorehantecri8ige vi al 410. The base 414 can be

engaged wif,h the hod Vs\;le#oczym W FiE 36 uﬁ’pelixﬁol&h%?e%fiésﬁs 3%&{{%& é%ie 189%?&(& o

adhesi on, ‘Ul trasonic or an
its w dt h an@swlsvﬁ@hsqch@mé%ﬁtmfermﬂﬂbxmﬁwzérgd@é%iér daw atrypkat

\tAﬂe balse 434 1%51%@@&@5@&%%% a@&cﬁ@mmzwﬁ%afgom%t@mmcy?éoo

en aced on a nor al surrta C nuil n eren e
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within the vial mowuth. It should be noted that the fusion can be achieved by ultrasonic
welding, by applying thermal energy or by any other known technique for joining

thermoplastics, elastics, or other materials employed.

30 A closure for a vial manufactured in sccordance with the method detailed in FIGS. 16A
and 16B includes 2 sealing ring formed by injecting liquefied ENGAGE™ polyolefin into the
annular recess defined between the stopper and the vial neck at a temperature in excess of
about 390° F. The stopper is made from a thermoplastic comprising a blend of ENGAGE™
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5 recess preferably in the nmanner hereinafter descri bed.

Referring now to FIGS. 16A and 168, a representative process for
formng securing ring 450 is illustrated. As shown in FIG 16A vial
body 412 is first placed within a cavity defined by |ower nold
assenbly 460. For ease in manufacturing, base 414 has not yet been
engaged with flange 424 of vial body 412. Mol d assenbly 460 includes
a bottom 462 and first 10 and second sidewal | s 464 and 466,
respectively. St opper nmenber 430 is then inserted into the nouth
of vial body 412. As noted above with respect to FIG 15, stopper
menber 430 has an annular groove 434 defined in its outer periphery
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t her nopl asti cs Material s enpl oyed. 30A cl osure
for a vial manuf Aeshepaén TR g@mmsml%fnﬂmme%w%am n

FIGS. 16A anéeﬁ;@% infdfd Ad4L@Bly366. ebli a\sgen{bumo frioRBeR okt poRtioR 647, ﬂ:@tand

| i quefied ENGAGE nt annul.ar ess d

bet ween the ¥EFH ?W”Hggg“tﬂﬂégé}gr ’ﬁ‘fpe “Pﬁertp {ﬁt g?@nﬂﬁ’ g@sog of
about 390 F. m&lh@ss@ﬁhbpmrhas :scyﬁudmdﬁmtdrimaart 5N@mj®pﬂmmfmmm sBragevial’
bl end of ZENGelgzmlupper surface 572 of mold insert 570 is adapted and configured for defining a lower

surface for over-molded stopper 530. Over-molded stopper 530 is formed by injecting at least

one of a thermoplastic and elastic material in liquefied form into the cavity defined by the
molding elements.
Upon the formation of stopper 530, the vial body 510 with over-molded stopper 530 is
25  removed from the mold. As shown in FIG. 17B, a base member 514 is engaged with the
bottom of storage vial 510 by any of the methods described above. Lastly, the assembled vial
is positioned within a second mold assembly (not shown) and an over-molded base 580 is
formed in a manner similar to the previously described over-molding process.
Referring now to FIG. 18, another vial assembly constructed in accordance with a
30  representative embodiment of the present disclosure is designated generally by reference
numeral 600, Similarly to the previously described embodiments, vial assernbly 600 includes a
storage vial 610 and a stopper member 630. Storage vial 610 bas a cylindrical body 612, a
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and DYNAFLEXi min the mariner described above. The tenperature of the
| i quefi ed ENGAGEThl is sufficient to locally nelt the thernoplastic
stopper as well as the vial neck. Upon cooling of the materials, air
may be supplied to the interior chanber through an aperture drilled
or otherwise fornmed in the bottom of the vial body. Applicant has
determined that the 5 interior chanmber may'be pressurized in excess
of about 80 psi w thout dislodging the closure forned by the stopper

and securing ring fromw thin the vial nouth. Referring now to
FIGS. 17A through 17C, a representative process for nmaking a vial
assenbly in accordance with the present disclosure is illustrated.

Vi al assenbly 500 includes a storage vial 510, an over-nol ded stopper
530 and an over-nol ded base 580. Storage vial 510 10 is structurally
simlar to st®imdaseititamd3reksitl Brip o Ralsnes wdnterin ohamberhi § Hpstorinpat

storage vial ZdReha%dRelibnRR Q0L HntkA RxidRhia dssagPedOt t om end. . As
with the vial 310 dcfscgf:"dbagd above, a s. shown 1n FIG 15, the vial

| nd as :
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| ar ger di ametelich i¥Hapddd ahdeonfigpel foagdgirment Wilhhamek 6338 opftorid@iabsise 415,
and the relatjvel | | | aneter. D2..of the dy 412 tendi ng.15
axial 'y bt woisiel s o7 orblBREEhen iy Brorol R ik s Bnfan®
17A, storage wédstermiedmedicaientsyithinghe itderdon dkmiseriofivial bade ahsictnybepernttheadetly

defined by noig oﬁﬁéﬁﬁh&ﬂaeéﬁ%ht%b&la@ﬁlﬁ?%e %ﬁ%&%@k&%l@ﬁ&kﬁm

portion 562, first and second sidewa C respectively,
and upper por¥FEreseRrer mRfeRah i gty fisthersBortugie 2heymgticsed EpHyrsp teatypneaands
cyl : ndrical madidmichifesto tﬁ?ﬁex@&ﬁjya&m:}mex?md fitk, GBI REeghbly 400 gﬁrh@ﬁ:gﬂ@esg
vial 20 510. An.upper .surfac 72.0 i nsert 570 is ada an
cont i gur ot i P pEpr R i ot Ra shB3E bond s BORRNET 230
Over - nol ded shookipsing 53bhas en fudar periphérsl fage 652 that defimes 4 shavdder 6i4@n e inger

t her mopl ast i Cou@Rdmelk&s bhduiddPdsR id dbptddAnd do eh%iﬂt&roamfgﬁ,%gé AV ty.
defined by the nolding elenents, lﬁpon the Tormation_ of siopper 530, -

the vial bodyo%Feuifrade® slmsrk Gif) Hesdrng fingiyl is mpde from = sptivelpdlexible 49 m t he
nol d. As showRetille nfkeldal, héfbes plasftase nenber 514 is engaged with the

Dot P f £ O 0%l SA0 Y AR, Rkl PSSR oA s,
assenbl y ( notLekiogwng 65hid passedaxially dovmier shade c@§tess and fetpimsiebpir member
manner  si i | agotfnh BE BLAYEALSLY THERGHIRAM 08 LR Of D8y 5P 68 ocking
ring allows the flange to flex radially outward of outer peripheral surface 622 of neck 614.
Once shoulder 654 passes axially downward beyond lower surface 620, the flange 652 flexes
20  back and shoulder 654 and lower surface 620 form: a snap-fit, interlocking engagement. In a
representative embodiment, an annular recess is scored or otherwise formed in the outer
surface of flange 652 after the locking ring 650 is engaged with neck 614 of storage vial 610.
As can be seen, locking ring 650 can not be disengaged from neck 614 without breaking flange
652. This feature functions to prevent remaval of the stopper and any tampering with the
25  contents of the vial without piercing the stoppez.

Locking ring 650 defines a central aperture that allows stopper member 630 to be
accessed therethrough by e needle or like device. Tamper-resistant cover 640 is configured fo
overlie the central aperture of locking ring 650 and engage with locking ring 650, thereby
protecting the exposed stopper material. In the embodiment shown herein, cover 640 is

30  engaged with locking ring 650 by means of a press-fit similar to that previously described for
the locking ring 650. Cover 640 includes an outer peripheral flange 642 that defines a shoulder
655 on an inner diameter thereof which is adapted for interlocking engagement with peripheral
recess 656 associated with locking ring 650. Tamper-resistant cover 640 further defines on its
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Referring now to FIG 18, another vial assenbly constructed in
accordance with a 30 representative enbodi mrent of the present

di scl osure is designated generally by reference nuneral 600.
Simlarly to the previously described enbodi nents, vial assenbly 600
i ncludes a storage vial 610 and a stopper nenber 630. Storage vial
610 has a cylindrical body 612, a snap-on base 614 and a neck 616.
Body 612 defines an interior chanber 618 for storing a predeterm ned
medi canent and a central axis for vial assenbly 600. As

descri bed above, stopper nenber 630 includes an outer peripheral
surface 632 which is adapted and configured for engagenment wth the
neck 616 of storage vial 610. 5 Peripheral surface 632 of stopper
menber 630 pyadersidespomtetapeiar profubmeamyge &3 diat i presseinte ailgaigqngmtxhéx the adjacent
predeterm negopgﬁ%geamermyteﬁe&mm%mg&m%mséﬁaﬂ%cer QAo it &b pgg%.- As

can be seen neck he vial defines a pointed ann
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65213 i's gg 85 sl_eiebuamcbthé chkmtxg\mgvéiochnémnaa—resstaulnmpmg‘se xaanhl of p8dstd. r'Ths plegiiper
menber
configurati on 0 gﬁ% gﬁfgbg u&%mﬁ%@mngﬁxﬁﬁyﬁgg’gwﬂwﬁgmg to
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Once shoul degopf Eanﬁ@l'shéfa - QYGINA FrfbBeMR a{g,éi%ﬁt"beﬁ#éérftﬁ&ﬁasﬁ@ the
fl ange 6 erxes 20 t?lack and shoul der surface 620 form

a snap-f . PR SRk R B2 YRS ETREAT & Yadhesad'lw a5tq PPt SR ent |
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st orage vi al 3\%6%&% can tge seen, a%l%cﬁé Tin %Q ean notaﬁg{b
di sengaged f fusihie Rt oalyingitherhBiswonipr dsi mﬂb[?f@eéblemthe manner desctibed

above, One advaniage of this type of embodiment of the present invention, is that the

20  medicament or other substance contained within the vial is exposed to, or stored in contact
with only the glass and vulcanized rubber surfaces. Thus, this type of embodiment may be
easily used with medicaments or other substances that are were in the past stored in glass vials
with vulcanized rubber or like stoppers.

In FIGS. 224, 22B and 22C, the cover 640 is illustrated in further detail and includes a

25 frangible portion 660 connected to the remainder of the cover by a plurality of radially-spaced
frangible connections 662. As can be seen, in order to access the resealable stopper 630 witha
needle or like device, the frangible portion 660 must be flipped away from the stopper with
sufficient force to break the frangible connections 662 and thus permit release of the frangible
portion 660 therefrom. As can be seen, the cover 640 may define a peripheral rim 664 that is

30  engageable by a user's thumb, for example, to press and, in tumn, break away the frangible
portion 660. Once the frangible connections 662 are broken, the frangible portion 660 cannot
be reattached, thus providing a tamper-proof feature, In addition, the annular protuberance 657
and associated portion of the cover overlying the stopper material within the central aperture of
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652. This feature functions to prevent renoval of the stopper and any
tanmpering with the 25 contents of the vial w thout piercing the
stopper. Locking ring 650 defines a central aperture that all ows

st opper nenber 630 to be accessed therethrough by a needle or I|ike
devi ce. Tanper-resistant cover 640 is configured to overlie the
central aperture of |ocking ring 650 and engage with | ocking ring
650, thereby protecting the exposed stopper material. In the

enbodi ment shown herein, cover 640 is 30 engaged with | ocking ring
650 by neans of a press-fit simlar to that previously described for
the |l ocking ring 650. Cover 640 includes an outer peripheral flange
642 that defines a shoul der 655 on an inner dianeter thereof which is
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| ocki ng ri ngstoepgs. be attached to the glass vial body in any of the

numerous differ erttonﬁ@mﬁ @ﬁﬁ@éggﬁﬁy AT Hédm'btﬂghﬁgéd'ﬁﬂo Qypra\e%e%@m
the plastic co%Bonen onto the %H@ss conmpaonent , nmechani cal

snap-fit ©Or Berdsd gl eyvedekthnban aﬁwdﬁw%eﬁﬂeﬁ@nﬁ%@w&@em
conponent and vidl&itwh seaéﬂast@mﬁ Bt perigheralyiring baaioﬂealra&:dnp bitivarg of he
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height with a base that does not protrude radially from the vial body. The profrusion of the

a

upper and lower portions beyond the outer diameter of the vial body also improves the
20  handling of the vial body or assembly by providing upper and lower shoulders which can be
‘used to guide the vial during the handling process and facilitate the use of automated handling
equipment (e.g., pick and place robotics).
A further advantage of the vial assemblies described herein is that the tamper-resistant
covers may be hermetically sealed to the underlying locking members and/or the resealable
25  stoppers to thereby seal the stoppers within the locking members and covers and with respect
to the ambient atmosphere. In accordance with ope aspect of a preferred embodiment of the
present invention, the overlying locking members and covers can be formed of relatively rigid
materials and/or of materials having relativety high resistances to moisture and vapor
transmission in comparison to the material of the resealable stopper itself, in order to facilitate
30  preventing the loss of any medicament or other substance confained within the vial or other
container thersthrough, or the ingress of moisture or vapor into the vial or other container,

during, for example, storage, transportation and/or product shelf life.
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vul cani 7ed rubber or other infusible base portion, and a

t hernoplastic or other thermally fusible portion overlying the base
portion that is thermally fusible in the manner described above. One
advant age of this type of enbodi nent of the present invention, is
that the 20 nedi cament or other substance contained within the vial
is exposed to, or stored in contact with only the glass and

vul cani zed rubber surfaces. Thus, this type of enbodi nent may be
easily used with nmedi canents or other substances that are were in the
past stored in glass vials with vul cani zed rubber or |ike stoppers.
In FIGS. 22A, 22B and 22C, the cover 640 is illustrated in further
detail and includes a 25 frangi ble portion 660 connected to the
remai nder of the ®Ghefertnge i Pﬁgﬁi A thraqugh 3§ thera illisrajedspethve diafasmmbliy B
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t her eby i ncr estdpperlidiking fibgis bdgyiged i thk opeh bl cdfiaktoey ‘Hﬂb&isaﬂ&ﬁiutékﬁﬁbe&imed
W thin ch%W,ﬁL3 One of the advantages associated with the vial

assenbl y 0, 'as well as vial assenblies 300, 400, and SOO, is that
they are configur é@i‘-ldnenbe7@wbﬂesshalp@1§rmoveliiiﬁfmdslbfmptédutﬂrmsﬂphery As:

descri bed., aboygum h s, q?ﬁéﬁpe@f&ﬁs&n@%&r ﬁ@&%lh&@&z&ﬁer}:é}@h&él@l (%@5451‘3”*3' ies
have outer peripheral 10 surfaces are positioned ra

outward of t HisPging thgrelrpoilangg (s 1s %@aby@é@mwm%?%&sﬁqwmmﬂéw
of the nedi caﬁeﬁﬁcu:bycobéimmmdchhg;ﬁﬂgeismwkﬁnhe threr-febistge c@ved 1A ls pgERs P

bl or cod bjl & Hesre o aghE R YR (3Tl BEE Smbabiy e
the vi al asseywtsbny oftbe coyertand dscogd ammsehambafowdu ﬁpqom& thiytamper-
stability of regstant cover 740 forms a hermetic or gas-tight seal between the exterior surface of the
stopper and the ambient atmosphere, thereby providing a further MVT bamier between the
interior of the vial and the ambient atrospbere. As may be recognized by those of ordinary
25  skill in the pertinent art based on the teachings herein, the material(s) and/or thickness of the
tamper-resistant cover 740 and/or of the locking ring 750, or at least the portion(s) of the cover

O

and/or locking ring that overly and sea] the exposed surface(s) of the stopper, may be selected
to control the MVT barrier between the interior and exterior of the vial in the direction through
the stopper,

30 The annular groove 756 formed along the outer periphery of locking ring 750 alse
functions to reduce the likelibood of an accidental needlé stick. In order to access stopper 730,
for the purpose of removing medicament from within interior chamber 718, cover 740 is
disengaged from locking ring 750 exposing groove 756. If by chance the needle being used to
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15 the-filled vials, as well as the handling of the vials during the
sterilization and filling processes. Avial with a base that has an
outer peripheral surface positioned radially outward of the central
vial body has a | ower center of gravity than a traditional bl ow

nol ded vial of the same height with a base that does not protrude
radially fromthe vial body. The protrusion of the upper and | ower
portions beyond the outer dianeter of the vial body also inproves the
20 handling of the vial body or assenbly by providi ng upper and | ower
shoul ders which can be used to guide the vial during the handling
process and facilitate the use of automated handling equipment (e. g ,

pi ck and pl ace robotics). A further advantage of the vial
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engaged within the annular_recess 736 per 730. .Then

in FIG 19, e P st oF PPy fger Pﬁg Ty ?Démléﬁf’é%b@an%ﬁ Tt
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thereby fixedly secure the locking ring to the vial body. In addition, the annular weld
preferably defines a hermetic or gas-tight seal between the locking ring and vial body to further
effectuate a gas-tight or hermetic seal between the interior of the vial and the ambient
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resi stant cover 740 forns a hernetic or gas-tight seal between the
exterior surface of the stopper and the anbi ent atnosphere, thereby
providing a further MVT bather between the interior of the vial and

t he ambi ent at nosphere. As may be recogni zed by those of ordinary 25
skill in the pertinent art based on the teachings herein, the
material (s) and/or thickness of the tanper-resistant cover 740 and/or
of the locking ring 750, or at |east the portion(s) of the cover
and/or locking ring that overly and seal The exposed surface(s) of
the stopper, may be selected to control the MT barrier between the
interior and exterior of the vial in the direction through the
stopper. 30The annul ar groove 756 forned thong the outer periphery of
| ocki ng ring 2merhsres by gﬂ%‘!& 58 $5¢ ripepdrfing op H%‘g-?t‘?il%& 4 Mooty efidispmte

acci dent al needilp-estrdilg proibeARAS 866 QeiMUGRER cOQPRRIg /edlses B fold§

urpose of remmvi e t. framw,thin interiof chanber 718,
Poves: 740 i 5 TG AR ook PR M. Bl Brferienins s Tgriio e oiseeo,
by chance t hewithbuth recelyes 36§ buderckxinmple, wirdsude welding) ¢ theretiyalefine aplurality of
accldent al by hihs odhdoriths bofvedothéthlet Sactys B ORBE arkdiencly N8 SR ©

| de n the a t

. . (=
will likely s I nto annul ar groove 756 ra n contrhue i'n a

downwar d t r aj BEtGrapotahsemprs &4 mpiabel frmpd & thedase pEthHavee #2 of hecdverand hivvar e

e IR I it i e e T
portion of tH@%ﬁHﬂ%é&%@Eﬁ“@i’? '%fp%ﬁ‘g‘?%emﬁg?ﬁw%ﬁﬂ‘%ﬁ“‘{iﬁe%?g@w

annul ar rib 73fidpproobarerce 3Uhat Agecaivedogihinta cotrdsgontiingermuiani:debschorm@d intriee

st opper i EG ' the cir nt i ak.

ceal or catod BRILLPERND LAk %ﬂ?ﬁ‘*%hh‘é’?éﬁf%%d?&rf?vﬁ%fh%%%&gjﬁ%&m@%%

the vial body 710moxles il dheeinl Sﬁld@ﬂtmﬁé%wnvwaﬁéa@pd §ltems of

tst 0|0|oerI 730 !@seﬁglgdﬁ:ctﬂe)ém@&rﬂmlwﬁ;ﬁch&gb?ﬁm&ﬁﬂ&el&ﬁlfxgt. ,tm%%, tees V@Qtpl i ed
o annular rib .738, for rmetic or gas-tight seal between

t he tanper-ré%?é?gﬁﬁm@ﬁgéﬁgﬁﬁgmgﬁﬂgﬁﬁﬂmﬁﬁﬁ e§5?¢%55ﬂ8?m¥ﬂg”§ Bpper

t ]9 éhe_r eby f W espRy|vidlsvees wtdipfiied addriimandlly ecseatdd) spck asay hes praling aand,

i esire har .

the vial gid Pran@ b iRl Qe dleluhlth o BEUER bR il AP fctly
anot her vi al seEths gerinde pelangning 35 sush ad tyrltiagoniortidignedesqibeiabetel y

by the refer eAszﬁov&Mfﬁfeﬁir inF0G. 24,theexithicd surlo®or e stopPr BRI mdy TorfBi Ynterference
respects to the vials 1

. 5 descrlbed above with reference to FIL.GS. 14
hrbugh 25 c BB WL DY BPRsoREE O P e AR P Yt e
nunmeral " 8" drmmcliises betweenitkd @atrand stdpger &, Bmen,tferm aflghepMiVTdaryier between
di fference,of, t:he. vi ' E&%RF | vi.als g§g$' ove
is that t%% ﬁg%%gﬁéaﬁ%ﬁﬁggg%QTS we égggﬂgic($§§m3§§%]¥§aso %ggﬁbéﬁ
wel di ng, to t¥emaskadomee bepeqniastyiopicalponipn 8101 Ba dickipging apdie rrdprpide &p
Or tanper - r eSthekhmt-reSitMR CoBAEU0ILS firBlK an¥Rhd 8 deal £1866)363%y, 0 ednipleasoni ¢

l{{ll%, {olfgrgl tgesn%fme"?i‘csz or pas-tight seal between the stopper and the ambient

wel ding, to the Iocki
atmosphere and, in turn, form the desired MVT batrier. In order o use the vial, the tamper-

D

ulirasonic we|

25  resistant cover 840 is removed by gripping with, for example, a thumb, the peripheral edge 843
of the cover, and pushing the cover upwardly or substantially axially away from the locking
ring to, in turn, break the frangible connections 866, 868 or 866", 868" and release the cover, or
a frangible portion thereof, from the locking ring to expose the underlying stopper. As may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, the

30 tamper-resistant cover and/cr the frangible portion thereof may taken any of numerous
different shapes and/or configurations that are currently or later become known for performing
the funetion of the tamper-resistant cover as described herein.
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20 shown in FIGS. 24 and 28, the stopper 830 defines an annul ar
flange 832, the neck 816 of the vial body defines a pointed annul ar
prot uberance 817 that projects into one side of the stopper flange
832, and the locking ring 850 defines another annul ar protuberance
819 that projects into the opposite side of the stopper flange 832.
Thus, the annul ar protuberances 817 and 819 define conti nuous,

annul ar sealing surfaces that facilitate in effectuating a gas-tight
or hernetic 25 seal between the stopper and vial body. Further, as
shown in FIG 24, the peripheral surface 832 forns an interference
fit with the interior of the valve body 810 to further effectuate a
gas- tight or hernetic seal between the stopper and vial body. The
neck 816 defi nes InFIGSt 29 therughl31fanother aiajpoibndyég tepmstrainvention & hdicance 821
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the exposed surface of the stopper 930 and forms a hermetic or gas-tipht seal therebetween,
and & frusto-conical portion 965 that is formed on its outer end contiguons to the annular
protuberance 963 and preferably forms a gas-tight or hermetic seal therebetween. As shown in
FIGS. 30 and 31, a plurality of frangible connections 962 are angularly spaced relative to each
25  other and extend between the frangible portion 960 and a substantially dome-shaped cover
body 941 to allow removal of the frangible portion and access to the underlying stopper 930.
As indicated by the arrow in FIG. 32, the frangible portion 960 of the cover is pressed
downwardly by, for example, a user’s finger to slightly depress the underlying stopper material
and, in turn, break the frangible connections 962. Once removed, the frangible portion 960
30  cannot be reconnected to thereby provide a tamper-proof feature. Thus, prior to removing the
frangible portion 960 of the tamper-resistant cover 940, the frangible portion 960, along with
its annular protuberance 963, and the frusto-conical portion 965 of the locking ring 950, form a
substantially gas-tight or hermetic seal between the stopper and ambient atmosphere, and thus
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15 descri bed above. Then, the tanper-resistant cover 840 is assenbl ed
to the filled vial by fixedly securing the cover to the |ocking ring
850, such as by ultrasonic wel ding as described above. As shown
typically in FIG 24, the exterior surface of the stopper 830may form
an interference 'fit with the interior surface of the
tanper-resistant cover to further effectuate a gas-tight or hernetic
seal between the cover and stopper to, in turn, forma further MWT
barrier between 20 the interior of the vial and the anbient

at nosphere through the cover. |If desired, a peripheral seal nay be
formed between frusto-conical portion 870 of the locking ring and the

under si de of the. tanmper- i st ant. _cover, 840 f.Qrm nqg.an .annul ar

ceal at 866, SEEMEYA SR MR P e UG SEr SRR e
hernmetic or gdissclianglbughelad stdpptrwEdpsitehor shapipedecmathetdseratyifitet obtain 2
at MoSpher e aNguddryHbdlied! G Fdd\onflaitlofiBtlod¥Vlg AR Hangk 31004 bm! £

use the vial, th 0 25 resistant cover, IS renoved by

OT 1 PPI NG i t heomHBiuR s 28 MR bpoken et R BHEPA L Co dEom A ringed
](c:over, hanldg pl;@dmp%;}tgaﬁ &Q@ﬁgrﬁﬁmﬂmbi&iaﬁﬁpﬁ@nti albl y axially away
romthe | ocking ring t I.n.turn reak the. fr e cannegt i.ons
866, 868 or 866' ,tfé%%*gf ﬁsr%tﬁ%@@hﬁe&g?}%?ff{% a%ﬁfofs#agﬁ%w%f gﬁ’ﬁé i on
t her eof , fr onpréses inveion Ay shéwngmepied xjtbis @ stetite filinglerdhyriertigt sdedlp fByand Aser
may be recognj.zedsByi.ihose of ordinary skill in the pertinent art
based on the teacﬁll ngs herein, the 30 tanper-resistant cover and/aqr
the frangible portion thereof may taken any of nuner ousSdrt bsep@rach
fs hapes ?ndd 0 rvia@ﬂd daf@ihioﬁﬁn@oﬂﬂéth? halperatasidtdok@mtl FI@r ) aieg thb ecoRElkyman
or perform the functio t nper:resistant Ver .

descri bed herri gsieﬁr.esaalmg Im’cesrg’nq’ uﬁﬁa@é}%@%? AFSHgH © ‘f’,rsaééensbe %érem\t/hl%gf‘als after
enbodyi ng t heneplle@bre anil laperneseding. 4s npdiecesoendzed bndpselof grdipprytskl in the
reference NUNRLAL 30 PesedlBifthdiesthindORbrdirS aBloliH (B vidldle 1TRAYLEASROE LS withn

the vials described._above with reference to EIGS. .14 through .2 nd
therefore |i K& FEfTlecRehidrreraridbehe ga Sbfiﬁ""‘ﬁeée“mﬁ?é’%‘*&f’“ '@"bc’%’ﬁ"é%
used to itdi cedneeddf the ivbgive nqslly Haebgpilledamyseadtidfif Ge BhnsetedfsictiadiBe vi al

900 i n conparj Q. 8. a i1 d Vil a6kl
ring 650 15 SRy fo Fal Ly BafERa e A 1%%%3‘(?%‘3%%‘%? /Fhg 950

defines t herfeRe Oasbasm) HREProTide = spuiartighy lpeimartion of sigale pis ekt 2 g the
950 defines a&aigideinp hefspdriel hahipehef stIBuRYankiheshpes o FIGS. 3a13d, f tihiphe system
defines on its interior. an.annul.ar. rece 968 .f recei Vi .
therein an aﬁﬁlﬂi’lﬁngfﬁ’%? ﬁ@%?d Br‘%ce%lb@cg%eq;8Plr?eagggﬁg?rﬁ%e?lﬁ%%r@‘?%g?ogggﬁlfl des.
cover 9400 As{tamadedadiasenito thhperiphire pf corh e yybeeb019 iy sepnpatinaithe Fiklahide
916 10 | eadi Rg dpBtvent he recess 968 defines a chanfered surface, and
t he | eadi ng edge of the apnul ar praotuberance 966 of the cover alsg. is
chant or ed L. al | o HE: BIUPY HAPSTER S ese St g0d Tt By SHereru Lk
fi Xeg_l y I eceialbegitdpetiftionl flnface et esadapidtto feeiptievaiipontionny &l vials 6101One or
covel{ therefrom .Sim.larl I i ing. ! I [gnner
i amst er an SRRALE bt e Al 35} i Do) B Ak

ot her wi s@5f i Jasuthiye sgaineivipdds ficy We rreaivedofor eeppindion? wminkleapd pEeddamgh 3

15 formed @R, #E8xeXE8E. 1 BisuddfembiB@m¥: dhe fRRSHEID ksl ®EEddE BIutali of
cover to the vial in_this enbod t he vi al

body. mept,. the base 914 of
Doty | 5t 1 arviait VHeBg i (P ST R AL PO SRS & oo S5 2 S o
to reduce thendufaedcends qdanddsp rdadiwearesl, Tnithis deleidingelt, te rethizader r&tsieseeen
be made as a _separ at e..par j - £ j
Che v a1 - boagoRahBhCuRAlnbd\is b AR bin Ao bROL i) BGed ol
cover 94G0dehdisren tothepaintrdgtiney 2 sphinvdicheewpaeig Vg e PP i thincodimezn
i nwardly depgpdiNgsARnuhdce BOiudRE L HEER OB 3thBabmeNEagad Recaxpased

surface of the stopper-930 and forns a hernetic, or s-tight seal..
t her ebet weenb® %{3111%"3’5‘?# drsies 5 AToESETs 84T Afiosrrr sy %gpgq?ssmﬁ‘yd’g ﬁ@ﬂ“dﬁﬂmﬁ S

36



25 ot her and extend between the frangi ble portion 960 and a
substantially donme-shaped cover body 941 to all ow renoval of the
frangi bl e portion and access to the underlying stopper 930. As
indicated by the arrowin FIG 32, the frangible portion 960 of the
cover is pressed downwardly by, for exanple, a user's finger to
slightly depress the underlying stopper material and, in turn, break
the frangi bl e connections 962. Once renoved, the frangi ble portion
960 30 cannot be reconnected to thereby provide a tanper-proof
feature. Thus, prior to renoving the frangi ble portion 960 of the
tanper-resistant cover 940, the frangi ble portion 960, along with its
annul ar protuberance 963, and the frusto-conical portion 965 of the
| ocki ng ri ng v8®0Gx phrtsrwhich autietivaly donheeipd Yayaduirg kdurag(ndhshomeltto tersigediiow
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encase the base of each shaft to seal the movable parts of the shafts. As shown best in FIG. 32,
the needle manifold 1016 firther includes a base 1036, a plurality of needle mounts 1038
spaced relative to each other and defining laminar flow apertures 1040 therebetween, and a
clamp 1042 that is fixedly secured by fasteners 1044 (FIG. 33) to the base 1036 to, in tum,

25  secure the needles to the manifold, As shown in FIG, 32, each needle includes a mounting
flange 1046 that is slidably received within an aperture formed in the respective needle mount
1038, and is fixed in place upon securing the clamp 1042 to the base 1036. Alignment pins
1048 project outwardly from the front face of the base 1036 and are received within
corresponding apertures formed in the clamp 1042 o ensure proper alignment of the clamp and

30 needles on the manifold. As shown in FIG. 35, the 2 mounting plate 1050 is fixedly secured to
the ends of the drive shafts 1034, 1034 and is movable therewith. Alignment pins (ot shown)
extend between the base 1036 of the needle manifold 1016 and the drive plate 1850 to ensure
proper alignment of the needle manifold, and thus the needles, on the drive plate. A pair of
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t her ebet ween. As shown in FIGS. 33-36, each of the star wheels
1010 has a plurality of recesses 1014 along its peripheral surface
that are adapted to receive the md-portions of the vials 610. One or
nore of the star wheels nay have a sawtooth |ike periphery that
reduces the |ikelihood of 25 janm ng against vials as they are
received, for exanple, froma turntable and infeed channel into the
star wheels. In such enbodi nent, the periphery of the star wheel
defines a plurality of teeth, wherein each tooth has a pointed end,
and each two successive teeth forma respective one of the recesses
adapted to receive a vial. In this enbodinent, the teeth and/or
recesses are shaped and/or dinensioned such that the portion of the
tooth that is substantiall pstream and 30 adjacent to the point
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1040 t herebetvve
radiation at about 980 nm, and the predetermined power of each laser is preferably less than

about 30 Watts, and preferably less than or equal to about 10 Watts, or within the range of
about & to about 10 Watts, In the illustrated embodiment, each laser source is a semi-
conductor diode laser that outputs at about 15Watts, and is fiber-optically coupled through a
30  fiber-optic cable to respective collimating lens mounted over the vials within the interior of the
filling unit. The laser and IR sensor manifold 1054 includes a tinted enclosure 1072 including
a plurality of tinted glass or translucent or transparent plastic panels that surround the Iasers on
four sides to filter out potentially harmful radiation geperated by the laser beams. Capacitor
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clanp 1042 that is fixedly secured by fasteners 1044 (FIG 33) to the
base 1036 to, in turn, 25 secure the needles to the manifold. As
shown in FIG 32, each needle includes a nounting flange 1046 that is
slidably received within an aperture formed in the respective needle
mount 1038, and is fixed in place upon securing the clanp 1042 to the
base 1036. Alignnent pins 1048 project outwardly fromthe front face
of the base 1036 and are received wthin correspondi ng apertures
formed in the clanp 1042 to ensure proper alignnment of the clanp and
30 needles on the manifold. As shown in FIG 35, the a nounting plate
1050 is fixedly secured to the ends of the drive shafts 1034, 1034
and is novable therewith. Alignnment pins (not shown) extend between
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was heated suiﬁcxent to cause resealing. Afier the dwell, the process is repeated, i.e., the star
wheels index another four positions and then dwell again so that the next four vials are filled
30 and four more vials are resealed.
After resealing, the vials are transferred to the another star wheel (not shown}), which
employs the vacuum ports in its recesses to retain each vial as it is transported. If a vial was
successfully filled and sealed, then the star wheel transports that vial until reaching a discharge
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radi ati on at about 980 nm and the predeterm ned power of each |aser
is preferably | ess than about 30 Watts, and preferably | ess than or
equal to about 10 Watts, or within the range of about 8 to about 10
Watts. In the illustrated enbodi nent, each | aser source is a

sem conductor diode |aser that outputs at about 15 Watts, and is
fiber-optically coupled through a 30 fiber-optic cable to respective
collimating |l ens nounted over the vials within the interior of the
filling unit. The laser and IR sensor manifold 1054 includes a tinted
encl osure 1072 including a plurality of tinted glass or translucent
or transparent plastic panels that surround the |asers on four sides
to filter out t I rf ul.. radi.at) enerated by the |aser
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the opposing lower surfaces of the guide the relatively larger diameter base portion of each

vial. In one embodiment of the present invention illustrated in FIG. 52, the transport system
comprises a screw-type drive including a lead sorew 2015 defining a helical groove 2017
forming the recesses for receiving the vialg 610, A motor 2019 is drivingly connected to ene
30 end of the lead screw and rotatably drives the screw as indicated by the arrow “b” to, in tum,
axially drive the vials 610 through the manifold 2000, The motor 2019 is electrically
conmected to a control unit (not shown) to precisely control the starting, stopping and speed of
the screw, and to coordinate same with the actuation of the needle manifold and laser sources.
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25 the reseal abl e stoppers on the four vials beneath the laser and IR
mani fold to reseal the stoppers. As the reseal abl e stoppers are
heated by the | aser energy, the four IR sensors 1064- 1070 detect the
tenperature of each stopper, so as to be able to determ ne whet her
each stopper Was heated sufficient to cause resealing. After the

dwel |, the process is repeated, i.e., the star wheels index another
four positions and then dwell again so that the next four vials are
filled 30 and four nore vials are reseal ed. After resealing, the

vials are transferred to the another star wheel (not shown), which
enpl oys the vacuum ports inits recesses to retain each vial as it is
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t ransport 38y Stu@iBe needles, on the drive plate. A locking clamp 2052 is pivotally mounted on the drive

plate 2050 and is movable between an open position to either release the manifold from, ot
attach the manifold to the drive plate, as shown in FIG. 37, and & closed position fixedly
securing the manifold to the drive plate, as shown in FIG. 38. Alternatively, as shown in FIGS.
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conprises a screwtype drive including a |l ead screw 2015 defining a
hel i cal groove 2017 form ng the recesses for receiving the vials 610
A notor 2019 is drivingly connected to one 30 end of the | ead screw
and rotatably drives the screw as indicated by the arrow "b" to, in
turn, axially drive the vials 610 through the manifold 2000. The
notor 2019 is electrically connected to a control unit (not shown) to
precisely control the starting, stopping and speed of the screw, and
to coordinate same with the actuation of the needl e nmanifold and

| aser sources. As may be recogni zed by those of ordinary skill in
the pertinent art based on the teachings herein, the transport system
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40A- 40C, fasteners 2052" may be enployed to secure the manifold to
the drive plate, instead of the clanp. As nmay be recogni zed by those
or ordinary skill in the pertinent art based on the teachings herein,
any of numerous different clanps or fastening nmechani sns that are
currently known, or |ater becone known, equally rmay be enployed to
secure the manifold to the drive 5plate. The nodul e 2000 further
includes a |l aser sealing and infrared (LR) sense nanifold 2054 that
is radially spaced adjacent to the needl e nanifold 2036 for | aser
sealing the pierced stoppers imediately follow ng needle filling and
wi t hdrawal of the needles therefrom As shown typically in FIG 42,
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assemblies, and/or sensors. In addition, if desired, the lasers and sensors may be mounted
within the module downstream of the needle manifold, to allow simultaneous filling and

25  sealing of different vials, and thereby possibly increase the overall throughput of the module.
During the dwell, the needle manifold 2016 is drivea downward so as to drive the needles 2018
through the resealable stoppers on the vials beneath the needle manifold. Medicament oz other
substance is thereafter delivered by the pumps (not shown) through the needles and into the
interior chambers of the vials, and the manifold is then driven up to thereby retract the needles

30 2018 from the stoppers. In one embodiment, the needles are initially withdrawn at a refatively
slow speed to allow the vials to fill “bottom-up”; then, when the vials are filled, the needles are
withdrawn &t a relatively faster speed to qtﬁcﬂy remove the needles and decrease overall cycle

time. As can be seen, the diabolo or spool-like shape of the vials facilitates the ability to
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30 region of the reseal abl e stopper achieved during | aser resealing,
and therefore can be used to determ ne whether the stopper was

sufficiently reheated to achieve resealing. Each of the |lit sensors
2064-2071 is connected to a respective IR sensor nodul e (not shown).

Providing nultiple IR sensors enables the sterile filling machine
to sense the tenperature of nmultiple vials concurrently, for exanple,
as they are being reseal ed. As descri bed above, each | aser

source transmts a predeternai ned wavel ength of |aser radiation at
about 980 um and the predeterm ned power of each laser is preferably
| ess than 5 ab%ut 30 W ‘Haﬁ and preferabl g%ess than or equal to
about 10 Wt t s “BForT Fis Bneonrerg evsim wf Sufhergheidisbeip dare suporherwinls | n
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and the needle surfaces within the chamber. The e-beam .
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transport the vials in the conveying system and further, the diabolo
shape supports the vials and prevents axial novenent of the vials
during insertion and wthdrawal of the needles during filling. The

m d- portion of each vial is secured within the aperture 2014 of the
gui de 2010, the relatively larger dianeter upper portion of each vial
prevents axi al downward novenent of the 5 vial upon inserting the
needl e into the reseal abl e stopper of the vial by engaging the upper
surface of the guide, and the relatively |arger dianmeter base portion
of the vial prevents upward axi al novenent of the vial upon

wi t hdrawal of the needle fromthe reseal abl e stopper by engaging the
undersi de of the guide. Also during the dwell, and followng -

wi t hdrawal of the needles fromthe xeseal able 10 stoppers, the |aser
optic assenblies 2056-2063 deliver |laser energy to the reseal abl e
stoppers on the vials to reseal the stoppers. As the reseal able
stoppers are heated by the | aser energy, the IR sensors 2064-2071
detect the tenperature of each stopper, so-as to be able to determ ne
whet her each stopper was heated sufficient to cause resealing. After
the dwell".the process is re ate&E £. | ead screw i ndexes

anot her five positions and t ﬁmﬁ e %ﬁﬁWW“E%WFﬁﬁFSWﬁ€m¥5mﬁﬁﬁﬁ five
vials can be ffcedhanig crenlyatrdater bagmeknowm fir perfoiuGng Hetimdibeofthtesn
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t he conveyers 2 Q80 208 e conp onent ere
take the form®d Vﬁ?‘l{?r %?f°%¥éfﬂeaﬁfgmavernr=%¥ee AT eﬁgﬂ?@dﬁvwg‘iﬂéﬁ?ﬂt desrvleetypor
conponent s t h&tavnis &cesed brthd wpper eutfateatf @r réabBEBojpEORerlid thfyRhdu@rien NQg
t he functions s&f‘ac%e%pﬂgpﬂr%r tgfmstgra(ﬁﬁ)@thg Q.ﬁxfﬁ{e r%étfi&gﬂfﬁ%gv Xlgc{l on,

conponents,, .o eown AL FI
i ncl udes an axi a ?‘I M EFpP °nf3§?!tels’8?:‘-‘é‘f@8GDBYFY%H"I%P%ES’S&P‘{@&S#f@ie
of the needl er%niﬂarembmw@ thetefitcied @nd soutttdedeltcasdon0ticisiieaf #RMals le'S

and sensors f%mmuﬁhmmontobﬁé @blﬁ‘f@@ ErLLRAR Ly 2988, 6 ansm ts
an e-beam i ntg t / i qgt ed chanbeStraIy208 a@ﬂ%ﬁmdul e

and, in turn, s én(r;ﬂl1 Prgde ‘% g‘?u?” ‘&% TGTE thap goesy b&ﬂ“’%ﬁﬂ"?ﬁé’eﬁ’é@ﬁ%
sur f aces Wt hi“’her%ln@dthbm@étrurceﬂfew@dbga ATespective surface or surface portion of Hd Rials

may be anysof oﬂ’Uﬂi&B&oﬂHﬁerﬂiofeﬁs&Je@ﬂaﬁlmﬁﬂﬁﬂ‘éﬁea@f mn?acpﬁé’sz%%etsﬂs IPdomgOUr CES
that are currgnétl ot e AL DO ttg,gp known erformng the
function of t eam uni t- deser é’ﬂn??éi}:'c}e‘?nﬁrgy‘j the e-beam, the speed of the

transport system, and/or the orientation and position of any reflective surfaces, are selected to

achieve at least about 2 3 log reduction, and preferably about a 6 log reduction in bio-burden
testing on the upper surface of the vial’s resealable stopper, i.e., the sirface of the stopper

30 defining the penetrable region that is piezced by a respective filling needle to fill the vial. In
addition, as an added measure of caution, one or more of the foregoing variables also are
preferably selected to achieve at least about 2 3 log reduction on the sides of the vial, i.e., on

the surfaces of the vial that are not pierced by the needle during filling. In addition, the e-beam
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10E-beamradiation is a formof ionizing energy that is generally
characterized by its | ow penetration and hi gh dose rates. The

el ectrons alter various chem cal and nol ecul ar bonds upon cont act
wi th an exposed product, including the reproductive cells of

m croorgani sns, and therefore e-beamradiation is particularly
suitable for sterilizing vials and other containers for nedi canents
or other sterile substances. An e-beam source produces an el ectron
beamthat is 15 formed by a concentrated, highly charged stream of
el ectrons generated by the accel erati on and conversi on of
electricity. Preferably, the electron beamis focused onto a

penetrabl e sycf @9@:&9&1 SR o Jd.%)pnépcg eﬂ?ﬂ[\'%&%ﬂ]ﬂ ﬁ@*al&bns%tog GG kY Gre

needl e. For exanp i n_one ectron am I's focused

onto the uppdPHgt Pf'ﬁ%’l—’fc‘g?s tattantiohBesiqpatsh to atbernspaure sedlization pf the npedies o
penetrabl e sunddde Toése spagficcitvels pisterifiy aronnlt aempise hiweodn, aod the h@:hf}rl I'1ing

needl e theretlEOpabe sltls (ﬁ!gg!i&loﬁi@ﬂmsgg difed 4 o%ﬁfdﬁt@! a?‘ddﬁlgr folm:t 1ﬁ
mount ed on_opposi te .si des .of the. cony eéor rel at ve t0 each other to

reflect the ém&@!ﬁﬁ’m*a%%rftaﬁ%awﬂr e ads, gk a%%ic@&%ﬁ@,

onto the si desswedcedikelsisiig).to facilitate sterilization of these
surfaces of the vihuy 10896, SR vifMlohiBh Rl tfbokeinflhioh  i5R4H0A nat i on

with such reflective sur aces eam source nay
enpl oyed, wheFiSrY bdbateleense ez b s“ﬂfzé%’a%sgalab‘ﬁ%nyaew%&%w#e
surface or suod asscequmab&vb@nhﬁfmﬁdaea RGH LS 3L Mmddlerefiid ke rekfehdealii@sls t O

ensure stggil we%é%&d %e%mé‘rﬁgﬁcb" &&Eadgﬁﬁ xﬁﬁz%@i ‘9’ ard J&&ﬁé fibard ke §1

enbodi nment s, rrent tion and energy h
e-beam the s%‘@éﬁf%@"‘ OG- 5. RSy ‘Pﬁ@‘i}‘ﬁ ‘gﬁﬁe vigh73P o corpparisen tp élﬁf“alt%)?) n and
posi tion of aleyrited kot thateheSistd-@aied pr indefnoSieigeCLEGf ﬂheloacﬁﬂglnag/msais | east

about a 3 'Ogeégicﬁﬂéi&{vlﬂ&? wald) b, g?ﬂ,g&@gkﬂlﬂ H% ﬁlsﬁolgal%é;@xgééﬁ 0” in

bi o- burden t tlngzo the dp €, ce of e vial's reseal ab
stopper, i . e SOPRREL AR 3LE Phldedsp %ﬂ’“%ﬁ‘ﬁ"e‘f‘@ﬁ?%‘b“ﬁ“ﬁ@%’él‘?@?’?%fbl e
region thai i 5 ppheaabbrekidny22H ofﬁsp@ﬁftrl O aflvahthgenfthia eddgueatit:ois fhia, ds t he

vial. I'n addifion, pas ﬁﬂcé’eﬁ ﬂ?%r&gwg/&%“eﬂ%ec%a@ ,msgaﬁlegﬁ%onrgggleofof t he

f oregoi ng varj abl es a So are pre | eve at | east
about a 3 | odeSBRSET fsHed R 2 pagindl prpserhahl nopign ofjthepregion 2731 of g topppy, and
surfaces of tthe caniba bontdalad mﬂeren ek edgé 2238 elihelympbiresisneiediee22dl when the

filling. In fmgﬂé&&mﬁ& .regg@taeawnﬁﬁsd%w@;&f&ﬁam&dl es

prior to ent the reseal abl e stoppers east the
portions éf t"ﬁ]éwneedl es that contact the stoppers, to further ensure
sterilization of AdveniReed)tedockingringi2adislefirthasephspidlig famngthehsk of

sterility are, ¥ i B o its iENBURE an BB 116 25568 dckil g VR LS TRY
be set as desire erw se re%llu red to validate a particul ar
product und eramuﬁaépmmberancc 2266 formed on the tamper-resistant cover 2250. The mterior edge of the

annular flange 2216 leading into the recess 2268 may define a chamfered surface, and the

25 leading edge of the annular protuberance 2266 of the cover also may be chamfered to allow the
protuberance 1o be snapped into, or otherwise fixedly received within the recess, but to prevent
removal of the cover therefrom, Similarly, the locking ring 2250 defines on its inner diameter
an annular protuberance 2221 that is snapped into, or otherwise fixedly received within a
corresponding annular recess 2223 forrned on the exterior of the vial body 2210 to fixedly

30  secure the locking ring 2250 to the vial body. In this embodiment, the base 2214 of the vial
body 2210 js formed integral with the retnainder of the vial body in order to reduce the number
-of parts; however, if desired, the base 2214 can be made as a separate part that is snap-fit or
otherwise attached to the vial body.
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5 exanple, United States FDA or applicabl e European standards, such
as the applicable Sterility Assurance Levels ("SAL"). Turning to
FI GS. 4548, another vial enbodying the present invention is indicated
generally by the reference nuneral 2200. The vial 2200 is simlar in
many respects to the vial 900 descri bed above with reference to FIGS.
29-31, and therefore like reference nunerals 10 preceded by the
nuneral "22 instead of the nuneral "9" are used to indicate |ike

el enents. Wth reference to FIG 45, a primary difference of the vial
2200 in comparison to the vial 900 described above is that the
frusto-conical or innernobst edge 2265 of the |ocking ring 2250 is

spaced rel atively rn erm lin dI e 2018
to pierce the resAeé atl)lfdf:%gt“ghnug'% et samt “c'?ﬁ%zébge YreI ative

to the axis d@caftﬂdr@n@blapow&%onanéarpewweaﬂmmmhrmtubﬁmnwzﬁmt
penetrabl e r agi:pd thd 23bsed furaddr Gt SRPR B30 Qﬂﬁf@@ﬂ@%@%ﬂl@i}mﬁlgﬂc&

configuratio S ed and I aser
(or otherw sq‘g{’ts%ar%earf’tﬁmﬁeenr g‘seﬁrlé'&l{dg% 3482?3@% i

| ocat ed on’ a Y&regr spglarly prapsd palabvede aphqﬂ@r@ﬂ@ﬁenéﬁewwwhp &gﬁl@hpgﬁ@ﬁ@f t he
stopper, and &Mbﬁﬂﬁﬁl?@axﬁé&%&?&o@bd&?gﬁl todllovi 1BRGVal G & 1% @én t he

t anper -resi st ver 22 bIe of he
t anper - r esi stag% Ce(s:%vg“? |2d§ lyan\rg% oiz %be TE]CS%BEQ pod‘%ggéqtﬂggﬁ ‘I"ou"frt‘ﬁ?
bel ow. Asweseardhidy, forexrmple, userf sdipker aplightin depReBE: wideflyingstopger
peri pheral fl@a&gaaﬁ@rnmgremmﬁﬁ@iﬂe%%&oamsi Wk ehovele fok BRZLRN 1S

br ot uber ailte PP OPHRL RO R i S ey PrUt SE P bar o The
i nterior edgeanperredigentomyan 24P fifrthes ingladep 2t @ndl éoxadivardly deptrding protubawess 2268
may define a mme‘a@m %hﬁ% aﬁbdmﬁcb@zs%dlueéﬁgagagmeme@& Qe

annul ar protu 66 0 red to all ow
t he prot uberafﬁ‘ or’Bé %”ﬁ'g%ﬁéﬁmgﬂ]? al%ﬁ?%‘?"ﬁ%%&’g&ﬁ %af“és?g@el ved
Wit hin the recembsprothetante236p enddPiS, repertivelyl mafbe fiynedsonsigrous widhreadhrothen
Simlarlyssthe dt&ﬁ'%rﬂ:glgﬁd mﬁﬂéﬂmﬁe@ww&m&m&w%&bﬁmr an
annul ar pr ot bera gln h’%\ %’Eﬁ%?ed into, or ‘otherwi se fixedly
recei ved withi °r° réDSponﬁ 5 1y PR&cess 2223 forned on the
exterior of the \Asandlcbwlymiﬁ)thp@lﬂm@@é@wye@M@e@m@ﬁh@*@@ﬂlw| ng
t2)230 t2 81}) he W%s&'resmﬁbﬁnodhﬁaic}%&oﬁbﬁmiﬂm% oﬁe?ﬁt‘eﬁﬁ?&@x{aﬁl&ﬂ&t&fwﬂﬂgo vi al
ody is ta i n e vial body in
order to reduc'gat & nun(ﬁ e dggttﬁepﬂﬁ%a%e{r\afc Onsﬁ%lode%msfcaeh Wbase
2214 can Be rid¥ist anpce @elpé‘@ avletwpb?rﬂze agipefithejvigl, ww¢M@romm@e
attached to tgioVdrale phtREHble region adjacent to the inner edge 2265 of the locking ring 2250, As

can be seen in comparison to the locking ring 950 described above in connection with FIG. 29,
the inner edge 2265 of the locking ring 2250 is spaced radially outwardly 1o, in furn, expose
the marginal portion of the penetrable region 2231 of the stopper and permit same to be

25  penetrated by the needle 2018 at the acute angle “D”, One advantage of penetrating the
stopper 2230 with the needle 2018 at the acute angle D, is that the fluid injected by the needle
is directed onto the side wall of the vial body 2210 substantiaily at the acute angle, as indicated
by the arrow “E” in FIG. 45, and thws facilitates creating a laminar flow, or substantially
laminar flow of fluid into the vial. This type of flow facilitates in preventing the formation of

30  bubbles or like turbulent effects upon filling the vial with fluid, and thus permits the vials to be
filled more quickly and/or otherwise in a more desirable manner. As may be recognized by
those of ordinary skill in the pertinent art based on the feachings herein, the acute angle “D”
may be created by orienting the needles on the needle manifold at an acute angle relative to the
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As shown in FIGS. 47 and 48, the tanper-resistant cover 2240 defi nes
a centrally- located frangi ble portion 2260, and an inwardly
dependi ng annul ar protuberance 2263 that engages the exposed surface
of the stopper 2230 and, if desired, may forma hernetic or gas-
tight seal therebetween. As shown in FIGS. 47 and 48, a plurality of
frangi bl e connections 5 2262 are angul arly spaced rel ative to each
ot her and extend between the frangi ble portion 2260 and a
substantially done-shaped cover body 2241 to all ow renoval of the
frangi bl e portion and access to the underlying stopper 2230. The
frangi bl e portion 2260 of the cover is pressed dowmmwardly by, for
exanpl e, a usel' s.fli I .Sld ght |y, depr.ess.t.he underlying .stopper
mat eri al and,%%ﬂﬁgﬁkﬁeggfg%%mgﬁ% ?3%%3 én%%%%%%?#%ﬁﬁmféﬁﬁggﬁhce
renoved, the foasRGP BF & hsgredios ar axppinaienpibrib. Bethe Budmterbanbediment the

t2 226 e]lc)y pL OVi @yleXDt B RS the kg of ARABINEabodt RE; ]ioﬂ.ﬁ%_@ﬁhe&@ﬁéle%ﬁ%@ﬁly Cover2235
urther i r ependin of.uber ance
| ocat ed adjacéﬁﬁh#gS@%§“?§§§@g%g§$€ ePgﬁ%%ﬂ§§§§9§ﬁgmﬁhr® gement
wi th the exposigcteistigymeptheryise w5depired ihmpehthe feguiresrenty s natighiar appdieation.
t her ebeéween. | f dﬁﬁh'd'ﬁﬁar}tﬁgbl@ftﬁiiéhgobdixﬂ@f dof&ggﬁﬁdtiﬂjaﬁﬂéhﬁ&haﬂﬁ@t ubeLanCﬁs
2263 and 2235, r tive e forne ontiguous W th each other
15 to, in turhes a%?}%]gegi%gosﬂ-y “i°§ﬁ¥“%’?€ rﬁ“é?rbr?e_s‘lla@y?é]%e%e@%’é?tﬁ%e W&en, and
t her eby i ncr e&swehopidhegrt g viak As gfowe treically BIFIG. A7, tsaeedle hale midsims thar ough
the stopper. resaled fdftioh DTH1 GEthe8ophdl, ifdokdealediBndel MSindtk @ge PR XA Y¥F BE
filled inf ol eXaml S NEE AL fld) LRO-20d Jaser jheseal Lag fmdul e
as described abbve. HOWever, one dicrtarence ena WEeheVPar® 2200
is that the nésgresivgtgovrsihisacesedit afyinge hecopereeftheylabthe wgerbying2231
01;] the r es](caal a:llh&mﬂ?é)@@dpqaﬂngtg&t@ﬁerﬂl% aeiiobinang e ré's&r']edfvﬁilicﬁtzhﬁﬁ_ to
the axis of t . a_nmar.gl- ar..outer . i pher ortion
of the penetra I‘ﬂl\élk F%ey licgﬁnqg%?da%oé%ﬂ%g&ﬁ%%s%ﬁlﬁ(érrp?%%%gg“? Bagglg%f"e?ﬁka
| ocki ng ring 229 vismgye@psehe seen in conparison to the |ocking ring
9f50 ﬂes?:r i ised abowembybeGRBRESed hyQkbsaill gﬂiﬂhﬁal I ertﬁ&ata&ﬁhgeldioﬂ’f&efeacﬁﬂ&e 2265
of the locking_ring 2250 1S spac radi a t Yied i urn,
oxpose the g Afee halgls SPRAGTAAANLS bt fnd' HOBSINdea i ol
st opper and p&piptimenigatihe prysepiarpTatgpvirpideragingfon heinyrotby pwecslisglond t he
?ﬁute aglgl ezgﬁem%ﬁb@m&&g@amfpmﬂmfagﬂmt 1{%@1&?}“@@@&{%&&3@_ tbjé\/i L h
e needl e a angl e D, .he id inected by
the needle is f%%%dﬁn@%hg%%&%ﬁ%g?%gb&%%dco%e gﬁlwé]l% %bo ’J’r%flo
subst ant i a9 y rapelahienortiop merbesprypatiallymoidedia p base: SHtemyivelpdicags sigppeq n
FIG 45, and tbus fdraed df bllpbik sakfifat.] theresdaldbRiPodiad with tibibfusible base or other
substantial ly. ] LUl Q-] t i.al . i e of flow
Taci1 i tatos | ANSTEN o BRied it Db Mkl or Il P
turbul ent ef f @emaliyupsenieble; [Thysyibe resaalablyistaprensiay e madg pfroy afumerens diffyestn t s
the vials to hgedaslWhizHagBirRnty ke, o laRnbbc e KOG R WES@ming thafuidE6S of
desirabl e nper.. he.re qﬁﬁ by f_ordi,pary skill in
t he pertiﬁ%ﬁtg%F? q%e 88‘?%%%?%%& |%ﬁ%?ﬁ%ﬁgﬁﬂfﬂ?ﬁgm%cuegman le "D
may be creat etemrieshs @it dpgtormpris matedady. dadditon; hevitlemey be madeef 19PH at an
acute angl e r gindtduy/d@ifdredt dhfi€ials that are currently or later become known for forming vials, such

as medicament vials, including any of numerous different types of glass or plastic, or

combinations of glass and plastic. For example, the vial body can be formed of glass, and the
30  base, locking ring and/er tamper-resistant cover can be formed of plastic, and can be joined to
the body or to each other in accordance with any of numerous different joining mechanisms
that are currently, or later become known, such as by over-molding, mechanical snap-fit or
other interlocking engagements, by adhesively joining glass to plastic, or by uifrasonically
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axis of the vial, or by orienting the axes of the vials in the
filling station at an acute angle relative to the axes of the

needl es, or a conbination of both. In the illustrated enbodi nent, the
angle "D'" is within the range of about 30 to about 45; however, these
angl es are only exenplary, and may be changed as desired to obtain
the desired flow and/or filling 5 characteristics, or otherw se as
desired to neet the requirenents of a particular application.

Anot her advantage of this enbodi nent of the present invention is that
t he penetrated/reseal ed portion of the stopper may be visually
conceal ed fr : ggg%ﬁg i it he use of the vial. As shown.
typically inqg%%§5%7, t eﬁﬁgggﬁﬁHﬁgﬁg% and thus the reseal ed portion
2231 of the stopper, is conceal ed under the inner edge portion 2233
of the 10 tanper-resistant cover 2240. Accordingly, upon renoving the
frangi bl e portion 2260 of the tanper-resistant cover 2240 to access
with a syringe the contents of the vial, the underlying and visually
exposed pottion of the stopper 2230 does not include the reseal ed
portion 2231, and thus may be considered nore aesthetically desirable
or pleasing than having the reseal ed portion visually exposed. 15As
may be.recogni zed by those skilled in the pertinent art based on the
t eachi ngs herei n, numerous changes and nodifications my be nmade to

t he above-descri bed and ot her enbodi nents of the present application
wi t hout departing fromthe inventive aspects disserddgddihbbdealedn. . For
exanpl e, the reseal apl e rtion r be i .nt ] 1 a base
such-as by i rfé'?fl?mﬁﬁﬂi‘? Iﬁ%?“ dﬁrélgordgg%gfsg ?egal ‘%‘%&% %ﬁsﬁi’c&ggﬂ}%&ggé or

ot her-wi se nellimédhgtsemsa base, or the 20 reseal abl e portion may be
sequéntially nol ded to a base. Alternatively, the reseal abl e stopper
may be fornmed of only one material, i.e., the resealable portion with
the infusi ble base or other infusible layer, nay be fornmed with
multiple | ayers, wherein sonme or all of the layers are thermally
reseal able. Thus, the reseal abl e stopper nmay be nmade of any of
nurncrous different materials which are currently known, or |ater
become known for perform ng the functions of 25 the reseal abl e
portion or stopper described herein, such as any of nunerous
different thernoplastic and/or elastonmerie materials. In addition,
the vials may be nade of any of nunerous different materials that are
currently or Liter becone known for formng vials, such as nedi canent
vials, including any of nunerous different types of glass or plastic,
or conbi nations of glass and plastic. For exanple, the vial body can
be formed of glass, and the 30 base, |ocking ring and/or

t anper-resi stant cover can be formed of plastic, and can be joined to
the pody or to each other in accordance with any of numnerous
different joining nechanisns that are currently, or |ater becone
known, such as by over-nol di ng, nmechanical snap-fit or other

i nterl ocking engagenents, by adhesively joining glass to plastic, or
by ultrasonically
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wel di ng or otherwis- welding plastic to plastic. 5 10Accordingly,
this detailed description of the preferred enbodinents is to be taken
inan illustrative, as opposed to a limting sense. CLAIMS I|.A

met hod conprising the follow ng steps: provi di ng a contai ner

i ncluding a container body. a themrally reseal able portion fusible
in response to the application of thermal energy thereto, wherein the
body defines an enpty -chanber sealed w th respect to ambient

at nosphere. and in fluid conmunication with the thermally resealable
portion for receiving therein a predeterm ned substance. a base, a

m d- portion, and an upper portion axially spaced fromthe base on an
opposite side of the md-portion relative to the base, wherein each
of the base GatMlipper portion define a |aterally-extendi ng di mension
greater than a maxi num | ateral |l y-extendi ng di nensi on of the

m d- portion; enetratlng the thermally rescal able portion with
an |nject|oH me B8 SUP AL Ph RPN BB rmuni cation with a source of
predet erm ned suybstiapeegntainer includintk@dined tedy. t hernplh edetigiaponad fusible in

subst ance thggF n%hc,{hpg, ;qu e Owhg d;f[%mﬁﬁuﬁggpél 0 Qe Bﬂgg&ﬂgém@,m f)f t he

cont ai ner: romt

resett| abl e cporgiserd w uh 'L‘ilm‘é‘ng‘é’g?’ﬁ@“‘t\lﬁ‘é'L‘b‘a%@ Mol corpauyaLRp ‘\Ahht“h a

support dur |1iﬂ:gmﬁipf%seﬁlﬁlﬁ@pcﬂfon\lw tLhm.avmdngn 4 heick: .nh@c;tahqnnaamrq nafnd

substanti al | reventln her et o:
%llllg‘l

and R StPF el ahe UREY Gy Trb e R sty B SbsiFantEn
portion to UHQWﬂkayme@acmhahthﬁ@ﬁam@@mmegu@nkamﬁﬂm@ﬂhwameg

s gfr{)ant b al | ¥ 985t @NhanS6ALinRRIMERD L BRiIR SRl ALRS: HRGh@B:;and the

penetrating the thermally resealable partion with an injection member coupled in fluid
communication with a source of predetermined substance;

iniroducing the predetermined substance through the injection member and into the
chamber of the container:

withdrawing the injection member lrom the thermaliy reseadable portion;

engaging the buse of the body with o support during the step ol withdrawing the injection
member and substantially preventing axial movement ol the budy refative thereto: and

applying suflicient energy to the thermally I'ES':HVH!HE portion to thermally fuse the
penelraled region and form a substantially gas-tight scal between the penetrated region and the

chamber.

2 A method as recited in claim t. lurther comprising the step of engaging the support and
the upper portion of the vial during withdrawal of the injection member (o further prevent axial

movement of the body.

3. A method as reciled in clain 1. further comprising the step ol sterilizing the empty

assembled conainer prior to intreducing the predetermined substance therein.
4. A method as recited in claim 3. wherein the siep ol stersdiving the cmpty container prior

10 introducing the predetermined substance includes at least ane ol applyving gamma radiation, e-

beam radiation or laser radiation therelo.
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2. Anethod as recited ill claiml. further conprising the step of
engagirte, the support and the upper portion of the vial during

w thdrawal of the injection nenber to further prevent axial novenent
of the body. 3. A nethod as recited in claiml. further conprising
the step of sterilizing the enpty assenbl ed container prior to

i ntroduci ng the predeterm ned substance therein. 4. A nethod as
recited in cleitn 3. wherein the step of sterdiving the enpty
container prior to introducing the predeterm ned substance includes
at | east one of tipplying gamma radi ati on, e-beamradiation or |aser
radi ation thereto. 5. Anethod as recited in claiml, R rther
conprising the step or fusing a tanper-resistant portion between the
thermal | y résealsatdled poedikdin caind!. tunker contigigibrsiep o Ofpsing Bampr-residnbd as
recited in cbalBedeen u‘réru‘iehﬁluvﬁ%gmtﬁéu 6 bV ShiER: 9eyover - nol ding a
tanper-resistant portion to the t ernal y reseal able portion and
container body. 7. A nethod as recited in claiml. further

conpri sing the S\Irﬁ@m@ﬁs rkediin RGinal, tiap edmpries) (54 bl porholdng d mhegr al
wih the thelm %lgnt?ét%@!ha&a@, ,ngxme%gu.amm\a fleBhdi ng the integral
thermal ly resea B6i tron ‘an er-resi stant portlon to the
contai ner body. 8. A nmethod as recited in clainfurther conprising
the steps of, as&aimlotlﬁkguﬁ@cﬁntahﬁf maluluy ul’nﬁ‘ﬁ@ﬂ.‘ L&leL@ opin'nﬁlh Qﬂa;ﬁ;ﬂdtesmam
cont ai ner bodﬁ robotica y g?‘” i g tamper-rtes §% 0

pOI’tI on to tpﬂ ()nt H%l ,t VL é]glé t 561 é Lﬁ”'ll]m an G\a.h]dl CO]ﬁflélmrLlL 1r¢1 uad ¥ 9. A
nmet hod as r estatabld parion@hdiunped resipitve peiian (4 thecoaisisettylyy of t he cont ai ner
body and thermally reseal abl e portion occurs prior to installing t he
cont ai ner body/thernally reseal ahl e portiaon assenbly in nq P
apparatus. 310. ﬁﬂmﬁﬁﬂﬁdﬂ-%%mfﬁwiiéﬂmﬁHW@PﬁWﬂWEMPWHéﬁﬁPWm%H% %ﬁﬁ@alner
body and t hedsémablk yorficasedoahine bpfibtiodnlhamenasseibt £dmpd-raitant portion lo
over - nol di n d recited in claiml, further
conpri si ng gﬁ%Ppaéﬁm“%aMCP&kmleComgmfggét one of an axis or the
container and an axis of the injection nenber at an acute angle

relative togt he Othek dsdt@nﬂcll't.&“nrdgmaﬁ whiddi €Ge ésQﬂh%m@EGn@ﬁ@%ﬂ)&hﬂ MRmaxi S
through the thermal ly rescal ab Fortlon or i ﬁgﬁ ﬁ an ?cute angl e
é{ PHEE haE ey

rel ative to'tHEART ‘é"“é?Fc“tSWé"‘d?)Wf e confignepc 8" i n
claimll. fugstheyinconpinisipagut. he step of i1 ntroducing the substance
10. A method as recited in elaim 8, whercin the container body and thermally resealable

portion are agsembled i an over-molding apparaius,

11. A method as recited in claim 1, further comprising the siep of orienting at least one of an
axis of the container and an axis of the injection mensber ar an acute angle relative to the other
defining an injection member penetration axis through the thermally resealable portion oriented

at an acute angle relative to the axis of the container.
12. A method as recited in claim 11, further comprising the step of introducing the substance

through the injection member al said acate angle and against a fateral wall of the body to

facilitaie substantially Jaminar Qow ol the substarey tle the claumber,

|



t hrough the injection nenber at said acute angle and agai nst a
| atent]l wall or the body to fitcilitate substantially |am nar fl ow

(tithe substance into the chanber. 13. A nethod conprising the
foll ow ng steps: rorm ng a container body defining a chanmber in
a first ihold in a clean roomenv ironnent: form ng a stopper

in a second nold in the same clean rumii environnent. as the lirst
nol d, wherein the stopper is a thernoplastic stopper defining a
needl e penetration region that is pierceable with a needle to forma
needl e aperture therethrough. and is heat reseal able to hernetically
seal the needle aperture by applying |laser ifadiation at a
predet er m ned wavel ength and power thereto: and assenbling the
st opper and idont/anaiex chgdiying e fohevied #an room environment to form a
seal ed enpty CO% ﬁlhlﬂqEuﬂimn%‘l'budAlcniﬁhppg iR mq ll\plqu ll]nl LR u%lnmz 13. wherein
the lirsi laid second ds arc |ocated side-byside within the clean
nmom envi r onifBfPIMeny 5 A nethod as dclincd in claim13. further
conprising the flﬁ}lnh‘@‘dt/blﬂjg)z&h eRsond mold i m lhpﬁﬂetittﬂfsdnngnt]I‘Zb@mé'lﬁi@dhtehsl mold,
penetration phmthat t he
filling nee of “t he

cont ai ner; iprtcrabGeth ngwtﬂh@ @ubtsmlhc!éuwmlwu@wuﬂhéu!nfeieeilleembt@ ¥ nto the
chamber of th@ﬁieﬁﬁﬂts@til BE hoedWhicREE BWRPGInE R&: Edilidoh MG pReaehe.d farihe

st opper: ansnlttlng |'aser radiation at the predeterni ned
mavelength &WH”&SN@P‘ offflo an aperture Fornmed in the needl e
penetration regiaamghy hheomtoppenuinanaiyiehagtd cablyviseatt ndorthe
aperture. bgmmﬁhQE&ﬂﬂq as defined in claim13. further conprisila,t
the step asteri| ng the seal ed enpty cont ai ner between the
assenbli ng and penetrating step:, 17. A method conprising the

fol |l ow Ng Sti@PS:A method as defined in elaim 13, whercin the lirst and second molds are located side-by-

Cﬁhggin ae stﬁ)p}u 16 du 1110]9&9:?‘. 'awé}bc.tl d L1 lan L {l@ﬁ(”% ﬁ:nald 0y nﬁ%mH

side within the clean room environment.

15, A method as defined in claim 13, further comprising the [ollowing sleps:

penetrating the needle penetration region of the stopper with a Nilling needle such Ut the

filling needle is in fluid communication with the chamber of the container;
niroducing the substance through the needie und into the chamber of the container;
withdrawing the (illing needle [rom the siopper: and

transmitding laser radiation ot the predetermined waveleneth and power onto an aperture

formed in the needle pencuration region of the stopper. und kermetically sealing the aperture.

16. A method as defined in clain 130 further comprising the siep ol sterilizing the sealed

empty container between the assembling and penetrating steps.



formng a body defining a chanber in a lirst nold in clean room
envi ronnent ; form ng a penetrable and thermally reseal abl e
portion in a second nold in the sone clean rootn environnment as the
first nold. wherein the penetrable and thernally reseal able portion
is formed of thernoplastic and defines a penetration region that is
pi erceable with an injection nmenber to forma penetration aperture
therethrooult and is heat reNettlable to hernetically seal the
penetration aperture by applying | aser radiation at a predeterm ned
\\ avel ength and power thereto; and assenbling the penetrable
and thermally reseal abl e portion and body in the clean room
environnent to forma sealed enpty assenbly. 18. A nethod as defined
in elai D 17. whetledpotiiend v Btlovandiegecond nol ds are | ocat ed

si de- bySI de wit hé ﬂmt hg{)t?'ﬁl@ﬁiﬂuttgpmhgnyi |fu9§1ma”$ 1clu1|]ramm mﬁ%&uh@.ﬁ as
defined in claiml her cogPr|S|n the follow n

penetrating the'ﬁ@ﬁéﬂF%fWﬁh“W@ %ﬂ”&*“%H%DﬁﬁﬁéTfhbW m&HdRP%EWHﬁP“
renedi abl e WQWMmﬁmmmmthdamummpHoﬂkmhﬂm@nh@ﬁk&uthmhahubm$ummpeot|on
menber is in i e 1 ) Iy,

" ntroduci ng lc%u&!él%é Eﬁ ﬁﬁ%@mgﬂ’ln&i%& Ongs H}’Vh‘i thR *gﬁhﬁgﬂ’q' LgtLL ML an ﬁel'%ﬁcgg Y
chanber or tlﬁ@bea@é@rvbllnymlvwhlurlawhﬁgthw S det P-E)ﬁ“%ﬁﬁéf“ﬁl'tﬁ'bﬁ?ﬂhe
penetrabl e amcﬁelm@blmtlhm esRahe @RI &IIPOK & b PRI @RGed wavelenplh bANBEEL T Ng

| aser radlatlon at the predeternlned wavel engt h and power onto an
aperture | bdEEE ' the penetrable and thermally reneal abl e portion.
and hernetlcalIyﬁsdmhmmgmmhah@memmmnﬁ)usﬂlNAmmBmhmdmasm@etkmedmln
claim! 7. ThEbRGh & RIPE Labind EchOl! oW ng st eps: ~ forming a
body defining a base, a d-portion;, and an upper portion axially
spaced fromthe base on an opposite side of' the md-portion relative
to the base13mhenammdaaﬁhmﬂmuﬂhelbaseuamdmwmaeﬁuponhmmmLMeﬁMBmta:

| ateral |l y- e(jwﬂ ng. di.me “ur%Merthana maxi mum

| ateral | y- extendi'n LH”“NO of "t he mid-portion; and engagi ng
t he base of the body with a support during the step or w thdraw ng

the injectiqn mMRQr.andiRURSLARL Y. AlhY RRBVENGHE Rdo@X] @l Movenent  or

the body relative thereto.
penetrating the penetration region ol the penetrable and thermally resealable portion with

an injection member such that the injection member is in fiuid communication with the chamber
of the assembly:

introducing the substanee through the injection member and into the chamber of the
assembly:

withdrawing the injection member fram the penctrable and thesmally resealable portion:
and

transmitling lasee racligtion ul the predetermined wavelength and power onto an aperture

formed in the penctrable and thernud |y reseatable portan, and hermetically scaling the aperiure,

)
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21. A nethod as defined iii claim20, thither conprising the step
orengagi ng: the support and the upper portion of the body during

w thdrawal or the injection nenber to further prevent axial novenent
of the body. 22. A nmethod as defined in claim20, further conprising
the step of sterilizing the enpty assenbly prior to introducing the
substance therein. 23: A nethod as defined in claim24, wherein the
step or sterilizing the enpty assenbly prior to introducing the
substance includes at | east one of applying .gamma radi ati on, "e-beam
radi ati on and | aser radiation thereto. 24.- A method as defined in
claim17, further conprising the step of fusing a tanper-resistant
portion betmeen the penetrable and thermally reseal abl e portion and
body. 25. A @Bt hddmekpd dedelrd ot dlai &1 Bithar ForprifitgrpeHdowdg Apisi si ng t he
step 61 over-nol dlmgmaaB@grraanmg@mbstlanltpoa@ﬁ tyheQ L(F[Qt ;Ioh!%n ﬁl@dﬂ?hfa@bh@n and
thermal |y reseal abl e ortlon an nE

el m19” fur RGP EORBPTSIg: HEE BE e e Ths B PG ror st BAE= 8P an
axi s of the bagye andn afinaxigrathf- u:tehtﬁngd?l]uﬁﬂttnlmmn’ermbe‘r'maltlmallitif’d!:@?tlfﬁdmg

angl e relat'v%nkﬁm%Q?mQ&E?knﬂﬁ &plng an injection nmenber penetration
axi s through th enetra id t hermal |y reseal abl e portion oriented

at an acute angle Cf‘@blaﬁ Pe/mse b the Iﬁ%‘"’a‘%l‘$“*“®rl’°“fjk'|‘é“’lﬁ‘6(ﬂ‘y° of witrdronvipeeberigjeptiofs

defined in cl aichbe@ad shidihRBY prE6QRPE k&l RGvelbi@ vak@ptOtiadvdine@duci ng the
substance through the injection nenber at said acute angle and
against a lateral \van of the body to facilitate substantially 111

.ammar "ow ol dije suRStRRICRAMTRILNS0, GRRT RS prising the siep of engaging the support and
the uppey portion of the body during withdrawal of the injection member 1o furlher prevent axial

movement of the body.

22. A methed as defined in claim 20, further comprising the siep of sterilizing the empty

assembly prior (o introducing the substance therein,

23. A method as defined in claim 24, wherein the step ol'sterilizing the emply assembly prior
to introducing the substance inciudes at least one ol applying gamma radialion, e-beam radiation

and laser radiation thereto.

24, A method as defined in claim 17, further comprising he s tep of fusing a tamper- resistant

pomon between the penetrable and thermally resealable partion and body.

25. A method as defined in claim 17 further comprising the siep of over-molding a tampet-

resistant portion to the penetrable and thermally vesealable portion and body.

26. A method as defined in claim 19, further comprising the step of orienting at least one of
an axjs of the body and an axis of the injection member al an acute angle relutive 1o the other
defining an injeclion member penetration axis througl the penctrable and thermally resealable

pottion oriented at an acute angle relative to the axis of the body.
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27, A method as defined in clim 20. further comprising the step ol introducing the substance
through the injection member at sidd acule angle and sigainst o Jateral wall of the body o

facilitate substantially laminar low ol the substaones oo the chamber,



