7 August 2006 VI AL ADAPTER HAVI NG A NEEDLE- FREE VALVE FCR, >0TH VI AL
CLOSURES OF DI FFERENT S| ZES BACKGROUND The invention relates generally to
econnettors of the type used in the 5 handling and adm ni stration of
parenteral fluids, and nore particularly, to a vial adapter having a sharp
cannula for piercing a vial closure, a shroud protecting an operator from
i nadvertent puncture by the sharp cannula, and a valved connector opposite
the sharp cannul a for connection to another device for fluid flow Access

ports for injecting flvig ADAPTER HAVING AINEES] £ rRERY A GYStem such as 10
a drug vial, are wel PR AR i Ventic LLhj ection sites
in drug vials generﬂgPFy mvo?@ewaA(ﬂS(:“L)eq ce Q bb& b%ﬁ.ﬁgg formed of an
el astonmeric material such as butyl_rubber or the like, placed in the
opening of the vial. A closure, t<EURQUNDr ned of netal, is crinped over

the rubber stopper and the flange of the vial to positively hold the
stopper in pl addeiinverttioropdaiengenérallpeo omhectdid of ke 6/pesised i@ an out er

 Si ze, Kﬂo 5.8 "f,inish.size." The closure also has an opeéening, or access
port. thr CHGAHARLH ARENISEEoROf AR ids, apemars passictlarly doceabd. A

sharp can J- % ol i ort ,pierci t he rubher stopper

to pgsi ti %'r?h? %éé‘?ngi s%a| %ﬁ%gec%hglﬁ%h@F %fﬁi—gﬁngﬁ‘ﬂﬁll %18%5813 qﬂfé’uBlP&B[@Fﬂgs 8pper p{:) 0

make fl ui dpecaoefibirinadithenhsuidtir botheGhat@ntdd -andC: gt ' been
found useful in that they can adapt tygtreh shafrﬂgened ’caannul aaﬁgéﬁqéy%faced

into flui @PPesRIEcRarDARAUIA foneonriegtion ¢o ahethendevice farfluidélawee of anot her
fluid container flui d conductign device. For exanple, the adapter may
iinclude a fenaIAgQ{S&é)Plflﬁsic}Pf frHﬁ&H[ﬁ)’gg]ldt_IthWW%ﬁH?‘%@%ﬁﬁtqm, suchasi ve
he nomz!| @ digaifyirenN98l khBfn BHRERIRIY r - he vial to the 25
ésyri nge, or agapt)s/ tehe shar pgned cgc%liuligéat?o@‘{rﬁ%ﬁ@g@mslﬁegégﬁSHS%%‘im& t he
syringe. vials gererallynvoberna pirmoehbls aftibler s ppeoforiRdafm@assstbMertt ach or

anchor the adapter to the yjal t old it In place while fluid
_communi caf?%ﬁ?%e'i‘*\ﬁé@ﬁ%ﬁ‘ﬁg Wi-{’é?r O’églﬁqﬁﬁ%ﬂhéﬁd dethecepoping ebte Wal. that
I nadver t epfoste $ARHR o tnea’ oftrﬂgtaf’}q?&tiﬁ%)ed over the rubber stopper and the

flange of the vial to positively hold the stopper in place in the opening of the vial.

15 The closure has an outer size, known as a "finish size." The closure also has an
opening, or access port, through which the stopper and the vial opening may be
accessed. A sharp cannula is inserted into the access port piercing the rubber
stopper to position the distal, open end of the cannula past the rubber stopper to
make fluid connection with the interior of the vial.

20 Adapters have been found uéeful in that they can adapt the sharpened
cannula that is placed into fluid communication with the vial to the connection
device of another fluid container or fluid chduction device. For example, the
adapter may include a female Luer fitting opposite the sharpened cannula to
receive the nozzle of a syringe. The "adapter” therefore adapts the vial to the

25 syringe, or adapts the sharpened cannula to the Luer-shaped nozzle of the syringe.

It has also been found useful to provide a means to attach or anchor the
adapter to the vial to hold it in place while fluid communication between the vial
and another device proceeds so that inadvertent disengagement of the adapter

from the vial does not occur. For example, the adapter may have two arms that




fromthe vial does not occur. For exanple, the adapter may,haysodeo arns
that 1 7 August 2006 engage the neck or flange of .the vial™ and hold the
adaptér in place on the Vial. Qher nmeans include a shroud that fits
around the outside of the vial closure and snaps onto the vial closure
under the crinped retaining cap thereby grasping the vial neck flange and
t he underside of the closure. 5 It has also been found useful to have a
val ve placed in the adapter. The valved adapter permts engagenent of the

shar pened epgageitie Médkhor fngRsTtRE kial @hd HolEché é’dap\eéﬁiﬂﬁécéf ﬁ?ﬁhgegﬁapf fluid
ul

fromthe vial through-the adapter. Then when the"™ sec evi ce has
been prep&dgr meang frclide 8 shroawt that fits arband dapoetsidensfithbyial 2ldsumashdg t he

val ve that_then permts fluid fl.ow between the vial and second 10 devi ce.
One appr oJBRPTRE thE 114 SleUg URdGRthe imed retaipingcaam therabyerosnivg thevi al

adapter . MH‘éEEhaﬁgé‘@hﬁ[tRéﬁﬁhﬁlgﬁﬁ @fdtﬁg?[(,tgﬁ&ed cannula to pierce the

stopper of a wvial, and e other en e adapter includes a fenale Luer

connectdr. At thias dlswmbken Farard gefiiaotere a&ra%&ipﬂﬁcéiﬁﬂli&@a*ﬂ%éféi‘ﬁﬁeml e
connector aj qQne end is .attached. Wiile the vial adapter 1S then "val ved,"

two parts Vilied adepes perisengagsersertof the shirpened cantuda mith thet cnbente oft

si ngl e par : s;the vial ,tp a ,blunt. cannul a, but one that

al sg i n!to er r.lp%g{[eal‘isiwailﬂl\?)ﬁaillt 3%%‘&%3%2@\{%%%9%lﬁ%{éﬁwpsthﬁfadagﬁéh Theaivdim ®evi ces

strive fose@frdefitid\eviiechdsaidearepsled| §@8n ¥eloffSittE td &e{‘?{z‘%t&oﬁé? as | ow
ablfe"t o ae)PYsuffer

as possi bl e. However, some of the existing adapters aval
from var i @a8vatirg wiecral wothan ghen pamitsdani|flow besteeadhp vl andrsecsigpi gned to

functi nly on a _single vial .closure finish size. These adapters do not
‘secur eﬁ/] gﬂ”éﬁ‘n%t“(? %Hngg‘{;l} B%"@?@Qay\’/ﬁ torhayedwerars torasulein arvalved gial t han

vial clos | ni | ' ' | dto fit. They are

t her ef or e'dﬁg?ge&s g%lB gfd éﬁﬁ\%})g}gﬂ%ﬁﬂgﬁ[ %éﬁé@%@%@’car{ﬁ?}%ﬁcﬂp ’teir((‘)%é,he SgQﬂﬂé%\??él

adapt er s dialantd debaghat ehd of)tlﬁiaiﬁpt@fﬁn@maéﬁﬁ@émﬁfe?mehQaﬂiéé‘crtéﬁnﬂt%ﬁ puncture

of the operator’'s skin by the sharpened carnul a of the adapter. e shroud
or vial efJRYelISE coRIGERr doevendevieshaving 8 ompk epphectorar ondiendsisar pened

attached. While the vial adapter is then "valved," two parts were necessary to do
15 so. It would be desirable to have a singie part that not only adapts the vial to a
blunt cannula, but one that also interposes a valve in between. Manufacturers of
such medical devices strive for effective and reliable devices yet desire to keep costs
as low as possible. | '
However, some of the existing adapters available today suffer from various
20 shortcomings. For example, most adapters are designed to ﬁ.mctjon only on a
single vial closure finish size. These adapters do not securely attach to vial closures
with diameters smaller or larger than vial closure finish sizes they are primarily
molded to fit. They are therefore not usable on vials of other sizes. In addition,
some vial adapters do not adequately protect an operator from inadvertent
25 puncture of the operator's skin by the sharpened cannula of the adapter. The
 shroud or vial engagement device does not extend cornpletély over the shafp‘ened :
cannula, thus exposing operators to possible puncture. _
Accompanying this limitation of ﬁnctioning with only a‘single size of vial, a
furthe—r, consideration is the expenSe to hospitals or other medical facilities caused

- 30 by having to stock numerous types and sizes of adapters. Vials of many flange
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carnul a, thus exposing operators to possible puncture. gg@@gg@g’ng this
limtation of functioning with only a single size of vial further

consi deration is the :.expense to hospitals or other medical facilities
caused 30 by having to stock nunerous types and sizes of adapters. Vials
of many flange 2 7 August 2006 sizes and Cl osure sizes are avail able and
are frequently found in nedical care facilities. Typically a hospital nust
stock a variety of adapters to be assured of having the correct adapter

avai |l abl e roperly interconnect with the nultiple vial closures
that exi stgl far\ég ﬂ8§ it es,%g@vq{%biﬁ éﬁl age Q‘ﬁﬁwtbfffoaddpm ersslidabreate each
possi bl e sfiyz@itRE. R4li§a, l‘i’osgﬁgl' rﬁﬁk l{)%ggllpgtg; raélaR?rMﬂ I ncreased expense

can result. Two cd n’size Vi a g agsusedslir es and

20 mm vi al havingshe etsrredﬁadapteﬁgvalmwﬁﬁﬁ?t% 19 ropea e stocked
in a hospi taLupg gnl ficantly | essen tlhgérg? ?ﬁeﬁnc%&\?\nh?ﬁ&ﬁ:tﬁ%g t he
correct siZE ﬁc‘ﬂacl§ SFéQMéét e’@%péﬁééwspllﬂ Ihtisthasinadin @ s of /ldpt@Rdof N

Lhe i oFCaahds bR iEe o AR A IRl Bt S ovalliiaararedorpetsarpancy
devi ces. Mesdt.r E‘Wdrﬁmoﬁ%’i‘i@@@f HS chuﬁa&Eel@%;rpﬁagz%ﬂﬁgggaigﬁﬂuggahave

~injection and wi thdrawal of fluids wi thout the use

been put d@uise Redudieg dasnwybeunbeiapreSithst inssthestodtted 1ﬁéh5ﬁoégntapééﬂ
the transm ssion o d- bor ne

concern r e 15 poss b|||t of

di seases %ﬁﬁaﬂ'ﬂ% PHENTSIPTR )ﬁbﬁ‘iﬁ’@{(ﬁ}ge@e@ﬂrfp@tr%msmﬂmam siedgee he sharp
car nmul as. BRgGt ors having as fem/ shar pened surfaces as p055|ble are
“desirabl e because such hazard is thereby |essened. Furthernore,

desirabPe that Inbesihotbeen aararlinaieserte/eaefd SHenRR rﬁe@dfehl]‘? e V%Q'e td@ﬁ% can be
easily cl eaned an_anti tgept | cC W pe, or otherw se ste Ize ¢

maki ng a ¢B ﬁﬁee(fgquz) ko lonyer the wrisk o tﬂaﬁl!rﬁftanbpumﬁaresnﬁyleb)leh tm\e(ﬁet%ﬂéﬁ bishe
transm ssigq ezll e§h%g Ee I?,adl | y avai Ira Ieefo cleoanl ng prior to the
connect i on ng ma sone- p 98 T F%Fé’ REYRCE OFrarsommpdagng thesur e
defined injection and withdrawal of fluids without the use of sharp cannulas have been put
to use in increasing numbers. This is due, at least in part, to concern regarding the
15  possibility of the ransmission of blood-borne diseases through accidental needle
punctures of persons handling the sharp cannulas. Connectors having as few |
sharpened surfaces as possible are desirable because such hazard is thereby
lessened.
Furthermore, it is desirable that needle-fee connectors be configured so that
20 they can be easily cleaned by an antiseptic wipe, or otherwise sterilized, prior to
making a connection. All exterior surfaces that may be involved in the
transmission of fluid should be readily available for cleaning prior to the
connection being made. Some prior connectors have a sméll rift or fissure defined
by a clearance between parts. Such a feature is difficult and inconveniént to clean
25 in attempting to sterilize a connector. Alternatively, connectors requiring a cap to
maintain a sterile connection port prior to use are undesirable because the extra
steps involved in removing and replacing a cap are inconvenient, while the
manufacture of the cap adds expense.
Thus it would be desifable to provide a needle-free connector as part of the

30 wvalve that is included in the adapter discussed above. This approach would
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by a clearance between parts. Such a feature is difficulfagndibpspnveni ent
to clean 25 in attenpting to sterilize a connector. Alternatively,
connectors requiring a cap to mnmmintain a sterile connection port prior to
use are undesirabl e because the extra steps involved in renoving and

repl aci n_% a cap.are inconvenient, while the nmanufacture of the cap adds
expense. NeREE spietyiigimedisnd peraanpelaphehandlesheadapter. a needl e-free connector as

part of the ve f.hat (i 5. Lngl I n. the adapter discussed. above. This
Bopr oach woul AtasingRrbtel a5 el Dl o BB R S AE BT S et o
handl e tVigl @okupé fhished| 4 PRYGE GRK R hétorimddBIRBIRES viakfisith iR&fiscan
accommodate nultiple sizes of vial closure finishes, a practical way to

accommuodieded. Whergagial aiapter i wsed tp eninmeds té both taegarand small aviab finishisiabs, adapt er i s
used to gonnect ot h and small vial.finish sizes, .the arnms used
for the GRATE toehfieRemali B s mid o ot bRy hinates Gridge 11 mi o

S1 26 MUskzbnavearaeded A WiGhollh St APOFLOYRyof sicha'@y | n such an

application of the adapter can still eXert ativel arge pressure on the
vi al andapplieation of thepmlaptdrecanistill dxeonred dtevedyl &pte presfimesort the \dateand ar ns  of

such adapters wo to _retain the adapter to the yial while the | onger arns
vork o Bublerenpel dat fam B Mapisn TOHGpisEal s P SHERIES YaE o an

arrange %Fl;i/n %lr% gg{gﬂgﬁg;}ﬁ%& while the ltﬁ'lgr%fan%dbs&h(rtgpépgrarttﬁthg | Z%)\Sftj:rgtmltl arge ar s

t hat sinp en encount arge frnrs hen there

woul d betheswnial.| Af Bebeiops,asdh  @hieméhad ulesirabld, Icio also Qhdsiablew t he ot her
hand, attenpting to design break-away arnms can increase expense as the
ar s nugdrovyde laggearms 8wt sigply hreakiadvry veheneneaunteringtaugs finith sizss esthent h t he

Il i i i ' br eak ith th ial finish sizes.
rence, | 1hosolt kb Bho R o el b F o bRk B ¢ have
_recogni zedmbphieg RARSigh BfeaR atvh s AH MR&ke bhjRhsd 8 tSARL Sud B Vi al s of

different sizes. There has also been recognized a need for a protection
- devi ce tdssigned toorithstdnd a certaih arhams bforveveth theamatiutial fofsh sivestyetlreddapt er to

protect opera fromipnadvertent punctures of their skin. Further, a
need ha?“%@éﬂ%@@f?ﬁi"%ﬁm ®4n adapter that can interconnect a vial with

Hence, those concerned with the development of medical adapters have

recognized the need for a single adapter that is usable with vials of different sizes. There
has also been recognized a need for a protection device to be located around the sharpened
cannula of such an adapter to protect operators from inadvertent punctures of their skin.
Further, a need has been recognized for an adapter that can interconnect a vial with
another fluid flow device by means of a needle-free valve so that sharpened needles are
not needed that may also cause inadvertent needle punctures of operators. Further, a
need has been reco gnized for a valve that is integral to the vial adapter. The invention
fulfills these needs and others.

SUMMARY OF THE INVENTION |
In accordance with an aspect of the present invention, there is provided a vial

adapter for interconnecting with vial closures of different diarﬁeters, each closure
having a seal and each vial having a neck comprising: an adapter housing having a
first end with an inner periphery with a circular array of claws, and having a second
end, the housing having a thickness at the inner periphery; and a sharprened cannula
extending from the first end of the adapter housing for penetrating 4 seal of a vial
closure to establish fluid communication | |
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another fluid flow device by means of a needle-free val veaggudibags shar pened
needl es are not needed that may al so cause i nadvertent needl e punctures of
operators. Further, a need has been recogni zed for a valve that is
integral to the vial adapter. The invention fulfills these needs and

ot hers. BGMRYeORl LN TININvhEreAcH O LEANGECIIWE bordftisRgRetist &f of he present
invention, there_is provided a vial adapter for interconnecting with vial

cl osur esclaws gxterdipgradialiydpwardis fromgbainneoparipberyh eashred vhidelds afitet each vi al
havi ng a SN : @gﬁﬁt h i.ng. hayi fir end with an
i nner pelrelﬂgﬁgj?1 §%o%$fs"’ém‘%ﬂ3§§ Y ard ‘rsi{%)llilm%#jt csfl%\g@éé%% ﬁi\%s\l/lfen%fs%e‘s“é’gond end,
t he housabugt theviedlg aad hkeaindgssofalavwdexténdivgd ragially plvendly feod tie ishar pened
carrmula extending fromthe fi r1§t end of the adapter housing for

penet r at PHEPIEYs 831 offhesegond set of Jawr Baving asecand imthx thi g lengrhiia cat i on 4 7
August 20QGirstISINLEINE Bt ¥bif BRA, hiteed h%%%vh?cg.qg }&@Qx‘%&%&‘f&jﬂr&dﬁé ray of claws
conprises: a first set of claws extenél ng radially rnwardly fromthe inner
per i pher snapaadér the cluhire bf thasiad aboutshe ndcknejich ofitict seemid sef ofdlawd i s | ocat ed

and forngd to s under. the, c] osure .of .the vi.al ‘about. the neck; and a
acong. bl s e YR I RSB o HGEe N 21 s BREeEHiBE ARRBR hor T phar y.

each of §ibRecREGAEHLSRE s@bnd kAWE chaki il RNSEGANH1ERU KetdIRL thidb| Oonger than
the first length of the first set of claws, and each”of which is | ocated
and f or iegmityng thedpstsstied clawetosnap under diie latgsr closyreabout t he neck, each of
the second set of claws forned such that when the vial adapter is placed
over a cl osurBrigdhoeadd ggenl sahsetrbddindhaoftierinveatahare dirtdial v@cdasid set of
claws wil] deflect and plastically deformthereby permtting the first set

" of ¢l ans?PBieEIn RiGERIBECting vifisegled Vial glesires of dififent diameters.n Ad¥ner al ter ns,
e _ ; § © .
Pt or coractostl iV bR ARoRedifihE Hlern Sonrlles a FOGRIMARE

di scl osefiksi endavith @Jimaaﬂ@aﬁlﬁferjWitﬁﬁ@ﬁéﬂﬁ*@ﬁy%&lﬁw&,&ﬁdh@ﬁﬁ%ﬁi on conprises a
housi ng having a first end with an inner periphery with a circular array
of claws, and having a 4a
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7 August 2006 second end, the housing having a thicknesgaggudibgod nner
peri phery and a sharpened cannul a extending fromthe first end of the
housi ng for penetrating a seal of a vial closure to establish fluid
conmmuni cation between the vial and the first end, wherein the array of
claws conprises a first set of claws extending radially inwardly fromthe
i nner peYerpKisng, the bousnedraviggiadkickness & the inrar praphgonandatgagensdcond set  of

cl aws ex @Hﬂ i i I fromthe inner peri r ach of the

second sée o% @%F%@ %é%ﬁégﬁ%g%%hg hfnelsﬁréq ﬁr Pﬁ?ﬁaﬁmsgo a ?egﬁ(ggar‘x%l ﬁg’ﬁurf he first
‘I engt h of ebtaslishiffusd cop@huriéatioh B¥vecee Riabind he st &) heRin B ardyss adapt ed
such that when the vial adaPter is placed over a closure exceeding a

sel ect edclaveenmnsises a fasigt offclavsexsadioptdisly infardlly dvem the innededipbay, and

| ti | | . th b itti th .set .. cl t
P e of fhith Bt A s boon st A stedf SaGRIRGRath A ot o
clavs i g RGhRM pbhhRAYERE ofihe REBRA sclbRIFRL BhviNg MecGlasipiBnaRd the length

of each of the second’set of claws is selected to engage a small er
di anet erlongeathacthe §ust length of théBrsesebolttilavenexh of the ssanidinel of elaws hidapleins ar e

thinner t t he housj at th i nner periphery and plastic deformation of
t he secosf‘l’gl?g’é‘tw i ??%Q%‘S‘E@msﬁaéf’&%‘ferﬁé FUIE [FEC @éaﬁ?lﬁﬁefg‘%lmﬁﬁ%h t he second
set of oY ' I ' EH#] r 2 i ckness of
t he secgér??{\@fet?é %ﬁ‘Cblgc} %ﬁgﬂft@yi‘g@edgtﬁ g(g agcgﬁi %%tfeal%lﬁ;\/\%eg% p ngséﬁ %eét%n%%?or med, the
second setordfsetalfalasss dpadeoinndme Yhed apeloddsary. Tat 1ehgthf eddh dfte: firktgstur e whi ch
may tend to decouple the vial adapter fromthe vial closure and the vial.

The secof@lasists sstectefl inengaged larashiiamster valelosuwaad thedenathet cach ¢fithen t he

pl astic I i ! ace. |1n the enbodinents, the |ength of each of
t he secos(r%_ﬁjnggg%tgf Bg/ro’Eas\?\srgi%igtgggoe?ngggeeaasn%a&%‘ﬁ@%%%i%hﬁehe adapter engages a
snal | er di amghefie sthtldifitds WictecARGEt GiclderS SRS the®ousif} AMRe def or ms

el astically to engage the smaller vial closure. Further, the second set of
cl aws defasperighensaidadasty daformatioasfithe sofond sktofobavel qoguts etioranearthe y t hr ough
the center .line aof the vial apter.so .that .the second_set of claws wl|

snap undgsatign gt whigh GFWH‘# Pt ﬂg‘ﬂ%‘gﬁaﬂequéﬁﬁmﬂmjfaeﬂ eF“"gFEaﬁl?er pl aced in
the  openiaf oftdiscbid ot SLARIEsIsb thal MRer G fi ghavs are

| ocat ed at theoi nnseer pesrgl£ pherylssc') t atS t&ﬁ{ei% %rf;gl&%@?l r%g(%rfﬂr%g’ vv{jth the first
set of setaMsectadfelawstdomot appdy a pdstaptis fyrce b the closure which may tend to

decouple the vial adapter from the vial closure and the vial. The second set of claws

may comprise a narrowed segment at which the plastic deformation takes place.

In the embodiments, the length of each of the second set of claws is selected such
that when the adapter engages a smaller diameter vial closure, each of the second set of
claws deforms elastically to engage the smaller vial closure. Further, the second set of
claws deflect elastically as a result of a force directed axially through the center line of the
vial adapter so that the second set of claws will snap under a crimped retaining cap
surrounding a rubber stopper placed in the opening of the vial. In more detail, the second
set of claws are located at the inner periphéry so that they are alternating with the first set

of claws about the inner periphery.




7 August 2006 In the enbodiments, the adapter housing fUA{fIRF 26610 i Ses a
shroud formng a part of the adapter housing at the first end, the shroud
extending fromthe first end far enough to surround the sharpened portion
of the sharpened cannula to protect an operator of the vial adapter from
i nadvertent puncture by the sharpened cannula. The cannul a_ conprises a
protrudi ng ri¥ theembedimsats; headapienhousimedarhen compsisesydyewd L 4 he rubber
st opper i . i i | i t he
cannal o oGkt ke BoU0Re of 08 SRURLE I BRob Bl Eebal LRI |12 r e

t he r ubbgiough eppefoundfthé kiemsdned poRion UTehdsiRkpandd Behruldtd orbosigat ed and
oriented parallel to a longitudinal axis of the central cannula. In

anot her epspatet of thawial adenierdtern igadvedent pupttyraby thy sbarpepsdoanodpnbhe i bs
canno o corRo sSppERbeh el ERinge foduRa 7 Uk eh PR coBiR s dngp i L2
t er m nal thg AghtRP Qo?]gé@i’_a@ﬁal chRuRetRMoe®lin®tib ¢bsditrotamnbe ¥ Aahulgnd and the

term nal ends of e first set of 'claws and the term nal ends of the
second satce tie shhrpegedeaantlo odthatie protmdingrribomve phastered Ahsmblierstdppsed i s a

reseal able needl e-free valye is.located in the second end of. the B adapter
housi ng,Of\e}{B‘%%@FWet © RES R ks 63%39@3@55@% paratet tor peiiiegh Opon
| nserti ofis of @ Bl calfM Ul iy GRER thd A fIE KeRbrilds W urkliguisupon T enoval

&Pfc

of such blunt cannula. The resea nee ree valv rises a valve
housi ng pwotrinding vibi elonpgstedlaspabmttdparadll ar akdgudinsltaxiz «flthereonttrat hat provi des
a fluid flow path through its interior, the piston elenent having a
nat ur al ISMB¥an bore wherein the bore is closed to prevent fluid flow when

the need! e~ rea Xy enbSaligh A8SERIRLAAR T R8I USROS oaRERE 1O 118

naturally open sShape erm W ve I's accessed. Yet

f1ifthereach bethéabamdROUSH dlbvs 1640 MRS Snd af@HReSkiAL cAGY éf thefirse¥étt orifice,
a first section of a first cross-sectional size disposed adjacent the

connect idrlgwsrand thegrmingbeouhdf dwsecand ssf ofclsws anedoaatedsa s@pmpnnal si ze t hat
IS IargerI than the first section and the piston el enent conprises a
def or maB"®® pi ston head in which the bore is formed, the piston head being

IovaDLe oy ARS GRS FRCIABN Ghab e e ol il fa e vl ve 1
adapter housing, wherein the needle-free valve opens to permit fluid flow upon insertion
of a blunt cannula and closes to prevent fluid flow upon removal of such blunt cannula.
The resealable needle-free valve comprises a valve housing within which is disposed a
deformable piston element that provides a fluid flow path through its interior, the piston

~ element having a naturally open bore wherein the bore is closed to prevent fluid flow
‘when the needle-free valve is not accessed and wherein the bore opens to its naturally
open shape to permit fluid flow when the valve is accessed. Yet further, the valve housing
comprises a connection port, an exit orifice, a ﬁ;st section of a first cross-sectional size
disposed adjacent the connection port, and a second section of a second cross-sectional
size that is larger than the first section and the piston element comprises a deformable -
piston head in which the bore is fonmed, the piston head being movable from the first

" section of the housing as the needle-free valve is accessed and movable to the second

section of the housing when the needle-free valve is not accessed, the first




section of the housing when the needle-free valve is not, accesse t he
first 6 7 August 2006 section having a size that deforns t'Ae prston head
so as to occlude the bore, the second section having a size that allows
the piston head to assune its natural shape in which the bore is open to
provide a fluid flow path between the connection port and the exit orifice.
The housing of the reseal abl e needl e-free val ve may conpri se a connection

port an ] it okl fd nd en .t eedl e-fr.e alve s accessed, the
ot er  orgon s e o R s LR ealSE 2 Pt B Ve hES, 1R sB5Fow pac b

t hrough debgoriestger dizeaBat WBOWEhE Plstdititall REass@ROASEANrAIShRSY tn wiich thee exit
orifice. her features and advantages of the present invention wll becone

appar entbor¢ isepen keprp e o diniddlodepath betwvede the cpptecidon it gnddheexitedifisbodi nent s
whi ch, t.aken i.n njunction wWith the acconpanying draw ngs, iJlustrate by
vy of clbmraieREmesrRlanip pedieses HIVORGLIRISHe | ettt ARON OF THE
DRAW NGl JAdRE arld WherthP BERIREEd Vilbvelis ﬁ&e&b@?,‘%hiﬂn&ﬁoﬁ%ﬁ%@éfo pRecor dance
with principles of the present invention [ooking at the adapter fromthe
shar penaustoaelemest paovgdes tha fhed fles athehrobgly the gealld-treg vadkdpteeenihde h a

needl e-free site a%laio e end,_a shroud surrounding . the sharpened carnul a at
the oppd¥npeetengor eeXit¢ificsr array of claws di sposed at the inner

peri phery of e shroud and orient radially inwargdly toward the sharpened
Bannil s Tor SPSE A0 3yRlaestob ool iRt Gl pbpRe el & wour d
per f or atfgym Eie%n&vihgdaaﬂeeae&ﬁgw rErred GcRimdnbSuibiRhal@A@R €r in FIG 1

| ooking at the adapter fromithe needle-free valve angle, and illustrating,
i n part i@ojwction weh tiesmadmpdryingdedieesf illestrae bgpwapofibednp@le thene fernal e Luer
adapter portion of the housing, and also show ng the piston conponent of

t he needfr@-cfﬂl%qé’f\ﬂéqwerﬁﬁ’ﬂlti on of the adapter; FIG 3 is a cross-sectional

vi ew of the adapter ]F .*o“ ao‘An,, e _adapter in its closed or
i nactivated state wt 5 AN O LR DRAWINGSedl e-free site at one
end, wth a I I-nt.ar i or .d%ﬁce [.ng. a

shar pened car %@Qﬁgﬁgﬂg&&&;%@ﬁ%@%ﬂe&aaﬁaﬁt&mgéeogf y gﬂ Estfﬁcl)ﬂ{lll%E Ié)élt%s%ﬁr oud with
a the present invention looking at the adapter from the sharpened cannula angle, the

adapter having a Luer adapter with a needle-free site at one end, a shroud surrounding
the sharpened cannula at the opposite end and a circular array of claws disposed at the
inner periphery of the shroud and oriented radially inwardly toward the sharpened
cannula for attaching to a vial closuré which the sharpened cannula would perforate;
FIG. 2 is a top perspective view of the vial adapter in FIG. 1 looking at the

adapter from the needle-free valve angle, and illustrating, in particular, the resealable
needle-free site located at the female Luer adapter portion of the housing, and also
showing the piston component of the needle-free valve portion of the adapter;

FIG. 3 is a cross-sectional view of the adapter of FIGS. 1 and 2 showing the adapter
in its closed or inactivated state with the inactivated resealable needle-free site at one end,
with a piston component in the interior of its housing, and a sharpened cannula at the

opposite end surrounded by a slotted shroud with a




7 7 August 2006 partial viewof a claw fromthe first sgh,pfsdgaws and a
hi nged cl aw of the second set of claws respectively;, FIG 4 is a partially
broken away side view of the adapter with the shroud partially cut away
and ready to be attached to a vial having a 20 mm closure; 5 FIG 5is a
partially broken away side view of the vial adapter attached to the vial
having a 20 mmclosure of FIG 4, with the sharpened cannul a penetrating
the vial's stopper so that fluid comrunication with the vial is

est abl i shedrtidfviaw 6f h S1Av PR Hed fidse BECUFRMAYRYd §1 i y vigl
adapter fully attached to~a vial having a 13 n?nhﬂ%egs(%%faf\fé?gecpﬁ@ second

set of hi ﬁ‘@télfféﬂl‘a@\sesﬁﬂtived)he 10 hinge structure engaging the 13 mm cl osure

and the sharpe annul a. netrating the vial's stopper; FIG 7 is a
non- cross sect Ilqg(g'a S\A B%UB'P?%I er’sﬁ‘é’?ﬁ%dﬁgﬂ%efmmwmm@mm second

set engagbamdlenSeleyoind RECY13be K EFIFHT| Bkl oo whi e o

claw fromthe first sét of shorter aws I's di sen

non-cr §ss sect Fihal iswvi pavtiafly Brekerbawypyide gy bpﬂwalvd@a\ﬁrémm&aﬁ roSecond
set plasti,cal.l E/hdeforrred at the narrowed hinge and a claw fromthe first

set  engafihfet hrvingaiedomm glosyrenf Bl 4t withithe gearpened carirgaipenetrhtng 9 i s
nd on.nd ) i r of . FI.G |. from.the sharpened cannula
22; il ug‘%@r‘g}tﬁl %Egmpﬁ&ps\gr@%ggﬂgf&?ﬁ%ﬁgﬁa Payity feagals eFriagL&eéjét of claws 20

al ternating wi FIG.t6is sspaoiatly beskedf awdpsas v?év@ﬁ?tfé%laicﬁgt%gtﬁ%%&akﬁgd

slotted - shroud. In FIG 9, each long claw is positione en tWo short
claws-, Fia@ vigd haingra b immgdesutetwidh ek sdcond oét af Hingeabcagkavitl dgm t he

- of, .. ¢l in FIG9 FIG 11 i | d detailed view of th
i nged a1 bike o s58e8E e 1 alogiiF pnies MRG0

defornatigéhémnét@%«ggalglﬁﬁﬁpe@t the hinge when the adapter engages a | arge
vial closure; FI 12 1s an‘enl arged detail®ed view of a claw fromthe first

set of claws iHRIG. 7 is a non-cross sectional view of FIG. 6 showing the longer claw from
the second set engaging the neék of the vial and the smaller vial closure while a
claw from the first set of shorter claws is disengaged;
15 FIG. 8 is a non-cross sectional view of FIG. 5 shbwing a longer claw from the
- second set plastically deformed at the narrowed hinge and a claw from the first set
engaging the neck of the vial and the larger vial closure;
FIG. 9 is an end on view of the vial adapter of FIG. 1 from the sharpened
cannula end, illustrating in particular the circular array of first set of claws
20 alternating with the second set of l-onger claws and also showing the slotted
shroud. In FIG. 9, each long claw is positioned between two éhort claws;
FIG. 10 is an enlarged detailed view of a hinged claw from the second set of
claws in FIG 9; N _
FIG. 11 is an enlarged detailed view of the hinged claw in FIG. 10,
25 specifically illustrating the plastic deformation that takes place at the hinge when
the adapter engages a large vial closure; |
FIG. 12 is an enlarged detailed view of a claw from the first set of claws in
FIG.9; | |
FIG. 13 illustrate$ an end on view of an alternative embodiment of the vial

30 adapter of FIG. 9, illustrating in particular a different arrangement of the circular

8




FIG 9; FIG 13 illustrates an end on view of an alternag hy&,esfedi ment of
the vial 30 adapter of FIG 9, illustrating in particular a different
arrangenment of the circular 8 7 August 2006 array of claws in which there
~are two shorter claws positioned between each long claw, FIG 14 is an

enl arged detail ed view of the sharpened cannula in an alternate

enbodi nent, illustrating in particular the protruding ribs extending from
5 the base of the sharpened cannula that resist rotation of the cannul a
once they i PR (=1 S 15 i iew simlar
to FIG SHEJ)??e(gt theﬁlvvglhf\jcg tiﬁg% ﬁﬁ@%@%@%ﬂs@igﬂ%@p@ eE‘ﬂgﬁ?n %%‘#h@@gor and
in responskw;the internal resilient piston has returned to its naturally
open position %? permt fluid flow through the adapter; 10 FIGS. 16 and 17
present views 61CalhisAmbenlar aifpchew ofthe isharpened earinde inenl ve of - t he

~vial adap | ' : |.LEpLical shape of ..the piston head
W th tne eaentiE e fingt A in oty Be RoPiTines hrschding drorer
PREFERREDURNBAIA HEENE Shépeabd oanidla thar SRIE R0 Bf RUARARESofe thlh USt rati on
wherein |ike reference 15 nuneral s designate correspondi.ng or Tike

el ement s Aavhgenezated ke stopperoka vishere is shown in the bottom perspective
view of FIG 1_a.vjal adapter .21 hav] a hqusing 23 with a first end 25
that includes gﬁé‘hjrilfcﬁ ‘f?&vﬁl?lﬂaﬁtcbﬁﬁb&g e%CeRt tigyvabve has baga asgessed byandi ng a
shar pened ; t..L: r | abl e

A8 Db Acohhecfthnd 1%%%15!{1’1&@,%&% reélﬂ&lltttﬂgﬁpanas fgﬁﬁ%@%&g% are 20

needl e-free valve 37. Details o e reseal abl e nee ree v

provi ded its ngngallpapenpobitiono Gtma4tuit dlovetrsiglg tieniddpied NEEDLELESS
CONNECTOR VALVE 'sseijed in Cct ober 14, 1997 and incorgor_at ed herein by ,
referénce, alt Iﬁl%hl ad | 4 pyesent vigms f scpistogeaiemant ysable isvihe needledired , t he -

circul ar . i pclude.multiple short cla 29 and
| ong cl a\/\/‘s&g’%%\f{ @%\Vl{éi %&ri]\%ptgfﬂlgg@a&fg%ﬁﬁ}% eeegﬁi%tg/c@llj ﬁléaq%e%fﬁgl&ﬂl%‘én }lilﬁ\é\rar al to
preserve wihth teanatduisetshaped, naturally open bore.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As shown in the drawings for purposes of illustration wherein like reference .
15 numerals designate corresponding or like elements among the several views, there
is shown in the bottom perspective view of FIG. 1 a vial adapter 21 having a
housing 23 with a first end 25 that includes a shroud 27 with a circulér array of
claws 28 surrounding a sharpened cannula 33, and a second end 35 that includes a
resealable needle-free valve 37. Details of the resealable needle-free valve 37 are
20 provided in U.S. Patent No. 5,676,346 to Leinsing entitled NEEDLELESS
CONNECTOR VALVE, issued on October 14, 1997 and incorporated herein by
- reference, although the valve is discussed generally below. In FIG. 1, the circular
-array of claws can be seen to include multiple short claws 29 and long claws 31
(only one of each is indicated by the respective numeral to preserve the clarity of
25 the draWing) It should be noted that the sharpened cannula 33 includes openings
39 through which fluid may be communicated. '
Referring now to the top perspective view of FIG. 2, the needle-free valve 37
can be mdre clearly seen. At the second end 35, the resealable needle-free valve 37
includes a female Luer connector 41. The Luer connector 41 is cbnﬁguréd to

30 receive all ANSI standard male Luer fittings, as well as other blunt cannulas or fluid

9




25 the drawing). It should be noted that the sharpened cappiilfogds | ncl udes
openings 39 through which fluid may be comuni cated. Refertfing now to the
‘top perspective view of. FIG 2, the needl e-free valve 37 can be nore
clearly seen. At the second end 35, the reseal able needle-free val ve 37

i ncludes a femal e Luer connector 41. The Luer connector 41 is configured to
30 receive all ANSI standard male Luer fittings, as well as other bl unt
cannulas or fluid 9 7 August 2006 conduit devices. The piston head 43 of

a defor rrabbﬁdm_ateﬁaeselﬂﬁ@ﬁfst&ﬁhéﬁe@bg?&%Jﬁwgﬁ%telmpgﬁg%%%% open

bore 47, which in this case has been ose reven ough
t he adapt é¢¢n thas hgs atnanurallyopen btle 4g, wihich ini this capdhak bes clokata ed Wit hin
a val ve housi ng hat corg{i ses, a transparent 5 tubul ar body pordon 51

49
and the fBHRAEET fiyid hEWnthE?H thg adapggre (Therpistanglemsemioth iseht this opaque,

nount ed t : ' | nQ: No | to .FIG 3, a side,

Cr 085 sect TRAREY 1Rated Gftnals i Nl sy CoiBristed posduhl v of

FI GS. IS5 ansbilar Bbdy phisionrs ehedreind fedBalbdgefcodtelcl@W 1l RiREH Qf ¢fs8 t hat |
provides a fluid flow path conpl etelﬁgethr ough the needle 10 free valve 37

and into £MpodiBentisiePaais JRoviter tothe badppos®nosl.t he sharpened carmul a
33. The | unen r canpula 33 is in fluid co i cation
with the openi ﬁg‘g% ggtnlt&g%gl? ‘g(ﬁg gﬂf‘?:ﬂea %ﬁ%r%aﬁé&CP?%q&ewwe@amﬁa so t hat
fluid comgupteealat saspasivdviddy Aas! Dok Mhepibn dimept Y10k 1 G 3
shows the vial adapter 21 unaccessed by a bl unt garrru a. wever, the

pi ston hehallaw ipferion&31happuividesel Buidniow pattacompleady tiabough the hebdlee 47

t.hat ul ermt_fluid flow through the piston el enent when it is open.
It nd B oS3 i e R camimiieaion withithe lsbem g Pt e SHspAREDT Cod

¢l osed by infof : ' f ...Luer .opening 57 in the
Femi e Lugh SaRnaet o Areiey o e hefihe G fREs Ejosn dfid RBRFh cqtlon

el |'i pti caviinthehgraimsddesardmibebixapehabag opticcthhuld 88 isiczRi@f the 20
pi'ston head 43 is selected so that when the piston head is constrained into

the ci r cEPBMYHeAignrangcclp giodgh thel capuna 33. Theofiew lné FIGkkows dre
connector ;41 adﬁ&%r 21 unaccessed by a blunt cannula. However, the piston head 43 of the

15 piston element 45 has a naturally open bore 47 that would permit fluid flow
through the piston element when it is open. In the configuration of FIGS. 1, 2, and
3, the bore 47 has been forced closed by the difference between it and the female
Luer opening 57 in the female Luer connector 41.. More particularly, the piston
head 43 is elliptical in shape and has a marquise-shaped bore 47. The size of the
20 piston head 43 is selected so that when the piston head is constrained into the
circular interior of the tapered opening 57 of the female Luer connector 41, the
bore 47 is completely collapsed to tightly close off the fluid flow path 53. The
adjacent lips 59 form a taper lip seal by abutting one another and applying further
force to keep the bore closed when fluid pressure exists within the fluid flow path
25 (interior) of the piston element when the valve is in its unaccessed state as shown
~ inFIGS. 1 through 3. The lips comprise conical sections that extend from the
‘bore’s sides to function as a seal. The angle of the taper is selected so that internal
.pressure existing in the valve when the piston is in the closed _state would force the

lips toward one another thereby holding the bore closed.

10




~second sepratkct amgperardraish@ adapteo 2Tebrathetriyepuintaerednss thekBadhedd Qifr? 4ihe

s,

bore 47 is conpletely collapsed to dghdy close off the fﬂﬂ&aﬁtgﬁw pat h 53.
The adjacent lips 59 forma taper |ip seal by abutting one another and
applying further force to keep the bore closed when fluid pressure exists
within the fluid flow path 25 (interior) of the piston el enment when the
valve is in its unaccessed state as shown in FIGS. 1 through 3. The |ips
conpri se conical sections that extend fromthe bore's sides to function as
a seal. The angle of the taper is selected so that internal pressure

existing in th ﬁg{n@fﬂ I S LS 1d c d at e uld force
the 1ips tom?gggir]i‘gteeanot 8? hﬁ?@éé%lgé]ﬁ%%}iﬂoga&p ﬁ%s %gg% @fg?é"bw\%ﬁe center
--------- extends the sharpened dariuigaSB. 20R6Gatbalshiash LBV Es % Wil fousi ng 23
al so includes a _base 61 from whose center extends the sharpened carnul a

33. The b&AKed theballowspassipa EBof Heiston elementolnthid epifeodimehguse por ti on
65 of the_pi I .S;enbodi.ment, the i ston el ement 45

i ncl udes g%t%r% g{%ngép?ggabclggg? é&g,&‘lz???%&& O%r%%”ggéﬁﬁ}l’e% “@én@ﬁ%nd to
be approprsaidtd be aspreprigbipditiePbmbodigee! TR elfc%é Peﬁ'o‘?‘ﬁs@g%&’e%sa a
spring force to bias the piston head 43 into the fenafe }_uer peni g 57.

The shar pépag éxaeto hiagshe pistvms pesd d3ntortha féthalefinet epeiing Fhroud 27 which

is at | east asThon as t%e shar n.ed,cann&JI a 33 and surrounds the carmnul a
to protect an Béﬁ%ﬁﬂ’SPe fanpy a%ﬁtdé?i")ﬁ Vit Wi prgtesive shrayl 3% which

h d; I sinplicity, FIG 3
e I e e

shows only two cl aws, e fromthe

shrouq 27 surrounding the sharpened carnula 31. As is described in further
det ai I1%befifnraninia 3foFuriaTBeFR forsimplisys, FIG: Rehewawslntveo oew, ase a neans

P vona niBRTRNAREE RIS Sl Rl ARARE oo 8 orRnBer b 2™ "
ret ai ni ngfaraged dinte ena! Rriphery 6PRI¢kd ﬂrog(f% 2?'3&%05.1%1%?@% kgl threads |

69 to which a conplenentary thread cu a male Lu onnect or may be

engaged t eamnulaidj. Asis described in further detail below, and shown in other drawings,

the claws are used as a means to retain and engage the mounted vial adapter 37 on

15 avial opening plugged with a rubber stopper and secured with an annular crimped
retaining cap.

The female Luer connector 41 also includes external threads 69 to which a
complementary thread cuff of a male Luer connector may be engaged to firmly
hold the two connectors together.

20 . FIG. 4 illustrates the application of the vial adapter 21 to a vial 71- having a
closu_re 73. The sharpened cannula 33 will be moved through the opening 75 of
the closure 73 and will be pressed through the rubber stopper 77 to establish fluid
communication with the contents of the vial. The crimped retaining cap of the
closure 73 covers the stopper 77, except for the opening 75, and is crimped around

25 the bottom of the.vial flange 79 as shown so that the stopper is held firmly in

| position in the vial. In some cases, the opening 75 of the closure includés a

perforated, tear-away or bend-away cover (not shown). The operator pries the
'perfOfated cover up from the opening, which breaks the tabs bétween the

perforations, and removes it entirely.
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hold the two connectors together. 20 FIG 4 illustrates 4 hguappddecati on of
the vial adapter 21 to a vial 71 having a closure 73. The sharpened
carmula 33 will be nbved through the opening 75 of” the closure 73 and will
be pressed through the rubber stopper 77 to establish fluid comunication
with the contents of the vial. The crinped retaining cap of the closure 73
covers the stopper 77, except for the opening 75, and is crinped around 25
the bottom of the vial flange 79 as shown so that the stopper is held

ey in  pOSH ke derdil ikitd 1o AIGP AT A% il PEIRENEIG G A Lhe

“closure includes a perfora t ear - alhay oOr “bend-away coO shown) .

The oper aronngnte®w 4 heck fBrflichdefinesay passage fritonhé bedppLtiendal ihgh breaks
the tabs between the perforations, and renoves it entirely. 7 August 2006

In nore dEFTHIPAES iR ag QugvarllE ergending fanger [Rythat definas amopenieg 85 inoxishes1

connect ed | € fi . assage ,into the body of the vial 71
and ter m'v%]agt7 g's ﬁ?ﬁ}ghﬁéo%vr\}a%g§ OEQ%ZW@ tﬁdumogﬁssgﬁ?g ﬂ%‘“ﬁ qu%)fljiyn%’%te%ﬁng peni ng
85 int & t Hangy althéikby Thamingt deoroRARNe tedd? BfwHilE tYd &bsire %ﬁ?%ﬁded by the
outwardly extending 5 flange 79 thereby creating a convenient. fedge to

whi ch t hecdmpedrte firglyhglddhe stoppapdd inahe wials ppeming 8he st opper 77 in the
vial's openi ng-~85,. Conti nujn refer,to FI 4, each claw of the first

set of claws Zggl‘;}lﬂ]&m&g tpﬁgfergg?gfﬁuﬂﬁsegphgfa%pgm fiyst spEf £laves 39 And obEhe 89

and the t gsdndakr 6NEawe 1t 4 teish .nal., ends of
the second set of claws are Ioc%ﬁan ?hdﬁ%%ﬁf%ﬂ%agggd% ﬁé{ﬂg;@éﬁs%y t he
dashed | i aéclawsiang theecmmimel endsdof tha sédungl serbpdiaw@nire IddatedinheFommon

61 ane. 1 Odbiebecndertrd Torberdarbed ae haring hosumesai Heinsiosmbedmat. dh ane
Flcs 1, gL bl e RERLTERY Bt inirRiht IPestéd in shgsRot han e
| engt h of plane. delipenely, eanfitst 8e3T Rk S FHRUISNA b& @ﬂ‘?ﬁw‘?@gﬁ&nﬁ&annu' ato
protect an operator of the adapter 21 from being punctured by the
shar penedalong the intes pesipharab3ef thegtiroudddl |y, the shroud 27 is slotted to
allow for Referring now to FIGS. 1, 2, and 4, the shroud 27 in this embodiment is
15 longer than the length of the sharpened cannula 33 and surrounds the sharpened

cannula to protect an operator of the adapter 21 from being p'unctured by the

sharpened tip of the cannula 33. Additionally, the shroud 27 is slotted to allow for

selective bending outward to accept vial closures of larger sizes.

Referring particularly now to FIG. 5, the first step in using the vial adapter

20 21 is to place the end of the adapter including the sharpened cannula 33

surrounded by the shroud 27 next to the rubber stopper 77 of a vial 71. Next the

- vial adapter is manually pressed onto the closure 73 of the via.I 71with force

directed axially through the centerline 91 of the sharpened cannula 33 sufficient to

drive the sharpened cannula 33 into and through the rubber stopper. If the
25 diameter of the vial closure is relatively large, for example 20 mm or greater, the

second set of hinged claws 31 will deform plastically during the mounting motion

of the adapter to the vial and bend up to a vertical or near-vertical position

approximately parallel with thé centerline 91 of the vial as sh_oWn in FIG. 5, and

while the first set of shorter and rigid claws 29 will engage the larger vial closure.
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sel ective bending outward to accept vial closures of |arggiqstzas
Referring particularly nowto FIG 5, the first step in u3|ng the via
adapter 20 21 is to place the end of the adapter: including the sharpened
cannul a 33 surrounded by the shroud 27 next to the rubber stopper 77 of a
vial 71. Next the vial adapter is manually pressed ontothe closure 73 of
the vial 7lwith force directed axially through the centerline 91 of the
sharpened carmul a 33 sufficient to drive the sharpened cannula 33 into and

“through t he r ullherbastomp € the slirotliQ72h HisaBb&linhie Lﬂ&ﬁld’eis%l néé’la& ig%rtg? hinged

rel ativel %g for exanple 20 nm or greater, seco
claws 31 WdItha é?rseﬁrtmrpgwglmg:dwm}xr@m ﬁﬂ@venmermmeﬁ@ afetvigld Inahet he adapt er

to the vi vertical or r-vertjcal position appro
xi mately %g]rt?q%?ﬁpa}(ﬁ’?? H e?@ﬁ?ip?ﬁt’ﬁ’@ @(Ie‘b(‘fs qyendithe shaspemresiip iofi tie G 5, _
and whil eahhglafig & r [ e.the

| ar ger vi aIa cl gsur e. as%%ugét/&ugﬂf&sftﬁzsgg%ﬁh Ilrh:g t@o?é@%ﬁo@%‘ﬁ@@ﬂ?@h@’%ﬂay nthis
enbodi rentclaskes. befese dlefslmmehqmbm BBmeketra@s thdralos@zsi sts in guiding the

shroud 27 over .t he Clﬁﬁl' e ﬁ aal. In the enbodinent shown, the flared
portion extendd® BBG &1 ‘ﬁf@e%é & Br get ofclows RAdavingrmshartesdengthassi st i n

guiding t with.the vial cl osure

- before thgﬁgﬁtzl?%(gﬁgc ﬁag& p@geﬁggéer%#ﬁg”%dé faé"allvﬁ ﬁéﬂaéﬁgﬁﬂmr%t he
first set20fmml 2vdniN, the\irsgse of bbitsaril] @fg@%@ aﬁﬂ%ta’% EHECA A4 ?8' %ﬁ'{] that
when t he adaggggo ﬁ mounted on a vial wth vial closure

the firstP8¥ v%alvasmhowgag}BGaﬁd Dl&“tr@ thetengagetapitesf tR4 first sepapi t i on
on thepvi Dur|n nga enent of the first set of
10 cl 21\,(\)5 gl?v{é??tsﬂ)e Vi &f%’%gﬁ’r@e SF?fEl E geldd#@ﬁ 3hi vigddocl aws 31,
used to engBeevivl dbsiit®SEN SSnAf deform put of the
way as shown in FI C§ 5. Pl astllﬂc*hﬁg)?l tltfg’%h%?g?%é sec laeg@yaﬁf"'ﬁew&ws 31
occurs whBhFiKhé. cPlastic defoanbenn Oﬁd}ﬂxmdoﬁdG@mf&!l@@Bl%‘ééur@%H& thEWidper, the

t hi ckness_of thg) Ialgnd set claws is selected so that when pl astlcally
def or med, arg bent beyand a gertain gqrgs\ﬁ,spow Awirther, the thickness of the second set of

claws is selected so that when plastically deformed, the second set of claws do not

15 apply a substantial force to the closure 73 that exceeds a selected diameter. Thus
in the case shown in FIG. 5, the long claws 31 are plastically deformed as shown
and do not exert relatively large pressure on the vial that may tend to expel the vial
from the adapter. Instead, the deformed claws 31 exert little force against the
retention of the vial closure and the vial within the adapter 21,

20 If the vial closure 73 is smaller as illustrated in FIG., 6 specifically in this
embodirnent, a closure that is 13 mm + 4 mm in diameter, the first set of claws 29
will not engage the closure device but the second set of claws 31 will. As the vial
adapter 21 is manually preséecl onto the closure 73 of the vial 71 with force
directed axially through the centerline 91 of the sharpened cannula 33, the second

- 25 set of longer hinged claws 31 deform elastically during the mounting motion and
~snap under the crimped retaining cap 73 as shown in FIG. 6.
FIGS. 7 and 8 present schematic views of the operation of the claws with
vial closures 73 of different sizes. FIG. 7 schematically presents the operatlon of
the second set of longer claws 31 engaging a smaller vial closure 73 while the ﬁrsﬁ

30 set of claws 29 remain disengaged. FIG. 8 pnmanly demonstrates the plasnc
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15 apply a substantial force to the closure 73 that exceeflgyatsedect ed
diameter. Thus in the case shown in FIG 5, the long claws 31 are
plastically deformed as shown and do not exert relatively large pressure
on the vial that may tend to expel the vial fromthe adapter. Instead, the
deformed claws 31 exert little force against the retention of the vial
closure and the vial within the adapter 21. 20 if the vial closure 73 is
smaller as illustrated in FIG, 6 specifically in this enbodinent, a

I et | ' i the first set of claws 29 wll
not Sg:\gagﬁfﬂgﬁ% i eég\%%k‘%u&cmé@éy&ﬂ@ BaugAs el a3iapign 31 tm@7t1 he
vial adaptelrthadisi oo i@igedbt ¥n@iResed b 'lh@setlﬁ?géi—'c%w:gl 71%‘583‘;%1" Hﬁ% 3 i
with force directed amallythrqugh he cent®erline 91 o 2] I ne .
cannul a 3§,13‘f’ﬁéﬁl§é§%ha9@g§§€;hﬁwa dgmrgtﬂ&ntgﬁcei glr?\/\rrr;eglrgte;io;mg g:utol gg a}s/

' | ' . nder C .
Shown i n 1 G 8107 B LRt UG AHE Y atitee shownin B cheloogenat. on of

] I | . uoe [ r i El G enptic y
presents the. operacton of -t haesdly §' e F s BrbEpenvierk o CTahE dvane o
smal | er vidd isqresue] d®winglthe ahterrfating \pl2@ns@it ofthe hiavser2? sheFRE Rlaw

' ' | t th lastic 13 7 August 5006
det or et o Bihe sEiare: ebloTGT cistics 5 e iewmoLRIG. 55 chdeecondiscadep e
21 t ' ' t by those |arger claws .
hstead, CRRvSpbAehied S Beisl e PRSI Monbtne et pafiobradtt sics. Fi G

9 shows a thar ¢zichlofthevlasis dfithe te@indadeant BanwEROMRated tekFrerd i ML de >
lLines jndicated by the "9" nunerals. A view of the inner periphery 67 o
“ hir(gu&ﬁegﬁt

‘the s iS§t. PPRcauise Erbre lasavthrge tlﬁwsénteachaeti agl [}hbﬁl@lﬁﬂwﬁcggfeq}lﬁﬂst, 1;] Lr st
: 29.wi th econd set of |onger claws 31. In

' \S;?anm;f SE%@ ‘?@‘? ﬁ#ﬁﬁ%‘é@%ﬁ#%t 0'1‘(?l tﬁl?lcé\?\% tg‘i clavsdnreack setiarn therefdrer st se';] of
Claws 29 ghatid Ad20° TrHh AR IO (L sHHE er, [ HANeFAH Qhel DEpShAUe OF the
second set of claws is |ocated between two ¢laws 0 )
Because t Mg elawisenathbe eparledaparratatiffbrene intald. e @neraBRAE REaBBHF Y

Lo o nd NSheRS] LRIRAY 38 fs o appirent hom FIG o | ach et are
' 15 FIGS. 10 and 11 show an enlarged view of a variation of the second set of
claws 31 in which a narrowed segmeht 95 is included in each of the second set of
- claws to act as a hinge or plastic deformation point. FIG. 10 specifically shows the
claw 31 in its normal, pre-mounting configuration prior to engagement with a vial
closure. However, FIG. 11 shows the claw 31 of FIG. 10 in which the narrowed
20 segment 95 has plastically deformed and the claw is permanently in a new
"vertical" configuration due to the plastic deformation. Relating FIG. 11 to FIG. 8,
plastic deformation of this claw 31 of the second set of claws has occurred during
the mounting process of the vial adapter 21 on a larger vial closure, in this
embodiment, a closure of approximately 20 mm in diameter.
- 25 FIG. 12 presents an enlarged view of a claw 29 from the first set 27 of claws
used to engage a vial closure with a larger diameter: e.g., 20 mm.
FIG. 13 illustrates an alternative embodiment of a circular array of claws 97 -
wherein the circular array of claws surrounding the sharpened cannula 33 is
arranged about the inner periphery 67 of a shroud 27 such that multiples of the

- 30 first set of shorter claws 29 alternate with one claw 31 from the second set of
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spaced at 120" from each other in the same set. However,-,}\lrj?ggmja

enbodi nents, the claws may be spaced apart at different intervals. The
c¢entralized | ocation of< the sharpened cannula 33 i.s al so apparent from
FIG 9. 15 FIGS. 10 and I | show an enlarged view of a variation of the
second set of claws 31 in which a narrowed segnent 95 is included in each
of the second set of claws to act as a hinge or plastic deformation point.
FIG 10 specifically shows the claw 31 in its normal, pre-nounting ‘

conf i gur ath QR4 0 Bk ' LE. ver, FIG 11
shows t he cl?)éabvl\./ B%L‘Q%?i Flngﬂg?% in \EI\IIH%#H?%E\G?\ e S%’géy%wéggﬁ@?{? agerated

pl asti cal lappdafamcendd ahetetdre tiifeawhostepelai@ PEtidiekn chHWE:YYr 'oYRfrfg'\ePéﬂ';_{x)v
configuration due to the plastic deformation. Relating FIG 11%to I(i 8,

plastic deflormation of this claw 31 of the second set of claws has occurred
during the no | ) vi al adapter .on a larger vial
closure, in thﬁgﬁg%%oﬁﬁﬁ?&'g%}tggﬁﬁl@%e ﬁ%}%&? ﬁéﬂ%ﬁ YIOWHEA i n di aneter.
- 25 Fl G5 1prptradpitisb 99 160ied 96 thatwMerofheafhal i ﬁ%@w{m ' get. 27 of
claws ‘used to engage a vial closure w tehaa ﬁ*grlgglrléé ane erﬂ{lé fel.ﬁatg:;b.e,§ 20 mMm

FI G 13 i Istapper af ayidslosurartha prowudingaiti wihtesist raation ofitlay caainiigy ofde Cl aws
97 Wnereig the ci rcﬁ”' ar .ar r.ﬁg of cla su]%%oundi ng the sharpened cannul a
33 is ar FnSRAPERST P Wit e Ry dime e hagt PUNGHFeS e ZRbBercopREar
mul ti pl es opkh fAgr Shedih ey te.with one claw
31 fromthe séetggﬁéd%sés %P“ﬁﬁtﬁhgﬁaugus}ﬁ?g?gl ‘gllsecl)gnr?g%lr%éﬁ% %‘?ﬂtﬁ this

enbodi nentparalted torallongitelisdieniel 0T bivke RAuhdviearpesal éairtih 33PRGRLance and

t here e three shorter claws 29 between each pair of |onger claws 31.

Tur ni rﬂgj n&WRasimeny show, & plarality of eseaudingnibs £ 938 eifernsedon the sharpeted

protrudin ' f the cannula is engaged with the
Qaﬁhtﬁ’la%%:f Af %El?PesCﬁ? 5@{%&8?\'}'{}&@6: ﬁ?l?ﬁ‘ﬁ

rubber st opper a via rdi ng rib will resist rotation

of the car mil aRIBCES iddethanBar s FIRTRIBOViHehdelR RLOVAINERI%L Rhave
punctured the rubber stopper of the closute. As shown, the protr G ng rib
99 is el oAgeaserfl byid male duerpemstbctor 103 thereby pressing the piston element 45
further into the valve housing 23 and compressing the spring bellows section 65.
15 In response, the bore 47 of the resilient piston element 45 has returned to its
- naturally open position to permit fluid flow through the needle-fee valve and
through the lumen 55 of the sharp cannula 33 to establish a fluid flow path
through the vial adapter.
FIGS. 16 and 17 provide further details of the piston element 45 disclosed
20 and discussed above, The bellows section 65 in these figures has more bellows:
than the piston element disclosed previously; however, the piston element operates
the same as discussed above in régard to FIGS. 3 and15. The elliptical shape of
- the piston head 43 with the marquise-shaped, naturally open bore 47 is visible.
| Thus it will be appreciated that a versatile vial adapter has been disclésed.
25 The design of the adapter is such that an operator of the adapter is protected from
inadvertent punctures by the cannula by a shroud, yet the adapter can easily be
used to adapt pierceable septa to use with needle-free devices. Both a sharpened

cannula and a needle-free resealable site are included in one adapter thus

obviating the need for two separate adapters. The adapter also reduces the need

15




parallel to a l'ongitudinal axis 101 of the central sharpgpggusgaoge!a 33 In
the 10 enbodi nent show, a plurality of protruding ribs 99 are forned on the
sharpéned carnmula 33 and will resist rotation of the carmula. FIG 15 is a
view simlar to FIG 3 except the needle-free val've 37 has been accessed
by a mal e Luer connector 103 thereby pressing the piston el enent 45

further into the val ve housing 23 and conpressing the spring bellows .
section 65. 15 In response, the bore 47 of the resilient piston el enent 45

has returngdbd 4 : irion.to perm.t fluid flow through
the needl e-fee va @gngg%ﬂért%hé %lﬁébg%d%%?ur%ﬁ %"gaéﬁpfqliéngﬁ%ﬂrﬂa’&%?nmﬂh& 33 to
est abl i sh iavéntinmisfdapablesdfificih mauplel 18] Moflregdapter. FIGS. 16 and 17
provi de further details of the piston elenment 45 disclosed 20 and

di scussed aboveVhilg@apasylaniorme of temirgsntinnthawe beén Hlusaatdieandesribeti] ows

operates 't MR AR o EnCOUBRE BN i e et moddicigns San e
el 1'i pt i salmafengthofut dbbﬁtﬁiﬁ%&ﬁ tﬁ@_@;ﬁrﬁ%nﬁi sIcB}r)é Bﬁ@é%tg@: Z@@?@gg&"’}t ural l'y

open bore 47 is visible. Thus it w be appreci a &vi al
adapt er hds npebnenided thes ¢hie investidinbe dinsitgrhefept by tidgpieidetiwigngh that an

.oper at or apter is protected from inadvertent punctures by the
Jeaeiadd

carnmula b d, yet the adapter can easily be used to adapt

pi erceable septa to use with needl e-free devices. Both a sharpened cannula
and a needl e-free reseal able site are included in one adapter thus
obviating the need for two separiate adapters. The adapter al so reduces the
need 15 7 August 2006 to stock as many different sizes of adapters, as
the adapter in accordance to the invention is capable of fitting nmultiple
vial closures. Wile particular forms of the invention have been
illustrated and described, it will also be apparent to those skilled in
the art that various nodifications can be 5 nade w thout departing from
the spirit and scope of the invention. Accordingly, it is not intended that
the invention be linmted except by the appended cl ai ns.

P
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[207602.11 16 7 August 2006 . What is clainmed is: 1. A viapadapp@y for
interconnecting with vial closures of different dianeters,” each closure
having a seal and each vial having a neck conprising: an adapter housing
having a first end with an inner periphery with a circular array of claws,
and having a second end, the housing having a thickness at the inner

peri phery; and a sharpened cannula extending fromthe first end of the
adapter housing for penetrating a seal of a vial closure to establish
fluid connatis €laimedris:bet ween the vial and the first end; wherein the array
of claws conprises: a first set of claws extending radially inwardly from
the i nner periphery, each of which has a first length and each of which is
located and for meQ ;a1 ARG fol HGEornB iz B8l @bsutdd®f MifftengbOut the neck;
and a second set of claws extending radially inwardly fromthe inner

per i pherdjameiersieaoh clpsige badagal seaband fach|vialdating b neckecogweising: | ength that is

o B B R S B R, o

is located a n under the via t he
neck, eadlolasfs, dndchasing anccondend,dlie loduing hivoinga thiskieks 4t st inndr@eripieey;vi al
adapter ig placed over a closure exceeding a selected dianeter, each of
~the secdfl set of claws will deflect and plastically deformthereby

perm tting tRehidésdd catulLéxtGIdMISrdR R Al Q€ thelalSptérodSihg fi! Osure. 2. The
vial adapter of claim1 wherein the |ength of each of the First set of

cl aws i Peurating ageal of 2 Fighgjesuse tomstgblishoilEdeemmugicationdicheeendhe Hal apde vi al
adaptertﬁg takp1l wherein the I ength of each of the second set of claws
is selec 0 éngage a snaller dianeter vial closure. 17

wherein the array of claws comprises:

a first set of claws extending radially inwardly from the inner periphery,
each of which has a first length and each of which is located and formed to snap
under the closure of the vial about the neck; and

_ a second set of claws extending radially inwardly from the inner
periphery, each of the second set of claws having a second length that is longer
than the first length of the first set of claws, and each of which is located and
formed to snap under the closure of the vial about the neck, each of the second set
of claws formed such that when the vial adaptér is placed over a closure
exceeding a selected diameter, each of the second set of claws will deflect and
plastically deform thereby permitting the first set of claws to snap under the larger

closure.

2. . The vial adapter of claim 1 wherein the length of each of the first set of

- claws is selected to engage a larger diameter vial closure.

3. The vial adapter of claim 1 wherein the length of each of the second set of

. claws is selected to engage a smaller diameter vial closure.

17




7 August 2006 4. The vial adapter of claim1 wherein theaggeppdoset of
claws are thinner than the adapter housing at the inner periphery and
pl astic deformati on of the second set of claws occurs at a |ocation al ong
the length of the thinner second claws. 5. The vial adapter of claim4
wherein the thickness of the second set of claws is selected so that when
pl astically deforned, the second set of claws do not apply a substanti al
force to the closure which may tend to decouple the vial adapter fromthe
closure. 6. Te viTak (\j/ﬁd&ﬂipfﬁi’ oDlaieh Vﬁ!v&mﬁiem;]ﬂhe&]&:bﬂd ;dtegafeﬁr@aﬁ thigtherof kcI avvis

conprises a. narro .segnent at which the plastic deformation takes pl ace.
7 e vhat thaa‘i@f% opng At AR A pereBPRATK a%@la%t@hi@%qﬁmstﬁove%féhe Heord¥t second set
of  cl avér clawsRERS helosdiieh aldd3the1RRgn bP e AtaRl SEcoR@ERARS a smal ler di aneter
vial closure, each of the second set of claws deforns elastically to
engage the smaller vial closure. 8. The vial adapter of claim7 wherein the
second set ofz cla L Gal a l:t, O f directed
axially thr ousgh a@ggﬁwgeﬁgﬁggﬁ%@\%eé tﬁgglé%{ngsfs%sf%he {eﬁ%td Stg%(gfesecond set
of . cl awsclawd ik seleraqal dorthie when piastigadlg defraed)itigsecatdl ssusftodawsddawgpt applybber

- stopper placed.in the opening of the vial. 9. The vial, adapter. of claim1l
‘wher ei n E&‘ll St@“g@:‘)ﬁ)dcestgfhegﬁo %V(E‘CBF@W?}@&PQBC"&PIG he Wﬁ%ﬁ“%@iﬂi%ery so t hat

- they are]@uteernating with the first set of claws about the inner

peri phery. 10. The vial adapter of claim1 wherein the adapter housing

further conprises a shroud formng a part of the adapter housing at the

first end, t . ?ﬁgi ] i h to surround

t he shar pene .E@ﬁ@é’%a@? d e 1@1%16‘%%%%1‘&&{1%%8%%{%{ ?gﬁﬂ%{ﬁmﬁ 9%% oper at or of

t he  vi alnagdepd sagnfenoanvwhichdbie plastivt dgfernmtion takbyplédee shar pened cannula. 18 7

August 2006 11. The vial adapter of claiml| wherein the cannula conprises

a protruding rib located so that when the cannula is engaged with a rubber

st opper of a7vi al Thé e@RUEdaptet BEclaim 1 wherein the length of each of the second set of

claws is selected such that when the adapter engages a smaller diameter vial closure, each

of the second set of claws deforms elastically to engage the smaller vial closure.

8. The vial adapter of claim 7 wherein the second set of claws deflect
B elastically as a result of a force directed axially through a center line of the vial adapter so -
that the second set of claws will snap under a crimped retaining cap surrounding a rubber

stopper placed in the opening of the vial.

9. The vial adapter of claim 1 wherein the second set of claws are located at

the inner periphery so that they are alternating with the first set of claws about the inner

periphery.

10.  The vial adapter of claim 1 wherein the adapter housing further comprises
- a shroud forming a part of the adapter housing at the first end, the shroud extending from
the first end far enough to surround the sharpened portion of the sharpened cannula to
- protect an operator of the vial adapter from inadvertent puncture by the sharpened

‘cannula,
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protruding rib resists rotation of the cannula once the sharngnegs cannul a
with the protruding rib have punctured the rubber stopper of the closure.
12. The vial adapter of claiml | wherein the protruding rib is el ongated
and oriented parallel to a longitudinal axis of the central cannala. 13.
The vial adapter of claim 11l wherein the cannula conprises a plurality of
protruding ribs elongated and oriented parallel to a |ongitudinal axis of
the central carmula. 14. The vial adapter of claiml| wherein each of the
first set of HlawsTheasaladagterofchiah 1endramntheeastulDéonigiBeseponadifetibof cl ans
has term nal ,end and the term.nal ends  of the first set of claws and the
t er ni narfoéﬁﬁ%sootﬂattvﬂ?f"stgec‘éﬁ%ul%éﬁe“(gf‘g%l“éf\‘/bsa’éﬁb en SPReeef 3 ‘Halé’?oswrﬁli‘ﬁn pl ane.

15. The Mofrhdiagapt@istsXbtatibRbMhd chld Ve RMRAEAAT A1 £RRBHAD! € need] e-
free valve located in the second end of the adapter housing, wherein the

needl e- Frekwdingrih bavegpaparadghembhernstapper of the doswipon i nsertion of a bl unt
cannul a and closes to prevent fluid flow upon renoval of such bl unt
cannula. 16. The vial adapter of claim 15 wherein the reseal able

needl e-free Vi ve Theomdadapts ofichanh ¥ & wherei the pwittuling riblis elongseddindposed a

def ormabl e pi.sto | enent, th .provides a flyid flow path through its
interi or?nepﬁeélpﬁ{a@f’lgtﬁa ?‘&%@Pgﬁ%ﬁp‘fﬁh%“ﬂﬁﬁkﬁa&?‘ﬂ@ open bore wherein the bore
is closed to prevent fluid flow when the needl e-free valve is not accessed

and wherein the bore opens to_its naturally open shape to permt fluid flow
when the val Vé- i s The i adapter pf claipp g1 Wh@ﬁi@éamﬂla@pﬁmnmsmpl@am@fei n: 19 7
August ; J . -1 conprises a
Connect  a koIRGB0 ofiiRed FEAR ALY ol AR b S Rt

cross- seapwaal si ze di sposed adj acent the connection port, and a second
section.of a second cross-sectional size that is larger than the first
section; and the piston el enent conprises a deformable piston head in which

the bore is 14.  The vial adapter of claim 1 wherein each of the first set of claws has a
terminal end and each of the second set of claws has terminal end and the terminal ends
of the first set of claws and the terminal ends of the second set of claws are located in a

common plane.

15.  The vial adapter of claim 1 further comprising a resealable needle- free
valve located in the second end of the adapter housing, wherein the needle- free valve
opens to permit fluid flow upon insertion of a blunt cannula and closes to prevent fluid

flow upon removal of such blunt cannula.

16.  The vial adapter of claim 15 wherein the resealable needle-free valve
éomprises a valve housing within which is disposed a deformable piston element that
provides a fluid flow path through its interior, the piston element having a naturally open
bore wherein the bore is closed to prevent fluid flow when the needle-free valve is not

- accessed and wherein the bore opens to its naturally open shape to permit fluid flow

when the valve is accessed.

17.  The vial adapter of claim 16 wherein:

19 .




formed, the piston head being novable fromthe first sectigp,Qfobge val ve
housing as the needle-free valve is accessed and novable t0 the second
section of the valve housing when the needle-free valve is not accessed,
the first section having a size that deforns the piston head so as to
occl ude the bore, the second section having a size that allows the piston
head to assune its natural shape in which the bore is open to provide a
fluid flow path between the connection port and the exit orifice. 18. The
'vi al adapt er thé halsaignofiit rekealablemeedlbdreb @ulse begmpriiset b eornestéal @bd, &n needl e-fr ee
val ve conprises a.connecti ort and.an .exj.t orjfice; and when the

necdl e- fPUETERAIRES RISt oo SPetioBr] w7e TPOFHAdAC I hRAANEoGHORt on

el ement §uiQwhdl@Secbh@sdctivh 6  deB0MdRRASR-seiRHDdd the iORALL b iiRaiNal ve between

the connection port and the exit orifice. 20
section; and

the piston element comprises a deformable piston head in which the bore is
formed, the piston head being movable from the first section of the valve housing as the
needle-free valve is accessed and movable to the second section of the valve housing
when the needle-free valve is not accessed, the first section having a size that deforms the
- piston head so as to occlude the bore, the second section having a size that allows the
~ piston head to assume its natural shape in which the bore is open to provide a fluid flow

path between the connection port and the exit orifice.

18.  The vial adapter of claim 16 wherein:

the housing of the resealable needle-free valve comprises a connection port and an
exit orifice; and

when the needle-free valve is accessed, the interior of the deformable piston
element provides the fluid flow path through the needle-free valve between the

connection port and the exit orifice.

20




