VENTED SAFE HANDLING VIAL ADAPTER CROSS-REFERENCE TO
RELATED APPLICATION [0001] This application claims the benefit of U.S.
Provisional Application No. 5 60/734,165, filed November 7, 2005, which is
incorporated herein by reference in its entirety. FIELD [0002] This invention
relates to the manipulEA TR Saddf dbuN IR d A TdddARYBTEB particularly to
the reconstituting with a diluent and/or withdrawing a hazardous material in
such a way as to substan%%gyﬁ%\ﬁent the hazardous material from entering

the immediate atm%%méf fiehP §E%%ﬁﬁ%f@%3] Within

the nTedidal inthistiyplivadical persasbehsiayhe $erravabhal hgsdieateytotexic
drugs ' daily basj class of. cytotoxic drugs is cytostatic. .
e e e o SRS B R R SR e
antibiotizstymay cause health problems if inhaled or exposed to the skin.
Exposure or inhalation may be through leakage, aerosolization, or
vaporization into the working environment 20 during handling of the
cytostatics. [0004] Freeze dried or powgé%ﬁ) cytotoxic drugs, including
cytostaoexs], Malyibiaveaniairedewithineaniapolhaou@antainas afatbealydd more
pich s Repled By an lastameric ﬁﬁ%&?@%??ﬁd)%?%%ﬁ%%ed A%Ez%%‘c'ﬂé‘k% .
relatibn withim-an opening m%egoWug container so as to enable reconstitution
of thenfatseizé idiech ervpowd éredbsiaielicpdruenaihd hezasleomairinkinpm

therejnIhe BlasioRaris SIARRphARSSINPMMAY receive a needle of a diluent

containing syringe or other piercing-type device to introduce liquid. When the
diluent is added into the drug container there is a volume of solution within
the drug container that may compgse KEeRltaasspace gas therein and
incre ifs p ure. It is generally known that this increase in pressure
ey T e e I Gt et g
this orysofosagiregt, acoessof the: duily bomtaifielass ebkdge e drugerosostatic

effect e fesH Rolhe ORIV HAFS 8% AL PAHRDD ALAE kY LBIRX G AFHAL

the form of aerosol or droplets through the elastomeric stopper assembIY._
This BakiFRYSrsalBunbIpg saE i prederrose highie ding WROAHI AN

may be through leakage, aerosolization, or vaporization into the working environment

20  during handling of the cytostatics.
[0004] Freeze dried or powdered cytotoxic drugs, including cytostatics, may be
contained within a vial or drug container of the type which is sealed by an elastomeric
stopper assembly disposed in sealing relation within an opening in the drug container
so as to enable reconstitution of the freeze dried or powdered cytotoxic drug and to

25  contain them therein. The elastomeric stopper assembly may receive a needle of a
diluent containing syringe or other piercing-type device to introduce liquid. When the
diluent is added into the drug container there is a volume of solution within the drug
container that may compress the headspace gas therein and increase its pressure. It is
generally known that this increase in pressure may cause a release of the solution

30  containing the cytotoxic drug during this or subsequent access of the drug container.
Leakage or an aerosol effect may result in the outward passage of portions of the
cytotoxic drug in the form of aerosol or droplets through the elastomeric stopper

assembly. This leaking or aerosolizing action presents a highly dangerous situation to



the healthcare provider reconstituting the cytotoxic material with a diluent
and/or other persons nearby or who may come in contact with the
environment later, such as cleaning personnel. [0005] The extent of
aerosolizing may be minimized but not eliminated in the case 5 of a one
dosadfee ViRalltiereaxamgde rasnphsyiog dur evinsexth eritgaietivilof thcdifvadtor
into the, drpg-CRANIRIASE Ih6 RYRBGLeaRLRINGPhiReILERENHR IR BOWRE as
in the drug container, and the subsequent refilling of the mixture of the
diluerstaREHBH P ack into the syringe all take place without removing the
c_onn@ﬂnosjro rrhﬂm(te{asfamegiﬂiﬁmmey Bé thﬁidrugddﬂnhainel_ﬁmmﬁtaﬂarqﬁhease
sinale, dosaog hias been 10 withdrawn, Tniz procedure may Kl SeaHG R ea
leaving some?lqgld in'the érug dontainer and a pressure i the drug

contairierthh dreoesniaotecdhepiebetygueduoaing oftinodimte phabs pravdehusthe
u ”deﬁﬂi@ é@n@ﬂﬁé{%@ﬂf&%EE@W&@M&Q@@I&%&EQ&S&F thakithedime Bbwder

connector removal after refilling may likely result in some aerosolizing. All of
the aBBtfeMRoHERSS bR S B aFrEBARY SroN s dte cPENet oSt iy
procedisentdiic agipglefiasage vialtaiiemniiiplied i tiectasa Gk Mulbidasage
Yq";"s-»L?&Rr%ﬁi".‘ﬁﬁ%'a'rgé’eté?t?é}ﬁam lefial coptagt with the User may i drue
when'an "injecting EONNECLOF IS removed as itis ‘m/(e%/ that come of the
hazaotsnmatetiabresiuton thrayrescapeaior baledgpe et compdrelofizkideftom

the copResinRHLofHe AR0%RRMRAMRIRGRIEd Alt fLIMMARY:IQ007]

To address the aforementioned problems, a vial adapter is herein described
adapPiBiets Yide hma Artrpeeritansaevebiaifiy toxma ks ies Whén some
cytostatisdimatanpds (Hhwvaadapiedheseiengdastirhed poualizesdhe

¢ ntainer ta atmospheric pre sur.e;lremains clqsed- eq. reduces or
$ . Te onsgtutln§ g ocedurF wit Fl]su‘;l%e dos?é? vial are multiplied in the Cése of
eliminates drops coming from the fturd™ inlét upon discornection and vapors

escapmgirb_@hgsed@ eIiminate_d; n_eedle-free ; ar_1d pr0\_/ides for equalizing
pressmaﬂOﬁagqe%m%gﬁwaiiwmtdﬁsf ‘3911?4813;91'@1' BM?JJG&JG&QF ‘gﬁlen an

container. 30 [0008] In"one embodiment, a vial adapter is provided. The vial
adaptBicEaRs BB MolrEIRycHie hEUSTRE Sy ha kpeloyapaterial
chamigitionGanait &y ohBNex @lciNée HeA) PASSAFEHIEOB AML RIS HINLMIE dheg

%parvlvqt%ba{gyciplglrl%%réﬁt least one opening

SUMMARY

[0007] To address the aforementioned problems, a vial adapter is herein described
adaptable to vials and drug containers containing toxic, cytotoxic and cytostatic

25  materials. The vial adapter herein described equalizes the container to atmospheric
pressure; remains closed— e.g., reduces or eliminates drops coming from the fluid
inlet upon disconnection and vapors escaping reduced or eliminated; needle-free ; and
provides for equalizing pressure prior to withdrawal with filtered clean air entering
the drug container.

30 [0008] Inone embodiment, a vial adapter is provided. The vial adapter comprises a
housing, the housing comprising an expandable chamber to contain a volume, an
internal passage in communication with the expandable chamber, at least one opening

in communication with the internal passage. An access member is integral with the



in communication with the internal passage. An access member is integral
with the 2 housing. A hollow spike comprises a proximal end integral with the
housing and a distal end. The spike further comprises a vent lumen open at
the distal end and a fluid lumen open at the distal end, the vent lumen in
comnhawitition heidle weiktcamerisesssppeianad aibifigidlivigntha housing and a
commupicatieMERHRE REGESSIMBMBPES A TShhet Py AV QitestEiciSind a fluid
communication from the expandable chamber to the internal passage, and a
secontMRetIey aveerdistidade ginmithlBBA RO INE it Al 4Be e8! the
openifgs Q09 dire anathenenibodmianic aiviabhataptektossardiigeCOAtEREtheck
figted with a_penetrable clos{ure tf%{n erﬂteringn@a%liGn(t:%goBof th d{n gntlsﬁntainer

valve restricts ¢ municatt T the €r {0 t assage
and for removing PG matefial from or aaxo[l)ng material to the drug CONtANeris

providedia Freondahadapbicdesnpiseyaroissiig fiomibuiitonebpaprigedhe
hollowspike comprising a fluid lumen having an open end and a vent lumen
having an open end and an internal passage providing two-wa

comni¥fMightidh theP R ETRtIBE RS thed ﬁ?@%ﬁrﬁ%ﬁ@?‘%ﬂé?ﬂ@@%‘%@%ﬂﬁ@ﬂ? An

accesgineblel] RYide sliwong &) casinust aalidnyndtathe: el e efileild
ug container via the fluid lumen, and an opening provides gne-wa élui
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contain@pracanisiennprésdunswhermemoviritpnatepiét frompthangraiduid lumen

containen ¥ighhsACA8 35 N COPRLRAG LG I BECH WL AR IER LM Psage

internal passage into the ambient environment. An expandable chamber
integRIPWHITEAE PRI HIGA N the D5 bl b 4 E SANEErdn the vent

internaheassage-tessmrintRINDAGH e prossuye ah e dabign Gatalaentdtior of the
%nbi nt Whetn .addingﬂgn%teq:ill to the (arulg container vha the acce .Enember
and regi%igﬂrﬁﬁlﬂﬁridlﬁanes e from- 3nexapa?f’c?33}§ Rham SeOrI.ITOW i another
em bcm;ﬁmmnm,i@twgl\@idamfemtomal @mgﬁg@fﬁgmami@pmmémﬁm dv_ligl cadaypter
Compﬂ%%?oféﬁl%ééEIQJ‘@H&Q&%UB%%a%&‘%&!%ﬁ[‘éﬂ@d&%}é’%ﬁ%@?Oiérh?e%ccess

sealed relationship, each upper and lower section having a top and bottom

surfaBMPeh b i SRk hBVIA § VO LiATA satesmd s i I E tapdifthce

of the:lewekhaising cspsiiamitormingeaiflerge whe spikeufuitheihasavdistalid

ﬁ@d extending from the bottom. surface.of the \ower ho Si”@'ssTPeo Bikeas a

id ITHER parafid With & vERT RN Sthe U GMER 2P VaRt utnelt are

open@mnthiequraamizitendhoh thidispiketanad aréoderg container via the access
member and restricting fluid transfer from the expandable chamber.
[0010] In another embodiment, a vial adapter for a drug container is provided. The
vial adapter comprises a housing having an upper section and a lower section in

25  sealed relationship, each upper and lower section having a top and bottom surface. A
hollow spike having a proximal end extends from the top surface of the lower housing
section forming a flange, the spike further has a distal end extending from the bottom
surface of the lower housing. The spike has a fluid lumen parallel with a vent lumen,
the fluid lumen and vent lumen are open at the proximal end of the spike and are open

30  proximal to the distal end of the spike. An access member is integral with the upper
housing section, the access member having a two-way communicable passage through

the fluid lumen of the spike. An opening through the upper housing is provided. A

filter is positioned between the upper and the lower housing sections. An internal



30 proximal to the distal end of the spike. An access member is integral with
the upper housing section, the access member having a two-way
communicable passage through the fluid lumen of the spike. An opening
through the upper housing is provided. A filter is positioned between the

uppepPaiigthie roweeied bsimg Sediompenandrherinal 3 beissageeis gusitiomdermal
betwegnibeiHPRET ARhile IR NarSIgRAGHCHR: e IHaAln RASSAIRdE

fluid communication with the opening and the vent lumen and isolated from

the fIdEAMIRSHHA HPETE HA R ARAS Y8V B ¥IdEs RS Had ihs AT e oD

througiﬂoﬁli@ apaespagptathednbesmal pmsggeAAm@wamﬂkwm bﬂégﬁSal
| tegralﬂgs\g%v the hou |n and in fluid. commu ﬁtul) with the inter

passage o S0l smg, lélei%rgﬁn abie: cﬁam er hgvmélg%sé%%redtﬁ (Bllsmg
memB@remadabéeebmbehb@kngalvecwméﬂ)mewé?rcmﬁmmeck
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another embodiment, methods of reconstituting and/or withdrawing 10
hazaFiBARIADM SHANLFE provided. The methods comprise providing a drug
co nta{lmﬁl]commﬁm@rmammﬁdemk aﬂ&aﬁ@urm@gmd/@lxad&man@

L@rel ribed to. ttl1e drug 805“811 File%onstltutlon and/or WI drawatl
araous ateria C Provi eme S.C 11SC I‘OVId Tru amer

azarélous material of the rug container s via Cthe aceeds membertot the

vial adappesisgdhzirdopositieah) diép@e@gWMméaéaQWmﬁ/avmmm@teme

to the;RxnandaRle GIRBINGHABA/ MG LIWIE L R UHAEORIRBET 38 the drug

one-way communicated from the opening through the filter to the drug
contafiABRIIED LI OITEICEiHHBEMREN?S ey kiRl s hriBreBpsiiNghedisplaced
appakenifomdhne wigllewing teiaited dmp@ﬁ@abwbmhmdﬂﬂ/sﬂwumgl@ﬂme

ith the drawm S..20 BRIEF DESCRIPTI THE Fl %\% Fl
B e o S e e S S Do e T D e o

a perdpectiveauiew of the embodiment as shown in FIG. 1 W|th the

expangiABle ChABPEL AR EIPANFSLSIALS ARHA0LR] ﬂsﬁag%ﬁeﬁtﬂ% the

cross-section view of the embodiment as shown in FIG. 1 016]FIG. 4 isa
side dpYeEEedsH AGsSrRYe SO AR LOSISRENOR Pﬁ“IhI@Be éra\n@w] FIG. 5

is a side cross-section view of the embodiment as shown in FIG. 1, normal to

E(JG' 3. BRIEF DESCRIPTION OF THE FIGURES

[0013] FIG. 1 is a perspective view of an embodiment of the vial adapter.
[0014] FIG. 2 is a perspective view of the embodiment as shown in FIG. 1 with the
expandable chamber in an expanded state.

25 [0015] FIG. 3 is a side cross-section view of the embodiment as shown in FIG. 1.
[0016] FIG. 4 is a side cross-section view of the embodiment as shown in FIG. 2.
[0017] FIG. 5 is a side cross-section view of the embodiment as shown in FIG. 1,
normal to FIG. 3.

[0018] FIG. 6 is a top cross-section view of the embodiment as shown in FIG. 1.

30 [0019] FIG. 7 is a perspective view of an embodiment as shown in FIG. 1 with an
integral valved access member.

[0020] FIG. 8 is a side cross-section view of the embodiment as shown in FIG. 7.



[0018] FIG. 6 is a top cross-section view of the embodiment as shown in FIG.
1. 30 [0019] FIG. 7 is a perspective view of an embodiment as shown in FIG.
1 with an integral valved access member. [0020] FIG. 8 is a side
cross-section view of the embodiment as shown in FIG. 7. 4 [0021] FIG. 9 is
a perfBdiiveRifew! &f apeepisodinveatt of ahentuidateptel hs varsdaptsieas
[0022)Edn1d@ is a perspective view of the embodiment as shown in FIG. 9
with the expandable chamber in an expanded state. 5 [0023] FIG. 11 is a top

view B0 erhiBdathisit RESSBROIWA YiF wIed e soto4imRaes a9 shvg Ldd G- 9 with

crossisestinndaeiw ohihie:eimbodipeiatastabown FIG. 11, attached to a drug

contaj OOf@ FIG. 13 is a top view of the embodiment a wn in FIG. 9.
Cora T B R R S B P2 shown i,
13. 1002827 FG1 26 issule exgstotetoperspediihe sidwdvhte asmsiisodimkntlds

showpyinhEdG a0} EHSS. 16-19 are various views of the upper housing
of the embodiment as shown in FIG. 9. [0029] FIGS. 20-22 are various views

of thd 98%r3r nbli&iAg ISPt Sinwebiferr PSR s 1E1C. S0030] FIG.
23 is pwspaatve viewsiddbm gheck savenoditiie enthiiiernis saswalTa@n1im
GS d 26,]0Q31] FIG. 24 is a perspective view of emhodiment, of the

T2l e M n M R S e i
showHhl{m FIG. 2_4 with 20 the expandat_)le chamber in an expfanded state.
_[0033%0@@]- 265 an £xploded RErSPe&ivE Mewpl s embodipeniRgshane
in FIG. 24. [0034] FIG. 27 is a top view of the embodiment as shown in FIG.
24. (088G 1S6%s a side cross-section view of the embodiment as shown
FIG. P00295 atiars)ed-tp ard g aanRNe bf PO 36} érlkpRsid@ vIIharentakiohient as

yie SSQJVEQ% r9housing of the embodiment as

[0030] FIG. 23 is a perspective view of the check valve of the embodiments as

shown in FIGS. 9 and 26.

[0031] FIG. 24 is a perspective view of embodiment of the vial adapter.

[0032] FIG. 25 is a perspective view of the embodiment as shown in FIG. 24 with
20  the expandable chamber in an expanded state.

[0033] FIG. 26 is an exploded perspective view of the embodiment as shown in

FIG. 24.

[0034] FIG. 27 is a top view of the embodiment as shown in FIG. 24.

[0035] FIG. 28 is a side cross-section view of the embodiment as shown FIG. 27,
25  attached to a drug container.

[0036] FIGS. 29-33 are various views of the upper housing of the embodiment as

shown in FIG. 24.

[0037] FIG. 34-38 are various views of the lower housing of the embodiment as

shown in FIG. 24.
30 [0038] FIGS. 39-40 are a perspective views of embodiments as shown in FIG. 24

with different lower housings.



shown in FIG. 24. [0037] FIG. 34-38 are various views of the lower housing of
the embodiment as shown in FIG. 24. 30 [0038] FIGS. 39-40 are a
perspective views of embodiments as shown in FIG. 24 with different lower
housings. 5 DETAILED DESCRIPTION [0039] The safe-handling vented vial
adapter disclosed herein mayPrévdhEd DEvRiIRETEIMbIthcare providers from

beingQIgHgSE GO LK FHALONIRO CUIRtAiE: dugsdnsRIgMAAMRIZING:

pressure and tranRiyng pote.ntially harmful vapors and drug 5 between the

drug SHHMEAL Bral SyARGE BTy TRBI PRI BRSAD P WHilE pERGHTIRgCY tostatic

treatraeiat of patéents lidinioppyepar atio tagpiso\wataadapiaramayl kapprharandtlg
vapors . trapped in the event the vial adapter.is.removed from the dr .
R LR R R S TR R G i
elimiregnomted potictiie oraltbg SigProatpre-Jresswigtizdapites ohaygkeembaimdnliahors

air bq{@ﬁ%&@fﬂ%%@&?ﬁi@@fﬁ H@Jﬁé}lg%gg%ﬁ]%ﬁﬁﬂg %ﬁ\%%@n‘ﬁiner prior to its

pre-pressurize the drug container with potentially unclean air eliminates a
step f5RPIMe dRGyak nsiocEsed hegtiRimgtiTHE St CHFRBIRSEReGiYY t©
increasingesadeity. thb erviad adaptenilaseribgorb esgisy iaduaesntb erdncidences

Py n 9'%%53&5%'&1! %E%‘%@atr‘”ﬁr%ﬁguﬂ%ee%é‘%{ sharpened metal needies tsed
access arug C%)n ainers, I% er |mprovmg]i sa eﬁ/ an p%ace-o “min 0?
clinicidnsieateh eleanifign Bip drsprslelanhoreameridwongdonavithl teengbedten

This igRecomplshed, Ry, Sener 3l CRABRIAINE ARG IS REIHE &S Qs of

the adapter, as described herein and summarized in the figure descriptions
that fBREMESfEA0Y PHRiRatRe thrdeetiosthamersfimpirbrecicg ysedif i srselrue
combipatiarof Gaseanehblieiit. (RO {404 1dnA piatadapiad st RIpNiced mdickaning
mprises a housing. The housin e . of plastic construction or may pe
e e bt et et e e e
attackdeppnagubstaliwescsnchddsatytotokib drdgseard dtharbivd lenagsand

Mategmﬂgﬁ%gqnfg{eqmgjg.sc%{gﬂgB{glsfj)qﬁmgngineering thermoplastics,

filled or unfilled, and composites. Thermoplastics include materials such as
25 pdYithedeasraphthidates (PaiheBBlERyhetetyitivameeTbiyyon of gas

and liquid.

20 [0041] A vial adapter is provided which comprises a housing. The housing may be
of plastic construction or may be fabricated out of one or more materials designed to
withstand chemical attack from substances, such as cytotoxic drugs and other IV
drugs. Materials include for example, thermoplastics, engineering thermoplastics,
filled or unfilled, and composites. Thermoplastics include materials such as

25  polybutylene terephthalate (PBT), polyethylene terephthalate (PET)
polyethylenenaphthalate (PEN), cyclic olefinic copolymers (COC’s) and
polycarbonate (PC).

[0042] The housing comprises an expandable chamber to contain a volume, an
internal passage in communication with the expandable chamber, at least one opening

30  in communication with the atmosphere and the internal passage, and an access
member integral with the housing. The vial adapter further comprises a spike
comprising a proximal end integral with the housing and a distal end, the spike further

comprising a vent lumen open proximal to the distal end and a fluid lumen open



polyethylenenaphthalate (PEN), cyclic olefinic copolymers (COC's) and
polycarbonate (PC). [0042] The housing comprises an expandable chamber

to contain a volume, an internal passage in communication with the
expandable chamber, at least one opening 30 in communication with the
atmospheraibadhthéd jilanhithrasezdenanth sarapdeisstmemibbe tiniagraplvitbsage,

the haiisings IUAR Vil QABRIIHHIRST SOMPHISES shikE . Q%‘Pirélﬁm;ﬁer
proximal end integral with the housing and a distal end, the spike further

compHEHES R AT BPRS BF Gk A0 hB it s aihar4eNiss iabreitely
openerpsoxdnualieibareistahne nd, dve swenddibarern ifecaanadupisationinhclbsse

intern SS the fluid lumen in munijcation with the access membey.
sttt ER B S S s g
otherdié¢iertitd yausadatyeeetyrshand opuiidesthaitibia fhorerthadableedwmiwmplilof

the Y'ﬁhﬁﬁlﬁpﬁ%s%@'ﬂf@& ﬁ‘ﬁl@ﬁ%@;ﬁs%g@%Fﬁrlﬁhg%ﬂ_tgﬁ?eﬁf@ﬁ&ﬁtﬁ{ﬁéﬁ? fydhen
adding material to the drug container, the differential volume is received and
co nta‘iﬁ@ﬂvmmﬁtﬁﬂéﬂef%g'&eaﬁég&?&%ﬁé% iR P Esa reRkd via the
internalepaspageiang drogieospainiey is comintainadoVigntheamavinganaierial

rom the drug container, the differential volume is repl via the, one-
e R e R AT el R e
whilerapvislentqpidsdurlin thendeuy edntaimasdsopainthinegh Thepdakadapthe

furthe, VIS IR b il G SXURAIS B QSRFLARYCR i1BRASBENIOHESY (€ssure

open énd of the syrln%e or other connecting device into the vial adapter
witholit Bestiienthyss prexdngs orPther de¥si BRI HF Y ArgS M BitkEr device,
housifg4®)d dgveaniaiper i3] ihfieadal adapiaphieusinghingusesaely

follow spike whIchis Drosimately 15, Integral 10 houslng and 90SR.. i e
proximal=o ItS distal eng or communicating wi € darug container. e

spikedmayimtlinte dHeasikowmiuimendbotsfiwhicmenayds obpéirproxirhel
to the, digtal s STiheSRkE &{Hjoﬂﬁggﬁﬂé Qﬁ&ﬁ’dﬁ{“c%r?%é{dg GRENRIBLLaCH Bher.

openings in the lumens may be at the distal end of the spi_ée, the side of the
spikeTBY OPFEIREHENRSIEMARY MaY tsetbihthé trbseader dhssitke siikeidif the spike
anothgromancaRpeiige 2R ey bt enithe idofahihpigpikel ahdeéelativg opening

B RN PR o e et oo e dee 1S b
metaborxcon poditalivatendbiThe spikennydye e desigmedifferent. The spike may
be constructed of plastic, metal or composite material. The spike may be designed
such that it easily pierces the closure of the drug container. The open end of the spike
may be pointed and/or beveled for facile insertion into a closure of a drug container.
25 [0044] The vial adapter includes an opening in communication with the internal
passage. The opening provides for one-way communication of the internal passage
with the atmosphere. One-way fluid communication may be achieved by any means
capable of restricting fluid flow, such as a check valve. The opening may be in
communication with a check valve disposed in cooperating relation with the internal
30  passage for providing ambient pressure within the vial adapter and drug container
while preventing escape of hazardous material. The communication between the

opening and the internal passage and/or vent lumen may be filtered to avoid

contamination of the contents of the drug container. In this arrangement, the contents



such that it easily pierces the closure of the drug container. The open end of
the spike may be pointed and/or beveled for facile insertion into a closure of
a drug container. 25 [0044] The vial adapter includes an opening in
communication with the internal passage. The opening provides for one-way
commbidisagontaneharintbene patisaebandity thichdipiaspiseramncméapvaptédid

commpRISBHAN mashe ashigiad by any means capable of restricting fluid
flow, such as a check valve. The opening may be in communication with a

check®dRk ookl TBB) BT RILAS WY WesHitat iy S5 paesdhdor
providing mim bientdpressutenyithisstige. idleakl apites ang deugnptitainesa while
preventing escape of hazardpus material. T mmunication b en th
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contarpimatiomhefdite euriearsrsivmttbedtory abatairel uiectiigasriingehvedtighe
contenisiA et HHAEPNRNE, Mak ReHRGANSUIE RdQRL WItRArawR Hgehe

uncontaminated atmospheric pressure conditions. [0045] Check valves may

be eﬁiﬁ?&%}%&é%%%iﬂﬁ’é@s@%}gﬂl}}%ﬂ@%~ fithg Cﬁ%‘i’f‘éﬁ%Y? Hﬁibﬂﬁﬁhﬂ‘ié
internallpassagaiCieckruatves maydecoapioyed apeaibecodprEatipenpatiile

eck valves may be assembled in a manor that will allow air tq vent jnto the
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and anymaplkosolizddelridvihatawaye éhidrfthe intbirad thersdagk thhougicthially

vent lymentagniesintmihg andabie shambar.khaiceoperative Ralof ow

check valves prevents or restricts vapors from escaplng the opening and the

expaftisbIBSIOSHEMINES PHRECUEBEr RN DB RgYRasH the
checkysadwesTReitaasn §greexaiplgeans ahieskivalvepsilawingafluigflewliandhan
Ilg]e okﬂgr che[%k valv eﬁsentialllx co‘Inc rrentlt restrictinge qr ge entip .f|tOV\tl.

e chie8RvalveS Brefetabiy Have’d Tow “cracking pressute o as to preven
or eliprinate resdove tedbaildupananylced oidtee systerhpafkrecratcking
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The check valve pair may also have a low reverse leakage characteristic to
preveht AP Q6L RRE e g TFehY Blerigal s dieerides trianRterien passalpiye duck
the enNironmerlILChetk Mgdvesdnclude, for example, "duck bill" type or

. pirﬁl"t e. lous other types of check valves may be used, for example
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vent opening for enabling the pressure within the vial adapter to remain at
atmospheric conditions while preventing movement of hazardous material outwardly
through the vent opening. The filters may be sized commensurate with the overall
size of the vial adapter or its components. The filter may be of a disk-type or any

25  other size sized to fit cooperatively with a check valve. The disk filter may have a
hydrophobic surface on one side or on both sides of the disk. The filter may contain a
small pore size, such as 1.0, 0.5 or 0.2 micron, however, larger or smaller pore sizes
may be used. The filter may include the hydrophobic surface in communication with
the vent lumen of the spike and surrounding areas to prevent wetting of the filter

30  media, assuring adequate ability to equalize pressure within the system. The filter,
and preferably in combination with the check valve, may provide that the drug
container and vial adapter avoids or resists becoming pressurized above atmospheric

pressure, which would present the undesirable possible exposure to potential



20 [0046] A filter may be disposed in cooperating relation with at least one
one-way vent opening for enabling the pressure within the vial adapter to
remain at atmospheric conditions while preventing movement of hazardous
material outwardly through the vent opening. The filters may be sized
comnaeliesoliat anitkpTmangveralliping of thredyire wbkiptalevicitss coippunents.
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with a check valve. The disk filter may have a hy ﬂlﬂgi)hoblc surface on one
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provide that the drug container and vial adapter avoids or resists becoming
pressiifiZeignhy A uthiekferRmpredcird ReFREHAIbIndPpiuaR iRy pheric
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undei)&(ar(mal use. 5 [0047] The internal passage is in one-way
communication with the expandable chamber. The expandable chamber is
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passage-widye expandabis ehanienisiadaptes Mergsrivevand iresainshe fluid
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whichvidrdnsvall ofr fhadtwirthe ghiangherofior éxarmitemttie dxzarrasidier. The fluid
chamiet MY So5R FBQt??eQnﬂﬁé@é’e?@ﬁB@ﬁ@@Piﬁdﬂ?J@fﬁfﬁ%&ﬂrﬁ'l%? SERIRGIP Fne

rigid portion. [0048] The vial adapter includes an access member. The
acce 38556 MBBPH 8l IBR ¥ 8RSy eoAs IS 0D Mavitr N flaRFHAh esPONNE
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comprise a needle-free adapter. The needle-free adapter may be a female luer-
activated two-way adapter or male luer adapter. The needle-free adapter may be
secured to the access member of the housing. Various needle-free adapters as are
known in the art are adaptable to the vial adapter housing, such as CLAVE®,

25 SMARTSITE®, POSIFLOW®, BIONECTOR®, and CLEARLINK® and others.
The needle-free adapters in combination with the vial adapter herein described
provides for accessing the drug container for introduction and/or withdrawal of fluid
under ambient pressure through the closure of the drug container. Hence, elimination
or reduction of aerosolized hazardous material into the environment incident to

30  withdrawal as the needle-free adapter self-seals is reduced or eliminated and further
provides for needle-free manipulation.

[0049] The expandable chamber of the vial adapter may be mounted on the housing

or be integral therewith. The expandable chamber accepts a displaced volume from



communication between the access member and the fluid lumen may be
filtered. The access member of the vial adapter mounted thereon may
provide a sealed septum or similarly constructed valve capable of receiving a
device for needle-free introduction 20 of fluid to or withdrawal of fluid from a
drug terdaiaspnpirenurbsanmieonbEPMaY o prsda treedieafresidompide

The nggdledieaadiaplamarde aiamrle Jues-rRativale thino tway pdanter Wil
male luer adapter. The needle-free adapter may be secured to the access
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container. Hence, elimination or reduction of aerosolized hazardous material
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anipulation. [0049] The dable.chamber of the vial adapter. b
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chamber is at a minimum in the initial position while the final volume of the
expaftRneblsahisbesttil Firadbsrionndipgeatemmisplaitd famahodtane:

The fipgiaelvmeeoliien g xpandabissplamberhnabe soedetdid the face of the
ForreRpondLwith.a predicted voyme fhat may be itgduced I0(0 e g or
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expandable chamber will be readily apparent to those of ordinary skill'in the

art. THYWpahtpREAaABEREICHES 8! eorRSHisdrapy RioEspapieighe
expaneingdhammaniaitadpesitton i@ Befiahpasilihanithe tieKiblensormidvapgir

ay comprise a high gas and/or liqui rrier film. The flexible film may be of
o BNt e TR P e e e g e
chaniBer witina vahiaislpiekpahdirtgmohynhe isolaed dranbd fiertimbeeigranded under

normal use of the device and may be restricted thereafter from reducing its volume.
The volume of the chamber may be prevented from being compressed to a smaller
volume after it is expanded, for example by one or both of the check valves. Thus,

25  harmful vapors within the device remain essentially contained within the expandable
chamber to further enhance the safety of the device. The vial adapter thus provides
for the user to remove the vial adapter from the drug container between usage or prior
to its disposal.

[0051] Withdrawal of a volume from the drug container may occur with two-way

30  fluid communication through the access member of the vial adapter housing and the
fluid lumen of the spike. Maintenance of the drug container at atmospheric pressure

conditions result from one-way air draw from the housing opening through the
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passage of the housing and the atmosphere. The film may be sealed to the
face of the 15 housing or surrounding area. The vial adapter may be
designed such that a pair of cooperative check valves in the device causes
the film in its motion to expand the expandable chamber to a larger volume
whilelipiavelitivgs s sedurntdinsbrigin aifelg venen T thaslrag derjanesiier ease apfl
the vigl.adapteinaihwagy be forced out of the drug container and be directed
into the expandable chamber by the check valve pair 20 and expand the thin

film ofMr-bxpRiidaniaRRisHIBAY ButdARE IR BE MY W e GBS antaHpR via a
internaiveluan e pithizlchainbe ravaysibs eaisdained ondae Wurhee éxpaondather

upder, OIMaLLISe. Hﬂfﬁ‘?egc?n"'{ft%t%%d MRy RenigstIgrep tnarealter from

reducing its volume.  The volume of the chamber maylbaé prevséﬁltaet%rﬁlom
beingcenmpeeskrsdito Ahsrpidiienaydie e gty ithshexpalridepiefdpicieadiylechyring

one qrbot K e EHECH MARS: AU n25 BN APBES LA EREFSYIER use.

remain essentially contained within the expandable chamber to further
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its disposal. [0051] Withdrawal of a yolyme from the, drug container may .
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draw from the housing opening through the 10 internal passage and vent
lumeiether b ire htidisie e Brtasiseiidrauss Aidhe ey eaps. The
withdsgpitalndQ08AEdth e wal actapietidnayshacadapted tpike maunted aheatdrug
?g)ntainer. via a %kirtfso as tto trovidetse%ured, rﬁ){ersibl tsealed ens%agement
With RS EY Ra & B AR U rar TR TS ABIS Ao uct as
withdpawakofl Ranardelis mate iak ¢ogtainedl thelssind The skitamery bl iliageal
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or may be adapted to be joined thereto prior to use. The skirt may at least
partigiljrappiesiianbedirenen et e doYitranarshs dnpr sk thamspaeevte) o
piercarhe-clesuee. of the drug container and be disposed in sealed relation to

%11 thf 'H#tﬁior cg} the drg\% cc_)nta(jnerl, Th% skKirt 1 a ian.cluge segments, suech as
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includiesamizbdr cbitGS. 1-6 depict an embodiment of the vial adapter. FIGS. 1-2 are
perspective views of the vial adapter including housing 1 which includes access
member 3 with threaded attachment means 3a, expandable chamber 2 adjoining the
housing 1. Expandable chamber 2 includes flanges 17 and 17a providing groove 17b.

25  Skirt 4, integral with housing 1, includes vertical gaps 16 providing segments 4a and
undercuts 10 for attachment to a drug vial. Flexible membrane 5 conforming to inside
surface of expandable chamber 2 is sealed to edge of expandable chamber 2 at flange
17. Alternatively, membrane 5 may include means cooperatively securable to
chamber 2 via groove 17b. The membrane may be a flexible film of low elastic

30  modulus. Unexpanded and expanded flexible membrane 5, sealed at face seal 17 of
expandable chamber 2, is shown in an initial and final position in FIG. 1 and FIG. 2,
respectively. Figure 2 depicts the vial adapter configuration post-injection of a

volume via access member 3. Membrane 5 of expandable chamber 2 expands from
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features to secure the vial adapter to the drug container. The undercut
features may flex outward due to the presence of the undercut features and
the vertical gaps. The skirt and segments may be of plastic construction. The
spike area and segment 15 spacing may be of a size to fit a variety of sizes
of drug tohthiediiais agiobmeserprinden the minmlbyduBs mapFanHeg e sizden
vials gRdiRILIEERMNRINEISRRE [R5 IS ARROSHUNIDIIRE Uniyersal Msgintia Giirt
may be integral with the housing or may be eliminated from the housing, so
that tHEWEbiceerkag e ristats f54sr Szehiabar dRRyBAtHIRES S5t
Refersing siade torthe: drayvioasnmacolis Wistratiet pboginentsdsipichel in FIG.
dgscribed FIGS, 116 depict an embodiment of he. viat adaptar, FIGS, g2 are
perspective views o the Via aélapte?]iné?u%lllng ousing PWhich inciudes =
acces¥hendidas ¥iidnathndrmed dmachnidnenysaiis Bhnmaoaddables chemboar

2 adjgipingrhe nousing LExpandaR|s chamhen 2dnsbesirrges df @odand

17a providing groove 17b. 25 Skirt 4, integral with housing 1, includes vertical
gaps PEGrEHiNG Ly inEHal 2355889 loriddraitdii FonincEniAeRtty Retdg:
vial. Foesile mETBbsang Sseandaimiy iofhisidealsiddaecHobexpandadile; filter

amber 2 is seale dage of expandable chamber. 2 at f e 17. )
R e o8 i 1 08 O R RO S AR A B, ISy o i
chamisete@ wiangroayé l1sebuiitecheckntalan€an8yaoer 8 fidivibladiliteofisesmbly 9b
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at face seal 17 of expandable chamber 2, is shown in an initial and final
posititlVif G218 Matpgreipg osshipwiB At s serhie’d: désictednd sRirpigsistehe
configueakionlRost-inj@atiap efadioMSHiNaMIAIREOBSS PACEN R &Y. Y afiRlbraneith
P§ expan able ch r'?ber 2 expands from 11 an initial volume to a volume

1lter gssem . . e .
greater than the’ini il volume. Vapor and/or air within the drug container are

urged@5h infedtiohiopeoviskieiindidtugtcontainentqos tivoubhidhieckirt 4
valve Qf A0R RESEFRLIDGNATPE 1 ARSARY b Q%ﬁ@ﬁ%@éﬁ%ﬁ@g drug

provide for one-way communication with, internal passage 15 as depicted in

FIG. sotaiseelosfye 6l prérpifésadaelidined mrranitation it iedsakainysing
chamiaerudindViemdlyskiswitbdeaiufiionsia Withd eantaiaer Yienfbuch bpeging 14a

d access member, ssure.|s equalized in the system by ajr being drawn
by e b SR R R S B e
into dnegnbentameungh apamdudreprddmal to distal end 7a of spike 7 and isolated from

vent lumen 14. FIG. 6 depicts a top sectional view of vial adapter housing including
alternative check valve- filter assembly arrangement. Lip 18 secures and compresses
check valve 6b with filter assembly 9c. In this configuration, check valve 6b is

25  positioned between expandable chamber 2 and filter assembly 9¢ and filter 9¢’.
Undercut features 10 of flexible vertical sections 4b defined by vertical gaps 16 of
skirt 4 provide securing means for securing the vial adapter to a drug vial.
[0056] Referring now to FIGS. 7-8, FIG. 7 shows vial adapter including generic
needle free valve assembly 23 having threaded elements 23a secured to access

30  member 3. Needle free valve assembly 23 provides for needle-free access to drug
container by a needle-free syringe or other device. FIG. 8 depicts a section view of
the vial adapter with generic needle free valve assembly 23, the vial adapter in

sealable engagement with drug container 100. Generic needle free valve assembly 23
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[0054] FIGS. 3-4 are sectional views of the vial adapter housing including
filter 10 assemblies 9a and 9b having filters 9a' and 9b', respectively. Filter
assembly 9a is seated in opening 11 securing check valve 6a. Spacer 8
adjoining filter assembly 9b bridges and secures check valve 6b in the

housitigluberce aseanarc cermbes SSesetvedcpieerndratve 63 e relament il gnergstip
with THig RISEMb6BR Facs:3ahbs SOBRrep3L eI nfMRGK NN oMb Bvides

mating relationship with filter 9b. Spacer 8 may be integral with 15 the filter
assemoT5A fOl5E) SRR 7R SrERinHIRf St S holRitg et HRd PEsiibred
withingkiénds anchinaludasckpsaings araxieiaistandistaiaaderal baving acshape
fQr penetrating.a drug container closure. Fl depicts a longitudinal .
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comm@Picable with vent lumen 14 through opening 14a 20 proximal to distal

end 7[@(Bf7§pi|‘_i€eﬁen'ﬂ§i9d{’é%eﬂé§. i§.@2mvmymf@bé@a%me@%ﬁ§%a|m§mber 3
through openln%13a§rOX|mal to distal end 7a of spike 7 and isolated from

vent kRveAiFgNEfES &8}3?‘6%@ B%BQSEE%W&G%‘P’Gi’é\F&VdQ&é‘P%%ﬁi@haped
includipyg:ralbesnatda@ eheck vahvewititabassennlly Genarigasenrt feipviBe

cures a ompresses check valve 6b with filter.assembly 9¢c. In, thi
B T 330 B ek e T BN e 00
2 andbfitiestaksenibiyron anpkfiltendes sipndeednyfhousirespOiof fERible@wertical
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securlr(ﬁqthe vial adapter to a drug vial. [00564 Referring now to FIGS. 7-8,

FIG. 2&RdirdudrarateaptsrdHIGBE aReHe aaRiendosek Alvehege it e
havingHiupad echelemepisddaseersadiéa AcaeRsnadNmenses Jchlegalg¢abesal

lve assembl rovides fqr needle-free access to dr ontainer
FR e SO oF BN LA FIC™ B Ul 4 LBO DR AT B T
adaptexdWith. denersiecri@adye free valve assembly 23, the vial adapter in
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assembly 23 12 includes elastomeric member 50 sleeved on conduit 55.

Male ¥lepissfi3obmgRigae s yiE S enriocs decEsastieAnsdledres be in
elastemeatislimEmbenkRsavisas ifensadatye gesnavnicatian \withndakcured on

%?apts%ﬁt ) ?ig i Undercut features 200t segments dayurround neck of im

ug containe g and are |Irﬂer ere sBy 3§U% container %1 ca% §§m§lp|]ke L?

penetrated gepthpusdiz At apBOuid prowidsl AcCyssitg didg comtaliemen 213
proximal to spike distal end 207a is positioned forward of opening 214a of vent lumen
214. Opening 213a may be positioned rearward of 214a or may be positioned equally
with 214a. Positional arrangement of openings 213a and 214a may be arranged as

25 needed to prevent or eliminate crosstalk between the vent and fluid lumens during
use. Spike 207 penetrates septum 40 of cap 39 to provide access to drug container
100. Filter 209 is sealed to upper housing 201 at sealing surfaces 212a and 212b, and
supported by upper and lower support ribs 233 and 234, respectively. Energy
directors 212c may be utilized on sealing ribs 212a and 212b for ultrasonic welding.

30  Other surface effects, such as adhesives or heat sealing may be used to seal filter 209
to upper housing 201. Check valve 206a is sleeved on flange seat 218a and secured

by annular ring protrusion 208a. Upper housing 201 is assembled to lower housing

222 by ultrasonically welding shear element 219 of the upper housing 201 to shear
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100. [0057] Referring now to FIGS. 9-22, which depict another vial adapter
embodiment, FIG. 9 shows a partial sectional perspective view including
disk-shaped upper housing 201 mated with lower housing 222. Generic
needle free valve 10 assembly housing 223 is integral with upper housing

201. Eirpendableichateer popinyrdRcs fienardinafiomt dpfrer Pibasidgasonic weld
supPQsiRd QYLRAKSINGRBIIRE, 289: doWeheRQUSIBISATIACkdRRSliThiaQ4 and

segments 204a surroundin Fg spike 207. Segments 204a include undercuts

210 FBFOSERGRingFbid ShmpariRe rse B i Lds W6 of drug container 100.
Unexpmsdpd Reftexpancded ffesihle3mentheak e2S Ewdledeatdaca seagcl&at

2 pa dable chamber 202, are show nitial final osmon in
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member 50 sleeved on conduit 55 and secured on 20 seat 227. Slit 31 in
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and 2443 may be AltangedRs 2 needed to prevent or eliminate crosstalk
between the vent and fluid lumens during use. Spike 207 penetrates S%Ptum

40 of 09p%%0 RefroitaeuteEiis: diudcsrraimor st Hifrslwiss sheskarldeto
upperlhgusieg 20k atlﬁﬁais@@gsaa‘aﬂﬁs@ml@@ad&ﬁm md [ﬁiﬁ@p@ﬁﬁ@drbﬁbs
per,and lower. su rt ribs and 234 res directors
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filter 269 UBR%HQAJ%QQ %Bﬂrer%'{lﬁﬁhgfg?}lXEr %%ﬁ%i%:ﬁé%@!?é’ A0 5@1’1&% SAkes
218a and secured by annular ring protrusion 208a. Upper h ousmg 20 Y‘ﬁl
19

asserhblednd A& avdsitvguoemsrnitasBiEaY wRarRiscabar
of thexoppphiaustg 20y teishealcatdelemeptras ofthe lower housing 222

AR S O Ussaneyet, Bt e R rsopresd
segments 204a with undercuts 210. Flange 236 with fluid lumen 213 distally extends
from housing 222 to provide spike 207. Fluid lumen opening 213a is positioned
proximal to distal end 207a of spike 207. Vent lumen 214 having proximal end 214b
positioned at base of flange 236 and below the top of lower housing support ribs 234

25  and distal opening 214a positioned proximal distal end 207a of spike 207. Upon
assembly, vent lumen proximal end 214b is positioned below filter 209 and lower
housing support ribs while flange 236 is operatively coupled to generic needle free
valve assembly 223. Lumens 213 and 214 are shown in a parallel-axis relationship.
Distal end 207a of spike 207 may be central to skirt 204.

30 [0062] Referring now to FIG. 23, an enlarged perspective view of check valve 206a
is depicted. Resilient members 266 are integral with the respective disk portion 268

and with the respective ring portion 270 and extend in a spiral path between the

respective disk portion 268 and the ring portion 270. Disk portion 268 of the check
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processes such as spin welding, adhesives, and the like. [0059] Referring
now to FIGS. 13-14, check valve 206b is sleeved on flange seat 5 218b and
secured by annular ring protrusion 208b. Passage 220 is in communication
with internal passage 215. Passage 220 together with passage 215 in

combiabdRowitiexhe sleargl endliBigpronid E¥p ot nagneyteararuaicatibhy
with vent Jmen &kt %Qoﬁl%@@@@é%ﬁdﬂ%mﬁ GREVIDRUODAY FeRIcYAlVBase

206a and passage 221 to direct fluid within the vial adapter. Shear weld
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includedsdhecRafeivag flange EEa3. 2188 winhthersgalgrslazar tmbedimenspedepicted.
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2a and 212b provide securing me or filter 209 upon assembly. .Check

e R D R R Bt o)

Referpmginog toaF \G8.0ponaR, Jdlvardawsinty 2Ruidehicielssitiet 202 2addnay

RS 48 5 R O iR

extends from housing 222 to provide 2
posititABHOPHOSHRAI Y TSt LR HieTRHPSHIREK 26 \EAR Mifes2 PP K4Ging

proxidvanendadittho positionae dhhase 06 flangpe2 B6using belaw th@dopheh
‘%Wer housin S(fJE) ort ribs 234 (215 and distal ogenin 214ahpos'tione.d .
o A A sy s R s, e U vt e exr
end mmpmgiam@@mmn@e@@mmnom sealadintg seppdr3 Fibsfwhile
f'ang%;ﬁﬁd%%@ﬁwe%'wé?%ﬁmiQ%H‘?ﬁﬁlﬁﬁ%ﬁH'ﬁnfe[ sYt?d}{‘%nW'ﬁlﬁ’%E%%.

Lumens 213 and 214 are shown in a parallel-axis relationship. Distal end
207a 0% SPREDPENmay be central to skirt 204. 30 [0062] Referring now to

FIG. ffhean emargadnerspective ademief aieckvalie 206a 9Depigeding on
esiient members 260 are ntegralyih fe reshective disk portion 368, an,
ith the ?eségc(flve Mg portie and exténd it 2 '¢orsr path’ betweet the'"e

respettiteeadidkZpartibhl 268uahsl pperfidd poppenadd o vBiskuppetiorth2 883 ainthé34

Chec‘?espeotively. Energy directors may be utilized with sealing ribs 312a and 312b for

ultrasonic welding. Other surface effects or adhesives may be used to facilitate the
sealing of filter 209 to upper housing 301. Lower housing 322 includes orientation

25  tab 330 for proper alignment of housing members 301, 322 for assembly.

[0065] Referring now to FIGS. 27 and 28, spike 307 penetrates septum 40 of cap 39
to provide access to drug container 100. Opening 313a of fluid lumen 313 proximal
to spike distal end 307a is positioned forward of opening 314a of vent lumen 314.
Opening 313a may be positioned rearward of 314a or may be positioned equally with

30  314a. Positional arrangement of openings 313a and 314a may be arranged as needed

to prevent or eliminate crosstalk between the vent and fluid lumens during use.

Check valve 306a is sleeved on flange seat 318a and secured by retaining fingers 325a

providing one-way communication with passage 321. Check valve 306D is sleeved on
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14 valve 206b may be sleeved on flange seat 218b with ring portion 270
secured by annular lip 218b. Optional beveled section 267 of check valve
206b provides for ease of assembly. As shown in FIG 23, the one-way check
valve is represented as a "spiral" type. Other types of check valves include,
but aftarest spatitddandiegsiad b vemldicciRbiingey Hbrepeovidiag discway
and thenlikenlOPR3IRE! 55-%@6%. t@ﬁi%@ﬁ%éiﬁ%oﬁ‘fﬂﬁ%nv\i@[mﬂalve 306b

embodiment is depicted. Generic needle- free valve assembly 23 having
threaBEY RSN AR D45Y ROSBRHSATP iR Herf tospt*AADL NG ORPE i YRt
comnanicatbamiithohobaw epike386w aadghafhaict RInenm dineredii dHoiusinghdomer

portion 322 includes, attachment .assembl mprising skirt 304 hayin
i e

openimy32ds 3Rt andFasitecspastndsibliener i best@0deara imalZcproyibe nivszled
for cofpfgriablyigraspingeyia BdaRteT o5 NERh SHRRIYNR MY R34 AIA0E 969

in combination with positioning of check valve 206a may also provide

count@iietdisie exp ARt O8aitbirastsnBied Sp o 862 sbitn that
whenuliattaehigdviaditiggheantinent e drug comaingnin aysicna ipgight to

ithout tipping ov Une ed.and expanded flexible memprane.305,
B e s A S i e i Ao
and fimall PSSiticndetiFeG. BpdretChe50mesiiatimdnfoGbdjRafedig swve to

10 FIGyip il 2 HRRIUARS ORRINE PR IRSIee VDY AN LRARP YR 335 0826

lower housing 322. Filter 209 is sealed to upper housing 301 at sealing
surfab@sr3hoisHar] S, hvaisappotEaesP ipdehamawaicstiggdritineasse
and 3adoripspedtively aEaRrgy diteaipisemaybatdiligachyhsaading ¢ibs 3gida
d 312h.for yltrasonic welding. Qther sur effects or adhesives may be
PRt iRl <EalRG DR B3t st Rt g STt S
housimgr3z2nnehrdds orsntatibrseRaratld 880 forpropbodiigrmidert mrousging

mempars Hikinasdah a5 RIYs{A9BR] RaTekinnaw iR fiaS;087 and 28,

spike 307 penetrates septum 40 of cap 39 to provide access to drug

contdiff61 ooRedpERmBeIed B $rad-furfisprndad s duimbsr 10%spikersiskareing

307ais pesitiencthdorward ohagening Biaiof Menidesrenh3ddsh GRRANGsing

g 3a{§?‘y§ef oS tioned reppard -%f Sldaon %)a%/)r?l%a%ogtiionegl% LA

314a. (5)SII ional arrange é)n?vé eopenlngs _j[ a an(ﬁ’@ Ql%p?nay le

arrangedsaktnéfedinternal passage 315. Test ports 326 may be used to leak test
housing and check valve 306b and may be disabled prior to or during assembly of
upper and lower housing members. Test ports 326 also may aid in the assembly of
the barrier membrane as they may prevent air from getting trapped under the

25 membrane if it is sealed to the upper housing before the housing components are
joined.
[0067] Referring now to FIGS. 32-33 upper support ribs 333 provide internal
passage 315. Internal passage 315 provides for communication between passages 320
and vent lumen 314 as well as communication between passage 321 and vent lumen

30  314. Retaining fingers 325a with lip 308a provide sealing and/or retaining
arrangement for check valve 306a which sits on flange seat 318a.

[0068] Referring now to FIGS. 34-38, lower housing 322 includes skirt 304 and
segments 304a with undercuts 310. Flange 336 with fluid lumen 313 distally extends
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to prevent or eliminate crosstalk between the vent and fluid lumens during
use. Check valve 306a is sleeved on flange seat 318a and secured by
retaining fingers 325a providing one-way communication with passage 321.
Check valve 306b is sleeved on 15 flange seat 318b and secured by annular

retairfiiognfhegeine 328 toprovidingpdadvay  wdmen peiore Witke pasisiaged320.

Passggg@l%@ ingambinedion withighepk. V@Bﬁ% RRRR 3@@1\(&@&% R6ARRIWAY 314b
communication with vent lumen 314a and is cooperative with the

combPREfiSAEAERBCI A3 62 RAPPAsAE BT Iy aiRUIRAHRRATH Hhe 34

vial Saadapiar opeiess 134 bsscehsdpaligmaentiabl 330 3maaa5@mblyoaf mm@ar
d lower hou3| s 301 and 322, r. ctivel i tor

e B e T P DR e

providleuseuringor ekmn s fole filamge 686 mm@raegelmmypb@pegdﬂeusm@@@ ir¢s

assemplea Q. IoWeh ousinth$3 3t HTaseniEabL WEInA-Phe 4 RITIRRIS
319a’' and 319b' of the uEper housing 301 to 10 shear elements 335a’ and

335 Y MOV TRIRG 382 o ek 4P Bikts%hoa and 3190
respgoveely. Beﬂsr@ngeroshe&rlmltss:hﬁazandlmeealﬁaeafumigtm%tﬁeﬁvemcal

in the upper hqusi to.the. Io erh usi |solat
R R B R e SRS T BRI
weld feints2thel/hoasimcdtporetethaguety. as@mé@@;pmmdrmeﬂ@@ Patinkis

joining, PEAGASTES SLGILAS sPIR JAWglsing. adhesives, and the like. Elements
337 facilitate the stacking of the barrier membrane so as to more easily

sepatAEQkhe ot BLonteRMshddth e AR AU bStRIRtetbgetsatser

prlor ie a&qemwytwﬁe @énagwanle wRamban 3Peh {@@ﬁ&kﬁ’@feﬁtmmw t@apter
Fg t% e(f(Panda e chamber 3 2 of]lf.:[?}oegt h? &1 ]t_ |ncI des chec
aive R LELP 3 A RR i p%%é%f&g 328 throdgh Upper Rousing 20 30 mPY
Optiograbite steportsiB2 endrovite acrapsniprvotiomafat mofes ppe ditdsikigt 301

and W&ﬁ%ﬁ%ﬂ%h%&ﬂ'&%?ﬂl&@éﬁ%@%&éxﬁb@%ﬂ@é’&ﬁQg&ﬂlﬂé’r RREHHRIICe of

leak test housing and check valve 306b and may be disabled prior to or

during XS BB GTOTHIgp SREHI e WRBr SHE B FHEhpRAENT I YT 1S PBdSISHLS
may a@a@ah@a@eﬂém@eﬁm&%wr membrane as they may prevent air

gt p ed under the 25 membrane if it is sealed to th
%ﬁouy Ea Een‘] ﬁ3[6

on 1 uration, t contamer ma tI'OdllC 10N
fore §HG Cnpoietits aré"|gikg ﬁ‘énﬂnﬁle ng Rl

FIGSOBQHRB Sullppas Sld[lpcrrt, thoys @B 3hermaddie-finte vadite assembly. If necessary, the
drug container is agitated to complete the mixing procedure required to constitute the
solution. With the apparatus thus constituted, there are several modes of use
depending upon whether the dosage of hazardous material within drug container is a

25  one-dosage amount or a multiple dosage amount. Assuming it to be a single dosage
amount and assuming the situation where the user who is to constitute the solution is
also the person to use the solution after it is constituted, a typical use is set forth
below.

[0072] As shown in FIG. 28, the drug container 100 may contain a dosage of

30 medicament in need of reconstitution, for example, in the lower portion thereof.
Upon reconstitution, gaseous fluid and/or aerosol, which may include saturated vapor
of the hazardous material solution, may be generated. The gaseous fluid and/or vapor

are urged into the internal passage 315 through check valve 306b and into the
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passage 315. Internal passage 315 provides for communication between
passages 320 and vent lumen 314 as well as communication between
passage 321 and vent lumen 30 314. Retaining fingers 325a with lip 308a
provide sealing and/or retaining arrangement for check valve 306a which sits

on flagensieblezhaabin88PpRefisvring thoadtedABNa 4L IS: donant hdbeierdtg2the
incluqgs: Sk ﬁ%l?@ﬁve?@éﬂ@@rﬂﬁ% 3P RNRMAGRI YR 10 SRR SRRiNed

fluid lumen 313 istalilléyiextends 16 from housing 322 to provide spike 307.
Fluid PR SPERIRS s p dsionalagmicimnd SUaiseaiand sty Ry gjfidsaws
307. YenlupeenBik4havinglpioxiaal entbSkahipositioned ak hasabnd Hemger
336 below the t f lower housing support.ripbs 334 and distal openin
Ta DS e P B R e A RS
vent Bieprprikinaalteent Beddyis todhitibneddsédmr filter 209 and lower

housipgAiPPakiiRswhRileHlange é@&gﬁi%ﬁgg%@m@y RIeCIAARAGHSM the

needle free valve assembly 23. Lumens 313 and 314 are shown in parallel
axis reldiEd AL ingRIOSETY O RHTREYETORTRS BY LR ALFArdanskirtidohe
[0069rReifsdng howrdeehbxndd antbdihanaliagaptemhheusingssagingtho
rtical 10 segments and with a lar.skirt is depicted, respectively. Spike
e S B e SR e BT SRS
from favd B29rengdiig sditrouhtieu dyosegmesits 8OhahofaskitteBO2Og 70 heedle-

use, ifls copiemRIRtagihak heial 39aptarwenld e BrAKIASIR e HSes iR

a separate sterile package. The user would open the package with the vial
adaptBf "EsHS T AAFRIRIOR RSB IBYUSIEIMBIENA BRsiremcoptatgr When
condifi@nmtherbearosianpbn giaspe:th@hplesia gharaieic g BlcgHRPIRGronanaei its
ﬁd movel? the.slotted skirt \fertlgallél}/ndtggvlgward over t?%gt&% er assemblxt%

e d}lﬁ)él%otr?t%sllrt\lg? ﬁﬂﬁ‘i’%hte ack'of housmg“ieoWé)Ftboélrﬁon hieets the. lt%eﬁ an

surfaogeofedrugf d@rﬂaidéu{omsiﬂrfé cﬁnhﬁupﬂk@mljteccmgagie_dtien eath tikeflgidppérin
asse@ﬂg'é{ru%k&ﬂ&?&e]r.' MpHRiE GORIGLRUQR. LREIHV L CAMBHIES SARY PEolume to the

constituted by introduction of fluid, such as a diluent, through the needle-free

valve3aSebHsy MbhecEdisard Rhanemiyy comairidaghEteent copqprete thire
MiXing-praGee IR s esiresnio saRsiiuiel theosalutere Wik dhelappasatss thids

il L T e NG .
from the drug container. Opening 321 in housing in one-way communication with
check valve 206a maintains ambient pressure within the drug container. The operator
may then remove the connector from the access member.

[0074] This fluid headspace in the drug container may be air with perhaps some

25  hazardous material entrained therein. The air is urged to pass through the filter 209
and outwardly through the internal passage. Filter 209 prevents or restricts the
passage of hazardous liquid material into the internal passage. Support ribs 333 and
334 in upper and lower housing 301 and 322, respectively, provide structural support
and/or securing means for the filter and prevent or eliminate bow or deflection of the

30 filter while deflecting liquid and allowing gas passage. Arrangement of the support
ribs 333 and 334 may be in any geometric pattern. The internal support structure

provided by the ribs allows for free passage of air while supporting the filter. After

the gaseous fluid has been secured in the expandable chamber 302 the connector may
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25 one-dosage amount or a multiple dosage amount. Assuming it to be a
single dosage amount and assuming the situation where the user who is to
constitute the solution is also the person to use the solution after it is
constituted, a typical use is set forth below. [0072] As shown in FIG. 28, the
drug bokeairmezasd midythenesilcaltosdarian3 30 Mbicame thddmeedngfiner 100

recongfifiiien: foseyrmple csnib&dpwer éﬁ‘gﬁ%@&‘ ﬁﬂ?@@&aﬁéf&%&%%@ jrauels
gaseous fluid and/or aerosol, which may include saturated vapor of the
hazati6uA RS AP SHtHE A GHis) B sy SR 9 g HR Bl A G ANRINSF ¢
yapO@uﬁﬁ&lM[@@}ddﬂﬁiOSﬂ]ﬁﬁﬁ@ﬂ%&hﬁ&Sﬁa@I&l5 through check valve 306b and
'c;%tOt #]ex %%?H?a%@%éﬂ?%%%@( wirue, of the added volume of e o
lluent. Thereafter, the user may simply inver (he entire apparat With the
syringeroedonnerter engiacdined the ficieseormmignivativahsdthetibessaidapiaptdf

and dpug SartaiRg! Andithenithdraws A eRIMQes T hg 4BSROUR A with the

and/or vapor remains within the expandable chamber 5 302. Vent lumen 314
in comMRsRCARAT IR iFiesrAL f%Hggaéﬁgs%a()éﬁ@emm%éacﬁﬁ&e&d@%
ambieblupiessthia thetheidssgaorbbiane PRAZ I sihatinnsfuhelebequal to or

[8‘30”%8%3%?&-% ﬁl{gﬁgﬁ%‘eﬁ?é %&gﬁ%‘%%%%%ﬁg{%m ‘H%ausfi.kli%]?fv%‘ﬁ%‘évi} %%a J{Ag]e
procedures, a typical mode use In accordance wi he principles o e
aforesyengonadieriddiederits isrsdibfosinigsl olunagsuayitig atorie prosshoswgs to

drug GERIAIREEINHMSWILLREYialROGRIGH: JI3R IRCARRITUHEY RTACSPEInto the

involves engaging a diluent syringe or connector with threaded element of the
needBU&EN LRGP SREIABIY AP IBRA SIS B2 3 e Helamgtisiditnbaerd g 1he
proviggertarpughgdheneedatliggeadapiesaldinienthe tuddvmenaanginto

L}Be dru c.on(tiain%r. When this moyement of diluent has been completed the
contained 1n_the andable chamber. . .- . e .
rug container mayeﬁg retained in 1ts 15 upright position so that the liquid is in

the |oiT6hortiiyofttigeodslg Tcemtageenarit ingagpkio drhofdhdifeidliprenith
313 %&f}ﬁlﬁ@ﬁﬁiép&&ﬁwH%%ﬂigﬁé&?g;gxﬁ%a%wt%mi|9cﬁQF%QBlfqu?&taif&%ﬁy

Positive pressure generated by the'introduction of a volume to the '
assemBlseviRgy pelvaireidinBid Sinanisy BsmmimneatidRanit igRRkE BPeding
end ahtheuyeshduneemiftméihednicertipagsageppntbthiaygnteeapekgtive

gheck vglve 2000 and %%?%”tﬁ“”e%’ within expandabls chamber 302 ne
o@era or may then wi raw %é?érlé’lntfiroﬁ'u E%g rug coﬁtalner. BDGHIHQ%Te
in hougimgdrbynewwayticosprmgaiphitiger withwardly from its fully engaged position.
Air for replacing the withdrawn volume is drawn into the vial adapter via the one-way
communication with opening and into the drug container via internal passage and vent
lumen to maintain the ambient pressure in the drug container. Filtering of the air may
25  be provided as discussed above.
[0077] This vial adapter herein described addresses various shortcomings of
existing vial adapters and provides additional safety advantages. A pair of
cooperative check valves of the vial adapter may avoid or eliminate internal pressure
build-up and urge air and vapor into the expandable chamber of the vial adapter.
30  Thus, release of harmful drugs into the atmosphere and unnecessary exposure to the

clinician is eliminated or avoided. The cooperative check valves in combination with

the expandable chamber may contain the vapors within the device should the vial
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check valve 206a maintains ambient pressure within the drug container. The
operator may then remove the connector from the access member. [0074]
This fluid headspace in the drug container may be air with perhaps some 25
hazardous material entrained therein. The air is urged to pass through the

filter 2d%teiri cunmerdiyamrbeghutheoitereratphs sagdehiter 200 reviagesbor

restrigts e pRssageQlhazriuS figiidimaigpial into the internal passage.
Support ribs 333 and 334 in upper and lower housing 301 and 322,

respdliZ8ly, B! wrpistisrStiseaho wntibroerinBe Rk ik
and pexent Sraalimindtedhow aedleflatitasrof thel A04tker whikedeftectingntended
3%“'0' aad a&%"vvv'ﬂ%&?sss IR %é%{]ﬁ Rlnent ol L r?aEUBPRl{ s 3334nd orm
may be‘in any geometric pa em. The internal sup ort structire provi ed"
by thesribdlalldwy fdraflaep aski geap tontavhile ssogis ortimgehenfiliararidder the
gase%édﬂélf%@%%ﬁ?@ﬁ%ﬁ%% 1P rsandabig.hamhen 308 heixed to the
connector may 18 be kept engaged with the needle-free adapter 323. In this
way, tHeFHr Y EBHANES YL with the vial adapter and connector still engaged
may peongEnspartsedtaciiai placapfsitige, anyudases: aeﬁidiqmg meslieamenid

p&mgbco;nta&ned Wlthln he dr%omeam rat S bstantla Cpsd[&)herlc

pressUre contditions. 1 0075 When'it 1S desired to withdr erms that do

medicahsaniufloaddtnad gmﬁnédmmmhqﬂavm e(ﬁglagedn@iﬂiﬁ tioebe
accessNRoReLQh AtasResk s RS AdANE Ind - RICEANEEIGh IS BRYURGS.
the syringe may be engaged to the access member with the syringe plunger
disposeePeii R fully engaged position to an extent such that the volume
WlthIr[ﬂM)]SyrIPlgasd@ﬁﬁfédlbycﬂﬂelﬁm@gﬁmﬁd@ﬁlﬂfﬂﬂﬂc@f @ velueme egualftexiide
more than tfgetdeswed do ?sdg[e to be % drai/lvn Thus, this volume of the
osagey sfrlfhegne is fhiitia ﬂgﬁ L With B The syrlnge n1unger may then be
deprd€88tl so/ssursdihjeanilicoaiisime therctbss mempemand thiroygiathes
fid mety AR SR ik COBLRIRES HHS RIOUAG.ANPIHRE hat do

therein. The volume is displaced into the internal passage via the vent lumen
and uteBdRrlyRitRe igardnavel haBdginms dhatreskisantidsie
chambem{d@d@nfdlyantageously, a syrlnge may be engaged to the

dﬁq er WIIh the Ih erd osed ini Il ed position
g\s?t Ofgiéeharge 1518 rlflo ifee yq\)ﬁl a%lln%dénvo quLeno (t]L% Pr%rlﬁ e
drug sridinenbbienviad ddapteitimdlUckiragparent to one skilled in the art that various

changes and modifications may be made without departing from the spirit and scope

of the invention.
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the drug container may then be inverted and the operator may withdraw liquid
20 medicament from within the drug container to pass into the fluid lumen
and into the syringe by moving the syringe plunger rearwardly from its fully
engaged position. Air for replacing the withdrawn volume is drawn into the
vial alpter eI SBy communication with opening and into the drug
container via internal passage and vent lumen to maintain the ambient
pressure in thexdrdg.eepiainshprligsing of the air may 25 be provided as
discussed above. [0077] This vial adapter herein described addresses
various shortcomjngs.of existing vial. adapters and provides additional safety
advantages’ ﬁoﬁgﬁgofh%88ﬁsé?§tl\9g13f%38§ valves of the vial adapter may avoid
or eliminate internal pressure build-up and urge air and vapor into the
expandable chambeexgfaitkbiad mdaptcr @ dnusyobloeseoftiarfekprudgble
into the, ARPRRRSIS RMbHNIECRSIABLEXPRSHIRIPMIEC ician ds. R iNinates

or avoided. The cooperative check valves in combination with the
expangiBle WREBRIARAY BsnelMtie vapors within the device should the vial
19 adapter be removed from the drug container or the needle-free valve or

syringe be removedglifieralliaRseesscoiemberaabiheiahacgpieaHRQAdhbhe
vial adapter described above will normally be supplied in assembled form or

as a kit and may besterie, The (e il adapien sanaed.neiein s

. . d sage,
intended 5 to include within its scGpe the elements thereof in partr%&lfy & fully
disassembled form as well. The vial adapter or kit may contain an access
member an@lafraficitab Hidegpad it hesiBich may be separate,
secured to or permanently affixed to the access member as desired. [0079]

£ used hereipik CnPrSInG a piocikdingd inteabtaininge hoehinsaateriaaehl 20d,
by," and gt n}m%tical g@uivalents tt ereof are intctlFsigzet r open-e ecciilterms
that "F?&F"éx%‘ibaécﬁ SRR UFESsE SRSMETIES SPMsthoadap4!d lumen
"Com!mé_si aghi&ﬁstdjenm@qwatemxasd mm@tﬁr@tﬁno miﬁeﬂtcimivmt}emssage and
consigting@f,and i censistne. ASsontiahs lc[00RQ1s used herein,

“consisting of and grammatical equivalents thereof exclude 15 any element,
step, or ingredient not specified in the claim. [0081] As used herein,
“consisting 8 thsRl YHEHEFHFiHA SRR EteAUNesn the internal passage to the

15  atleast one opening; and

a second check valve restricting communication from the expandable chamber

to the internal passage.

2. The vial adapter according to claim 1, further comprising a skirt portion
integral with the housing and at least partially surrounding the spike, the skirt portion
20  having at least one securing member for securing the vial adapter to a sealed vessel

such that the spike accesses the interior of the vessel.

3. The vial adapter according to claim 1, further comprising at least one

hydrophobic filter.

4. The vial adapter according to claim 3, wherein the at least one hydrophobic

25  filter is in communication with both the vent lumen and the opening.
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thereof limit the scope of a claim to the specified materials or steps and those
that do not materially affect the basic and novel characteristic or
characteristics of the claimed invention. 20 [0082] While the invention has
been described in detail and with reference to specific embodiments thereof,
it will be appar&hg vinblariRiksddrithetadaatvatiowsn Biear deastand hydrophobic
modifigrliNs RALRETadE wihesthigpatind famdheseif.ant ReaRGHef.

the invention. 20 WHAT IS CLAIMED IS: 1. A vial adapter comprising: a
housing, the housing comprising an expandable chamber to_contain a .
volume, whérelBNELXERIFGARIE B EHAMBER tratSERR fBRIAT ftiky VoRfinkC
to a fifiladnie lnvegréaterihamtreamitizd opehinge upon containing the volume;
an internal passage in communication with the expandable chamber; at least

ofie opening inpfo @]Q?H&‘iﬁ%ﬁi%c‘é{iiﬂlg‘t% UMRHR\RSSAgR. Qlﬂe%ﬁfgﬁest{?cﬁ%%ﬁic

integral with the housing; 10 a spike comprising a proximal end integral with
the h&lfsirig hetveardiaraniymenarpike srtrere shamditly a vent lumen open

at the distal end and a fluid lumen open at the distal end, the vent lumen in

communicagoriithahRdpiarnralopassagelandl thadisig thenagphiidable chamber is

communicgtiﬁn witl? the access n]ember; a.first check valve restric 'nI%
eﬁ%an c C a% to contain at least a OrEIOI%hOfa 1 olu ee%nvae to _that
communication from the internal passage to the at least one opening; and

a secohddited khvalgb testrictingnemtremunication from the expandable
chamber to the internal passage. 2. The vial adapter according to claim 1,

fgrther comprising g, skt RATHQI e WA WK thg Hotsind. A0t @lRAhmber is

partially surrounding the spike, the skirt portion 20 having at least one
securthtfRisHIBETStIFsBAlFiRPandsARPsdPter to a sealed vessel such that
the spike accesses the interior of the vessel. 3. The vial adapter according to

claim 1, further Teavising et leastdoneohysrophehiedilieic expandable chamber is

at greater than ambient pressure in an expanded position.

11. The vial adapter according to claim 1, wherein at the first check valve is

15  positioned between the opening and the internal passage.

12. The vial adapter according to claim 1, wherein at the second check valve

is positioned between the expandable chamber and the internal passage.

13. The vial adapter according to claim 1, wherein the first and/or second

check valve restricts leakage at less than 2 psi.

20 14. The vial adapter according to claim 1, wherein the access member is a

needle-free valve.

15. The vial adapter according to claim 14, wherein the needle-free valve
comprises a female opening securable to a male connector such that two-way fluid

communication is provided through the access member.
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4. The vial adapter according to claim 3, wherein the at least one
hydrophobic 25 filter is in communication with both the vent lumen and the
opening. 21 5. The vial adapter according to claim 3, wherein the at least one
hydrophobic filter is in communication with both the vent lumen and the
expandableléhambeial @daier vreoadinpte cheeortindats el dimnsedih&rsivalie iat
least gmeshygrophobic filter is between the vent lumen and the opening. 5 7.
The vial adapter according to claim 3, wherein the at least one hydrophobic
filter is between the vent lumen and. the expandable chamber. 8. The vial
adapter acchfdile 9 LIATAPE IFHerERE 0 8P dntEHIE ERRRIEEIGE needle-free
expandablersughoasdoedntaintat leastsarpotiiarbiha flisinolume equivalent
to that introduced through the access member. 10 9. The vial adapter
agcording tq elajin, ;. Whersin he. expandahle Fhambsh ife3pANRIGAL ..
pressure in the expanded position. 10. The vial adapter according to claim 8,
wherein the expandable chamber is at greater than ambient pressure in an
expanded pbitidnial tdapis {75 PaEpeehaEteignt i imraRmdisH Hithe
first chaekmabva dsurd 2RoBitiRARL e ivaehalie epaning mndBadniemalirug
passage. 12. Wt' e vi?l 3da ter accarding to claim 1, wherein at the second
checK VaV&™is 60V81ﬁl(%n%% stvess the expandable chamber and the internal
passage. 13. The vial adapter according to claim 1, wherein the first and/or
second chechovsivg teshigtenizakapesatgiess than 2 psi. 20 14. The vial
adapter according to claim 1, wherein the access member is a needle-free
yglve. 15. The vial,adapiesaceprdingd0yaimdld. whareinHhginesslesHee
valve comprises a female opening securable to a male connector such that
two-wAY iR “e8ih mf}ﬁkeaﬂo%%ra%marw@@gﬁwﬂéum Bretiverrssdgnd
The dakadapter Rodesgdingiencladm 14, wherein the needle-free valve is
self-sealing. 17. The vial adapter according to claim 1, further comprising a

needle-free an internal passage providing two-way communication with the

interior of the drug container via the vent lumen,

15 an access member providing two-way communication with the interior

of the drug container via the fluid lumen, and

an opening in one-way fluid communication with the internal passage
for maintaining the internal drug container at ambient pressure when removing
material from the drug container via the access member and for restricting

20 fluid transfer from the internal passage; and

an expandable chamber integral with the housing, the expandable
chamber in one-way fluid communication with the internal passage, wherein
the expandable chamber transitions from an initial volume to a final volume

greater than the initial volume upon containing the volume.

25 20. The vial adapter according to claim 19, wherein the access member is a

needle-free valve.
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valve connector secured with the access member of the housing. 5 18. The
vial adapter according to claim 1, wherein the spike is plastic. 19. A vial
adapter for entering the interior of a drug container fitted with a penetrable
closure and for removing material from or adding material to the drug
container, tRé-vidlcadalptdantargnosiing @ HeusidY, wherdio kermgasteripeisiatye10

a holloyshike M&ﬁﬁﬁ@%ﬁéﬁﬁé%@@ﬂ%f&%‘atﬂﬁlgQ&%@&&r&q&mﬁ‘ﬁ t%&@f’ﬁ&ﬁi
the distal end, the spike comprising a fluid lumen having an open end and a

vent RAMEHRSHITG SrPBputt SR U MediarhBSERSE providing two-way
communication with the interior of the drug container via the vent lumen, 15
an access ranitier yxbaidng twoiiay coctri Bt atianemithethecititeficr volvthie
dsug ggp_g%gql%r via the fluid lumen, and an opening in one-way fluid
communicatloﬁ with the internal passage for maintaining the internal drug
container at ambient pressure when removing material from the drug

container vidth&hsctaksadppesmtsspilifg forctastitingrdorrormnraisa s five

internal RassaReARE @B EXRARMARIS chashr: titegradwit the housing, the
expandable chamber in one-way fluid communication with the internal

passage, wherein the expandable chamber trapsitions from an initial volume

o 2 ot Vol e B a8 R AT AR e Ve
25 ZOHEQQNMtIatmamalgmwmg;a@t@aﬁnlmuwh@réfiingtthe a@k@%m@mlpe_nisn
fo neqelgqlr ?&M%l}%‘?n&ﬁb%ﬂs- fhh&vihdarien ageadindio &J@g%ﬁ&ﬁ@{ﬁ@ Mhat

the needle-free valve comprises a female opening securable to a male

connéSPEE ERcaatstite Wa Habtheofsiflnication is provided through the
access member. 22. The vial adapter according to claim 20, wherein the
needle-freesmivmds/ibl sedbeealingdidg.td brivialadaptemasearding] ton alaien

19, further risi n le-fr, lv n r. r ith th
9, furtt ﬁde%%”%@sts f&&l%va v%?PSSIu%%eA’ AlVe Sonpegtor securpd with the o ssage.
access member of the housing.

26. The vial adapter according to claim 19, wherein the internal passage
15  includes a second check valve positioned between the expandable chamber and the

internal passage.

27. The vial adapter according to claim 19, wherein the first and/or second

check valve restricts leakage at less than 2 psi.

28. The vial adapter according to claim 19, wherein the check valve is a spiral

20  check valve, ball check valve, duck-bill check valve or swing check valve.

29. The vial adapter according to claim 19, further comprising at least one

hydrophobic filter.

30. The vial adapter according to claim 29, wherein the at least one

hydrophobic filter is in communication with both the vent lumen and the opening.
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24. The vial adapter according to claim 19, further comprising a skirt portion

integral with the housing and at least partially surrounding the spike, the skirt
portion 10 having securing members for securing the vial adapter to the drug
container such that the spike accesses the interior of the vessel. 25. The vial

adapter accdrdiRes todladareoaceprsiaitersdaint@hallisagisdbratiratidas a first

Chec'ﬁﬁ’dﬁhﬁ%&&é'ﬂﬁ&%@ RRWSRINRRiIBRIIRNYAREhtNRIDIGHA RRSHRIRpasPable
The vial adapter according to claim 19, wherein the internal passage f

includ8&2Pekcond check valve positioned between the expandable chamber
and the internal passage. 27. The vial adapter according to claim 19,
wherein theﬂrswhmdfﬂraﬂepmndcadnﬁng watlemeslywirldakage: dalkesadhan 2

psi. 28, Ik V|al g] Qét(gt Glaim 1961 herein the check valve is a
s%wa y(S ve ba ﬁ va ﬁ check valve or swing check

valve. 29. The V|aI adapter according to clalm 19, further comprising at least

one hydrop??obTélfﬁrt@:l.aﬂepwwwiaa&pf&i@&%mmget@tépawezgt,%ﬁerein
the ahlepsiine hieraphabieilRrisingammunicasionithibethntber vent

lumen and the opening. 24 31. The vial adapter according to claim 29,
wherein the %t Islaast one, hydro ho |c fllte IS in. communi atloq(wnhlboth the
vent lumen and t eevtlaa;(pa abie“¢ ber LPh\éV Vigl A apsl%lr acc%aalng to
claim 29, wherein the at least one 5 hydrophobic filter is between the vent
lumen and thfe dpenlingaB8: ohe ding adkiptesr acownding:to claim 29, wherein
the at least one hydrophobic filter is between the vent lumen and the

pxpandable,qhrribe ﬁa%%-ﬁﬂ% e adapienacerilipstaslaimeRaMisse e

spike is plastic. 35. A vial adapter. for a drug container comprising: 10 a
housﬁ?ﬁ&%‘?ﬁbaaﬂ ]ﬁﬁﬁb?@é‘{?ﬂéﬁ"é‘?ﬁja&%\ﬂé@ RABAYrAsEaled relationship,

each upper and lower section having a top and bottom surface; a hollow
spike having bofiroxipiat dad exignoingdrem thetdmstidacaoiothairfoveast the

housipg, sagiIRM NG AMIRNGS ARG PHE MDA RavRg: R A Sl Fdk
extending from the bottom surface of the lower housing, the spike having a fluid

15  lumen parallel with a vent lumen, the fluid lumen and the vent lumen being open at
the proximal end of the spike and the fluid lumen and the vent lumen being open

proximal to the distal end of the spike;

an access member integral with the upper housing section, the access member

having a two-way communicable passage through the fluid lumen of the spike;
20 an opening through the upper housing;
a filter positioned between the upper and the lower housing sections;

an internal passage positioned between the upper and the lower housing
sections, the internal passage in fluid communication with the opening and the vent

lumen, the internal passage being isolated from the fluid lumen;
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extending from the bottom surface of the lower housing, the spike having a
fluid 15 lumen parallel with a vent lumen, the fluid lumen and the vent lumen
being open at the proximal end of the spike and the fluid lumen and the vent
lumen being open proximal to the distal end of the spike; an access member

integral with, theWRRE! NOUSHIGVRERHGA: thEyR6ATS MBMRALiNANIDEA the
two-way communicable passage through the fluid lumen of the spike; 20 an
SR A

openf?ﬂf]}%ﬂﬁ% 10 §|‘?ig; a filter positioned between the upper and
the lower housing sections; an internal passage positioned between the
upper and the depveddrdeishagbsetiogrs] wighihehoasipa9sd dgefiniflgiemmunication

comnyui eRLIRWithpiRe.ePs MR thanent, JHmsR. dentERRAhRASSaGEe
blﬁing isolated fro tElﬁe fluid Jumen; 25 a firit ?heck valve providing one-wa i
fitiid GRS REAERh AT O e e ARg Rt a MR AT B A g gn Mnitia
expandhinle chafimbbydhtegrakwiththe thousing ardin fiend coramungidatiorume;
with theyinternal passage of the housing, the expandable chamber having a
flexible 5 member secured thereto, wherein the expandable chamber
transitions from an initial volume to a final volume greater. than the initial
volume upoh EoMEIIRG tHE Tt M & B G ORISR A PR G emal
one-wagsamndunicatioex thndagla thenihternal passage and into the
expandable chamber. 10 36. The vial adapter according to claim 35, further

pemprising geskiffiMeMRApUNIREEANID anshextending Lamp e, Patem fastver

of the lower housing section, the skirt at least partially surrounding the spike.
37. THECHTAl AGE ARt RamE T Esine D e rieHetiropSRsgisction. the

compiiise stdegmentotlysectiondise parapdc by gaps. 15 38. The vial adapter
according to claim 37, wherein the segmented sections comprise inwardly

projecting ugglefets; 39q.hie Mal AdRRISliase i ng-IRif RinydR pofiRrein the

access member is a needle-free valve. 40. The vial adapter according to

claim 8B S RN SIS e SEPgEAsd by 2aps.

15 38. The vial adapter according to claim 37, wherein the segmented sections

comprise inwardly projecting undercuts.

39. The vial adapter according to claim 35, wherein the access member is a

needle-free valve.

40. The vial adapter according to claim 39, wherein the needle-free valve
20  comprises a female opening securable to a male connector such that two-way fluid

communication is provided through the access member.

41. The vial adapter according to claim 39, wherein the needle-free valve is

self-sealing.

42. The vial adapter according to claim 35, further comprising a needle-free

25  valve secured with the access member of the housing.

43. The vial adapter according to claim 35, further comprising first supporting

rib members extending from the bottom surface of the upper housing section.
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20 comprises a female opening securable to a male connector such that
two-way fluid communication is provided through the access member. 41.
The vial adapter according to claim 39, wherein the needle-free valve is
self-sealing. 42. The vial adapter according to claim 35, further comprising a
needle-free425 Thdviakedantetiagdending Qcdaios Inciviber ofnhsifogshegndi3.

The WghadaptetAceRIIRG 1R flaiB Rm HHERGY GOMRIFING IRt SHARAMERE (iR,
members extending from the bottom surface of the upper housing section. 26
44. The vial adagter. according to claim 35, further comprising second

supporting fB e AR AGHIG PSP HE o s UHTREE SRS IBREFh SRR "e
sectioth bmbhe sianddapienabedraing touthaino3be iyrphei@smprisitgnfinsd
SYPPQLHN sr{% MEMPEE.cxirading ram the oftom, surface otie YRPRLysin
housing secti and'5 secondesupportm rib members extending from the togp
surfaéecéithe lower housing section. 46. The vial adapter according to claim
43, wherein the first supporting rib members are in sealed relationship with

the filter. 4746 henvid pel@Rier AcCRIMNS QLIAUM 4mendneraimithe dilirisg rib
supported 10 between the first and second_ supporting rib members. 48. The
vial atfaptET aecottih TS}&EWP%Pfo%E*PEbeﬁ'Erising a finger gripping
member projecting from the top surface of the upper housing section. 49. The
vial adapterddccBreling tolagiteina@6rdivizgareiniinet Expbardable chamberpperted

bell-shaped dr R Iﬁlﬁé!é%h&%ﬁ?&&ﬁi%ﬁ‘%%%@%@r&'aim 43, wherein the

flexible member is peripherally sealed around the bell-shaped expandable
chamber. 51. The vial adapter according to claim 35, wherein the filter is a
hydrophobiéSfiltee k8! i@ giacaerdpeiadebrding teaanoraBsisiprérngthe
expagdppieschantae pré@dsngxpan dablepsueh@sieheapinmatiaastatpartion
of a fluid volume equivalent to that introduced through the access member.

53. The vial gdapler arcording (o Rl Sl ss el g, CRANGaRIS, LN AmREL

is bell-shaped.

15 50. The vial adapter according to claim 43, wherein the flexible member is

peripherally sealed around the bell-shaped expandable chamber.

51. The vial adapter according to claim 35, wherein the filter is a hydrophobic

filter.

52. The vial adapter according to claim 35, wherein the expandable chamber
20  is expandable such as to contain at least a portion of a fluid volume equivalent to that

introduced through the access member.

53. The vial adapter according to claim 35, wherein the expandable chamber

is at ambient pressure in the expanded position.

54. The vial adapter according to claim 35, wherein the expandable chamber

25  is at greater than ambient pressure in an expanded position.
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is at ambient pressure in the expanded position. 54. The vial adapter
according to claim 35, wherein the expandable chamber 25 is at greater than
ambient pressure in an expanded position. 27 55. The vial adapter according
to claim 35, wherein the first and second check valves are spiral check
valves, ball Thetkevdhledaplackebifidihetkaleiives, siirgithediksiaidescond check

combinailons eraeheeR vINGS VIAlRdRARL ACC UG IR laivaRWRRARIALck

the first check valve 5 and second check valve are spiral check valves. 57.
The VialsyapterRisinhgeselaim 35, wherein at the first check valve is

positioned between the opening and the internal passage. 58. The vial
adapter accasdifige ta <dlaiapBbawbeliegnatthien SScondrelheckhedlive cieck valve

positioned between the ex régaQI amper and the internal passage. 10
59. Tﬁrtle vial a gptgr é{%ggr %S o c%%r% gg,v\?vsherein at the first check valve

and second check valve are orthogonal to each other. 60. The vial adapter

according ta tlalkf 35! ahiereinasredirstiastiior secoirdcigms e anehednatye is
leakagiablRamtpaeer Bslofthinkevidb aslaptanagseerding to claim 35,

wherein the spike is plastic. 15 62. A method of reconstituting and/or

W'thd”?“’."'”QRQ?"’I%rdV‘%h’Faﬁla%Sr”%'co‘% bt i S ot &@%s%%mﬁ'@ﬁéckv Ive
comprising hazardol$ Aaterial Seclfing A Viar adapter a8 defined in claim'
to thasdrogtoontdinersantie eepondttilstirig ralpa/ordvith dtaw gdssa@rdous

material of the drug container via 20 the access member of the vial adapter

gich that p%@.ti‘{%'é/@éw!ﬁf?eq YR TG MY, CHOOH HERIGHIQEBE valve

expandable chamber and/or venting of the drug container is one-way

commbihieaned theskigh Yrate Pk el A uufsntainer. 28

60. The vial adapter according to claim 35, wherein the first and/or second

check valve restricts leakage at less than 2 psi.
61. The vial adapter according to claim 35, wherein the spike is plastic.

15 62. A method of reconstituting and/or withdrawing hazardous material
comprising:
providing a drug container comprising hazardous material;
securing a vial adapter as defined in claim 1 to the drug container; and

reconstituting and/or withdrawing hazardous material of the drug container via
20  the access member of the vial adapter such that positively displaced volume is one-
way communicated to the expandable chamber and/or venting of the drug container is

one-way communicated through the opening to the drug container.
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