WD 2008/ 129550PCT/ 1 L2008/ 000550 1 METHOD AND APPARATUS FOR
CONTAM NATI ON- FREE TRANSFER OF A HAZARDOUS DRUG 5 Field of the Invention

The presenwdgh%ﬁ%géan relates to the field of fluid trapshes {] g&\,}ﬂsges Mor e
particularly, the invention relates to an apparatus and net or the

contam nation-free transfer of a hazardous drug from one container to
anot her. 10 Background of the Invention~ Medi cal and phar macol ogi cal
personnel that are involved in the preparation and adm ni stration of
hazar dous drugs suffer the ri sk of being exposed to dr ugs and to their

P

vapors, whi ch f S ! g herein, a

"hazar dous drug—rt ' ch, or with
the vapors of which, mmmgmmgmmmamm(}l ust rative and
non-limtative exarrpl es of such drugs include, inter alia, cytotoxins,
antiviral drugs, chenotherapy drugs, antibiotics, and radiophar maceuti cal s,
such as gﬁerlgee%lé}th%ls LE m&;xlm fluorouracil, 20 |eucovorin, taxol,
nmet at r oXat ,~génear, opnospham de, cytoxan, and neosar, or a conbi nati on
t hereof , i MTae Iprqwxd msve:htldn mlatga:t@cths fadldted ﬂ&idz’aaadef@s d;h'vu@g Mprei qui d or
powder formare tai.ned wthin s, and aret I in a
separ at e rdl?rﬁwfad r?lfﬁf‘cf‘%‘feé‘t’p?ﬂqo%\iageﬁ {q e 98P ?ﬁ% a({/éﬁ/%ﬁg‘?ﬁaﬁet%ea nout h
mask, and adn@iddtidd-8e SEhRkNr (Ebh MRizardosy ﬁi‘rﬂﬁeﬁ‘%owlél%nM1hbr aocannul a,
i.e. a hollow needle, is used for transferring the drug froma vial. After
bei ng prepaamdher.ne hazardous drug is added to a solution contained in a
bag Wﬂiﬁ{l is intended for parenteral adm nistration, such as a saline
solution intended for intravenous 30 admi nistration.

Background of the Invention

Medical and pharmacological personnel that are involved in the preparation
and administration of hazardous drugs suffer the risk of being exposed to
drugs and to their vapors, which may escape to the surroundings. As
15  referred to herein, a "hazardous drug" is any injectable material the contact
with which, or with the vapors of which, may constitute a health hazard.
Illustrative and non-limitative examples of such drugs include, inter alia,
cytotoxins, antiviral drugs, chemotherapy drugs, antibiotics, and
radiopharmaceuticals, such as herceptin, cisplatinum, fluorouracil,
20 leucovorin, taxol, metatroxat, gemzar, cyclophosphamide, cytoxan, and

neosar, or a combination thereof, in a liguid, solid, or gaseous state.

Hazardous drugs in liquid or powder form are contained within vials, and
are typically prepared in a separate room by pharmacists provided with
25 protective clothing, a mouth mask, and a laminar flow safety cabinet. A
gyringe provided with a cannula, ie. a hollow needle, is used for
transferring the drug from a vial. After being prepared, the hazardous drug
is added to a solution contained in a bag which is intended for parenteral
administration, such as a saline solution intended for intravenous

30 administration.



WO 2008/ 129550PCT/ 1L2008/ 000550 - 2 - Since hazardous drugs are toxic,
direct bodily contact thereto, or exposure to even mcro-quantities of the

drug vapor i derably increases the risk of devel opj
fataliti esaéou%ﬁé)gzgggki n cancer, |eukem a, liver danage?b?rglréra@?dﬁggtg?on,

m scarriage and premature birth. Such exposure can take 5 place when a drug
cont ai ning receptacle, such as a vial, bo?tde, syringe, and intravenous
bag, is subjected to overpressure, resulting in the | eakage of fluid or air
cont ani nat eginby hhherdbag dreausredouig, divettimdilyreontiedithgsto, Bx peperweto a

hazardous drug also results froma drug sol utigon mai ni n n a peedle tip,
on a vial cﬁvenrmwavaﬁaa@%a@f %%fi?u%yag@/mt @Sbcge_é?‘é]grﬂtnﬁﬁafgs glﬁen&sgro:%ng of
the skin byydhe Reedlaih ReaRRe sl 96 ik dandlli debkansd, Gived elimage, ar €

i ntended to pr oV contam nation-free transfer of hazardous drugs. 15 For

exanpl e, \\OnaloErOUGLBABistasihes endaprhmuaiure vty SucheerRoshp 3R ke
t t dapt dapted t be. | i t id
oot adh o, P36 BT ek Be PRI S Bk de oL ML DD iilngd bl T

drug, and ap$ydviensss ddapiEulsbéad@dotedprossitid, rgeultitpeis yid fupdkagdadt or is
adapted to be brought 1nto fluid co ni cation and &egﬂani cal%{d.l ocked to
at | east 20flwideonfalt rontamimatad |y g5t hagpapedts UHe ¢ SEPTBIH e an axi al

notion. W r I Ly, sSufibewem@isiget |y into
The. sy i nge Biag o s hiaEh G B Ko IaEu, R d g e ey 1 <
not exposedod @ hbedlf|tin,don Eheialser intsawmusots esploseddyt ¢he wecidentad as t he

syringe, adaptor i.s cgnnect.ed to, or .disconnected from the receptacle port
adapt or 1%br Ix?‘i‘%ﬂtuﬁ@gé’ggﬁb% ?C)Ifmgiyntg’@ Iﬁ%gﬂ%stg%‘t um of the syringe adaptor is
pushed into touchi ng engagenent with the correspondi ng septum of the
receptacle port adaptor or_ ) ) .

gome prior art liquid transfer devices are intended to provide

contamination-free transfer of hazardous drugs.

15  For example, WO 2005/041846 discloses a drug mixing system comprising a
receptacle port adaptor adapted to be inserted into a port of a fluid
receptacle, a vial adaptor adapted for connection to a vial containing a drug,
and a syringe adaptor attached to a syringe. The syringe adaptor is adapted
to be brought into fluid communication and mechanically locked to at least

20 one of the receptacle port adaptor and vial adaptor in an axial motion. When
a user retracts the syringe plunger, fluid flows directly into the syringe,
ensuring that the fluid remains sterile and that the user is not exposed to
the fluid. The user is also not exposed to the fluid as the syringe adaptor is
connected to, or disconnected from, the receptacle port adaptor or vial

25 adaptor since the septum of the syringe adaptor is pushed into touching
engagement with the corresponding septum of the receptacle port adaptor or
vial adaptor, thereby preventing exposure of the syringe needle to the
environment, The syringe adaptor comprises a septa housing, a compression
spring seated within the septa housing, and a needle sealingly mounted

30 within the housing and axially extending within the spring. The septa

housing is movable relative to the needle in order to expose the needle tip.



vial adaptor, thereby preventing exposure of the syringe needle to the
environnent. The syringe adaptor conprises a septa housing, a conpression

spring sea ithin the septa housing, and a needle s i nted 30
b, SRR o

within the d axially extending within the spring.

housing is novable relative to the needle in order to expose the needle
tip. WD 20081129550PCT/ 1L20081000550 - -33 - This drug transfer systemis an
open system which conprises a nmenbrane vent and filter, for venting at

| east one OfhikRRug eeARFACBIHANE adtpRh®ystdiiewlichl coatdajieara mambraye i nge
adaptor to the atnmpsphere. After fiItratigg ai r contam nat.ed b%
m cr o- quantyeditendofilieh oy vanting g rieastsontdlethentacertacle pord o tor, thee

envi ronnent_. ' a%fa i Wb sPhede N\ FESHRM s, tAat two
septa are pﬁlg@gggﬁﬁg’ng%gﬁ%c H?S&errtlggg%dn%nt s%?;/ neans of the biasing
force of thenspnimged Phenbiagingitfier cithapbbizadpons is meverhelegs pxpdseder when

the two septa,are f.irst plaged,in.contact and..ncreases.as_t a are
pi er ced by ftohg‘en@éﬁlr%t?m&)%s‘gﬁﬂgﬁlf |d§,s,a%§ﬁ§}£a[gga§§/ P Pgn%\%ﬁgn%}%%eﬁgﬁ %e 10
syst em whenhahewo\WapseRid pBicd fih metitudll a68chih 8 e@ @Attt By hicabkeftthe cause
the two septa to be separated fromeach other and_to cause a risk of

exposur e ofbiatiasdarmgaidhs spring. Theihasiagdprcarmprhgd byahessaing Snigwer

di sadvant a ' i . j I, ' en the
Spring i Tapry Akl ARG el Mke Piup B R GRoL 3o HORGIR 40

di sengagi ngpitthed1by siheunéedsitie.d Evhemvientlye edydinddvertddt tinovernént of shem of t he

i nvention conprises a venting filter, i ch.vent i.r .that, m ght be
cont ani Hat ety \7@&5} Eheonq ﬁ%’taratfﬁetirﬁt gﬂaecegﬁ%}ic%?ﬂ?gﬁ? _11ap{% %‘fﬁqﬁe B;Ee%e
desirabl e tQyPsPth 46 bR sEPARREA Bont Badh Sk andltvRateparilkest exppéire2d to be
brought in | ocking engagenent prior to a liquid transfer operation and to

be separ at eidref dinigevpusgdw i@ ihperarquwrings Heueddisiopabdisadeattage §EESi ng
device or a_r ase chanj 2/.117 8 : 715, 520
di scl ose a S(:Ylsgésjgdi-sssf/s 6%1 g%aﬁnﬁeglr%/gngssf glr%g% se(r;r{‘n;ﬁe)g/)l ?%%%ggg{égr#ﬁfgg?on- free

drug transf@mpres&d, wahdoat r¢gassageedianasmyaforf momudlly idisergagingftha

receptacle containjn hazar dqQus 0 the sur.roundi ng. environnent. A
Conng ct by t$cyriag v%gfiﬁ |n@e&%{g (}a adggtlilgn %he system of tﬁe 1nven%1on comprises

a venting filter, which vents air that might be contaminated by vapors of the

drug to the environment.

It would be desirable to provide a connector that causes two separated septa
20  to be brought in locking engagement prior to a liquid transfer operation and
to be separated following said operation without having to set a securing

device or a release mechanism.

WO 02/11794, WO 03/086529, and US 6,715,520 disclose a closed-system
25 fluid transfer assembly for contamination-free drug transfer, i.e. without
passage of a gas from the interior of a receptacle containing a hazardous
drug to the surrounding environment. A connector to a drug bottle has a
hollow needle for penetrating the closure of the drug bottle at a
predetermined angle when establishing a fluid transfer line in a fluid
30 transfer assembly. A connector locking member and membrane are included

in a double membrane bayonet coupling with the fluid transfer device. A gas



hol | ow needl e for penetrating the closure of the drug bottle at a
predeterm ned angl e when establishing a fluid transfer line in a fluid 30

transfer ﬁi‘f{ﬁ@%{ﬁ”ﬁ connector | ocking nenber and nenbrpggfri 5:9005%%8' uded in

a doubl e yayonet coupling with the fluid trans evice. A gas
WD 2008/ 129550PCTT1L2008/ 000550 - 4 - channel within the holl ow needl e
transports gas fromthe bottle to a flexi Ble container constituting a
pressure conpensator, and vice versa. The fluid transfer device conprises a
syri nge andchamedlptithng theilolloWheeedbuplansgominighs has thd botsle tpar fledbleanged

for connection to the syringe and a second part 5 arranged f cQnnection
to the drugCHRieite @@ﬁﬂé&?’@ﬁ 2 ?F@SE%Gﬁﬁpﬁﬁgﬁt?r’vW‘gﬁl@a eh58- %@e@ ed into

the first pafdnsfdrSidiRVe@Rtfdsds£8ysihsd BAARY c@uflBlLBhitMILE RoSpliRs unif 0 an
opening of the first part and its | ocked position is rel eased by an

outwardly dheplaabesibhart ranathgedcformonneetiam te fbe gatiage andf g secqmbPartug i s
received.in_the flkui d transfe vVi.ce L) ecti the: 10

coupl i ng5 unlafraﬁlgﬁ!%;{ érl'"a(f()g%l Q%nu i ?ﬁ)&lgen%r%gfbot%ﬂee} C%’J?eectéérﬁg‘ rll1 ggsg?(%ﬁog%’ &ﬁiclkng

devi ce connegh @@ felesthied Mtetthpdidst phrnsimbusited foag. risingiyke debedier of an
i nfusion |ine piecrces the nmenbrane of an. outlef part, of the mxing. device
wi t hout | eaREdeh siBs iR am GPW‘PSaﬁg?}é"r r}iiéfsé)ﬁ'ﬁ? fn%eﬁfﬁ?lroége(ﬁpf’ﬁﬁ%’é‘ Kunmber of

steps in ordgp,idl BhARLES Brdly QAISCELRhAYIIMRL SR Bed' 87 SHLQStENE T Aer S
transferred, including the steps of connecting the connector to the drug

bottle, rot&bé¢ dgugmsirdoetiednigp theefluupianafer eviceoandnidstionyrdedlec! thewer i ng

the coupling unit onto the connectaqr, rotati d | ockj . I ng

uni t on?é tg%u Bine 8??“56&3& et r?%ll‘%%f%% ncgﬁtn‘rﬁeogﬁé%%%e&%% (%ﬁ’gégcoupl i ng
unit, pressicogndebed trethkliticd porasidremfasisamakyAispily shembied of eh iafiisidrhe
second part _into the first gart of the cou Iin% gnit, ,anc(li manivwkati ng the
syringe. An lingpiercsp4he membrane of an outlet port of the mixing device without

leakage.

15  This fluid transfer assembly requires a large number of steps in order to
establish a connection by which a hazardous drug is transferred, including
the steps of connecting the connector to the drug bottle, rotating and locking
the coupling unit onto the syringe, lowering the coupling unit onto the
connector, rotating and locking the coupling unit onto the connector,

20 outwardly displacing the handle of the coupling unit, pressing on the fluid
transfer assembly in order to retract the second part into the first part of
the coupling unit, and manipulating the syringe. An additional
disadvantage of this fluid transfer assembly is that a predetermined volume
of air needs to be injected to the flexible container prior to a liquid transfer

25  operation, in order to displace a corresponding volume of the drug from the
vial; however, the volume of drug to be transferred, which is dependent on
the volume of the injected air, cannot be adjusted by the health practitioner
during a liquid transfer operation. An additional disadvantage of this fluid
transfer assembly is that the air that needs to be injected prior to operation

30  is taken from the environment and therefore involves the risk of introducing

contaminants from the environment to the drug and violating its sterility.



di sadvantage of this fluid transfer assenbly is that a predeterm ned vol une
of air needs to be injected to the flexible container prior to a liquid

transfer 25 o Lon, in order to displace a correspondi of the
drug fromt Oeﬁ\%/g)%?sghomever, t he vol une of drug to be ?ggns gs(r?drog%,&‘ which is

dependent on the volume of the injected air, cannot be adjusted by the
heal th practitioner during a liquid transfeer operation. An additi onal

di sadvantage of this fluid transfer assenbly is that the air that needs to
be i nj ect ed Adsq,othetre ippermki tmt3ihei Bexiblee nodtaomrt wehignvis roadent shaet

t herefore involves the risk of introducing contam nants from,the
envi r onnent nﬁ%eflﬁzaﬂaﬁﬁioéﬁ d\ﬁ}%?%aﬁlﬁg“’?ﬂ?‘e%&l&g?ﬂ Py be pwa&ured, Hlereby
2008/ 129550Re1dskhg A08/c0RARRRatePair Wl 1R, edifiBndrt #nd kékddried tHelufd exi bl e

contai ner, which is nmade of sheet material and is |ocated externally to the
syringe, nayjrasiguneenbdy inqnesrldey Fuxihssmate tthe shorp deilawt vepdds pf the t he

envi r onngnt r I £ LUl S . i nOop, .

Fur t hor mor o P R0 ERE Bl Vb danbis, WIS a A AFRH ke d PERE PR Epcie
endanger s, whitilét pentiraties gheXjpag edttlo cloaugeh dlomedwhntiynthis fluidpemetferat es t he
thug bottle closure. Consequent | t.his tluid transfer assenbly cannot be
consi der ed \ﬁ#ﬁﬂlﬁlyt%@na%%gowé%éﬁ&@%%&&f?@ agﬁif?‘an H’]SP%PB?S&‘%@@PVO as
"needl el esS'yefokred tothast MRBFERES'IEY! £ BrhHRYdr MbvRe AIRL AGRIENNAHIE WhHigh not
exposed to a user. An additional disadvantage of this fluid transfer 10

assenbl y i s it mat ezpossdeloar ser- sAn jadditeonad dispdyentags pletltiarfnidisawtenpre

steps dypin [0} I enc | i 0 r t that

2 doubl 40 neuranyS SRR, i B R Bk B PR P e IS PR e RO

]E her ef (r)]r e beuexposks coanédtidvns squenneli fgrdang torthesdingerbeas tresdle thiag char ged
romthe syrin

e, thereby endangering th r gt and bystanders. 15 It is
an obj ect ofd® ﬁ]@ PreaeERte| 15 rW’ﬁoHOtt gep?sg?/]i%g%leg' ﬁfhﬁsa@n%‘%}g’t‘%rﬁgflgu‘ivﬁ%
transfer asgpeRidreaaixphsePHARE @ riRuRY 8lortif SiabRA AR i8¢h A gOREBRHOUS
drug or air contam nated by the hazardous drug or drug vapors and prevents

cont ami nant $h¢ syringshdherebyreodapgerifig the eparhiny andthystordeaet with 20 the drug
during ng transfer process.

It is an object of the present invention to provide a closed-system fluid
transfer assembly that is adapted to prevent the leakage of a hazardous
drug or air contaminated by the hazardous drug or drug vapors and
prevents contaminants from the environment from coming into contact with

20  the drug during the transfer process.

It is another object of the present invention to provide a closed-system fluid
transfer assembly in which the same volume of the hazardous drug and air
are exchanged internally by means of a pressure equalization arrangement
25  within the fluid transfer assembly, thereby preventing any exposure of a

user to the hazardous drug.

It is yet an additional object of the present invention to provide a fluid
transfer assembly which does not expose any sharp objects such as the tip of

30  a needle to a user during any stage of a fluid transfer operation.



It is another object of the present invention to provide a closed-system
fluid transfer assenbly in which the sanme vol une of the hazardous drug and

air are ex%gﬂgaﬁg%ﬁternal |y by nmeans of a pressure eq%lrhfi%g/(%ﬁsso.

arrangenen I'n the fluid transfer assenbly, thereby preventing any
exposure of a user to the hazardous drug. It is yet an additional object
of the present invention to provide a flud transfer assenbly whi ch does
not expose any sharp objects such as the tip of 30 a needle to a user
during any gt@gebiéct@ahlluddahtarsifthe peveaitionnwill Wome apparent as the

2008/ 129550PCT/ 1L.2008/ 000550 - 6 - OQther objects and advantages of the

i nvent i on wi¢scriglien REO®EPAr ent as the description proceeds. Summary of the
Invention 5 As referred to herein, the term"exchange" neans the transfer
of first and second fluids in opposite directions within different fluid
passagewaysSheimeey of thedoneativar s such that when the first fluid is

transferred fromthe fjrst container to the second contain al

vol une tfid r&g&’{fﬁdﬁ’f #?ﬁean’i et?ﬁﬁsfegpgael@ef oM the % ergg%%r %(rgrﬁ} g‘f g{glri to the
first contaighd ARdsSid &ppbsiesl difechiehei withimeditfersnt” danl gaksafeaysf r ee
transfer of liquid" neans that during the trapsfer process theé iS no

| eakage of beiareppdwiodcartaigers éwhéhafnmbéa% v fyig s dransiEgpd OBt ¢ he

liquid Lo the B RupLiR0s, 300 Bbafi bhhide agxgi@ga&i @b bf Y bdBnd

surroundi ngs cone 1 nto contact w A "fluid passageway"
means a f| ofiujphishroefeveed fivai thessacond eompares, tmihesfaist comgepiracl e, whi ch
conpri sgs at | east one segnent fromeach of said syringe neans and said
recepta e that are in mutual fluid comunication 20 when said syringe

means is couphefricd 18HedeinE EiRPtRE] Rontamination-free transfer of liguid” means
that during the transfer process there is no leakage of the liquid or air
contaminated by the liguid or vapors of the liquid to the surroundings and
also that no contaminants from the surroundings come into contact with the

15 liquid.

A "fluid passageway" means a flow path between said syringe means and
said receptacle, which comprises at least one segment from each of said
syringe means and said receptacle that are in mutual fluid communication

20 when said syringe means is coupled to said receptacle.

A "segment" means a volume enclosed by one or more walls in which a fluid

can flow.

25  As referred to herein, "proximal” means in a direction closer to a user who

manipulates the apparatus.

As referred to herein, "distal" means in a direction farther from a user who
manipulates the apparatus.

30



A "segnent" nmeans a volune encl osed by one or nore walls in which a fluid
can flow. 25 As referred to herein, "proximal" neans in a direction closer

to a user i pul ates the apparatus. As referred t ' -fdistal"
‘0@?@@@&9%& (}thﬁ%ﬁb:;}ooobsg

nmeans in a farther froma user who mani pul ates thée apparatus. WO
20081129550PCT11L20081000550 - 7 - As referred to herein, a "secured double
engagenent procedure" means a procedure dufi-ng which two pierceable
menbranes of two fluid transfer conponents, respectively, are brought to
mut ual engagenesferraddiodberieny awisarhrsk panblei ergapbrsai drovelurehbreanesa i s

prevented during, the, application 50f a distally directed force. referred

Do herer n, TEERAET SHOREE "GO NP ergEanS SR Hissantro dGY 5P e,

vial, infusigmplasntsadaficetiFel9f ay@rur@ughtt ¥ @Sutuah 2 Q%@mé'ﬁtﬁdn& QLY ai n,

transport, and transfer a liquid drug fromone fl UI§ ransfer 10 conponent

t o anot her orhich sapgyationsf saidivep mepmdbranepiedrevented dusimg tha appligatien hod f or

t he contam i Q0 A r of liquid froma first contai ner containing
B0t PR LA

a vol ume of an east an equal volune of gas to a second
contai ner containing at |least 15 a volune of gas equal to the anount of

liquid that js to be transferred intg it. The nmethod of the invention
conpri ses s ’reé?lrrs&tﬁdﬂeg%l@pél.ul(g}r g%}‘.(m%on&nr IR St 305 SPTBPORFN &8

Conpri sing: HrinlsS §ch1C ontRidE 'E)a?,aféhﬁﬁtoi‘s BEVeaRh e kiRl naht RAkthdddopo t hat
divides the intérior of the confainer into tw separate fluid tight
chanmber s hapntpinattatspert, 2md dramader whdioaiidh dimg &fom mec flawddiransfer a gas

chanber I%nd c%ﬂlg)loﬂérl;'@{o ﬁ{mﬁ&%&t@%&@&é s a liquid chanber; a first segnent
gnen

of a gas chann and a ' Tirst se of a liquid channel, wherein the
proxinal ends of the first segments are in fluid communication with the
nteriors of the ges, chamher and Lhe |iquid chanber, respectively and the
transfer of liquid from a first container containing a volume of the liquid
and at least an equal volume of gas to a second container containing at least
15  a volume of gas equal to the amount of liquid that is to be transferred into
it. The method of the invention comprises the following steps:

a) providing a fluid transfer device comprising: a closed container
having a moveable internal partition that divides the interior of the
container into two separate fluid tight chambers having variable

20 volume, wherein one of the chambers is a gas chamber and the other
of the chambers is a liquid chamber; a first segment of a gas channel
and a first segment of a liquid channel, wherein the proximal ends of
the first segments are in fluid communication with the interiors of the
gas chamber and the liquid chamber respectively and the distal ends

25 of the first segments are closed by sealing means;

b) providing a second segment of a gas channel and a second segment of
a liquid chamber, wherein the distal ends of the second segments are
in fluid communication with the interior of the first container and the
proximal ends of the second segments are closed by sealing means;

30 ¢) pushing the distal end of the first segments in the direction of the

proximal end of the second segments until the distal ends of the first



250f the first segnents are closed by sealing nmeans; b) providing a second
segnent of a gas channel and a second segnent of a liquid chanber, wherein

t he di stal W%QS/%%BM second segnents are in fluid co %zgﬁdo%om th the

interior o iTst container and the proxinmal ends o e second
segnents are closed by sealing nmeans; 30c) pushing the distal end of the
first segnents in the direction of the préxtmal end of the second segnents
until the distal ends of the first WD 2008/ 129550PCT/ 1L2008/ 000550 - 8 -
segnent s penet r ategmdrgs gemktmnage vhassaling nivandi st the disthlodnd bbthe fisst

segnents, penetrate the sealin ans .at the praoxj,nmal end of th econd
segnents, and ent@REHE BPRSHAR Falge P%?@nge%toh‘t? BY §f‘htﬁe y

provi ding a contidypgs sgasenRannel HREVCRR {fi8xinal @kl of e kBérd r st
container and the interior of the gas chanbér and a separate conti nuous
l i quid channel beagressst beerehy erpyiding atdeatinupys gasrahainnel belvererhidhd nt eri or

of the |quid chapbar: b okl oving.an sabild Brlum bpabe,ashablishad bet veen
t he pressure of the gas In he Pt cont arner - and € Pressure o he gas
in the gas 10 chasparatarentirhyvwchqiilehphasisbatereexaht ddteaivrtofiehd figst d in
the first container and the pressure_ exerted on the liquid in the liquid
chanber; e) m)vi?fﬁ“?ﬁl@ri%’@éﬂlﬁémeﬁ’ﬁpf&%{%qwgcg‘aﬂ%t direction in order to

i ncrease the vpl uMBwehg biA% gLt ch ¢hBEREIaLBRAd PeldRhamePiedradeepase the
15 pressure inside the Iiquid chanber and sinultaneously decrease the

vol une of the gagaslmartber fisgtdednngiman teandle bluss Ipyessuae edset Bes pr dbsugas of the
gas insi,de the gas _chanbes, erei,n the differ es . of press ed by
novi ng tlﬁe i nt er%éarmp%rr £t ibgir{lwa{lushee ]i)foElSJ‘ilr& o r%raf)%lft g%rln%tuﬁin ih(rla‘;"sﬁ %%:lbgnt ai ner
t hrough the cont toitaiier! hgdi thee pasdsake | d¥edtddnenl thipi kg irchhsbBguiind an
equal vol une of aas to flow sinultaneously fromthe gas chanber through the
continuous air c B$Tinto the first contai ner, wherein the flow of liquid

in one directifny@RethstuBldieAeYarlitioW iRfa 88% difedt® Of Helr ¢b LEGEAQN
continues until the internal partition stops nmoving and the equilibriumis

reest abl i shed; 2the ¥9lugies ob bimee tiginigchanebéy pnd ivsiamaimerushr deoredre theui d
transfer,.device b ulling,the dist.al, ends of,the first. segments ck out
BiaBils bt B5 BharClnatihe 5 kiSulhhSusCadRRhS 1B

of the 6?oxi mal roug heans at

the proximal endvalintdef the@RREhaaYEERLE indthatamyuelythesiasg thdprednds of the
second segnents, and thr_ou%ire\ the sealing neans at, the distal end 30of the

g . :
first segments, ¢H&edIRp BACEJIER 8gS Chambar Ivkareimehy differences, AERtessuraNn
20081129550PCT/ 112008/ 1870191%59@ the internal partition cause liquid to flow from the

first container through the continuous liquid channel into the liquid
20 chamber and an equal volume of gas to flow simultaneously from the
gas chamber through the continuous air channel into the first
container, wherein the flow of liquid in one direction and
simultaneous flow of gas in the other direction continues until the
internal partition stops moving and the equilibrium is reestablished;
25 f) disconnecting the first container from the fluid transfer device by
pulling the distal ends of the first segments back out of the proximal
ends of the second segments, through the sealing means at the
proximal end of the second segments, thereby enclosing the ends of
the second segments, and through the sealing means at the distal end

30 of the first segments, thereby enclosing the ends of the first segments;



- 9 - 9g) providing a third segnent of a gas channel and a third segnent of
a liquid channel, wherein the distal ends of the third segnents are in

fluid co 509%&2?% WI th the interior of the second CO@%?I%BS/@E‘% the
proxi mal ends o e third segnents are cl osed by seallng nmean %

pushing the distal end of the first segnents in the direction of the
proxi mal end of the third segments until- §he distal ends of the first
segnents penetrate the sealing nmeans at the distal end of the first
segnents, pengj raveiding ashald mnimﬁruf aagad b‘lﬁilp‘[e(b)ﬁinﬂed tleind segmehtof hi rd

segnents, and enter, .the proxinmal S,0 thet nts, ,10 t.hereby
provi ding a conﬂf‘lﬂ}&f?aag‘%l FheRe tq’(‘?eii PP t&’@e&?’%{rm P8 a8 Bnd
cont ai ner and t hgyinigich @hicRfiod REtI0AR hanbess @RGeBoREaHafRr GRAlthauoUS
i quid channel between the interior of the second container and the

interior of the pnoqml@il agttlarolb ghe th;rdaspgmmmgamlwdubﬁ srelipgraennse
establ i shed b Lhenpry 1%3 [&a Qk ¢ ﬁf,br"s? se %‘%B %‘n& feéﬁe tﬁ&%ﬂgn ¢yl ner and

t he pressure 0} ]%lhs i S in gas C er a € pressure exerted
on the |iquid i npilohtmsleaonef clmﬂtlamségmedtg hatiptles distal exdyr vetheofirdthe

liquid in the |iquid chanber nmoving the interna reiti [ second
direction in or degment ?Benﬁféﬁeeééees‘iaﬂ’élgv&e&% aft i‘f’h‘L} %?cﬁﬁdd(’fgﬂ%?nﬂﬁsg and
i nstant aneously Jd Lér easee;géﬂ%‘%‘raq %é%e%hhﬁ%a@&né he ﬂhb%&‘o%xﬁ@?@ﬁ@%f%@

si mul taneously in he vol une of as chanber and instantaneously
decrease the pr e@sluir eegllﬁerttheagé@ntmﬂwepxdxemghgndhafﬁﬂw thizdegegimenthe

di ff f h 25
i qui 10 11 ow TPBRRBRE T RAEc: SHARRM L R Cu R eB the bR G

channel into theth%egéuaddcwmmmaerarmwdhanneaw of ¢hungasothg@abet arid aw
si mul taneously fromthe second contai ner Pr ough t he cont |0|rI]g§us ai r, channel
into the gas chaitBarategratiapeny Hewid dansel betairea tha 1ateaiayiof &kt peftndnd '

si mul t aneous f1 oW, @fi3R5nH Thi Hﬁeﬂgpgft}glﬁ(ﬁﬁglcﬁgn&ggontl nues until the

internal partition stops noving and the equilibriumis reestablished; and
WD 2008/ 129550PCallbw 081 6@@kiboium i@be ekpbHskabbetaweithe phessyecoide

contain fromthe fluid transfer deV|c n e distal of the
first sﬁ%m&nts b%etsknbg}?e §¥°°PHe™ %%eﬁwfln ﬁ%e Brﬁ‘ss't%ego{ﬁ?rga%e%r%nt dass t hr ough
the sealing War@ma&ﬁbér%dﬂfe@%’eéﬁ'th@ﬁﬁbs@ﬁrd d@rtdd aidtleclqmiatia the bamldy
closing the ends of the 5third segnents, and thraough th&\ sealin ans at
the distal end ofontpigersnrg theghigeeyre t%é?fééyoén@eoé}% t We tBAGHIEE t he
first segnments -chgi'ﬁ‘béFt hod is characterized in that all of the liquid and
the gas that flo

i) movmg the internal partition in a second direction in order to

20 decrease the volume of the liquid chamber and instantaneously
increase the pressure inside the liguid chamber and simultaneously
increase the volume of the gas chamber and instantaneously decrease
the pressure of the gas inside the gas chamber, wherein the
differences of pressure caused by moving the internal partition cause

25 liquid to flow from the liquid chamber through the continuous liquid
channel into the second container and an equal volume of gas to flow
simultaneously from the second container through the continuous air
channel into the gas chamber, wherein the flow of liquid in one
direction and simultaneous flow of gas in the other direction

30 continues until the internal partition stops moving and the

equilibrium is reestablished; and



between the fluid transfer device and the first container was present in 10
either the fluid transfer device or the first container before the

conti nuous“;(i]%)&%/%g%nd gas channel s between them were prpew%ngz%&/ ps(gﬂall of
a er

the liquid as that flows between the fluid trans evice and the
second contai ner was present in either the fluid transfer device or the
second cont ai ner before the continuous Ii'qlﬂd and gas channel s between t hem
were 15 provided. |f the second container does not contain a volune of gas
that is at | eakl disgeaneeting he vetomdecoptaineydian tthe it rtamsdfer device ben t he

met hod is nodifi r.ovidin 1s . to place the gas. chanber in fluid
communi cati on Zoﬁlpﬁg{% ﬁé dii?sr;E ié?'i“’)sr o‘%ﬂaet ?tfg%ﬁﬁﬂtsgﬂﬁfia‘?‘ﬂe‘?f.t%?rﬁf’%’%lt he
distal end of theudsi ofl thegtiind @znGass CRBVRh kthe CRAMGSt 8hahe & QRE- WAy
val ve, thereby allowing filtered air fromthe surroundings to flowinto the
gas chanber as tﬁﬁoﬁnééi G phike thistsegmeniy therabyavtpeingithe endseofdbeond

cont ai ners 25 A i {d |} i [ L GCh of . i pvention
can be ussed is f%?ﬁ"tah;éég??%ﬁg’f %ﬁ&?ﬁﬁ(} gtzﬁgr]édeo%glsntgg&ﬁggé Eg%hgﬁielétggﬁpgio er to
anot her. | n anot tbe faspegmartie, thavedytdrwiosisg thef dndschitthafisfiesogaremas at us for
carrying out the nethod of the first aspect. The apparatus conpri ses:
syringe neans, 30 neans for releasably coupling the syringe neans to a

cont ai ner i MTkdixethed kd ehirdclesizsl o5 ahhealladht higuth S1ANARYE s TRAPHREAPt ed
to all ow equalization of = WD 20081129550PCT/ 1 L2008/ 000550 tI§|e gas pressure

wi thin the S}tFRER theathaid: raprber gleyiger and hhe st ontainer oot piasent amd t o

The oyr | Npo HEnct 1B SHER EHLLE IR, OF it BGPF HERR ISP BLTor e

i nvention cdipriilsest gas chjniels petwmge- thdee vroxiroridedentd oN Falprligfiag: i) a

cylindrical a%%d},{l;xe gas that flows between the fluid transfer device and the second
container was present in either the fluid transfer device or the second
container before the continuous liquid and gas channels between them were

15 provided.

If the second container does not contain a volume of gas that is at least
equal to the volume of liquid to be transferred, then the method is modified
by not providing means to place the gas chamber in fluid communication
20 with the interior of the second container. Instead the distal end of the third
segment of gas channel is connected to a one-way valve, thereby allowing
filtered air from the surroundings to flow into the gas chamber as the liguid

flows from the liquid chamber into the second container.

25 A specific application in which the method of the invention can be used is for

the transfer of a hazardous drug from one container to another.

In another aspect the invention is a fluid transfer apparatus for carrying out
the method of the first aspect. The apparatus comprises: syringe means,
30 means for releasably coupling the syringe means to a container in which a

liquid is storable, and fluid exchange means adapted to allow equalization of



a tubular throat ; a separating elenent that prevents the
passage of fluids 10between the connector section and the throat; and iv) a

pi ston that_ i i aceable within the cylindrical bod i st.on
defining aWZQOQFZ%%"qui d chanmber and a proxi mal gas ché’ﬁg}épz,%o@@?ﬁgof

vari abl e vol une; b) a connector section_fixedly attached to the distal
end of the throat of 15the proxi mal sectTcH,”Merei n the distal end of the

connector section is adapted to be connectable to a fluid transfer
conponent ; thecgasypresgasedwitdie fhe syriage yaesywstor theogeh prgsgutes withgh dhy ,
attached to : tin t erqln. t I St end of, the liquid
condui t éol%aﬁ%?%égi t!r(%séa”llo‘r%{!' t% %@%nﬁ\gge%c g?sné%(g (l)lo - eaﬁ%ﬂ}ehgq%’ldo%qﬁ(ﬁianend of
the |iquid 20eaodtdihet sndritiatw@éngembhes.| i qui d chanber; d) a gas conduit

t hat passes through and is rigidly attached to the separating el enent,
wherein the distal end of the gas conduit begins in the connector section

and the py oxOABb®BLirdéntt FEhE ¥R B agsg?atﬁéto?%é hvieRBiog35mpRapner; and

25e) a nenbrane | ocated at the distal en t he connector section, wherein

t he menbrane eAtldoweingeHikabyrinabsagtionfcompeisingjui d conduit and the air
conduit isolati ng t hem f Omltbh§ surroundi ngs. WO

2008/ 129550PCTAL bo%?%ﬁ%%‘t? PO4¥ - allow the membrane in the connector
section to be pushedipi.9xi Ly.when it is contacted by a nenbrane | ocated
in the head portig o’?gtﬁewou%ld transfer conponent. Further pushing of the

merbr anes t oget heii) causespdraeingi sleer@nNelgatofhréhiats i gHel dasodULE Mndst he air
conduit to 5 penetrate the nenbrane in the connector section and the
central Leal in thePehwsan she eonnectarpeption and tho thrortiapdan open |i qui d

chamel iz (e bl d ATt PRURERAIE SOAS! 05 Sl L oo
channel via the ai rpistonddiefinhet weelistaheliquitie ch@hbed 44 A groghaqbensand the
'nterior of 10the Thuld & Bk ¥ vasable valume:
b) a connector section fixedly attached to the distal end of the throat of
15 the proximal section, wherein the distal end of the connector section
is adapted to be connectable to a fluid transfer component;
¢) a liquid conduit that passes through and is rigidly attached to the
separating element, wherein the distal end of the liquid conduit
begins in the connector section and the proximal end of the liquid
20 conduit terminates in the liquid chamber;
d) a gas conduit that passes through and is rigidly attached to the
separating element, wherein the distal end of the gas conduit begins
in the connector section and the proximal end of the gas conduit
terminates in the gas chamber; and
25 e) a membrane located at the distal end of the connector section,

wherein the membrane encloses the distal ends of the liquid conduit

and the air conduit isolating them from the surroundings.

The connector section is configured to allow the head portion of the fluid

30 transfer component to enter the interior of the connector section and to



I n enbodi nents of the apparatus of the invention the connector section
conprises a distal collar forned integrally with, or connected to the
t hroat and i | v. sized to surround the head portion |, d
transfer 1?@@&%@3%5&, and | ocking el ements connected tpgfr/t"}ﬁ;ewsé@b#gr and
adapted to rel easably engage the distal edge of the head portion of the
fluid transfer conponent. In these enbodilBents the nenbrane |ocated at the
distal end of the 20 connector section can be a deformabl e menbrane havi ng
t he shape of aglidw Lheahethheane in Whe chnhectdi sedtjorats deheushatl progihalde to t he
separating element. and distal]l]y extends to the di stagl e(gd of. th§ gi st al
col lar. Saf et Vhardhds eamtasiedobioei merbrare feateshin ke Berd PRI &P t he

menbr ane. - 25 AR &Rl PhitfoR RRARAISE Ohe tiinbitnenitbesthean be
ul

connected to a (ransf'er conponent "in order to affect a secured double
nmenmbr ane engagement they disiak phdg ofuthet Hauidolchodmingard ghs: aix) comeait iton t he

head portion of the fluid transfer,.conponent cl.ose ISt zol | ar.
D6 206851 2L SO e ISR ETGERY 1 dRpee vsact%%neaﬁ‘&%@%%r 2 G gl | 20
di stal col | ariiaxhahd Yoostiss e thdrogeehRiblighing ah hpenelipuidnehdroehivéa tha t he

head portion contacts the deformable ,rregpr a(re\e i_g ghe conng%or section.

c) Continue t Bawsheondmit hrsmaen she 1arighel thiedignid chpmbsr paft YA iNEFYT ¢l oser
5t oget her co S} def ner i eh&rvigeBki on
until the di g?%ﬁ%eﬁggi %)lltg%ig%g cﬁﬁaggﬁéc}f%and aisr%Bgf)Arltgu(i;ﬂtag E%gﬁfelfgr ate through both
of the nenbraa@sconduiidpeiSoreni thecinteriomotheneirhawdnlpryr and the feterive oi st al
collar axiall céo%{r until the | gcking el enments connected to the collar

rel easably enééeg WOTRBSET Se 8P of the head portion.

In embodiments of the apparatus of the invention the connector section
comprises a distal collar formed integrally with, or connected to the throat
and suitably sized to surround the head portion of the fluid transfer
15 component, and locking elements connected to the collar and adapted to
releasably engage the distal edge of the head portion of the fluid transfer

component.

In these embodiments the membrane located at the distal end of the
20 connector section can be a deformable membrane having the shape of a
truncated cone, which is firmly attached at its base to the separating
element and distally extends to the distal end of the distal collar. Safety

means can be provided for preventing deformation of the membrane.

25 These embodiments of the apparatus of the invention can be connected to a
fluid transfer component in order to affect a secured double membrane
engagement by carrying out the following steps:

a) Position the head portion of the fluid transfer component close to the

distal collar.



The steps descri bed above for coupling the connector section of the liquid
transfer device to the liquid transfer conponent can be, and preferably

are, carri g&?(}lqge/lzgggong one axial notion. 15 In other eyp&(}gL%ﬂ@ﬁ?ng t he

appar at us i'mvention the connector section conprises a

cylindrical outer body. The hollow cylindrical outer body has: a. a

di stal shoul der portion radially protrudf r?g?’ fromthe outer body and
20term nating wi th an openi ng through which the proxinmal end of a fluid
transfer conpohtddoveathe)hepdguntion drst thodptahgolldy. aziatlyodestrpiogaiherl cap

havi ng a central ti QnurLi Sing connection S_pr.otrudi,ng, proxi mally
fromit to connec"&%{lotgﬁeﬁlﬁgﬁérgpee%&a tlﬁetg@rg‘?e?gcg-ﬁq% npfﬁ&qagjifl tBBrtion
of the appar at us;deZirtnalde Aeech@nbeh dBE chiictordeBigoh.nt 0 the interior of the
out er body fro%ch ntral portion of the closed proxinmal cap for _retaining

therein two co TRASHSrPSYhEhes headhparbion arl Bhradista eotlar eridlyieser ded
W th aperg ures thraughy %M}Heééiﬂé"ﬂeagﬁoﬂgﬁbfeegﬁ%@%fa\ﬁgl %%(’ng éorrﬁ@?l,jo?r red
a 30d. a double ne

during a fluid transfer operation; an rane Seal "actuat or
reci procably di speeteerangilwhe istal pedsof tleipwideand niroforidvétsoperetrasedy. WO
20081129550PCT/ | 08400055Q,- 14 - The doubl e nmenbrane seal actuator
conprises: a. a I&é ?ur%??ogglogg%‘? H?Pg%ragg%i ng; b. a proximal nenbrane that

seal s the proxiyeforgiithedhb hbee tashéidl Pértiod MEHR dRRIROBAL 2kl SQalkS the

di stal end of the casi ngi, wherein a
until the locking elements connected to the collar releasably engage

10 the distal edge of the head portion.

The steps described above for coupling the connector section of the liquid
transfer device to the liquid transfer component can be, and preferably are,
carried out using one axial motion.

15

In other embodiments of the apparatus of the invention the connector
section comprises a hollow cylindrical outer body. The hollow cylindrical
outer body has:

a. a distal shoulder portion radially protruding from the outer body and

20 terminating with an opening through which the proximal end of a
fluid transfer component can be inserted for coupling;

b. a closed proximal cap having a central portion comprising connection
means protruding proximally from it to connect to the distal end of
the syringe-like proximal portion of the apparatus;

25 ¢. a needle holder protruding into the interior of the outer body from a
central portion of the closed proximal cap for retaining therein two
conduits comprising sharp pointed ends and further provided with
apertures through which liquid and gas respectively are transferred
during a fluid transfer operation; and

30 d. a double membrane seal actuator reciprocably displaceable within the

hollow interior of the outer body.



part of the distal menbrane protrudes distally fromthe casing; and d. at
least two resilient arns which are connected at a proxi mal end thereof to

an interneg‘;(ﬁ{)gif/?zg%tnl on of the exterior of the casing %Q‘il/lféﬁgg?{obsgg enl ar ged

el ements a stal ends. 10 Wen the doubl e menbrane seal actuator is
at the distal end of the cylindrical body of the connector section the

enl arged el enents of the resilient arns-aide-pressed into the distal

shoul der portion of the cylindrical body of the connector section, thereby

all ow ng the nenbrane enclosure at 15 the proxinmal end of a fluid transfer

conponent t serted into he opening at the distal end of the

connect or i@?ﬁ%ﬁﬁr{ﬁe’g e ﬁ?f'ﬂ’iaF Eﬂﬂéﬁ?ﬁ‘r ane in the menbrane enclosure
contacts the parj cﬁin&rﬁ%lgbt%fa%r dBihrane that protrudes distally fromthe
casing of the doubl e nenbrane seal actuator. 20 The di aneter, of the distal

shoul der port ibore BrrEimabmeinhrane thifesoaly Heguaxenalmnd of the cafidedi stal end of
the armsgare guch &1%'1:3& 'mes r%n%nc(}];%? L858k (fl?stbfe&i)ek 'tl?edcﬁsq U\ﬁﬂexfﬁlﬂ? adoubl e

menbr ane’ seal acfud ransfer ‘conponent fowar A2 eac ot her, the
sides of the rrenfmmmetlwwd;lls@ﬂuﬁ@nbfameqmotﬁaes destelly &rogethetasmmntadat t he

di stal end of the rns from rad al i nwar d I S cause e di stal
act uat or rrenbrdan@‘ Sbéwed :h}f‘é'{ g’fehéo Efdaﬁg % chl’ﬂ@ainfﬁgr ane
enclosure until e, ides, %te&ﬁ%dfﬁ%@*ifo@ﬁ@n SPGhOSHES i 6f FheSPARREGNd
proximally in relation to the enlargéd el enents. At this point the enl ar ged

el ements have roomumsenenlargeddilehbytsdy thaiatiets] eade rel eased fromthe
di st al %mul der portion of the double

When the double membrane seal actuator is at the distal end of the
cylindrical body of the connector section the enlarged elements of the
resilient arms are pressed into the distal shoulder portion of the cylindrical
body of the connector section, thereby allowing the membrane enclosure at
15 the proximal end of a fluid transfer component to be inserted into the
opening at the distal end of the connector section and advanced until the
membrane in the membrane enclosure contacts the part of the distal
membrane that protrudes distally from the casing of the double membrane
seal actuator.
20
The diameter of the distal shoulder portion and the size of the enlarged
elements at the distal end of the arms are such that, when an axial force is
applied to push the double membrane seal actuator and fluid transfer
component towards each other, the sides of the membrane enclosure prevent
25  the enlarged elements at the distal end of the arms from moving radially
inwards. This causes the distal actuator membrane to be compressed
against the membrane in the membrane enclosure until the sides of the
membrane enclosure are displaced proximally in relation to the enlarged
elements. At this point the enlarged elements have room to move radially
30 inwards, are released from the distal shoulder portion of the double

membrane seal actuator, and abut the distal underside of the membrane



menbr ane seal actuator, and abut the distal underside of the nenbrane WO
2008/ 129550PCT/ 11, 2008/ 000550 - 15 - enclosure. In this way the distal

actuator mgnbrane is | ocked agai nst the nmenbrane in th r _encl osure
in secur ed“ﬁﬂ’og&@essed engagenent, preventing di senggggﬂg‘ﬂ?&g?ﬁt he
actuator fromthe fluid transfer conponent, and allow ng the actuator and

the coupled fluid 5 transfer conponent 4 dbbe reciprocably displaced within
the hollow interior of the outer body of the connector section. The

di stance t hafidkhfe. a6t $1at Wayafh atstachgdalor Uhsmbransielockedpeairt than be
di spl aced proximally within the hollow_ interior of the outer body &)f the 10

connect or seemborneanid tihe |egbhawt UEOTRD epnaerured apB s GERPFEET when
the actuatof Andabhe BIAAGRETS hldlhdadd: 08! SF HQMRANGRS: 2 diRbimReed
BhE™S inted ends®o

proxi mal |y, arp po e two conduits penetrate the distal
menbr ane of trhfisfen aougiomengndntihallowidy ahe actubter medbthbe ecospledodinid,

thereby establishing a liquid path a S path.r chively between the
15 connect drargey ?%P%tﬂﬂ@efrpa@aoqaggYn@Fg@%@%@%ﬁﬁg?%%‘ﬂ1 %%105(9 uat or
and at t achegqfoh i th ddytEhe osMBARREoAr € di spl aced distally within the
hol l ow interior of the outer body of the connector section, the sharp

poi nted ends of the two conduits are pulled back through the distal

menbr ane of,.t he. act uat or ..and .t he _| i . ,
t her eby br eg}éﬁ ﬁlﬁgaf&e%kég Flileq%‘?tgagoé_t rggéntggl%ﬁg r%‘%altsﬁﬁat r%s eog{ta?%/g yE%et ween
t he connect @gplaesd ipeoxiandlyt hatHihuild holdove fiaterdmnpbblentoutdthbodyt loé toubl e

nmenbrane seal actuator is at. the distal end of, the cyli,ndri,cal, b of the

conduct Ht sWERPYAL .S%Oﬁé?‘ns‘ﬁéf bhepginﬁ?}éﬁtt fg’r‘i’c@" 00‘?01"@7'}858%%9@1 dﬂ’ihteg%gg e

| ocat ed bet X&?ﬁ&o&’hpanﬁr %e@%ﬁé@x@an{)%damgaﬂs@ diositineRBMaEaNRisplacke doubl e
e e

menbr ane seal actuator. odi nents of the apparatus of the

i nventi on | pekimaldy rikoethacnpobed cwds of the teofcpniuits paneirate @@nﬁé’?ﬁént in
O o b AL 5B ER ISP TR, ke RIS OV (P
thereby establishing a liquid path and a gas path respectively between the
15 connector section and the fluid transfer component. When the actuator and
attached fluid transfer component are displaced distally within the hollow
interior of the outer body of the connector section, the sharp pointed ends of
the two conduits are pulled back through the distal membrane of the
actuator and the membrane in the membrane enclosure, thereby breaking
20  the liquid path and the gas path respectively between the connector section

and the fluid transfer component.

When the double membrane seal actuator is at the distal end of the
cylindrical body of the conductor section, the sharp pointed ends of the two
25  conduits are located between the proximal membrane and the distal

membrane of the double membrane seal actuator.

The embodiments of the apparatus of the invention just described can be
coupled to a fluid transfer component in order to affect a secured double

30 membrane engagement by carrying out the following steps:



a. Position the opening in the distal shoul der portion of the outer body of
the connector section in the vicinity of the proximal end of the fluid
transfer c b. Initiate a double nenbrane enga tion by
distally 58‘@2@&9{;%%5%9 the outer body of the connector ggc |é%8%8§5[5?l t he
menbr ane enclosure at the proximal end of the fluid transfer conponent is
received in the interior of the connectod6section. c. Additionally displace
distally the outer body relative to the fluid transfer conmponent until the
di stal nenbr ane FPokitidrethacipuaigrinlibeclistabsheuldatpdrsiopredshe dugdiods of t he
nmenbrane in the nenbrane enclosure_at the proxi mal end, of ;t f .Ul

transfer conpondhe compeGteryseckion & e Ylﬁ’énté}ri?fgﬁt?eﬁmé‘i‘%ﬁ]eﬁ?@ Oggh‘f ffl]éu(gl st al
end of the arms attached tQ.hhe double menbrane seal actuator are held in

the distal shoulder portion of the outer body of the connector section by
the sides of bhdnitfatentar aebknchembrane Rrigagpmentnereratienadyudisselly rom

nmovi ng proxi mal | i t.hin, the outer dy of the con ect..9h nd d.
Addi tioral Iy di sdéﬁfpﬁ%‘&na ith¢ Py _%Pﬁ% Og g‘%‘%‘r”‘b“é’&y ? EPUOT A HRCR ﬁf‘g
transfer conponemklodiitd lattihe fhosd@hl RadbofanBe dluitl hraasien adoarpoandt tike

menbrane in the nenbrane _encl osure gt the proximal end of the 20 second
fluid transfer @esRiverer theriaterinrnidhe sopnesti¥veboRufficiently to allow the

sides of the FentiAnc,acl@SMES WkRATSiHn6yRR! idedaiationen! fe Thils al | ows
the arnms to nove radiall’y Tnwards, thereby | ocki ng the distal actuator
menbr ane agai nsttrateferrewhrpenent nuitile thendisiale reewboaner ofi fhes eactivaigr and

conpressed engagengnt, 2 revent i,ng di sengagenent of . act fromthe
flurd tihnsf er %8%%&5&%@9% gﬁn&r%ﬁsf%m?%n%89%3%%%‘?“%%hﬁ%ﬁe&ae@ggh‘éd f1 uid
transfer conponemldsQrdgt fHRCHPREREANN 6l thel fhaddrandféd dontpunechel Dasingnt eri or
of the outer bo%‘ of the connector section. \Wen tr\%‘e aic_‘t uat or anglp ttached
fluid transfer doipgaeithe aplergedplemeads pF the distalyengi s a5oeRdtacsrtow
interior of the r (Ko ¥ rdboARicht ed ends
of the two conduﬁgﬁ%‘gﬁgﬁg@%@éﬁb&ﬁ’g‘s L N S L T TS,
17 - menbrane ofportien aftthabaterdmulyt dfetheecvpmacter isectidrebydhbsides adribkosur e,

t her eby establishing separate |iqui,d and ga t hs betweepn the c ect or
sectiont®and the IPF%‘I%Ha’i“fa‘?ﬁcicégPr%o#}Bﬁem?‘%ﬁe%%thcg%attaﬁt %?maﬁlao‘gtg tg’ac hed
fluid transfer GRORRRAN withén Phalbstel dead oflitsd @hhyctor téitiont Badhol | ow
interior of the outer body of the connector section, the shar pfﬁj}iﬁtEd ends

of the two coﬂdu&xd‘ﬁﬁan@ﬂb{ﬂiﬁﬁéc%aﬁ%aﬂﬁrHtﬁgl‘?uf%ebeﬁ%traﬁatw@nﬁ} AR 1914t he
actuator and the, (RORL ARG, hib:sGIRADARE SRENBSHE B i Rhahie: Angakbng the
S be en the fl

liquid and gas pa he connector section and t urd transfer
10conponent . membrane in the membrane enclosure at the proximal end of the

-

20 second fluid transfer component are compressed together sufficiently
to allow the sides of the membrane enclosure to pass the enlarged
elements. This allows the arms to move radially inwards, thereby
locking the distal actuator membrane against the membrane in the
membrane enclosure in secured and compressed engagement,

25 preventing disengagement of the actuator from the fluid transfer
component, and allowing the actuator and the attached fluid transfer
component to be reciprocably displaced within the hollow interior of
the outer body of the connector section. When the actuator and
attached fluid transfer component are displaced proximally within

30 the hollow interior of the outer body of the connector section, the

sharp pointed ends of the two conduits penetrate the distal



The structure of the connector section enables the connector section and
the fluid transfer conponents to be connected by a single axial notion and

di sconnect g&%s/ggggngl e axial notion w thout having t%c?ﬁﬁztoﬁt;/do%%i ng 15

securing d rel ease nmechani sm |In another aspect, e Itnvention is
a connector section for use in a fluid transfer operation. The connector
section conprises a hollow cylindrical eut/er body having: 20a. a distal
shoul der portion radially protruding fromthe outer body and termnating

wi th an openi ng thembugte Wi thle hbwapiroxindathe niembramef lini thet memsirane

conponent can be inpserted, for coupli.ng. b. a close r oxi mal havi n
a central porti cﬂi’cwﬁfﬁ’i §h??§b¥oﬁﬁg’&’hiﬁgmgrresgﬁgmﬁ?oblﬂﬂb£n§“‘gr%@ﬁ et from igt
to connect to theidist ahceBthiRbtdt sxbiow dnlir RSRAd ARRARE USmponedt.need|
hol der protruding 1nto the interior of the outer body froma central

portion of the cWbsedtlwe cxitnatiorcapdf ettackedi fiidg transie gompopeRistargne

conduit conpri si a shar oi_nt.ed .en d furt.her oy it ertures
t hr ough ﬁhich fl %@aﬁ§?§§%§@%F?@Bnéﬁ?ﬂﬁgﬂW%gﬂﬁﬁ?fﬁfgﬁ%¥gﬁ%ﬁ§$&égg%§tion;
anfl E/\D 2008_112985@5%l!t';’@élif;I !ée@i?@@,/ ﬂ%?%&p péihted dnda efotlhl ewomohdaite meal
actuator reciproca i.spl aceable within the holl ow interior o he outer
body. The doubl dv\#lﬁ%ba% t_%wghaﬂtmé%%& é‘%ﬁr?&?‘iaél@s‘?f - aghualey apdithg

act uat or casi ng: Qo Bl & B mIBBRLANEndIBAIzeS RLSLY NEopEiaY 1Bl ligad of the
casing c. a distal menbrane that seals the distal end of the casing,

wherein a part odnd ges giashsbetverenr theecqmectardwestion svall the fipishirameferasi ng;

and
10 component.

The structure of the connector section enables the connector section and the
fluid transfer components to be connected by a single axial motion and
disconnected by a single axial motion without having to set a locking

15 securing device or a release mechanism.

In another aspect, the invention is a connector section for use in a fluid
transfer operation. The connector section comprises a hollow cylindrical
outer body having:

20 a. a distal shoulder portion radially protruding from the outer body and
terminating with an opening through which the proximal end of a
fluid transfer component can be inserted for coupling;

b. a closed proximal cap having a central portion comprising connection
means protruding proximally from it to connect to the distal end of a
25 fluid transfer apparatus;
¢. a needle holder protruding into the interior of the outer body from a
central portion of the closed proximal cap for retaining therein at
least one conduit comprising a sharp pointed end and further
provided with apertures through which fluid istransferred during the

30 fluid transfer operation; and



d. at least two resilient arnms which are connected at a proxinml end.
10t hereof to an internediate portion of the exterior of the casing and

conprise enlarged el enents at their distal ends. Wen %g Fkl?(i __[Tenbr ane
seal actuat™? W28t he distal end of the cylindrical Eé}'gzg 0ﬁDeSEngonnect or

section the enlarged elenents of the 15 resilient arns are pressed into the
di stal shoul der portion of the cylindricall8oedy of the connector section,

t hereby all owi ng the nenbrane enclosure at the proxinmal end of a fluid
transf er conpodentddubldmenmisent adal autvatoneecdpanbhly displabealde stithinehd of the
connector sectio nd .a van(S:[%d untjcl ltge menbrane in the nenbrane encl osure
contacts the par t2o0PWRETRTGEAhe 51 Yane that protrudes distally from

t he casing of the double nmenbrane seal actuator. The dianeter of the distal
shoul der portion and the size of the enlarged elenents at the distal end of
the arnms ar elBudeuhlpmeminaan sanl agthatoricoppeises 25 applied to push the

doubl e nPSnbrang_ Saet%'litnﬁg{[c%g%ﬁa%@%agiln%id transfer conponent towards each

ot her, the sides o rane enclFbsure prevent the enl arged el enents at
t he di stal endbofa jiteeiraslmeboamathatrgalsafie grbyinialwadds thd basingauses t he

di stal actuator nenbrane tq be ressed against_t menbrane in, the
mermbr ane encl oSur & %HEd FhEase gggpﬁﬁ?%ée gt?%ﬂe‘?ﬁﬂ' ‘égﬁ"ee‘%?@}%d‘f T&#e?
di spl aced proxi myakyof thel@iial blank Peoibed tlﬁliiéﬁhlBJ V\%Hﬁnﬁh%-caéiﬁlg'f hh§ point

the enlarged el enents have roomto nove radially
20081129550PCTAI 122 degstobon Besilient arms which are connected at a proximal end

10 thereof to an intermediate portion of the exterior of the casing and

comprise enlarged elements at their distal ends.

When the double membrane seal actuator is at the distal end of the
cylindrical body of the connector section the enlarged elements of the
15  resilient arms are pressed into the distal shoulder portion of the cylindrical
body of the connector section, thereby allowing the membrane enclosure at
the proximal end of a fluid transfer component to be inserted into the
opening at the distal end of the connector section and advanced until the
membrane in the membrane enclosure contacts the part of the distal
20 membrane that protrudes distally from the casing of the double membrane

seal actuator.

The diameter of the distal shoulder portion and the size of the enlarged
elements at the distal end of the arms are such that, when an axial force is
25 applied to push the double membrane seal actuator and fluid transfer
component towards each other, the sides of the membrane enclosure prevent
the enlarged elements at the distal end of the arms from moving radially
inwards.” This causes the distal actuator membrane to be compressed
against the membrane in the membrane enclosure until the sides of the
30 membrane enclosure are displaced proximally in relation to the enlarged

elements. At this point the enlarged elements have room to move radially



- 19 - inwards, are released fromthe distal shoulder portion of the double
menbr ane seal actuator, and abut the distal underside of the nenbrane

encl osure. this_way the distal actuator nmenbrane is inst the
menbr ane iﬁé@ﬁogg%éﬁ%?ane encl osure in secured and conprﬂecggsﬂesg’gg@og%é]agenent,
preventing di sengagenent of the actuator fromthe fluid transfer conponent,
and all owi ng the actuator and the coupl edi¥l-uid transfer conponent to be
reci procably displaced within the hollow interior of the outer body of the
connect or saGia@e; k0 Fdleaglids thame ethiehdisttheshaaldeat portiviad ofit thac ldedblel ui d
transfer conponent can_be displaced proximally within the hollow interior
of the out ePeERRRANGTSephECEIRAR A a%’é’i:ttﬁ%ﬁhs&ﬁ updersidn gf fhe emBrangy
condui ts arg, gHahet ﬁ%‘ttgis"‘é}ﬁg_thgﬁi&%i b o2 B ol e ndtik a6hed J%alfhéjc {Heansf er
conponent are displaced proximally, the s%arp poi nted ends of the two
condui t s pensmilata@et he dhst alendlfranemenglosuxsf inheeaetedatayd achpResedenbr ane

in the nenbrane enclosure, thergby establjshi a |Liquid,path,an gas
path respectPeRE R RIEKCR RS cﬁﬁ%@?‘é’?ﬂeg c‘fq‘z gl%e aﬁ?&u%ﬂ% ?B’ﬁ‘l Eh? rﬂ;‘ﬁl fer
conponent . WigRfdrheoapbadlior s hiRkstiag heih falctilof ransiipe counedeftidar e
di splaced distally within the hollow_ i nterior of the outer body of fhe

connect or s &smisé, conpenghhbpbgeacireer iy dispdacedovithia thpohollomrintedonele pul | ed
back throug i I actuator and the nenbrane in the
menbr ane engﬁil%éﬁegl,b%{iﬂgﬁg%%%?ggﬁ?%%&{bﬁé liquid path and the gas path
respectively between the connector section and the fluid transfer

conponent . en th bl e, renbr ane,  seal ., actyuator.is at the distal end
of the (I,SS/I i ﬁgﬁmﬁﬁnﬁ%ﬁgﬁ%ﬁe@ﬁ@%%%@%ﬁ“@%%ﬁ%ﬁ?m?ﬁ%r S%PBI‘%&CRP} ends of
the two congdiypliseedr ro&ﬂﬁéﬂ%%ﬂﬁiﬂ"@l@é‘ HollewP ¥ bR lof rEBEbERRS Haag sfheredi st al
menbrane of the doubl e nenbrane seal actuator. WO

2008/ 129550 PETHeLERUBSH0008YGhe lamth of e bupaerdwis atectichrthal e thevent i on
can be coupled, . 3kh Ukl L LARSIST AOMPONERLEE "ok BRakO Ab! GflpiAceCur ed
doubl e menbrane engagerrenef y carrying ou e fol'f ow ng steps: a.

Posi ti on t heregenilygthashie phiste ersivoef dertwaocdndomtsafenchate thedidbaldy of
5t he connect or secti%ntin the vicinjity of .the praqgxinal End of the fluid

y .

transf erlscpﬁ‘tfd%]%‘jr?t"‘.e hepatpatos apdyhsoremhsane é’ﬁgzﬁﬁﬁﬁ% HEft SOpRTELT on by
distally di $piRelRGtddHRhAH §Uiql%9&i?5a ahB& E2NPEG spe@ftdlpMetiddd thhe
menbrane enclosure at the proximal end of the fluid transfer conponent is
10r ecei ved iconndvéor spctioh @mdothet faidcaaneler epmperanto When thedentvpisgamdy

di spl ace di st al he, out er. body r ti . i . r onent
ane 1 che oPeRsrda i SHbREp b aRe R bt I b AR HARETONT
t he menbr angntiefiok b€ the olie e de € bis cortheatortdeetimt, cthie nshbre pdingéd thés 6f ui d

transfer conponent. ring 15 is step th | atged el enents at .t he
di st al éfld ‘_"ttﬂ"é SORAEY @é%k@ﬂ{ﬁﬁogﬁ% @Sﬂiﬁﬁb%ﬂ%n‘ﬁ)‘gﬁge% rane iathsr are
hel d in the,dishal aﬁ&c%]!'ue ?;ﬁéemBPJﬁe' ANt nidienaubenchRdYe Oheldls BRBREA OF

section by the sides o menbr ane encl osure, thereby preventing the

actuat or fr ¢he higuidhpatir axd ted Eys patthrespeeiévedunbetwéradtheofonphetor seete or
section. and ég glu«iﬁgdalnt (%Q:a}nl nditspl acing distally the outer body
relative to2PRERE Y ARSI RPPB S nent until the distal nmenbrane of the
actuator and the nenbrane in the nenbrane enclosure at the proxi mal end of

the second fluid transfer conmponent are conpressed hoggi%hajr suff ] cﬂently to
al low tRé siVilean dhet fenhienierhsannjeal (AEURET pasat tthe &iifalr gy of the

cylindrical body of the conductor section, the sharp pointed ends of the two

conduits are located between the proximal membrane and the distal

membrane of the double membrane seal actuator.



25 el enents This allows the arns to nove radially inwards, thereby | ocking
the distal actuator nenbrane agai nst the nenbrane in the nenbrane enclosure

in secured essed engagenent, preventing disen f_t he
ShRETR GRGFER 0l

actuator f uid transfer component, and allow ng 't uat or and
the attached fluid transfer 30conponent to be reciprocably displaced within
the hollow interior of the outer body of #he connector section. Wen the
actuator and WD 2008/ 129550PCT/ 11, 2008/ 000550 - 21 - attached fluid
transfer coffhenenhecte sditiql af ¢He pnositial bym et eaupledéo koflushvtranséari or of

t he outer body of the copnectoyr, section, .the,shar ointed ends of the two
conduits peREPPARERL:ROTfieL 1] 2 spahe ({](ngea eﬁ%ﬁlﬁneawalgﬁ%leﬁg rane in

t he menbr ang;9vEIRCRTHE GlldWiaEapsest abl i shing separate |iquid and gas
pat hs bet ween %’he connector section and the fluid transfer congonen . \When

the actuator a@ndPeaitioetbelopening in thhdrtal shonsendnttion af thespitarbelyuplst al | y
wi thin the hol | on i ri.or . : . t Qs jgon, the
shar p po?nt ed enQ{‘se %b%x eh%rts%m%gg%%‘% gﬁcéglggiﬁéq%ﬁfppgﬁﬁggﬁﬂtﬁ g%g t he

di stal menbrane tihntfee canpoaddt and t he nmenbrane in the menbrane encl osure,
t her eby breaking.the

) l'i quid _gnd gas pat hs between the connect or. tion and
the fluidt rar]fkf@rltlét?rrp"bné?ﬂbie 18 'gg“?r Gﬁg?ﬁeén%’fn“ t%@r‘%b%gl?‘t ocils tion
enabl es the connggpRlinkeHe RReAPSHy Shk|cohHedibASStRM GRITRBE M EbEhebe
connected by a si ngl e axial notion and disconnected by a single axial

moti on wi t hout hendleryre cats she @rpuiamdlnend of uihienfuite ransteyr campenayss _
mechani Ul 20 Br {‘e%feivgg%]&hg Eﬂt?,ﬂlop Ef %ﬂecoghg&dopgéctiolnp the draw ngs Fig.
e side o p

1 is a perspective view from an apparatus for transferring
hazar dous dr ugs, Adégindilpgdisplaeaedietdilydile nutaf bole retativ torthe 28uidFi g. 2

is a schematic vertigcal cross sectiongl vjew of the apparatus of Fig. 1;
Fig. 3is a persB’éEﬁ'e¥7ecWBWeé’it Plnf)‘i Ja%fr %‘iaﬁf’&eg} ngh%{ %Fa&%ﬁ‘flgof a
hol | ow pi ston roghyiQ:t2 Ph$li@Mpressed against HheImebrdng HC PRITBhEGbrane
illustration, in vertical cross sectional view, of 30 the rel easable

coupl i ng of the empesuaeas thé pRizgmal enfl ofithe Bridytranafer component. During
15 this step the enlarged elements at the distal end of the arms attached
to the double membrane seal actuator are held in the distal shoulder
portion of the outer body of the connector section by the sides of the
membrane enclosure, thereby preventing the actuator from moving

proximally within the outer body of the connector section. and
20 d. Additionally displacing distally the outer body relative to the fluid
transfer component until the distal membrane of the actuator and the
membrane in the membrane enclosure at the proximal end of the
second fluid transfer component are compressed together sufficiently
to allow the sides of the membrane enclosure to pass the enlarged
25 elements This allows the arms to move radially inwards, thereby
locking the distal actuator membrane against the membrane in the
membrane enclosure in secured and compressed engagement,
preventing disengagement of the actuator from the fluid transfer
component, and allowing the actuator and the attached fluid transfer
30 component to be reciprocably displaced within the hollow interior of

the outer body of the connector section. When the actuator and



- 22 - Fig. 5is a schematic illustration, in vertical cross
sectional view, of an inverted vial coupled with a liquid transfer device,
prior to c i ion-free fluid exchange; i RodidoR Schemat i c
illustrati %%Pglpﬁgbtransfer of a hazardous drug to 5 ab?'indu?c/i (():%%nber of

t he apparatus of Fig. 4, Fig. 7 schematically illustrates the
transfer of the hazardous drug from the &tansfer apparatus of Fig. 2 to an
|V bag; Fig. 8 is a vertical cross sectional of another embodi ment of
t he cont ani nat i efitached fiidgtransias fcempappal areidlismlacdase prowimalyowithin -Fig. 9
IS a cross secti | .view of. th n [ iSect j,.on t [ t of the
contam nati on-f r’cgg%&llﬁ)av flrrltéaﬁls?% eoi tglgpéz}rﬁg% %deh@t § ﬁgrheézﬁoqé?émgg’ L ig. 10A
is a cross sectishag) woiavedfeddde ofl tha twansduitappanatrase atid cstakct or
section shown in Fig. 7; 15.-Fi gC 1Q2, gi . 100, . and FigC 10D are enl arged
views of secti o raneq of 1tha ptpglor, ap n‘é‘et Héené]i”?anént}‘fbﬁi@e g3Gevays
through st he fl uid fotaRst ehe@BPaLaLYESIARE COPNGEL OligRRCIARN: gas path&i 0 11
is a perspective view of a vial adaptor 'to Which a’connector section can be
connect ed; 90Fi dpetwtden sha emmectoal section sasddhieoflaid travsfef comppa¢ntadapt or ;
Fig.13 to Fig. are.vertical cross segtional .views.of ||| rating the
secur ed doubl e aﬂbe 6?& ehefit otz?‘(gﬁdo%ﬁlﬁ%i %rﬁlvﬁ% 78 3%%8?%%%3 a(%‘? Fig. 8;
Figs. 17A and 14displstvandiselgnaithelthy hollewt inberi®ss! tenomer Bodappltheat i ons
in drug preparation; ig. 18 is a cross sectional view show ng a

F
spi ke adapt er y§@@1¢cﬁ0’t(§ﬁ‘ftéﬂ¥|@t nSharp npgiptady epds pds f GppsPaduts a5
connectQy sectl %’&11%8 bidnghRueh b lgistA ﬁ@ﬂlbfrr?ﬁ{;néﬁrbh'enéc;tﬁé(%%&% thy) bag;

Fig. 19 is a cross sectional Vview showng a transfer apparatus 30
attached to i nf usémbrdxaginshenaiaraspi keladapt drerebobredlingitge ligid WO
2008/ 129550PCT/ lalﬁ%loggs/ gga?;getween the connector section and the fluid transfer

component.

15 The structure of the connector section enables the connector section and the
fluid transfer components to be connected by a single axial motion and
disconnected by a single axial motion without having to set a locking

securing device or a release mechanism.

20 Brief Description of the Drawings

In the drawings:
- Fig. 1 is a perspective view from the side of an apparatus for
transferring hazardous drugs, according to one embodiment of the
invention;

25 - Fig. 2 is a schematic vertical cross sectional view of the apparatus of
Fig. 1;
- Fig. 8 is a perspective view of ribs for reinforcing the attachment of a
hollow piston rod to a piston;
- Fig. 4 is a schematic illustration, in vertical cross sectional view, of

30 the releasable coupling of the apparatus of Fig. 1 with a drug vial;



- 23 - Fig. 20 is a cross sectional view show ng a spi ke adapter
conprising a one-way air inlet valve; Fig. 21 is a cross sectional

view showing a fluid transfer apparatus attached to in I O sing the
spi ke adap?‘g)rmg%’&\?\ﬁoi n Fig. 20; 5 Fig. 22 is a cross fggi}ﬁzg?@%%\#ew

showi ng an adapter for transferring a drug directly froma fluid transfer
assenbly of the invention directly into ke~ bl oodst ream of a patient; and
Fig. 23 is a cross sectional view showng a fluid transfer apparatus

attached to t he HEgdpiser sadfenpitiy illpgtrationDax wirtical Mestsdcpionahvielv, Bf @i er r ed

Enbodi [ [ [ h h I ' i on-f
ranst or - ofmotteg o B R Ca i B R e bR ARpPRRUARET i ng

enbodi ment $r@f flaidigxehahgy; apparatus and adaptors that are used to carry out
the nmethod. The 15 npin advantages of the nmethod, in addition to its

sinplicity, is th&to s shesiatyallystrefienof the trapsisr o6 ahazardogsidragéo | eakage
of the lsi quj HoQd Ratn1e?dF Bl ﬁﬁéﬁthsyoftﬁg. jiquid or vapors of the liquid to
t he surroundi ngs and. also that no cont'd@nminants fromthe surroundi ngs cone
into contact w tihgt heschematidallp Gllnstrveagthet transfer hddtheshaleadoudbdduger ei n as

transferri a liquid.fromone c aiper t second one, it is to be
understoodr}??{.ﬁttk?%’éaqsfegn%gat&ﬁﬁ?%{&e?ﬁﬁE&bgvﬁggween several containers. For
exanmpl e, |iqui d Bangbr widditicaWcfds@Mertibhss bf GRdtIdMembaRndienf pREt of it
injected into five different containers, 95 follow ng which part of the

liquid can wBtaniRdoarires drhisoimanser preatadns af teringemtienien i njected into the

orl 91 nalp cantai gy, 9nek 30 cRlks LbeRLAPVIGR! b (Aol letor A0SR BRST On and

embodiment of the contamination-free drug transfer apparatus shown in
Fig. 8;

- Fig. 10A is a cross sectional view of the fluid transfer apparatus and
connector section shown in Fig. 7;

15 - Fig. 10B, Fig. 10C, and Fig. 10D are enlarged views of sections of Fig.
10A illustrating the air and fluid passageways through the fluid transfer
apparatus and connector section;

- Fig. 11 is a perspective view of a vial adaptor to which a connector
section can be connected;

20 - Fig. 12 1s a vertical cross sectional view of a vial adaptor;

- Fig.13 to Fig. 16 are vertical cross sectional views of illustrating the
secured double membrane engagement operation 'using the apparatus of
Fig. §;

- Figs. 17A and 17B show schematically the two most common

25  applications in drug preparation;

- Fig. 18 is a cross sectional view showing a spike adapter used in
conjunction with fluid transfer apparatus and connector section to transfer a
drug to and from an intravenous (IV) bag;

- Fig. 19 is a cross sectional view showing a fluid transfer apparatus

30  attached to infusion bag using the spike adaptor shown in Fig. 18;



WO 2008/ 129550PCT/ 1L2008/ 000550 - 24 - hazardous drug to and from any

cont ai ner equipped with a standard connector port. The nethod of the
invention for_the contam nation-free transfer of |iqui irst

cont ai ner %(51%03?%9?? a volunme of the liquid and at Ieag)t&g{*l{oggqnt?gﬁs vol une of
gas to a second container containing at |east a volune of gas equal to the
amount of liquid that is to be transferrddd-into it conprises the follow ng
steps: a) providing a fluid transfer apparatus conprising: a closed

contai ner 10 hamingo & sevakbaiddal eidvakh@eingi4 bilte tldaptedicongesitdie interi or
of the container into two separate fluid tight chanbers having variable

vol ume, whereWay @ieindét YaHee;chanbers is a gas chanber and the other of the
chanbers is a I4.quid . - . e o Qf 18 hrand a first
segment of a | ilg(‘qlgi gqclgrahﬁne%,g i ééﬂealrlﬁﬁ%‘ﬁg&pr ox% %a?aledg%?ngifwl the first
segrment s as@aélied dodinthtanbam usiakitha spikerndapéon shtomm iy BigoR0t he gas chanber
and the |iquid chanber respectjvely.and.the distal_.ends L st
segments are entiBoééds ByT a?l‘*?tt‘l%}’ar]ré’é%‘g Fhﬁynﬁr%ﬁg?%tﬁrgorsée%égﬁ%lenfel %ent of a
gas channef, andi@c3F e = BaNEBarRferaadsbabiy of heheventidiedibetly hetodi st al
ends of the second segnents are 20in fluid comunication with the interior
of the firshe opdsireram ofadatisat;eki nal ends of the second segnents are
encl osed by seal ng.neans; ¢) i h Js jarstussegnment s
o e i hot | ohienRel eggir'oé%sr?a’%ﬂear%&%‘%’ { Og‘hg%%‘]oﬁgﬂgggﬁlgﬁ?ga%ﬂntril t he

di stal endgttgabhdd® fHer&laps@pfdiigs2dpenetrate the sealing nmeans at the distal
end of the first 25 segnents, penetrate the sealing neans at the proxinal
end of 18 he second segnents, and enter the proxi mal ends of the second
segnents, NRLARY HEQMIiPEIY & PPifcrbeaEmBadimaatael between the interior
of the fir rner an he 1T nterior of the gas, chanber and a,.separate
cont i nuous Thiegirivéntihaniseh ethede thathallpws centamprationetree tEnsieh 8hiai ner and

the interior of sbhCold SdinSP RN BE ther W2 ORI 2 IARE Ut ROABHANASO - 25 -

transfer apparatus and adaptors that are used to carry out the method. The

15 main advantages of the method, in addition to its simplicity, is that at no
stage of the transfer procedure is there leakage of the liquid or air
contaminated by the liquid or vapors of the liquid to the surroundings and
also that no contaminants from the surroundings come into contact with the
liguid.

20
Although the method is described herein as transferring a liguid from one
container to a second one, it is to be understood that the transfer can take
place between several containers. For example, liquid can be withdraw from
a first container and then part of it injected into five different containers,

25  following which part of the liquid can be withdraw from one of the container
and then injected into the original container and so on, in practically any

order and combination and quantity.

The present invention is particularly directed towards providing an

30 apparatus that is adapted to effect contamination-free transfer of a



d) allowing an equilibriumto be established between the pressure of the
gas in the first container and the pressure of the gas in the gas chanber
and bet wee sure exerted on the liquid in the fj iner and
t he pr essu&]eégbﬁse/?{g‘g% on the liquid in. the liquid 5char?€re[§%“20g§wr0r%\bi ng the
internal partition in a first direction in order to increase the vol une of
the liquid chanber and instantaneously déérease the pressure inside the

| i qui d chanmber and sinultaneously decrease the volume of the gas chamber
and i nst antlazevimisy divg rteasedt fremprayscrda@roeqrippedawithnei dandard gas
chanber, wherei n 1 he tdi fferences of pressure caused by noving the internal
partition cROEEPTHWY to flow fromthe first container through the
continuous liquid channel into the liquid chanber and an equal vol une of
gas to flow simnultaneqgusly fromthe gas chanmber through the cqntinuous air
channel i nt’bhe method of the ingertiomder 8’%@9‘%?‘?91’%@04‘% féﬁnﬁﬁeﬁtﬁ’gél one
directian i ANEONS I lr i § nues
unti | t%e ﬁ(?méfdn%%élttﬁartl t o‘%hg%yggﬁsg Qngélldr%b %itl‘gle? Ldgﬁgagpla?g‘%zi&%%n%wa[

r eest abl i sheliyme oflgse bmaeetondgonbrnéi casttaindmg at lvest & vomméef gdsdahal r ansf er
device by pul J.ing the dist.al.ends of the first segnents back .out .pf the

pr oxi mal 2&°e%sg@r0we°§§88%@%%tg?ﬁeﬁ$ Bj,e {:ri?]ngfféﬁe‘fﬁ%tosétaf?lﬁgllﬁ%saﬁ ®at the
proxi mal endnefidshResgcond segnents, thereby enclosing the ends of the
second segnents, and through the sealing nmeans at the distal end of the
first segnent8) rrewding acheidotiangler HPPaFISS gFomHEsipgy §td‘%$@§n‘éﬁ¥lt%1;ne§)

provi di a thin : | egienl -of 25
liquid %annel , h%ﬁ%?%?ﬁﬁ{m%fbfélgcgfnée}ﬁﬁgagl nf%%t?iﬁ?lra% g}égment s}é)r?éh?n fluid
comruni cat i on wicbitdiher iimtoetwor sephratheflsel tight cdrarabarer havidgt variahlexi mal

ends of the third segnents.are encl osed seal i ng ,means; h ushi ng the
distal end of t QP ’s‘f’ﬂ%’?@fﬁ@ﬁ?é’?ﬁﬁe ‘??‘Femg%/l}se‘étai %??ggfaxgﬂeer’ %%Qpen%helénd of
the third segmenkshalohimbbieisdi Shald @neshe| atfhes bédmént3ofsegaethanmenet rat e
the sealing neans at the distal end of the first segpents, pelnetrate t he

seal ing means atendhefipstoseementeafa lpwud khanyg, J0CBHPASITPERY 1988 9£000550 -
26 - thisd segmepy %’rsta%%n?eqlttg brd ﬂ?ﬂ&]{(]io m%hgﬁgﬁﬁn%iflﬁ] bee {bFidrSeRENT S,

t her eby "providing a co nuous gas cha et ween e Interior of the
second cont ai nergagrflabdt@rianidethediquif chhmbgasespratibely andtle diefrdrade

continuous |iquid channel between the interior. of the second 5container and
the interior of Oﬁhé‘el 15t PRI PIATHALR ?né?S%FIP%Wﬂ’dlga‘He%%i libriumto be

establ i shed bﬁf VEEH ALK 2 REESHUEEnRint G @aShalnbhend aGREchE gnadmiast and t he
pressure of the’'gas 1 n the gas chanber and between the pressure exerted on

the liquid in tmeligeidosivinglonyt sibeeeinghe digial préseiihe secend eepmentEAge| i qui d

in the id quid in fluid communication with the interior of the first container and the
proximal ends of the second segments are enclosed by sealing means;

¢) pushing the distal end of the first segments in the direction of the

proximal end of the second segments until the distal ends of the first

segments penetrate the sealing means at the distal end of the first

25 segments, penetrate the sealing means at the proximal end of the

second segments, and enter the proximal ends of the second

segments, thereby providing a continuous gas channel between the

interior of the first container and the interior of the gas chamber and

a separate continuous liquid channel between the interior of the first

30 container and the interior of the liguid chamber;



10chanber; j) noving the internal partition in a second direction in order
to decrease the volune of the liquid chanber and instantaneously increase

t he pressu [nside the liquid chanber and sinultaneously, i t he

vol une of &ﬁﬁhﬂgggﬁﬂanber and i nstant aneously decrease$fén%%§h§&§§sure of

the gas inside the gas chanber, wherein the differences of pressure caused
by nmoving the internal partition cause lNqurd to flow fromthe |iquid

chanber through the continuous |iquid channel into the second container and
an equal vol u%é atloying ampequibhriziontn bepttebished hasmeehdhe pressureolithai ner

t hrough the contjju i annel i S nber,.whegrein the
flowof liquid i%ﬁoﬁg%g?rﬁergﬁ%(g%&é% & Pﬁu l}%ahge%ﬁg?ef Iog\%ﬁ%fga&aﬁn itﬁe t$& ot her

di rection conti rdbasnbentdnd béteveenttdenabsqaetdseiied ¢f tpsligad notlanfrdthe
equilibriumis reestablished; and k) disconnecting the second container
fromthe fluid tPRHPEF ithg PYpssre; GRRYiRY ?%e{}m daxid gingdheyrliqwd v st
segment s5 back outha@fhdrhe proximal ends of the third segnents, through the
sealing neans at the proximal end of the third segnents, thereby enclosing
the ends of tHBE mpving thedntarnel partitioth wadirst diresBah iingrdeatsingteashe di st al

end of the first S het e ncl,osin he_ends of, the fir
segnents. WD 2&8%?@8@%0%& F ﬁq‘%ﬁ’f&&&?,@% El}s?ax}talrﬁepﬂ%l?'r%tcfweZtﬁ?ﬁodi ment s
of the devices ysessure iaside\theUigdifleharibee drdr endetGicolisly dwrieise dhel ow.

Fig. 1illustrates a perspective view of an apparatus 10 fqr transferring 5
hazar dous drugs ‘(ﬂ?‘t‘%d’g tl&%ﬁ?%?h%‘??”n@“‘fﬁ@t%liﬁaﬂ’éﬁ%@Yh’@‘%’?a%‘c@@rﬂﬁeﬁ%}‘rﬁ one

enbodi ngnt  of ¢ hg thBEREAGHe tHNSaPEMMBBY wHRELl ;%%{eegﬂ&fen@é’s"@fr elsurd0 1S

essentially a conventional syringe, which is a to draw a desired

vol unme of a hazaadeed byimugyihg dhe anteredldpartidiosf @use bguih énflowelrgm thevi al 14

or an intraveno I bag j.n whi it i.s _conf.ained and,to syubsequently 10
transfer the dr&gm% §° ti‘ri‘b?%eﬁhﬂ\i\@? ﬁﬂ? F%’Plts}?'é?usc%ﬂ%@n . ebblﬁtﬁet e?llcﬂggcti on
25" of transfer chppiscataisl &b eyGalsiditetdd @0 Ip flosesiniileHedlslgi B6altheol | ar

18, which is suitablx sized_ to surround head portion 20 of vigl 14, | ocking
el enents 22a andE2s28hampey dhaoleghy| thec syt IRIShatd cparpeloanto tBe Ht5tyi al 14

W thin llar 1 0% i 2 f @p us, 1 o] I i nder
24, tubflﬁ)ar t hr gbao?%lgé ’23%,]%%%%{ cg%si ‘g%‘?ag?y@%%l Zr; Pﬁm%?ﬁﬁaﬁﬁgyl i nder
24 and ext endi ngifondtmneyhs flder oR2gas on dbk | cthen @jreation|cantinubbamtdtibpper 28
fitted on the pr.gfi,maL ernéof C | i nder 24, .hol| oy piston rotdbglolbvga]i ch

seal i ngly passesPPHPGLBATEBLHEPs Boving and the pampbriung 5 repsigblaheds oo py
which a user ganjidénheditl RHE | fifdt oathihefl fign Uheafididd omstdir @iigke dyopper
28. Collar 18 and cylinder 24 are made of a rigid material, e.g.. plastic.

Fig. 2 illustratigliaesbndiniel eney ofsthesibret sopapnts Wko‘?ut_tqféhéffé”ffmé‘t?éar at us
10. 25 shown, ; RisSEORRE el G8LRRASs, T {RTLERPIR2 L Qikl Shhs34t tMRI Ch

seal ingly
proximal end of the second segments, thereby enclosing the ends of

the second segments, and through the sealing means at the distal end
of the first segments, thereby enclosing the ends of the first segments;
g) providing a third segment of a gas channel and a third segment of a
25 liquid channel, wherein the distal ends of the third segments are in
fluid communication with the interior of the second container and the
proximal ends of the third segments are enclosed by sealing means;
h) pushing the distal end of the first segments in the direction of the
proximal end of the third segments until the distal ends of the first
30 segments penetrate the sealing means at the distal end of the first

segments, penetrate the sealing means at the proximal end of the



engages the inner wall of, and is displaceable with respect to, cylinder
24. Separating elenment 36 is internal to, and integrally formed wth,

]tlhaaia'a gﬁm&?ﬂt"gg”%@t defines two chanbers of variable \églra%bs/&ogl)_stgl

ween the distal face of piston 34 and Separatin
el ement 36 and a 30 proxinal air chanber 40 between the proximal face of
pi ston 34 and stopper 28. A defornmabl e-n¥brane 42 having the shape of a
truncated cone is WD 2008/ 129550PCTM.2008/ 000550 - 28 - firmy attached at

its base to sep@isd k6Emeh®RMBNH efien itk dratialal pndxioftts thirdt degmtirgsal end 44

of collar 18. Menbrane 42 conpletely surroupds t conduits 46,and, 48 and,
when in its undéfesehiaresamggd rcaﬂléﬁ?u%rgﬁ%tcgﬁ’én@\é\g‘%@e%sth?dnéerrfgc?ﬁ vel y

i solate the intgll f r a 10 fer oligngs.
Conduits 46 andﬁ{&g%?glg {cﬁ?%%% %ﬁ‘g&g’%eﬂfa?ﬁ% f?btg%]d%%etcgal?g%gr ati r?ggel enent

36.b Di stal endssepaaatnebndBmont ligunticharmel betwebnide inbmpucfithelsgconshi ch are
poi nt edSends.  EFGHGHPEFIAATAAPIETRS of LN HEBHS ¢ and extends < hr odgh
the hol | ow pijst QMot9es 39 -0qRLIH 9N k6 Be 38tdblished BBivashtihe dressure of the
gas in the second container and the pressure of the gas in the gas
chamber and between the pressure exerted on the liquid in the second
container and the pressure exerted on the liquid in the liquid
10 chamber;

i) moving the internal partition in a second direction in order to
decrease the volume of the liquid chamber and instantaneously
increase the pressure inside the liquid chamber and simultaneously
increase the volume of the gas chamber and instantaneously decrease

15 the pressure of the gas inside the gas chamber, wherein the
differences of pressure caused by moving the internal partition cause
liquid to flow from the liquid chamber through the continuous liquid
channel into the second container and an equal volume of gas to flow
simultaneously from the second container through the continuous air

20 channel into the gas chamber, wherein the flow of liquid in one
direction and simultaneous flow of gas in the other direction
continues until the internal partition stops moving and the
equilibrium is reestablished; and

k) disconnecting the second container from the fluid transfer device by

25 pulling the distal ends of the first segments back out of the proximal
ends of the third segments, through the sealing means at the
proximal end of the third segments, thereby enclosing the ends of the
third segments, and through the sealing means at the distal end of
the first segments, thereby enclosing the ends of the first segments.

30



10 distal aperture 50, so that air, which flows through conduit 46, is able
to exit fromthe interior of piston rod 30 via aperture 50 to air chanber
40. Conduit 48 is a liquid conduit through which a sol utj f a _hazardous
drug can fPWP¥EMYNial 14 to transfer apparatus 10 or%#@@o&é"r@é& Condui t
48, which is considerably shorter than air conduit 46, termnates within

| i quid chamber 1538. As shown in Fig. 3; %lotlow piston rod 30 may be
attached to piston 34 by neans of an annul ar disc 52, e.g. made of plastic,
whi ch is erldlagbativetamipidiment34f the devicas ubgd b6 camiyndar thengnathdd aB4 ar e
attached to, the Xi ma 1f ace 20 of disc 52, and a central sleeve 56 is
connect ed t4§S E‘%{ﬁ?‘ﬁl’% el0% that piston rod SO may pass through sl eeve 56
while piston 34 is in sealing engagenent with cylinder 24. The air conduit,
which is naot shown, passes through piston 34 and extends within the
interior ofFigi 3t Blstxsdes@. P@sPERtEe Xiaw [ofi iy apRaratne 10o0ips| fragsierrieg ansf er

appar at us e . i . Of . V] ol L. L.of .S, provi ded
PR 2" S b PUBeegR Bl ARl lo Aol BARELLIMET, bicP
hazar dous dsmigpdathendnt dhaddventidn.The akroxifhal sect2éh 271& apwarhtexed,isto al | ow

head portion 20, vial 14 to enter coll.ar, 18. head portion 20 of vial
14 is int rcﬁf’ﬁ%‘é‘ﬂa%ﬂ Phicpeplopgl isyginges ek 3§ %ﬁsplt tfs;Rrechea §tef end of

menbrane 421$mBlo¢8IRGaAMR Whg IR aTuill rddie @B RRAE, é?%‘. ZPadligpial 14.
Conti nued pushing of head 20 into collar 18 causes conical 5 nmenbrane 42 to

col | apse t owmridtravesousadle)ahalg contibicls i 6s serataigepened rigt subssetnen®ybr ane 42
and seal, 58 1 st,abl i fluid c I I tween the interior of vial
14 anda16(1)i rgcgﬁlgsnfgreﬁh%4%m§1}8 alnl%(lb:]%elluﬁ %%%ﬁég%%ﬁoaeﬁg‘nsf er apparatus 10. Wen
head portion 20 is pressed tightly into collar 18, the pointed ends 62a and
62b respectjvely of |qcking elenents 22a and 22h 10 engage .di stal edge 64
of head por&omRFcHy seqipy 250‘235%5“?#%1_" prRATE Y 9%&%%‘35‘{1{150 ’g%g?’l’l?erﬁlve ?head
portion 20 fpchkeRRS 18ERAIANE ARtabldBized ths%zﬁo%‘ihda}Q@dd"'ﬁ&rtﬁﬁlaiO &Bvidll her eby

preventing contam nation of the interior of the transfer apparatus and vial
and al so esthpeckofig clemenits R8s anidt3Pbrfor helensably hagaging dgadinegidon 28 of

15 wvial 14 within collar 18. Proximal section 27 of apparatus 10 comprises
cylinder 24, tubular throat 26 having a considerably smaller diameter than
cylinder 24 and extending from cylinder 24 to collar 18, annular rubber
stopper 28 fitted on the proximal end of cylinder 24, hollow piston rod 30
which sealingly passes through stopper 28, and proximal piston rod cap 32

20 by which a user can push and pull piston rod 30 up and down through
stopper 28. Collar 18 and cylinder 24 are made of a rigid material, e.g.
plastic.

Fig. 2 illustrates a schematic cross sectional view of transfer apparatus 10.
25 As shown, piston rod 30 extends from cap 32 to piston 34, which sealingly
engages the inner wall of, and is displaceable with respect to, cylinder 24.
Separating element 36 is internal to, and integrally formed with, throat 26.
Piston 34 defines two chambers of variable volume: a distal liquid chamber
38 between the distal face of piston 34 and separating element 36 and a
30 proximal air chamber 40 between the proximal face of piston 34 and stopper

28. A deformable membrane 42 having the shape of a truncated cone is



When conduits 46 and 48 penetrate nenbrane 42 and seal 58 of vial 14, two
alternate fluid passageways are forned. The first passageway is an air
passageway defined by the interior of vial 14, air conduj air
chanber 40WVOrHEYE&P8nd passageway is a liquid passagemggké%ﬁgﬁggggy the 20
interior of vial 14, liquid conduit 48 and |iquid chanber 38. The interior
of vial 14 which is not occupied by dru@860 nmay serve alternately as a
passageway for air or for liquid, depending on which fluid occupies the

proxi mal  pertiontahekng itdhesd & sep@batihg bldatrdesrrahdadthity exteatises. Since
the two fluid passageways are internal to transfer apparatus 10 and to vi al

14, a 95 |ihguilstalr endf4h obpetlar ildn Membsane 4RepenBletedit BHIT PR s0F|‘?—"19ree. As a
of v ranst aeodgia At vt £8 PRt B S Mpdley Bl@EkaRoh fpiiibengt 5 o
| ocki ng el gNpayss ERaffantheB2rolalbehe ifteribooktmgstr eppatauald feorgdbed with 30
and 48 S couPRnEycRvRIIFY Winanes PRET NE SR P AT ST PR e
condui 1 5 1T RE T B e e e e S he Sold ring | s

removed, cospeaivelymvhivheart2sitstapially eqnally sapeedseer distrl: onthéftf
apparatus 10 is ahle to be coupled.to ' -0f, Vil h4uiras

descri bed Hglraéi% 8.8%@'&@81’%%15‘1“%- %&%%gaér%‘gg% ﬂg? ragvfngtaﬁi a!lnfz‘efior‘ chamber 40
and of air ,,PbxRANs ThIRIZhGRS Holbi Fistdnwol [B00 Pistor rodB0 spfacmedovith avi al 14,
may be sllgir;tly greater or |less than %tBrm\s&gherl C %aests‘]tt;le. tth%u h there
may bel@n fistaliagieripre SOupethatrainreheh Iows EepehHeong iy h'4f?*°chander 40 and
the gas in tohe | Nt el o 0880k D8 2013k apbriukP 80 thanedHaiheanoo Condattr ane 42
and seal SQ,the préssure wthin the air passageway quickly achieves

equi | i bri uas iDaligngd thiduis tiageghivigeh d sobrtins ef abazay P& 8T CRBARTNI cat i on
with the air which occupies the proxinal porti of Wer whbnofs vial 14,
and t her ef &o& Wiaéu}%t%ﬁgarﬁi‘?r %%P%ﬁafsr gﬁs%reﬁcégg%aét%dgﬁﬁg{ al’so substantial | y
at the samg,unidabM MESSURm 45 cAEASHH A térmibates Hiththtiquisugiasaber ansf er
apparatus 10 and vial 16 are then inverted, to enable the two-way fluid
exchangé oB8liquid drug fromvial 14 to transfer apparatus 10 and

simul taneously of air fromtransfer apparatus 10 to vial 14. Since vial 14

is inverted, drug 60 descends by gravity and 20 occupies the proxg mal
portion of A4 eowkéin Bigce hélbwpeseured &0 wiay henatthehaseio nipten 34 by

substantially equal to the pressure on the.drug. 6Q.;.. id Lihe
prevent ed PReARS PodR ﬁ@“PE‘?TOEEH ’re‘%otﬁ‘aa? tOffga%hcdgﬁl%iq% eggerll. Udlt ‘48,
piston 34. A plurality of reinforcing ribs 54 are attached to the proximal face

20 of disc 52, and a central sleeve 56 is connected to each rib 54, so that piston
rod 30 may pass through sleeve 56 while piston 34 is in sealing engagement
with cylinder 24. The air conduit, which is not shown, passes through piston

34 and extends within the interior of piston rod 30.

25 Fig. 4 illustrates the coupling of transfer apparatus 10 to the head portion
20 of vial 14. Head portion 20 is provided with a central seal 58 (see Fig. 1),

to prevent the outward leakage of hazardous drug 60 contained within vial

14.

30 Before transfer apparatus 10 and vial 14 are coupled, they are moved closed

together. Locking elements 22a and 99b connected to the outer wall of collar



The Iiquid passageway is shown in Fig. 6. When piston rod cap 32 is 25
proxi mal |y displaced, the volunme of |iquid chanber 38 is increased, causing
the liquid drug to be drawn by suction fromvial 14 thr [t 48 into
l'iquid chaxﬁé%%§§wﬁ?thin transfer apparatus 10. The en?ﬁ?gﬂgﬁgﬁggbof t he
drug in the vial, or any desired portion thereof, may be transferred to
liquid chanmber 38. As the piston is putl2d-proximally to cause liquid to be
30 transferred fromvial 14, the volunme of air chanber 40 sinultaneously is

reduced, cagigtdigekdtE taiallow Rdidnpsrbiaflls) ofdal 04 ftb ewtdrivotlagi8candientd 46 to -
31 - interior 66 of vial 14. The air flowng into jyliqa{k] 14 Cﬁ}lgi %s t he
vol une of powsion Helviehid inindraseeed pridHarthe cayity Getingg 8y £pYan 8 theont i nue

to flowt h&ﬁ%@%ﬁ%‘lﬂé&bﬁ gai njf?e ?s $ld8sat BbailBi ddal %@?in&héf]ﬁ%%%@tﬁ&q povi ng and

the pressure wthin air c 40 and Tnterior of via agai n reaches
equi | i bri uofi SiaAf 14r Cohveénded ipustirgrofirtteads 20rimgo i collar akfs cavsesdearacdli qui d

chanber_38, wi,th reference again to.Fi,g. 4, .l ockin | e nd 22b
are relbasBEHPEHe #%38 cgﬁ?]i’ﬁiegﬂwfﬁa%fts\})%ﬁ? a?ﬁ_co#\éﬁgﬁgrangf;%}a %lfeﬁgat%o is then
separ at ed $§iPMbniHraréd 4V 80@baIEsS a¥i cdkalilhi Gid ter@mubNcadiinnbetpdehed
axially apart. Wen the vial 10 separates fromthe tr%nsfer_ devi ce,

condui ts 4thcamdensr efrdabid pad aineharpbesddpnddiozd ghapben 38 pyt ‘ane 42 in
t he di stal e n LS sRapPpans. 18ligkal ends
46a and 48215%]%&8‘?8 g? g‘gﬂegloﬁ%ﬁgl{ Pgﬂ)g%{ gggl%fé?sﬁdg:%ggttl?\}g?og,ﬁﬁe wi ped cl ean
by seal 58poiAnyd radsdal and @Pberaspeottiney arfdiookingr elgnadta2@ar amb\Z@8 from t he

conduits and remain.on t r.nner, 15 surface.o e 8 W.thin the interior
of vial? 14e08aR§ ¢ %\1@38‘? gzaﬂfg‘e%tp%?%szfgd&?‘bs {(ﬁgs g%%?’éaﬁ]tvswfe iarlj.pa%t‘ra%r ane 42,
at the sangotEiBy tb A PSriicd 3018n@ k8 Ndlen1PEhE ORI SABMebsedFighingd; t her eby
sealing the air contam nated by contact wth the drug inside air _chanber 40

and the dreeplvbd hiberehygnreyeakizgbemtamingtiorriof thy interasrael b FLAnSfaTust r at es

the transfer of € d g f@rs 40 tboan |V bag
74. Adapt o?‘PW%&s‘p fi}rlras??%lt gggh%gt%g%gg]t&r?%fﬁ%%@%ﬁ g%.%%he [V 'bag may be

provi ded wstroandingser seal 76, which prevents | eakage of liquid fromthe
|V bag. Adaptor 70 is configured with a 25 central bore 78, in which port
72 is ihserted, and a plurality of fins 80 lying in planes that pass

t hrough t heyRQY & itE 4650 PIABERStr 46} nSnHRsY 2d adbauh] 5HbREabDL w8, fins
80 contact outer wall 82 of inlet port 72 by a press fit. Adaptor 70 is

al so provi dbdrmatehflaidhpagbageveyomredormad.c Fhralirss uprasasvay 'y ahésane
shape and %iags%%%%v%?rsdgfneﬁe%g /Y thilt%piogoofotria\{i fti, At bddldhit 2113; and air
chamber 40. The second passageway is a liquid passageway defined by the
20  interior of vial 14, liquid conduit 48 and liquid chamber 38. The interior of
vial 14 which is not occupied by drug 60 may serve alternately as a
passageway for air or for liquid, depending on which fluid occupies the
proximal portion of the interior, as will be described hereinafter. Since the
two fluid passageways are internal to transfer apparatus 10 and to vial 14, a

25  liquid transfer operation between them is contamination-free.

As a safety measure a solid ring (not shown) may be attached to the distal
end of transfer apparatus 10 fitting around conical membrane 42 by use of
locking elements 22a and 22b. When the locking elements are engaged with
30 the ring, compression of conical membrane 42 is prevented. Thus conduits

46 and 48 are also prevented from penetrating membrane 42, thereby



- 32 - The IV bag is inverted such that it is below adaptor 70. In this
orientation, the gaseous nediumretained within the IV bag, e.g. air, is

above the | qui ansfer apparatus 10 is then couple 2@%%9 70 by
pushi ng heg}é)nggs?{z?%ﬁ] 84 of adaptor 70 into collar 18 ag(‘?@é |s§5§§ end of
transfer apparatus 5 10. As head portion _84 of adaptor 70 is introduced

within the cavity defined by collar 18,- BHe~ di stal end of menbrane 42 is

pressed agai nst rubber seal 76 in the neck of port 72 of IV bag 74.
Cont i nued myshling ewposhradf B émtsofdbe corduigs tallwenrtonmdags aedbrisne 42 to

col | apse tqwards i base and conduits 46 and 48 penetr . het h nbrane 42
and seal 7 otaouseegtgﬁ\eﬂlgtilefsloﬁad’mﬁ)mcrgm’ﬁlg’c% .%?ﬁnbeg;?gm%{ﬁlg a?)trl] J?aoplg%r of IV
bag 74 and sidpredratield #dnad abpsiitds Abashdle &3bé Bolplad $6 deadppatiad us 10.

When head portion 84 is pressed t] g%tly into collar 18, the pointed ends of
| ocki ng el exberftdalobh agdlesaphpdchayali@baySt al edge 86 of head portion 84. This
| ocks the transfer apparatus 10 firmy to adaptor 84 and keeps nenbrane 42
tightly pressed 15 against seal 76, thereby preventing contam nation of the
i nterior ofThehmitialamekeurcayipar withsn aircchavhlizagtOemt] of =in, esoapehef gedie 1 ui ds

within t her?e%a%ned within interior space 60 of vial 14, may be slightly greater or less
than atmospheric pressure. Although there may be an initial pressure
difference between the air in air chamber 40 and the gas in the interior 66 of

10  vial 14, upon penetration of membrane 42 and seal 58, the pressure within
the air passageway quickly achieves equilibrium. During this stage, liquid
conduit 48 is also in communication with the air which occupies the
proximal portion of interior 66 of vial 14, and therefore liquid chamber 38 of
transfer apparatus is also substantially at the same uniform pressure.

15
As shown in Fig. 5, the coupled transfer apparatus 10 and vial 16 are then
inverted, to enable the two-way fluid exchange of liquid drug from vial 14 to
transfer apparatus 10 and simultaneously of air from transfer apparatus 10
to vial 14. Since vial 14 is inverted, drug 60 descends by gravity and

20  occupies the proximal portion of vial 14. Since the pressure of air in chamber
40 is substantially equal to the pressure on the drug 60, drug 60 will be

prevented from flowing through air conduit 46 and liquid conduit 48.

The liquid passageway is shown in Fig. 6. When piston rod cap 32 is
25 proximally displaced, the volume of liquid chamber 88 is increased, causing
the liquid drug to be drawn by suction from vial 14 through conduit 48 into
liquid chamber 38 within transfer apparatus 10. The entire amount of the
drug in the vial, or any desired portion thereof, may be transferred to liquid
chamber 38. As the piston is pulled proximally to cause liquid to be
30 transferred from vial 14, the volume of air chamber 40 simultaneously is

reduced, causing the air within chamber 40 to flow through conduit 46 to



the surroundings. After transfer apparatus 10 is coupled to adaptor 70, the
user applies a distal force to rod cap 32. Piston 34 is therefore caused to

be distall &Iod%'??ﬁgg%gd t owards separating el ement 3. AsfPEFﬁLz%j)z?(Fo%go noves t he
C

20 hazar dous ntained in the liquid chamber 38 o ranster apparat us
10 i s pushed through port 72 into the IV bag Sinmultaneously as the liquid
drug is transferred to the |1V bag, t he v8lume of air chanber 40 is

i ncreased, causing the gaseous nediumretained in the IV bag, e.g. air, to
be transf erinedionsésafotialont. ttheadir flohang drto4dal Theccapiesdbasobime of ¢ t hr ough

25 conduit 46, ,when piston stops noyvin nd t he, pressure w.thin air chanber
40 and vm"ltmqh‘.l a2y 8‘“’0%@61} g‘%féﬁz‘“é”r%‘gﬂﬁqir@ﬁ ﬁ%wﬂff‘é‘?m’%‘f?etor 9 itgéﬂlgfm)unt of
the drug i $ogis¢hey 9@ 1Y Qidl NendiVilRaGistdN ateFO Rl cVahe @Rdstif ptaskiag

el enments 22a and 22b are pressed inwards to rel ease collar 1.5 from head
porti on 84 vothiadzpthamber 40 paddhiericqppaiedidssain repchpoofyiliptitred apart from
30 adapt.or 70. As this separation takes place, conduits 46 and 48 are

pul | ed back through seal 51, which continues to serve as a fluid barrier to
prevent WARGOH125ARGROIAR2ODSARORSTANsfeRBd to liquid chamber 38, with

reference again to Fig. 4, locking elements 22a and 22b are released from
head portion 20 of vial 14. Transfer apparatus 10 is then separated from vial
14 by another axial motion, i.e. by being pulled axially apart. When the vial
10  separates from the transfer device, conduits 46 and 48 are pulled through
seal 58 of vial 40 and membrane 42 in the distal end of the transfer
apparatus 10. As this happens, distal ends 46a and 48a (Fig. 2) of conduits
46 and 48, respectively, are wiped clean by seal 58. Any residual droplets of
hazardous drug 60 are removed from the conduits and remain on the inner
15 surface of seal 58 within the interior of vial 14, and therefore are not
exposed to the ambient air. Membrane 42, at the same time, returns to the
original position shown in Fig. 2; thereby sealing the air contaminated by
contact with the drug inside air chamber 40 and the drug within liquid
chamber 38.
20
Fig. 7 schematically illustrates the transfer of the hazardous drug from
transfer apparatus 10 to an IV bag 74. Adaptor 70 is first attached to poft )
72 of an IV bag. The IV bag may be provided with a rubber seal 76, which
prevents leakage of liquid from the IV bag. Adaptor 70 is configured with a
25  central bore 78, in which port 72 is inserted, and a plurality of fins 80 lying
in planes that pass through the bore axis. As adaptor 70 is mounted about
inlet port 78, fins 80 contact outer wall 82 of inlet port 72 by a press fit.
Adaptor 70 is also provided with a head portion 84, which has substantially
the same shape and dimensions as head portion 20 of vial 14 (Fig. 2).

30



| eakage from |V bag 74, and through nmenbrane 42, which returns to its

coni cal shape isolating the interior of liquid transfer apparatus 10 from

t he surrouRg Transfer apparatus 10 may al so be :w aliquid
fromthe |\%§gf§“z?§5°do this, after collar 18 is couple toLg}g%{g]?%\pl 70, the
IV bag is inverted such that it is above transfer apparatus 10. Then piston
rod cap 32 is proximally displaced, ther@oy simul taneously transferring the
desired liquid fromthe IV bag to the liquid chanber 38 and air fromthe

ai r chanmbeThd(Vtlmg iseintertedtsech ohatoft is helow/adagtor 7. bnbhisericadsiderment t he

adapt or may. conprise a.holl ow doub].e npul.a spi ke. el e h: Pk ercing the
seal in thE*H8IEOHP Wq%éuwegﬁﬂ?gwl{lﬁngﬁggyo%&gf' g8 £° g?({ngeltglrg 1]tqgll”?'he por t
of the I'V hagheft0 apphsdtubheo tivhihed @upded 16 advpist G0 bgtpwshinpeheadnnect ed,
and with a port which has substantially the_sane shoige and di nensi ons as

head porti Bertim 84 oladapten7Q Ftg.cobyr 13 8t fha digtalicad:at s FPREI M us 10 is
t hen CO§'D' ?gf A%: Hﬁ,gaggolrﬁo 8y oF B{ii&@!ﬁl ghHqs %ﬁﬁsgﬁéeﬁn@ﬁPﬁi AL gvi%n@éﬂ}%'a

enbodi nent cont am na -free drug transfer apparatus 10 of the
i nvent i on. by rolldy 38,ahbdditabeid of mtibdramy 42is pressel against rubbet pead 787 of

apparatus 10 is identical t at of the first enbodi,nent, described
her ei nabov & thgne : qrﬂ’@iog.l{? ,agc%qé?té’efweéé’é’?ﬁ% gg‘e’la 8(;42‘#.1?1%8‘.%]2&& to the
throat 26 9§ c2Rsd¥ OHidRImSERLHNANUI20 WdYlaPBafisy &ilsatsClid deain dlemhdwdts cib
proxi mally protrudes fromproxinmal cap 113 and surrounds throat 26. Throat

26 and col kad 184peseirdie fofhegembyrahet2 andy sephglt te esfghtishitflte tine of
manuf act ure, ar r.an . : , ue or

wel di nga of O?ﬁunrg%t\gm(%i ﬁ%%%ﬂ“%ﬁte?‘%g&gn%‘laﬁ%ﬁ tsﬂ)g%h74<'?1€§19ct3{ k??%ggﬁ'ﬁgrngggag{gent or a
Her connectlignid 3Bakiber ca@hriactransfeecdiparanemidi $Eber lwadppedsithi®d¢ wnd

reci procabl e doubl ¢ frenbr ang, seally 2l ot o, W §0, 4SS TR bl oy "¢ ¥

22b engage distal edge 86 of head portion 84. This locks the transfer

apparatus 10 firmly to adaptor 84 and keeps membrane 42 tightly pressed
15 against seal 76, thereby preventing contamination of the interior of the
transfer apparatus and IV bag and also escape of the fluids within them to
the surroundings. After transfer apparatus 10 is coupled to adaptor 70, the
user applies a distal force to rod cap 32. Piston 34 is therefore caused to be
distally displaced towards separating element 3. As the piston moves the
20 hazardous drug contained in the liquid chamber 38 of transfer apparatus 10
is pushed through port 72 into the IV bag. Simultaneously as the liquid drug
is transferred to the IV bag, the volume of air chamber 40 is increased,
causing the gaseous medium retained in the IV bag, e.g. air, to be
transferred by suction to air chamber 40. The air ceases to flow through
25  conduit 46 when piston stops moving and the pressure within air chamber
40 and within the IV bag reaches equilibrium. After the required amount of
the drug is discharged into the IV bag, The proximal ends of locking
elements 22a and 22b are pressed inwards to release collar 18 from head
portion 84 of adaptor 70. Transfer apparatus 10 is slowly pulled apart from
30  adaptor 70. As this separation takes place, conduits 46 and 48 are pulled

back through seal 51, which continues to serve as a fluid barrier to prevent



WO 2008/ 129550PCT/ 1 L2008/ 000550 - 34 - which the needl es are conceal ed when
t he doubl e nenbrane seal actuator is disposed in a first, distal position
and which i sed to expose the needl es when proxj h&pl aced.
Connect or ?@% |%ﬁﬁ§§ is adapted to be rel easably couplégq?%hgﬁg?ﬁgr fluid
transfer conponent, which can be any 5 fluids container with a standard
connector such as a drug vial, i nt raveno$s bag, or an intravenous line to
produce a "fluid transfer assenbly”, through which a fluid is transferred
from one fllaakiager frosf &V lagfénend thooushomsgrhrans 42hownichrreFuugs 19, itg onnect or

section 25 conprises a Lindrical, holdow-.10 outer body 128, { stal
shoul der po('rotniln%i Sé?@‘} }S;Qg%%éﬁ% g‘epil’g???fd?ér]lé&)?lg g*ﬁ?%%@%@%‘ﬁ%%@ efFoﬁ‘lnglé ing with
openi ng 126gdres@idahgavhi ch the proxinmal end of a fluid transfer conponent is
inserted for coupling, a double nenbrane seal actuator 130 reciprocably

di spl aceable within the interior of body 128, resilient arns 133 and 134
whi ch ar X t.O1de | mredi-atg portion
of cyli nsgr ?g%{ﬁ%ge%?a %gtﬁ %?%gggﬁ%gg%g@%g%%a% gi??vgnfllrléélgﬁr%%gﬁgui t EGTgnd

| i qui d conddo thidSaftdatolmre & ista@iupkd toradupbal '€0,hibleddt bdd & invkited spebt r udes

into interiQr 119 of cqnnegtor sectio froma centrak,porti cl osed
pr oxi nal ca%aﬂ%mt V8 Jf AR NRe BPRATR ‘Fsd{e](?'z%%l P@‘B’aﬂd}%%l) %'%gs Bxltjotxgrrgag%dy 128
and proxi maisgRRed Ietby\iintitd i ubKeshasferrifg B dRdired Aiguad ditrk $hd6 and 48
distally extend from needl e hol der 115, piercing nepbrane 142 of actuator

130. The di B¥ dngendheokiquignehambers 38 and aig fremethenatpchisnbaredl éndle46a and
48a, ref(gecltnit(\a/ellyOft ncinbLH her provided with apertures 111 and 112,
respectively, rtl%roug whi'ch fluid is transferred 25 during a fluid transfer
operation. Wiile the proximal end of air conduit 46 extends within the

interior of _fluid transfer unit 1 the proximal end..of ki gui uit 48
terni nat es St appt Fieﬁéholdfzmb’iﬁob?%‘%f@o? %Oé‘bprﬂ%ag\‘onggn#%%?%ga@g i on 25,
so that theg 1k§%19m%99%£ tpibédihg RBel sbal |iti ¢he QERINECRicl DV bag, hwitheai nt eri or
of throat 26 of fluid transfer unit 10, ~ WO 2008/ 129550PCT/ |.1.2008/ 000550 -
35 - As expbaonéaryhpousisimisove the partdof thet Nahagebe whih theetihing P 80p essur e
equal i zati on_ar.rangenent, i ' bazaftdousedr ug and
air ar e?é:xcﬁgﬁij‘% sigﬁtcg?r}?éal (f%?w\%\#tgﬁi %R(?k@ﬁ?ﬁﬁogkﬁigﬁﬁs) ea%mglgsenblay? Fleui d

transfer uniimd.sBap®apdidesnaionsldsdwagi sirtionraidof30iakid &R 2y torvkickap 52 to

5 piston 34, which sealingl n es the jnner wall of and is displ aceabl e
P the transfer appara%ug 18 1ga9en coup ed. P

Fig. 8 is a vertical cross sectional view of another embodiment of the
70 contamination-free drug transfer apparatus 10 of the invention. In this
embodiment of the invention, proximal section 27 of apparatus 10 is

identical to that of the first embodiment described hereinabove.

As shown in Fig. 9, connector section 25 is connected to the throat 26 of
25 proximal section 27 by means of a collar 124 which proximally protrudes
from proximal cap 113 and surrounds throat 26. Throat 26 and collar 124
can be formed together as a single element at the time of manufacture, or
permanently attached together, e.g. by means of glue or welding, or formed
with a coupling means, such as threaded engagement or a luer connector.
30 The connector section comprises a compressible and reciprocable double

membrane seal actuator which assumes a normal, relaxed configuration by



with respect to, barrel 24. Piston 34 defines two chanmbers of variable
volunme: a distal |iquid chanber 38 between piston 34 and connector section

25 and a p | mal_air chanber 40 between piston 34 and Air
condui t 46§§gé§§§”§%rough pi ston 34 and extends insideP§&R§%ﬁ§%é%%iston rod
10 30. Air flowi ng through conduit 46 enters the interior of piston rod 30

and exits to air chanmber 40 through an-aderture 50 (shown in Fi 10C
formed at the distal end of piston rod 30. Conduit 48, which isg' )

consi der abf};ahek iRk dtddaie dbhicea MAKHLEN 46 dbwhladanhBehretseal hematorse! ut i on of
a drug to flowinto |iquid chanmber 38. 15 Doubl e menbrane seal tuator 130
conpri ses dispossdi imah fistcdistl pegitipmBpd fehichas WW@SS&%r@C?’g}?SE%
cross-sectjon,and,a_distal | 1S 3 '

cr s et AN B byt WPy dhsCoRanse mat agc Mibobalagea
portion 147]16HsspBs esupladitaldngtharvifinidsti@siar tdompespet twhishpragxber@nypor t i on

144. Menbranes 142 and 143 ar ted withi i - i
por {1 o 4PupRarRiRIEs: it BEFpRa R ea e iy atee vaah A “equa
length ar %&%QJ}%{ Sk BRCh A Qi @th@?“ﬂu'i@lﬂﬁﬂﬂsmi Aabhpldi shesel, bei ng

attached onnection points 161" an 62",
which a fluid is transferred from one fluid transfer component to another.

As shown in Fig. 9, connector section 25 comprises a cylindrical, hollow
10  outer body 128, a distal shoulder portion 129 radially protruding from body
128 and terminating with opening 126 through which the proximal end of a
fluid transfer component is inserted for coupling, a double membrane seal
actuator 130 reciprocably displaceable within the interior of body 128,
resilient arms 133 and 134 which are connected at a proximal end thereof to
15 an intermediate portion of cylindrical actuator casing 137, and stationary
air conduit 46 and liquid conduit 48 that are retained in needle holder 115,
which protrudes into interior 119 of connector section 25 from a central
portion of closed proximal cap 113 thereof. Needle holder 115 is part of the
outer body 128 and proximal cap 113 to which the needles are bonded.
20
Conduits 46 and 48 distally extend from needle holder 115, piercing
membrane 142 of actuator 130. The distal ends of conduits 46 and 48 have
sharp pointed ends 46a and 48a, respectively, and further provided with
apertures 111 and 112, respectively, through which fluid is transferred
25  during a fluid transfer operation. While the proximal end of air conduit 46
extends within the interior of fluid transfer unit 10, the proximal end of
liquid conduit 48 terminates at or slightly proximally from cap 113 of
connector section 25, so that the liquid conduit will be in fluid
communication with the interior of throat 26 of fluid transfer unit 10.

30



respectively, to casing 37. Arns 33 and 34 termnate with distal
_ enl ar ged
25 elenments 161 and 162, respectively. The resilient arns 133 and 134 gre

designed such that, if not prevented from doin

g so, et we
enl ar ged eléﬁ%ﬂW§w¥%l and 162 is larger then the dlane?gglﬁ?&gﬁﬁﬁ ctoren
section 25. Enlarged elenents 161 and 162 are configured to be received in,

and engaged by, shoul der portion 129 wheé¥® actuator 130 is dis '
. ( , sho osed in a 30
first, distal position. Wien actuator 130 is in this first pogition,

poi nted engs A8iadd HEdiRhBovE! Aidetk mmmmwbmaa dra

preventing a 2008/1255§O%CT/IL200 / 000550 - Se Iaﬁdﬂ%?ﬁ
expgsed tzzqmigatlﬁplﬁré@ln@}nefttﬁé whichtt Séﬁ%?s"%lﬁﬁleaq s%‘ez'@zf (i'P St é‘gends of
condui t s

condui ts 40,2 %%8 %%%%?g iRtEhaH %&% thtek@ﬁlﬁbﬂaﬁéf@i’%@&érﬂﬂlyf:mam nation

n|t 10 and | eakage of a harnful dr
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transfer apparatus. Referring to 102, it can be seen _how | d
passes t hr selgimepraokisted|ligyag gq bgﬁ@S{bﬁgwegqﬂfBlgfo%%zglapgrpo?BeI Ulﬁ(ﬁzécondwt 48

25 and a proximal air chamber 40 between piston 34 and stopper 28. Air
conduit 46 passes through piston 34 and extends inside of hollow piston rod
10 380. Air flowing through conduit 46 enters the interior of piston rod 30 and
exits to air chamber 40 through an aperture 50 (shown in Fig. 10C) formed
at the distal end of piston rod 80. Conduit 48, which is considerably shorter
than air conduit 46, is adapted to allow a solution of a drug to flow into
liguid chamber 38.
15
Double membrane seal actuator 130 comprises a proximal disc shaped
membrane 142 having a rectangular cross-section and a distal double disc
shaped membrane 143 having a T-shaped cross-section with a rectangular
proximal portion 144 and a distal portion 147 disposed radially inwards
20  with respect to proximal portion 144. Membranes 142 and 143 are seated
within casing 137, while distal portion 147 protrudes distally from casing
137. Arms 133 and 134 of equal length are elongated and are substantially
longitudinally disposed, being attached at connection points 161’ and 162,
respectively, to casing 37. Arms 33 and 34 terminate with distal enlarged
75  eolements 161 and 162, respectively. The resilient arms 133 and 134 are
designed such that, if not prevented from doing so, the distance between
enlarged elements 161 and 162 is larger then the diameter of connector
section 25. Enlarged elements 161 and 162 are configured to be received in,
and engaged by, shoulder portion 129 when actuator 130 is disposed in a
30  first, distal position. When actuator 130 is in this first position, pointed ends

46a and 48a are retained between membranes 142 and 143, preventing a



cylindrical wall 24 of transfer apparatus 10 and term nates inside distal
liquid chanber 38. In Fig. 1090 it is seen how the proximal end of the

l'iquid chapher 38 is defined by the distal surface of pistan AT
condui t 46EBULLBY t hrough 1iquid chamber 38 and can%@h’szg%szoﬁ?’ﬁ@lﬁ g. 100

passing through piston 34, disc 52, and reinforcing ribs 54 and entering
the interior of hollow piston rod 30. Codfeli t 46 term nates near the top of
cylindrical portion 24 of device 10. Air which enters at the distal end of

condui t 46 useatroan|beiexiekpaded b shdtiajureddhy, Wher poinied aindspasbedsd nto the
interior of hollow 20 piston rod 3 en iLn Fi{g1 100 arg one,or .nore

d 30. S ,
apertures Sﬁaléﬁg the endst erﬁ@?d‘ﬁF%ééna?%&%@o%é © AEHAIRES thetPVent er
proxi mal aiy. %@{H@eeoéﬁmiﬁéggﬁe& kB FhebrickOBr 2RAd 1Q9nERE PESLT ¥®!ahd t he

di stal end”of air cchamber 40 is defined b)l/j t he proximal surface of piston
34 and it s lgukege mdla dadnid defy cedained: Wihin shalintegior adenwt 10ulsblre st opper
28. It can be understood fromFig. 10A to 25 Fig. 10D, that as the piston

i s moved, PBF8REMH in the proximal direction, the volune of liquid
chanber 38 increases and the volunme of air chanber 40 decreases by the sane

10 and menBiantiA 142 eAt 94505R STPBLHYT IBGL PRI FRRAE BOr UL el

sel f-seal i g, &, ¥RGS FAA R QWM R ShRANFHO 908 Gre 8hIarg0d Yitivts diections B,
C, and D of Fig. 10A illustrating the air and fluid passageways through the

10 fluid transfer apparatus. Réferring to 10B, it can be seen how liquid conduit
48 passes through proximal cap 113 and the throat section 26 of the
cylindrical wall 24 of transfer apparatus 10 and terminates inside distal
liquid chamber 38. In Fig. 109C it is seen how the proximal end of the liquid
chamber 88 is defined by the distal surface of piston 34. Air conduit 46

15 passes through liquid chamber 38 and can be seen in Fig. 10C passing
through piston 84, disc 52, and reinforcing ribs 54 and entering the interior

of hollow piston rod 30. Conduit 46 terminates near the top of cylindrical
portion 24 of device 10. Air which enters at the distal end of conduit 46, can

only exit at the distal end, where the air passes into the interior of hollow

20 piston rod 30. Seen in Fig. 10C are one or more apertures 50 at the bottom
of piston rod 30 that allow the air to enter proximal air chamber 40. As seen

in Fig. 10B and 10C respectively, the distal end of air chamber 40 is defined

by the proximal surface of piston 34 and its proximal end is defined by the
distal surface of rubber stopper 28. It can be understood from Fig. 10A to

25  Fig. 10D, that as the piston is moved, for example in the proximal direction,
the volume of liquid chamber 38 increases and the volume of air chamber 40
decreases by the same amount. It is noted that rubber stopper 28 and piston

34 of transfer unit 10 and membranes 142 and 143 of connector section 25

are conventional self-sealing types that allow piston rod 30, air conduit 46

30  and liquid conduit 48 to slide through them, while maintaining a fluid seal



30 and liquid conduit 48 to slide through them while maintaining a fluid
seal WO 2008/ 129550PCT/1L2008/ 000550 - 37 - isolating the interior of the

vol une cl osed by the stopper, piston, or nenbrane respectively fromthe
out si de. FW&?”T%tQﬁﬂ Fig. 12 show respectively a perspigﬁﬁggmlwgﬁﬁand a
cross 5 sectional view of vial adaptor 160. Vial adaptor 160 is an

I nternmedi ate connection that is used te 3Jonnect connector section 25 to a

drug vial 14 or any other conponent having a suitably shaped and

di mensi oneg Bekl- tM alhtAYAPIRT (KE6QoRMe AlRdbByugRd swder pistbhy ot
enbodi ment of the fluid transfer device. One of the main reasons for

i nt roduci ngembrang rm)apitlleifmmhhftoﬂﬁéiet- op 10 external surface of the
menbrane 58 that seals the top of comercially available drug vials are
typically not snooth. Therefore the vial connector is used to provide a

tshrmogI h tse?Figt. glls?aid Foat agt shivi ebtetitelst al ppepbitdve ¥aw odndrenisresse 143 at
e distal end of connector section 25 that,is n ssary .t 1.d

cont ani hat seshiopplaiqy aﬁfs‘f‘éF aé?PF%elféﬂ‘ﬁg%al?A&ﬂﬁp?‘?roﬁgﬁlﬁs, a’%‘/ﬁﬁgﬁe@/{%{%f& 15 of
whi ch the E@yﬁ%ﬁ +R8t isisuéeﬁlpiof:@nlnﬁct' B8 B BO9Sn RS ARNERial 4®r When it

I's pierced needles, it disintegrates and | eaks after bejng punctured
any other component having a suitably shaped and dimensioned port. Vial

adaptor 160 can also be used with the first embodiment of the fluid transfer
device. One of the main reasons for introducing a vial adaptor is that the top
10 Fexternal surface of the membrane 58 that seals the top of commercially
available drug vials are typically not smooth. Therefore the vial connector is
used to provide a smooth seal to seal contact with the distal portion 147 of
membrane 143 at the distal end of connector section 25 that is necessary to
provide contamination-free transfer of the drug. Additionally, the material
15  of which the membrane 58 is typically made has poor performance, i.e. when
it is pierced by needles, it disintegrates and leaks after being punctured

several times.

Vial adaptor 160 comprises a collar portion 165 provided with an annular
20 proximal cap 168 and a longitudinal extension 169 projecting proximally
from cap 168. Longitudinal extension 169 is a second reason for using the
vial adaptor. It is much longer than the neck on a conventional drug vial
and therefore fits into opening 126 at the distal end of connector section 25
to allow transfer of the drug as described hereinbelow. Collar portion 165
25  consists of a plurality of circumferential segments 167 formed with a convex
lip 163 on the inner face thereof, for facilitating securement to a head
portion 20 of a vial 14. Longitudinal extension 169 terminates proximally
with a membrane enclosure 171 having a diameter larger than that of
extension 169. Membrane enclosure 171 has a proximal central opening 172,

30 by which membrane 176 retained therein is made accessible.



several tines. Vial adaptor 160 conprises a collar portion 165 provided
with an annul ar 20 proxinmal cap 168 and a | ongitudi nal extension 169

proj ecti ngvm%gl 4Oy fromcap 168. Longitudi nal extenﬁ,icqn %}9290055% a second
reason for using e vial adaptor. It is nmuch | onger than % e nec& on a

conventional drug vial and therefore fits into opening 126 at the distal
end of connector section 25 to allow traR8fer of the drug as descri bed
her ei nbel ow. Collar portion 165 25 consists of a plurality of

ci r cunf er efMvalorpéigriendl chhffelsol T dndi 7 distadlyvextehdipglfi@uonembeaneiner f ace

thereof, faqr facilitati ecurenent, tp a.head . portion 20 of a.vial 14.
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condui Plé) 46’03@&1%&?‘63??4 4§IV&ggl%amsegﬁjte%éclﬁlrgﬁd(geﬁ%nﬁg?(gghéﬁ%%nvgf \?\Ilirl tth?n t he

| ongi t udi nabngixt&inal eptehEBn 16MJidngtiudahalesttamiown 6968rmenatendissllyi stal |y
with a spike elenment 177 which_protrudes distally frpmca : i ke

el ement 77 Wishi ®rspske \iﬁlqrﬁe’é)"pémnﬁgl%gr%’ﬁﬂéﬂ% 191’%11% nF%ﬁ%%onSS‘\%\ifh
channel s 1780 7% foEA08GHNAknidd Yolankd189in oaaiikiighiiopwxhmal seal
58, which is adapted to prevent the outward | eakage of a drug contai ned

t herei n. Wrdmnaeki ¥t8adnd DTS eespechipplyi ed to vial adaptor 160, the spike

el ement, pi erces seal 58 of vial 14, to allow channels 178 and 179 to
communiPate with the interior of drug vial 14. 20 When this occurs,

ci rcunf er enyiadl14SBEMBNEtAAT7 poxitde seel 158 wideh iond6ptedr  peaventltheengaged

wi th head portion_ 20Q of vial 14. After nbr 58 of viial 14 is .gi erced it
seal s ar ourmittuiaird dealzge B & dmg W&t%lﬁéd&gg%’ﬁg\%ﬁ@&?a wiariorgeds #eRbety om t he
vial . At t% x?‘i%?g\\(/iéh{gﬁ fd@.tﬁ@%ﬁsﬂ&f eféﬁ?é}ﬁeﬂﬁrcéz gseé‘PQS bfial ¢4 SRAMREW DY

menbrane 1 ng air omentering or drug from 25 exitinigthe
interior ofchainalelsl478 Ringl 1138 tb ccoBgunicete itk thativteriayspfedrus gial 14.he

ho Shovh dNEERITBEHREN SRS TR ALAl dapar Esd | & Reaunn PrpBs e s
engagenent wehlely engaged with head portion 20 of vial 14. After membrane 58 of vial

14 is pierced it seals around spike 177 preventing the outward leakage of

the drug from the vial. At the same time the tops of channels 178 and 179

are sealed by membrane 176, preventing air from entering or drug from

25  exiting the interior of vial 14.

Fig. 13 to Fig. 16 illustrate, respectively, the secured double membrane
engagement procedure made possible by actuator 30. As shown, distal
membrane 143 of actuator 130 is brought into secured engagement with
30 membrane 176 of vial adaptor 160, but it will be appreciated that the

secured engagement operation can be carried in conjunction with any other



30 nenbrane 176 of vial adaptor 160, but it wll be appreciated that the
secured engagenent operation can be carried in conjunction with any other

- 39 - sui W&oﬁs@ﬁ%d transfer conponent. The procedurel\,cir%%@sr/(yohgg out as

follows. Step nbrane encl osure 171 of vial adaptor I'S positioned
close to distal opening 126 of connector section 25. Step 2 - A double
menbr ane engagenment procedure is initiat®i-by distally displacing body 128
of 5 connector section 25 until nenbrane encl osure 171 and extension 169 of
vi al adapt euitdid6 fand drsndfte caihpbmdnte Rte gfrotddere ris enided 2ud asffolBemsiect or

section 25, St - Menbrane 143 qof actuyator, 3Q.1.S caused to,contact and
be pr essedsﬁf’é’a??pn)ﬁe’faﬁéa%ec 8?&8%?}%?@?3#@%%1’ 3‘f3bv‘iS &°s ’c?élﬁfloc}%f’ by
addi ti onal gdisit é’ﬁerﬂﬁ? PloBCoMBSincpforbad¥on 255, dbphesr -t helomidhansbrapee 10

pressed tightly together the enlarged elements 161 and 162 are_rel eased
fromthe shogdstarentopricedunerds mitiateds byt digsallyredisplasing bedy ahdd 19%6 are

hel d pregssed t oget her. by,.enl akge d ol gagenent of
actuato 1%‘6’%"%)&1 %ﬁcglpnczoir‘%élc]{ig?grfg%ae{gg}éa?e étﬁ/‘lea%?geﬁ énlgﬁl&j’%j??glggenent is
prevent ed. vi3l @@aftor 180dté@tak dlital ehd of sl iacetmnt1906f dondyctiPBeatmuses 15

actuator 130 to move proxinally relative tgo hody 128 until the tips of
condui ts 48%aRieM3 pilﬁ?@@r%@ sacﬂ‘}%méngo f?@aélﬁ%‘?ii’ecopﬁaqtl%l? v

cormuni cat 'B;Pé%séé? dEndtNtEL | Qhti0fay MentfranbNe36 §OVIa1Sh@RARORT B5MPEf Or med by

one contintious axial notion as connector section 25 is distally displaced
rel ative tedditenal alistaliabsdacast ahdodnel2sni | 1Ay the apepbransgssaisar at e 20

connector secti . fromwvial, ada di c ction 25
coat; ol B d e FRTHeo G RRENa btdite (R1'bRE A ARTHARRCH DT
enphasi ze fhat thdehpilaceduftton $28legarihbestaaes piemtaaneo ips iani iy & aer

separate steps, however this is for ease in descyibing.the procedure only.
It is to b&eldepuessesitogptherihy epdayggd eg‘?%%’?‘isc]@qtarféfégécﬁ’g@&“&& PEE Hebr ane 25

engagenent .f a&%a%rsﬁwaeﬁemi Yo egﬁﬁdiqoebﬁir@mfvlaeprgﬁmraisﬂmy@ﬁmn is

carried out using a sing snoot h axi al novenent. "The first step of the

procedure of peovended.i Bigpt he Addmondbdiset dispha@mentofbidyh 128 wagses ansf er

apparatus 10 is a ched, to_ the vjal_adaptor 0, Whl ch. Vi 14 is
attach g iagtqaii?ﬁé‘bﬁa{%eﬁiqvﬁ Hod(.lmfgy Ileﬁg?ﬁee%%tbéoglg g %mlniillqlﬂn L(I tgﬂl.p\él . the
doubl e menbsadaised aadt ust plerds3némbidresf 145tandlilg6abnfoaid iionflaid t he WO

2008/ 129550PCTAL2008/ 000550, - 40 - distal _end of connector f$ect id n 25 and
brought cl eemmunieatiomimheainterne pbwal d41 Fhessrioyr steps P RSFOTBE! of the

SLent s ol b6t aga) gyl eommeshor seajden dhaiial adept o
reference telaFivg. to9tlanoridli gdagipr 160, and they will be reversed to separate
20 connector section 25 from vial adaptor 160 by holding connector section 25
stationary and displacing vial adaptor 160 distally. It is important to
emphasize that the procedure is described herein as comprising four
separate steps, however this is for ease in describing the procedure only. 1t
is to be realized that in actual practice the secured double membrane
25  engagement (and disengagement) procedure using the present invention is

carried out using a single smooth axial movement.

The first step of the procedure of connecting the connector section 25, to
which fluid transfer apparatus 10 is attached, to the vial adaptor 160, to
30 which vial 14 is attached, is illustrated in Fig. 13. In the stage shown in Fig.
13, the double membrane seal actuator 130 in its first, distal position at the



5 Fig. 14 illustrates the second step of the secured doubl e nenbrane
engagenent procedure. The di aneter of nenbrane enclosure 171 is less than

t he spacin enl arged el enents 161 and 162 when held in.
shoul der p%}‘fﬁ%&ﬁﬁ%ﬁ by the natural tendency of the flé)E?ﬁﬁYZg%@%@lo 133

and 134 to push the enlarged portions laterally outward. This allows for
effortless entry of nenbrane enclosure-¥fl-into interior of 119. As
connector section 25 is pushed in the direction of vial adaptor 160,

enl arged efpeantsd 18 lconndcthd 2sertion heh chridh bstwggHtdelbsgdnt then nie2gbrand

prevented from noving i nwards by the sides, aof nbr ane closure.171. Upper
surfaces 1enclasuranky 1189 vipl %‘iﬁﬂﬂ”ﬂéﬁgizéﬁa?’%%‘%e ‘f‘gtétoﬁﬁ’(“ﬁl ?Ws%rstal
portion of LESRESL] Vil ud woeweatvikhemshswmikei ng
proxi mal | yaﬁgfﬁg%aébgpégt%es ?”?)&god 128 g connector section 25. Fig. 15

i | | ust r at eFig.[18 Have bdes tegerifedt hraeimabovewitdowiirenerir¥ign8 and Baghgenent
procedure. Upon additional distal displacenent of connector section 25, the
di stal frenbrane portion 147 of T-shaped nmenbrane 143 enters central opening
172 (Fig. ¥ 9oh NRixkFA8E @BRCkosumde slopl.of Dilst adecummidbdanbklepandbrang47
contacts nmenbrane 176 of _the vial,6 adaptor, and the t menb es.are
conpr essedevgagemsat naocediweo (Hher diagreter 98 FRERLEANS, eHEOPUS, i@ﬁ? &%y the

dark area i . | d Refthelrhgreact uat or
%‘I%If]i% é‘,g}b fsbg%}xggoleﬁggg%l%gﬁ%g‘éﬁeelgﬁbﬂ& P6 £ 2980168 el

130 is preve ascend into the body 128 ot connector
25 by the @Bldigehowdienpotisonl 629 dydthecaaturhl tendeney of dhe dlezible B3Msconi ng

out of the distal ul der portion 129 t.he | 00y#,:28,1fRfwconnect or
25 by tfe aégén%sh$$g%8u tﬁ%r‘?ﬁ??’e{ﬁ%&é’ﬁﬁl %Su}r%!a?‘}%f %‘%%HW T a&apt or 60. As
mor e f or ce gi;S oARRids8 hiltfy RIS eERARE tediclosaed 1100 Rfo amdeniiabf dd8ptior 160
toget her, the anount of conpression of the nenpra ea

connector section 25 is pushed in the direction of vial adaptor 160, enlarged

elements 161 and 162 are held in shoulder portion 129 and prevented from

moving inwards by the sides of membrane enclosure 171. Upper surfaces

15 131 and 182 of shoulder 129 are in contact with the distal portion of arms
183 and 134, respectively, and prevent them from being proximally

displaced relative to body 128 of connector section 25.

Fig. 15 illustrates the third step of the secured double membrane
20 engagement procedure. Upon additional distal displacement of connector
section 25, the distal membrane portion 147 of T-shaped membrane 143
eﬁtérs central opening 172 (Fig. 11) of membrane enclosure 171. Distal
membrane portion 147 contacts membrane 176 of the vial adaptor and the
two membranes are compressed one against the other, as schematically
25  represented by the dark area 194. While the membranes are being pressed
together the actuator 130 is prevented from being able to ascend into the
body 128 of connector 25 by the enlarged elements 161 and 162, which are
prevented from coming out of the distal shoulder portion 129 the wall of the
body 28 of connector 25 by the outer surface of membrane enclosure 171 of
30 vial adaptor 60. As more force is applied to push connector section 25 and

vial adaptor 160 together, the amount of compression of the membranes



WO 2008/ 129550PCTAL20081000550 - 41 - increases allow ng the |ongitudinal
extension 169 and nmenbrane enclosure 171 to nove further into the interior
of 119 until the sides of menbrane enclosure 171 have n?v 1328 5, he
enl arged. SEHEHIRB1 and 62. Once they are no |onger B Eﬁ Eﬁ@y55 nbr ane
encl osure, enlarged elenments 161 and 5 162 are able to nove radially

i nwards, are rel eased from shoul der port4lon 129, and abut the distal
undersi de 181 of nmenbrane enclosure 171. At this stage, the two nenbranes

143 and 1l4ihcadfek QtlkREnE CRE IR tuldh essedorando cadphemdesne agdgament 10
Fig. 16 illustrates the fourth step of the_ secured doubl e_ nenbrane

engagenent 19} e suere futheminjedhel iafepers off 419 gtilige #ides ohausmbranessed from
Sheulr oot 29 il CAPNGEL B, 4S8 45,308 peweORg, o

| ateral |y ou errn I or wa t he connector
section. Thisnkdepsernsiotkanky enahlnsmecericldsuoé, ¢rlergadadlemdapt 461 fandedl y 15

attached to_the double seal actuator 130. Additiagnal di,st di spl acenent of
connect dr %%%@F%ﬁ%%t‘?éqoﬁei‘"\?glﬁ v d%et{)eﬂe soe%%nf“l Sléoélgéeer %Dc}ﬁofle
menbrane sgad Ae UBhPEhel dRtANhdohgdatisacitadembadneondleairor 716At thistove
proximally wthin the interior 119 of connector section, 25. Since conduits

46 and 48 atager thy tvy midnbihvien ld8eande 147 e locked tagethae i sestRRI2%6Nd of 20
connector section ng as deo%bl e nenbrane seal actuator 130 noves

proxi mal | ySOPRESEET A8 i al ends 46a and 48a of conduits 46 and 48 will
be progressively forced through diaphragns 143 and 176 until they enter

| ongi tudi nal channels 178 and 179.in, the vi,al connector,160Q. Since vial
connecti®r ¥ A&diUbsvaisasiie dewrhc sifbe e etos‘:‘\‘ﬂuélel(?i igf,ubé’pinﬂ%l%& %5

penetrates eHg%%H dﬂl@ée(ﬁhe:[ he1dre0d efehdifsVical anldt 18D BhatbiBeed osleatdier e now
has been est I shed two I ndependent fluid passageways bet weeeg{1i 1Erhe interior

of the vi alfrobd showldeheodiisn 429 df pohdeethnspeiornz s Pt ﬁ%m%pt OBhanber 40
inthe fluid t f t _ fivel Y  ae ;
Imr;Vi ng Ou'tj b%quég? Tffstﬁg?r,lg? gﬁégef%glézaylt%erﬁ%&?&r Wit 0¥ _})fd?f sﬁg of thE QYRR from

ane ‘encl osure prevented from being
i nadver t enbstidli. SERigaREshsf memidrhge coriearorl7dect tlon vialdedaptor fwedbandl i ng.

However, if a relatively |arge. mgnitu vertical . force.is appliged.to the

fluid tlfansti@chaghparthe Lﬁngf‘ﬁ gegl taﬁ@e\‘;?‘é&godd‘g%‘ﬁ%wniag d}‘?é‘lgldd]gﬂaﬁg%ersl ati onary

posi tion, tcgﬁné/(]jt?&l bs%gggﬁoﬁﬁc?éiaﬁge dios aRIR ARG pEdroNeoheviloubhe: ndvdbiane seal
e

actuator, as w escribed herein below Figs. 17A and 17B show
schemat i calrhambiemnet senlramstaton st rabphe ettecherk vial wroectpr dpArtatReYe Fig.

17A shows injection of .a liguid i i i
wi t hdr awal %%leac}g’l ?flfﬁ“i‘% #i‘eaﬂ\%?%?r ?%Qﬁfﬁo\ﬁn%@?%gceggrﬁ(%%@%l %%g%lﬁirﬂiﬁ%lﬁ%ebl es
created by ffae 48i hreeM @RIy Gxbdeinvinabdlbr hodded rlishatbide feoximabugld vhe air

conduit. In a typical application the first stage, of ta @rﬁgg S ofvS
admi ni £0er icagnectel Lgpction a 2Patdse fouble saempPrane $eal HaFtRRir @ oV

hospital. proximally, the pointed distal ends 462 and 48a of conduits 46 and 48 will be
progressively forced through diaphragms 143 and 176 until they enter

longitudinal channels 178 and 179 in the vial connector 160. Since vial

connector 160 had previously been connected to vial 14, spike 177

25 penetrates membrane 165 at the top of the vial 14 and therefore there now

has been established two independent fluid passageways between the

interior of the vial 14 and the distal liquid chamber 38 and proximal air

chamber 40 in the fluid transfer apparatus 10 respectively.

30 As shown in Fig. 16, the proximal interior surface of enlarged elements 161

and 162 engage the planar underside of membrane enclosure 171 and are



In a first step the pharnacist uses the secured double menbrane 15
engagenent procedure descri bed herein above to connect connector section 25

of appar at i al adaptor 160, which has been prgui nected to
a vial 14 gg)n%ﬂgﬁlltr%i%r?}g{ di luent (solvent) , e.g. distill egﬁmé%o%?&t hi s

stage piston 34 is in its nost distal position and liquid chanber 38 is
enpty. Transfer apparatus 10 is now hetd#%s shown in Fi g. 17B and the
pharmaci st 20 fills the fluid chanber 38 of fluid transfer apparatus 10
¥m th ?_ neagmv%dte:wémmtmoﬁhgdmhmrﬂs; Thagefare smewibahné snalvaurt d€¢dnisect ed
romliquid transfer apparatus 1Q and second .vi al, whi ch cont ai drug in
powder or EB?Y@@Fﬁ‘i g‘@@ﬂ Bgﬁnﬁuﬁlnﬁﬁf’ﬁ‘gﬁ?ﬁg d%e[nzg@ﬁ% frogp tPﬁicgn%?cgﬁre,g%ﬁl%%ui d °
charmber 38 uﬂﬁfzﬁB@ﬁﬁQI Uandlnk SHbiveV & iMat Foldit 419 Mhr@nehaghetuidatvestiosl of vi al
14 is partially 25 filled with powder or liquid drug. Now, w th the
?%ar % us ﬁ@cchm appliad: focde| fuiditransioreannagptus while tho viad aflartos %m'& n Fig,
7A. phar macj.st__now_push | i | ston 34
i Stal 1 i gerr g e oie Y Siadpedt EhPh EREnEARmIE Aol S s
and channehmdufBranseeaFi@uatos) ad wilbby dascribéd Meirednl hedowous! y, as the vol une
of liquid chamber 38 is 30 reduced by the distally noving piston, the
vol ume of air chanber 40 is increased. This creates a tenporary state of

negative prgssSYna 4N M8 sBb¥ schematically the two most common applications in
drug preparation. Fig. 17A shows injection of a liquid into a vial and Fig.

10  17B shows withdrawal of liquid from a vial. In Fig. 17B are shown the air
bubbles created by the air entering the vial from air chamber 40 through the

air conduit. In a typical application the first stage of a process of
administering a drug to a patient takes place in the pharmacy of a hospital.

In a first step the pharmacist uses the secured double membrane

15 engagement procedure described herein above to connect connector section
25 of apparatus 10 to vial adaptor 160, which has been previously connected

to a vial 14 containing diluent (solvent) , e.g. distilled water. At this stage
piston 34 is in its most distal position and liquid chamber 38 is empty.
Transfer apparatus 10 is now held as shown in Fig. 17B and the pharmacist

720 fills the fluid chamber 38 of fluid transfer apparatus 10 with a measured
quantity of diluent. The first vial is now disconnected from liguid transfer
apparatus 10 and a second vial which contains drug in powder or
concentrated liquid form is attached. At this stage, liquid chamber 38 of
apparatus 10 is filled with diluent and the interior of vial 14 is partially

25 filled with powder or liquid drug. Now, with the apparatus is held vertically
with the vial at the bottom as shown in Fig, 17A. The pharmacist now
pushes down on piston rod cap 32 forcing piston 34 distally and pushing the
liquid out of liguid chamber 38 through conduit 48 and channel 179 (see Fig.

16) into vial 14. Simultaneously, as the volume of liquid chamber 38 is

30 reduced by the distally moving piston, the volume of air chamber 40 is

increased. This creates a temporary state of negative pressure in the air
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\ 5501 : ( therefore air (or an
I nert gas) inside vial 14 wll be sucked through channel 178 and C(()nduit 46

into air Cﬁ%@ﬁ@%z&%{» hAddi tionally and sinultaneously, @sthigodidogidhd 1S

added to the Vi e volune available for the air in

creating a tenporary state of positive pressure, 5 theréfngI?Lelgi;eggced
forced fromthe vial 14 through channet 4878 and conduit 46 into air chanber
40 which, as said, is in a tenporary state of negative pressure. Once al

of the |i quifnhasah@eRcrgsedit Qot A@ MHeat gathmshjepaiadtis will hehenakeghl y

shaken to conpletely dissolve the drug. After thi h [

the appar athroushkehanael SRoard condij .46%?%0 éﬁdc}ﬁiﬁ’%’ ‘bé's‘g%%%%%ajr%gﬁgatpuir Est he

g:}gx! mt’ﬂ" d%]igﬁ%%&e%ggl‘& draps tl%%i({ ?QHE&&Ft&ﬂ%]HaHyﬂ_@f vélut@ suiiladle fore vi al
into the Trqui hamber of the transfer unit 10. The flow of liquid

and air totisd awlihahe viliy réduckd tremtin gy itemporany stata vf PesHy PESRSUSSr chanber

s tSh © g}?ee'gfsogé %hg ia{rei%tf(i)r%gg fxto?n %ﬂg Rriaqelict@r(?\?gm bRl Ak d @nftb@: 17A- 15
46 into air chamber 40 which, as said, is in a temporary state of negative
pressure. Once all of the liquid has been added to the vial, the apparatus is
thoroughly shaken to completely dissolve the drug. After this, the
pharmacist turns the apparatus over, as shown in Fig. 17B and pulls piston

10  rod cap in the proximal direction to draw the required quantity of drug out
of the vial and into the liquid chamber 38 of the transfer unit 10. The flow of
liquid and air to simultaneously fill the liquid chamber and empty the air
chamber is in the opposite directions to that described in relation to Fig.
17A.

15

- Once the transfer unit 10 has been filled with the required quantity of drug,
the pharmacist disengages the vial adaptor from the connector section of
apparatus 10 and either injects the drug into an infusion bag through a
dedicated adaptor or sends the transfer unit to the ward where the drug will

20 be administered to the patient through a dedicated adaptor. To disconnect
vial adaptor 160 from connector section 25 of fluid transfer apparatus 10 the
four stages of the secured double membrane eﬁgégement procedure are
performed continuously in reverse order. That is, vial adaptor 160 and
connector section 25 are gripped firmly and an axial force is applied to pull

25  them in opposite directions. This causes actuator 130 to be distally displaced
within the interior 119 of connector section 25. Since outer surface of
enlarged elements 161 and 162 are in contact with the inner wall surface of
body 128 of the connector section, the double membrane seal actuator 130
and vial adaptor 160 move together towards the distal end of the connector

30 section 25. Conduits 46 and 48 are firmly attached to needle holder 115 at

the proximal end of the body 128 of the connector section. Therefore as seal



Once the transfer unit 10 has been filled with the required quantity of
drug, the pharnmaci st di sengages the vial adaptor fromthe connector section
of apparatus 10 and either injects the drug into an in .o hrough a
dedi cat ed &'&b’r?f’%‘r”??? sends the transfer unit to the m}g%b\’f‘?@?sz(%%ﬁi drug
will 20 be adm nistered to the patient through a dedicated adaptor. To

di sconnect vial adaptor 160 from connect d# section 25 of fluid transfer
apparatus 10 the four stages of the secured doubl e nmenbrane engagenent
procedur e afceudior 160 meevesalitallyormshin botly B3 tleediRtdedndsT46at and 484 bl

adaptor 160 and connector section 25 are gr‘iéﬁped fli rMygggg@ag axi al force
i s appli ed ®©BARIES 1462804 W8nwilh beyesiesatvalyr Retled hack thyon BEr3E R ¥at or 130
to be distajj s cediw f1hion ot er i : ; i j on 25.
Si nce out eraMsByura gcgbgf %g‘;'l at?[g3 da% ?n%%t?l%%%ﬁ@%?g@emﬁﬁpggﬁfg% W th

t he inner waémbsandsab4d ehd 389y Wik adtuatre b¥hmeches thedistehend ké thioubl e

menbr ane seal actuator..130 and vi al,. adaptor 160 ve together t ds the
di st al gnd 18#”%% o YPDEEGOT Sxtio f’igg:ﬂe @6’2%?&5?6 e’gtﬁdl%iéﬂm}ife irmy
attached t raepfliivardig! diepladdd bettht hrtarAxieidbn&Nel tHe fhdiddnd?83Df t he
connector section. Therefore as seal WD 2008/ 129550PCT/ 1L.2008/ 0Q0550 - 44

- actuat or aB0l¥byesusbstha Pylaggech Pﬂrtliﬁi‘tfylai%ntyh%“td‘f%@a‘fvitéﬁh ghoy ®and 48a
of condui t o%ﬁgx?lrﬂf)ﬂ'ﬁ: Wik Iwagfghlg rﬁ?%ﬁtﬁﬁagileve‘ﬂdasﬁ% Il?fl oPaflibDs @Hah, db@phr agms

143 and 176 un they are C r original position between

menbr anes 14 3epardtdB3 o renimblamkorbrasd sead achedgor B80.di stal end of the 5
interior. 119 of the connector section 25, the enlarged elenents 161 and 162
are outwardly displaced by the natural tendency of the resilient arns 133

and 134 to mushst e aeploat aRELPRAIL 1RRS shawRigalal ¥pitiyt adpdeni20bi tsethoml der
portion 129. In this way the nenbrane enclosure 171 of the vial adaptor 160
i s separ at egnfunsionheithdlinil dramsion apnaratn 10 ée teanstermdrugty spgfropg s a

cross sectigngly vi W, Ewllga%t gp'[ﬁ%'én APPOE LordBRs4SH %ﬁb@%ﬂiﬁ&’@iﬁ@n Wi th

fluid transter appara ster a drug to an roman i ntravenous
(1V) bag. Spidptkadaptemt 120G tdbaprosem] bodyan@0 staevdaicd twisgoifhewbPRe el ement

177 at the proximl end and a standard ."tw st, gf f.. d 204 15 t spi ke
port fof cott‘?r?e%ﬂlggé’oﬁrf’if GPRRS chimean mﬁ‘t‘S]f’ﬂée@f“%ﬂ?I m&%ﬂ.enéué‘é?%ﬁ?ﬁgﬁ?’y at
right angl eg $ignbadyledd? hoya20P 00k tibakibadinak beftsistn 169. A¥Mthd bed efid of
| ongi tudi nal extensron 169 are nmenbrane encl osure 171 and nenbrane 176.

These el enelobgitudimadraiensipnakfddareanembipnreenalorapevd l wndrmeebine 1% vi al
daptor 60 ,f Fig, 11.including t s 178
St 155 Pl b, 16 Vb0 \RALEREL kot SSuikaled g omae s

20 and 179 elene nmenbrane 1 19 is a
cross sect i ahghto 66wt Fiovi NincildEng lthé prégeans bétwapppamted cidnzls d¢Bed to

i nfusi on bag 206 using the spike adaptor, . shown in Fi 18. Continuing with
the sceffari @ HEELHPBE ea‘BB\‘?g,Splgﬁle%é“%}te]r?gﬁP Iﬁ‘?‘?bfas’lei ﬂ@erted 25 into spike

port 208 of infusion bag 206. The fluid transfer apparatusl0 filled with

the drug connector section is connected to the spi ke adapter 200 using
Fig. 19 is a cross sectional view showing the fluid transfer apparatus 10

attached to infusion bag 206 using the spike adaptor shown in Fig. 18.
Continuing with the scenario described above, spike element 177 is inserted
25  into spike port 208 of infusion bag 206. The fluid transfer apparatus10 filled
with the drug connector section is connected to the spike adapter 200 using
the secured double membrane engagement procedure described herein
above. The bag is hung such that the liquid inside it is down and the part of
the bag above the liquid, i.e. the volume of the bag occupied by air (or inert
30 gas), is up and the tip of spike element 177 is located in this air and is

surrounded by it. The piston in transfer apparatus 10 is then pushed in the



t he secured doubl e nenbrane engagenent procedure described herein above.
The bag is hung such that the liquid inside it is dow and the part of the

bag above the_lj qu i.e. the volunme of the bag occupi or inert
30 gas), |§N%f)00%{%3510he tip of spike element 177 is Iocgggaf%oﬂohslsé air and

is surrounded by it. The piston in transfer apparatus 10 is then pushed in
the WD 2008/ 129550PCT/ 1L.2008/ 000550 - 454 -di stal direction pushing the

drug out of the liquid chanber 38 in transfer apparatus 10, through liquid
conduit 48 dwtdotﬁmemtmrpséungcthez’&ugnnhtlqfqﬂmeduuhdmmhnbbi‘%am mpmlséradapt or

200 into infusion b 0 i.ul. t ane air fromi 5|d t S|on bag
is drawn t hFORRRTS 3§i é‘@ﬁ%ﬁr}l’éﬂm‘i ‘f‘ﬁg é%l %ecoﬁmﬁff??bt%? 35%@ fé‘?‘t“ condui t
46 into air cledyardar94Q shike 4@SHLL0RRRBAALUSonIPag A8 Sinthedbudlyhas been
transferred to the_infusion bag, the connector section 25 is disconnected

from spi ke BEpinsdotee nfysigadas Belrafer tiiqugbdicidchennel LT8 o1 spiked 204 i s
tw sted of f and | '%Bsdrfﬂna{}a&tnﬁgﬁ 4 1&&”&3&3%%&1&% i YASEN I‘plé%s{ﬁ%kset and

t he druglsamnlstered palent int 0 usual mann
adapt or 20010.sAftks dhe dedg hasdreaw ﬂ1anpfeﬂ:eﬂrﬁonnharunlfﬁémm@agnthmeomnmrrranner

as descri bed 0 for .drawi ng ,a.dr f.rom.a a S.C the IV ba
i s hung Isuc‘ﬁ “?lr% L2 P s @ﬁ?%gleé% u%?’ikel @dBB)\%/‘?Irt #%Q’reﬁs é{élsi‘rﬁ’éeadzg‘@f%ﬁ 15 of °
the liquid goshel $he Wrispurdsd 204 Ishadisledss Qnd%@ﬂﬂ%%@%&h&b@@ﬂ' y used

as a diluent for d| ssolving (reconstitution) of powder drugs in vials. It
shoul d be nbt 2% iefygion Wbseg peicand the dena israslginistenyt tr thxopatientandhei nf usi on
bag reqwre§+ esrence of at least the sane volune of air in the bag as
the injecte I qU| i'n order to enable air/liquid exchange. The presence of
such a 20 quantity of air is not a def ault for all commercial bags;

t herefore, the requi i.r can b f|| t he maci | n cases
where the Ié&ﬁﬁe c&é’t?li gg ARt °f r@?ﬁ HBl‘ﬁéﬁm( Fﬁm %]E‘ﬁ 89™di | uti ng
in a vial), nginhef hRMethEH ﬁb&léafﬁp%&a\ﬂﬁl%§d!rﬂg%n§‘@ +i1.ant ks bag, thehi s way
providing the required air for the next uid injection into the IV bag.

Al t hough balyV kdaps élrung@@wh§h26 theppikd eﬂftmemi §UT &8 msﬂhan%d/\m thenbottepect i on
0L O8O 0 o SRR BULLL Gy Ot g, 11
drug i nj ect hoa dadapt € cﬁésﬁ,lv1ﬂg$fercom¢1ﬂnxen¢bﬁpMMngs i kialodt tshasuldhm ce.

be noted that injecting liquids through adaptor 200 into an infusion bag

requires the presence of at least the same volume of air in the bag as the

injected liquid in order to enable air/liquid exchange. The presence of such a

20 quantity of air is not a default for all commercial bags; therefore, the

required air can be prefilled by the pharmacist. In cases where the liquid is

first withdrawn from the bag (for powder drug diluting in a vial), air from

the air chamber 40 is injected into the bag, this way providing the required

air for the next liquid injection into the IV bag. Although bag adaptor 200 is

25  suited for liquid withdrawal and injection of liquid into an IV bag that

contains a sufficient volume of gas; , for the case when the IV bag does not

contain a sufficient volume of gas, the drug injection adaptor 210, described

herein below, is the better choice.

30  Fig. 20 is a cross sectional view showing a spike adapter 210 comprising a

one-way air inlet valve 212. Fig. 21 is a cross sectional view showing a fluid



WO 2008/ 129550PCT/ 1 L2008/ 000550 - 46 - transfer apparatus attached to an

i nfusi on bag using the spi ke adaptor shown in Fig. 20. Mst of the
conmponent s i adaptor 210 are the sanme as those qf i pt or 200
shown in Fi"%‘h@@légﬂ Fig. 19. In addition to one-way vg) géﬂ@@oo@%ﬁ ot her
maj or di fference between the two spike 5 adaptors is that in spi ke adaptor
210 air channel 178 is not continuous fréen-the tip of spike elenment 177 to
di aphragm 176. The channel is bl ocked so that air can not pass between the
interior ofpsRfrl ¥phaatandigiched hardeinffiom bupandhgrthappakatadepi®. | n

spi ke adaptor 210 a channel 178" is provided in |ongitudinal  extension 169.
Wien the t showh inifigcdhdbpst of 6hperraPrRAEE Ogép‘biﬁraélﬁagﬂd“? MG StRe | ¢
enters the praxi f oS 'in k! 1830LAr BipChaNneladdifshn £1r ough
openi ng 215&@%%5 ogeafa\?/gg va vg}.l Thén()})ﬁgr at i@lon otg one-way valve 212 is
easi | y undenstwend vialemZi2g the tthémnshajor t didfeveriope bitvatomshe hfse dPikfober cap

214. The center of the .cap.is attac to,the { of and t he
ci rcunf &r eﬁgépgﬁrf is thptgnppie & Oﬁggfa\ﬂhc&qnfgl 1?8{1% %ticéﬁﬁﬁjﬁgﬁfergﬁll nto IV
bag 206 frem kil oikBanbaenf8y7 tthalixsghragen a6l The @hanndlaistidocktd sa

transfer apgara; us 10 is increased creating a terrporar% sta;e of air
negative prthsbareanNegarissdepveanstheanserione! thedy bag ane 2y chaiharafst er
appar atus cauyses .t he ¢ tyQ bl : t a8l TOW Beovaddd ant air to
be sucked i“ﬁlé’farﬂsg%rg%mf%gt%%go'mlgySP\k/%ﬁf%/%%%523ﬁ?1 Ca}lli% rto _rowBt hrough 20 hol e
218 into changieldihdB extdusidtha 6abSBher thie tipgef iave condeude paneifalehere is a

positive pressure on . the si Of the fluid transfer USm ot the cap
214 is YPus ﬁb@%\ﬁlﬁﬂhrag@eé?gig(?n‘%‘Frgc enﬁr?}ﬂ’élaile % 8?%%%?%%9 1in/al ve
212. Adapt %ht%%ocl‘?aﬂﬁ@leﬁé’ nﬂlﬁ@%élp@p@ﬁiﬂgi QuB dSoinntlge tohe-wag vabgarfhess of
the bag/liquid/air position and it requires no pr sen%e of air..in the IV
bag. 25 Howpesation bgmaiwaarvah@tﬂé’elsvﬁatsﬂﬂrwrﬁftp He Fg\/QQag"%é? ﬁlée adapt or
210 since in,order to drawli@uid fr t WeRcREd the air
chanber i n "Zp¥arateRe fhaped r lelgﬁécrecoil,p ?ﬂ%r’g%%/ l:éc%tggtg ! rtlfé@ga%g%si tive pressure
and cl osi nghya@katie 31 2he Mot had thvhtireumirageeadtipoon 2t Geal 22 aMbee sucked
into transfer apparatus 10 n i or.dr or ., vaper I cape
transf ey 3digppas %J@%teﬁ(}?t%f\z%ég%fgg #W&lqubéjﬁ}é%lﬁgﬁr ? ﬁ’eﬁlﬁ(r:‘gosln%%}ég)fitﬁgi de the
ai r - chamber,;plon bhet LN GnLPApAkUSuLAUl i ihakesiochatiighempbmny t hat on
the other side - 47 - of valve 212 and therefore the one- val.ye will
be in its maatebf wichesdivec presswe: ANaamiive) prespursr o he i Bm‘éliﬁl%{ty and
prevent the entrance of bacteria i «fs b Ul BRosablent a

st andar d O.t’ZQnﬁt{e’éF‘BﬂmﬁtW E?usfféﬁ? g%?é%?ﬁe%%é&?ﬁg%gg%?ng 218 into
channel 178y 1Affeesudkbe ifrgodstieeare Gayraied 812 eddtar thdlowhthuough bag,
the connector section 25 is _disco nec{)ed from sgti.ke adapt er. .210,..33

descri b2 Heelei2d8aptyehanned 17 ¢ Lp thy pbesnge H gL YD EFRY ot and (i nf usi on
bag 206 1S £RReCHGelou 80 (HeUSIOBE fbAAA fhsBAdpbts UGehahadabni st er ed
to the patie PSR dhe usuaf1 manner. 10 Fig. 22 is a cross sec |0£ﬁ4 Vi ew
showi ng an aufaptershad Aokor ontoaast 220 blegkingdhadlow eleait throediieavs Fin-d

transfer assenbl of e invention.int [ i heh is
equi pped Wi gga%togt%ﬁﬂ&?‘&ﬁ%e@%@ﬁﬁeg{ (‘gquﬁg(gs %Q%oﬂéj bggc{]e%%g&g%\foﬁghon t ubi ng
| eadi ng t hrggd/l;yuidPail NS s dslr Raraqeiired patprestnce tafbaimgins st dWsbag.
receptacl es, stopcocks, etc. Adapter Zzzeéonpriif a one- 13 way iOr i nl et
val ve 229 | Howeder, lignifcon o henwithdgavpdonoibgny 878 A58 A% éanber 40
of transfer .appar g evlpcetidWolvlewIRhebid diguhiskrt hat i's
expel | ed fr%lr"hg%)h% %‘#%ut?jgirgﬁg%g'g?%%%% [ r}ﬁ'%gcti on of the liquid. Fig. 23 is
a cross secid @ppdra‘eﬁséﬂ\oé.mwdumgd,athfetehydcneabcngfaewosétp‘tfa?@ts&%rel@(hﬁltoél@ﬁed to

adapter 222 via connectar section 25.. Ada : [ ' 20 the
same as spi kK&lvaddpt &Pt‘?gﬁﬁts%u?lﬁgﬁid@.pgﬁg%ﬁrﬁ@ %g? It‘?g Sgglgegdr:ﬂtg#e%ﬁﬁat spi ke
el enent 177 Mug% RAdnb WSt 00fdrugner 284 oas eaneptacedcdpe stamsfar d | uer
connect or 23 ) Ich is adapted to be connected djre tlb)é tig@)g%%})l ue

connect 80 pappara2ss 16, sincfordhisttndraparn B8 GECSHE TSI HHEL ﬁ?if)n of
the operatign and use of flui 1PR3L8E Wsarl bhatSPREd Sty sides use
with the va?l?eoﬁ?nﬁgeépﬁpgﬁé%é#eﬁg%‘%lég{bt%q{ohe enbodi mrent shown in Fig. 8, these
various adaptors can al so be attached to the connection section of the
enbodi mrent of apparatus 10 shown in Fig. 1 and used to transfer fluids in a
simlar manner.



WO 2008/ 129550PCT/ 11, 2008/ 000550 - 48 - Wil e sonme enbodi nents of the

i nventi on have been described by way of illustration, it wll be apparent
that the invention can be carried out with many nodifi i i ations
and adapt a8 1238 with the use of numerous equi val e%??i)ng{ﬂ&éqoi%{} native
solutions that are within the scope of 5 persons skilled in the art,

wi t hout departing fromthe spirit of thed4invention or exceeding the scope
of the clains. WD 2008/ 129550PCT/|L2008/ 000550 - 49 - CLAIMS 1. A nethod

for the corfaalwalid)anbr@Rréforngiesndvay ivalvedwill denia itd netmalintlabeer
containing a yolune of_said liquid and at | east an equag vol une of ,gas to a
second contcAPRERratlm: donpriprato Iiagete AterditynanegsPigEenkdhal eRtEaRen et anpunt
of liquid tl%}@ﬁeriéix%ﬁ the ﬂh§¢wn%fér%ﬂa95ﬁsg b st R MR BRESRTW the
steps of: a) providing a urd transftfer apparatus conprising: a closed

cont ai ner hHaprongded novesnly epenime P8 intosrhannebh78 haftedithe dees hhAebpert eri or of

sai d contai,ner .into t separ.ate fluipd tight, chanber avisn ar | le 10
vol une, gm&?ﬁﬁer&ﬁg t8¥ﬁ]§’a’rr§€§]ﬁ3ﬁ% $HPs®, %Sgtgrcﬁsfgﬁ%%rszg;ﬁsd d%%(e)ﬂ%{ lt%? of said
chanbers i Sr@mldpilt d658re0; ag@dsciledr ldreieab®rl thé taigast eibrotlis and a

first segment of a liquid channel, wherein the proxjml ends of sajd first
segnent s an@istadfatfped dnfiioni kag 206 incqnneeted tomie iniysonsrubing getyard chamber

and said ligui lﬂé’;\gr(gﬁ ~ ANAYAVE the N8y i gl @heenNds of said first
segnent s artggggggose {)n)}ét?gé;(fﬁ]igh ﬁ?eaheél;%q@) pr ovalg1 i ng % second segnent of a
gas channel and a second segnent of a liquid channel, wherein the distal

ons Olce s BE00S SESTEL S i ol OS2 SR T,
encl osed byjsgalitdgly"BamsSa fluid transfer assembly 10 of the invention into any
fluids receiver which is equipped with a standard luer connector as a port,
such as: infusion tubing leading directly to the bloodstream of a patient,
tubing systems, receptacles, stopcocks, etc. Adapter 222 comprises a one-
15 way air inlet valve 212 in order to provide the required volume of air in air
chamber 40 of transfer apparatus 10 necessary to replace the volume of
liquid that is expelled from the liquid chamber during injection of the liquid.
Fig. 23 is a cross sectional view showing a fluid transfer apparatus 10
attached to adapter 222 via connector section 25. Adapter 222 is essentially
20  the same as spike adapter 210 shown in Fig. 20, with the exception that
spike element 177, body 202, and twist off end 204 are replaced by standard
luer connector 222, which is adapted to be connected directly to any luer

connector port.

25 Tt is noted that although the detailed description of the operation and use of
fluid transfer apparatus 10, especially its use with the various adaptors,
relates to the embodiment shown in Fig. 8, these various adaptors can also
be attached to the connection section of the embodiment of apparatus 10
shown in Fig. 1 and used to transfer fluids in a similar manner.

30



c) pushing the distal end of said first segnents in the direction of the
proxi mal end of said second segnents until the distal ends of said first
segnents penelhal 55,%aid seal ing neans at the distal en%cQ;Lﬁﬁéﬂm: first
segnents, penetrate said sealing nmeans at the proxinal end of said second
segnents, and enter the proximal ends of said second segnents, thereby
provi ding a continuous gas channel betwe#h-the interior of said first
container and the interior of said gas chanber and a separate conti nuous

| i qui d chagngle bethvwesabdditehtd ef tiey infensindhB0f beat deantlmidney vaaydof he
interior of said |iquid, chanber; V%)Z 08/ 129550PCT/ 1L2008/ OQ§5q;- 50 - d)
al | owi ng ailusitationsrat oviltke paParenkbhats Heayiyerfier Faphke FrEld PE ¥ he gas
{0 sl d T GahnyC GREARBRAN Dy lB AL IS GdBbtatis0amd Rvish! thadagecbanber and
bet ween t he pressure exerted on the liquid in sald first container_and the
pressure exenteedunpgtiveldritswr dliemstive sbiugiond theharbeithia)thawepriyoSai d

internal partition.in a first direction i.n der, {.hc - vol ume of
said |iqui Be@?&ﬁﬁg}ﬂ%ﬁ@ fh ri’n‘f’ﬁh%%‘héﬁ’%?r éig(r%ll’é?ané'eth{3 (k%grrg)lcrcgef?zl%?%%l}ﬁéo:ﬁge sai d
liquid chagbgkcr@thstHBdcbpnepthel daigecr ease the vol unme of said gas chamber
and i nstantaneously increase the 10 pressure of said gas inside said gas

chanber, wherein the differences of pressure caused by noving said interna
partition cause liquid to flow fromsaid first container through said
continuous liquid channel into said |iquid chanber and an equal vol une of
gas to flow sinultaneously from said gas chanber through said continuous
air 15 channel into said first container, wherein said flow of liquid in
one direction and simultaneous flow of gas in the other direction continues
until said internal partition stops noving and said equilibriumis
reestablished; O disconnecting said first container fromsaid fluid
transfer device by 20 pulling the distal ends of said first segnents back
out of the proximal ends of said second segnents, through said sealing
means at the proximal end of said second segnents, thereby enclosing the
ends of said second segnents, and through said sealing neans at the distal
end of said first segnents, thereby enclosing the ends of said first
25segnents; g) providing a third segnent of a gas channel and a third
segnent of a liquid channel, wherein the distal ends of said third segnents
are in fluid communication with the interior of said second container and
the proximal ends of said third segnents are enclosed by sealing 30neans;
WD 2008/ 129550PCTAL2008/ 000550



- 51 - h) pushing the distal end of said first segnents in the direction of
the proximal end of said third segnents until the distal ends of said first
segnents penetrate said sealing neans at the distal en i i rst
segnent s, B’é’r@?ﬁ“&?séosai d sealing neans at the proximal ggﬁ@%&@%ﬁg% 5 third
segnents, and enter the proximal ends of said third segnents, thereby

provi ding a conti nuous gas channel betweé® -the interior of said second
container and the interior of said gas chanber and a separate conti nuous

| i qui d chagneAimst ween the interior of said second container and the
interior of sard liquid chamber; 10i) allow ng an equilibriumtaq, be

est abl i shed. bhtmethod; fer phe sontemirationeremdransfeniof Bedgnfogbm afler and
the pressure of  t.h ' i . t Rt PLERSAY €
exerted on thcé)nf?lag? %&ﬁﬁl@g?%\%&%@%f%%ﬂtamngr@ﬁg%glﬁ Blréehgls?ure exerted on
the liquid i nofsgisdold spooddabatdieesy cdfpiningat hepst ai tlimeerfreals eqgaet f¢ion in a
second direction in order_to, decrease the vol ume of. sai.d |i.qujid chanber and
i nst ant &neoustby pREPELY HAwid, thats is éoi}?f‘sitﬁ"élsg%ﬁrﬁgllp (hilg Eﬂgngg?ﬁ%{i’;d

si mul taneousl%n%ﬁgiﬁggge khgs\el une of said gas chanber and instantaneously
decrease the pressure of said gas inside said gas chanmber, wherein 20 the
di fferences od) prasdingea Fhuidcdabsiermppatptaa|camipiiargiad Cg%ﬁﬁfliqop%n%use
liquid to flow from said |iouid e 5,94 ANt LIRS datflui d
channel into sai av?gc%Hﬁovggﬁtéaﬁnﬁ%?l%gﬁghéﬁme%%hdl\%d[egrr% of gas tpaflow

si mul t aneously téeaisai thisetwendepardtai freid tighoudlandesirsl onng negisblai r
channel into said gas chanper, erein said flow of 2 i guj.d | ne

di rectildn and SWWW%M?%BW Sadg§g?’_??%?’r’?elsc?t %C%n?%%ﬁlg#%eooﬁ_ Fﬁues
untloard |t enpahidaidnbbRNisSh WRidRKbADRMNPA rMighietiolm g8s
reestabl i shed; an ]kd) di sconnecting said second container fromsaid fluid
transfer devi ce chgnpelldridng firsiesegimamalof edigmidrhannel, WheraindayRENERack out
of the proximal 3Qends of said_thi S t8,:at St $eal kng nmeans
at the proxinal 9888 ngs%lgi §r§thf?%n£%8n€%?§? %grﬁ@ﬁgﬁé‘%oggng the ends of
WO 2008/ 129550P¢ {020 @8/ 300530 chabiber mal daidhliqaidsegmebers respadivddy ough

said sealing neans at the distal _end.o aid first se nt t her.eby

encl osi¥y the eriad B distal engsef s%ﬁb‘ﬁeéﬂs segge ar%ﬁgﬁ‘éae‘ihﬁrsﬁ‘é‘{‘%?i zed in
that all of the |iguid and the gas that flows between said fluid transfer
device and said first container was present in either said fluid transfer
devi ce or sai 8) firosilimpatsacanst sdpsfaontef e hennehued g serepd speamntpds

channel s between { he re provided.,an | g vl d 9&%@ %ﬁﬂeﬁtgedrgas t hat
flows between sdi ’E‘W el dbere iR |(g13%z}1r?38§§¥ Aid gt s contai ner was
present in eithgp maddednhmudidatRskith ievinteriar of ahid fetondizioet abder
before said continuous |iquid and gas ch%nnel S bhetween fhegnbwere B ovi ded.
20 the proximal ends of said second segments are enclosed by sealing
means;
¢) pushing the distal end of said first segments in the direction of the
proximal end of said second segments until the distal ends of said
first segments penetrate said sealing means at the distal end of said
25 first segments, penetrate said sealing means at the proximal end of
said second segments, and enter the proximal ends of said second
segments, thereby providing a continuous gas channel between the
interior of said first container and the interior of said gas chamber

and a separate continuous liquid channel between the interior of said

30 first container and the interior of said liquid chamber;



2. A method according to claim1, wherein if the second contai ner does not
15 contain a volune of gas that is at |least equal to the volune of liquid

to be transferre hen the gas chamber is not in flui j.cation with
the interi 8‘?0%9198@3?5 second contai ner and the distal e%&qgm%é)&? ird
segnent of gas channel is connected to a one-way valve, thereby allow ng
filtered air fromthe surroundings to frof into said gas chanber as said
liquid 20fl ows fromthe liquid chanber into said second container. 3. A

net hod accor didhg allewéngpmequilibeme tmbe hetablighddibétsveantihe aresuse of thg.

4. Afluid transfer.a tys for. carryi out the hod af cl.aim1, said
25appar at us corrp%afssfr%]g.glaa;@'}'#nﬁé)é{%ﬁ@%sa,ﬁan@gengrﬁsg}lrer 8?25%;?813)}%%%} 1§%¥g said
syringe means t Cclanglodit idBstwednWhe Glressurk Gitbftell Snstheriahlia. inaad fitdti d
exchange neans adapted to all ow equalization of the gas pressure w.thin
sai d syringe neafPdtaiger h@lfga@e pPressiee eFpRtad nos 4ihg  Hgnidainevaid nbawid

al I ow ex¢hange of,g.glgsired volune of said liquid between said container
30and said syringe neans. WO 2008/ 129550PCT/ 11, 2008/ 000550 - 53 - 5. An
appar at us acce) diongingosadd anterds] rpatitioappaa frstslicamion ini oxder &) irarease

[ -lik i mal ti on, C. | i ndrical ,body; t ubul
Chront ;5o sepalh VGG rieht COHGL CRPEenrad P piay e e debor weon

sai d connector s@ebénR iaskesaidl 1O amBadand bintulPhSdodR]y fetireds® the
di spl aceable within said cylindrical body, said piston defining a_distal

l'i qui d chanber affdumeppobxsiidl Samschamahase andpdnstaptanpauplyplincrgasa fide
10 pressure of said gas inside said gas chamber, wherein the differences

of pressure caused by moving said internal partition cause liquid to
flow from said first container through said continuous liquid channel
into said liquid chamber and an equal volume of gas to flow
simultaneously from said gas chamber through said continuous air

15 channel into said first container, wherein said flow of liquid in one
direction and simultaneous flow of gas in the other direction
continues until said internal partition stops moving and said
equilibrium is reestablished;

f) disconnecting said first container from said fluid transfer device by

20 pulling the distal ends of said first segments back out of the proximal
ends of said second segments, through said sealing means at the
proximal end of said second segments, thereby enclosing the ends of
said second segments, and through said sealing means at the distal
end of said first segments, thereby enclosing the ends of said first

25 segments;

g) providing a third segment of a gas channel and a third segment of a
liquid channel, wherein the distal ends of said third segments are in
fluid communication with the interior of said second container and
the proximal ends of said third segments are enclosed by sealing

30 means;



10b) a connector section fixedly attached to the distal end of said throat
of said proximal section, wherein the distal end of said connector section
is adapted_to nnectable to a fluid transfer conpo X iquid
condui t th&%’%@@gégothrough and is rigidly attached togggéﬁwggggﬁgting

el ement, wherein the distal end of said |liquid conduit 15begins in said
connector section and the proximal end-oflsaid |iquid conduit term nates in
said liquid chanber; d) a gas conduit that passes through and is rigidly

attached to 33i fhtBRGRAL i REkaCleRABM said WRSY Sdghnd i idli iBleadir@nibnodf dai d gas
conduit begins 1n sard connector section and the proxi nal enoalé@fglrsai d gas

condui t 20t er mi prexisal end af epidabivhsegants angil she distehendsed § #d at the
distal end of said caonnector.sectiany. [N 1S A neleses the
distal ends of $&&H F&%nﬁ%g%enﬁﬁlht&"%ghn n éagiasi %fsg{lerdlcon trl}??ﬁi%ol ating them
from the surrougginigss, phedtesieasdid edaling tiains saihe wonieslt end 9€eaidn is
configured to allow the 25 hﬁad pog%i on of ?aig féui. " r.z%gsfer gnponent
to entef the intHF} 6pEBENLERRACH R EROPTERLA! SRISALSHS A DI ERT Y *nenbr ane
in said connect ' RecoRHSEEs RASxhARhEYbMIRBNI thei Ht€eMt aft ed by a
menbr ane | ocat eg({%rgﬁgglkgﬂﬁie%q pgrti on So% said fluid transfer conponent,;
wher eupon f urt heaidpseshidontaiver dndethsr drtesior ¢ caid 8as athpdaberannd & st al

ends of said liquid 30conduit and sai i1, condui a j d
mermbrane i n sai FPAR2GE8 1?5@%%QMI%?SJ§§}U% 5g’§l€)’5-€h%4%?&gf8%n%€tsgrﬂ secti on
and sai d centraked@dlcohthifi@d shdeladinperids efsaid Heuebohaasieapl i shi ng an open

|l iquid channel via said |iquid,conduit b%gy\ggg t{ue i nterior of §g}‘i§d liquid
chanberlOand tihe dloFERE 8R cSPidRREm 0 HePStFaIT PERERRRORE e EY® 8T Kb ar at e
open alr channeb.yi sifl CocBhl csgﬁ]g#él_t aBEHE Yol of PREERONn Ghidghel ai T

chanber and the“rnteriror of sal urd transfer . .
chamber and between the pressure exerted on the liguid in said

second container and the pressure exerted on the liquid in said liquid
chamber;

15 i) moving said internal partition in a second direction in order to
decrease the volume of said liquid chamber and instantaneously
increase the pressure inside said liquid chamber and simultaneously
increase the volume of said gas chamber and instantaneously
decrease the pressure of said gas inside said gas chamber, wherein

20 the differences of pressure caused by moving said internal partition
cause liquid to flow from said liquid chamber through said continuous
liquid channel into said second container and an equal volume of gas
to flow simultaneously from said second container through said
continuous air channel into said gas chamber, wherein said flow of

25 liquid in one direction and simultaneous flow of gas in the other
direction continues until said internal partition stops moving and
said equilibrium is reestablished; and

k) disconnecting said second container from said fluid transfer device by
pulling the distal ends of said first segments back out of the proximal

30 ends of said third segments, through said sealing means at the

proximal end of said third segments, thereby enclosing the ends of



conponent. 6. An apparatus according to claimb5, wherein the connector
section conprises a distal collar forned integrally with, or connected to
the 10 throat _and suitably sized to surround the head j Lhe fluid
transfer cé‘%@ﬂ’g]rﬁ(’s,soand | ocki ng el enents connected to gg{rété(:a%/@g?&and
adapted to rel easably engage the distal edge of the head portion of the
fluid transfer conponent. 15 7. An appasf &2us according to claim®6, wherein
t he menbrane | ocated at the distal end of the connector section is a

def or mabl e nmenbraneihiay Ee,r%néﬁt@, SEBBG0AEh Bald sHAGRLEH YA, thehiiclal bsdfirny
attached at its base to the separating el ement and di staIIE( extends to the

di stal end of tlwd edidt &rstcetgments20hgrebxn enploaingt tke sandsr 6F rigid ixstai m 7,
conpri sing saf etsg neans. for preventing deformation of the nmenbrane. 9. A
met hod for coupllﬁg the apparatus of claim6 to a fluid transfer
25conmponent in order to affect a secured doubl e nmenbrane engagenent, said

nmet hod conpri sing_the_steps of; . a ositiaqning the head rti,on of the
fluid transtaf reeesrdrradrgsd %_thﬁéaﬁi‘g%’leolé‘b‘fl gud the ggs ﬁ_ﬁ%‘i §"8ai d head
portion andbe%ﬁi'ggﬂ%'aagd Huif 420 Abd ¥nf! B3 FirkOB&tARTer PR Drésehbgn MENDI ane

| ocated in sai portion contacts the defornmabl e menbrane in the
connect or sethdromid fiwd 2o6skt 20660 PCFAILL GO 8r0RDBE(heforgHaid eontivi®tEnui ng to

nove said ad .portion and said, distal callar_axiall L gs Rer
Conpr eest noldHACbEGT ARRTRSIRLREY i Mot S BB dp € aBoF R R e
di stal endsged th&igakitBut doaBhedivees eattllusl peneforadevidehandighidaddmadf sai d
menbr anes; . .
container was present in either said fluid transfer device or said second
container before said continuous liquid and gas channels between them

were provided.

2. A method according to claim 1, wherein if the second container does not

15 contain a volume of gas that is at least equal to the volume of liquid to be
transferred, then the gas chamber is not in fluid communication with the

interior of said second container and the distal end of the third segment

of gas channel is connected to a one-way valve, thereby allowing filtered

air from the surroundings to flow into said gas chamber as said liquid

20 flows from the liquid chamber into said second container.
3. A method according to claim 1, wherein the liquid is a hazardous drug.

4. A fluid transfer apparatus for carrying out the method of claim 1, said

25 apparatus comprising: syringe means, means for releasably coupling said
syringe means to a container in which a liquid is storable, and fluid
exchange means adapted to allow equalization of the gas pressure within

said syringe means to the gas pressure within said container and to

allow exchange of a desired volume of said ligquid between said container

30 and said syringe means.



5d) continuing to nove said head portion and said distal collar axially
closer until the |locking elenents connected to said collar releasably

engage the_distal edge of said head portion. 10. A ne ing to
claim9, wWhEHEHZPHE connector section of the 101i qui d%??&'ﬁg&zéra&glévi ce is

coupled to the liquid transfer conmponent by carrying out one axial notion.
11. An apparatus according to claim5, w&3 ein the connector section
conprises a hollow cylindrical outer body having: 15a. a distal shoul der

portion radialdryapfRhtudadgrdi SR DWhRY a hpating with an
openi ng through \A}ﬁ{qh t he p?%%lg;ﬂél 1%e.nd of a%ﬁ?&ﬁwgﬁgﬁgcomgnent can be
inserted for @dupkyugge-like proximell sswsivpnmomurinibe:cap having a central portion
conpri sing connegtion .mii‘fain tF)ro'grudi ng proximally fromit to connect to the
distal end of 20¢¥ha ¥ @é 99 proxi mal portion of said apparatus; c. a

needl e hol der prﬂ} E%gbgﬂtritﬂ}& t.he interior of said outer body froma
central portion of sard cl oseé’proxi mal cap for retaining therein two

condui t ssconpri sjiif)g shakpaRing edeassts thatl frevehier thes opsdegh wift flupert ures
t hrough which liquid and gas respectively are transferred 25during a fluid
transfer operationbelarrRengsaid cornaster seation and sawbthrag @8flor reci procabl y

di spl aceable withiyn the holl ow interion.of .said t eh: i rein said
doubl e nmenbrane g’gaa[ pé%?ﬁatth@ Ro 9%%%3:1 © ivgl%gmcf/?l;dnéﬁluggﬂ%g(}?}téﬁ ‘tgéraracasi ng;
30a proxi mal menbr pigok hédfisagl a fhealplionidredhagfisbrobndab dpoasinal) g0

2008/ 129550PCT/ 1L2008/ 000550
chamber, both of variable volume;

10 b) a connector section fixedly attached to the distal end of said throat of
said proximal section, wherein the distal end of said connector section
is adapted to be connectable to a fluid transfer component;

¢) a liquid conduit that passes through and is rigidly attached to said
separating element, wherein the distal end of said liquid conduit

15 begins in said connector section and the proximal end of said liquid
conduit terminates in said liquid chamber;

d) a gas conduit that passes through and is rigidly attached to said
separating element , wherein the distal end of said gas conduit begins
in said connector section and the proximal end of said gas conduit

20 terminates in said gas chamber; and

) a membrane located at the distal end of said connector section,
wherein said membrane encloses the distal ends of said liquid conduit
and said air conduit isolating them from the surroundings;

characterized in that, said connector section is configured to allow the

25 head portion of said fluid transfer component to enter the interior of said

connector section and to allow said membrane in said connector section

to be pushed proximally when it is contacted by a membrane located in
said head portion of said fluid transfer component; whereupon further
pushing of said membranes together causes said distal ends of said liquid

30 conduit and said air conduit to penetrate said membrane in said



- 56 - a distal nenbrane that seals the distal end of said casing, wherein
a part of said distal nenbrane protrudes distally fromsaid casing; and iv)
at least t ilient arns which are connected at a pry t her eof
to an intepﬁﬁgﬁgk%&gortlon of the exterior of said caS|§gIgﬁh‘§Q%%prlse

enl arged el enents at their distal ends. 12. An apparatus according to claim
11, wherein when the double nenbrane sea4 actuator is at the distal end of
the cylindrical body of said connector section the enlarged el enments of the

resilient ar %Hﬁé&?lms@&?&p ahAt Qi NRntrkQ dastial saﬁ@%ﬂa@e?oﬁﬂﬁl‘; itheredly t he

cylindrical sai d connector section, thereb owi ng the _nenbrane
encl osure at etst@lmﬁmxg aalopendlqlﬁd&hﬁnmldvmr%m@ﬂﬁw mmi}ﬁfeh? wesnpthe nsert ed

into the open . at %ﬁa’éd* aﬁ&“t‘ﬂe CORNSGH gf h}ll%% Aksadvanced

until said rré ¢ &nhcl'osure cont ac e part of the

di stal menbr %ﬁ;ﬁoﬁ@ht &5@@ Ruﬁtﬂﬁ djbbﬁtaai Eyafnedmid baidcais |cmgd1ut betwebndoubl e
nmenbr ane seal actuator. parat us CCOI’dI n)g) 3 ‘ftt{ﬁ\ &ii elr ein the
di amet ep of tihe aiteien O%ﬁ%)‘dl%lérc bceir(ﬂ‘P fRe dpieTOF A4 § 24 &HHY ged

el ements at tcta d)ln%;l | end 20 of the arnms are such that, when an axi al
force is appli ed 16 push t he doubl e nenbrane seal actuator and fluid
transfer corrponent t owar ds each ot her, the SI des of the nenbrane encl osure

prevent said enlar d el errents at, t di t gl t f Vi ng
radial |y i Gwefls@PPRaEl, aCatrding tPhgl%dmst%a lég‘{é&é?%lre 08 S

conpressed ag@ifistises?® dibRl GMAF aBembd mmgialigndmhn@rarwlne@tedetwhhel t he

si des of said nenbrane enclosure are di spl(gcgg gr |rralé%E rel atd onto

sai d eriIOargedthe‘b@frr@ﬂil@sSm@ﬁll lyinsigef FOi FHITQURY b ?"’dﬁd’ogll Oﬁﬂt@ehg Ve roomto

move radi al | y I . Sior [ 9B %Pg o, SRR R Ql'gb}eti'ﬁs @bﬁﬁe%'te@ ho Wkt tolpar dhdn of
abut

sai d doubl e rane s aétuator, and e distal undersi ge of 30said
menbr ane encl Q@ayted tb heleabably calgage thaiddstal §ﬂ§¢ Oﬁéhﬁjéﬁéd DoERAeH #h&begai nst
sai d nenbrane i n, sai d, menbrane enclosure in secured and - 57 - conpressed
engagenent , pﬂB{ﬂeW?P?f@ra‘?IgB?l@eéﬁerrent of said actuator fromsaid fluid
transfer conponent, and allow ng said actuator and sal d coupl ed fluid

transfer conponent to be reciprocably displaced w t h 0 interior
of the ut €t. HmcapmaW|@c@@h%§Q@ﬁl%@cﬂlt%el ?‘ 8‘?‘6 \(I:v%:lordl ng to

claim 13, wherel %1[ trg(gofj%l%t ?Bﬁ&f&)@ t{ol?leisaapaé’i%hﬁébl%rtﬂeﬁbi@s@}iﬁvmglthd

transfer corrpgh% ace proximally within the hollow |nterior
of the outer bpghe of asmdcmdmbpwmmm Garedn dittashed extgith bgge tpdhewo

conduits are zggar}:a%g%t elegggtn ang (ﬂstally extends to the distal end of the distal

collar.

20
8. An apparatus according to claim 7, comprising safety means for

preventing deformation of the membrane.

9. A method for coupling the apparatus of claim 6 to a fluid transfer
25 component in order to affect a secured double membrane engagement,
said method comprising the steps of:
a) positioning the head portion of the fluid transfer component close to
the distal collar;
b) moving said head portion and said distal collar axially closer together
30 until the membrane located in said head portion contacts the

deformable membrane in the connector section;



10 actuator and said attached fluid transfer conponent are displ aced
proximally, the sharp pointed ends of said two conduits penetrate the

di stal menmbrane of said actuator and the nenbrane in the }'renbrane

encl osur e, Wh#P¥H)58st abl i shing a liquid path and a gad ‘Pati®¥@Hectively
bet ween said connector section and said fluid transfer conponent; and, 15
when said actuator and attached fluid tra&fster conponent are di spl aced
distally within said hollow interior of said outer body of said connector
section, saidcp %h@mﬁﬁ&r%w%&%d@i@fhe%@ Fortith §RAMId AiREE AUy SdaBpck

t hrough said distal nenbrane of said actuator and said nenbrane in said
menbr ane encl osulesert trgetlir bompkéasing Haid | defprinpbleh mergbtane dgass#@8pat h

respectively between said . conne r Sechi and..saj.d _f. ui r

conponent . 15. Ancogﬁﬁ%{’?’étsﬁ%mé’cgﬁﬁ%ﬁ?\ega%sghc?%lsmgq?ﬂe ivl\?l%lP eai‘%n&j\%;%"en%tﬁhggsdoubl e
menbrane seal acidiat@fte tlsrodghtdch of stidlm@nbrafesf he cylindrical body of said
conductor 25 section, the sharp poi nt%g ends of .the two conduits, are

| ocat ed et wedh ©RENFIRS torgroveesiif difadaRertioe 281 sead dﬁ%ﬁJoP B¥asyi d
doubl e membrane ag%'r @&hutg&gfo%igg%lén@ﬁwe&z{eegedcw%ur&uw%ﬁ%@mt us of

claim1l to a flu transte nponent 1 n order to affect a secured
doubl e nenbr ane enpggdéhedistalsaigd ofreaiddebad@mytiosi ng t he steps of: WO
2008/ 129550PCT/ 1L2008/ 000550 - 58 - a, positioning the opening in the
di stal shoul der portion of the outer body of said connector section in the

vicinity of 16.he methddnaécoedidgofo daifl 9, whdrdin ahef @nneorpaseetion df,the
initiating a double nmenbrane engagengnt operaiti an by djstally 5 g’i spl aci ng
the out & bodyiasid Jmnplerodpeee gf wubtadofe (he i LawifSTRRHET LABRPERETL N e at

t he proxi mal %Q%y%%&%&eféﬂgpmbﬁgﬂsfer conponent is received in the
o

interior of sal ohnector section; c. additionally displacing distally
said outer body relative to said fluid transfer conponent until the distal
menbrane of _sajd actuator 10 .contacts.and i ressed ai n . renbr ane
in said nerrﬁi'a}ﬁ’@_ BPRA'BLR eacﬁ‘?rdth% Br ‘E}%ﬁ%s’ She 6 3§Fd&gﬁn&03§ft %%ﬁlso_ er
conponent , WhepRinkisds hildlottySinatiesl ddier Bodyphgaagel ements at the distal end
of the arns attached to the doubl e nenbrane seal act uat,(gr ar %ggel d.n the

di stal $houl der péistalothopidesiontionrediabyayobmding Howgmeerty dEEdn 15 by
e e ot o (AP B g st il eat o o
addi tional | y di sfrhigiciragsfdi sdmpénens abd belneertéblby cowplang;ve to said fluid
transfer compgnent; Unt Lol i Hhding ' TOLANP p Ot e iHE LBin i
means protruding proximally from it to connect to the distal end of
20 the syringe-like proximal portion of said apparatus;
c. a needle holder protruding into the interior of said outer body from a
central portion of said closed proximal cap for retaining therein two
conduits comprising sharp pointed ends and further provided with
apertures through which liquid and gas respectively are transferred
25 during a fluid transfer operation; and
d. a double membrane seal actuator reciprocably displaceable within the
hollow interior of said outer body;
wherein said double membrane seal actuator comprises:

i) a cylindrical actuator casing;

30 11) a proximal membrane that seals the proximal end of said casing



20 said nenbrane in said nenbrane encl osure at the proximl end of said
second fluid transfer conponent are conpressed together sufficiently to

al | ow sai d_sides of said nenbrane encl osure to pass sa'g | arged el enent s,
al | owi ng sH' %0 nove radially inwards, thereby | k yﬁ‘}ﬁ@%@?’do di st al
actuat or nmenbrane agai nst said 25 nenbrane in said nenbrane enclosure in
secured and conpressed engagenent, preverif ng di sengagenent of said
actuator fromsaid fluid transfer conponent, and all ow ng said actuator and

sai d attachedifi) didsthl a1ee41%ne UIRORANS tROIREGE ' L¢ARA dngiwhLRsed Wi thin
the hollow interior of the outer body of said connector section,

30wher eupon wherParhphsaid digiebmenhrane paetiradest digiadlyt framsshed casomgiemant ar e
di spl aced proxjyml ithin the hollow interior of said outer bpdy. - 59 -
of said conne?\’gar% Jféﬁwv&ﬂ,mflpf@ng &S ﬁhf(ﬁ‘t@ff g cfﬁda?hé‘ P%"?}Bﬁ_&ﬂﬁt s
penetrate the ditheadof 7B H BRErREdiaR Potidnuat fHe SNdribher BRIMEANS bAgsai d
menbr ane_encl osure, thereby establishing separate |iquid and gas paths

bet ween %ai d corfREREHe epdaiged ¢leaments st dheir didat endssfer 5 conponent; and,
when said actuator and attached fluid transfer conponent are di spl aced
distally within said hollow interior of said outer body of said connector
section, sal?lAshapparabisntcedrdinglso dhimdild whareinovlies tlse doudlpuensistahack

t hrough said di st al nbrane of. sai d .actuatoy. and said npyane in said
menbr ane encl 88 raeg,h_“{%’éfse?) ﬁ'ﬁ%‘?i‘ﬁlﬁ“ﬁgﬁ?ﬁ? & Fgﬂf’%}sh&ﬁél Oggél‘%‘é’tn%c‘l%t ween
sai d connect okedRfil iRMerARfkedadl8mbhiti 6F thaRSHBEnICOMMOARNbresddd MigREBOM
according to ¢claim.16 wherein the structure of the connector section

enabl esl® he céifielthsuldacrarsienagidthereylinduical bednef exidcomperiensecti®to be
ot on ui t noutt R isBo et B iRl colloSERrAE b ttmdl SUTBLE AL~
mechani sm transfer component to be inserted into the opening at the distal end of
said connector section and advanced until said membrane in said
membrane enclosure contacts the part of the distal membrane that
15 protrudes distally from the casing of said double membrane seal

actuator.

13.An apparatus according to claim 12, wherein the diameter of the distal
shoulder portion and the size of the enlarged elements at the distal end

20 of the arms are such that, when an axial force is applied to push the
double membrane seal actuator and fluid transfer component towards

each other, the sides of the membrane enclosure prevent said enlarged
elements at the distal end of the arms from moving radially inwards

thereby causing the distal actuator membrane to be compressed against

25 the membrane in said membrane enclosure until the sides of said
membrane enclosure are displaced proximally in relation to said
enlarged elements; at which point said enlarged elements have room to

move radially inwards, are released from the distal shoulder portion of

said double membrane seal actuator, and abut the distal underside of

30 said membrane enclosure; thereby locking said distal actuator membrane

against said membrane in said membrane enclosure in secured and
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compressed engagement, preventing disengagement of said actuator
from said fluid transfer component, and allowing said actuator and said
coupled fluid transfer component to be reciprocably displaced within the

hollow interior of the outer body of said connector section.

14.An apparatus according to claim 13, wherein the distance that the

actuator and attached fluid transfer component can be displaced
proximally within the hollow interior of the outer body of said connector
section and the length of the two conduits are such that, when said
actuator and said attached fluid transfer 'component are displaced
proximally, the sharp pointed ends of said two conduits penetrate the
distal membrane of said actuator and the membrane in the membrane
enclosure, thereby establishing a liquid path and a gas path respectively
between said connector section and said fluid transfer component; and,
when said actuator and attached fluid transfer componenf are displaced
distally within said hollow interior of said outer body of said connector
section, said sharp pointed ends of said two conduits are pulled back
through said distal membrane of said actuator and said membrane in
said membrane enclosure, thereby breaking the liquid path and the gas
path respectively between said connector section and said fluid transfer

component.

15.An apparatus according to claim 11, wherein when the double membrane

seal actuator is at the distal end of the cylindrical body of said conductor
section, the sharp pointed ends of the two conduits are located between
the proximal membrane and the distal membrane of said double

membrane seal actuator.

16.A method for coupling the apparatus of claim 11 to a fluid transfer

component in order to affect a secured double membrane engagement,

said method comprising the steps of:
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. positioning the opening in the distal shoulder portion of the outer

body of said connector section in the vicinity of the proximal end of

said fluid transfer component;

. initiating a double membrane engagement operation by distally

displacing the outer body of said connector section until the
membrane enclosure at the proximal end of said fluid transfer
component is received in the interior of said connector section;

additionally displacing distally said outer body relative to said fluid
transfex component until the distal membrane of said actuator
contacts and is pressed against the membrane in said membrane
enclosure at the proximal end of said fluid transfer component,
wherein during this step the enlarged elements at the distal end of
the arms attached to the double membrane seal actuator are held in
the distal shoulder portion of said outer body of said connector section
by the sides of said membrane enclosure, thereby preventing said
actuator from moving proximally within said outer body of said

connector section; and

. additionally displacing distally said outer body relative to said fluid

transfer component until said distal membrane of said actuator and
said membrane in said membrane enclosure at the proximal end of
said second fluid transfer component are compressed together
sufficiently to allow said sides of said membrane enclosure to pass
said enlarged elements, allowing said arms to move radially inwards,
thereby locking said distal actuator membrane against said
membrane in said membrane enclosure in secured and compressed
engagement, preventing disengagement of said actuator from said
fluid transfer component, and allowing said actuator and said
attached fluid transfer component to be reciprocably displaced within
the hollow interior of the outer body of said connector section,
whereupon when said actuator and attached fluid transfer component

are displaced proximally within the hollow interior of said outer body
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of said connector section, the sharp pointed ends of the two conduits
penetrate the distal membrane of said actuator and the membrane in
said membrane enclosure, thereby establishing separate liquid and
gas paths between said connector section and said fluid transfer
component; and, when said actuator and attached fluid transfer
component are displaced distally within said hollow interior of said
outer body of said connector section, said sharp pointed ends of said
two conduits are pulled back through said distal membrane of said
actuator and said membrane in said membrane enclosure, thereby
breaking said lquid and gas paths between said connector section

and said fluid transfer component.

17.A method according to claim 16 wherein the structure of the connector
section enables the connector section and the fluid transfer components
to be connected by a single axial motion and disconnected by a single
axial motion without having to set a locking securing device or a release

mechanism.



