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METHOD AND APPARATUS FOR CONTAM NATI ON- FREE TRANSFER OF A HAZARDOUS DRUG

Field of the Invention The present invention relates to the field of fluid

transfer devices. Mdire particularly, the invention relates to an apparatus

and nethod for the contam nation-free transfer of a hazardous drug from one

contai ner to another. Background of the Invention Mdical and

phar macol ogi cal personnel that are involved in the preparation and

adm ni strati on of hazardous drugs sufferjthe risk of being exposed to drugs

and to their vapors, which nmay escape to the surroundings. As referred to

herein, a "hazardous drug" is any injectable material the contact with

whi ch, or with the vapors of which, may constitute a health hazard.

II'lustrative aETHOD ANDAPPARNEUS FOREONTAMINABIONCHRES, |nter alia,

cytotoxins, antiviral drus chermt herap drus antibiotics, and

radi ophar maceuticals, SHRANS ARDOUBIDREG f | uor our aci | |

| eucovorin, taxol, netatroxat, genkar, cycl ophospham de, cytoxan, and

neosar, or a conbi nati on thereof inaliquid, solid, or gaseous state.

Hazar dous FoHOsE {1 TAviitthrP! powder formare contained within vials, and

are typicalty prepared in a separate room by pharnacists provided W|th

prot ecti veTled préddemd, inaentut: hrebaiek  toahd &Heldarh fiard tﬂamnﬂf@ad@tiyes:é\ﬂbnet A
a holl ow needl e, is use

de I ) f
f ?/;Ing? gr Plr R(%I ’ccﬁgarm’ugh‘? F’gﬁ?ﬁnrgf‘?}?é'?iatg& tt%rarbépﬁéri‘)tﬁ’ép%ﬁl@dne thpd 1g{edous drug
I's added tc%n@aﬁ%é’ﬁbﬂ ?re%OWaqfs?S'dof i} ﬁa?zﬁ%o‘@@ (ﬁ}hg' Pro'nfp %@dgcﬂltgﬂ{er to

another.

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 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-hmitative examples of
such drugs include, inter alia, cytotoxins, antiviral drugs, chemotherapy
drugs, antibiotics, and radiopharmaceuticals, such as herceptin,
cisplatinum, fluorouracil, leucovorin, taxol, metatroxat, gemzar,
cyclophosphamide, cytoxan, and neosar, or a combination thereof, in a

liquid, 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
protective clothing, a mouth mask, and a laminar flow safety cabinet. A
syringe 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



- 2 - parenteral admnistration, such as a saline solution intended for

i ntravenous adm ni stration. Since hazardous drugs are toxic, direct bodily
contact thereto, or exposure to even micro-quantities of the drug vapors,
considerably increases the risk of developing health fatalities such as
skin cancer, |eukem a, |iver damage, mal formation, mscarriage and
premature birth. Such exposure can take place when a drug containing
receptacle, such as a vial, bottle, syripge, and intravenous bag, is

subj ected to overpressure, resulting in the | eakage of fluid or air

contam nated by the hazardous dru o _the surroundings. osure.to a
hazar dous %rﬁag%azoa&ggms?galﬁ?rbmsgchr a5 golﬁﬁ‘ihingn Slptl}ﬁg(inhi @Sﬁgé f¥edl e ti D,
on a vial igtrdvahbayapausidtegtissal . or by the accidental puncturing of the

skin by the needle tip. Sonme prior art liquid transfer devices are intended
to provide contam nation-free transfer of hazardous drugs. For exanple, WO

2005/ 0418 di scl oses a drug m xi ng systemc .Jsing.a receptacle port
adapt or aﬁBF"edﬁ?@ USnSER %dalfenttgxﬁgpémec%?b 11fyl lﬁogt?@czg?g@épe,ora vi al

soestr ety % SPATCHELPal et coB B ool gy 10

adaptor att syringe adaptor 1I's adapte

into flui dnewasugithat ek ehdevalophy bahlth faoakedstaucht abesddh enresf the
receptacl e port adaptor and vial adaptor in an_ axial notion. Wen a user
retracts tipekepia diverglamase, meligrmatiopnsnigrargiageyand psemasurs pirkiye

ensuring that the fluid repni sterile.an at_the u RS N xposed to
the flui d.EP CRIOSALY ga%ltgggﬁgﬁcee&rglggeaddf%éjf%%a% llﬁllgdreé“éﬁ{a}%ass)}lr%lhnagse adapt or
i s connectpdid Ohot@le, dySieRaNaaHadtfveRbut Mgl arsmjacled ROs¥erpdaRriups, or vial
adaptor since the seEl umof the syringe adaptor is gushed i nto touching
engagenentresilting in the leakage of fluid or air contaminated by the hazardous

drug to the surroundings. Exposure to a hazardous drug also results from

a drug solution remaining on a needle tip, on a vial or intravenous bag

seal, or by the accidental puncturing of the skin by the needle tip.

Some prior art liquid transfer devices are intended to provide

contamination-free transfer of hazardous drugs.

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 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 adaptor since the

septum of the syringe adaptor is pushed into touching engagement with



- 3 - the correspondi ng septum of the receptacle port adaptor or vial
adapt or, thereby preventing exposure of the syringe needle to the

envi ronnment. The syringe adaptor conprises a septa housing, a conpression
spring seated within the septa housing, and a needl e sealingly nounted

wi thin the housing and axially extending within the spring. The septa
housing is novable relative to the needle in order to expose the needl e
tip. This drug transfer systemis an opepg system which conprises a
menbrane vent and filter, for venting at |east one of the receptacle port

adaptor, the vial adaptor, and inge adaptor .to.t a phere. After
filtrati or{,heaqur??é’ﬂpgﬁ?%ﬁ?%tduﬁf%ry#S g?fﬂgﬁ 9 ??rgsa%afp%%g% %lri)%lga@%?g%)F’s i's
nevert hel 633 r&PpsoFkiitPnd RepBSYIe ONERS sy rivpat hadlditsagheanh aigenenthi s drug
m xi ng systemi's'that two septa are placed in nutual touching engagenent by

means of tHee byasigegadaptoe aimptices pr sepfa Ntesibgasi agmpoesstompringd by t he
spring is |lower when the two septa are, first placed jn contact .and

i ncr eases S&ét‘i‘{@’\ll\g@ﬁ't f('Lihea?eé’tﬂi housae g ﬁen?@églss?‘ﬁﬁgks@(%’@ﬁi?(?ﬁﬂgﬁy
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and t o causanavdhlskebitiexposhe meeflld he oddngtr oxgosdr the heedleaipuThmundi ngs.

An additional disadvantage of this systemis that a securing device is
engaged wHEMS HENSHA HBPR 1SRN RGBT Ee dV hiehqcompEises de FRIBNEMSs m f or

manual |y di sengagi t ri ' j li 1 e system
of the i nv"gﬁ’?ﬂg‘?@@%ﬁﬁ‘}gé’gﬁgﬁ eér%?]ie %geléllg?e? gﬁl&gﬁ%gﬁﬂac&%ﬁ? gig%%ﬁt;aﬁat% m ght be
cont am natyadl B¥ayRROARd Kyridie Sdatgol @otthe RmMbsphBrEMftel tiltvatiod, bir
desirable to provide a connector that causes two separated seéta to be

br ought i reonbamimapednmgoviere qpaniaties fathe qivg vapers és nyyerthdless and to
be separated follow,ng said operation w thoyt havin Q0 set a _securing
devi ce or eé‘_pPE‘FCLég\é?MhﬁE‘?:‘hvalﬁ‘?%en{'4 21 ‘?L’f?éﬁ?n%eo‘%/ ggéS‘%élg THa8s

6, 715, 520 sgflsﬁeﬁ'#lq§q:hg\t Ctbv%sgéa})'tﬁyétteeﬁldccb&'iﬂ_ k@08l efudsag W cbMent by
contam natron-free drug transfer, 1.e. wthout passage of a gas fromthe
i nterior aheans of tipt bixlséng dortcaiofithg sprivez Aftsohissthrgifpree aphbied doyr dendi ng
envi ronnent. . A connector ,to drug bottle has a | ow.needl e for

h
penet rat i rfpringe 18| losier eWhen fhe Ry 6BEa |eafirst placed ar nirdachigtde when

est abl i shi; | d r.lJ I | .d sf )
connect o Torepeb e thETRHE" abd Bedclahy | dHeC pLEMGT COnRIREMRYY ol
bayonet cdupbi&@emt itoviegerftl off thet syanehewhdrtheawolsayas arbdivaelpladedhi n t he

hol  ow needl e transports gas fromthe bottle to a flexible container
const i t ut iingoatagtds diable o apesssthaiwo spptatocke senayatedrom park othetnst er

devi ce conprjses a syringe.and.a couplin it. Pl i has a
first par {?‘51' r On JEHSF o 2 %6‘?#1e8{i%}fpcis i hgf g@}ei n%a-eg{ér%g&% lsiJLéIE:]%n(L;H]p'gahret
arranged fQf SANNGEE! O t 2ddifR Nl Ugishal hhthgeOBRegHioN systhm Secehmt part,

whi ch can be telescoped into the first part, is prevented fromrising by a
det ent whisehusihigpdeviicd ds angagediwbemfthe epring d¢ fply tcommiressed, | vrk ed
position is released by an_ outwardly djsplaceabl g handl e connected to the
Gotent . AelasehEaRiss. Fic ARRAL, FIRCPFI%RE thenrerep e dreee B

i njection eadhe Rl a4ARicHOYRE! QA bt REDCLABhEDNCARBPLE0S Venkiiy
injection'port of "a m Xing déevi‘ce connected to the inlfet port of an

i nfusi on Halger, Avisich ke nte aethaf maght bé wshtnminated fiyevaparstdfetheaddugane of an
outlet port of the m xing device without |eakage. This fluid transfer
assenbl y rtedbeeagignmefe nunber 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 | ocking the

coupl i ng URigo @At Be (HREIBYId 8O Drovidees icBfnbftor GBLPIcanged Bivh wpa@atdie
connector, rotating and | ocking the coupling unit onto the connector,

out war dl y sspspltacheprohehhandlaskois tengagemsint ngrionite, a liquid transfer

operation and to be separated following said operation without having to

set a securing device or a release mechanism.



- 5 - pressing on the fluid transfer assenbly in order to retract the
second part into the first part of the coupling unit, and mani pul ati ng the
syringe. An additional disadvantage of this fluid transfer assenbly is that
a predeterm ned volume of air needs to be injected to the flexible
container prior to a liquid transfer operation, in order to displace a
correspondi ng volune of the drug fromthe vial; however, the volune of drug
to be transferred, which is dependent ongthe volune of the injected air,
cannot be adjusted by the health practitioner during a liquid transfer
operation. An additional disadvantage of this fluid transfer assenbly is
that the air that needs to be injected prior to operation is taken fromthe
envi r onnenycapg/1then e R @ 3/08eH2e anldE ST 6,35 8R01 dikFleshl aidiekedediisedmnant s
fromthe environment to the drug and violating its sterility. Also, there

i s a risk fudttrahsfet lasséibly fontaaitasyvinatibndred drumtiansfers heewithawri al and

is | t ed t 1y to th yri , b t d, th b i
the cont aasAt €t ChREASd TP R E P BHRRAE TP VRIS RS PRETIEFanst or
assenbly 'd}(&%e\,roa@ile &Hﬁﬁ@ﬁfg&%ﬁﬁroﬁﬁ@nﬁhﬁchnHQ«‘:t'o?% neglenofitld hgs dr ug

bottl e connecCtor eno‘langer , e remal ni ng exposed to, a pharmacist until
it penetrdidkhw heeadiiegfdropehetrakngurthe Chesesuehtthy, drdg shétitlei chtt mansf er
assenbly cannot be considered within the group.of safety products .generally
referred Med%tefﬁééﬁdérﬁg"‘?h?né?s‘?%tg]{l?}ﬁﬁgf%rff%@v?r@éls VitRg 18 %ffLHlﬂ needl e

whi ch is not osed tq.a user. An addil.ignal i ntgfgg is fluid
transfer gggﬁgfy%sgn{bﬂgt ‘gngoélﬁleercg ro(riig(%ktsihgi %ﬁlngﬁ%g (;ﬁrge Pgé%%%%rm one or
nore st epSnémrdbﬂgnt@aoagwﬁfétﬂlmxﬁeemwm,cohgﬁgign@ithomehﬂumanwsm:s resul t
that a double menbrane seal will not be established. The dangerous drug

wi Il ther afesice. e ges pheaael avithia the hollawi nepdde rtransposts gapifeomdhge

di scharged fromthe, syri nge,, thereby endangering the operator and

byst ander £ot1S T 2 Fetble" Giitaif, RN FoRiE T SERBPBR (o8, AP de a
cl osed- systigmMEiddl dyd ANS efafiseablive tchﬁfpﬂs%sa&i@ﬁi%etaqldaa%@uinghe

| eakage of a hazardous drug or air contam nated by the hazardous drug or
drug vaponmitn@hpreeveling anitt had mafits: padnatfaegedvipr soneactién dmtheni ng i nto

contact with the drug duripg the transfer process. It j.s another object of
the preseryringeenansloh Sleéo?)‘ii]d%ﬁrae'ﬂréaﬁg%‘ieér SPBPEFHIPT foqthe Eggli")té]gserrbl y in

whi ch the Cﬁﬁgg%églngﬂ% FQ&O&@Eaf@%igﬂ %apddeuﬁlé‘&gg@ﬁ inf EhePHR

internally a pressure equalizatton arrangenent w't i’nSt he fluid
transfer ggeeaied frbRerishis By eV@sitbhD o/ el slxp sty &n @peainsef tHeofitdte

hazar dous dr ug. _
part and its locked position is released by an outwardly displaceable
handle connected to the detent. After the drug is received in the fluid
transfer device, an injection needle of the coupling unit penetrates a
membrane of the injection port of a mixing device connected to the inlet
port of an infusion bag. A spike member of an infusion line pierces the

membrane of an outlet port of the mixing device without leakage.

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, outwardly displacing the handle of the coupling unit,



It is yet an additional object of the present invention to provide a fluid
transfer assenbly which does not expose any sharp objects such as the tip
of a needle to a user during any stage of a fluid transfer operation. O her
obj ects and advantages of the invention will beconme apparent as the
description proceeds. Summary of the Invention As referred to herein, the
term "exchange" neans the transfer of first and second fluids in opposite .
directions within different fluid passaggways between two containers such
that when the first fluid is transferred fromthe first container to the

Pacond o aLAGE Ay YELMAR RLobTh, EARRL L il ol SPORIERARS o
7T O G e nptplrdly b pgtndurtony e st
or vapor s asafditibeal idjsadivartaghe of this fluid transfer assembly is tha% a au
predetermined volume of air needs to be injected to the flexible container
prior to a liquid transfer 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 is taken from the
environment and therefore involves the risk of introducing contaminants
from the environment to the drug and violating its sterility. Also, there
is a risk that the flexible container, which is made of sheet material and
is located externally to the syringe, may be punctured, thereby exposing
the contaminated air to the environment and rendering the fluid transfer
assembly inoperable. Furthermore, the sharp hollow needle of the drug
bottle connector endangers, while remaining exposed to, a pharmacist
until it penetrates the drug bottle closure. Consequently, this fluid
transfer assembly cannot be considered within the group of safety
products generally referred to as "needleless", i.e. a transfer device
having a sharp needle which is not exposed to a user. An additional
disadvantage of this fluid transfer assembly is that an operator is liable
to forget to perform one or more steps during the connection sequence,
leading to the dangerous result that a double membrane seal will not be
established. The dangerous drug will therefore be exposed to the
surrounding air or is liable to be discharged from the syringe, thereby

endangering the operator and bystanders.



- 7 - surroundings and al so that no contam nants from the surroundi ngs cone
into contact with the liquid. A "fluid passageway" neans a flow path

bet ween said syringe nmeans and said receptacle, which conprises at |east
one segnent from each of said syringe neans and said receptacle that are in
mut ual fluid conmmuni cati on when said syringe neans is coupled to said
receptacle. A "segnent" neans a vol une encl osed by one or nore walls in
which a fluid can flow. As referred to .hgrein, "proximal" means in a
direction closer to a user who mani pul ates the apparatus. As referred to

herein, "distal" [ ' ' . '
t he ap,par g[lttlsjlisaan 0 Je%gsofl t[llxeaplggsggg tir'n?enntflgﬂ ttg %rro%cf{ 2T sk [syvé@gmnﬁlﬂfdpm ates

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

Other objects and advantages of the invention will become apparent as

the description proceeds.

Summary of the Invention
As referred to herein, the term "exchange" means the transfer of first and

second fluids in opposite directions within different fluid passageways
between two containers such that when the first fluid is transferred from
the first container to the second container an equal volume of the second

fluid is transferred from the second container, to the first container.

As referred to herein, the term “contamination-free transfer of liquid”
means that during the transfer process there is no leakage of the liquid

or air contaminated by the liquid or vapors of the liquid to the



As referred to herein, a "secured doubl e engagenent procedure” neans a
procedure during which two pierceable nmenbranes of two fluid transfer
conponents, respectively, are brought to nmutual engagenent and during which
separation of said two nenbranes is prevented during the application of a
distally directed force. As referred to herein, fluid transfer conponent

nmeans any conponent, e.g. syringe, vial, infusion bag, adaptors of various
types, that are used to contain, transpont, and transfer a liquid drug from
one fluid transfer conponent to another or to a patient. - 8 - In a first

aspect the invent.ion i hod for. the caontam nation-free transfer of
au o 1 omeEoergees e SR kBB Shrai 4R ot tRe iR 80ReE a
least an gguaboaktdBePthaagui® a second container containing at |east a
vol ume of gas equal to the anmount of liquid that is to be transferred into

it. The nmethod of the invention conprises the follow ng steps: a) providing
a fluid trangfer device cqnprising: a cl.osed container.having a _ngveable
i nt er nal ﬁ‘grﬁ}l’f BASYAREI A RIS ?&@W Reth ﬁgﬁ,wecﬁn PHE EHES W@gnf’ t Wo

separate Tl FolddilbieC AHIBRIRAAN A0t RIdsPBIE LBIUTR, r¥RCERINoPRAAOT the

chanbers i's a ga ahber "and the other o ersis aliqud
chanber; aykinget asramentamd aaghs rebannele atithta fier sin seguantl dfiuid | i qui d
channel , wherein_ the proximl _ends of the first segnments are in fluid
comuni catdoBHNRiGRtioNeWhARSeid FETIHRE tRransls OHRMSLIo sd reerPtecisui d chanber
respectively and the distal ends of the first segnents are cl osed by
seal i ng nmeans; b) providing a second segnent of a gas channel and a second

segnent ofA agddAuhet slRanbel voMigs @intldste 1 shalorendse afalldmn sadgdnd segnents
are in fluid communication with the interior of the first contai ner and the

proxi mal dhud cafn flere. second segnents are closed by seal i ng neans;

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.

As referred to herein, a "secured double engagement procedure” means a
procedure during which two pierceable membranes of two fluid transfer
components, respectively, are brought to mutual engagement and during
which separation of said two membranes is prevented during the

application of a distally directed force.

As referred to herein, fluid transfer component means any component,
e.g. syringe, vial, infusion bag, adaptors of various types, that are used to
contain, transport, and transfer a liquid drug from one fluid transfer

component to another or to a patient.



c) pushing the distal end of the first segnments in the direction of the
proxi mal end of the second segnents until the distal ends of the first
segnents penetrate the sealing nmeans at the distal end of the first
segnents, penetrate the sealing neans at the proximl end of the second
segnents, and enter the proximal ends of the second segnents, thereby
provi ding a conti nuous gas channel between the interior of the first
contai ner and the interior of the gas chgnber - 9 - and a separate
continuous liquid channel between the interior of the first container and

the interior o he |iguid chanber;. d) all,ow equi librium.: be

est abl | shdd Be‘%‘ﬁ%e@?&eﬁg%b‘?e@gﬁp Ofs ¢ )ﬁemﬁgléga rﬁ‘&t ﬁge fctapg%mc% 1’iil(?i]fil %I%re and t he
pressure gicaﬁﬁ@r B2 %y Ffn 3PAr &N meANEnbaheEe R Jdlamd G @MeT ted on
the liquid in the first container and the pressure exerted on the liquid in

the |iqui circhatrberst ) eqoal mglunhe of ighertoad spemd cirdainer eomfthEngditr ect i on
in order to increase the,volune aof the liquid ch er. and j nstantaneously
decrease tf@stpRe¥eliraeofsizgas emwal itgut @ﬂ’é‘?fﬁbtr Og%‘éﬁ%ﬁ?{é\r}@o&él decr ease
the vol u : r [ n | Yorh DEEE2SK: ENfowingssur e of

t he gas ﬁg%eﬁﬁgg@gqg'ﬁ%é?%\%ﬁeﬁ?% #ﬁ%ﬁgilé?f%or eﬁfées ??epr essalr%Z caused
by novi ng stéss:i nternal partition cause liquid to flow fromthe first

cont ai ner through the continuous |iquid channel, jnto tlile |.i qui d. chanber and
an equal vol ahwreviding a dlyidotyansian cawes IMPHFRS (helQped eHHBRHET t hr ough

h i i t_channel i he firSh.. i ner.. i ;
guid in one. divind tomiesbly Soietial shEbppRRe Bl Bl i 460100 o,

continues untilghp h@omﬁﬁémhwam&t&@hrat@qsuimo}ﬂm ahdnibees eRatvinighr i um i s
reestablished; f) disconnecting the first container fromthe fluid transfer

device by pul | ivagiahie wilsmal vemtsimfonehef the shagdgneris s gaeichembast the
O e ek 05 S ST S Rl AR
Fecons Searent i £, LILSUBDANIS, el LogRepe oo fesial yandenl Che
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 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;
¢) 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 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



- 10 - g) providing a third segment of a gas channel and a third segnent of
a liquid channel, wherein the distal ends of the third segnents are in
fluid conmunication with the interior of the second container and the

proxi mal ends of the third segnents are closed by sealing neans; h) pushing
the distal end of the first segnents in the direction of the proximl end
of the third segnents until the distal ends of the first segnents penetrate
the sealing neans at the distal end of the-first segnents, penetrate the
seal ing neans at the proxinmal end of the third segnents, and enter the

proxi mal ends o, f he Ui L0, Searenls. 1ENSh SRUREOVLELO0 Sneatd-os gas

channel bet weerf® al ner he i'nteri or

the gas chanberghanthsfcseRAhat 8nd QAL iAHGUS: df theildhahasihdet ween the
interior of the second container and the interior of the liquid chanber; O

al | owi ng an é}quallommglant&thbmmbda ibsrestiaatheslehe trtee npthespreseursf oft he gas

in the second cont ai ner the ressur f the gas t he chanmber and
bet ween the pr tﬁaélélxtetet nEgRer |H¥e§h‘gr ‘etjc%‘ﬁ o'g’tatiter%ars and t he

pressure exert eg %béﬂ‘ﬁnhelg%thgaegntﬁé" réésqﬂbde:&g‘%@% the I{RYANG {Hee

internal partition in irec |on In er to decrease the vol unme of
the |iquid charfhet canthihos badt iheaoteskyrd axsrted ent the Ipgwslsur the higuide t he

| i quid chanmber and sinultaneously increase the volune of the gas chanber
and i nst ant anesiéYPdecr ease the pressure of the gas inside the gas

chanber, “herse tm . gh{; [ SfiEReas attlgﬁﬁSFHrs fifdsa e%oggm ng.qbperd nternal

partition ca ow T P i quid cha rough the
continuous |i qlih@refa@@nﬂﬁi vblirfe tdfetlse diftdd ciinbére andnihsaanesalsiyol une of

gas to flow sinultaneous|y fromthe second container through the continuous

ai r channel intdscrémsegaghe pressure inside the liquid chamber and
simultaneously decrease the volume of the gas chamber and
instantaneously increase 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 first container
through the continuous liquid channel into the liquid 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:

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 of the first segments, thereby enclosing the ends of the

first segments;



chanber, wherein the flow of liquid in one direction and sinultaneous flow
of gas in the other direction continues until the internal partition stops
noving and the equilibriumis reestablished; and k) disconnecting the
second container fromthe fluid transfer device by pulling the distal ends
of the first segnents back out of the proximl ends of the third segnents,
t hrough the sealing neans at the proxinmal end of the third segnents,

t hereby closing the ends of the third segpents, and through the sealing
means at the distal end of the first segnents, thereby enclosing the ends

f the first s _: The,method.is character] i | th
Pl qui'a and 1 Rb TAC R ELEERRRRLLR s AR AT A Pk ieathdneit, he
first container; MgSidPEIRERM], ihepbinn@le didealfdndshitthanshel salanéss o t he

first container before the continuous |iquid and gas channel s between them
were provi ded andleid cohmbschtiqaiwithnthe hetegins athtdte séconsl emttamear t he

fluid transfer device and the secaond cgont ai ner S present .in either the
fluid transfer theaprpamal eé‘éécﬂ%d&t“o 14 ﬁ@gmﬁ\é\?%? ef’]rs? ea&m%@%s i qui d
and gas channel g, het.ween them were provided. If the second container does
not contain a vo?urre of gas that is at |east equal to the volune of |iquid
to be transfh) pedhiidehe dicatentad the fimdisbzadnby imdhe phivadtdinong theans t o

pl ace the gas chanber_in_fluid comunicati Onp;'i'ith the in er%ol’r&?f?f t he
second cont ai n@roxyRelery pheheithird segmengs upke thedisfat egdeat they figss channel

i ted t - | hey. ] j i th
surr oundi ngs QBT HEbetRLY Shs SRR A Y B8 dista R oBle AT | 0°
liquid chanber shpi@ntfepSREPME ARNERHINIRY meansldd thePpEResial ietdagifhiecat i on in

whi ch the nmethod of the invention can be used is for the transfer of a
hazar dous dr ug thitdnsegmeentonand water theaprsrdiaral ends of the third segments,

thereby providing a continuous gas channel between the interior of
the second container and the interior of the gas chamber and a
separate continuous liquid channel between the interior of the
second container and the interior of the liquid chamber;

i) allowing an equilibrium to be established between the pressure 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 chamber;

j) 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 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 channel into the gas



I n anot her aspect the invention is a fluid transfer apparatus for carrying
out the nethod of the first aspect. The apparatus conprises: syringe neans,
nmeans for releasably coupling the syringe neans to a container in which a
liquid is storable, and fluid exchange neans adapted to all ow equalization
of the gas pressure within the syringe neans to the gas pressure within the
container and to all ow exchange of a desired volune of the |iquid between

t he contai ner and the syringe nmeans. Ongjenbodi ment of the fluid transfer
apparatus of the invention conprises a) a syringe-like proximl section

conprising: 0 a ndri cal tub roat r ng
el enent that pFQ@élr}f’teg t¥ 95%}95%18 ﬁ# ?léq%gt wglen(j ed%%?]terr:éé?t %Iriasect I on
and the throat snﬁﬁﬁ:ah\é&wu@ﬂl@'wsbf)?aé tmhé stiHS@aasab entihhbé Antfiehe
cylindrical body, the piston defining a distal liquid chanber and a
proxi mal gas chaeibeal Iportitioh vatdpabl movohginend the equilibrium 1s
reestablished; and
k) disconnecting the second container from the fluid transfer device
by 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 closing 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 ;

The method is characterized in that all of the liquid and the gas that
flows between the fluid transfer device and the first container was
present in either the fluid transfer device or the first container before the
continuous liquid and gas channels between them were provided and all
of the liquid and the 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 liguid and gas channels between

them were 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 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 liquid flows from the liquid chamber into the second

container.



b) a connector section fixedly attached to the distal end of the throat of
the proxi mal section, wherein the distal end of the connector section is
adapted to be connectable to a fluid transfer conponent; c) a liquid
conduit that passes through and is rigidly attached to the separating

el ement, wherein the distal end of the liquid conduit - 13 - begins in the
connector section and the proximal end of the liquid conduit termnates in
the liquid chanber; d) a gas conduit thab passes through and is rigidly
attached to the separating elenent, wherein the distal end of the gas
conduit begins in the connector section and the proxi mal end of the gas
conduit termnates in the gas chanber; and e) a nenbrane | ocated at the

di stal eng %ec‘iﬂ@aﬁ?ﬁliﬁ%&&n $i6Eh @Re nidiI0EIJT thBenBI6RBEN @RGIREES t he
di stal ends of the Tiquid conduit and the air conduit isolating themfrom
t he surr odowdihegransfer 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, 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 the gas pressure within the syringe means to the gas
pressure within the container and to allow exchange of a desired volume

of the liquid between the container and the syringe means.

One embodiment of the fluid transfer apparatus of the invention
comprises:

a) a syringe-like proximal section comprising:

i) a cylindrical body;

ii) a tubular throat ;

ili) a separating element that prevents the passage of fluids
between the connector section and the throat; and

iv) a piston that is displaceable within the cylindrical body, the
piston defining a distal liquid chamber and a proximal gas
chamber, both of variable volume;

b) a connector section fixedly attached to the distal end of the throat
of 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



The connector section is configured to allow the head portion of the fluid
transfer conponent to enter the interior of the connector section and to

al l ow the nenbrane in the connector section to be pushed proxinmally when it
is contacted by a nenbrane |ocated in the head portion of the fluid
transfer conponent. Further pushing of the nmenbranes together causes the
distal ends of the liquid conduit and the air conduit to penetrate the
menbrane in the connector section and thg central seal in the head portion,
t her eby establishing an open liquid channel via the |iquid conduit between

the interior of, the Liquid chanber and the ihnterior of th | i d .tar ansf er
conponent and &)egérbsd}%gge Sﬁgﬂe‘gﬁ Sgﬁté%&n%vﬁhg %Oé&zﬁlia? epf G eqﬁ(g‘fl\%iveen t he
interior of thesalhitcledifhtayng tHadidiahaibat the fluid transfer
conponent. I n enbodi nents of the apparatus of the invention the connector
section conpd) segaa cndudl thai passesothredgh e iairigidly attacbed dorfhect ed to
the throat and suitably sized to surround the head pertion of the.fluid
transfer conporfSRETaAY ¢i8EEDLg @@ﬁﬂht@ecéﬁﬁ%&e@g Pg t’&lﬁeg?:%lcf’ﬁ g

adapt ed to el qasahl ¥, 3G AR L3 SI°URY phOGADAAh PR hor Al e

fluid transfer conponent. ese e Iments the rane | ocated

at the distal epddait tchtinatunecetie gacdlianba@aande a def or mabl e nenbrane
havi ng the shape of a truncated cone, which is firmy attached at its base
to the separ&tihgrenbreng logatedi at she ydistaleord of tthengompegtar seffdowf t he

distal collar. fet%n%%eginxﬁ%%?gmg% $rcqgéegegh$ O&ispile}éﬁﬁ%i&gtﬂgfﬁ%ﬂﬁ“ on of

the menbrane. Thege! € apparatus of i nventron can be

connected to a dhdust 4n@08é air &Qﬂﬁiﬂ%laﬂiﬁ? ehétarfrém tikfwetowndiager ed doubl e
menbr ane engagenent by carrying out the follow ng steps: a) Position the

head portion of the fluid transfer conponent close to the distal collar.

The connector section is configured to allow the head portion of the
fluid transfer component to enter the interior of the connector section
and to allow the membrane in the connector section to be pushed
proximally when it is contacted by a membrane located in the head
portion of the fluid transfer component. Further pushing of the
membranes together causes the distal ends of the liquid conduit and
the air conduit to penetrate the membrane in the connector section
and the central seal in the head portion, thereby establishing an open
liquid channel via the liquid conduit between the interior of the liquid
chamber and the interior of the fluid transfer component and a
separate open air channel via the air conduit between the interior of

the air chamber and the interior of the fluid transfer component.

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 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.



b) Move the head portion and the distal collar axially closer together

until the nenbrane | ocated in the head portion contacts the deformble
menbrane in the connector section. c¢) Continue to nove the head portion and
the distal collar axially closer together conpressing the defornable
menbrane in the connector section until the distal ends of the liquid and
air conduits penetrate through both of the nenbranes. d) Continue to nove
the head portion and the distal collar-axjally closer until the |ocking

el ements connected to the collar releasably engage the distal edge of the
head portion. The steps descri bed above for coupling the connector section
of the liquid transfer device to the liquid transfer conmponent can be, and

pref er abl Vi afReseCofbo@fim@HEs YRb NHcRMEaAY 18Latdll 40Rhe distl end loF t@lher
enbodi ments of the apparatus of the invention the connector section

conpri ses @nhetioowectibindin bala defoemabdelyermbeanrohhving the nblape af aout er
body has: c oy - . .
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,

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.

b) Move the head portion and the distal collar axially closer together
until the membrane located in the head portion contacts the
deformable membrane in the connector section.

¢} Continue to move the head portion and the distal collar axially
closer together compressing the deformable membrane in the
connector section until the distal ends of the liquid and air
conduits penetrate through both of the membranes.

d) Continue to move the head portion and the distal collar axially
closer until the locking elements connected to the collar releasably

engage 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.



a. a distal shoulder portion radially protruding fromthe outer body and
termnating with an opening through which the proximal end of a fluid
transfer conponent can be inserted for coupling;, b. a closed proximl cap
having a central portion conprising connection neans protruding proximally
fromit to connect to the distal end of the syringe-Ilike proxinmal portion
of the apparatus; c. a needle holder protruding into the interior of the
outer body froma central portion of thgsclosed proximal cap for retaining
therein two conduits conprising sharp pointed ends and further provided

w th aper th h d t I f d
Gur i ng s TRPRer inEr S of Hih ~PRARS S o HET BRE M FRePobEfE o e o
reci procabhy;sh %Qiaffﬁf‘s%elaehmmw éylfﬂaﬁlmldﬁw bbaerTRE Wilotheylathesatbody. The

doubl e menbrane seal actuator conprises: a. a cylindrical actuator casing;
b. a proxiomkér bedgbhasie t hat seals the proximal end of the casing

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 the syringe-like proximal portion of the apparatus;

c. 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

d. a double membrane seal actuator reciprocably displaceable within

the hollow interior of the outer body.

The double membrane seal actuator comprises:

a. a cylindrical actuator casing;

b. a proximal membrane that seals the proximal end of the casing

c. a distal membrane that seals the distal end of the casing, wherein
a part of the distal membrane protrudes distally from the casing;
and

d. at least two resilient arms which are connected at a proximal end
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



c. a distal nmenbrane that seals the distal end of the casing, wherein a
part of the distal nenbrane protrudes distally fromthe casing; and d. at

| east two resilient arns which are connected at a proxinmal end thereof to
an internedi ate portion of the exterior of the casing and conprise enl arged
elements at their distal ends. - 16 - resilient arns are pressed into the
di stal shoul der portion of the cylindrical body of the connector section,

t hereby allow ng the nenbrane encl osure ygt -the proximal end of a fluid
transfer conponent to be inserted into the opening at the distal end of the

connector section and advanced wunti.l e rane jn.the menbr encl osure
contacts t'R& ]ﬁggt agfsy ﬁggdpgetsggélng#&iﬂ% @ﬁg%i 5?‘8?1(??&e§)oﬁﬁlg?aﬁa£}%?rom t hg
casing of c%ﬁﬁd%ﬁpbgdﬁEMé‘@&lm& 86, AherebiCallh TRt e Rlenifi@ndi st al
shoul der pdrtion and the size of the enlarged élenents at the distal end of

the arnms amnelosueh at hhe provhiemlamdod afluid b sfe apppémrhitto hpugiserted doubl e

menbr ane seal actuator and fluid transfer conponent towar ach qther, the
sides of GRE MRSBPANESAT d%séa]p?’éaé’ittﬁ? WBngE?tQF(j@atlﬁ?@ﬁgﬁ?gV%w he di stal

end of tNGu@iMhel QMITRKES HRARAIh Y Bl d5eurbiohbaisae St dfigkal

act uat or rane e conpressed agal nst the rane 1 n the nmenbrane

encl osur e igtal Imémdrahdahadiprobardeenticedldy drohodier easing ofi Sl doellle
proximally in relation to the enlarged elenents. At this point the enl arged
el enent s hegmbraomted agbvatdradi al |y i nwards, are rel eased fromthe distal
shoul der portion of the double nmenbrane seal actuator, and abut the distal
undersi de of the nenbrane enclosure. In this way the distal actuator

menbr ane ifhd QrkecteRaA thetdikhid SN oitiod RAdneEbsianof eRe leadarzedi n
secured and conpressed engagenent, preventing di sengagenent of the actuator

fromthe felaments anthedistahpohofithe antsarecwichghaliewhenuan exisddercehe

counl o0 111 LIS SriCATPANEH, Lo,he SRl ceabl, disphitpU LAl Lhe

that the A N8ht and Ahkasded obhdt A" aRkesr ¢REMABAIYrafBNenclosure
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 membrane enclosure are displaced proximally in relation to
the enlarged elements. At this point the enlarged elements have room to
move radially inwards, are released from the distal shoulder portion of
the double membrane seal actuator, and abut the distal underside of the
membrane enclosure. In this way the distal actuator membrane is locked
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 coupled
fluid transfer component to be reciprocably displaced within the hollow

interior of the outer body of the connector section.

The distance that the actuator and attached fluid transfer component can
be displaced proximally within the hollow interior of the outer body of the

connector section and the length of the two conduits are such that, when



be displaced proximally within the hollow interior of the outer body of the
connector section and the length of the two conduits are such that, when -
17 - the actuator and the attached fluid transfer conmponent are displaced
proxi mally, the sharp pointed ends of the two conduits penetrate the distal
menbr ane of the actuator and the nenbrane in the nenbrane encl osure,
thereby establishing a |iquid path and a gas path respectively between the
connector section and the fluid transferyrconponent. \Wen the actuator and
attached fluid transfer conponent are displaced distally within the holl ow

i nteri th t f t ' h i;nted end
of the_twahg Rt apd i PhitcRBacARRF Shateres Sohbneht udn RRLRRH" ho ©neS
actuat or gdxihgl1e I ARArh NpdiltedRIEE 6 LI GIves thfluitd fledbiralé adki ng t he

liquid path and the gas path respectively between the connector section and
the fl ui d distahshembeanpofetite avivartior maddbliub Ineembrineine deamemhugaeor is at

the distal epd of the cylingrical body .of the conductor .section, the sharp
o1 nt e oBELCHTBEERY eoMRliShnE A A MO Rebte BHE FREP L Y ermbr ane
and the di I P68 u LA e SRR r BGhYBhSAE
enbodi rrentbgkgkeﬁgga%glaﬁaﬁot}lsg%ftﬂ)ﬁhghgnﬂ\;%ntPon%f ust 1’desc?':!i %g% 'cvgl%%ge coupl ed
to a fl ui dhtraatsdter acdnpiaaeidd flaid tetarsféocahpesdntaaeetivp Baded aidtadynenbr ane
engagenent 'bﬁ' carri/li ng out the follow ng step?: )

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 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 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
membrane engagement by carrying out the following steps:

a. Position the opening in the distal shoulder portion of the outer
body of the connector section in the vicinity of the proximal end of
the fluid transfer component.

b. Initiate a double membrane engagement operation by distally
displacing the outer body of the connector section until the
membrane enclosure at the proximal end of the fluid transfer
component is received in the interior of the connector section.

c. Additionally displace distally the outer body relative to the fluid

transfer component until the distal membrane of the actuator



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 conponent. b. Initiate a doubl e nenbrane engagenent operation by
distally displacing the outer body of the connector section until the

menbr ane enclosure at the proximal end of the fluid transfer conponent is
received in the interior of the connector section. c. Additionally displace
distally the outer body relative to the fd uid transfer conponent until the
di stal menbrane of the actuator - 18 - contacts and is pressed agai nst the

menbrane in the rane, encl osur.e_at. t roxi rel _en f i d
transfer corrpor?gﬁf‘%}%m%bs tpﬁ?%segt %%altnﬁg%légl a?rélg)galégelgen esh%?nl%llﬁgledi st al
end of the arngRtdsachest tRe thexdaubleadreriihantuieatamferabaipoaeat.nel d in
the distal shoulder portion of the outer body of the connector section by

the sides of tRurneghilaastepdhesemlargahiedementent shehdista) ead of theom novi ng
proximally within the outer bqdy.of the cqonnector,section. and.g4..

Addi tional I'y di%&%é@%ﬂ%&%ﬁ‘_%ﬂ ubjg e &9%%@%@%@6 31 3“?@&%
transfer conpongpt 4ilply 'shbﬂgeg'sgi)ﬁ'ioﬁl’d}‘bﬂ?é‘%u@ér tb{@)ﬁyagf YRk Oforddtdrne

menbrane in the nenbrane en re at the proximal énd of the second fluid

transfer conponesdtionty donpides 9€dhe agembeans ehtiosiiemtThistpresbhisvihehe si des
of the menbrane encl osyre to pass the erﬂ;grgeg_ el gments. Thi s gl l,ows the
arms to nove r&SFRMOY 1ARRIBSYVINgh BreHInalle RTHRIN (the gpekes) bedt i nenbr ane
agai nst the rrergg{l%n oir Eggnn;ﬁr&)rane encl osure in secured and conpressed
engagenent, preventing i sengagenent of the actuator fromthe fluid

transfer congoneiditioadtyadisp¥iceddistellypeheatuasr dody tiedatard achbd fhid d
transfer conponent to be reciprocably displaced wthin the hollow.interior

of the outer bdugnsfer chmpovantamsil thecdistal mombranpof 4be agtwatonsadat t ached
fluid transfer conponent ar.e di splaced proxinmally w,thin the hol/l

interior of théﬁsgg‘ép%ﬂaf}? 1Bftq‘teh eg&fﬁg@t%}clwﬁa&#he[ ﬂﬁo}gﬂ]ftlﬁnﬁio%m ed ends
of the two congypt ﬁ%&bﬁﬂetﬂxﬁhetfah%fé’f LoRpdRHR ahe QfmphRséd! #bkfierand the

menbrane in the nenbrane encl osure, thereby establishing separate Iiquid
and gas pat hs beffficentlyhi® aHoweidteosideeatfithe methlirhaefdndlasure sospess

conponent. Wen_t he actuataqr and aftach flujd transfer conpone are
di spl aced di st dhpyepfaraps Qlﬁglelw-lh“ 1 r?ceig?’YSOrthﬁf ayHe %tr%?"%aaala@]tﬁ’ t he

connector sect iiﬁ%’ar&@,q:h%lﬂgﬁjp 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 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 the hollow interior of the outer
body of the connector section, the sharp pointed ends of the two
conduits penetrate the distal membrane of the actuator and the
membrane in the membrane enclosure, thereby establishing
separate liquid and gas paths between the 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



- 19 - pointed ends of the two conduits are pulled back through the distal
menbrane of the actuator and the nenbrane in the nenbrane encl osure,

t hereby breaking the liquid and gas paths between the connector section and
the fluid transfer conponent. The structure of the connector section
enabl es the connector section and the fluid transfer conponents to be
connected by a single axial notion and di sconnected by a single axial
motion w thout having to set a | ocking-sgruring device or a rel ease
nmechani sm | n another aspect, the invention is a connector section for use

fluid t f Th
eyl i ndr | cal - oudRrSisadas (g v Cor LY B EnET hafl BRI BRSaRatlr, o
protrudi ng fromiRere8t &ff fRAYcERd0E @R I Mdmbrdde 3R HRERidMbiameough

which the proximal end of a fluid transfer conponent can be inserted for
coupling; b. aecchsedeptlerebmlbreakingathanljquidentrgds pathsi ketwesnpihiesi ng

connection neans protruding pr fromit to conpect to the distal end
of a fluid trafepgect. gbﬁa?téfg%gp%xclhgnijlu%l transter componenlc1

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.

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:

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 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 fluid transfer operation; and

d. a double membrane seal actuator reciprocably displaceable within

the hollow interior of the outer body.

The double membrane seal actuator comprises:

a. a cylindrical actuator casing;



c. a needle holder protruding into the interior of the outer body froma
central portion of the closed proximal cap for retaining therein at | east
one conduit conprising a sharp pointed end and further provided with
apertures through which fluid istransferred during the fluid transfer
operation; and d. a double nenbrane seal actuator reciprocably displaceable
within the hollow interior of the outer body. The doubl e nenbrane seal
actuator conprises: a. a cylindrical actkgator casing; - 20 - b. a proxinal
menbrane that seals the proximl end of the casing c. a distal nenbrane

(nat seals e o ol AR S e PR o i o1
¢. a distal membrane that seals the distal end of the casing, wherein
a part of the distal membrane protrudes distally from the casing;
and
d. at least two resilient arms which are connected at a proximal end
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
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 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 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 membrane enclosure are displaced proximally in relation to
the enlarged elements. At this point the enlarged elements have room to
move radially inwards, are released from the distal shoulder portion of

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



d. at least two resilient arnms which are connected at a proxinmal end
thereof to an internedi ate portion of the exterior of the casing and
conprise enlarged elenents at their distal ends. Wen the doubl e nenbrane
seal actuator is at the distal end of the cylindrical body of the connector
section the enlarged elenents of the resilient arns are pressed into the

di stal shoul der portion of the cylindrical body of the connector section,

t hereby all owi ng the nenbrane encl osuregat-the proximal end of a fluid
transfer conponent to be inserted into the opening at the distal end of the
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enclosure, thereby breaking 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 conduits are located between the proximal membrane and the distal

membrane of the double membrane seal actuator.



When the doubl e menbrane seal actuator is at the distal end of the
cylindrical body of the conductor section, the sharp pointed ends of the

two conduits are | ocated between the proximal

menbr ane and t he di st al

menbr ane of the double nenbrane seal actuator. - 22 - The connector
section of the invention can be coupled to a fluid transfer conponent in
order to affect a secured doubl e nenbrane engagenent by carrying out the
follow ng steps: a. Position the openingqi n the distal shoul der portion of
t he outer body of the connector section in the vicinity of the proximl end
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and

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

Additionally displace distally the outer body relative to the fluid
transfer component until the distal membrane of the actuator
contacts and is pressed against the membrane in the membrane
enclosure at the proximal end of the fluid transfer component.
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 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

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 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

t he

Ak¥Ect or



d. Additionally displacing distally the outer body relative to the fluid
transfer conponent until the distal nenbrane of the actuator and the
menbrane in the nmenbrane encl osure at the proximal end of the second fluid
transfer conponent are conpressed together sufficiently to allow the sides
of the menbrane enclosure to pass the enlarged elenents This allows the
arns to nove radially inwards, thereby |ocking the distal actuator nenbrane
agai nst the nmenbrane in the nenbrane enghosure in secured and conpressed
engagenent, preventing di sengagenent of the actuator fromthe - 23 - fluid
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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 the liquid and gas paths between the

connector section and the fluid transfer 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

securing device or a release mechanism.

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;

Fig. 2 is a schematic vertical cross sectional view of the apparatus

of Fig. 1;



Fig. 1 is a perspective view fromthe side of an apparatus for transferring
hazardous drugs, according to one enbodi ment of the invention; Fig. 2
is a schematic vertical cross sectional view of the apparatus of Fig. 1; -
24 - Fig. 3 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 the rel easable coupling
of the apparatus of Fig. 1 with a drug gyal; Fig. 5is a schemtic
illustration, in vertical cross sectional view, of an inverted vial coupled

wtha liquid ﬁga.nfgseart pgles\‘,/pieccgi’ve%ri(iav%roftr?bsc ogtrg{ﬂfgﬁtiﬁé’ Prd e chitdd ogxchange;
a hollow piston rod to a piston;

Fig. 4 is a schematic illustration, in vertical cross sectional view, of
the releasable coupling of the apparatus of Fig. 1 with a drug vial;

- Fig. 5 is a schematic illustration, in vertical cross sectional view, of
an inverted vial coupled with a liquid transfer device, prior to
contamination-free fluid exchange;

Fig. 6 is a schematic illustration of the transfer of a hazardous
drug to a liquid chamber of the apparatus of Fig. 4;

Fig. 7 schematically illustrates the transfer of the hazardous drug
from the transfer apparatus of Fig. 2 to an IV bag;

Fig. 8 is a vertical cross sectional of another embodiment of the
contamination-free drug transfer apparatus of the invention;

- Fig. 9 is a cross sectional view of the connector section of the
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. 73

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;

Fig. 12 is 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. 8;

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

applications in drug preparation;



Fig. 6 is a schematic illustration of the transfer of a hazardous drug to a
l'iquid chamber of the apparatus of Fig. 4; Fig. 7 schematically
illustrates the transfer of the hazardous drug fromthe transfer apparatus
of Fig. 2 to an |V bag; Fig. 8 is a vertical cross sectional of

anot her enbodi nent of the contamination-free drug transfer apparatus of the
I nventi on; Fig. 9 is a cross sectional view of the connector section
of the enbodi ment of the contam nation-fysee drug transfer apparatus shown
in Fig. 8; Fig. 10Ais a cross sectional view of the fluid transfer

apparatus and nnegt.or section..show.in Fig. 7; . | snFl g. 10C
and Fig. 10D a&ggeﬁgfﬁ é’eﬁr%rq&ﬁgt%f’aggﬁetw glﬁgg%?gléi %Plkiﬁiaﬂtgﬂg%ggﬁnggt he ,
air and flgid PRSSAYEHRY Buldr A4eRfdhepbhvathst Hadsonnagtear séationard
connect or section; Fig. 11 is a perspective view of a vial adaptor
to whi ch argosfeeatdrugtectidfroonanbntmyanees €37 bag;
Fig. 19 is a cross sectional view showing a fluid transfer apparatus
attached to infusion bag using the spike adaptor shown in Fig. 18;
. Fig. 20 is a cross sectional view showing a spike adapter
comprising a one-way air inlet valve;
Fig. 21 is a cross sectional view showing a fluid transfer apparatus
attached to infusion bag using the spike adaptor shown in Fig. 20;
Fig. 22 is a cross sectional view showing an adapter for
transferring a drug directly from a fluid transfer assembly of the
invention directly into the bloodstream of a patient; and

Fig. 23 is a cross sectional view showing a fluid transfer apparatus

attached to the adapter of Fig. 22.

Detailed Description of Preferred Embodiments
The invention is a method that allows contamination-free transfer of a

liquid from one container to another and devices including embodiments
of a transfer apparatus and adaptors that are used to carry out the
method. The 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 liquid.

Although the method is described herein as transferring a liquid 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



Fig. 12 is a vertical cross sectional view of a vial adapfor;
to Fig. 16 are vertical cross sectional views of illustrating the secured

doubl e menbrane engagenent operation using the apparatus of Fig. 8;

Fig.13

Figs. 17A and 17B show schematically the two nost common applications in
drug preparation; - 25 - Fig. 18 is a cross sectional view show ng a

spi ke adapter

used in conjunction with fluid transfer apparatus and

connector section to transfer a drug toggnd froman intravenous (IV) bag;

Fig. 19 is a cross sectional

attached Ei?ffelrg];l %bggai?lggs, Li%)hggvirtlgh Svimikh kpear %%%8 rli(?lna%r{ Be R i¥h drefe

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

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

hazardous drug to and from any container equipped with a standard

connector port.

The method of the invention for the contamination-free transfer of liquid

from a first container containing a volume of the liguid and at least an

equal volume of gas to a second container containing at least a volume of

gas equal to the amount of liquid that is to be transferred into it

comprises the following steps:

a) providing a fluid transfer apparatus comprising’ a closed container

b)

having a moveable internal partition that divides the interior of
the container into two separate fluid tight chambers having
variable 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 of the first segments are enclosed
by sealing means;

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

enclosed by sealing means;

view showing a fluid transfer apparatus



Fig. 20is a c

shown in Fig.

the i nvention
isS a cross sec

transfer appar
mai n advant age

contam nated b
also that no ¢
liquid. Altho
fromone conta

s a cross sectional view showi ng a spike adapter conprising a
one-way air inlet valve; Fig. 21 is a cross sectional view show ng a
fluid transfer apparatus attached to infusion bag using the spi ke adaptor
20; Fig. 22 is a cross sectional view show ng an
adapter for transferring a drug directly froma fluid transfer assenbly of

directly into the bl oodstreamof a patient; and

Fig. 23

tional view showi ng a fluipg transfer apparatus attached to
the adapter of Fig. 22. Detail ed Description of Preferred Enbodi nents The

i nventi ' hod_ .t h | ) L.opz :
1 om one. cor aPNERITG A1} ©ihat (00 RSk P ReEHi hh Tag ERRFER Zunf

l'iquid
a

g&b‘)?in?a[ldeﬁ&%@tt%ss_ehbﬁ& Rbmanteciitdl ey dstalibndbefththod. The
of the method, in addition to its sinplicity, is that at no

stage of the t fisséegmenrpehateatestheheradingaleage aditheistal gurpidheai r
the liquid or vapor .he liquid {,0 the.surro n%ings and

f )
EhAeSTRATLES, PEBRTTANE tBe P ARG eI AHE RGP CRA W th ¢ he

h th . ; . _
lﬂﬁ% rste (?ntgpss g&%nl:t{a 4688 Ct{rittgfghtgghgyk{hlﬁ’f ehianstf e igna

| 0] cona one,

e understood that the

liquid

transfer can takemphos ahbesweproviéitgr akbosintiaungas chionelbatmplies, thei qui d can
be withdraw froma first container and thep part . of H;hi I’éj ected. into five
e ga

d

e)

interior of the first container and the interior o s chamber
and a separate continuous liquid channel between the interior of
the first container and the interior of the liquid chamber;

allowing an equilibrium to be established between the pressure of
the gas in the first container and the pressure of the gas in the gas
chamber and between the pressure exerted on the liquid in the
first container and the pressure exerted on the liquid in the liquid
chamber;

moving the internal partition in a first direction in order to
increase the volume of the liquid chamber and instantaneously
decrease the pressure inside the liquid chamber and
simultaneously decrease the volume of the gas chamber and
instantaneously increase 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 first container
through the continuous liquid channel into the liquid 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 1is

reestablished;



- 26 - different containers, follow ng which part of the liquid can be

wi thdraw fromone 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
apparatus that is adapted to effect contam nation-free transfer of a
hazardous drug to and from any contai ner equi pped with a standard connect or
port. The nmethod of the invention for .thg contam nation-free transfer of
liquid froma first container containing a volunme of the liquid and at

| east an equal _vol une of s 0 a second.contal ner. ;contai ni Ng.: at t
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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
segments penetrate the sealing means at the distal end of the first
segments, penetrate the sealing means at the proximal end of the
third segments, and enter the proximal ends of the third segments,
thereby providing a continuous gas channel between the interior of
the second container and the interior of the gas chamber and a
separate continuous liquid channel between the interior of the
second container and the interior of the liquid chamber;

i) allowing an equilibrium to be established between the pressure 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 chamber;

7 moving the internal partition in a second direction in order to
decrease the volume of the liquid chamber and instantanecusly

increase the pressure inside the liquid chamber and



- 27 - c) pushing the distal end of the first segnents in the direction of
the proxi mal end of the second segnents until the distal ends of the first
segnents penetrate the sealing nmeans at the distal end of the first
segnents, penetrate the sealing neans at the proximl end of the second
segnents, and enter the proxinmal ends of the second segnents, thereby
providing a continuous gas channel between the interior of the first

contai ner and the interior of the gas-chgnber and a separate continuous

i quid channel between the interior of the first container and the interior
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internal partition stops moving and the equilibrium is
reestablished; and

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

Ilustrative embodiments of the devices used to carry out the method are

described herein below.

Fig. 1 illustrates a perspective view of an apparatus 10 for transferring
hazardous drugs without contaminating the surroundings, according to
one embodiment of the invention. The proximal section 27 of apparatus
10 is essentially a conventional syringe, which is adapted to draw a
desired volume of a hazardous drug from a fluid transfer component, e.g.
a vial 14 or an intravenous (IV) bag in which it is contained and to

subsequently transfer the drug to another fluid transfer component.



f) disconnecting the first container fromthe fluid transfer device by
pulling the distal ends of the first segnents back out of the proxinal ends
of the second segnents, through the sealing nmeans at the proxi nal end of

t he second segnents, thereby enclosing the ends of the second segnents, and
t hrough the sealing neans at the distal end of the first segnments, thereby
encl osing the ends of the first segnents; g) providing a third segnent of a
gas channel and a third segnent of a l.iggid channel, wherein the distal
ends of the third segnents are in fluid communication with the interior of
the second container and the proxinmal ends of the third segnents are

encl osed by sealing neans; h) pushing the distal end of the first segnents

in the di Egﬁ}lb%goéech%ﬁ PEO%E BhneRY Sipdeus N0 ds SR@MAOtS eithplist he distal

ends of t I'rst segnments penetrate the sealing neans at the distal end of
the fir stisegrendistalpetial ri®; evhibb iseaitahly sisedso surrdvndhesd partiemd of t he

third segnents, and enter the proxinmal of the third segnents; thereby
provi di ng28 of ol %d@§k%eléﬁ’£ﬁ‘ﬁ%Izzﬂe"ﬂégﬁﬁtf%r‘?lﬁf‘%ql?qgrencgfagg?%ﬁ%%ond
contai ner _and t ient ary pr-Qf: -t Bepeg iHnuous
liquid chgﬂﬁé‘?n g@to\%é’éaﬁ‘ jtlggnﬁlﬁlper?grgq?f?? e selc%g O%ont ai n@aﬂi‘gﬁg@t he
interior gimpPRelicglindes PaATRAbul4: thiocavideyhavimguidonsiderablyosimallest abl i shed

between the pressure of the gas in the second c&atﬁ neé and hge essure of
the gas i diathetegathachaylivedemid and watanding ipeaseiindcadxet t8FOHAT e 1 quid

in the second, contai ner_ and t ressur X t | euiad.. igy t he
liquid chahpylar fy ?h‘&’ﬁeﬁeggnﬁg?aaﬁn gggtf{c’l&gﬁa?%r}éﬁ ggcdgﬁlclill dgf r%léti on in
order to ﬂﬁﬁ&%agf‘stéﬂeroﬂobgﬂﬁh%h ts@ﬁlihggupqs@@amefu ndtdppetrans ansdus! y
i ncrease the pressure inside the Iiquid chanber an - 29 -

proximal piston rod cap 32 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. 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 1s 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 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 firmly attached at its base to
separating element 36 and distally extends to the distal end 44 of collar
18. Membrane 42 completely surrounds two conduits 46 and 48 and,
when in its undeformed configuration, membrane 42 serves to effectively
isolate the interior of transfer apparatus 10 from the surroundings.
Conduits 46 and 48 pass through and are firmly bonded to separating
element 36. Distal ends 46a and 48a of conduits 46 and 48, respectively,
which are substantially equally spaced from distal end 44 of collar 18,



si mul t aneously increase the volune of the gas chanber and instantaneously
decrease the pressure of the gas inside the gas chanber, wherein the

di fferences of pressure caused by noving the internal partition cause
liquid to flow fromthe Iiquid chanber through the continuous |iquid
channel into the second container and an equal volunme of gas to flow

simul taneously fromthe second container through the continuous air channel
into the gas chanber, wherein the flowgf -liquid in one direction and

simul taneous flow of gas in the other direction continues until the

internal partition stops, novi ng,,and the equi.]ibri I §: | j.shed; and
k) di sconh@¥& s rl?H?lgg?éoﬁﬁﬁﬁ‘oﬂ?%%%ﬁﬁf(I“O(g%ﬁtlkél%f }Suw ?lrr;ﬁs %@Pddelé?ce by

pul l'ing t ' 166 #istf rGEI0EPIstoR a6k 30uls fofmielewithaxi mal ends
of the th@gﬁgggﬁnﬁonﬁ?ﬁ%éﬁﬁghgﬁ Iglhe s]éal i ng rre%ns at the £€reoxi mal end of the

third segdispilsapdrtereby, snthatsaimgwhieh Sows thirovgl conduid 4bdamabisto and

t hrough the sealing .neans at the di | .end of the.first se nt,s, thereby
encl osi nge¥ihar@n dae dntemer ?ﬁt Pgo%éﬁ‘irg g8 arqqr{:gxfer g? it\)/ém'eﬁ%% :ggrrﬁrﬁft6 5 of the

devi ces Usedafh RGL% Ofkid BsndEE RCoRIE WiRER'd Betheider 6f B elotousi g. 1

illustrat a perspective view of an apparatus 10 for transferring

hazar dousdgidigsn Wotwhetin e@btldriornainsiyr bbpasaiusdinol vige vesss diadidvgt t o one
enbodi ment of the invention, The proximal, secéi on é? of .ﬁg ar attgs 10 is
essent i al 4§, whidniscermsidenably shager thapair cendwd e ferm WILGEY| r ed

vol unme of..a ardpus,.gdrug froma fluid transfer conponent, e.g. a vial 14
or an int HgY ?Z)li‘fémg?wgbag in which it is contained and to subsequently
transfer the drug to another fluid transfer conponent. - 30 - Connector
section 25" of transfer apparatus 10 is shown to conprise integral distal
col | ar 18Aswhiosm irsFigid, dullove pissdn trod S mevrke adaeherbie PEHORE4DPY vi al 14,

| ocki | ement s, 22 22b f | b i.ng, head ian 20 of
Vi al 19 VPERR o aransn Brs Poneie Saets ShEuRie: Mpearacnetde eifhses
cylinder ﬁl}t% %ﬁg%a@n&d{aii‘ﬂﬁtof%@iﬁ@iﬂiﬂg 1 CODSire ot e dStwRiHeeprakimagt er t han

cyl i nder ng" fromcylinder 24 to collar 18, annular rubber
st opper 2fdbidftdist 52, ke apeaxiataleard®is ayinestial tpdachheibl T spitdebn rod 30

whi ch sealingly passes through stqpper 28,  and, proxi iston rod cap 32
by whi ch Risteerodai) BishPang BEFP‘FngbiSEEtE‘Bﬁ ﬁ%(‘ﬁf:&f Bﬁt%n?'q_dgi/\ﬁ’ EREIEHN st opper
28. Coll aénéaSgea@ﬂgntc%liﬂhngﬁfn&% A THPHG Bhddit! WHich TPhE! sdwn Spdbsep! asti c.

through piston 34 and extends within the interior of piston rod 30.

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.

Before transfer apparatus 10 and vial 14 are coupled, they are moved
closed together. Locking elements 22a and 22b connected to the outer
wall of collar 18 are flexed, to allow head portion 20 of vial 14 to enter
collar 18. As head portion 20 of vial 14 is introduced within the cavity
defined by collar 18, the distal end of membrane 42 is pressed against
seal 58 in the head portion 20 of vial 14. Continued pushing of head 20

into collar 18 causes conical membrane 42 to collapse towards its base



Fig. 2 illustrates a schematic cross sectional view of transfer apparatus
10. As shown, piston rod 30 extends fromcap 32 to piston 34, which
sealingly engages the inner wall of, and is displaceable with respect to,
cylinder 24. Separating elenent 36 is internal to, and integrally forned
with, throat 26. Piston 34 defines two chanbers of variable volune: a
distal liquid chanber 38 between the distal face of piston 34 and
separating el ement 36 and a proximal ai ggchanber 40 between the proxi nal
face of piston 34 and stopper 28. A defornmable nmenbrane 42 having the shape

f t ted 1e i firm tt it t i | t 36
Ond i 5t apnd R BREs Rorpfcidimrerals poth B 42 ARRUM A9 5] eren
conpl et el Yatitl sglgggg% tﬁ;\gﬁﬂgaﬁ%itfoa #6tvish 48e anferi@N viAl uSanddf or ned

confi gurati on, serves to effectively isolate the interior of

transfer apRAMREUS 48d liguid chanderrdsindtrgsferCupratatys 46. ¥embepdss
through and are firmy bonded to separating el enent. 36.. Distal s 46a and
48a of compdution 20eisangsesl tighslyaato @&rl";’/%' 1§niheponted Gpdp ?r?‘?] a4 §ngua| |y

d from dis 4 of ol , ) ! "
Epﬁﬁgat ed PR t"?iy4§?iq%‘ﬁ%ﬁ8 glsents 2% and 2 en§9¥§ ﬁ%ﬂ%%:aﬂaeﬂ ends

ai'r-condui ext ends t hr ough hol | ow

pi ston ro%ega-p(?ﬂtﬁirpfzor oFhidOlokBs fthe Madneferhappatiastial 10 femlyr 0 $eadso t hat
air, which flows through conduit 46, is able to exit fromthe ilnit’glerior of
pi ston rogostioni 20 apwt theepssmemabrgine dRakiBbily1Dress8AJARIEE 5681 2i qui d

duit th h whi ch lution.of .a h ! - ial 14
ot 1 ansf dhompgarreEnanEoctpl oy En SEHt eabH? A e SHabR®T,Cr Sbi y

shorter t | £.CQRH U1 460 d AL RBASS off fHY Aulidgwirighithahber t@&heAs shown
in Fig. 3?“?’%8?%“\/3 glﬂgtgn rod 30 may béﬁattached to piston 34 by means of an

annul ar disgerdhdifgg. made of plastic, which is engaged with piston 34. A
plurality of reinforcing ribs 54 are attached to the proxinml face of disc
52, and a central sleeve 56 is connected to each rib 54, so that piston rod

S0 may PaseyLALOHaN:s! AeNGq ¥ Yhidifat Selbudhol £2 hiid3eal bRGSadapemENnt wi th

cyl i nder ERERIEN T S condur t I's not shown, passes through piston 34

and ext enggyow kBidhth Peuidnd Sdagewaks pirs tformedd ThO . fifsit (pasdagéwasis abes t he
coupling of transfer apparatus 10 to the head port.ion 30_ oi Vi 1l4. Head
portion 2Gii papsagevrstidefined ycidetingerige af vid f‘]sé’ér eppduif)46, Bapdhatlyent t he

tward | eak i hazardous. drug 60 cont ai negd: #ibaidkeV
Cranst or appatRr A0 808 Movrdibateg e Lo B HEtA pagHdhelif defneB0C,©
toget her . thCitltiof! P 51 £2Rq @R cgitduic oM eticetighid I dhanshire6EWdltie. of

collar 18 are exed, to all'ow head portion 20 of vial 14 to entelr col | ar
18. As heddtgrdsit obviaR@4ofhichails bt desupiedrioddeegi6Qimay fexveealéesnatolydef i ned

by collar 18, the distal, end of rane 42 i,S pres J N | 58 in
the head [Rér & iRRSPLLHAY FOrpIr OF f@g&?ﬁuiﬁpwgmg‘?&nosﬁﬂgg@@oﬂ%ﬁ ge%col | ar 18
causes Conc'h%allorcgﬁ%rl%tﬁ)% 6P 58! 1ARR6r | QWK AP bet def@fRd hereinafter.

Since the two fluid passageways are internal to transfer apparatus 10

and to vial 14, a 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 the ring, compression of conical membrane 42 is prevented.
Thus conduits 46 and 48 are also prevented from penetrating membrane

42, thereby avoiding exposure of the ends of the conduits to the



- 32 - and conduits 46 and 48 penetrate both nenbrane 42 and seal 58 to
establish fluid communi cati on between the interior of vial 14 and air
chanber 40 and liquid chanber 38 in transfer apparatus 10. \Wen head
portion 20 is pressed tightly into collar 18, the pointed ends 62a and 62b
respectively of |ocking elenents 22a and 22b engage distal edge 64 of head
portion 20. This |locks the transfer apparatus 10 firmy to head portion 20
and keeps menbrane 42 tightly pressed aggi nst seal 58, thereby preventing
contam nation of the interior of the transfer apparatus and vial and al so

escape of the fluids wifhin themto theusurrqund] - ifs 46 and
48 penet rétlémﬁléﬁ%?%%@"zifz lmysgoala 58°5f v‘(s)l?%l} Q“T‘ﬁ, é@\iﬁ\b 3 grgnge?ggﬁ%i d
passagewa PEM, ' eMR%di shdiradisferPagragenayodef i ned
by the in%églrﬂl%%fn%e?ﬁw al al-%% gﬂéiooﬁﬁﬁ?%g%, and ai r_chanber 40._ The second
passageways i sbla té des ctoppdehgewdneadeppriaen b0 t e viak didi ons odesgrifpd 14,

| iquid conduit 48 and liquid chanber 38. The interior of vial 14 which is
not occupie#eiBabaY®ry 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 inter mye irotih! pAsfere afpar atitlinllr ahdmbervitadnd 4f adr, lorquisdotheansf er

operation between themis contam nation-free.. As a safet asure a solid
ring (not g@ﬁd‘@ﬁ?}lnﬁdwﬁbﬂatm%ﬁ@dsﬂ%?et%Oél’"ﬁeia]r‘l’e‘i‘}&ﬂ?e alé}ﬁgﬁ?&re%tﬁﬁar atus 10
fitting around conica ran U { ' nfs igdgy1and 22b.
When t he IOSEJIIQF%& é‘lneﬁélﬁf)nggg?lgc r%g%lg%'ﬁﬁhg%%ﬂéoﬂﬁ%kggnggeng?essilon of coni cal
menbrane 4godsurBlBIERRY. bebencihidalrtif A chathbéd 4r endlthe gasduahted from
penetrating nmenbrane 42, thereby avoiding exposure of the ends of the
conduits tinterire 66 088ial 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.

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 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
proximally displaced, the volume of liquid chamber 38 1s 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



surroundings and injury to a user. Wien the solid ring is renoved, conical
menbrane 42 is able to be conpressed and transfer apparatus 10 is able to
be coupled to head portion 20 of vial 14, as described herei nabove. The
initial pressure of air within air chanber 40 and of air, or any other gas
retained within interior space 60 of vial 14, may be slightly greater or

| ess than at nospheric pressure. Al though there may be an initial pressure
di fference between the air in air chanbgy 40 and the gas in the interior 66
of vial 14, upon penetration of nenbrane 42 and seal 58, the pressure

1l qui 0 cofabiee BT g B e thi Pl dSan G Al R pbiTin tHelddd o, o208,
proxi mal pard.hRsfePfed ¥ BEIY clofnBér BBaAs tHe padétdntiBgrudfedrgroximullg tohamber 38

of transfer apparatus is also substantially at the same uniform pressure.
As shown icause tigusd t¢ he teangfembd framstied ldpphe yplwme of ginichambendOare t hen

inverted, to enable the twp-way fluid change. . of | iqui,d_d f vial 14
to tran_sféim&btﬂél_ﬁa%‘?}é’ }for%@ﬁc\%f r?ﬁﬂ‘?&%’egﬁ%ﬁ’;}r %?”tgfnr C;.‘ggl’%etrr&aqgtp ef;l&gppar at us
10 0 Vi alyp bhiotShO@i¥I A ool ndeSickWEDE §fh1 1 UEhSRindRSwaIKImidyviar axui ty and
occupi es the p%om mal” portion of vial 14. Since the pressure of air in

chanmber 4Qchgpissbht anlimel of Gguluibthdtehps besnteamsferded artud®ogirdr ug 60

w |l be prevented fromflow ng t ro%%h,air conduit 4 arﬁ%ll'qui. condui t
48. The | iwjlli eongamuagevowi threpsrreansugy g6 mto nvﬁ?s‘f Fl!c‘)% PAEA32 s

proxi mal Iy, di spl aced, t val of -.h I qui L | Sl , causing
the |iqui G*RUGY w%gng:}mor&g/g{gr&{vf%%ﬂ% 'rng(r%%\t}?g? iafgs‘ﬁ]dr %%ﬂﬁggﬁﬁg‘flt 48 into

liqui d chanbgsaidGeuthidy sydilibpafer apparatus 10. The - 34 - entire anount
of the drug in the vial, or any desired portion thereof, may be transferred

to liquid chanber 38. As the piston is pulled proximally to cause liquid to
be transferyed fromyvial 14 h ol une . of alr gh . Lyul.tapeously is
reduced, ﬁ]@‘?t(ﬂ’]é‘lr&ﬁr a%‘)m%rp%c‘%%‘fﬁ)éﬁ t%ls?%rr!e ﬁo@ﬁﬁ?ﬁ%%&ayﬁéu% 46 to
I nterior Sétﬁfre éﬁ*@hce%é aitl 6o Pig £ heiing clethenty s Afd FtupicerlédRdvol ume of
the liquid that has G&n transterred olt. The air wll continue to flow
t hrough cdrsiheadBporion 2befwial 14rTidnsféreappatadns d0osshep\depgrated t he
pressure within air chanber 40 and interjor otb vi al h4 a aiﬂ reacpes
equi | i bri Jrem vial 14 by another axial motion, 1.e. by being pulled axially apart.

When the vial 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 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 liguid chamber 38.

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
port 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 1S



After the desired anount of drug is transferred to |liquid chanber 38, with
reference again to Fig. 4, locking elenents 22a and 22b are rel eased from
head portion 20 of vial 14. Transfer apparatus 10 is then separated from
vial 14 by another axial notion, i.e. by being pulled axially apart. Wen
the vial separates fromthe transfer device, conduits 46 and 48 are pulled
t hrough seal 58 of vial 40 and nenbrane 42 in the distal end of the
transfer apparatus 10. As this happens, ggi stal ends 46a and 48a (Fig. 2) of
conduits 46 and 48, respectively, are w ped clean by seal 58. Any residual

dropl ets of hazardous drug 60, are r, ved., f rom C: I a remain on

thepi nner cQpiigwred Rty &of a}/\n%f)ﬁ? r@ﬁg Wmcélr 8£th2? l\g/{]lgllgé'tl‘%fi’ %%51 'Egheref ore

are not e;;smsd vidr iR %@iﬁ@ﬁn@ﬁl@ge%@%ﬁ%s%xo@éh tthe Isaseatibms returns
9. 2

to the original”position shown in Fig. 2; thereby sealing the_ air
cont ami natddptyr TOis mounvéd hboteirdetigoitnds, dmsabQ cattasbenterovalh $2tHhe drug

it hi [ i id chanb ) ig. h i |1 il h f f
the hazar deles maaT e peeser it Aanaren 10 tacties mavidd S3e 0 BRad s or ' 76
Is first g@gﬁgg%,m@ﬁrﬁagmh i1 PRI safheshibdaad@mbesiphousded with

a rubber prevents leakKage of liquid fromthe IV bag. Adaptor

70 is - 3Bad peetibh @0 &iwl 14 (Rig@iral 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 nounted about inlet port 78, fins 80 contact

outer wal ;F&]%S(;S?I ibig%l % 1 Orftcegiz s%hatlgite% ! F)Flo‘%gaﬁ t01707?].5 18! sipigPr ovi ded

wth a he has substantial Ty the sane shape and

di mensi ong,R%tREsE, A EhesbrROmelivnatetathddFivithir)the THE bhY, bayg dis isnvert ed
such that 1t is below adaptor 70. In this orientation, the gasgous nmedi um
retai ned wbbhé mhe figuit Brapsfer gpparatusi ) s envwled foipdarior i g,

apparatus 10 .is then coupled, t dapt 70. b usyd n e rtiyonr 84 of
adapt or 70VSHIRg 398?115901"'11 n 4PﬁaaaP€qrng e %ﬁlpafrsgaggéfr}e ng%t%?ée%ll(}s&lo. As
head porti 0§07/ Asl Reddt fiegh W Hdap téh goCRViLtYodigkined by
col | ar 18,1;?;{}}1%@%;&@%)%?@@%&%? gr?talr%r%érd]a gegig is pr érjlsggd agai nst I‘cl),lbbe_l’ seal 76
in the neeitkin fioy tavily definddbag cddar CBnthadedapestiofgnembirend 484isi nt o

collar 18 causes coni cal nenbrane_42 to coll apsg to ds.i base, and
conduits Psesped agaynsharubhes fﬁﬁﬁlhmre‘#bﬂ&%éle&g %ﬁ&ogﬂz 23 Irtvzb@%t 2‘bl i sh
fluid co ni.cat ion_hetwe h R J 4 I er 40
and |i qurg}loéﬁ%eéfpggnihﬁ (ﬁhaénas élrl 1%%{)%651%}1‘8%8 li%{.l%%cgnl %arlgegfgr??%%@g4 i's

pressed titgwméﬂsetﬁbmdlsaitslﬁasé herdpebnieits etélsamd 4% plenntyast dhatht s 22a
and 22b engage distal edge 86 of head portion 84 This |ocks the transfer
appar at us iémbian¢ y2tanddeapk 66 tapsinklistedpid sarmmmanicalion hejmeep theessed

i nst | 76, b ti. i nat i ny: of - ' kor: of th
st er - aBioaio: b 15ngak, P hagia bt rtionngt dohbi ifkid REbDeE 68/ hem < o
the Surro%f%éﬂf:aﬁg]&%ué M@0 SHelen2 PRAA 8 biiokD 948@@3@&@@. tightlyapitor 70, the

user applies a di orce to rod cap 32. Piston is therefore caused to
be di st al leylldi 48| Hoegotmed raslssépackingrdembateifa and &2k tregagesdsilnoves t he

e pushed ciep gnt hevd bortiam 6. This ook S st ey 10 T 21 1S 10
adaptor 84 and keeps membrane 42 tightly pressed 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 hazardous drug contained in the liquid chamber 38 of transfer

apparatus 10 is pushed through port 72 into the IV bag. Simultaneously



- 36 - as the liquid drug is transferred to the IV bag, the volunme of air
chanber 40 is increased, causing the gaseous nediumretained in the IV bag,
e.g. air, to be transferred by suction to air chanber 40. The air ceases to
fl ow t hrough conduit 46 when piston stops noving and the pressure within
air chanber 40 and within the IV bag reaches equilibrium After the

requi red amount of the drug is discharged into the IV bag, The proxi nal
ends of |ocking elenents 22a and 22b areggpressed inwards to rel ease collar
18 from head portion 84 of adaptor 70. Transfer apparatus 10 is slowy

|1 ed t , from. adapt ar .70, t.hi i its 46
Phd 45 ar s hpiLkig seRedn sl Rel oat R APk B8 AR A AFShabBEL 15 D
barrier tQonsaueRashekAUEnE 88 da¥ebadd niciuansethMaUah the TUriane 42, whi ch

returns to its conical shapé isolating the interior of liquid transfer
appar at us aif) tbenirahefesred byrsdictigs. to Bancbambengida Tiewrir reasas toafle be used

to draw a |iquid fromthe |V bag. To do this, after collar 18 is coupled to
adapt or 76hraugh sapdsgp b hewy B?‘St%% ngmtoﬁ%ﬂg‘ ?]f"(fi itge BhBRrETE Fgﬁ@fne?‘lrapgar at us
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transferr esired I'rqui rom-t |V bag to the liquid chanber 38
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secti onal cundwitsf46aand & arerpudlieddrackothronghcssal égh elich reontisiegrtgg

transfer apparatus, 10, of the invention.,ln this odinent th
i nvent i on SeHfeoR? ﬁaﬂuéde_g?if%ﬂr 5 P&"%&B&P&PE@ fﬁ@iwagnﬁ@’ﬂ&{%mt B of the
first enmbodi ARRL,J85CHIRGY rBRIASNBIAY Bonical shape isolating the interior of

liquid transfer apparatus 10 from the surroundings.

L

Transfer apparatus 10 may also be used to draw a liquid from the IV bag.
To do this, after collar 18 is coupled to adaptor 70, the IV bag is inverted
such that it is above transfer apparatus 10. Then piston rod cap 32 is
proximally displaced, thereby simultaneously transferring the desired
liquid from the IV bag to the liquid chamber 38 and air from the air
chamber 40 to the interior of the IV bag.

In another embodiment the adaptor may comprise a hollow double
cannula spike element for piercing the seal in the port of the IV bag, with
a secondary port similar to the port of the IV bag, to which the tubing of
an infusion set can be connected, and with a port which has substantially
the same shape and dimensions as head portion 20 of vial 14 (Fig. 2), to

which the transfer apparatus 10 is then coupled.



As shown in Fig. 9, connector section 25 is connected to the throat 26 of
proxi mal section 27 by neans of a collar 124 which proximally protrudes
fromproximal cap 113 and surrounds throat 26. Throat 26 and collar 124 can
be fornmed together as a single elenent at the tinme of manufacture, or
permanent|ly attached together, e.g. by neans of glue or welding, or formed
with a coupling neans, such as threaded engagenent or a |luer connector. The
connector section conprises a conpressd lgize-and reci procabl e doubl e nenbr ane
seal actuator which assunmes a nornal, relaxed configuration by which the
needl es are cgnceal ed, when t he_ doubl b I [ LSposed in
a first, gﬁgt |1sp%sx{elrpgﬁf§ﬁ%ssm?c§honla§ ‘f:qg?rrpéfgggig oelgﬁjggg[%g{l%g?r?ggdl es when
proxi mal | o Qi SRI3GaMh-fee .G Hanseat APPhBul S (AERPhE thientien. il gagabl y

coupl ed to another fluid transfer conmponent, which can be any flujds

cont ai ner emlddimest aofdthe invemonoprexiotalaseckiogdr 3 of abparatusal@riéus bag,

or an intravenoys ||ne oduce, a,."flui d transfer assenbly", through

whi ch a f R¢ERELS t?rtgﬁgf)ﬁﬁi'eg rytIRbediensy eﬁcflgﬁag}eé?ln@iﬁﬁgnent to anot her.
As shown in Fig. 9, connector section 25 conprises a cylindrical, hollow
outer body 128, a distal shoulder portion 129 radially protruding from body
128 and t eAgishadwinnigh Fig. 9, epankeigr k26tivh 26ughonmiected: tvether thioah26eafd of a

fluid transfer conponent is inserted fﬁr caoupljng, a doubl e mfarrb ane seal
act uat or Pzoxineali spcbennt | byimeray abpcellar tlﬁanwil}?gl PEOESRAGY RIP 128,
resilient ;arnms 133 and 1 13C ' hereof to
an inter né’fﬂnétpé'oﬁlﬁ?a]i ity g?3 \g&fii Snrh r%é‘g%(?sog}({:}?%g? gf ?‘th_r é’%rgé@égggc‘:ogg?ilg% and

st at i onar yaaibe foeReHithgdtheanth 4 kiiigld chanent 4t ¥ tibad ofamanuéidungdri n needl e
hol der 115, which protrudes into interior 119 of connector section 25 from

a central peomanentlyf attashed ingeidieml e.gapyl 1B ansepbiue \FeWeddimg) d&r 115 is
t of t . dy 1 d i mal 113 ¢ ich |

bonded. CAMIS SVis8 Sfa R a e ar ey B ehatreiihd Sabieohtify BEE, 1S ng

menbr ane 1‘:631&951:0@“ ugher ch3Bectthe db@bR! cepgeiek Goncithpresithlandndd have

sharp pointéd ends 46a and 48a, respectively, and further provided with
aper t ur es rédiprevadld uble spembirand yweal mctuatior wihish Abslines s noamel.erred

during a fluid _ transfer operatian. ile t roxi mal end, of, air,,conduit 46
ext ends wirelaxgdt penligheatisy kst Wthlﬁhml% a‘t&*ﬁgi?sp Pt canrealste FHhkithal end of
l'iquid conduit 48 1N S Sl 4. pr o gl b fir.oum 3 of
connect or rﬁ%&% {el or n;lgl,ra § og‘%aga%cﬁﬁgrl llqudlg@gég gn% u?;ﬁr\g\nﬁ’l ci\ﬂégefel Ier;éit]fiﬁxE d 4

conmuni catyigiah Wit dbrh e skod abi @poet tHer ne¢dl2s wehert lprbdithalnsdieplavedt 10. As

expl ai ned herein above, fluid is transferred by neans of a %rﬁers ur.e
equal i zat iGomrectamspshont 25 is apapted toehe seleagahlymoupled Feang W& drug and

air are exchanged internally.within the fd ui fer S | ui d

t ransf er ﬁ?’?sq%b cgmppggswﬁum)p?%\rbepftgy ulldg(ftoggﬁzlg e“rfllglﬁnﬁ Ar%dna%ljéap 52 to
pi ston 34,,,u8i 6By $68h RH MrEP934IE SnirA¢chfRebapedl affint@iénbas dineploaceabl e

W th respect to, barrel 24. Piston 34 defines two chanbers of variable

vol une: a pdodte al'flaid drahefab ass@Bblydt tlemmghi whinh 34luiddsdsangersd section
25 and a proximal_air chapber 40 between piston 34 and stopper 28. Air
condui t 4d8rgrasvedludtaay %i@?&?@@téﬁ&n@%%nds i nsi de of holl ow piston rod
30. Air flowing through conduit 46 enters the interior of piston rod 30 and
exits to air chanber 40 through an aperture 50 (shown in Fig. 100 formed at
the di st alpogegkbwh iai Fig0m, (c@dndtor GRotiuht25 comprises a cylindrical, hollow

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 an intermediate portion of cylindrical actuator



- 39 - 48, which is considerably shorter than air conduit 46, is adapted to
allow a solution of a drug to flowinto |iquid chanber 38. Doubl e nmenbrane
seal actuator 130 conprises a proximal disc shaped nenbrane 142 having a
rectangul ar cross-section and a distal double disc shaped menbrane 143
having a T-shaped cross-section with a rectangul ar proxinmal portion 144 and
a distal portion 147 disposed radially inwards with respect to proxi mal
portion 144. Menbranes 142 and 143 are. ggated wi thin casing 137, while

di stal portion 147 protrudes distally fromcasing 137. Arnms 133 and 134 of

| 1ength | d and b i alJ. i § udi '
bei ng att SeHEE LT-cONhBET U otR oAt 26 pd M CRAGHE ey AHpEPOSC
37. Arms %{é@aéiﬁgr%% tReAidaldtady th5di §halh ?%bﬁﬁ:ﬂ%g BlteMBitksiok611@nd 162,

respective eresilient arns 133 and .34 are designed such that, if not
pr event ed chnnectdpisegtien, 28 fiwndi s centrel erties ofeclbsedypdorinesleeans 1181 and 162

is larger fhen _the di er .C ti o E d el 161
and 169 atboRShNae e i0enaLs &t BRvCH 7 Sat POHEATEL DY PETBUAGP por ti on
129 when ?gg%%icﬂ%ﬁei@e%&o%%ﬂ&@ first, distal position. Wen
act uat or I's inthis first position, pointed ends 46a and 48a are

retai ngd bet ween nenbranes 142 and 143, preventing a user from being

exposed to, and injured by, the pointed ends an SO, sealjng. the ends of
c?ndﬁi ts Apngidats146f aneh ‘fr%é11§tﬁf1%@ﬁ6‘i’fﬁg§}'m?h€?%ﬂﬁai@?]él\%nﬁghg ¥8AEni nat i on
of the interior of .flui I anst glo UMt : dru
cont ai ned B\"\‘/?Ipﬁf?'lmft l:llélbl %f%igtiuc#g%ﬁ SI(J)hi helé%ttgpfq Hg?g&é‘?@glggﬁsﬁégaﬁxﬁ :;4%3 10Agi s a

Cross sectyqQg éﬁha‘ﬂé%iﬁﬁedt &edd hoh ddd 288 REpeRPAR! asd Farthlertgrevidedent i on.
Fig. 10B, Fig. 10C~ and Fig. 10D are enlarged views of sections B, C, and D

of Fig. 16#th| hpsettuaes nyll hendi Al8ndresbestdveldss shgenalys which fluid is
transferred 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.

As explained herein above, fluid is transferred by means of a pressure
equalization arrangement in which the same volume of the hazardous
drug and air are exchanged internally within the fluid transfer assembly.
Fluid transfer unit 10 comprises a hollow piston rod 30 extending from
cap 52 to piston 34, which sealingly engages the inner wall of, and is
displaceable with respect to, barrel 24. Piston 34 defines two chambers of
variable volume: a distal liquid chamber 38 between piston 34 and
connector section 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 30. 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. 100) formed at the distal end of piston rod 30. Conduit



- 40 - through the fluid transfer apparatus. Referring to 10B, it can be
seen how liquid conduit 48 passes through proximl cap 113 and the throat
section 26 of the cylindrical wall 24 of transfer apparatus 10 and
termnates inside distal liquid chanber 38. In Fig. 109C it is seen how the
proxi mal end of the liquid chanber 38 is defined by the distal surface of
piston 34. Air conduit 46 passes through liquid chanber 38 and can be seen
in Fig. 100 passing through piston 34,- dgsc¢ 52, and reinforcing ribs 54 and
entering the interior of hollow piston rod 30. Conduit 46 term nates near

the top of,_cylindrical .portion, 24 of Vi - Al - WRJ e, t the
di st al en&so%’h“é‘gh%?qnsﬁ ra&)?% Sgﬂ%r g}gf{ aéfg?%(gmagsﬁf é%g%&e%%?eé%m?he air
passes i N80k BF §'drAE 8RR Ih1MiphidtManiest 3). Seen in Fig. 100 are one
or nore apertures 50 at 'the bottom of piston rod 30 that allowthe air to

enter proximal air chanber 40. As seen in Fig. 10B and 100 respectively,

the distal_ end of a}Jr chanber 40 i s de‘%fi ned .bg t he r.oxiln%I ssgxrfg e of

pi ston 34Demible memppanenseak agtyalopdk & BYthE BISTEI™ sUPF aC8P01 rubber
stopper 28,y fA0 109 HAGSESH ORI ATLEI Gosd G el Bhl- o WiBral Sdibias the

piston is or “exanp in the proximal direction, the vol une of
liquid chamkeshadBed nekadsencandst havimy wmd-shapsed orbssrbertiotD widhr @ases by
the sanme anount. It is noted that rubber_ stopper 28 and pj.ston 34. of
transfer wegtangolampresintlanestian2ldhend R SHsiad Pt ]s‘ie’f:tq?wsﬁg are

conventional. sel f-sea] i ng.t ypes t I Si: r0d I uit 46
and | i qui aa@]&i u}r{wquist ¥§g ef%&@tpglﬁkirﬁéﬁn? 05%‘?’?& 4%ih§§%ﬁbg?%%§ga luid seal
i sol ati ng ghger dNhes bostealwithen vabingel 1 aslede Qysthhpostiopndr protwides, or
menbrane respectively fromthe outside. Fi 11 and Fi g_. 12 show

[

respect i veistalyfeompeeingy $3Vi AvmankBeand dé’g@@auabl%g’c aag edongatad adapt or
160. Vial adaptor 160.is. . i nternedi a connectj on that | d to connect
connect or t348n SF%HQ%@YUSOQHPgWH@r W?O%etdhe%e&%p%éaﬁ?l gﬁavalttng a
sui tably - ' b QR @pr ti¢dly; t¥icabinddapt ArmbEGss aan al so be
aed i 1 nCPRBSGA oAt ARRAER bespertifely; 10/ corRIER AT BAT, & b

mai n r eas@Astdrarinatd vodh cdistplaeniinagehedpnents 361 hand tI68, treppastivelnal
surface of the nmenbrane 58 that seals the to Mer,ci glrphégavai | abl e

f
drug vi al Thervesilientcarmy 19 ar¢dgdar & ég?lhgﬁ%?aa}fne ¢4 s used

t i d th | 1. | t ithst j in@p 147 of
ronbr ane. SR SOk tBp AR ARNACklrkel hl 351004 182 8207 21 1o

provi de copiAamithahi19R-diaattbf dnshehe@br betich 29, EAlaigedoslahlants i6d mat eri al
of which the nenbrane 58 is typically nade has poor perfornmance, i.e. when

it is piemoed1By meedbefguiad dosbetrsgevedsimnand cenensets by, woonliasunct ur ed
several tipg?'tsibn 129 when actuator 130 is disposed in a 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 user from being

exposed to, and injured by, the pointed ends and also sealing the ends of

conduits 46 and 48 from the éurroundings, thereby preventing

contamination of the interior of fluid transfer unit 10 and leakage of a

harmful drug contained within the interior of unit 10 to the

surroundings.

Fig. 10A is a cross sectional view of the fluid transfer apparatus 10 of the
invention. Fig. 10B, Fig. 10C, and Fig. 10D are enlarged views of sections
B, C, and D of Fig. 10A illustrating the air and fluid passageways



Vi al adaptor 160 conprises a collar portion 165 provided with an annul ar
proxi mal cap 168 and a | ongitudi nal extension 169 projecting proximally
fromcap 168. Longitudinal extension 169 is a second reason for using the
vial adaptor. It is nuch |onger 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 descri bed hereinbel ow. Collar portion
165 consists of a plurality of circunfeygntial segments 167 forned with a
convex lip 163 on the inner face thereof, for facilitating securement to a

head portion 2 f vial 14, Longitudi ngl .ex i r 7 S

pr oxi lr?nl I f?ﬁWUtg% gh‘?rg’r’rﬂflawgngf%l %%@r %E%lﬁﬁ%\%lnngngd gpglr‘rgt% é;tra%l gér %géﬁt han t hat
of extensi i69ia Verbs 1 mal X1 T®lancletid ah enin

172, by mﬁ?@hﬁﬁg%r ane %9%3 ?gggﬁg%ﬁtuf?zlrgftﬁéi S ?gge acgessi bl e.rd'ia'mv\o ’

| ongi t udi Batticha2mhelfs the scydimflriced diadk 24 pf etenostérngrparatiugedtr and 176 are
internally formed w thin_longitudi nal extension.l6 nd are a ted to

receive céﬁ’ﬁﬁ}l%asteﬁén%ig@ ‘il?ﬁtarl?fé%‘b‘gca?%g?r %&&ﬁ%ﬁr _iﬁgéeﬁcﬂso%eﬁpgﬁ@vfl t here
5605 O RO BRnt S A DB lifli O hambér a8 i€ Wbhifel bydhe diGtdidrfeeer body

128 of connéctor section ere1s aridge or pin (neither slot nor ridge
are shown oif pidthe 4. qur esnduibutd pgsdebeheongte tiuoh chivmbeir $gedmpl pambst ent er

and slide in the slot, in any other orientation the rjdgelpin will contact
menbrane SaekdBFia. 19€ pamsing thrqneinpisten r@hﬁ?rgg&}flﬂdeﬁ%"‘ﬁ‘grc?ﬁﬁ/&]?ﬁnt. The
ridge/pin_gnd slot are |ocate n.thei Y akhs at skhe
conduits 4:% @tﬁlflg gﬁ%\/a]g}]gefeiﬂlf eJr)]fet C'(%1|’()r%ﬁ e§§d§ngﬁogd Bphaﬁﬁlé{l% t4 Ei n the

| ongi t udi REkmadtee AR thEIop lnglihddicaRbormite gl silek6&® 16r Minatieishdi stal |y
with a spike elenment 177 which protrudes distally fromcap 68. Spike

el ement 7Znitersf ot teel distad apbof vgadugsitnenn 8aly ©xgoanthe clistdrentt h
channel s 178 and 179, respectively. Vial..14 has. a cen I r oxiral seal
58, which W@erﬁ&gﬁyaéﬂpﬁﬁseﬁrl@g%ﬁhe PK@%’&W Ofve%]ﬁg(brér ng %?E(pfbl%g?ft&ai ned
therein. \ihen g %h%t&lséﬂcg%cggéﬁu?&obbeﬂ 118 Yhilon GRRiSonl R 30NghaPI ke

el ement pierces seal al 14, to allow channel's 178 and 179 to
comuni catgdlow the thetd shtr poxihat migchambet 40. Wseseenhins Fig il and

circunferential segnents 167 of the cqllar portionl65 are secure engaged
wi th head 196r wpenechiyebr, thendisial emd of %r&%}aalﬁéelsé of® definedy Ystlhéi erced it
seal s around_spike 177 event i Jg.if rom t he
M it S R S S
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interior of vial 14. Fig. 13 to Fig. 16 illustrate, respectively, the
secured ddfm),ethab resr heepishom de mavedp for examplarini she prexmnel diredionat or 30.

As shown, distal nenbran 43 ,of tuat or 130 IS -0t red
engagenentiVCHIRE %(?f%gn%}er\ﬁ;ﬁncg%aas&s&n%lg& p@ﬁﬁ&r {)f %Mﬂlc?{a%g&e%}
appreci at eg aé@%aée@%f ﬁﬁé’ LEheCNHBERITER s AReERth AN r @i rh@ofpér 28@nkin
conjunction wth any ‘other suitable fluid transfer conponent. The procedure
is carriegisieh 84 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 and liquid conduit 48 to slide through them, while
maintaining a fluid seal isolating the interior of the volume closed by the

stopper, piston, or membrane respectively from the outside.

Fig. 11 and Fig. 12 show respectively a perspective view and a cross
sectional view of vial adaptor 160. Vial adaptor 160 is an intermediate
connection that is used to connect connector section 25 to a drug vial 14

or any other component having a suitably shaped and dimensioned port.



- 43 - follows: Step 1 - Menbrane enclosure 171 of vial adaptor 160 is
positioned close to distal opening 126 of connector section 25. Step 2 - A
doubl e menbrane engagenent procedure is initiated by distally displacing
body 128 of connector section 25 until nenbrane enclosure 171 and extension
169 of vial adaptor 160 enters the distal end of the interior 119 of
connector section 25. Step 3 - Menbrane 143 of actuator 30 is caused to
contact and be pressed agai nst the statiygnary nenbrane 176 of vial adaptor
160 by additional distal displacenent of body 128. After the nmenbranes are

d tightly toget the enl d .el : d
Promtne Selrdardfaattan d bepbaf vty HE IS HiboAilo A0 S hE R CARC
hel d presig 1S]Ef&9&éxh_6é. O¥ie OTLRE ISR nelRIBAS SorlfitraitiAf 2 wial adhpwrgagenent of

act uat or 0 fromvial connector 160 by a relative proxinal_ displacenent is
prevent edth&t ehe 40p eAdetirtalonatfacti of the diepbranardftthet wedy thodor ises

actuator 130 to mqve proximally relative to,body 128 uynti,l the tjps of
condui ts chgﬁbﬁ@’g@w&ﬁé ﬁ%tyyﬁ‘@l%%gtamo ﬂbt’#lherF f'olﬂa gh@

communi cattgn £0L0f 1NG&d 8 S%vi\f{ba& sitbot H RBAE th QUAL 86:9R2t Hieh RBEf or med by
one continuous axial notion as connector section 25 is distally displaced
relative gastabpomiich 1adaftrembone ana dthtby distdl dnel slowemsetriseciepar at e

connector section 25 fromvial adaptor 160 by hol dj n% rtceonél?e toﬁ?ﬁ section 25
st at i onar Rhatidtdisspicaesany W arovida sepfampiipnitee) yanpier; t'i‘iﬂ’f?’p Yant to

enphasi ze t .t procedure. s .descki hed 1. .28a G Y r

separ at e sa’t@é?n%xa%er 4 eglailsOffvgﬁméa@lze ﬁr%%égllsf@r% g? ﬁ‘g%?ﬁieﬁg?g’é%gﬁr e only.
It is to @l%sr;%kid:zefffbﬁmﬁcé, R.cAGiHa] itPisasibiee b desdlil ddidtnekeatesnbr ane
engagenent (and di sengagenent) procedure using the present invention is
carri ed oamdusakgafiesibeppepunobiradsgyvetalibvesent. - 44 - which vial 14 is
attached, is illustrated in Fig. 13. In the stage shown in Fig. 13, the
doubl e menbrane seal actuator 130 in its first, distal position at the

di stal enqy il iFediwithhke aendlaane

encl osur e%fggaggﬁﬁé?gte@;c ap 5?%%%511%9?0§?&33253?2@n§m5 of fluid transfer
appar at us ptfxintantgcl 68 aseca lamgipddinal aktemtapt 469 160jeching moximallyshown i n

Fig. 13 have been descri bed herei nabove with reference tq Fig. and Fig.
12. Fig. fmmwamkﬁ%ﬂ-@@%ﬂ%@%%%&n%&o@pw\ggf 1St%§e(§’é‘él.ﬁe€8m€ig%?%mﬁ§ rane

t. e | . | th
The. Spact MRGLEAREh Tr Aol MR i JRREA A RRHEBRATAckE vIARS 107"

shoul der REfE iiRefb?8 ¥ ihbe opahineal 26 andhaclistefl etdeoff doavriebtor sectipn133 and
134 to push the enlarged portions laterally outward. This allows for

ef f ort | es2bett aljowitransior aféhe tengay descrbednhereinhelpie Codlar prgtions

connector section 25.is .,pushed in the.directi Vi - 0,

enl ar ged éiGErFé’ﬁtg?tﬁé’ia X E% Qﬁgrﬁlﬁlgerﬁﬁﬁgigggﬁgﬁtspgﬁ if%ggél@ghg}ng

prevent ed DV ' i@ stopffabBithtiapeseRiedasnt € 471. Upper
surfaces fé%Q%%gBl%%@gP%ﬁﬁgggaﬁghgég in cgnt act1 ﬂ%ith the distal portion
of arns 13Radngoitich 2Eesfestviablld. boukipndinahtexthasiofir 469 biermanpesxi nal |y

di spl aced rel ative to body 128 of connector ie}(l:ti.on 25,.
proximally with a membrane enclosure 171 having a diameter larger

than that of extension 169. Membrane enclosure 171 has a proximal

central opening 172, by which membrane 176 retained therein is made

accessible.

Two longitudinal channels 178 and 179 distally extending from
membrane 176 are internally formed within longitudinal extension 169,
and are adapted to receive conduits 46 and 48, respectively. On

membrane enclosure 171 there is a slot and on the inner side of



Fig. 15 illustrates the third step of the secured doubl e nenbrane
engagenent procedure. Upon additional distal displacenent of connector
section 25, the distal nenbrane portion 147 of T-shaped nenbrane 143 enters
central opening 172 (Fig. 11) of nmenbrane enclosure 171. Distal nenbrane
portion 147 contacts nenbrane 176 of the vial adaptor and the two nenbranes
are conpressed one against the other, as schematically represented by the
dark area 194. Wile the nenbranes are Rei ng pressed together the actuator
130 is prevented frombeing able - 45 - to ascend into the body 128 of

t . th I d el 161 d 162, i : . ted f
com ng. ouesBrdtieal Golpf odEs RdS T3 FinelBy stibont Bl R PHREE "6 o O
connect or oﬁiﬁy AOEh AUt A f8ge OfreEREWAN €RE! BSWes) 1Dlrdfg thal adapt or

60. As nore force Is applied to push connector section 25 and vial adaptor
160 t oget hennedtivm shouidgedpirc anmtessieoramst stifle inethsr alobsin aoyeetdet al | owi ng

t he | ongi tudi nal, extension 169 and nenbrane, encl osure 17 0 ve,further
into the ioReafaidpn dhe rideefptn v @@ﬁﬂ%y%ﬁb%?%ﬂ@‘&%&ﬁ@?’gp ¥ have

moved past &glﬁ)ﬁie R, 2hge goxﬁlr K fhofdnRARY. '@g% {Ha]g%zpihhﬁd alk 18 1beitggr bl ocked

by menbr aké closure, e el enents 162 are able to nove

radial |y opwhkdsrespbetivebaasesh fHamhehonddérs 4and cdd wHbalvemes eter t he
di stal underside 181 of nenbrane enc| osyre %’71‘ t this stage, }s@ t wo
menbr anes theiz degignmtedr ehageiedd wibljar nide | Bl ofEfeR et¥ed

engagenent. Fig. ,16 i1l ustrat he fQ . t : |l e
me?m?ane iﬁ&&%é‘r‘?é’ﬁ%l FHELEIPN gég E‘?ﬁ%]ln E‘é‘é ng Szgnggt@ft&g?g%ng%?%@gﬁggg?been

rel eased fronh ShowhaRs (ﬂ)ﬁfélﬁf@r&ﬁ%a@f 6808pAGt elensant TPHs ormad veitk
prevented fromnoving laterally outwards by the interior wall of body 128

of the cowmpenimys 388tamh.18khis despunmatiorawitle mhaongle 1WR1asd 1H: vi al
adaptor fi xedql%_ ai}%ached to the doubl e seal actuator 130. Additional distal
di spl acendRtPEEVE€dhnect or section 25 relative to vial adaptor 160 will
cause doubl e nenbrane seal actuator 130 and the attached vial connector 160
to nmove proximally within the interior 119 of connector section 25. Since
conduits ABaBnd W& arentiadj groxifialedal ASneddtte ihaddptedl b prevemtighpr oxi mal
end of connector section 25, as doubl e nenbrane al actuator, 130. noves
proxi mal | putwaed denkagel ofi at drug semtaiped Shgrama Whegoaqdistal Jgcans 48 wil |

e O el 1 SN LR, B9R 480 520 LB U bl ot e
to allow channels 178 and 179 to communicate with the interior of drug
vial 14. When this occurs, circumferential segments 167 of the collar
portion165 are securely 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 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
membrane 176 of vial adaptor 160, but it will be appreciated that the
secured engagement operation can be carried in conjunction with any

other suitable fluid transfer component. The procedure is carried out as



connector 160. Since vial connector 160 had previously been connected to
vial 14, spike 177 penetrates nenbrane 165 at the top of the vial 14 and
therefore there now has been established two i ndependent fluid passageways
between the interior of the vial 14 and the distal |iquid chanber 38 and
proxi mal air chanber 40 in the fluid transfer apparatus 10 respectively. As
shown in Fig. 16, the proximal interior surface of enlarged el enents 161
and 162 engage the pl anar underside of. pgnbrane enclosure 171 and are
prevented from novi ng outwards; therefore nenbrane enclosure 171 is

prevented from bejng inadyertently di sengag from.the C .gection
under nor rf%]ﬂoﬁﬁ%‘ngt?ﬁg.l I'—Iom\% 1:&1)[6%/ eélcfoéf‘lug‘fi 32} yofavrlég an‘%a Eﬁlteu%éeﬁ vlgrti cal
force is |G dt i obEARSS 896 BPRBAALAEr Whtien RBe Sy -adaptor s
held in a@?ﬁﬁ%ﬁa@?g%g%{d%%g?bt hfeh?gfli al adapt or rcan be di sen%gged fromthe

doubl e nerleuble seahbmatcuatmgagemseni | praceddsscis biedtintadei by bdigallyFi gs. 17A
and 17B show schenati cal | %he two nost .corgg)n %ﬁpl i cations iri dur ug

pr epar at i GasPlarigpg bLQdWs]I?g//\B CORRRGtPhFeaon 49 ity PRPY AN HYMd R g. 178
shows wit ayak of |i.qui remn: | I ' Beagrtsheny drhdeai r

bubbl es cﬁ?&t%ﬁéﬁ%t?lﬁééggi fr%ger(??eq}jrulﬁn}ééj[t tgrvilbglzb??eg%h%er chanber 40 tehr ough

the air copgifidr 119 of chiRbeRl sepfibh Y. iStepthe Mémbrase d¢8 affackuptascess of
adm nistering a drug to a patient takes_ place iﬁ t he .pharnmacy of a

hospi t al . S0nisacausedttosoppacthan barprgssed agaivst the ssalionay % enbr ane
engagenent_ _progedyr e, descrj het ei.n_aboy . 0 ection 25
of appar at]Jg; gHvial 3an Oﬁojfgf g?’ ﬁ‘%ﬁ?w%ﬁ??ﬁ&ﬁ%?‘%%ﬁ&%%%g?’g@% (i:%%'nect ed to
a vial 14 conf ?{enHégnﬁlfdﬁé%rﬁre(Ms&&ﬂ%ﬂghtly?t@etl@éﬁtﬂd belhrped efemétitst hi s
stage piston 34 1s in its nost distal position and |liquid chamber 38 is
enpty. Tramif end dg2asst neleated srompwhhefhgudderspantion 1297 At thismtgge.178 and
the pharmacist fills the fluid chagber 38 .of fluid transfe aratus 10
with a medsembyapemhts t%ndoﬁéliafr%uw pressefli ‘Iog?ﬂlﬁrgﬂry Fa aﬁgaﬁ &?eg%%%ect ed
fromliquigtr r t BoVirdihn MHIdneemoai 18® drug in
powder or ]chc}n Ig%?fpgt%%?ﬁ%%gjé%?%n%ﬁ{bg ag:ttﬁg@ﬁgd. At this stnage,_ liquid
chanber 38,0f adlpevatpxial dibplacestient tib piiclvarted. afidpt He Avtdétivwal of vi al

14 is partially filled with powder or liquid drug. Now, with the par at us
i s hel d velisiadalisylagemint 19§ beidal 126 caweesyatiatral3Q foWROTHPEIYRMYA. The

phar maci st now pushes .do on_phston [. P EQr G { S 3d..di stally
and pushi ﬁ&i]%tﬁ‘éépltioq Ogyomé_sofurﬁlqﬁﬁ% @%grrggrm%lugl ro%l%%rgiond%)i%léﬁ%e and
channel 179 (360 Fi 943560 178 Gniliaab id4luiSicoulrhankativnyto tie inberivoofime of
l'iquid chan%er 38 I's reduced by the distally nmoving piston, the vol unme of

air chamberiat04i Ehésecloeasteps Td perforneddysneaensaupssidabmofionafat i ve
pressure in the air chanher and .therefore air, .(or ingr kRsSi de vi al
D0 o 11 € beconnerion serianet HanrRaty %ﬁ@&%%ﬁ %e&?]fat(a? fo Jhe ?elo&%?%r%}c A&%er 40
Addi ti onal | Ivhta -} | Chshind of B 8 Hlaen wial , the
vol une avaqlildaﬁﬂgy?dggh%e?g‘?érﬁlbﬁ %Ohéeé/%%téi%%rn ggltogegégcdr eati (r;igtsa térrpor ary

state of poRigthya60r B Mlding kenséaoe sebidoniab smtioraydand oispleeing al 14
t hrough channel 178 and conduit 46 into air chanber 40 \/\ﬁigh, aa said, is
in a tenporial gdaptar 66f diseydy.i as pnpestians to aire bpa PI%EF W *has been

added to the vial,  the apparatus. s _thor I e I

di ssol ve tiétegFil ‘?diif’ff@tn %F%I,npfﬁén%ﬁ% rn%egfgs}gi’et E%rz%lsé pﬂgggggggﬁg?%g&%ver, as
shown |1 Flgo ih/Ga0hiRu!dhs jplobb@nd BAISCAR ié Mo Heeraallgindlatdir &atiabn Lo
draw the required quantrty of drug out of the vial and into the liguid

chamber 38pakticheht sacsfeek dovible membFhne fingagement dand digrnesgement)
simul taneously fill the |l iquid chapber and.e ir_.chanber S in the

ty. t;h }
opposi t e dPiosedREsnNSERE tihgr PARY; RERUPY &f an(?ai%]ﬁdt §“ i PSE7A Singl

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



- 48 - 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 infusion bag

t hrough a dedi cated adaptor or sends the transfer unit to the ward where
the drug will be administered to the patient through a dedi cated adaptor.
To di sconnect vial adaptor 160 from connector section 25 of fluid transfer
apparatus 10 the four stages of the secuysed doubl e nmenbrane engagenent
procedure are perfornmed continuously in reverse order. That is, vial
adapt or 16Q .and.coppect or ti Felg: Hale] i @xhal force
is applie? Eﬁ‘ﬂcll f?%ﬁﬁaﬁﬁgg’plggﬁuéac#égégi% é?gT I% EH%:}gEgéeng}g?{ uator 130 to
be di stal lpyy di$RhacRUbY ienibidie doal actwitol 180ah itofingcdimtakpesition 25.
Since outer surface of enlarged elements 161 and 162 are jn contﬁct with
the inner avatle shstehcendfofhooynacier gfectine €anaBet BFO Fkﬁ? thdPBoubl e
menbr ane seal  actuatqr 130 d.vi al adapt 1 r rds the
di stal en@dIRbYAE RGHAY eo?@@ﬁﬂagr?‘%@%&cgﬁ%m lsgﬁg%a%%g% groef §| rmy

at tached 0, negdh sy foklen ol tonAdctbheeRidbIRYiabadapior! 160, beryvikbadof the
connect or "secti on. erefore as seal actuator 130 noves distally wthin
body 128 &hewsiist Rlg. cdi3dkavchcandledsabed heveigaboye adthameafereneg tq Fre
progressively pulled back through diaphragns 143 and 176 until they are
back in tQetd Big-diZnal position between nembranes 143 and 130. Wen
actuator 130 reaches the distal end of the interior 119 of the connector
section 25, the enlarged elenents 161 and 162 are outwardly displaced by

the nat ur gigt qadgnestrafest biee reesohd estepaofriha 3scamed 1dumhle mestbrame enl ar ged
portions laterally outward within shoul dgr portion 1 i.S,way the

9. In
menbr ane enghgement pracesfurend hgj Hpmeigh b MeIgHraLe eR ?'é:’feea%rrl%?‘r‘?stsﬁe doubl e

menbrane seal actuator 130 - okl j | OareSpi ke
adapt or 2% ae&ﬁﬁrﬁpgggl%%aﬁ"%beﬁ%}‘ ﬁleélg?%ﬂﬁgﬂ?én%s{)?ég e| e?rve{hr?:ﬁ)tll}% at the
proxi mal  gpily 3RShBuRleRtidn 129 B thé fatars Rodency of sipé Kexihde arsr
connecting an 1 nfusion set at the distal end. Substantial l’f(hiat ri ght angl es

to body 2033 mnh18éngipustithelerdxrgadspanionsdatevellyutargdofT g #dorEdi nal
extension 169 are nenbrane,encl psure 171 and nbr.ane e xel enent s
are exact gt &ﬁf_%ﬂ‘ﬁ%ﬁﬁ PREY ﬂ%l‘%‘?lﬂg’iﬂﬂﬁeeﬁf ﬁereégzc’tnt?om\#r;?r 3%_2%? ot es’60 of
Fig. 11 Inghﬁgi@g %eb:?io?lr 9§§ggc§)5ﬁheawﬁl $8RaRALEdos NN RRllS ad4Btc@nded,79 from

the tip of® Spl el enment menbrane 176. Fig. 19 is a cross sectional
vi ew showigigatded lewhehtisr 865 eard dpfaaet beld Gnashadfed pogtionf 129 émdpag 206

usi ng the spi ke adaptor shown in Fig. 18. Conti nui with the s ario
descri bed m‘b@@@tﬁdsfﬁi)mem@l"&%mw’}‘?; gﬁé tﬁ%&-ﬁﬂgééj mwp@ggg? ﬁ@c‘:S’SPFe 3’33 of
i nfusion 206. -Th L gt | i1 bhd Bestar ug
connect or b@ﬂﬁ‘i %Wf?%e%c%énfn%elgflelﬁ?@%g@%%? gg%%% géﬂﬂgggwlﬁi ng the secured
doubl e ey fiog SMaageT8Btamd d6aduespedtivelyi, bed imvenh thbow fronTheinsag i s
hung such that the liquid inside it is down and the part qf the bag above
the | i qui dyroximally tdéslaabejime]@fﬂv‘?ﬁe hedy ]e?cﬁz‘ﬁfpﬁ(’@éleﬁgf’raﬁel;tl()%&{ﬁ' nert gas), is
up and the tip of spike elenent 177 is located in this air and is
surrounded by it. The piston in transfer apparatus 10 is then pushed in the
di stal di rl?%g i ﬁ iﬁ’f&%ﬁﬂz{l_@stﬂf‘e dhidl Qkp obf tthe béaued dbablemdBbrand ransfer
: roug

appar at us Iquid conduit 48 in connector section 25 and |iquid
channel 17hdapespintepodedire. (i addsiondfludkistn depjacosentohgoRRefdeusl y, air

frominside the infusion bag i§ drawn thro qui d channel 178, iy spi ke
adapt or 20@ctigy 2f.rtheghgtaltmemhrang pﬁ”?”@hﬁ%ﬂ@% ﬁﬂ%’arﬂ? PSR r@lnea})%g;r at us

10. After the drug nas t igr o drfifrddy 54185uRAY71 L DestaPnnect or
section 25°% §r%|c?g%'ﬁlﬁé’g?§§{]% }Z%@g‘kyg‘d’%pter 200, as described herein
above, thepbpitshnefforeitsh 28% contacts membrane 176 of the vial adaptor and
the two membranes are compressed one against the other, as
schematically represented by the dark area 194. While the membranes

are being pressed together the actuator 130 is prevented from being able



- 50 - is twsted off and infusion bag 206 is connected to an infusion
tubing set and the drug is admnistered to the patient in the usual nmanner.
Spi ke adaptor 200 is also used to draw liquid froman IV bag in the sane
manner as described above for drawing a drug froma vial. In this case the
IV bag is hung such that the spike elenent 177 is positioned at the bottom
of the liquid and is surrounded by that liquid. Such liquid is typically
used as a diluent for dissolving (recongfitution) of powder drugs in vials.
It should be noted that injecting liquids through adaptor 200 into an

i nfusion bag requires.the pr nce of at t air in
the bag a$° %ﬁ%er} }I@Btt@ﬁ%q(%uﬁsef)ﬁcocﬁr&?ec % %gg; a%]lte}%alléfra%%l é(:?gl eigﬁzlange. The
presence af iSygh & HMA el Yr&fengdd frSmNEmingl oUWl tHeodisthl shonlderci al

bags; therefore,” the requited air can be prefilled by the pharnmacist. In
cases whepertibe 120chiedval ofithe body 28dfnamneeiom oy b%‘goﬁﬁrs%é%@é‘rf drug
diluting in a vial), air fr the air, cha r.40 1 s knj b t he bag,
this way m@vbm%epﬁﬂé’w%&ﬁ?é&h ‘3@? afiappqr@&né§tm?{eqtqﬂggﬁ%ﬁgg;h?gﬁoi nto the
IV bag. AlLthau r I 9ia3 Wdadtod 260/ togeitérihd anenalt ¢hd

i njecti oan)JfSBI (g)glﬁ%%r?\%@%% ?%gglgg&ta?\;gt&a?o%t ai ns g sufrfi cient volunme of

gas; , foroidpeesdor whethet hrein¥rhnes divesearss eblowang the Uppgiivdinaly ol ume of
gas, the drug injection adaptor 210, 1f;)gscri d,herein _betl QwW, i?ttlﬂle better
choi ce. Fiegter=ion sLGD ands mezabyansh SRclpsBle KAV SRRECL AP €210
conprisin one- al 1.1 t. AW i Life 374" RSF S@Sledonal view
show ng aqf‘%ﬁ% ?ﬁ%gf%rrm%giﬁgr%%%sggt t acﬁléé;ﬁetggnglks}lﬁ% usi on bag using the

spi ke adapf,Qf tRAeWred kilémeRfs 6 Maat 6%, Ore theypoeent longer djickedddapt or 210

are the sane as those of spi ke adaptor 200 _shown_in Fig. %%t and Fig. 19. In
addition tmembeanspnelisvae 2enlarged slementnlol ard 1627k 2Bk & Ehe two
spi ke adaptqrs.is that in spike tor,21 i n | - 51 -
cont i nuou§'aa?="§m flh‘@a’f‘iisp Yr ??(See%gﬁ@%ﬁpoﬁ%%t}g)orgibglpggg’gézgfg. e channel
I's bl ockegy;s0t ide £80 0P GheMBESdBLYREAANS he1i Rt ahioktade, tthe twé bag and
air chanbcehré%a) l?ﬁietrgi!arefsfer 0appar atus 10. In spike adaptor 210 a channel

178' is proavinbegnés I4Bngid adi mak loskehtognthendn spared: ed cppr3essfid condui t
46 penetrates through di aphragm 176 it enters the proximl end of channel
178' . Ai r eagegemedfannel 178' through opening 218 from the one-way val ve.
The operation of one-way valve 212 is easily understood fromFig. 20.

I nside the valve is done shaped rubber cap 214. The center of the cap is
attached tmet his fillag®aoés tthe Adaphosteandf tthe secuwredf doeblee mgmbrasie a f1 at

seat 220. en liquidis injected into |V ba fr Lqui d chanber 38,

t he vol unenghagemenii presedvier waifﬁe‘ir%lﬁgeé}tgaigir %Fgrsnl% ﬁgv? fllé?eé’ased
creating a tenpqrary stat iLf..ne i abkVv r ure on
the si do deiamgdr Fary TRAARL sty 125 0L SHREBSHE GsodbRAObR Rl RE O
seat 220 ajl.ouhitd a'oh GRbvidg 1dterdlly suekadds byt tireoughrionevalieofaydwal ve 212

and air to flow through hole 218 into channel 178'. In the absgg e of
negative pi2$efitle oonmdctoheeetion Bhisoktansymeptuaggranclosurel sl 8t the

fluid transfer _apparatus, then th ap ,214, i s _pushe . 220

bl ocki ng twal flflﬁp ‘Hff?’éff Yty %aﬁi‘fgd% © ﬁ&cg?g?%%ﬁa (ielg%?lﬁjf ection

of | 1:qul dsyi 05 Bfs BAEf QG iR Bor0bedtlith bBGAGW db ikl RABPHArOTEGNd i !
CeE O

requires no prese air 1nthe IV bag. However, liquid can_not_be
wi t hdr awn -{1peatlbe dovdegmesibrgnadsastloactRhbosildfeand dredettacbedradl | i qui d

fromthe IV bag, the volune of the ﬁi r ¢ arrbgge jr% aggzlrl%t us 10 icst r educed,

t her eby cresamentpral Pt opEe ROTHHALY WY ng''o4 19¢ CREPE Phat whil e

usi ng adaptor. 2 .1 can ' abaddhol@euisno air

or drug orSWhﬁBgéB?éﬂcee?/%I}&@é%g%é%ﬂ%1%% %trr{ggp a%?(ﬁgplo, Since for this to

happen t hey RS SHbLihaSeAe dtheomidctahasditm @b, tasedduldashemtapparseals woul d

have to be highér than that on the other side of valve 212@3”284 h?ref ore
n-

t he one- wayctuatore198 Ithoves proximallyorthel peinged shstal emds (tfis ®Lorder to

'nsure st ecgc;nldltfi s 46 dand 48 will be progressively forced through diaphragms 143

and 176 until they enter longitudinal channels 178 and 179 in the vial



- 52 - prevent the entrance of bacteria into the fluid transfer apparatus,
a standard 0.22 mcron filter 216 is provided covering opening 218 into
channel 178'. After the drug has been transferred to the infusion bag, the
connector section 25 is disconnected from spi ke adapter 210, as descri bed
herei n above, the twist-off end 204 is twisted off and infusion bag 206 is
connected to an infusion tubing set and the drug is adm nistered to the
patient in the usual manner. Fig. 22 is48 e€ross sectional view show ng an
adapter 222 for transferring a drug directly froma fluid transfer assenbly

10 of the | i opAi fluid : . er
standar d FRRveaBhABR: SimtedV Al pfidital TRELER patBiaILIY Do cRRFRt R | °

directly tguithe sghk)@dsv RAPtAfted niethbedte 166kt tbeyptdfithe viskbphadl es,
stopcocks, etc. Adapter 222 conprises a one-way air inlet valve, 212 in

order to phendfore tthereemow eHayobeere established swe drdeperdary dhugr anster
apparatus 10 necessa to replace t.he volune. of | i quy hs:expel |l ed
fromthe Iﬁaﬁﬁﬁgf"@ya?‘n%é?w%ﬁﬂ ?cﬁﬁ ]inﬁfl%lf iOXnth(‘}f Vﬁjl’elli‘ iagltﬂ ghé @%talzléﬁ@ a cross
sectional .yl b, L Dot @shSdr APRARAL YRuid Arahdfeshpgataruadapt er
222 via cglrélﬁgl\(ﬁegr selg(?ip%(rjljdzﬂg%1 aAdrapt er 2r22 IS esser%ti gl |y thggsarre as spi ke
adapt er 210 wbpweetivelyFi g. 20, with the exception that spike el ement 177,

body 202, and twi st off end 204 are repl aced by standard | uer connector
222, which is adapted to be connected directly to any |uer connector port.

It is noted tha t | I h@n and use
of fruid oiairen e aB, AB8 ek e B o e R A
adaptors, 18l gh@S18Dehbggethedplamat whdemidenofingemBrandheselosaré did adapt or s
can al so be attached to_the connection sgc_t' on of the enbodi mint of

appar at us an@ ateonwevented from mejang KEIWASAE tALEIeFe MEMBEARHEBCIRTHE| ar

ranner. -lﬁ%s-prevented from being inadvertently disengaged from the connector
section under normal handling. However, if a relatively large magnitude
vertical force is applied to the fluid transfer apparatus while the vial
adaptor is held in a stationary position, the vial adaptor can be
disengaged from the double membrane seal actuator, as will be described

herein below.

Figs. 17A and 17B show schematically the two most common applications
in drug preparation. Fig. 17A shows injection of a liquid into a vial and
Fig. 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 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



Wi | e sone enbodi ments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried out
with many nodifications, variations and adaptations, and with the use of
nunerous equivalents or alternative solutions that are within the scope of
persons skilled in the art, wthout departing fromthe spirit of the

I nvention or exceeding the scope of the clains. - 54 - CLAIMS 1. A
connect or section for use in a fluid t+rangsfer operation, said connector
section conprlsing a hollow cylindrical outer body having a. a distal

shoul der ad' 3%1' Mrrﬁﬁ%cﬁgt ﬂﬂsftﬁgﬁlllﬁ g ﬂe?rB uﬁnﬁahgfem nating

wth ano e proxim a fluird transfer
conponent aﬁﬁﬁraﬁ%s' ﬂ?%ﬁﬂ?ﬁ hehsGRdPy haEkity of dlluent. The first vial is now

disconnected from liquid 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 filled with powder or liquid drug. Now, with
the apparatus is held vertically with the vial at the bottom as shown n
Fig, 17A. The pharmacist now pushes down on piston rod cap 32 forcing
piston 34 distally and pushing the liquid out of liquid chamber 38
through conduit 48 and channel 179 (see Fig. 16) into vial 14.
Simultaneously, as the volume of liquid chamber 38 is 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 chamber and
therefore air (or an inert gas) inside vial 14 will be sucked through
channel 178 and conduit 46 into air chamber 40. Additionally and
simultaneously, as the liquid is added to the vial, the volume available
fbr the air in the vial is reduced creating a temporary state of positive
pressure, therefore the air is forced from the vial 14 through channel 178
and conduit 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 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.



b. a closed proximal cap having a central portion conprising connection
means protruding proximally fromit to connect to the distal end of a fluid
transfer apparatus; c. a needle holder protruding into the interior of said
outer body froma central portion of said closed proximal cap for retaining
therein at |east one conduit conprising a sharp pointed end and further
provided with apertures through which fluid is transferred during said
fluid transfer operation; and d. a doublgg rermbrane seal actuator

reci procably displaceable within the hollow interior of said outer body;

Bct uat or - rerthe PRy BRD s Brh E1RH FREHE Foquted IR ai g
casing a it Fhe 'PURNGsE BéerfiR@ls fHeevililshddptondirofm $hé dcomameitvg, wherein
a part of sard distal menmbrane dpr_ot rudes distally fromsaid casing, and
section of apparatus 10 and either injects the drug into an infusion ba
through a dedicated adaptor or sends the transfer unit to the ward where
the drug will 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
engagement 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 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 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 actuator 130
moves distally within body 128 the distal ends 46a and 48a of conduits 46
and 48 will be progressively pulled back through diaphragms 143 and
176 until they are back in their original position between membranes 143
and 130. When actuator 130 reaches the distal end of the interior 119 of
the connector section 25, the enlarged elements 161 and 162 are
outwardly displaced by the natural tendency of the resilient arms 133
and 134 to push the enlarged portions laterally outward within shoulder

portion 129. In this way the membrane enclosure 171 of the vial adaptor

160 is separated from the double membrane seal actuator 130.

Fig. 18 is a cross sectional view showing a spike adapter 200 used in

conjunction with fluid transfer apparatus 10 to transfer a drug to and



iv) at least two resilient arnms which are connected at a proximal end
thereof to an internedi ate portion of the exterior of said casing and
conprise enlarged elenents at their distal ends. - 55 - 2. A connector
section according to claim1, wherein when the doubl e nenbrane seal
actuator is at the distal end of the cylindrical body of said connector
section the enlarged elenents of the resilient arns are pressed into the
di stal shoul der portion of the cylindrigal -body of said connector section,
t hereby all ow ng the nenbrane enclosure at the proxinmal end of a fluid

transfer conponent to be | ted iqt.g t ' tNesdh staboand of
said conn ra%éﬁﬁaé’ﬁngﬁar‘@g@gan%édgﬁ}%tei{i]&%ﬁ;?grﬁn%% e n saiycatll nenbr ane
encl osur e 1£ARLRRLSs ERSHIRE tel@hehbal T &t ahe rpokimak eniadndrostamesddi st al |y
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. attached to infusion bag 206 using the spike adaptor shown in Fig. 18.
Continuing with the scenario described above, spike element 177 is
inserted into spike port 208 of infusion bag 206. The fluid transfer
apparatusl0 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 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 distal direction pushing the drug out
of the liquid chamber 38 in transfer apparatus 10, through liquid conduit
48 in connector section 25 and liquid channel 179 in spike adaptor 200
into infusion bag 206. Simultaneously, air from inside the infusion bag is
drawn through liquid channel 178 in spike adaptor 200 and air conduit
46 into air chamber 40 in transfer apparatus 10. After the drug has been
transferred to the infusion bag, the connector section 25 is disconnected

from spike adapter 200, as described herein above, the twist-off end 204



fluid transfer conponent to be reciprocably displaced within the hollow
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The presence of such a 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 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.

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 transfer apparatus attached to an infusion bag using the spike
adaptor shown in Fig. 20. Most of the components of spike adaptor 210
are the same as those of spike adaptor 200 shown in Fig. 18 and Fig. 19.
In addition to one-way valve 212 the other major difference between the

two spike adaptors is that in spike adaptor 210 air channe] 178 is not



b. initiating a double nenbrane engagenent operation by distally displacing
the outer body of said connector section until the nmenbrane encl osure at
the proximal end of said fluid transfer conponent is received in the
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Adaptor 210 enables injection of liquids into the bag regardless of the
bagfliquid/air position and it requires no presence of air in the 1V bag.
However, liquid can not be withdrawn from the IV bag using adaptor 210
since in order to draw liquid from the IV bag, the volume of the air
chamber in apparatus 10 is reduced, thereby creating a positive pressure
and closing valve 212. Note that while using adaptor 210 air can be
sucked into transfer apparatus 10 but no air or drug or vapors can ever
escape transfer apparatus 10, since for this to happen the pressure inside
the air chamber of the transfer apparatus would have to be higher than

that on the other side of valve 212, and therefore the one-way valve will

be in its normally closed configuration. In order to insure sterility and
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prevent the entrance of bacteria into the fluid transfer apparatus, a
standard 0.22 micron filter 216 is provided covering opening 218 into
channel 178'. After the drug has been transferred to the infusion bag, the
connector section 25 is disconnected from spike adapter 210, as described
herein above, the twist-off end 204 is twisted off and infusion bag 206 is
connected to an infusion tubing set and the drug is administered fo the

patient in the usual manner.

Fig. 22 is a cross sectional view showing an adapter 222 for transferring
a drug directly from a 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-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 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.

It 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.
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While some embodiments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried out with
many modifications, variations and adaptations, and with the use of
numerous equivalents or alternative solutions that are within the scope
of persons skilled in the art, without departing from the spirit of the

invention or exceeding the scope of the claims.
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CLAIMS

1. A connector section for use in a fluid transfer operation, said
connector section comprising a hollow cylindrical outer body having:

a. a distal shoulder portion radially protruding from said 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 fluid transfer 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
at least one conduit comprising a sharp pointed end and further
provided with apertures through which fluid is transferred during
said 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:

1) a cylindrical actuator casing;

i1) a proximal membrane that seals the proximal end of said casing

iii) a distal membrane that seals the distal end of said casing,
wherein a part of said distal membrane protrudes distally from
said casing; and

iv)at least two resilient arms which are connected at a proximal end
thereof to an intermediate portion of the exterior of said casing

and comprise enlarged elements at their distal ends.
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2. A connector section according to claim 1, wherein when the double
membrane seal actuator is at the distal end of the cylindrical body of
said connector section the enlarged elements of the resilient arms are
pressed into the distal shoulder portion of the cylindrical body of said
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 said connector section and advanced until
said membrane in said membrane enclosure contacts the part of the
distal membrane that protrudes distally from the casing of said

double membrane seal actuator.

3. A connector section according to claim 2, wherein 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 said enlarged elements at the distal end of the arms from
moving radially inwards thereby causing the distal actuator
membrane to be compressed against 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 said membrane enclosure;
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 coupled
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fluid transfer component to be reciprocably displaced within the

hollow interior of the outer body of said connector section.

. A connector section according to claim 1, wherein when the double
membrane seal actuator is at the distal end of the cylindrical body of
said conductor section, the sharp pointed end of the at least one
conduit are located between the proximal membrane and the distal

membrane of said double membrane seal actuator.

. A connector section according to claim 3, 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 end of said at least one
conduit penetrates the distal membrane of said actuator and the
membrane in the membrane enclosure, thereby establishing a fluid
path between said connector section and said flud 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 end of said at
least one conduit is pulled back through said distal membrane of said
actuator and said membrane in said membrane enclosure, thereby
breaking the fluid path between said connector section and said fluid

transfer component.

. A method for coupling the connector section of claim 1 to a fluid
transfer component in order to affect a secured double membrane

engagement, said method comprising the steps of:
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a. 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;

b. 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;

c. additionally displacing distally said outer body relative to said
fluid transfer 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

d. 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
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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
of said connector section, the sharp pointed end of the at least one
conduit penetrates the distal membrane of said actuator and the
membrane in said membrane enclosure, thereby establishing a
fluid path 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 end of said
at least one conduit is pulled back through said distal membrane
of said actuator and said membrane in said membrane enclosure,
thereby breaking said fluid path between said connector section

and said fluid transfer component.

7. A method according to claim 6 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.



