
lMETHOD AND APPARATUS FOR CONTAMINATION-FREE TRANSFER OF  A HAZARDOUS  DRUG
CLAIM  OF PRIORITY-    This application claims priority as a divisional of
U.S. patent application Ser.No 12/158,719, tiled on Jun. 23, 2008, which
claims priority as a 371 of international PCT/IL,2008/ 000550, filed on A.p
r. 27, 2008; which further claims priority to Israeli patent application
serial number 8 2 743 filed on Apr. 23, 2007 arid Israeli patent
application serial number 189584, filed on Feb. 18, 2008_ FIELD OF THE
INVENTION    The present invention relates to the -field of fluid transfer
devices. More particularly, the invention relates to an apparatus and
method for the contamination-free transfer of a hazardous drug from one
container 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-limitative examples of such drugs include,
inter alia, cytotox ins, antiviral drugs, chemotherapy drugs, antibiotics,
and radiopharmaceuticals, such as laerceptin, cisplatimana, fluorouracil,
lencovorin, taxol, metatroxat,   enazar, cyclophosplatunitle, cytoxan, and
rteosar, or a combination thereof, in a liquid, solid, or gaseous state.
TTazardous 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 month mask, and a laminar flow safety cabinet A
syringe provided with a ctuartula, i.e a hollow needle, is used for
transferring the drug from a vial. Adler being prepared, the hazardous drug
is added to a solution contained in a hag which is intended for parenteral
administration, such as a saline solution intended for intravenous
administration. 



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 bitali ties such as skin cancer, leukemia, liver
damage, malformation, miscarriage and premature birth. Such exposure can
take place when a drug containing receptacle, such as a vial, bottle,
syringe, and intravenous bag, is subjected to overpressure, resulting in
the leakage or 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 tritachanic.ally 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
2 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
the corresponding septum of the receptacle port adaptor or vial adaptor,
thereby preventing exposure of the syringe needle to the environment. The
syringe adaptor comprises a septa housing, a compression sprino seated
within the septa housing, and a needle sealingly mounted within the housing
and axially extending within the spring. The septa housing is movable
relative to the needle in order to expost, the needle tip.    This drug
transfer system is an open system, which comprises a membrane -vent and
filter, for venting at least one of the receptacle port adaptor, the vial
adaptor, and syringe adaptor to the atmosphere. After filtration, air
contaminated by micro-quantities of the drug vapors is nevertheless
exposecl to the environment. Another disadvantage of this drug mixing
system is that two septa are placed in mutual touching engagement by means
of the biasing force of the spring. The biasing force applied by the spring
is lower when the two septa are first placed in contact and increases as
the septa are pierced by the needle_ Consequently, any inadvertent movement
of the system when the two septa are first placed in contact is liable to
cause the two septa to be separated from each other and to cause a risk of
exposure of the dangerous drug to the surroundino-s. An additional
disadvantage of this system is that a securing device is engaged When the
spring is -hilly compressed, and a release mechanism for manually
disengaging the securing de-vice is needed in addition the system of the
invention comprises a venting filter, which vents air that might be
contaminated, by vapors of the drug to the environment.    It would be
desirable to provide a connector that causes two separated septa -to be
brought in locking engagement prior to a liquid transfer operation and to
be separated followina said operation without having to set a securing
device or a release rri ec h ni stn.    WO 02/11794, WO 03/086529, and LL
S. Pat. 1`4o. 6,715, 520 disclose a closed-systernfluid transfer assembly
for contamination-free drug transfer, i.e. without passage of a gas fnim
the interior of a receptacle containing a hazardous drug to the surrounding
environment. A connector to a drug bottle has a hollow needle for
penetratina the closure of the drug bottle at a predetermined angle when
establishing a fluid transfer line in a fluid transfer assembly. A
connector locking -member and membrane are included in a double membrane
bayonet coupling with the fluid transfer device. A gas channel within the
hollow needle transports gas from the bottle -to a flexible container
constituting a pressure compensator, and vice versa. The fluid transfer
device comprises a syringe and a coupling unit. The coupling unit has a
first part arranged for connection to the syringe and a second part
arranged for connection to the drug bottle connector_ The second part,
which can be telescoped into the -first part, is prevented from rising by a
dctent which slips into an opening of the -first part and its locked
position is released by an outwardly displaceable handle connected to the
detent. Alter the drug is received in the fluid transfer device, an
injection needle of the coupling unit penetrates a membrane cif 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 mixina 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  



3 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, pressing on the fluid transfer
assembly in order to retract the second part into the first part of the
coupling unit, and manipulating the syringe. An additional disadvantage of
this fluid transfer assembly is that a predetermined volume of air needs to
be injected to the flexible container prior to a liquid transfer 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 therelbre be exposed to the
surrounding air or is liable to be discharged from the syringe, thereby
endangering the operator and bystanders.    It is an object of the -present
invention to pro-vide a closed-system fluid transfer assembly that -is
adapted to prevent the leakage of a hazardous drug or air contaminated by
the hazanions drug or drug -vapors and prevents contaminants from the
environment from coining 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 voltune 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 dru     Ft is yet an
additional object of the present invention to provide a fluid transfer as
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 ofthe invention will become apparent as the description
proceeds. SUMMAR:Yr OF Ti IF. ilVATE,NITIO-NT    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 all equal volume of the second fluid is transferred frorn
the second container, to the first container.    As referred to herein,
-the term "contamination-free transfer 01'1iqui d" means that durina the
transfer process there is no leakage of the liquid or air contaminated by
the liquid or  



4 vapors of the liquid to the surroundings and also that no contaminants
from the surroundings come into contact with the liquid_    A "fluid
passageway" means a flow path between said syringe means and said
receptacle, which comprises at least one segment from each of said syringe
means and said receptacle that are in mutual fluid communication when said
syringe means is coupled to said receptacle.    A "segment" means a volume
enclosed by one or more walls in which a fluid can Bow.    As referred to
Herein, "proximal" means in a direction closer to a user who manipulates
the apparatus.    As reterred to herein, "distal" means in a direction
flintier 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 fittict 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 arc used -to contain, transport, and transfer a liquid drug from one
fluid transfer component to another or to a patient.    In a -first aspect
the invention is a method for the contamination-free transfer of liquid
from a first container containing a volume of the liquid and at least an
equal volume of gas to a second. container containing at least a volume of
gas equal to the amount of liquid that is to be transferred into it. The
method of the invention comprises the :following steps: a) providing a
fluid transfer device cornprisina: a closed container having a moveable
internal partition that divides the interior of the container into two
separate fluid tight chambers having variable -volt-in-le, 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 closed
by sealing means; b) providing a second segment of a gas channel and a
sect-MICA 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; 



c) 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 scaling 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 and a separate continuous
liquid channel between the interior ofthe first container and the interior
of the liquid chamber; d) 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; e) moving the internal partition in a first direction in order to
increase the volume oft he liquid chamber and instantaneously decrease the
pressure inside the liquid chain-  S her 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; 1) 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; g)
providing a third segment of a gas channel and a third segment of a liquid
channel, wherein the distal ends of the third segments are in fluid
communication with the interior of the second container and the proximal
ends of the third segments are closed 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 sea-merits, 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; 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 Iltrouolt the
continuous liquid channel into the second container and an equal volume of
gas to flow simultaneously from the second container through the confirmOUS
air channel into the on s chamber, wherein the flow of liquid in one
direction and simultaneous flow of gas in the other direction continues
until the internal partition stops moving and the equilibrium is
reestablished; and 



k) disconnecting the second container from the fluid transfer device by
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 betweeji the fluid transfer
device and the first  6 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 liquid and gas channels between them were provided.      if the
second container does not contain. a vo 'Time 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     A.
specific application in which the method of the invention can be used is
for the transfer of a hazardous drug from one container to another.     In
another aspect the invention is a fluid transfer apparatus for carrying out
the method of the first aspect. The apparatus comprises: syringe means,
means for releasably coupling the syringe means to a container in which a
liquid is storable, and fluid exchange means adapted to allow equalization
ofthe gas pressure within the syringe means to the gas pressure within the
container and to allow exchange of a desired-volume oft he liquid between
the container and the syringe means.     One embodiment of the flluid
transfer apparatus of the invention comprises: a) a syringe-I:ike proximal
section comprising: i) a cylindrical body; 



ii) a tubular throat; iii) 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; c) a liquid
conduit that passes through and is rigidly attached to the separating
element, wherein the distal end of the liquid conduit begins in the
connector section and the proximal end of the liquid conduit terminates in
the liquid chamber; d) a gas conduit that passes through and is rigidly
attached to the separating element, wherein the distal end of the gas
conduit begins in the connector section and the proximal end of the gas
conduit terminates in the gas chamber; and e) a membrane located at the
distal end of the connector section, wherein the membrane encloses the
distal ends of the liquid conduit and the air conduit isolating them from
the surroundings.     The connector section is configured to allow the head
portion of the _fluid 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 corn-  7 ponent 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 port ion of the
fluid transfer component.     In these embodiments the membrane located at
the distal end of the connector section can be a deformable membrane having
the shape of a truncated cone, which is firmly attached at its base to the
separating element and distally extends to the distal end of the distal
collar_ Safety means can be provided for preventing deforrmation 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 deformabl e
membrane in the cOnnector sec-non_ c) 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 thro 11 gh 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.
In other embodiments of the apparatus of the invention the connector
section comprises a hollow cylindrical o IA ter body_ The hollow
cylindrical outer body has: 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 port on 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 front the casing; and  8 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 ill e CFI brane 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 flu-id 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
inernbrane 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 naembnute enclo -
stare in secured and compressed engagement, preventing disengagement of the
actuator from the fluid transfer component, and allowing the actuator and
the coupled Enid 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 ofthe two conduits are such that, when the
actuator and the attached flnid transfer component are displaced
proximally, the sharp pointed ends of the two conduits penetrate the distal
membrane or the actuator and the membrane in the membrane enclosure,
thereby establishing a liquid path and a gas path respectively 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 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 conaults 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 sec-  9 tion 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 contacts
and is pressed against the membrane in the membrane enclosure at the
proximal end of the fluid transfer component. .011 ri g 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. This
prevents the actuator from moving proximally within the outer body of the
connector section. and d. Additionally displace distally the outer body
relative to the fluid transfer component untillthe 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 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 tlie
actuator and the in 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 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 connec- tor 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 all 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 the
outer body from a central portion of the closed proximal cap for retaining
therein at least one conduit comprisialo sharp pointed end and further
provided with apertures through which fluid is transferred 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 casino; 



b. a proximal membrane that seals the proximal end oft:he casing c. a
distal membrane that seals the distal end of the casing, wherein a part of
the distal membrane protrudes distally from the casino; and a. 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 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 firma the nttid transfer component, and allowing the actuator and
the coupled fluid transfer component to be reciprocably displaced within
the hollow interior off-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
the actuator arid the attached fluid transfer component are displaced
proximally, the sharp pointed ends of the two conduits penetrate the distal
membrane of the actuator and the membrane in the membrane enclosure,
thereby establishing a liquid path and a gas path respectively 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 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 ofthe 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 connector section of the invention can be con-pled to a fluid transfer
component in order to affect a secured double membrane engagement by
carrying out the following steps:  11 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 contacts and is pressed against the membrane in the membrane
enclosure at the proximal end of the fluid transfer component Tiviring this
step the enlarged elements at the distal end of the anus attached to the
double membrane seal actuator are held in the distal shoulder portion of
the outer body ofthe connector section by the sides of the membrane
enclosure, thereby preventing the actuator from Trioving 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 in of the actnator and the membrane in the membrane enclosure at the
proximal end of the second nnia 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 radii a! ly inwards,
thereby locking the distal actuator membrane against the membrane in the
membrane enclosure in secured and compressed engagement, preventing
disengagement of the actuator from -the fluid. transfer compo-  ent 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 liq-  id 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 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 connec- tor
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. TVRIFF 17F,SCRIPTION OF THE
EIR_AWINIC-S 



In the drawings:     FIG. 1 is a perspective view from the side of an
apparatus for transterrina 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_ 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
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 chain her of the apparatus of
FIG. 4;    FIG. 7 schematically illustrates the transfer of the hazardo-us
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-tree
drug transfer apparatus shown in FIG. 8; 



FIG. 10A is a cross sectional view of the ntlict transfer apparatus and
connector section shown in FIG. 7;    FIG. 10R, FIG_ 10C:, and FIG. 100 are
enlarged views of sections of FIC3-. 10A. iltut strat in a the air and
fluid passageways through the fluid transfer apparatus and c0.11 nector
section;    FTC+. 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 17E3 show
schematically the two most common applications in drug preparation;    FIG.
18 is a cross sectional view showing a spike adapter used in conjunction
with fluid transfer apparatus and connector section to transfer a drug to
and from an intravenous (EV) bag;    FTC+. 19 is a cross sectional -view
showing a fluid transfer apparatus attached to infusion bag using the spike
adaptor shown in FTC_ 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 FIC-i-. 22. fiETATI,F,E) OFSc-:RIVTICtET OF
PREFER-IWO ELIV113001MPINITS    The invention is a method that allows
contamination-free transfer of a liquid fro 117 onc container to another
and devices inchtding embodiments of a transfer apparatus and adaptors that
are used to carry out the method. The main ad-vantages 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 tb contaminants -from the
surroundings cOrrle into contact with the    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 etc-maple, liquid can be withdraw from a first
container and then part of it injected into live different containers,
following which part of the liquid can be withdraw front 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 earn contamination-  13 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 liquid 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 having a moveable internal partition that divides the interior of
the container into two separate Enid tight chambers haying variable
-volume, wherein one of the chambers is a gas chamber and the other of the
chantbers 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 Enid 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; 



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 enclosed by sealing means; c) pushing the
distal end of the first segments in the direction of the proximal end oft
he 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 and a separate continuous liquid channel between the interior
of the first container and the interior of the liquid chamber; d) al lowing
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; e) 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 ea-used by moving the internal
partition cause liquid -to flow itroni 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 oflicjuici in one
direction and simultaneous  flow of gas in the other direction continues
until the internal partition stops moving and the equilibrium is
reestablished; 1) 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 ofthe
second segments, and through the sealing means at the distal encl of the
first segments, thereby enclosing the ends of the first segments; g)
providing a third segment of a gas channel and a third segment of a liquid
channel, wherein the distal ends of the third segments are in Enid
communication with the  14 interior of the second container and the
proximal ends of the third segments are enclosed by scaling 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 cifthe 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 chamber, wherein the flow of liquid in one
direction and simultaneous flow of gas in the other direction continues
until the internal partition stops moving and the equilibrium is
reestablished; and k) disconnecting the second container from the fluid
transfer device by pulling the distal ends of the first segments back out
of the proximal ends of the third segments, through the sealing meal-is 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.
Illustrative embodiments of the devices used to carry out the method are
described herein below.     FICi. 1 illustrates a perspective view of an
apparatus -10 for transferring Hazardous drugs without contaminating the
stirrap-niacin:10s, 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, c.a. a vial 14 or an intravenous (f`yr) bag in which it
is contained and to subsequently transfer the drug to another fluid
transfer component.     Connector section 25' of transfer apparatus 10 is
shown to comprise integral distal collar 18, which is suitably sized to
surround head portion 20 cif-via114, locking elements 22a and 22b for
releasably engaging head portion 20 of vial 14 within collar 18. Proximal
section 27 of apparatus 10 comprises cylinder 24, tubular throat 26 having
a considerably smaller diameter than cylinder 24 and extending from
cylinder 24 to collar 18, annular rubber stopper 28 fitted on the proximal
end of cylinder 24, hollow piston rod 30 which sealinoly passes through
stopper 28, and 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 is internal to, and integrally formed with, throat 26. Piston 34
defines two chambers of variable volume: a distal liquid chamber 38 between
the distal face of piston 34 and separating element 36 and a 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 madefortned 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_ Vaistal ends 46a and 48a of conduits 46 and 48,
respectively, which are substantially equally spaced from distal end 44 of
collar 18, have sharp pointed ends. Elongated conduit 46 is an air conduit
and extends through the hollow piston rod 30. Piston rod 30 is formed with
a distal aperture SO, so that air, which flows through conduit 46, is able
to exit from the interior of piston rod 30 via aperture 50 to air chamber
40. Conduit 48 is a liquid conduit through which a solution of a hazardous
drug can flow from vial 14 to transfer apparatus 10 or vice versa. Conduit
48, which is considerably shorter than air conduit 46, terminates within
liquid chamber 38.    As shown in FIG. 3, hollow piston rod 30 may be
attached to piston 34 by means of an annular disc 52, c.a. made of plastic,
which is engaged with piston 34. A. plurality of reinforcing ribs 54 are
attached to the proximal face of disc 52, and a central sleeve 56 is
connected to each rib 54, Sc) that piston rod 30 may pass through sleeve 56
while piston 34 is in sealing engagement with cylinder 24. The air condnit,
which -is not shown, passes 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 MO_ 1), to prevent the outward leakage of
hazardous drug 60 contained within vial 14.     Llefore transfer apparatus
10 and vial 14 are coupled, they are moved closed together. Li.icking
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 and conduits 46 and 48 penetrate
both membrane 42 and seal 58 to establish fluid communication between the
interior of vial 14 and air chamber 40 and liquid chamber 38 in transfer
apparatus 10. When head portion 20 is pressed tightly into collar 18, the
pointed ends 62c1 and 62b respectively of locking elements 22a and 22b
engage distal edge 64 of head portion 207 This locks the transfer apparatus
It) firmly to head portion 20 and keeps membrane 42 tightly pressed against
seal 58, thereby preventing con Laminationthe interior of the transfer
apparatus and vial and also escape of the fluids within them to the
surroundings. 



When conduits 46 and 48 penetrate membrane 42 and seal 58 of vial 14, two
alternate fluid pa ssao eways are formed. The first passageway is an air
passageway defined by the interior of vial 14, air conduit 46, and air
chamber 40. The second passageway is a liquid passageway defined by the
interior of vial 14, liquid conduit 48 and liquid chamber 38_ The interior
of vial 14 which is not occupied by drug 60 may serve alter-  16 nately as
a passageway for air or for liquid, depending on winch fluid occupies the
proximal portion of the interior, as will be described hereinafter. Since
the two fluid passageways are internal to transfer apparatus 10 and to vial
14, a 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 merabrarie 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 surroundings and injury to a
user. When the solid ring is removed, conical membrane 42 is able to be
compressed and transfer apparatus 10 is able to be coupled to head portion
20 of vial 14, as described bereinabove.     The initial pressure of air
within air chamber 40 and of air, or any other gas retained within interior
space 60 of vial 14, rnay be slightly greater or less than atmospheric
pressure. Although there may be an initial pressure difference between the
air in air chamber 40 and the gas in the interior 66 of vial 14, upon
penetration of membrane 42 and seal 58, the pressure- within the air
passageway quickly achieves equilibrium. During this stage, liquid conduit
48 is also in communication with the air which occupies the proximal
portion of interior 66 of vial 14, and therefore liquid chamber 38 of
transfer appafnls 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 and simultaneously of air fi-cina 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 pi ston rod cap
32 is proximally displaced, the volume of liquid chamber 38 is increased,
causing the liquid drug to be drawn by suction from vial 114 through
conduit 48 into liquid chamber 38 within transfer apparatus 10. The entire
amount of the drug in the vial, or any desired portion thereof, may be
transferred to liquid chamber 38. As the piston is pulled proximally to
cause liquid to be transferred from vial 14, the volume of air chamber 40
simultaneously is reduced, causing the air within chamber 40 to flow
through conduit 46 to interior 66 of vial 14. The air flowing into vial 14
occupies the volume of the liquid that has been transferred out. The air
will continuo to flow through conduit 46 into the vial until the piston
stops moving ancl the pressn re within air chamber 40 and interior of vial
:14 again reaches equilibrium.     After the desired amount of drug is
transferred to liquid chamber 38, win-fret-ore:nice again to FIG. 4,
locking elements 22a and 22b are released front head portion 20 of vial 14.
Transfer apparatus 10 is then separated from vial 14 by another axial
_motion, i.e. by being pulled axially apart. When_ the vial separates front
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. 21) ofconduits 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 cif -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.  17 



2; thereby sealing the air contaminated by contact with the drug inside air
chamber 40 and the drug within liquid chamber 38_    FIG. 7 schematically
illustrates the transfer of the hazardous drug front 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
liq-uid from the IV bag. -Adaptor 70 is configured with a central bore 78,
in which pert 72 is inserted, and a plurality of -fins 80 lying in planes
that pass through the bore axis. As adaptor 70 is mounted about inlet port
78, fins 80 contact outer wall 82 of inlet port 72 by a press fit. Aflaptor
70 is also provided with a head portion 84, which has substantially the
same shape and dimensions as head portion 20 of -vial 14 CFTC. 2).    The
IV bag is inverted such that it is below adaptor 70_ Tn this orientation,
the gaseous medium retained within the IV bag, e.g. air, is above the
liquid. Transfer apparatus 10 is then coupled to adaptor 70 by pushing head
portion 84 of adaptor 70 into collar 18 at the distal end of transfer
apparatus 10. As head portion 84 of adaptor 70 is introduced within the
cavity defined by collar 18, the distal end of membrane 42 is pressed
against rubber seal 76 in the neck of port 72 of IV bag 74. Continued
pushing of head 84 into collar 18 causes conical membrane 42 to collapse
towards its base and conduits 46 and 48 penetrate both membrane 42 and seal
76 to establish fluid commtmication between the interior of TV bag 74 and
air chamber 40 and liquid chamber 38 in transfer apparatus-10_ When head
portion 84 is pressed tightly into collar 18, the pointed ends of locking
elements 22a and 22b engage distal edge 86 of head portion 84_ This locks
the transfer apparatus 10 firmly to adaptor 84 and keeps membrane 42
tightly pressed against seal 76, thereby preventing contamination of the
interior of the transfer apparatus and TV bag and also escape of the fluids
within thcan to the surroundings. After transfer apparanislOis coup led 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 as the liquid drug is transferred to the TV bag, the volume
of air channbcir 40 is increased, causing the gaseous medium retained in
the IV bag, e_g_ air, to be transferred by suction to air chamber 40. The
air ceases to flow through conduit 46 when piston stops moving and the
pressure within air chamber 40 and within the IV bag reaches equilibrium.
After the required amount of the drug is discharged into the IV bag, The
proximal ends of locking elements 22a and 22b are pressed inwards to
release collar 18 front head portion 84 of adaptor 70_ Transfer apparatus
10 is slowly pulled apart from adaptor 70. As this separation takes place,
conduits 46 and 48 are pulled back through seal 51, which continues to
serve as a fluid barrier to prevent leakage front IV bag 74, and through
membrane 42, which returns to its conical shape isolating the interior of
liquid transfer apparatus 10 from the surroundings.    Transfer apparatus
10 _may also be used to draw a liquid from the TV 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
TV 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 camtula spike element Ibr piercing the seal in the port of
the IV bag, with a secondary port similar to the port of the TV bag, to
which the tubing of an infusion set can be c011.-  18 nectcd, and with a
port which has substantially the same shape and di nensions as head portion
20 of vial 14 (FIG. 2), to which the transfer apparatus 10 is then coupled.
FIG. 8 is a vertical cross sectional view of another embodiment of the
contamination-free drug transir apparatus 10 of the invention. In this
embodiment of the invention, proximal section 27 of apparatus 10 is
identical to that of the first embodiment described hereinabove.    As
shown in FIG. 9, connector section 25 is connected to the throat 26 of
proximal section 27 by means of a collar 124 which proximally protrudes
Thom proximal cap 113 and stir-rounds throat 26. Throat 26 and collar 124
can be formed together as a single element at the time of manufacture, or
permanently attach-ed together, e_o_ by means of glue or welding, or formed
with a coupling means, such as threaded engagement or a liter connector.
The connector section coin-prises a compressible and reciprocable double
membrane seal actuator which as surnes a normal, relaxed. conflartratioil
by which the needles are concealed when the double membrane seal actuator
is disposed in a first, distal position and which is compressed to expose
the needles when proximally displaced. Connector section 25 is adapted to
be releasably coupled to another fluid transfer component, which_ can be
any fluids container with a standard connector such as a drug vial,
intravenous bag, or an intravenous line to produce a "fluid transfer
assembly", throngh which a fluid is transferred from one fluid transfer
component to another_ As shown in FIG. 9, connector section 25 comprises 



hollow outer body 128, a distal shoulder portion 129 radially protruding
from body 128 and ternainatino with opening 126 through which the proximal
end of a fluid transfer component is inserted for coupling, a donble
menabrane seal actuator 130 reciprocably displaceable within the interior
of body 128, resilient ant-ms 133 and 134 which are connected at a proximal
end thereof to an intermediate portion of cylindrical actuator casing 137,
and stationary air conduit 46 and liquid conduit 48 that are retained in
needle holder 115, which protrudes into interior 119 of connector section
25 from a central portion of closed proximal cap 113 thereof. Needle holder
115 is part of the ou ter body 128 and proximal cap 113 to which the
needles are bonded.    Conduits 46 and 48 distally enend from needle holder
115, piercing membrane 142 of actuator 130. The distal ends of conduits 46
and 48 have sharp pointed ends 46a and 48a, respectively, and further
provided with apertures 111 and 112, respectively, through which fluid is
transferred 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   pressure
equalization arrangement in which the same volt-tine 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 e.hamber 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. 10C) formed
at the distal end of piston rod  19 30. Conduit 48, which is considerably
shorter than air conduit 46, is adapted to allow a solution of a drug to
flow into liquid chamber 38.     Double membrane seal acnuator 130
comprises a proximal disc shaped membrane 142 having a rectangular
cross-section and a distal double disc shaped membrane 143 having a
T-shaped cross-section with a rectangular proximal portion 144 and a distal
portion 147 disposed radially inwards with respect to proximal portion 144.
Membranes 142 and 143 are seated within casino 137, while distal portion
147 protrudes distally from easing 137. Arrias 133 and 134 of equal length
are elongated and are substantially longitudinally disposed, being attached
at connection points 161' and 162', respectively, to casing 37. Arms 33 and
34 terminate with- distal enlarged elements 161 and 162, respectively. The
resilient arms 133 and 134 are designed such that,- if not prevented -from
doing so, the distance between enlarged elements- 161 and 162 is larger
then the diameter of connector section 25_ Enlarged elements 161 and 162
are configured to be received in, and engaged by, shoulder portion 129 when
actuator 130 is disposed in a 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 surroundings, 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 surroundino-s.     FTC. 10A is a cross
sectional view of the fluid transfer apparatus 10 of the .invention. FTC+.
10D, FIG. 10C, and FIG. 101) are enlarged views of sections IS, C, and D of
FICi. 1_0A illustrating the air and. fluid passageways through the fluid
transfer apparatus. Referring- to 1073, it can be seen how liquid conduit
48 passes through proximal cap 113 and the throat section 26 of the
cylindrical wall 24 of transfer apparatus 10 and terminates inside distal
liquid. eh-umber 38. In FIG. 109C it is seen how the proximal end of the
liquid chamber 38 is defined by the distal surface of piston 34. Air
conduit 46 passes through liquid. chamber 38 and can be seen in -FT 0_ 10C
passing through piston 34, disc 52, and reinforcing ribs 54 and entering
the interior of hollow piston rod 30_ Conduit 46 terminates near the top of
cylindrical portion 24 of device 10. Air which enters at the distal end of
conduit 46, can only exit at the distal end, where the air passes into the
interior Of hollow piston rod 30. Seen in FIG. 10C are one or more
apertures 50 at the bottom of piston rod 30 that allow the air to enter
proximal air chamber 40. As seen in FICS. 1.013 and 10C respectively, the
distal end of air chamber 40 is defined by the proximal silt-Rice of piston
34 and its proximal end is defined by the distal surface of rubber stopper
28. It can be understood from. FIG. 10A to FIG. 100, that as the piston is
moved, for example in the proximal direction, the -volume of liquid chamber
38 increases and the volume of air chamber 40 decreases by the stitne
amount. It is noted that rubber stopper 28 and piston 34 of transfer unit
10 and membranes 142 and 143 of connector section 25 are conventional
self-sealinotypes 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.    FTC 11 and MG_ 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. Vial adaptor 160 can also be -used with the
first embodiment of the 'fluid -transfer device. One of the main reasons
for introducing a vial  



20 adaptor is that the -top external surface of the membrane 58 that seals
the top of commercially available drug -vials are typically not smooth.
Therefore the vial connector is used to provide a smooth seal to seal
contact with the distal portion 147 of merribrane 143 at the distal en a of
connector section 25 that is necessary to provide contamination-free
transfer ofthe drug. Additionally, the material of which the membrane 58 is
typically made has poor performance, i.e. when it is pierced by needles, it
disintegrates and leaks alter being punctured several times.    Vial
adaptor 160 comprises a collar portion 165 provided with an annular
proximal cap 168 and a longitudinal extension 169 projecting proximally
from cap 168. Longitudinal extension 169 is a second reason for using the
vial adaptor. It is much longer than the neck on a conventional drug -vial
and therefore -fits into opening 126 at the distal end of connector section
25 to allow transfer of the drug as described herein-below. Collar portion
165 consists of a plurality of circumferential segments 167 formed with a
convex lip 163 on the inner face thereof, for facilitating securement to a
head portion 20 of a -vial 14. T,onaitudinal extension 169 terminates
proximally with a membrane enclosure 171 haying 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 cylindrical, hollow outer body 128 of
connector section 25 there is a ridge or pin (neither slot nor ridge are
shown in the figures). Ouring the connection the ridge/pin nrust enter and
slide in the slot, in any other orientation the ridge/pin will contact
membrane enclosure 171 and will prohibit further COTInectino movement. The
ridae/pin and slot are located on -their respective parts so that the
conduits 46 and 48 will always enter their designated channel within the
longitudinal extension 169. Longitudinal extension 169 terminates distally
with a spike element 177 which protrudes distally from cap 68. Spike
element 77 is formed with openings 188 and 189 in coniniunica lion with
channels 178 and 179, respectively.    Vial 14 has a central, proximal seal
58, which is adapted to prevent. the outward lea Rage of a drug contained
therein. When a distal force is applied to vial adaptor 160, the spike
element pierces seal 58 of-vial 14, to allow channels 178 and 179 to
coriuminicate with the interior of drug vial 14. When this occurs,
circumferential segments 167 of the collar portion 165 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 hairnets 178 and 179 are sealed by
membrane 176, preventing air from entering or anio from exiting the
interior of vial 14.    Fie_ 13 to MO_ 16 illustrate, respectively, the
secured double incambrane engagement procedure made possible by actuator
30. As shown, distal menibrane 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 follows: Step 1 'Membrane enclosure 171 of vial adaptor
160 is positioned close to distal opening 126 of connector section 25. Step
2 -A double membrane engagement procedure is initiated by distally
displacing body 128 of connector section 25 until membrane enclosure 171
and extension 169 of -vial adaptor 160 enters the distal end of the  21
interior 119 of connector section 25. Step 3Membrane 143 of actuator 30 is
caused to contact and be pressed against the stationary membrane 176 of
vial adaptor 160 by additional distal displacement of body 128. After the
membranes are pressed tightly together the enlarged elements 161 and 162
are released from the shoulder portion 129. At this stage, membranes 143
and 176 are held pressed together by enlarged elements 161 and 162 and
disengagement of actuator 130 from vial connector 160 by a relative
proximal displacement is prevented. Step 4 Additional distal displacement
of body 128 causes actuator 130 to move proximally relative to body 128
until the tips of conduits 46 and 48 pierce membranes 143 and 176 and are
in _fluid cornmunication to the interior of vial 14_ These four steps are
performed by one continuous axial-motion as connector section 25 is
distally displaced relative to the -vial adaptor 160, and they will be
reversed to separate connector section 25 from vial adaptor 160 by holding
connector section 25 stationary and displacing -vial adaptor 160 distally.
It is important to emphasize that the procedure is described herein as
comprising four separate steps, however this is for ease in describing the
procedure only. It is to be realized that in actual practice the secured
double membrane engagement (and disengagement) procedure using the present
invention is carried out -using a single smooth axial movement.     The
first step of the procedure of connecting the connector section 25, to
which _fluid transfer apparatus 10 is attached, to the -vial adaptor 160,
to which -vial 14 is attached, is illustrated in FIG. 13. In the stage
shown in FIG. 



13, the double membrane seal actuator 130 in its first, distal! position at
the distal end of connector section 25 and brought close to the membrane
enclosure 171 of vial adaptor 160. All of the elements of fluid transfer
apparatus 10, connector section 25, -vial adaptor 160, and -vial 14 shown
in FIG. 13 have been described hereinabove with reference -to FIG. 9 and
FIG. 12. -     _FIG. 14 illustrates the second step of the secured double
membrane engagement procedure. The di am et er of mentbrane enclosure 171
is less than the spacing between enlarged c-lernents 161 and 162 when they
are :held in shoulder portion 129 by the natural tendency of the -flexible
arms 133 and 134 to rush the enlarged portions laterally outward. This
allows for effortless entry ofniernbrane enclosure 171 into interior of
119. As connector section 25 is pushed in the direction of-vial adaptor
160, enlarged elements 161 and. 162 are held in shoulder portion -129 and
prevented from moving inwards by the sides of membrane enclosure 171_
-tipper surfaces 131 and 132 of shoulder 129 are in contact with the distal
portion of arms 133 and 134, respectively, and prevent them from being
proximally displaced relative to body 128 of connector section 25.     FIG.
15 illustrates the third step of the secured double -membrane engagement
procedure_ Upon additional distal displacement of connector section 25, the
distal membrane portion 147 of T-shaped membrane 143 enters central opening
172 (FIG. 11) of membrane enclosure 171. flistal membrane portion 147
contacts membrane 176 of the vial adaptor and the two unenAtiraties 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 Itorn being able to ascend into the body 128 of connector 25
by the enlarged elements 161 and 162, which are prevented from coming out
of the distal shoulder portion 129 the wall of the IC body 28 of connector
25 by the outer surface of membrane enclosure 171 of -vial adaptor 60. As
more force is applied to push connector section 25 and vial adaptor 160
together, the amount of compression of the membranes  22 increases allowing
the longitudinal extension 169 and membrane enclosure 171 to move further
into the interior of 119 until the sides of membrane enclosure 171 have
moved past the enlarged elements 61 and 62. Once they are no longer blocked
by membrane enclosure, enlarged elements 161 and 162 are able to move
radially inwards, are released from shoulder portion 129, and abut the
distal underside 181 of membrane enclosure 171. At this stage, the two
membranes 143 and 147 are locked together in secured and compressed
engagement     FIG. 16 illustrates the fourth step of the secured double
membrane engagement procedure. Enlarged elements 161 and 162 have been
released from shoulder portion 129 of connector section 25 and are
pre-vented from moving laterally outwards by the interior wall of body 128
of the connector section. This keeps membrane enclosure 171 of the vial
adaptor fixedly attached to the double seal actuator 130. Additional distal
displacement of connector section 25 relative to vial adaptor 160 will
cause double membrane seal actuator 130 and the attached vial connector 160
to move proximally within the interior 119 of connector section 25. Since
conduits 46 and 48 are rigidly fixed in needle holder 115 at the proximal
end of connector section 25, as double membrane seal actuator 130 Moves
proximally, the pointed distal ends 46ti and 48n of conduits 46 and 48 will
be progressively forced through diaphragms 143 and 176 until they enter
long ni tdinal channels 178 and 179 in the vial connector 160. Since vial
connector 160 had previously been connected to vial 14, spike 177
penetrates membrane 165 at the top of the vial 14 and therefore there now
has been established two independent fluid passageways between the interior
of the vial 14 and the distal liqilid Chamber 38 and proximal air chamber
40 in the titna transfer apparatus 10 respectively.     As shown -in FIG.
16, the proximal interior surface of enlarged elements 161 and 162 engage
the planar underside of membrane enclosure 171 and are prevented from
moving outwards; therelbre membrane enclosure 171 is prevented Eon being
inadvertently disengaged from the connector section -under normal handling.
iiilciwever, 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.     FIG-S. 17A
and. 1713 show schematically the two most common applications in drug
preparation. FIG. 17A shows injection of a liquid into a vial and FIG-.
1713 shows withdrawal of liquid from a vial. In FIG. 1713 are shown the air
bubbles created by the air entering the vial from air chamber 40 through
the air condnit. 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.
Thufs.liiir apparatus 10 is now held as shown in FIG. 1713 and the
pharmacist fills the fluid chamber 38 of fluid transfer apparatus 10 with a
measured quantity of diluent. 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 in Fig, 17A_ "file
pharmacist now pushes down 011 piston rod cap 32 fore-  23 



ing piston 34 distally and pushing the liquid out of liquid. chamber 38
through conduit 48 and channel 179 (see FIC. 16) into vial 14.
Simultaneously, as the volume of liquid eh:anther 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
for the air in the vial is reduced creating a temporary state of positive
pressure, therefore the air is forced front 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. 1713 and
pulls piston rod cap :in the proximal direction to draw the required
quantity of drug out ofthe vial and into the liquid chamber 38 of the
transfer unit 10. "Ilae 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.     Once the transfer unit 10 has
been filled with the required quantity of drug, the pharmacist disengages
the vial adaptor from the connector section of apparatus 10 and either
injects the drug into an inflision bag 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 front
connector section 25 of fluid transfer apparatus 10 the four stages of the
seemed double membrane engagement procedilre are performed continuo-Us:1y
in reverse order. That is, vial adapter 160 and connector section 25 are
gripped lintaly 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 other 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 cif 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 46n 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 Sh011Ider
portion 129. In this way the membrane enclosure 171 of the vial adaptor 160
is separated front 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 from an intravenous
(IV) bag. Spike adapter 200 comprises body 200 terminating in spike element
177 at the proximal end and a standard "twist off" end 204 to a spike port
Itir connecting an infusion set at the distal end. Substantially at right
angles to body 202 is a longitudinal extension 169. At the end of
longitudinal extension 169 are membrane enclosure 171 and membrane 176.
These elements are exactly as described hereinabove with respect to vial
adaptor 60 ofFIC.3. 11 including the presence of two separated channels 178
and 179 from the tip or spike element 11.77 to membrane 176.  24    FIG.
1.9 is a cross sectional view showing the fluid transfer apparatus 10
attached to infusion bag 206 using the spike adaptor shown in FIG-. 18.
Continuing with the scenario described above, spike element 177 is inserted
into spike port 208 ofinfusion bag 206. The fluid transfer apparatus 10
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 theba g occupied by air (or
inert gas), is up and the tip of spike element 177 is located in this air
arid 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 Tfirona spike adapter 200, as
described herein above, the twist-off end 204 is twisted off and InfiTsion
bag 206 is connected to an infusion tubing set and the drug is administered
to the patient in the usual manner_     Spike adaptor 200 is also used to
draw liquid from an TV bag in the same manner as described above for
drawing a drug from a vial. In this case the IV bag is hung such that the
spike element 177 is positioned at the bottom of the liquid and is
surrounded by that liquid. Such liquid is typically used as a diluent lbr
dissolving (reconstitution) of powder drugs in vials. It should be noted
that injecting liquids through adaptor 200 into an infusion bag requires
the presence of at least the same volume of air in the bag as the injected
liquid in order to enable air/liquid exchange. The presence of suclra
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 Iiqnid
is first withdrawn from the ban- (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 TV bag. Although bag
adaptor 200 is suited for liquid withdrawal and injection of liquid into an
Tv bag that contains a sufficient -volume of gas; _Lin- the case when the
rv bag does not contain a sufficient '1/470111170.e 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
thud transfer apparatus attached to an infusion hag using the spike adaptor
shown in FI CI . 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 channel 178 is not
continuous from the tip of spike element 177 to diaphragm 176. The channel
is blocked so that air call not pass between the interior of the IV bag and
air chamber 40 in transfer apparatus 10. In spike adaptor 210 a channel
178' is provided in longitudinal extension 169. -VVIacri the tip of air
conduit 46 penetrates through diaphragm :176 it enters the proximal end of
channel 178'. Air enters channel 178' through opening 218 from the one-way
valve_ The operation of one-way valve 212 is easily understood from FIG.
20. Inside the valve is donac shaped rubber cap 214_ The center of the cap
is attached to the frame of the adaptor and the circumference sits on a
flat seat 220. When liquid is injected into IV bag 206 from liquid chamber
38, the volume of the air chamber 40 in transfer apparatus 10 is increased
creating a tempo-  25 rary state of air negative pressure. Negative
pressure on the side of the -fluid transfer apparatus causes the cap 214 to
"lift off' seat 220 allowing ambient air to be sucked in through the one
way valve 212 and air to flow through hole 218 into channel 17W. In the
absence of negative pressure or if there is a positive pressure on the side
of the fluid transfer apparatus, then the cap 214 is pushed down onto seat
220 blocking the flow of air through valve 212. Adaptor 210 enables
injection o 1liquids into the bag regardless of the bag/liquid/air position
and it requires no presence of air in the IV 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 ofthe air chamber in apparatus 1 0 is
reduced, thereby creating a positive pressure and closing valve 212. /Vote
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 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 to the patient in the
usual manner_ 



FIG. 22 is a cross sectional view showing an adapter 222 fortransferring a
drug directly from a fluid transfer assembly 10 of the invention into any
fluids receiver which is equipped with a standard liter connector as a
port, such as: infusion tubing leading directly to the bloodstream of a
patient, nt bing systems, receptacles, stopcocks, etc. A_dapter 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 ofliquidthat 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 offend 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.    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.  26 The invention claimed is:     1. A connector
section for use in a imid 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 a proximal end of a fluid transfer component can be
inserted for coupling; (b) a closed proximal cap haying a central portion
comprising connection means protruding proximally from it to connect 10 a
distal end of a fluid transfer apparatus; (c) a needle holder protruding
into the interior of said outer body from the central portion of said
closed proximal cap for retaining therein at least one conduit comprising -
a sharp pointed end and further provided with an aperture 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: 



(i) a cylindrical actuator casing; (ii) 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_    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 mernbrane enclosure the pro Xilaaa
1 end of the 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 fr011ia moving radially inwards thereby
causing the distal actuator membrane to be compressed against the membrane
in said membrane enclosnre 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 fluid transfer component to be reciprocably displaced within
the hollow interior of the outer body of said connector section.    4. A.
connector section according to el ai ni. 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 proximal membrane and the distal membrane of said double
membrane seal actuator_  27     5. A connector section according to claim
3, wherein the distance tha 1 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 at least one
conduit 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 fluid transfer component; and, when
said actuator and attached fluid transfer component are displaced distally
within said hollow interior of said other 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 inernbrane
enclosure, thereby breaking the fluid path between said connector section
and said fluid transfer component. 



6. ,af 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: (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 or said connector section until a membrane enclosure at the
proximal end of said fluid transfer component is received in the interior
of said connector section; (c) additional ly displacing distally said outer
body relative to said fluid transfer component until the distal membrane of
said actuator contacts and is pressed against a 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
anusattached 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 crick,-    re. thereby preventing said actuator from
moving proximally within said outer body of said connector section; and  28
(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 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 di sencnurement of said actuator from
said fluid transfer corn-patient, and allowing said actuator and said
attached fluid transfer component to be reciprocably displaced within the
hollow interior of the outer body of said connector section, whereupon when
said actuator and attached fluid transfer component are displaced
proximally within the hollow interior of said outer body 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 component 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. 


