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(57) ABSTRACT 

A System is provided for the Storage and injection of a 
beneficial agent. The System includes a barrel, the barrel 
having a loading end and a distal end, and a piston having 
an elastomeric portion Slidably disposed in the barrel bore. 
A receptacle pre-filled with the beneficial agent is loaded 
into the loading end of the barrel and is movable with the 
piston. A tubular flow connector is carried by the piston for 
connecting the receptacle to a distal chamber of the barrel So 
that the agent can flow from the Storage receptacle into the 
distal chamber when the piston is retracted away from the 
distal end of the barrel. A Structure is provided along a 
portion of the receptacle to allow the agent to flow from the 
receptacle, through the flow connector and into the distal 
chamber without being inhibited by the development of 
negative pressure within the receptacle. 
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SYRINGE SYSTEM FORTRANSFER OF 
MEDICATION FROMA PREFILLED 

MEDICATION CONTAINER 

0001) This is a division of application Ser. No. 08/699, 
979, filed Aug. 20, 1996, which was a division of application 
Ser. No. 08/655,754, filed May 30, 1996, which was a 
continuation of application Ser. No. 08/231,430, filed Apr. 
22, 1994, which was a Continuation-in-Part of application 
Ser. No. 08/196,455, filed Feb. 15, 1994, the disclosure of 
each of which is hereby incorporated by reference as if 
completely disclosed herein. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0002) Appln Ser. No. 08/196,455 presents the back 
ground of multi-chambered Syringes which are used for 
Sequential injection and/or the mixing of drugs and Solu 
tions. Additional background of enclosed drug-mixing Sys 
tems is provided in U.S. Pat. No. 4,614,267. As described 
within the backgrounds of the many patents presented in the 
aforementioned application, it is advantageous to Store a 
drug in a powdered or liquid form and then mix the drug in 
the same enclosure which is Subsequently placed in fluid 
connection with the patient. More Specifically, it is advan 
tageous to provide mixing within a Syringe So that recon 
Stitution within a Separate drug vial becomes unnecessary. 
This, however, must be provided at minimum cost and 
would preferably utilize materials to Store the drug, Such as 
glass, which have been determined appropriate by the U.S. 
Food and Drug Administration for long-term Storage of 
drugs. So that the evaluation of the leaching or interaction 
between the drug and the drug container is unnecessary. 
Such compatibility evaluations are associated with consid 
erable delay and development expenses. PCT Patent Appli 
cation # WO92/01485 describes a syringe for this purpose 
having a glass insert and including dual pistons. The Syringe, 
however, includes a complex barrel having multiple bores 
and bypass regions. This Syringe requires complex molding, 
assembly, and Sealing. However, with respect to drug admin 
istration Systems, reduced cost, simplicity of design and 
molding, versatility of use, compatibility with automated 
drug dispensing Systems, and ease of Sterile assembly and 
use are the major factors defining Success. It is particularly 
useful to provide a System using a conventional type glass 
Vial and a convention Smooth bore Syringe barrel of the type 
in wide use and inexpensively molded of polypropylene in 
mass quantities and in a wide variation of bore sizes. AS will 
be evident from the following discussion, the present inven 
tion operates to overcome many existing problems in the 
present art. 

0003. The sequential aspiration, mixing, and injection 
Syringe includes a barrel having an inner wall and a main 
bore which is preferably conventional and Smooth along 
Substantially its entire length. The Syringe includes a piston 
assembly having a proximal portion and a distal portion and 
a connecting element intermediate the portions. The portions 
are sized to be received into a main bore of the barrel and to 
fit Snugly against the barrel wall. This distal portion prefer 
ably includes at least one projecting lateral member for 
engaging the inner walls of the barrel, thereby effectively 
fixing the position of the distal portion at a maximally 
advanced position along the barrel which preferably adja 
cent the distal end of the barrel, although the position could 
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be midway along the barrel. After the pistons have been 
received into the barrel, the proximal portion is moveable 
along the barrel away from the distal portion and moveable 
along the barrel toward the distal portion to define a variable 
Volume mixing chamber intermediate the proximal portion 
and the distal portion. The connecting element can be a fluid 
reservoir or a drug vial which can be comprised of glass or 
the connecting element can be a conduit or tube, or can be 
a tether or other tensile element. The glass Vial can have a 
proximal end and a distal end. In one embodiment, both ends 
of the vial are open. The proximal portion can be a piston 
and can be positioned to occlude the proximal end and the 
distal portion can be a stopper to occlude the distal end of a 
drug vial or the distal end of a fluid reservoir or tube. The 
connecting element provides for mutually equivalent 
advancement of the proximal and distal portions along the 
barrel. The combined piston assembly and the connecting 
element can be seen to represent a reservoir or drug vial 
piston connectable to a Syringe handle. The distal Stopper is 
displaceable from the fluid reservoir or drug vial by retrac 
tion of the reservoir or vial away from the distal Stopper and 
by frictional or other engagement of the distal Stopper and 
the barrel after the reservoir or vial and the attached piston 
assembly have been moved to an advanced position and then 
the reservoir or vial is retracted from the advanced position. 
This allows for retraction of the proximal piston away from 
the distal Stopper after displacement of the Stopper from 
Sealing engagement with the fluid reservoir or drug. In 
Several embodiments, the proximal piston is further move 
able along the Vial toward the distal Stopper. Relative 
advancement of the proximal piston along the vial can be 
caused by advancement of the handle in one embodiment 
wherein the proximal piston is attached to the handle. In 
another embodiment, wherein the proximal piston is con 
nected to the displaced distal Stopper by a tensile element, 
relative advancement is achieved by retraction of the Vial 
and Subsequent tensile force transmitted through the tensile 
element. The distal portion and the proximal portion are 
preferably carried by the drug Vial, the distal portion being 
displaceable from the drug vial to open the Vial into the 
mixing chamber, the proximal portion being moveable along 
the vial to displace the drug from the Vial into the mixing 
chamber, the proximal portion effectively converting the 
open-ended drug vial into a closed-ended vial piston and 
thereafter functioning to push the drug Solution within the 
mixing chamber out of the Syringe and into a recipient with 
minimal deadspace-trapped drug remaining within the 
Syringe after injection. 
0004. A method of drug injection is provided using an 
embodiment having a main piston or vial piston having a 
handle. The Vial piston includes a drug vial having a 
proximal end and a distal end and containing Stopper piston 
assembly having a proximal portion connected to a distal 
portion by a connecting element which can be a tensile 
element or which can be the drug vial itself, as will be 
described. The Syringe operates, after assembly, to achieve 
the following drug injection method with a Single retraction 
and advancement of the handle, Steps of: 1. aspirate diluent 
into the main bore; 2. open the end of a drug vial into the 
main bore; 3. positively expel the drug from the Vial, 4. 
Subsequently convert an open-ended drug vial into a closed 
ended injection piston; 5. inject the mixed drug and diluent 
with minimal residual drug remaining in the Syringe after 
injection. 
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0005. As noted, the present invention can utilize a drug 
container or vial which can be cylindrical for insertion into 
a Syringe barrel. The drug vial is preferably made of glass or 
other material which can Safely contain a large variety of 
different drugs, either in powder or liquid form. In one 
embodiment, the drug vial includes a closed bottom or 
proximal end which may include a Small air vent and an 
open top or distal end which is preferably widely open and 
can, therefore, easily be filled by conventional automated 
drug dispensing Systems. The drug vial can include a narrow 
neck and larger body to facilitate handling by automated 
equipment. The drug vial further preferably includes an 
outer housing member which can be polymeric. At least one 
sliding member is preferably provided about the vial to 
Slidably engage the Syringe barrel bore to facilitate advance 
ment and retraction of the drug vial along the Syringe barrel 
bore. The sliding member can be a thin rubber boot or 
sleeve. Alternatively, the polymeric housing member may 
itself be sized to Sealingly engage the bore. The sliding 
member can be a rubber wiper of the type utilized in 
conventional Syringe pistons or can be an O-ring or Soft 
polymeric ring or otherwise fashioned. The sliding member 
is preferably carried by the housing or vial and may be 
positioned proximal, distal to, or along the length of the 
housing or vial. The outer member further can have a receSS 
for receiving the retainer of the handle of a conventional 
Syringe piston or, alternatively, the handle can be molded 
integrally with the Outer vial housing member. The Vial can, 
therefore, be connected to or contained within the handle or 
can be integral with a handle. In an embodiment, the vial and 
handle are made of glass and are integral and molded 
together, thereby eliminating the need for the outer poly 
meric housing member. In one embodiment, the Vial piston 
includes a piston Stopper assembly with a proximal Stopper 
portion for positioning adjacent the closed end of the drug 
Vial and a distal Stopper piston portion for occluding the 
open end of the drug vial. Both portions can be comprised 
of conventional material utilized for rubber StopperS in drug 
Vials So that contact with the drug and the rubber Stopper 
piston assembly is provided, as is conventional, thereby 
eliminating the potential for material-related incompatibil 
ity. The proximal and distal portions are connected or linked 
by the drug vial and can be carried by the drug vial. In one 
embodiment, the portions are further preferably connected 
by a tether or by bands or other tensile connecting elements 
which can be comprised of conventional material used in the 
construction of rubber Stopper pistons So as again to allow 
direct contact with the drug within the glass container 
without the need for further study to determine compatibil 
ity. The two stopper pistons can be molded as a single part 
with the connecting rubber tether. In one embodiment, a vent 
is provided for providing vent connection between the 
proximal face or end of the proximal piston and the atmo 
Sphere or between the proximal face of the proximal piston 
and the distal face or end of the distal Stopper. In one 
preferred embodiment, the vent passes through the tether, 
the tether comprising a hollow tube having a bore and 
extending to connect bores through the proximal piston and 
the distal stopper. This defines a flexible tether vent which 
operates to limit retraction movement of the proximal pis 
ton, thereby to cause advancement of the proximal piston 
relative to the retracting drug vial and further to vent fluid or 
air into the drug vial intermediate the proximal piston and 
the closed end to permit advancement and to allow enlarge 
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ment of an otherwise Sealed nascent proximal compartment 
within the Vial and to fill the enlarging proximal compart 
ment with fluid. In another embodiment, the vent passes 
through a Small opening in the otherwise closed bottom of 
the drug vial, the vent being occluded by the proximal piston 
prior to use. The vent can pass into a large Volume Space 
within a hollow handle to provide a sealed source of sterile 
vented atmosphere or liquid with a minimal induction of 
negative pressure. The width of the outer wiper may be 
varied So as to allow use of the Same housing and vial within 
Syringes of variable diameter and Volume. This allows 
modification of only the wiper when different volumes of 
diluent are intended for use with, for example, a powdered 
drug So that a wide variety of variable sized vials and 
housings need not be constructed for Syringes having bores 
of variable diameters. 

0006. In the manufacture of one preferred embodiment 
having a drug vial with a closed bottom, the proximal piston 
is inserted into the glass vial and this can be performed, for 
example, by radial compression of the proximal piston and 
insertion Such that the proximal piston is fully advanced 
against the closed bottom of the glass vial. The tether or 
bands are preferably of adequate length to extend out 
through the open top of the glass vial Such that the top or 
distal Stopper does not, at this time, occlude the opening in 
the top of the drug vial So that powdered or liquid drug may 
easily be inserted at this time into the drug vial as by 
automated drug dispensing Systems. Once an adequate Vol 
ume of powdered or liquid drug has been inserted into the 
drug vial, the distal stopper with its associated residual tether 
is inserted into the top of the drug vial to occlude the opening 
in the drug vial. The Stopper may have a laterally projecting 
rim and a main Stopper portion which can be received by a 
compression fit, as is known in the art, into the glass opening 
to Seal the opening. A distal Sealing vial cover may then be 
provided to Sealingly retain the cap and drug within the Vial 
for long-term Storage. After the vial cover has been 
removed, the distal Stopper may be displaced from the glass 
opening by longitudinal force directed against the rim, away 
from the opening of the Vial. 

0007. The distal vial stopper preferably includes flow 
channels. The flow channels preferably do not provide 
communication of the vial chamber with the atmosphere 
when the stopper is within the vial The flow channels can be 
Slots along the outer laterally projecting rim or perimeter of 
the Stopper or can otherwise be through the Stopper piston. 
The flow channels may be defined by the inner barrel wall 
and the distal Stopper. The channels can be longitudinally slit 
valves or other valves which are tightly closed at rest, but 
which are opened by contact with the distal end of the 
Syringe. The laterally projecting portion of the distal Stopper 
preferably has a diameter exceeding the diameter of the 
Syringe bore So that the distal Stopper is radially compressed 
by the barrel and is tightly fit within the barrel by elastic 
compression against the barrel wall. This allows for reliable 
fixation of the distal stopper within the barrel at the maxi 
mum point of advancement into the barrel, which can be 
adjacent the distal end of the main barrel bore. This allows 
the vial to be reliably and easily opened within the barrel by 
Single handle retraction. Since the distal Stopper will be fixed 
by tight elastic compression and frictional engagement with 
the wall, longitudinal retraction force on the Vial will dis 
place the Vial away from the distal Stopper. 
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0008. In this way, each drug vial may be sized to be 
received into conventional automated drug dispensing 
equipment and can be covered and maintained for long-term 
Storage within a conventional Securely Sealed polymeric 
enclosure. The vial can then be connected with the handle 
and can be packaged in a flexible Sterile container along with 
the barrel, cannula, cannula cover, and even the diluent 
material in a single flexible Sterile packaging enclosure for 
Shipment and Storage. The components can be completely 
assembled within the closed or partially closed Sterile pack 
age immediately prior to use. This allows for easy packaging 
and Storage and assures Sterile assembly, which is otherwise 
difficult to reliably achieve when loading a piston into a 
Syringe barrel in an open environment. 
0009. As noted, in a preferred embodiment, the handle 
with its vial piston is packaged with a separate Syringe barrel 
within a single Sterile flexible enclosure and constructed So 
that the Vial piston may be unsealed and loaded into the 
barrel within the same Sterile package which was used for 
Storage. To prepare the vial for activation, the pharmacist 
can grasp a projecting tear tab on the Sealing vial cover 
through the flexible package and remove the cover from the 
Vial Stopper, thereby exposing the enclosed distal Stopper. 
The vial piston is then inserted into the syringe barrel by 
contacting the outside of the barrel through the package and 
inserting the distal end of the vial piston into the barrel. The 
Vial piston is then fully advanced until the distal Stopper 
contacts the distal end. The cannula can then be inserted into 
a liquid-filled compartment or container within the Sterile 
enclosure. The Vial piston can then be retracted. The Syringe 
will then be filled by aspirating liquid enclosed within the 
enclosure into the barrel. The filled and mixed Syringe can 
then be sent to the floor or to the patient's home for use, or 
can be frozen for long-term Storage, Still within the 
unopened and Sealed original Sterile enclosure. 
0010. In operation for injection, the handle is advanced 
until the distal Stopper piston reaches a venting position 
along the barrel, if the handle had not previously been 
advanced to that position during assembly. The location of 
the venting position depends on the position of the Source of 
diluent. In the preferred embodiment, the venting position is 
adjacent the distal end of the barrel. However, if the diluent 
is positioned within the Syringe, the venting position can be, 
for example, midway along the barrel. The handle is then 
retracted, pulling the drug vial away from the distal Stopper 
which includes a member or portion which is tightly retained 
against a portion of the barrel. This causes opening of the 
drug vial, thereby allowing fluid to flow into the drug vial 
and the drug to mix with fluid. In the preferred embodiment, 
the diluent fluid is Stored external the Syringe and the venting 
position is adjacent the distal end of the Syringe barrel, 
leaving the distal Stopper retained adjacent the distal end 
upon retraction of the Vial. The distal Stopper is preferably 
retained by tight frictional engagement with the Smooth 
barrel or can be retained by detents along the barrel. In 
embodiments utilizing a tensile element, as the handle is 
further retracted, the tensile element will become extended, 
thereby transmitting tensile force to the proximal piston So 
that further retraction of the handle and the attached vial will 
cause the proximal piston to be advanced relative to the 
retracting drug vial So that Substantially all drug and Solution 
within the Vial is pushed distally by the advancing proximal 
piston into the main bore or mixing chamber of the Syringe. 
The vent preferably provides fluid communication between 
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the Vial intermediate the proximal piston and the closed vial 
end, thereby relieving any negative preSSure within the 
newly enlarging closed proximal vial chamber by the pas 
Sage of fluid or air through the vent into the vial proximal the 
proximal piston. After retraction, the Solution in the mixing 
chamber can be agitated. If preferred, an amount of air can 
be initially provided during manufacture within the vial to 
facilitate agitation. Once the handle has been fully retracted, 
the proximal piston is received and retained within the distal 
end of the drug vial, thereby occluding the distal end of the 
drug vial so that the drug vial itself with its now distally 
occluding Stopper piston now can function as a closed 
injection piston with the fully advanced proximal piston as 
its distal face. The Vial can be advanced to cause injection of 
the mixed drug and Solution into the patient with minimal 
residual remaining in the Syringe. In one preferred embodi 
ment, the diluent Stored within the enlarging proximal 
chamber is later used to provide Subsequent flushing of the 
Syringe and can provide flushing of the injected drug from 
the deadspace of the recipient tubing. Utilizing this embodi 
ment, during injection, once the vial piston has been fully 
advanced against the distal stopper, the proximal Stopper is 
displaced from the end of the drug vial and the fluid which 
had been received through the vent and stored within the vial 
proximal the proximal piston is now displaced by the forced 
movement of the proximal piston back toward the closed 
end of the drug vial. Flow channels provided within the 
proximal piston allow displacement and flow of fluid from 
the drug vial chamber into the now virtually absent mixing 
chamber and out the distal conduit to flush the Syringe, the 
conduit, and the deadspace of the tubing which is connected 
to the conduit and which has previously received the drug 
Solution mixture from the conduit. This embodiment, there 
fore, provides for: 1) enclosed Sterile insertion of a handle 
and piston assembly containing a powdered or liquid drug 
into a Syringe barrel; 2) enclosed wide opening of the drug 
vial within the syringe barrel; 3) aspiration of diluent into 
free contact with the now exposed drugs from within the vial 
and for positive expulsion of all drug from within the Vial, 
4) aspiration of diluent which can later serve as a flush 
Solution into an enlarging proximal chamber within the drug 
vial; 5) injection of the mixed drug Solution through or 
around the displaced stopper into the recipient; 6) injection 
of the flush Solution through the distal portion of the Syringe 
and out the distal conduit to flush the Syringe, the distal 
conduit, and at least a portion of the recipient tubing free of 
drug Solution. It can be seen, therefore, that whether a tensile 
element is utilized or whether the piston handle is connected 
to the proximal piston, advancement of the proximal piston 
can be achieved for positive expulsion of the drug and, at the 
Same time, an enlarging proximal chamber is formed within 
the vial which can receive fluids which can Subsequently be 
displaced back through the distal portion of the Syringe to 
flush the Syringe. 

0011. In one embodiment, the diluent is contained within 
the distal portion of the Syringe for mixing within the drug 
vial. In another embodiment, the distal conduit end of the 
Syringe can be connected to a flexible bag containing a 
Specific Volume of diluent for aspiration into the Syringe 
which can be Stored within or can be a compartment of the 
main enclosing flexible package for enclosed aspiration. The 
conduit can be placed in fluid connection with a fluid Source 
through a cannula connected to the distal end of the Syringe. 
Alternatively, the fluid Source may be Sealingly engaged to 
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the Syringe during manufacture and then enclosed in a main 
flexible package. Further, alternatively, a compartment of 
the main flexible package containing the diluent can be 
Sealed about the distal end of the Syringe to minimize the 
amount of packaging required while further eliminating 
exposure during aspiration. A third embodiment utilizes a 
System wherein the Syringe tip is inserted into a receiver 
having a one-way valve and connected to a multi-dose large 
volume reservoir of diluent in a hospital pharmacy of I.V. 
mixing area. When drug mixing is desired, the tip is inserted 
into the receiver and a specific Volume of diluent is aspi 
rated. The maximum aspirated Volume can be preset by 
stops or by the length of the tether. The one-way valve 
prevents any potential for reflux of mixed drug Solution into 
the reservoir. 

0012. In another preferred embodiment, the stopper 
assembly is provided including a connecting element inter 
mediate the proximal piston and the distal Stopper. Like the 
previous embodiments, the embodiment preferably includes 
an inner wall defining a main bore and extending to a distal 
tip and a conduit extending through the distal tip. The distal 
Stopper includes projecting lateral walls for engaging. A Seal 
is preferably provided occluding the conduit adjacent the 
distal tip. A diluent reservoir is further provided proximal the 
proximal piston and is preferably contained within the 
handle of the syringe. The diluent reservoir is preferably a 
flexible bag of fluid and is comprised of conventional 
material for making flexible intravenous bags of fluids, Such 
as PVC. A flow passage way which can be a tubular 
extension of the PVC reservoir, is preferably provided 
through the proximal piston. The flow passage way is 
occluded by the distal Stopper or can preferably be occluded 
by a cap which can be extracted from its occluding position 
along the flow passage way by the distal Stopper. In the 
preferred embodiment, the distal Stopper is integral with or 
is otherwise joined with the cap. The distal Stopper prefer 
ably includes at least one membrane Such as projecting 
lateral walls engaging as by tight frictional contact the inner 
wall or walls of the barrel, thereby effectively fixing the 
position of the distal Stopper piston at a maximally advanced 
position along the barrel which is preferably adjacent the 
distal end of the barrel, although the position could be 
midway along the barrel. The flexible fluid reservoir can 
contain the first pharmaceutical component, which is pref 
erably diluent or liquid drug. A Second pharmaceutical 
component can be contained within the proximal portion of 
the barrel distal to the maximum advancing position of the 
distal Stopper or can be within a drug vial connectable to a 
drug vial connector carried by the proximal end of the 
reservoir. The proximal end of the reservoir can include a 
reversibly Sealed opening for transferring fluid from the 
reservoir into the drug vial and for transferring mixed drug 
and fluid out of the drug vial into the reservoir. In operation, 
the handle which has been advanced to a fully advanced 
position, is retracted. During retraction of the handle, the 
handle with its retained reservoir and proximal piston are 
pulled away from the distal Stopper, thereby opening the 
distal end of the reservoir into the barrel of the syringe. 
Continued retraction of the handle results in negative pres 
Sure developing within the distal end of the Syringe, thereby 
withdrawing fluid from the open end of the reservoir into the 
barrel. As the fluid is withdrawn, the flexible container 
collapses until all of the fluid is withdrawn into the barrel, 
at which time further retraction cannot be accomplished due 
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to the development of a vacuum within the container. 
Furthermore, a detent can be provided which prevents 
further retraction to assure that excessive vacuum does not 
develop within the Syringe. The flexible package dynami 
cally collapses, thereby producing a collapsing valve mecha 
nism preventing Substantial transmission of negative pres 
Sure from the distal end of the Syringe to the drug vial; 
although, Such transmission of negative preSSure would not 
have Significant adverse consequences with the preferred 
embodiment in any regard. At this time, all of the mixed 
fluid and diluent have been displaced into a nascent mixing 
chamber intermediate the distal Stopper and the proximal 
piston and Subsequently this fluid can be injected by advanc 
ing the proximal piston, thereby pushing the fluid through 
the flow channels and the distal Stopper and out the distal 
end of the Syringe after the Seal has been removed from the 
distal end of the Syringe. A one-way valve can be provided 
in the flow channel through the proximal piston to prevent 
reflux or displacement of fluids from the mixing chamber 
back into the flexible reservoir during injection. 
0013. It is the purpose of the present invention to provide 
a drug injector which can provide long-term Storage of 
powdered or liquid drug and Subsequently allow enclosed 
mixing of this powdered or liquid drug with a diluent within 
the injector through a large opening to assure complete and 
easy mixing. It is the purpose of this invention to provide a 
distal vial Stopper which can Seal a reservoir or drug vial 
during Storage, but which can provide a flow of fluid through 
or about the Stopper once the reservoir or vial has been 
inserted into a Syringe barrel and once the stopper has been 
displaced from the vial. It is further the purpose of this 
invention to provide a drug positioned between a piston 
Stopper assembly connected by a tensile element within a 
Vial So that the drug can be pushed out of the Vial into a 
mixing area by traction on the tensile element. It is further 
the purpose of this invention to provide a closed drug vial 
which can be selectively widely opened within a closed 
container to allow free mixing of the drug contained within 
the vial with a diluent. It is further the purpose of this 
invention to provide a drug vial and piston Stopper assembly 
wherein the drug vial first has a closed end containing the 
drug and wherein the end can be opened So that the drug can 
mix with a diluent and wherein the end can again be 
Subsequently closed So that the drug vial can function as a 
deadspace-free piston for injecting the mixed drug Solution 
into the patient. It is further the purpose of the invention to 
provide a Syringe handle containing a drug vial and defining 
a drug vial piston within the Syringe. It is further the purpose 
of this invention to provide a multi-compartment injection 
System having a Syringe barrel and a piston and including a 
glass drug vial compartment for long-term Storage of a drug, 
and a Second compartment for Storage of a specific volume 
of diluent and wherein the Second compartment is Sealed and 
can be positioned inside or outside the Syringe So that 
Solution may be displaced into the vial to mix with the drug 
by retraction of the piston along the barrel and Simultaneous 
unsealing of the Vial or the diluent compartment. It is further 
the purpose of this invention to provide a drug Storage, 
mixing, and injection apparatus which allows long-term 
Storage of a drug within a glass vial comprehensively 
enclosed mixture within a Syringe and then complete posi 
tive expulsion of all of the contained drug into a mixing 
chamber within the syringe. It is further the purpose of this 
invention to provide a System which allows positive dis 
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placement of diluent into a Syringe compartment containing 
powdered drug within an open-mouthed glass vial and 
Subsequent injection of the diluent mixed with the drug 
utilizing closure and Subsequent advancement of the glass 
vial within the syringe. It is further the purpose of this 
invention to provide a System and method for the enclosed 
Sterile assembly of a drug mixing Syringe and to provide a 
System for enclosed aspiration of fluid into the Syringe for 
mixing with the drug within a Single inexpensive Sterile 
flexible enclosure. It is further the purpose of the invention 
to provide a Syringe which can Sequentially aspirate a 
diluent and flush Solution into two Separate compartments, 
provide for drug mixing with the diluent, and then provide 
Sequential injection of the drug Solution followed by the 
flush Solution to flush Substantially all drug from the Syringe 
and to flush the injection site free of drug Solution. For Some 
purposes, it is preferable to provide the diluent in a manner 
Such that the diluent is packaged within a Syringe component 
wherein the drug vial can be packaged external to the 
Syringe and where free and complete mixing between the 
drug vial and the diluent can be performed within a Syringe 
component. In one feature of the invention, the connection 
of a Sealing capping member of the diluent reservoir to a cap 
extraction member can fixedly engage a portion of the 
Syringe barrel So that the cap can be extracted from the 
diluent reservoir by retraction of the diluent reservoir away 
from the fixed cap extraction member connected to the cap. 
This allows enclosed opening of a previously Sealed diluent 
reservoir within the barrel of a syringe. In another feature of 
the invention, the cap extraction member includes flow 
channels for allowing passage of the mixed drug Solution by 
the cap extraction member and out the Syringe. In another 
feature of the invention, Sealing occlusion of the distal tip of 
the Syringe is provided So that negative preSSure induced 
within the Syringe withdraws fluid from a compartment 
proximal to the distal tip of the Syringe, thereby withdrawing 
fluid into the syringe without the need for the fluid to be 
external and in fluid communication with the distal tip of the 
Syringe. In another feature of the invention, the reservoir of 
fluid can carry a drug vial engaging member for connecting 
the drug vial to the diluent reservoir to allow free mixing 
between the drug vial and the diluent reservoir so that after 
the drug has been mixed with the diluent, the cap can be 
extracted by the cap extracting member and the mixed drug 
Solution can be withdrawn into the Syringe by negative 
preSSure induced within the Syringe barrel. These and other 
features will become evident from the summary and detailed 
description described below. Furthermore, these and other 
objects and advantages of the invention will be further set 
forth in the description which follows and, in part, will be 
learned from the description or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized by means of the instrumentalities and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is an exploded view, in partial cross-section, 
of a Syringe according to the present invention; 
0.015 FIG. 1A is a top plan view of a distal stopper; 
0016 FIG. 1B is a bottom plan view of a distal stopper 
of FIG. 1A; 
0017 FIG. 1C is a cross-sectional view of the proximal 
and distal Stopper and connecting tether, 
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0018 FIG. 2 is an exploded view, in partial cross section, 
of a Syringe according to the present invention; 

0019 FIG. 2A is a perspective view of the detached vial 
piston end cover; 

0020 FIG. 3A is a partial cross-sectional view of the 
Syringe as the plunger or vial piston is being inserted into the 
barrel; 

0021 FIG. 3B is a partial cross-sectional view similar to 
FIG. 3A, with the plunger fully inserted into the barrel; 

0022 FIG. 4A is a partial cross-sectional view similar to 
FIG. 3A, Showing the plunger being retracted; 

0023 FIG. 4B is a partial cross-sectional view similar to 
FIG. 3A, showing the tether fully extended; 

0024 FIG. 4C is a partial cross-sectional view similar to 
FIG. 3A, showing a repositioned proximal stopper which is 
advanced relative to the retracted drug vial; 
0025 FIG. 5A is a partial cross-sectional view similar to 
FIG. 3A showing the plunger in an injection mode, 

0026 FIG. 5B is a partial cross-sectional view similar to 
FIG. 3A, showing the completion of the injection; 

0027 FIG. 6 is an exploded view, in partial cross-section, 
of another Syringe embodiment of the present invention; 

0028) 
0029) 
0030 FIG. 6C is an enlarged cross-sectional view of a 
proximal Stopper; 

0031 FIG. 6D is an enlarged cross-sectional view of the 
distal Stopper; 

FIG. 6A is a top plan view of a distal stopper; 

FIG. 6B is a bottom plan view of a distal stopper; 

0032 FIG. 7A is a cross-sectional view of a vial piston 
open and ready to be filled; 

0033 FIG. 7B is a partial cross-sectional view of the vial 
piston of FIG. 7A, mounted on a handle in a closed and 
Sealed condition; 

0034 FIG. 7C is a top plan view of a sterile package for 
enclosed assembly and aspiration; 

0035 FIG. 8A is a top plan view of another embodiment 
of a Sterile packaging System, according to the present 
invention, showing a Syringe compartment and a liquid 
compartment; 

0036 FIG. 8B is a top plan view similar to FIG. 8A, 
showing the Syringe tip advanced through a weakened 
Sealed Section in the package; 

0037 FIG. 8C is a cross-sectional view of the package, 
through lines 8C-8C, showing the upper and lower planar 
members, 

0038 FIG. 8D is a cross-sectional, view through lines 
8D-8D, showing the weakened section between the fluid 
compartment and the Syringe compartment, engaged by the 
distal tip of the Syringe, 

0039 FIG. 8E is a cross-sectional view, similar to FIG. 
8D, showing the Syringe tip pushed through the weakened 
Section to enter the fluid compartment; 
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0040 FIG. 9 is an exploded view in partial section of 
another embodiment according to the present invention; 
0041 FIG. 9A is a top plan view of a distal stopper in the 
embodiment shown in FIG. 9; 
0042 FIG.9B is a bottom plan view of the distal stopper, 
shown in FIG. 9A; 
0043 FIG. 9C is a cross-sectional view of a distal 
stopper, taken along lines 9C-9C of FIG. 9B; 
0044 FIG. 9D is a top plan view of a proximal stopper 
in the embodiment of FIG. 9; 
004.5 FIG. 9E is a cross-sectional view taken along lines 
9E-9E of FIG. 9D; 
0046 FIG. 9F is a cross-sectional view of the proximal 
and distal Stopper used in FIG. 9 when interengaged during 
operation; 

0047 FIG. 10A is a partial cross-sectional view of the 
syringe of the embodiment of FIG. 9 with the plunger 
inserted into the barrel; 
0048 FIG. 10B is a partial cross-sectional view of the 
syringe of FIG. 9 with the drug vial partially retracted; 
0049 FIG. 11A is a partial cross-sectional view of the 
syringe of FIG. 9 with the drug vial fully retracted; 
0050 FIG. 11B is a partial cross-sectional view of the 
syringe of FIG. 9 with the drug vial partially advanced as the 
mixed drug is injected; 

0051 FIG. 12 A is a partial cross-sectional view of the 
syringe of FIG. 10 at the initiation of the flush sequence; 
0.052 FIG. 12B is a partial cross-sectional view of the 
syringe of FIG. 9 with the plunger fully advanced at the 
conclusion of the drug injection and flushing, 
0.053 FIG. 13 is an exploded cross-sectional view of a 
Syringe, according to another embodiment of the present 
invention having an integral drug vial and handle; 
0.054 FIG. 14 is an exploded cross-sectional view of a 
Syringe, according to another embodiment of the present 
invention having a voluminous hollow handle reservoir; 
0.055 FIG. 14A is a top plan view of a distal stopper in 
the embodiment shown in FIG. 14, 

0056 FIG. 14B is a bottom plan view of the distal 
stopper, shown in FIG. 14A, 
0057 FIG. 14C is a cross-sectional view of the bottom 
and distal stoppers from the embodiment shown in FIG. 14; 
0.058 FIG. 15 is a cross-sectional view of another 
embodiment of a Syringe, according to the present invention; 
0059 FIG. 15A is an enlarged cross-sectional view of a 
portion of the distal end of the syringe of FIG. 15; 
0060 FIG. 15B is a cross-sectional view taken along line 
15 B-15B in FIG. 15A; 

0061 FIG. 15C is a cross-sectional view taken along line 
15C-15C in FIG. 15; 

0062 FIG. 15D is a cross-sectional view of another 
embodiment having a drug vial sized to be received within 
the Syringe, 
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0063 FIG. 15E is a cross-sectional view of the embodi 
ment of FIG. 15D, after the stopper has been displaced into 
the flexible diluent container; 
0064 FIG. 15F is a cross-sectional view of the embodi 
ment of FIG. 15D, showing withdrawal of the handle and 
displacement of liquid from the flexible container into 
contact with the Syringe barrel; 
0065 FIG. 15G is a partial cross-section view according 
to the embodiment of FIG. 15D, engaging a Syringe pump 
and connecting to a catheter; 
0066 FIG. 16 is a partial cross-sectional view of another 
embodiment of a Syringe, according to the present invention; 
0067 FIG. 16A is a top plan view of a distal stopper used 
in the embodiment shown in FIG. 16; 

0068 FIG.16B is a cross-sectional view taken along line 
16B-16B in FIG. 16A; 
0069 FIG.16C is a cross-sectional view of the proximal 
and distal pistons from the embodiment of FIG. 16 when 
interengaged during operation; 
0070 FIG. 17A is a top plan view of a sterile package 
showing a pleated Syringe compartment; 

0071 FIG. 17B is a top plan view of the package of FIG. 
17A with the syringe handle fully retracted; 
0072 FIG. 18A is a cross-sectional view of another 
embodiment of a Syringe, according to the present invention; 

0073 FIG. 18B is a cross-sectional view of the embodi 
ment of FIG. 18A with the syringe handle partially 
retracted; 

0074 FIG. 18C is a cross-sectional view of FIG. 18B 
acroSS lines C-C, 

0075 FIG. 18D is a cross-sectional view of the embodi 
ment of FIG. 18A with the handle fully retracted, demon 
Strating positive drug expulsion and conversion of the open 
ended drug vial into a closed-ended piston; 
0.076 FIG. 18E. is a cross-sectional view of the embodi 
ment of FIG. 18A with the handle partially advanced after 
complete retraction, demonstrating drug Solution injection 
by the now closed-ended drug vial. 

DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

0077. For more easy understanding of the preferred 
embodiments, reference can be made to the aforementioned 
co-pending patent application which utilizes, for continuity 
and convenience, many Similar figures and numbers to the 
presently disclosed invention. With reference to one pre 
ferred embodiment of the instant invention, a drug-mixing 
and injection syringe 5 (shown disassembled in FIG. 1) has 
syringe barrel 10 with inner wall 12 and smooth barrel bore 
22. The barrel 10 extends to distal tapered end 14. The 
syringe 5 has a distal tip 18 and distal conduit 26 in fluid 
connection with bore 22. The syringe 5 further includes 
handle 34 having a stop 35. A main vial piston 38 is provided 
including an outer housing 39 and having a distal Sealing 
cover 45 and weakened tear regions 46, and projecting tear 
tab 48 enclosing a vial 50 having a vial chamber 51 having 
an inner wall 52 and an Outer wall 53. The vial 50 is 
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preferably made of glass. The housing 39 and cover 45 can 
be comprised of polypropylene or other Suitable material. 
The main vial piston 38 further includes an annular wiper or 
O-ring 54 for Sealingly engaging wall 12 of bore 22. The Vial 
50 includes a closed proximal end 55 and a distal open end 
60. The vial 50 contains a stopper piston assembly 68, 
including proximal piston 70 and distal stopper 74. The vial 
piston 38 further includes handle receiving recess 79 for 
receiving handle distal end 80, as shown in FIG. 1C.. Piston 
70 and stopper 74 are connected by a tether portion 84 that 
includes a tether vent channel 86 extending between a 
proximal vent portion 87 and a distal vent portion 88. 
Stopper pistons 70 and 74 are preferably comprised of 
conventional rubber stopper material. The tether 84 is like 
wise comprised of conventional rubber So that it is compat 
ible with a variety of drugs and is flexible and capable of 
transmitting tensile force. A Silicone tubular rubber insert 
(not shown) may be used if desired within the tether 84 to 
provide added Strength and reduce Stretching. Distal Stopper 
74 includes a distal face 75 and a lateral projecting portion 
76 and a proximal vial sealing portion 77. The wall portion 
76 projects beyond the diameter of distal opening 60 and the 
outer vial wall 52 of the drug vial 50 and includes multiple 
lateral flow channels 78 extending through the wall 76 and 
over the face 75. These flow channels do not communicate 
with the vial chamber 51 since a distal opening 60 of vial 50 
is sealed by the side wall of sealing portion 77. Therefore, 
flow channels 78 do not require a valve or other means for 
closure when the chamber 51 is sealed by the stopper 74, 
thereby reducing both the cost of manufacture and the 
operating complexity. The Vial Sealing portion 77 seals 
tightly about the distal vial end 60. The flow channels 78 are 
formed by the stopper 74 and the barrel wall 12, but can 
otherwise be provided entirely through the stopper 74. 
0078. In assembly, the proximal piston 70 is fully 
advanced against the closed proximal end 55 of the vial 50. 
At this time, as shown in FIG. 7A, the tether 84 which 
preferably is longer than the vial 50 extends out the open end 
60 of the vial 50 and the distal stopper 74 is preferably 
positioned away from the open end 60 of the vial 50 so that 
the vial 50 can be filled with a powder or liquid drug. Once 
the drug vial 50 is filled with powder or liquid drug, the vial 
sealing portion 77 of distal stopper 74 can be slightly 
compressed and inserted into the open distal end 60 of the 
drug vial 50 to provide a tight sealing fit. Vial 50 further 
includes annular retainer 94, and proximal piston stop 96 for 
tightly retaining the proximal piston 70 in the fully advanced 
position, as will be described. 
0079. In operation, when mixture of the drug with a 
diluent is desired, the cover 45 (FIG. 2A) is removed by 
removing tear tab 48, the vial piston 38 is then inserted into 
barrel 10 (FIG. 3A) and fully advanced against the end 14 
of the barrel 10 (FIG. 3B). The distal stopper 74 is radially 
compressed by the barrel wall 12 to provide a tight friction 
fit and to fix the stopper 74 in the fully advanced venting 
position, as shown in FIG. 3B. The distal conduit 26 is then 
placed in fluid communication with a Source of diluent, 
(such as that shown in FIG.8B), if a source of diluent is not 
already attached adjacent the distal end 18 of the Syringe. 
The handle 34 is then retracted (FIG. 4A). As the handle 34 
is retracted, the drug vial 50 is extracted away from the distal 
stopper 74 since the distal stopper 74 is tightly held by tight 
compressive frictional engagement of the laterally project 
ing portion 76 with the barrel wall 12. 
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0080. The retraction of the vial 50 forms a nascent 
mixing chamber 90 intermediate the vial 50 and the distal 
stopper 74. The displacement of the distal stopper 74 out of 
Sealing engagement with vial opening 60 completely opens 
the vial chamber 51 into the enlarging nascent mixing 
chamber 90. 

0081. During this time, the negative pressure within the 
mixing chamber 90 caused by retraction of the handle 34 
causes diluent fluid to pass through conduit 26, through the 
flow channels 78 of the distal stopper 74 and on into the 
mixing chamber 90. As the mixing chamber 90 is enlarged, 
continued circumferential fluid flow enters the mixing cham 
ber 90 through the flow channels 78. As the handle 34 is 
further retracted, tether 84 becomes fully extended, as in 
FIG. 4B. After tether extension, further retraction of the 
handle 34 causes the vial 50 to be moved relative to the now 
fixed proximal piston 70 so that the proximal piston 70 
advances and slides along inner wall 52 relative to the vial 
50, thereby reducing vial chamber 51. This expels any liquid 
or Solid contents held within vial chamber 51 into the mixing 
chamber 90. When piston handle 34 has been fully retracted 
(FIG. 4C), proximal piston 70 engages stop 96 and is 
retained within the distal end 60 of the drug vial 50 by stop 
96 and by retainer 94. In this position, as in FIG. 4C, 
proximal piston 70 now functions as a stopper and Sealingly 
occludes distal end 60 of drug vial 50, thereby converting 
the formerly widely open drug vial 50 into a closed injection 
piston 100 (FIG.5A and FIG. 5B). During relative advance 
ment of the proximal piston 70 along vial wall 52, fluid can 
flow through the tether vent channel 86 from the conduit 26 
into the enlarging reservoir 104 proximal to the piston 70 
within vial 50. This will fill the reservoir 104 with diluent. 
The syringe 5 can then be rocked or rolled to facilitate 
mixing. Gas can be initially provided in the vial 50 with the 
drug during initial manufacture and filling to enhance mix 
ing after expulsion of the air from the vial chamber 51 along 
with the drug into the mixing chamber 90. All of the drug 
and solution is now contained within the mixing chamber 90 
and, therefore, should be visible through the barrel 22, which 
is preferably comprised of relatively transparent polypropy 
lene. This is advantageous Since residual clumps of pow 
dered drug might otherwise be contained within the drug 
Vial 50 and adequate mixing would not, therefore, be easily 
confirmable by visible inspection. 

0082 Some air, which was formerly present in the distal 
conduit and/or the drug vial chamber 51 will also be present 
within the mixing chamber 90 and will also allow for 
agitation of the mixing chamber 90 to assist in mixing of the 
drug and diluent. 
0083) To further facilitate adequate mixing, the syringe 
can be positioned So that the distal tip 18 is in an upward 
position and the handle 34 can be moved back and forth to 
facilitate mixing. Retraction of the handle 34 is preferably 
limited by a proximal handle detent 110 along barrel 10 
which is positioned so that tether 84 is fully extended when 
proximal detent 110 is engaged by the handle stop 35. This 
engagement prevents excessive tensile force from being 
transmitted to the rubber tether 84 and assists in fixing the 
Volume of diluent for mixing with the drug. 

0084. Once adequate mixing has been achieved and with 
the distal tip 18 in the upright position, any residual air can 
be expelled. The drug Solution can then be injected (as 
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depicted by the arrows (in FIG. 5A and FIG. 5B) or the 
Syringe 5 can be capped for transport from the pharmacy to 
the nursing Station for Subsequent use. 

0085. In a preferred embodiment (shown in FIG.7C), the 
syringe barrel 10 and the piston handle 34 and vial piston 38 
are enclosed within a Single Sterile flexible plastic envelope 
120 in an unassembled configuration with an attached can 
nula 122 and a cannula cover 124. The plastic envelope 120 
is preferably of conventional flexible transparent and medi 
cally Sterilizable material, Such as polyethylene or polyvi 
nylchloride, So that the Syringe handle 34 and Syringe barrel 
10 may be manipulated within the material for enclosed 
assembly within the envelope 120. In operation, the project 
ing tear tab 48 is grasped by the thumb and forefinger 
through the flexible envelope 120 and the tear tab 48 is held 
in position while the syringe handle 34 is rotated until the 
cover 45 is separated from the vial piston 38. The tear tab 48 
can be 1.5 - 2 centimeters or larger in length to provide ease 
in grasping through the envelope 120. The handle 34 and the 
barrel 10 are then grasped and aligned within the envelope 
120. The envelope 120 is provided with sufficient length so 
as to allow room for such alignment. The handle 34 is then 
inserted into the barrel 10 and advanced until the distal 
Stopper 74 engages the distal end 14, as previously dis 
cussed. Assembly is then complete. The envelope 120 can 
then be opened, removed, and the conduit 26 placed in fluid 
communication with a Source of diluent for aspiration of 
diluent into the syringe 5. 
0.086 Alternatively, as in FIG. 7C, envelope 120 can 
include a compartment 130 containing a sterile diluent, Such 
as a Saline or dextrose Solution, and a Syringe compartment 
140 containing the Syringe 5 components Separated from the 
fluid compartment 130 by a thermoformed seal or bond 145. 
A membrane or Septum 146 intermediate the compartments 
can be provided for penetration by the distal tip 18 or an 
attached cannula 122 so that diluent could be directly 
aspirated from within the diluent compartment 130 and so 
that the entire proceSS could be accomplished within a 
completely enclosed Sterile environment. Alternatively, an 
inexpensive diluent container, as for example, a molded 
polypropylene bottle (not shown) can be enclosed with the 
Syringe components in the main envelope 120. 

0087. In a further embodiment (not shown), the syringe 
tip 18 may be Sealingly capped and packaged with the distal 
tip 18 projecting into, and Sealed within, the diluent or fluid 
compartment 130. This allows simplified packaging by 
placing the Syringe tip 18 in a position Such that the dividing 
seal 145 between the syringe compartment 140 and the 
diluent compartment 130 extends across and includes the 
distal tip 18. With this embodiment, the fluid compartment 
130 may be only partially distended so that the syringe cap 
or cover 124, which can include an additional Sealing cover 
(not shown), can be easily grasped through the fluid and 
envelope 120 and removed to unseal conduit 26 at tip 18 
when aspiration of fluid is desired. Once disengaged from tip 
18, the cap or cover 124 can be discarded within the 
compartment 130. 

0088. This comprehensively enclosed system is espe 
cially useful when the contained drug is a chemotherapeutic 
agent, thereby greatly eliminating occupational exposure of 
even minute amounts of chemotherapeutic drugs wherein 
cumulative occupational exposure may be hazardous to the 
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healthcare worker. It is further advantageous to utilize Such 
assembly of the syringe 5 within envelope 120 when the 
Syringes are being prepared and the drugs are being mixed 
within the Syringes at a Site remote from the Site of the 
Syringes intended use or when there will be a significant 
delay between assembly and use. Examples include home 
healthcare, mobile intensive care units, emergency medicine 
mobile units, and in hospitals when preparation is performed 
in a centralized pharmacy for distribution to floor units. 
0089. It can be seen that unless subsequent resterilization 
is contemplated, assembly of a Syringe utilizing a Sterile 
piston and handle and a sterile barrel must be accomplished 
with care and generally must be accomplished with Sterile 
gloves and masks. This is So Since contact or droplet 
contamination of the handle could Subsequently result in 
contact contamination of the barrel, which later may be filled 
with Solution, thereby resulting in contamination of the 
Solution. In addition, during Storage, organisms can poten 
tially enter a Stored assembled Syringe from the barrel Side 
and contaminate the Syringe, especially if use of the Syringe 
is delayed. It would therefore be preferable, in situations 
described above, that the Syringe be assembled and the drug 
mixed with Solution while the Syringe is maintained within 
the original Sterile container. This effectively eliminates the 
need to repackage the Syringe for later use, minimizes 
packaging cost and expense, and further eliminates the need 
for assembly perSonnel to wear masks and gloves while 
handling the Syringe and Substantially reduces the risk of 
potential for exposure of the assembly perSonnel to drugs or 
other potentially toxic material which may be reconstituted 
within the syringe. It should also be noted that liquid other 
than a diluent can be utilized and withdrawn into the Syringe. 
For example, a drug Solution which can Subsequently be 
mixed with the powdered or liquid drug within the vial can 
be provided and Subsequently drawn into the Syringe for 
mixing, as described for the diluent. 
0090. In a further embodiment (as shown in FIG. 8A) for 
inexpensive enclosed packaging and preparation, the Syringe 
5 is shown after assembly within a Sealed, Sterile transparent 
envelope 120' with the cover 45 removed from the vial 
piston 38 and the vial piston 38 inserted into the barrel 10. 
Envelope 120' includes a syringe chamber 140' and a liquid 
chamber 130'. The envelope 120' is preferably comprised of 
two planar sheets (FIG. 8C) of polyvinyl chloride, an upper 
sheet 122" and a lower sheet 124'. These sheets are bonded 
or thermoformed to enclose the syringe compartment 140 
and the liquid compartment 130'. A recess 144 is provided 
intermediate the liquid compartment 130' and the syringe 
compartment 140'. A weakened sealed region 146' (shown in 
FIG. 8D) is provided adjacent the liquid compartment 130 
and the receSS 144'. In operation, after the cover is removed 
from the vial piston 38 and the vial piston inserted into the 
barrel 10. Then, shown in FIG. 8D and FIG. 8E, the syringe 
tip 18 may be inserted into the recess 144' and Subsequently 
wedge apart the weakened region 146' to enter the liquid 
compartment 130'. At this time, the handle 34' can be 
retracted to draw fluid into the syringe 5. If preferred, 
another envelope 120" (such as is shown in FIG. 17A) can 
be provided with a pleated, bunched, folded portion 150", or 
otherwise redundant portion to facilitate retraction of the 
handle 34. A tear or weakened portion 121" can be provided 
so that the envelope 120" can be removed once the fluid has 
been withdrawn into the Syringe 5 and the drug properly 
mixed with the fluid. It can be seen that utilizing this 
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comprehensive packaging System, the entire process can be 
complete without exposing the Syringe 5 to potential con 
tamination to the environment and without exposing the 
preparing perSonnel to even minute quantities of drug. 
0091 Another preferred embodiment is shown in FIG. 6. 
This embodiment utilizes a cylindrical drug vial 50' which 
is open at the distal end 60' and the proximal end 55'. A distal 
piston 74 having circumferential flow channels or slots 78', 
as described for the previous embodiment, is Sealingly 
received into the distal end 60' of vial 50'. A proximal piston 
70' includes a handle recess 79" for threadingly receiving a 
threaded end 80' of Syringe handle 34'. The proximal piston 
70' is sealingly received into the proximal end 61'. A cover 
45' having weakened areas 46' and a tear tab 48" is provided 
over the proximal piston 70' and extends over the distal 
stopper 74. Upon removal of the tear tab 48" along the 
weakened areas 46", the entire cover 45' can be removed 
from the vial piston 38". Alternatively, separate proximal and 
a distal covers (not shown) could be provided with two 
separate tear tabs. A barrel 10' is provided with bore 22' 
having interior wall 12 for receiving the vial piston 38'. A 
stop 35' can be provided on handle 34 to preset the volume 
of diluent to be aspirated into the barrel 10', as will be 
described. 

0092. In assembly, a covered drug vial piston assembly 
38', the handle 34", and the barrel 10' are preferably enclosed 
within a sterile envelope, as previously shown in FIG. 7C. 
If desired, at least one portion of the envelope can include 
a region permeable to gas, Such as Tyvek"M, (not shown) for 
gas sterilization, as is known in the art. AS noted previously, 
the Sterile envelope is flexible and comprised, for example, 
of a material Such as polyethylene or polyvinyl chloride, So 
that the components within the envelope can remain Sterilely 
Sealed yet be easily grasped, manipulated, and assembled 
therein. 

0093. In operation, the tear tab 48" is grasped and the tear 
tab 48" and cover 45" are removed from the vial piston 
assembly 38' The handle 34 is then inserted into recess 79 
which can be threaded, as shown, to receive the handle end 
80' without Substantial longitudinal force exerted against the 
proximal piston 70'. If preferred, the tear tab 48" is located 
adjacent proximal piston 70' of the vial piston assembly 38 
so that the proximal portion of the cover 45" could first be 
removed, handle 34 threadably received into the recess 79, 
and handle 34' grasped for more easy removal of the distal 
portion of the cover 45" through a flexible envelope (such as 
is shown in FIG. 8A). Once the entire cover 45" is removed, 
the piston assembly 38' and its attached handle 34' are 
inserted into the barrel 10' and fully advanced to the end of 
the barrel 14'. As described in the previous embodiment, the 
projecting lateral wall 76' of distal stopper 74 is of greater 
diameter than the barrel bore 22" So that the lateral wall 76' 
can be pressed very tightly against the interior wall 12" of the 
barrel 10'. This assures a tight friction fit between the distal 
stopper 74 and the barrel 10' so that, while the piston 74 can 
be slidingly advanced by force along the barrel 10' to the 
distal end 14. Once positioned at the distal end of barrel 10, 
piston 74' will Stay in place. Consequently, upon retraction 
of the handle, vial 50' will be extracted away from the distal 
stopper 74 since the position of distal stopper 74 is fixed by 
the tight fit against the barrel wall 12'. As the handle 34" is 
retracted, the distal end 60' is pulled away from stopper 74, 
thereby widely opening drug vial 50' and forming a mixing 
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chamber intermediate the open-ended drug vial 50' and the 
distally retained distal stopper 74, as described and shown 
in the previous embodiments. 

0094. During this time, fluid can flow through the flow 
channels 78' adjacent the distal stopper 74 to fill the mixing 
chamber and to mix drug with the fluid entering through the 
flow channels 78'. When the handle 34' syringe has been 
fully retracted to draw the desired fluid volume into the 
Syringe, the Syringe can be agitated to mix the drug with the 
fluid. The syringe conduit 26' can then be placed in fluid 
connection with the intended recipient of the drug and the 
piston handle 34' can be advanced. As piston handle 34" is 
advanced, fluid exits the flow channels 78' adjacent the distal 
stopper 74'. 

0.095 The proximal piston 70' can be sized so that the 
frictional fit against Vial wall 52' induces leSS resistance to 
advancement than the frictional fit of the wiper 54 against 
the inner barrel wall 12'. Therefore, upon advancement of 
the handle 34", the proximal piston 70' first advances along 
vial wall 52" until it is fully advanced to seal the distal end 
60' of vial 50'. Retaining detents 94' can be provided to retain 
the proximal piston 70' in its fully advanced position at 
opening 60" against piston stop 96". At this time, further 
advancement of handle 34' will cause the entire vial 50' with 
fully advanced piston 70' to advance, thereby continuing the 
injection of fluid from the mixing chamber out the conduit 
26' and into the intended recipient. 

0096. It is clear that many modifications may be made 
within the Scope of this teaching. For example, diluent could 
be stored within a portion of the Syringe, rather than external 
to the Syringe. A bypass region and detents could be pro 
Vided along the Syringe barrel to provide the flow channel 
function, positioned at the distal end or midway along the 
Syringe. The Syringe handle could be positioned within the 
barrel during Storage. HookS could be provided along the 
wall of the Syringe for catching the tear tabs upon rotation 
or advancement of the handle So that the tear tab and Sealing 
cover is automatically displaced from the distal end of the 
Syringe upon engagement of the hooks and rotation or 
advancement of the handle, thereby separating the tight Seal 
between the drug vial and the cover within the Syringe 
barrel. A tether valve can be provided within the distal 
Stopper, as described in the aforementioned Patent Applica 
tion #08/196455 to allow a flow channel through the distal 
Stopper when the distal Stopper is fully advanced against the 
end of the Syringe. The Sealing fit of the distal Stopper can 
be adjusted So that it is quite tight and the Sealing fit of the 
proximal piston within the drug vial can be adjusted So that 
it is quite loose, thereby assuring that the distal Stopper will 
be retained in the distal end as the tether pulls the proximal 
Stopper piston along the drug vial to expel the drug into the 
mixing chamber. It can be seen that, with Such an embodi 
ment if a tether and a valve are provided, the tether need not 
be connected to the valve, but rather the valve may be 
designed to open on contact with the distal end and remain 
open with the tether being otherwise connected to the upper 
face of the distal stopper. 

0097 Another preferred embodiment, shown in FIG. 9, 
utilizes the previously described flow of liquid through the 
vent to allow Storage of liquid within a proximal portion of 
the Syringe for Subsequent injection after the injection of the 
drug Solution, thereby flushing the Syringe and the injection 
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site free of drug solution. A syringe barrel 10" is provided 
with bore 22" and inner wall 12". The handle 34" continues 
to include a stop 35". The handle is connected to a vial piston 
assembly 38" having a polymeric portion 39" and a glass 
drug vial 50" with a closed proximal end 55" and an open 
distal end 60". The vial piston 38" includes cover 45" having 
tear tab 48". The vial piston 38" further includes a thin 
circumferentially extending rubber wiper sleeve 54". A 
proximal stopper piston 70" is provided connected by a 
tether 84" to a distal stopper 74". The distal stopper 74" 
includes vial sealing portion 77" which seals tightly about 
inner vial wall 52" at opening 60". The vial sealing portion 
77" further includes a series of longitudinal slots 150 which 
extend to a distal end 156. A projecting wall portion 76" is 
provided having radially projecting flow channel slots 78". 
These radial slots 78" are provided about the entire perim 
eter of the lateral wall portion 76" so as to provide complete 
circumferential fluid influx for more complete and rapid 
mixing of drug with the fluid to provide circumferential 
afflux of fluid to allow the drug solution to exit uniformly, 
and for the complete circumferential flush of drug Solution 
from the syringe 10". 

0098. The proximal piston 70" includes several flow 
channels 160 and a contact-activated longitudinal slit valve 
164 which includes longitudinal slit 168. The entire proxi 
mal piston 70", including the slit valve 164, is preferably 
comprised of conventional rubber Stopper material. The slit 
valve 164 extends to tip 170. The slit 168 is tightly closed 
at rest, preventing flow of fluid through from channel 160 
out slit 168 and further preventing flow in the reverse 
direction through slit 168 and into flow channel 160. 
0099 Slit valve 164 will open upon forceful contact of tip 
170 against distal stopper 74", as shown in FIG. 9F. This 
allows free fluid communication between flow channels 160 
and slots 150. The slit valves preferably cannot be com 
pletely compressed so as to horizontally close slit 168 even 
with high pressure against distal piston 74". This can be 
provided by including thickened walls 166 which provide 
resistance to excessive longitudinal compression, as shown 
in FIG.9F. Further, this provides for a space 180 between 
proximal piston 70" and distal piston 74", allowing free flow 
of fluid into longitudinal slots 150, as will be described. 

0100 Tether 84", which again includes a tether vent, (as 
illustrated in previous embodiments), is provided interme 
diate the proximal piston 70" and the distal piston 74", 
thereby connecting together the proximal piston vent portion 
87" and distal vent portion 88". The distal vent portion 88" 
can be compressed and closed by radial compression of the 
vial sealing portion 77", as by sloping inner vial wall 52" 
adjacent the distal vial end 60" when the stopper 74" is 
sealingly engaged with the vial 50", as shown in FIG. 9. 

0101. In operation, the piston assembly 38" is loaded into 
the barrel 10" and advanced, as shown in FIG. 10A. Distal 
conduit 26" is then connected to a source of diluent (if the 
Source of diluent is not already attached to the distal conduit 
end) and the handle 34" is retracted and the diluent is 
withdrawn into the syringe 5" since stopper 74" is retained 
by tight frictional fit with the wall 12" and, thereby the drug 
vial 50" is extracted away from the stopper 74". As described 
for the previous embodiments, diluent flows through flow 
channels 78" defined by wall portions 76" and barrel wall 
12" and into a nascent mixing chamber 90". With continued 
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retraction, the tether 84" becomes extended (FIG. 11A), 
applying tensile force to the proximal piston 70" and effec 
tively advancing the proximal piston 70" along the drug vial 
50". 

0102) As the proximal piston 70" advances along the drug 
vial 50", a nascent flush fluid chamber 104" is formed within 
drug vial 50", intermediate the closed end 55" of drug vial 
50" and the proximal piston 70". When aspiration is com 
plete, mixing chamber 90" is filled with diluent and drug and 
the flush chamber 104" is filled with flush Solution. The 
Syringe 5" is now ready for Sequential injection and flush, as 
in FIG. 11B. The distal conduit 26" is placed in fluid 
connection with a receiver, Such as an intravenous Saline 
well, as shown in the aforementioned patent application Ser. 
No. 08/196,455. The handle 34" is then advanced (FIG. 12) 
and the drug Solution is injected into the recipient. The drug 
solution flows from the mixing chamber 90" through the 
flow channel slots 78" and out the conduit 26". When slit 
valve 164 contacts the distal piston 74" (as in FIG. 12A and 
FIG. 12B), the slits 168 open, allowing fluid connection 
between space 180 and flush compartment 104" through 
flow channels 160. As the handle 34" is further advanced, 
the vial 50" passes over distal stopper 74", pushing proximal 
piston 70" in a proximal direction, this compresses flush 
chamber 104" within vial 50" to force fluid out flow chan 
nels 160 through slits 168 and into space 180, whereby the 
fluid flows through the distal stopper slots 150 and the 
adjacent drug vial wall 52" until the fluid escapes past distal 
end 60" of the drug vial and out radial slots 78" and distal 
stopper 74" and then through conduit 26". This effectively 
flushes the residual drug from Syringe 5" and further flushes 
the distal conduit 26" and its connecting receiver (Such as a 
Saline well, not shown) free of drug, thereby completing the 
drug injection and flush maneuver with a single piston 
advancement. 

0103). It is clear that many modifications may be made to 
the aforementioned exemplary embodiments. For example, 
in another embodiment (shown in FIG. 13), a drug vial 250 
is integral with a handle 234 and detents 220 are provided 
along barrel 210 for retaining the distal stopper 274 in a 
distal venting position adjacent bypass vents 278. In another 
embodiment (as shown in FIG. 14), the handle 234' can be 
hollow and contain a large sealed chamber 230' which can 
Store and provide the Sterile gas or liquid to relieve the 
negative pressure within the drug vial 250' when the proxi 
mal piston 270' is advanced along the drug vial 250'. This 
eliminates the need for a tether vent in tether 284. The large 
volume within the handle 234 allows the proximal piston 
270' to advance with minimal negative pressure develop 
ment within the drug vial 250' and handle 234, thereby 
facilitating ease of advancement while maintaining a Sealed 
environment. The handle 234 could alternatively store flush 
Solution and a one-way valve (not shown) could be provided 
intermediate the vial 250' and the sealed handle chamber 
230' So that fluid transferred into the vial 250' from the 
handle 234' can later be selectively displaced into the barrel 
210", as through slit valves in the proximal piston (as shown 
in the previous embodiment) for Subsequently flushing of 
the syringe 205" after drug injection. Another embodiment 
(FIG. 16) shows contact-activated flush valves 464 on both 
the proximal piston 470 and the distal stopper 274". This 
type of valve can be used to replace the tether valve of my 
aforementioned patent application Ser. No. 08/196,455. 
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0104. A further preferred embodiment is shown in FIG. 
15. A drug-mixing and injection Syringe has a Syringe barrel 
10" with inner wall 12" and a Smooth barrel bore 22". The 
barrel 10" extends to distal tapered end 14". The syringe 5" 
has distal tip 18" and distal conduit 26" in fluid connection 
with bore 22". The conduit 26" is occluded by a sealing cap 
or cover 19. The syringe further includes handle 34.". which 
includes a pair of opposing rigid Support members 300 
(which are also shown in FIG. 15C) extending to a distal 
retainer 310 for connection to the proximal piston 70". The 
support members 300 extend to a proximal end 320 which 
is bonded to drug vial receiving member 324 for receiving 
drug vial 50" having sealing plug 330. The handle 34" 
further includes a flexible diluent reservoir 350 having a 
distal end 354 and a proximal end 358 and a folded or 
gathered region 359 adjacent the proximal end 358. The 
proximal end 358 is occluded by reservoir plug member 360 
having a finger contact rim 364 and a including a male Vial 
plug engaging member 368 for retentive engagement with 
vial plug 330. The support members 300 are spaced apart to 
define intermediate finger contact windows 366 for allowing 
direct finger contact of flexible reservoir 350 adjacent con 
tact rim 364 to allow easy displacement of plug 360, as will 
be discussed. 

0105. The flexible fluid reservoir 350 includes a inner 
chamber 370. The inner chamber 370 is in fluid connection 
with tube 374 (FIG. 15A), defining a lumen 378 extending 
to a distal lumen opening 380. A one-way valve 384, shown 
generically in FIG. 15A, is provided within the lumen 378 
for occluding the lumen 378. The one-way valve 384 can be 
one of any number of conventional one-way valves which 
are opened by relative negative pressure distal the one-way 
valve 384 and which are closed by relative positive pressure 
distal the one-way valve 384. For example, a ball and cage 
valve, a flap valve (as utilizing a thin, flexible polymeric or 
rubber flap, the deflection of which is responsive to a 
pressure differential across the flap), or other conventional 
valve may be utilized. The lumen 378 of tube 374 is 
occluded by sealing cap 390 connected to distal stopper 74". 
AS described for the previously discussed embodiments, a 
piston Stopper assembly 68" is provided and shown enlarged 
in FIG. 15A. The piston stopper assembly 68" includes 
distal stopper 74" and proximal piston 70". Prior to use, 
distal stopper 74" and proximal piston 70" are connected by 
tube 374, which thereby comprises a connecting element. AS 
with the previous embodiments, distal stopper 74" includes 
radial flow channels or slots 78". The distal stopper 74" has 
a diameter which is greater than the diameter of bore 22" so 
that distal stopper 74" is compressably received within bore 
22" to provide a tight frictional fit against inner wall 12". 
Distal stopper 74" is, therefore, fixedly engaged with inner 
wall 12" after distal stopper 74" has been forcibly advanced 
to the maximum position within the barrel 10" adjacent 
barrel end 14". 

0106) As shown in FIG. 15D, a flange 395 may be 
provided adjacent the drug vial 350 to allow the drug vial 
350 and handle 34" to be more easily retracted and 
advanced. The flange 395 can be sized to be received within 
an automatic, mechanical, or electronic Syringe pump 398 
(FIG. 15G). Furthermore, as shown in FIG. 15D, the drug 
vial 350 can be sized to be slidably received within the 
Syringe barrel 10" for more conventional operation and ease 
of interface with conventional Syringe pumps. If preferred, 
for interfacing with Syringe pumps, a neck (not shown) 
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having the configuration of a conventional Syringe handle 
can be provided intermediate the flange 395 and adjacent the 
drug vial 350 to facilitate operation with conventional 
Syringe pump designs. 

0107. In operation, drug vial 50" with the attached seal 
ing plug 330 is threadably engaged with the drug vial 
retainer 324 so that plug 330 is tightly retained about 
reservoir plug 360 (FIG. 15E) prior to complete insertion 
into barrel 10" of handle 34". The user can then contact plug 
rim 364 through windows 366 and advance plug 360 distally 
so that the reservoir plug 360 and the retained vial plug 330 
are displaced away from vial opening 60". Diluent from 
reservoir 370 can then freely flow into drug vial chamber 
51" through opening 60" to mix the drug formerly retained 
within the vial 50" and the diluent formerly retained within 
the reservoir 350. Free flow of diluent and mixed solution 
can be achieved through the large vial opening 60". The 
Syringe 5" can be rocked and rolled So as to provide 
complete mixing. Once mixing is complete, handle 34" can 
be grasped and retracted. Retraction of handle 34" will 
cause proximal piston 70" to be displaced away from the 
retained distal stopper 74" so that cap 390 is disengaged 
from tube 374. 

0108. In addition, negative pressure within bore 22" will 
develop since conduit 26" is sealed by cap 19. This will 
open one-way valve 384 to cause the mixed drug Solution 
contained within the reservoir 350 and vial 50" to flow into 
the syringe barrel bore 22" through the now opened lumen 
378. Once all of the fluid has been displaced into the barrel 
22", further retraction of handle 34" is inhibited by the 
development of negative pressure within the barrel 22" 
distal to piston 70". The retraction maneuver is preferably 
performed with the syringe 5" in a position wherein the 
distal tip 18" is directed downward to assist in the free flow 
of fluid out lumen378 and into contact with inner barrel wall 
12". Upon complete withdrawal of handle 34" (FIG. 15F), 
flexible reservoir 350 has collapsed, effectively reducing the 
transmission of negative pressure from within the Syringe 
barrel 22" to within the drug vial 50", although such 
transmission of negative pressure is not seen as detrimental 
with the presently preferred embodiment. After the mixed 
drug solution has been drawn within bore 22" into contact 
with the barrel wall 12" distal the retracted proximal piston 
70", the drug solution is ready for injection. Distal tip cap 
19 can then be removed and conduit 26" placed in fluid 
connection with the intended recipient of the drug Solution 
for Subsequent injection of the drug Solution. The drug 
solution is injected by advancing handle 34", thereby 
advancing proximal piston 70". During advancement, posi 
tive pressure within bore 22" distal the proximal piston 70" 
causes the one-way 384 to close So that drug Solution does 
not reflux through lumen 378 back into reservoir 350. A 
potential to reduce development costs by interfacing with a 
variety of conventional drug vial Systems provides a Sub 
Stantial value to this present embodiment. 
0109) A further embodiment (shown in FIG. 18A), func 
tions in a manner similar to the embodiment of FIG. 6, but 
having the advantage of providing for positive displacement 
of a proximal piston along an inner drug vial wall to displace 
the drug from the drug vial, as will be discussed. This 
embodiment, (numbered similar to FIG. 6, but with 600s) 
utilizes a vial piston assembly 638 including a cylindrical 
drug vial 650 which is open at a distal end 660 and a 
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proximal end 661. A distal piston 674 having circumferential 
flow channels or slots 678 is sealingly received into the 
distal end 660 of vial 650. The proximal piston 670 is 
sealingly received into the proximal end 661. A barrel 610 
is provided with a bore 622, having an inner wall 612 for 
receiving a slideable rubber, circumferential, Sealing wiper 
654 surrounding the drug vial 650. A handle 634 is provided, 
having distal retainers 636 for retaining the handle 634 
within the circumferential wiper 654. A stop-rod 680 is 
provided, having a pair of proximal Stops 682 and a threaded 
distal end 684. The threaded end 684 is sized to be thread 
ably received within proximal stopper 670. The stop-rod 
slides within opposing slots 685 and 686 along handle 634. 
The length of slots 685 and 686 is equal to the relative 
displacement length of the proximal piston 670 along drug 
vial 650, as will be described. The stops 682 are sized to 
engage a proximal detent 688 along barrel 610 upon retrac 
tion of handle 634. The operation of this embodiment is 
quite similar to the embodiment of FIG. 6, except that this 
syringe 605 provides positive displacement of the contents 
of drug vial 650 into the mixing chamber 690 upon retrac 
tion of handle 634, as will be discussed. 
0110. In initial assembly, the handle 634 and attached vial 
piston assembly 638 is loaded into the syringe barrel 610 and 
fully advanced to the distal tapered end 614. As previously 
discussed for earlier embodiments, the distal stopper 674 has 
a greater diameter than the Syringe barrel bore 622 So that 
the distal stopper 674 is compressed by the syringe barrel 
610 to provide tight frictional engagement in the maximally 
advanced position of FIG. 18A. Withdrawal of handle 634, 
as in FIG. 18B, causes drug vial 650 to be displaced away 
from distal stopper 674 to widely open the drug vial chamber 
651 into a nascent mixing chamber 690. In addition, retrac 
tion of handle 634 causes negative pressure to develop in 
chamber 690 and thereby causes fluid to flow through 
conduit 626 and through slots 678 into mixing chamber 690. 
During the retraction of handle 634 and the attached drug 
vial 650, the stop-rod 680 is slidably displaced along slots 
685 and 686. As shown in FIG. 18D, further retraction of 
handle 634 and the attached vial 650 causes stops 682 to 
engage annular detent 688, thereby causing positive relative 
advancement of stop-rod 680 and the attached piston 670 
along drug vial wall 652 and past drug vial detent 694 so that 
the proximal piston 670 is retained adjacent the distal end 
660 of drug vial 650. Once handle 634 has been fully 
retracted and stop-rod 680 and attached proximal piston 670 
has been fully advanced along drug vial wall 652, Substan 
tially all of the drug formerly contained within drug vial 
chamber 651 has been positively expressed into nascent 
mixing chamber 690. The syringe 605 can then be agitated 
to facilitate mixing. 
0111 When injection is desired, the distal conduit 626 
through distal tip 618 can be placed in fluid connection with 
the intended recipient. The handle 634 is then advanced. The 
proximal piston 670 and the stop-rod 680 are prevented from 
proximal displacement by retainer 694. Alternatively, 
complementing detents (now shown) could be provided 
along the slots 685 and 686 and stop-rod 680 to prevent 
displacement of the proximal piston 670 once the proximal 
piston 670 has been advanced along the vial 650, thereby 
eliminating the need for the vial retainers 694. During 
advancement, the drug Solution contained within mixing 
chamber 690 is pushed through slots 678, out conduit 626, 
and into the intended recipient. It can be seen that the 
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operation of this embodiment allows positive displacement 
of substantially all drug out of a drug vial 650 and into a 
mixing chamber 690 within a syringe 605 with a single 
handle 634 retraction maneuver. The embodiment further 
does not require the use of a tether, as described for Some of 
the previous embodiments. This embodiment, therefore, has 
the advantage of Simplified operation and manufacture. 
Markers or detents (not shown) can be provided along the 
handle 634 and the syringe barrel 610 for indicating that 
complete withdrawal and locking of the proximal piston 670 
in the fully advanced position of FIG. 18D has been 
achieved. 

0112 Although the presently preferred embodiments of 
this invention have been described, it will be obvious to 
those skilled in the art that various changes and modifica 
tions may be made therein without departing from the 
invention. Therefore, the claims are intended to include all 
Such changes and modifications which may be made therein 
without departing from the invention. Therefore, the claims 
are intended to include all Such changes and modifications 
that fall within the true spirit and scope of the invention. 

1. A drug-mixing Syringe comprising: 

a. a barrel and a main bore, the barrel having a distal end 
and an opening through Said distal end in fluid con 
nection with Said bore; 

b. a drug vial having a longitudinal axis and distal end 
having an opening therein defined by an Outer wall 
adjacent Said end, Said drug vial being sized to be 
slidingly received within Said barrel; 

c. a stopper having a distal face and a proximal face and 
being sized to be received within the open distal end of 
Said drug vial and to occlude Said distal end, Said 
Stopper defining an axis and including a distal portion 
having at least one member for engaging Said barrel, 
Said member projecting beyond at least a portion of 
Said outer wall of Said drug vial when Said drug vial and 
Said stopper are inserted into Said barrel bore, Said 
Stopper defining at least one flow channel extending 
adjacent Said distal portion when Said stopper is 
received into said barrel So that when fluid flows 
through said barrel, fluid can flow through said flow 
channel. 

2. The drug-mixing Syringe of claim 1 wherein Said distal 
portion has a transverse width greater than the width of the 
drug vial and wherein Said flow channel extends through 
Said Stopper. 

3. The drug-mixing Syringe of claim 1 wherein Said flow 
channel is free from communication with Said drug vial 
chamber when Said stopper is Sealingly received into Said 
drug vial. 

4. A drug-mixing Syringe comprising: 

a. a barrel having an inner wall and a main bore, the barrel 
having a distal end and an opening through Said distal 
end in fluid connection with said bore; 

b. a fluid reservoir sized to be received within said bore; 

c. a distal Stopper carried by Said reservoir and occluding 
Said reservoir, at least a portion of Said distal Stopper 
engaging Said barrel wall to retain Said distal stopper in 
a fixed position along Said bore after Said reservoir and 
Stopper have been advanced into Said bore, So that after 
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Said reservoir has been So advanced and when Said 
reservoir is Subsequently retracted along Said bore, Said 
Stopper is displaced away from Sealing engagement 
with Said reservoir to define an opening in Said reser 
voir and to open Said reservoir within Said barrel So that 
fluid may flow within said barrel from said reservoir 
through Said opening. 

5. The drug-mixing Syringe of claim 4 wherein Said 
Stopper includes at least one projecting member for engag 
ing Said barrel wall. 

6. The drug-mixing Syringe of claim 4 wherein Said 
Stopper defines at least one flow channel when Said stopper 
is received into Said barrel. 

7. The drug-mixing Syringe of claim 4 further including a 
piston assembly, the assembly including Said distal Stopper 
and a proximal piston and a connecting element intermediate 
Said Stopper and Said piston. 

8. The drug-mixing Syringe of claim 4 wherein a cap is 
provided in Sealing engagement with Said reservoir and 
wherein Said Stopper is connected to Said cap So that when 
Said reservoir is displaced away from Said stopper, Said cap 
is displaced from Sealing engagement with Said reservoir to 
open Said reservoir within Said barrel. 

9. The drug-mixing Syringe of claim 4 further including a 
handle connected to Said reservoir, Said handle carrying Said 
reservoir. 

10. The drug-mixing syringe of claim 7 wherein said 
connecting element is a conduit in fluid connection with Said 
reservoir and including a one-way valve along Said conduit, 
Said valve being responsive to a difference in pressure acroSS 
Said valve, Said valve opening when the preSSure within the 
barrel is less than the preSSure within the reservoir, Said 
Valve closing when the pressure within the barrel is greater 
than the pressure within the reservoir. 

11. The drug-mixing Syringe of claim 9 wherein Said 
handle is connected to Said proximal piston and wherein Said 
proximal piston is Sealingly engaged with Said barrel Such 
that, when Said handle is retracted and Said proximal piston 
is retracted along Said barrel, the pressure is reduced within 
Said barrel relative the preSSure within Said reservoir So that 
fluid is displaced along the pressure gradient out Said 
reservoir and into Said barrel distal to Said proximal piston. 

12. The drug-mixing Syringe of claim 9 further including 
a drug vial receiver carried by Said handle for connecting 
Said drug vial with Said reservoir. 

13. A drug-mixing Syringe comprising: 

a. a barrel and a main bore, the barrel having a distal end 
and an opening through Said distal end in fluid com 
munication with Said bore; 

b. a drug vial having an open distal end and a proximal 
end; 

c. a stopper occluding Said distal end of Said drug vial; 
d. Said drug vial being sized to be received within Said 

barrel and to be advanced along Said barrel to an 
advanced position adjacent Said distal end of Said 
barrel, Said stopper being sized to engage Said barrel 
and to be retained by Said barrel adjacent Said distal end 
of Said barrel, Said Stopper in Said advanced position 
being fixedly engaged with Said barrel adjacent Said 
distal end So that after said vial and Said Stopper have 
been advanced within Said barrel to Said advanced 
position, Said vial is displaced away from Said retained 
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Stopper when Said vial is retracted along Said barrel to 
open Said vial within Said barrel. 

14. The drug mixing Syringe of claim 13 wherein Said 
Stopper includes at least one flow channel. 

15. The drug mixing Syringe of claim 13 further including 
a proximal piston adjacent Said proximal end of Said drug 
Vial, Said proximal piston being moveable along Said vial to 
an advanced position within Said vial adjacent Said distal 
opening of Said Vial, Said movement effectively displacing 
substantially all drug from within said vial into said barrel. 

16. The drug mixing Syringe of claim 15 further including 
a handle connected to Said proximal piston, Said handle 
functioning to advance Said proximal piston along Said Vial, 
Said handle further functioning to retract Said vial away from 
Said Stopper when Said stopper is retained by Said barrel. 

17. The drug mixing syringe of claim 13 wherein said 
Stopper is connected to Said proximal piston by a tensile 
element. 

18. The drug mixing syringe of claim 17 wherein said 
tensile element is a tether. 

19. The drug mixing syringe of claim 18 further including 
a vent extending through Said tether. 

20. A medical mixing Syringe for mixing a diluent with a 
beneficial agent, the Syringe comprising: 

a. a barrel having a main bore and further having an open 
proximal end and a distal end; 

... a lumen extending through Said distal end in commu 
nication with Said main bore, 

c. a handle having a distal end and a proximal end and a 
portion intermediate Said handle ends, 

... a reservoir adjacent Said intermediate portion, Said 
reservoir defining a fluid chamber for containing liquid, 
Said reservoir having a distal open end and a proximal 
end, Said reservoir being sized to be received into Said 
barrel and being moveable to an advanced position 
along Said barrel; 

e. a piston sized to be received within Said barrel, Said 
piston being connected to Said handle; 

f. a stopper connected about Said distal open end of Said 
reservoir and occluding Said distal reservoir end, Said 
Stopper including a member for engaging Said barrel, 
Said stopper being sized to be received within Said 
barrel, Said stopper being moveable with Said reservoir 
to an advanced position along Said barrel, Said stopper 
member engaging Said barrel to prevent retraction of 
Said stopper from Said advanced position and to retain 
Said stopper in Said advanced position within Said 
barrel So that when said reservoir is retracted from said 
advanced position Said reservoir is displaced away 
from Said stopper to open Said reservoir into Said barrel 
so that fluid may flow from out of said reservoir and 
into said barrel. 

21. The mixing Syringe of claim 20 wherein Said reservoir 
is a flexible polymeric container. 

22. The mixing Syringe of claim 21 wherein Said reservoir 
is collapsible. 

23. The mixing Syringe of claim 22 wherein Said reservoir 
is comprised of polyvinyl chloride. 

24. The mixing Syringe of claim 20 further including a 
drug vial connector adjacent Said proximal reservoir end. 
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25. The mixing Syringe of claim 20 wherein Said Stopper 
and Said piston are connected by a connecting element. 

26. The mixing Syringe of claim 25 wherein Said con 
necting element is a tube in fluid communication with Said 
reservoir. 

27. The mixing Syringe of claim 20 wherein Said Stopper 
defines, in Said advanced position, at least one flow channel 
So that liquid within Said barrel can be injected past Said 
Stopper through Said channel. 

28. The mixing syringe of claim 20 wherein said 
advanced position is adjacent Said distal end of Said barrel. 

29. The syringe of claim 20 wherein said barrel defines an 
axis and a main bore having a transverse dimension at Said 
advanced position and wherein Said Stopper defines an axis, 
Said Stopper being elastically compressible and having at 
least a portion being elastically compressible, the portion 
having a transverse dimension exceeding Said transverse 
dimension of Said bore So that when said stopper is advanced 
into Said bore, Said portion is compressed against Said bore 
to retain Said Stopper within Said bore. 

30. The syringe of claim 20 wherein said barrel includes 
a retaining member for engaging and retaining Said stopper 
in Said advanced position. 

31. A Syringe for mixing pharmaceutical agent with a 
diluent, the Syringe comprising: 

a. a barrel and a main bore, the barrel having a distal end 
and an opening through Said distal end in fluid con 
nection with Said bore; 

b. a drug vial defining an axis and having an open distal 
end and a outer wall adjacent Said end, Said vial being 
sized to be received within said barrel; 

c. a stopper having a distal face and a proximal face and 
being sized to be received within the distal end of said 
drug vial and to occlude Said distal end, Said stopper 
defining an axis and including a distal portion having a 
member for engaging Said barrel, Said member project 
ing beyond at least a portion of Said outer wall of Said 
drug vial when said Stopper is Sealingly received into 
Said drug vial and when Said drug vial and Said stopper 
are inserted into Said barrel bore; 

d. a handle connected to Said drug vial for advancing and 
retracting Said drug vial along Said barrel; 

e. a Sealing member mounted adjacent one Said drug vial 
and Said handle, the Sealing member being Sized to Seal 
about Said bore So that when Said drug vial is advanced 
along Said barrel, Said Sealing member Seals circum 
ferentially against Said bore So that when said vial is So 
advanced, the pressure is increased within Said bore 
distal to Said vial and when Said vial is retracted along 
Said barrel, the preSSure is decreased within Said bore 
distal to Said vial. 

32. A System for Storage and the enclosed Sterile assembly 
of a Syringe containing a pharmaceutical agent, the System 
comprising: 

a. a barrel and a main bore, the barrel having an open 
proximal end and a distal end and an opening through 
Said distal end in fluid connection with Said bore; 

b. a drug vial defining an axis and having an open distal 
end and a outer wall adjacent Said end, Said vial being 
sized to be received within said barrel; 
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c. a stopper having a distal face and a proximal face and 
being sized to be received within the distal end of said 
drug vial and to occlude Said distal end, Said stopper 
defining an axis and including a distal portion having a 
member for engaging Said barrel, Said member project 
ing beyond at least a portion of Said outer wall of Said 
drug vial when Said Stopper is Sealingly received into 
Said drug vial and when Said drug vial and Said stopper 
are inserted into Said barrel bore; 

d. a handle connected to Said drug vial for advancing and 
retracting Said drug vial along Said barrel; 

e. a flexible envelope enclosing Said barrel, Said handle, 
and Said vial within a Sealed Sterile environment within 
Said envelope, Said envelope being sized So that Said 
vial and Said handle can be aligned with Said open 
proximal end, and So that Said vial can be Sterilely 
inserted into Said barrel within Said envelope by con 
tacting Said handle and Said vial through Said envelope 
and manipulating Said vial and Said handle within Said 
envelope. 

33. The system of claim 32 further including a first 
Syringe compartment for containing Said barrel, Said handle, 
and Said vial and a Second liquid compartment for enclosing 
a liquid for enclosed aspiration into Said barrel, Said Syringe 
compartment and Said liquid compartment being free from 
exposure to the environment outside Said envelope when 
Said liquid is aspirated into Said barrel. 

34. A method for the enclosed and sterile mixing of a 
pharmaceutical agent from a closed and Sealed pharmaceu 
tical vial with a diluent and for subsequent injection of the 
mixture into a patient using a Syringe having a barrel, the 
Vial having an open distal end Sealed by a Stopper, and 
having a proximal end and a piston adjacent Said proximal 
end, the method comprising Steps of: 

a. inserting the closed pharmaceutical Storage vial into the 
barrel; 

b. advancing the pharmaceutical Storage Vial along the 
barrel; 

c. disengaging the Stopper from Sealing contact with the 
open end of the pharmaceutical vial; 

d. aspirating diluent into the main bore into contact with 
Said pharmaceutical agent to derive a mixture of Said 
diluent and Said pharmaceutical agent; 

e. advancing Said proximal piston along Said Vial, Said 
piston expelling the pharmaceutical agent from the Vial, 

f. advancing Said vial to inject Said mixture into a patient. 
35. A drug-mixing Syringe comprising: 

a. a barrel and a main bore, the barrel having a distal end 
and an opening through Said distal end in fluid con 
nection with Said bore; 

b. a drug vial defining an axis and having an open distal 
end and a outer wall adjacent Said end, Said vial being 
sized to be received within said barrel; 

c. a stopper connected about Said distal open end of Said 
reservoir and occluding Said distal reservoir end, Said 
Stopper including a member for engaging Said barrel, 
Said stopper being sized to be received within Said 
barrel, Said stopper being moveable with Said reservoir 
to an advanced position along Said barrel, Said stopper 
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member engaging Said barrel to prevent retraction of 
Said stopper from Said advanced position and to retain 
Said stopper in Said advanced position within Said 
barrel So that when said reservoir is retracted from said 
advanced position Said reservoir is displaced away 
from Said stopper to open said reservoir into Said barrel 
so that fluid may flow from out of said reservoir and 
into said barrel. 

36. The syringe of claim 35 wherein said stopper defines 
an axis and further includes a distal portion for engaging Said 
barrel. 

37. The Syringe of claim 35 wherein Said barrel engaging 
member projects beyond at least a portion of Said outer wall. 

38. The syringe of claim 35 wherein said stopper in said 
advanced position defines at least one flow channel So that 
when Said stopper is retained in Said advanced position, and 
when liquid flows through Said barrel, liquid can flow 
through Said flow channel. 

39. The syringe of claim 38 wherein said flow channel 
extends through Said stopper. 

40. The syringe of claim 38 wherein said stopper forms a 
first wall of said flow channel and wherein said barrel forms 
a Second wall of Said flow channel. 

41. The syringe of claim 37 wherein said portion has a 
transverse dimension greater than the transverse dimension 
of the drug vial So that Said portion projects transversely 
beyond said vial wall. 

42. The syringe of claim 35 wherein said vial has an open 
proximal end occluded by a piston. 

43. The syringe of claim 42 wherein said piston is 
connected to a handle for advancing said piston along said 
Vial and for advancing Said vial along Said barrel. 

44. The syringe of claim 35 wherein said vial is connected 
to a handle for advancing and retracting Said vial along Said 
barrel. 

45. The syringe of claim 35 further including a sealing 
member mounted adjacent one Said drug vial and Said 
handle, the Sealing member being Sized to Seal about Said 
bore So that when Said drug vial is advanced along Said 
barrel, Said Sealing member Seals circumferentially against 
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Said bore So that when Said vial is So advanced, the preSSure 
is increased within Said bore distal to Said vial and when Said 
Vial is retracted along Said barrel, the pressure is decreased 
within said bore distal to said vial. 

46. A method for the enclosed and sterile mixing of a 
pharmaceutical agent from a closed pharmaceutical vial 
having an open end occluded by a Stopper with a diluent, and 
for Subsequent injection of the mixture into a patient using 
a Syringe having a barrel, the method comprising Steps of 

a. inserting the occluded pharmaceutical Storage vial into 
the barrel; 

b. advancing the pharmaceutical Storage Vial along the 
barrel; 

c. after the Step of advancing, retracting Said vial along 
Said barrel; 

d. disengaging the Stopper within Said barrel from Sealing 
contact with the open end of the pharmaceutical Vial; 

e. aspirating Said diluent into contact with Said pharma 
ceutical agent; 

f. advancing Said vial along Said barrel to inject Said 
mixture into a patient. 

47. The method of claim 46 further including steps of 
disposing a flow channel through said stopper and injecting 
Said mixture through Said flow channel during the Stop of 
advancing Said vial along Said barrel to inject Said mixture. 

48. The method of claim 46 further including steps of 
aspirating diluent through Said flow channel during the Step 
of retracting said vial along said barrel. 

49. The method of claim 46 wherein said stopper is 
moveable along Said barrel with Said vial to an advanced 
position, Said Stopper including a member for engaging Said 
barrel in Said advanced position to retain Said Stopper in Said 
advanced position, the method including the further Step of 
retaining Said stopper in Said advanced position during the 
Step of retracting Said vial along Said barrel. 

k k k k k 


