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FOR 

A MULTIPOSITIONAL RESEALABLE VIAL CONNECTOR 
ASSEMBLY FOR EFFICIENT TRANSFER OF LIQUID 

BACKGROUND OF THE INVENTION 

P-3694 

1. Field of the Invention. The subject invention relates to a connector assembly 
for a vial, and more particularly, to a multipositional resealable vial connector that enables 
an efficient transfer ofliquid into or out of the vial. 

20 2. Description of the Prior Art. Many drugs are presented in dry form to 
achieve a longer shelf life. One type of dry drug is a lyophilized drug. A selected dose of 
a lyophilized drug may be stored in a glass vial that is sealed to prevent deterioration or 
contamination of the drug. A liquid solvent may be mixed with the lyophilized drug 
shortly prior to use, and the drug solution may be administered to a patient. 

25 Some prior art vials of lyophilized drugs are sealed with a membrane that can be 
pierced by a needle or spike for delivering the liquid solvent into the vial and for 
subsequently administering the drug solution to a patient. It has been found, however, 
that fragments of the membrane can separate when the seal is being pierced, and thus 
inadvertently can be administered to a patient with the drug solution. 

30 Other prior art vials include a rubber stopper that is urged into the vial by the 
spike, needle or other· tubular structure that delivers the solvent to the vial. These 
stoppers cannot be conveniently accessed after they have fallen into the vial for reliably 
resealing the vial of drug_ solution. However, the loose stopper can unintentionally block 
the vial opening to impede the outflow of drug solution. 
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A very effective vial connector assembly is shown in US. Patent No. 5,358,501 

which issued to Gabriel Meyer on October 25, 1994. Certain embodiments of the 

assembly shown in US~ Patent No. 5,358,501 include a tube with a proximal end in the 

vial and a distal end externally of the vial. First and second channels extend axially 

5 through the tubes. The first channel terminates at a first orifice at the extreme proximal 

end of the tube. The second channel terminates at a second orifice disposed distally of the 

first orifice. Portions of the tube defining the first orifice prevent the stopper from 

blocking the second orifice. Hence a drug solution in the vial can be completely emptied 

for administration to a patient. Other embodiments shown in US. Patent No. 5,358,501 

I 0 attach the stopper to the tubular structure that urges the stopper into the vial. Thus, the 

stopper does not fall to the bottom of the vial. This enables the vial to be re-sealed and 

further prevents the stopper from inadvertently falling into a position where the stopper 

can impede the flow of drug solution from the vial. 

In many situations it is desirable to utilize a pointed spike on the vial connector to 

15 access a supply of solvent in a rigid container. It has been found that surface tension at 

the gas/liquid interface and a pressure differential between the vial and the container of 

solvent prevents the initial flow of solvent into the vial. Similar problems with pressure 

differential and surface tension may occur when the drug solu~ion is being delivered from 

the vial. Where the container is a flexible container, such as a flexible infusion bag, it may 

20 be possible to squeeze the infusion bag to initiate fluid flow. However, if the container is 

rigid, this approach is not possible. Some medical practitioners overcome this problem by 

shaking the vial after it has been connected to the supply of solvent. However, this 

shaking can inadvertently separate the vial from the supply of solvent and can lead to a 

loss or contamination of the drug or drug solution. Furthermore, shaking an assembly 

25 with a pointed implement is an unsafe practice. 

SUMMARY OF THE INVENTION 

The subject invention is directed to a connector for use with a vial. The vial 

includes a bottom wall and an upstanding side wall. A shoulder extends inwardly from the 

30 top end of the side wall and a tubular neck extends upwardly from the shoulder to an open 

top. An annular rim may extend around portions of the neck that define the open top. 

Portions of the vial between the tubular neck and the bottom wall define an enclosure in 

which a lyophilized drug or a drug solution may be stored. 
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The connector of the subject invention includes a mounting collar mounted to and 

surrounding the open top of the vial. The collar is configured for sliding action, respective 

of the open top of the vial. To this end, the collar features a pair of opposed proximal and 

distal ends. A plurality of deflectable latches are disposed adjacent the pro.ximal end end 

5 and dimensioned to engage the annular rim surrounding the opening top of.the vial. A 

plurality of locking detents are provided intermediate the proximal and distal ends of the 

collar. The collar is slidable between an extreme distal position and an extreme proximal 

position respective of the open top of the vial. Moreover, once slid to its extreme 

proximal position, the collar can be slid in a distal direction to a third position intermediate 

I 0 the extreme proximal and extreme distal positions. 

The connector further includes an elongate transfer tube mounted to the collar for 

movement between proximal and distal positions in the neck of the vial. The transfer tube 

includes a proximal end disposed within the vial and a distal end projecting from the vial. 

The distal end may be pointed sufficiently to pierce through a seal on a separate fluid 

15 container, such as a rigid container. The proximal end of the transfer tube includes 

mounting structure for engagement with a stopper. Portions of the transfer tube 

intermediate the proximal and distal ends include apertures for permitting transverse flow 

of fluid into or out of at least one of the channels passing axially through the transfer tube. 

A secondary seal is disposed on the transfer tube at a location distal from the apertures. 

20 The stopper is secured to the mounting structure on the proximal end of a transfer 

tube. The stopper is dimensioned to sealingly engage the inner surface of the neck of the 

vial when the transfer tube is in its extreme distal position relative to the neck. Proximal 

movement of the transfer tube urges the stopper proximally beyond the neck of the vial 

and places the transverse apertures through the transfer tube in communication with 

25 interior portions of the vial. The secondary seal remains disposed in the neck of the vial so 

as to isolate a drug held within the vial from potentially contaminating contact with the 

ambient environment. 

In use, a dry drug such as a lyophilized drug is stored in the vial and is protectively 

sealed by the stopper and the secondary seal. Solvent may be added to the lyophilized 

30 drug in the vial by placing the distal end of the transfer tube into communication with a 

container of solvent. The collar, together with the transfer tube, are then urged proximally.. 

relative the vial, such that the stopper secured to the proximal end of the transfer tube 

moves proximally in the neck of the vial. As the transfer tube approaches its extreme 

proximal position, the stopper will clear the neck of the vial to enable fluid communication 
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between the container of solvent and the vial. More particularly, a clear path for fluid 

communication will be defined by at least one of the channels extending axially through 

the transfer tube and the transverse apertures disposed distally of and adjacent to the 

stopper. 

As noted above, surface tension and pressure differentials between the vial and the 

supply of solvent often impede an efficient flow of solvent into the vial. In the prior art, 

this problem had been addressed by shaking the vial, the connector assembly and container 

of fluid to initiate flow. This prior art shaking was undesirable for reasons explained 

above. The connector of the subject invention overcomes the problems caused by surface 

I 0 tension and pressure differentials, and generates a rapid flow of liquid into the vial. More 

particularly, the transfer tube will move proximally relative to the vial in response to forces 

supplied by the health care worker attempting to add solveJlt to the dry drug. After the 

transfer tube reaches its extreme proximal position, the healthcare worker can alternately 

move the transfer tube between its extreme proximal position and the secondary position 

15 intermediate the extreme proximal and distal positions. This movement of the transfer 

tube relative to the vial is sufficient to overcome surface tension and to generate a 

favorable pressure differential that will generate immediate flow of liquid through the 

transfer tube and into the vial. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. l is a longitudinal cross-sectional view of a connector assembly in accordance 

with the subject invention mounted to a vial. 

Fig. 2 is a cross-sectional view of a spike used in conjunction with the connector 

assembly of Fig. I. 

25 Fig. 3 is a detailed cross-sectional view of the connector assembly illustrated in 

Fig. I. 

Fig. 4 is a cross-sectional view illustrating the connector assembly in a distal-most 

position relative to the neck of the vial, prior to activation by a user; 

Fig. 5 is a cross-sectional view illustrating the connector assembly in a proximal-

30 most position relative to the neck of the vial, subsequent to activation by a user; 

Fig. 6 is a cross-sectional view illustrating the connector assembly urged distally, 

after activation to the proximal-most position, to compensate for any surface tension or 

pressure differences between the vial and the source of solvent so as to initiate flow 

between the source of solvent and the vial; and 
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Fig. 7 is a partial cross-sectional view of a spring utilizable between the vial and 
the collar of the connector assembly to urge the collar assembly distally after reaching its 
proximal-most position. 

DETAILED DESCRIPTION OF THE PREFERRED EMBOD™ENTS 
5 A connector assembly in accordance with the subject invention is identified 

generally by the numeral 10 in Figs. 1 and 3-6. The connector assembly 10 is used with a 
glass vial 12 having a bottom wall 14, a cylindrical side wall 16 extending upwardly from 
bottom wall 14, a shoulder 18 extending inwardly and upwardly from the end of 
cylindrical side wall 16 remote from bottom wall 14 and a cylindrical neck 20 of inside 

10 diameter 11a11 extending upwardly from shoulder 18. Neck 20 terminates at an open top 
22. Top 22 is characterized by an annular rim 24 objecting outwardly thereabout. 

Vial 12 is generally provided with a dry drug such as a lyophilized drug 26 stored 
therein. Connector assembly 10 functions to safely seal lyophilized drug 26 in vial 12 and 
to permit a solvent to be added to vial 12 for mixing with lyophilized drug 26 and forming 

15 a drug solution. Connector IO further enables delivery of the drug solution to an IV set 
for administration to a patient. 

Referring more closely to Figures 1 and 3, connector assembly 10 includes a 
generally annular collar 30. Collar 30 has opposed proximal and distal ends 32 and 34 
respectively. Proximal end 32 of collar 30 may be configures or otherwise provided with a 

20 plurality of deflectable latches 36 having locking portions 37 dimensioned for locking 
engagement with an underside portion 24b associated with annular rim 24 of vial 12. One 
or more locking detents 40 can be provided on deflectable latches 36 intermediate the 
proximal and distal ends of the collar. Locking detents 40 feature a sloped portion 40a 
and an upper face portion 40b. Sloped portion 40a permit the locking detents to slide 

25 over rim 24 when collar assembly 10 is urged in the proximal direction, while upper face 
portion 40b engages underside portion 24b of the rim to prevent the collar assembly from 
re-assuming its distal-most position once urged towards its proximal-most position. 
Portions of collar 30 between proximal and distal ends 32 and 34 include an upstanding 

30 

annular wall 38 defining a well 39 having a shoulder 39a. 
Connector assembly I 0 further includes a way to transfer fluid between vial 12 and 

a source of solvent such as container source "B ". As illustrated in the Figures, one way to 
transfer fluid is to provide connector assembly 10 with a fluid transfer tube such as a 
tubular spike 62. Referring most closely to Figures 1-3, spike 62, which can be molded 
from a thermoplastic material, includes an elongate structure having a proximal end 64, a 
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pointed distal end 66 and a pair of axially extending passages 68 and 70 extending 

therethrough and separated from one another by a septum 72. Spike 62 can be affixed, in 

a concentric manner, to a receptacle 45 formed within collar 30. Receptacle 45 includes 

an outer wall 46 having a diameter "b" at least equal to, if not slightly less than, diameter 

5 "a" of the neck of vial 12 such that spike 62 is free to travel proximally and distally within 

vial neck 20 as collar 30 is urged between its 4istal-most and proximal-most positions. 

Pointed distal end 66 is configured to puncture sealing portion "A" of the container 

source of solvent. Passages 68 and 70 have open axial termini 68a, 70a near pointed distal 

end 66. Axial termini 68a, 70a are placed at differing axial locations, or levels, along the 

10 elongate structure of the spike for substantially eliminating any possibility of both passages 

being obstructed by structure in either the vial 12 or container source 11B1
' with which 

connector assembly 10 may communicate. Passages 68, 70 extend between their 

respective axial termini 68a, 70a and respective apertures 68b, 70b located near proximal 

end 64. As also seen, a plurality of vanes 74 may be disposed on spike 62 intermediate 

15 apertures 68b, 70b and proximal end 64. 

Connector assembly 10 provides a way to seal vial I 0 and, particularly, drug 26 in 

a sterile manner. To this end, referring to principally to Figures 1-3, the connector 

assembly includes a stopper 44 and a secondary seal 48. Stopper 44 is grippingly engaged 

on fingers 76 disposed at the proximal end 64 of spike 62. Stopper 44 is spaced away 

20 from apertures 68b, 70b by vanes 74 so as to provide a fluid path permitting fluid flow 

into and out of apertures 68b, 70b. Stopper 44 is dimensioned for sliding fluid tight 

engagement with interior surfaces of neck 20 of vial 12. The relative dimensions of 

stopper 44, spike 62 and/or collar 30 can be configured such that stopper 44 will be in 

sealing engagement with neck 20 of the vial when collar 30 is in a distal-most position (Fig 

25 4) but will be disposed away from neck 20 and disposed towards the interior of vial 12 

when collar 30 is in a proximal-most position (Fig. 5) so as to permit fluid flow between 

the interior of the vial and apertures 68b, 70b. It can be also provided that a distal portion 

4 7 of stopper 44 seal a proximal end 2 I of vial neck 20 when collar 3 0 is urged distally 

from its proximal-most position towards a secondary position (Fig. 6) intermediate the 

30 distal-most and proximal-most positions of the collar. 

As seen further, connector assembly IO includes a secondary seal 48. Seal 48 may 

be fitted about spike 62 between a base portion 46a associated with outer wall 46 of the 

receptacle and against a distal surface of vanes 74. Secondary seal 48 includes an outside 

diameter approximately equal to or slightly greater than inside diameter "a" of neck 20 on 
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vial 12. The dimensions of secondary seal 48, spike 62 and/or collar 30 can be configured 

such that secondary seal 48 remains in sealing engagement with neck 20 of the vial 

irrespective of the position of collar 30 (Figs. 4-6) relative to the neck of vial 12. The 

dimensions or shape associated with secondary seal 48, vanes 74, collar 30 and/or spike 

5 62 can further be chosen such that secondary seal 48 hermetically isolates ap.ertures 68b, 

70b from the neck ofthe vial. 

If desired, a spring 78 may be provided with the connector assembly to assist in 

urging the connector assembly distally from its proximal-most position towards its 

intermediate position. As illustrated in Figs. 4-7, spring 78 may assume an arcuate shape 

10 and can be formed from any suitable material such as ABS, POM, or any thermoplastic 

exhibiting desired elasticity characteristics. Spring 78 can be placed between rim 24 of the 

vial and the shoulder 39a of well 39 in a manner such that as connector assembly 30 is 

urged towards its proximal-most position, compressive forces imparted unto spring 78 can 

assist the user in deflecting the connector assembly distally towards its intermediate 

15 position (Fig. 6). 

A protective cap 90 is provided about collar 30 to protect the connector assembly 

prior to use. Protective cap 90 may feature a sill 92 dimensioned to engage vial 12, such 

as at shoulder 18 or at side wall 16. If desired, connector assembly 10 may further include 

a safety shield 86, as shown in Fig. 1, which is releasably engaged around outer 

20 circumferential portions of collar 30 and dimensioned for further protectively enclosing 

spike 62. If also desired, a tamper evident seal (not shown) can be provided at the 

interface between sill 92 and the vial. 

Connector assembly 10 is employed by initially removing cap 90 and, if provided, 

safety shield 86. Vial 12, with connector assembly 10 mounted thereto, is urged toward 

25 container 11B11 to access solvent 11S11 held therein. Figure 4 illustrates that as vial 12 is 

urged toward container 11B11
, connector assembly 10 in its distal-most position relative to 

vial neck 20. Both stopper 44 and secondary seal 48 are engaged with vial neck 20. 

Sloped portions _40a of locking detents 40 rest against vial rim 24, while locking portions 

37 of deflectable latches 36 engage underside portion 24b of the rim; in this manner, the 

30 collar may be held in its distal-most position until it is desired to activate the unit. 

Continued force exerted on vial 12 will cause sealing portion 11A11 of container 11B11 

to approach well 39, such that pointed distal tip 66 of spike 62 will pierce sealing portion 

"N', putting at least one of axial termini 68a, 70a in fluid communication with solvent "S". 

Frictional forces between sealing portion "A" and the spike and/or forces exerted by 

11iiilii0f 
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sealing portion "A" or container "B" onto distal end 34 of collar 30 will urge the collar 

proximally towards the proximal-most position illustrated in Figure 5. Sloped portions 

40a will pass over· rim 24, and at the same time, both stopper 44 and secondary seal 48 

will be urged proximally in neck 20. Distal portion 47 of stopper 46 will clear proximal 

5 end 21 of vial neck 20 so as to open a fluid path "P" between apertures 68b, ·1ob and the 

interior of the vial. Simultaneously, if provided, spring 78 will become compressed 

between rim 24 and shoulder 39a of the collar. It will be seen that secondary seal 48 

remains engaged in vial neck 20. Because apertures 68b,70b can access only the interior 

of container "B", a closed system is presented, with secondary seal 48 acting to preserve a 

I 0 hermetic seal between the interior of the vial and the ambient environment. 

Hence, the forces applied to vial 12 will place the interior of vial 12 in 

communication with solvent "S" held in rigid container "B". More particularly, fluid 

communication will be achieved through one of passages 68 or 70 of spike 62 via axial 

termini 68a, 70a and apertures 68b, 70b. However, as explained above, pressure 

15 conditions and surface tension may impede flow of solvent "S" through spike 62. This 

problem is overcome by connector assembly 10. More particularly, once the connector 

assembly has been activated towards its proximal-most position relative to the vial neck 

(Fig. 5), it may be urged in a distal direction so as to create pressure fluctuations between 

vial 12 and container "B" to initiate flow between them. In the absence of spring 78, a 

20 user can merely urge collar 30 in alternating distal and proximal directions so as to 

generate a series of fluctuations. Alternately, a user may employ the compressive forces 

imparted upon spring 78, permitting spring 78 to thrust shoulder 39a away from rim 24, 

causing collar 30 to move in a distal direction. The movement of collar 30 will cause a 

small corresponding movement of remaining portions of spike 62 relative to vial 12, as 

25 shown in Fig. 6. This small relative movement of spike 62 will vary volume sufficiently to 

cause a minor pressure change that will overcome surface tension and static pressure 

conditions that would otherwise impede flow of solvent. As a result, solvent "S" will flow 

through one of channels 68 or 70 of spike 62 and into vial 12 for mixture with drug 26. 

Once drug 26 is fully reconstituted, it may be re-aspirated into container 11B1
' for 

30 d~rect infusion into the patient. Alternately, sealing portion "A" is removed from well 39, 

and spike 62 can be inserted into an appropriate fitting associated with medical infusion 

apparatus to deliver the reconstituted drug to a patient. 

The dimensions and/or placement of deflectable latches, stop1for 44 and/ or spike 

62 relative to vial neck 20 can be chosen such that upper face portions 40b of locking 



. . .. 

P-3694 

-9-

detents 40 engage underside portion 24b of the rim when collar 30 has assumed an 

intermediate position between the proximal most and distal-most positions. Here also, it 

can be configured so that distal portion of stopper 47 will block proximal end 21 of the 

vial neck when collar 30 has assumed its intermediate position. In this way, apertures 68b, 

5 70b are blocked from fluid access with the interior of vial 12, thereby resealing the. 

assembly and preserving the sterility of drug 26 held within the vial. This is particularly 

advantageous where multiple doses of a reconstituted drug are held within vial 12. 

The skilled artisan will appreciate that the collar, spike and their associated 

components can be produced from materials known in the art, such as various 

10 thermoplastics. It will be apparent to the skilled artisan that the spike can be formed in a 

unitary manner with the collar; likewise, the spike can be separately formed and affixed to 

the collar, such as by welding, bonding or otherwise fitting the spike in a friction-tight 

manner with receptacle 45. While spring 78 can be formed in the manner previously 

described, it will also be apparent that substitute structure such as conventional metallic 

15 coil springs, elastomeric components or the like can also be used. 

It will be appreciated and understood by those skilled in the art that further and 

additional forms of the invention may be devised without departing from the spirit and 

scope of the appended claims, the invention not being limited to the specific embodiments 

shown. 

-----------
. ------This Sheet a 

111/#IJii/lir 
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WHAT IS CLAIMED IS: 

I. A connector assembly for a vial, said vial having a tubular neck, said 

connector assembly comprising: 

5 a collar disposed in sliding relation with the tubular neck of said vial; 

a stopper slidably disposed within the tubular neck of said vial; 

a transfer tube mounted to said collar, said transfer tube having a proximal end 

disposed for travel within the tubular neck of said vial and a distal end disposed externally 

of said vial, said stopper mounted to the proximal end of said transfer tube, said transfer 

I 0 tube having at least one fluid passage extending axially from said distal end to a location 

proximal of said stopper, said said transfer tube being slidably moveable between a distal 

position where said stopper is in said neck and a proximal position where said stopper is at 

a location in said vial spaced from said neck; 

a secondary seal disposed on said transfer tube in sliding relation with the tubular 

15 neck of said vial, said secondary seal positioned on said transfer tube such that said 

20 

25 

secondary seal is disposed in said neck when said transfer tube is in said proximal position; 

whereby movement of said transfer tube distally from said proximal position varies 

pressure sufficiently to permit efficient flow of fluid into said vial. 

2. The connector assembly of claim 2, further comprising a spring disposed 

between said vial and portions of said collar, whereby said spring is imparted with 

compressive forces upon movement of said transfer tube towards said distal position, and 

whereby movement of said transfer tube distally from said proximal position is initiated by 

said compressive forces stored in said spring. 

3. The connector assembly of Claim 1, wherein said transfer tube comprises a 

spike having a pointed distal end. 

4. The connector assembly of Claim 3, further comprising a spike shield 

30 protectively surrounding said distal end of said spike. 

5. The connector assembly of Claim 2, wherein said spring is unitarily formed 

with said transfer tube. 
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6. The connector assembly of Claim 5, wherein said spring is an annular 

spnng. 

7. A connector assembly for a vial having a tubular neck, said connector 

5 assembly comprising: 

a collar securely mounted around said tubular neck for sliding movement between 

a distal position and a proximal position relative to said tubular neck; 

a spike having a proximal end disposed in said vial, a distal end projecting from 

said vial and at least one channel extending therebetween, said spike being fixedly 

10 mounted to said collar for movement between said proximal and distal positions relative to 

said tubular neck; 

a stopper securely engaged to said proximal end of said spike and being slidably 

engaged in said tubular neck of said vial, said stopper being dimensioned for blocking said 

tubular neck when said spike is in said distal position and for being spaced from said neck 

15 when said spike is in said proximal position; 

a secondary seal disposed on said spike and being slidably engaged in the tubular 

neck of said vial, said secondary seal positioned on said spike such that said secondary seal 

is disposed in said neck when said spike is in said proximal position; 

whereby movement of said spike distally from said proximal position varies 

20 pressure sufficiently to permit efficient flow of fluid into said vial. 

25 

8. The connector assembly of claim 7, further comprising spring means for 

urging said spike distally from said proximal position for facilitating liquid flow through 

said channel of said spike and into said vial. 

9. The connector assembly of Claim 8, wherein said spring is unitary with 

spike. 

IO. The connector assembly of Claim IO, further comprising a safety shield 

30 removably engaged over said collar and said spike. 

IL The connector assembly of claim 7, wherein said collar comprises a 

proximal end and a distal end, a plurality of deflectable latches provided adjacent the 

-------

tt1ii1if 1nr 
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proximal end of the collar, said plurality of deflectable latches engaged about the tubular 

neck of the vial. 

12. The connector assembly of claim 11, wherein said collar further comprises 

5 at least one locking detent intermediate the proximal and distal ends of the collar, wherein 

upon said movement of said spike distally from said proximal position, said at least one 

locking detent is engageable with a rim portion of the vial to establish a third position of 

said spike intermediate said proximal and distal positions of said spike. 

Io 13. The connector assembly of claim 12, wherein said stopper is positioned on 

said spike to block said tubular neck when said spike is in said third position. 

14. The connector assembly of claim 7, further comprising an aperture in said 

spike communicating with said at least one channel, said aperture located on said spike 

15 Intermediate said stopper and said secondary seal. 


