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BACKGROUND OF THE INVENTION

15
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 of liquid 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.

Express Mail TB61709592XUS 1-

Sheet Has Been Replaced

T



2. Description of the Prior Art. Many drugs are presented in dry formto
achieve a longer shelf life. One type of dry drug is a |yophilized drug. A
sel ected dose of a |yophilized drug may be stored in a glass vial

sealed to prevent deterioration or contanmination of the drug. A Ip&g%ﬁ

sol vent may be mixed with the |yophiliz&d drug shortly prior to use, and
the drug solution my be adm nistered to a patient. Sonme prior art
vials of lyophilized drugs are sealed with a nenbrane that can be pierced

by a needle or gpj eﬁr&lewg%lah 8?4?@)5%@&;%1?‘{4[ &0%94 yes. wzeﬂt Nae 5\’35%' soqnd

for subsequently admnisteri a patient been

f ound, hovweuet issuehito fGahgiek rMcsveofont RstabeniZSani®9dan C§éﬂ'§r qvbomwswfeﬂsee
i s being Ris St showlmt DBSPhRAANS! 5888 51 Gadludeca amammaqfreﬁxﬂao efid pathieent

with the dr or_.art yia ncluear bber
st opper t R4 4‘"3 5&3’8 ‘?“ﬂt‘i?“‘?"ﬁ%llvath%gal hef ‘?blaRé gl el ar
struct d@r e thévagh disd tubes. s Thé €irss @hardiel terminates aviasfirst Jdmksa&tsthe)pmeme peoxiodl be

conveni entetnﬁ o?ﬁ{éeiﬁﬁ edl‘@% 1 &by O&a%n%%é’r%ﬂ Akd %tr% ée@ér?d {)Hﬁcev 1%{05&9 fils{aﬂ{é1 bR hley

reseal i ng € Vvia
uni nt ent i st prjfidst o Prertidne ozf the whe rdeﬁgmgothre rfjraid erifibee povent dw gopperugom

sol uti on. plgcking 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
10  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 solution 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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A very effective vial connector assenbly is shown in US.

Patent No. 5,358,501 which issued to Gabriel Meyer on Cctober 25, 1994,
Cert'ai n enbodi nents of the assenbly shown in US. Patent No. 5,358,501
include a tube with a proximal end in the vial and a distal end exXs8PRal Iy
of the vial. First and second channels eXtend axially through the tubes.
The first channel termnates at a first orifice at the extrene proxi nal
of the tube. The second channel term nates at a second orifice disposed

distally of the
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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 proximal end end
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
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

~ 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.

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
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
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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10  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 solvent 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. 1 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. 1.
25 Fig. 3 is a detailed cross-sectional view of the connector assembly illustrated in
Fig. 1.
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
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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 cylihdrical 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
diameter "a" 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

a drug solution. Connector 10 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
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
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
annular wall 38 defining a well 39 having a shoulder 39a.

Connector assembly 10 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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an outer wall 46 having a diameter "b" at least equal to, if not slightly less than, diameter
"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 distal-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
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 "B" 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
apertures 68b, 70b and proximal end 64.

Connector assembly 10 provides a way to seal vial 10 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
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
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 intertor of the vial and apertures 68b, 70b. It can be also provided that a distal portion
47 of stopper 44 seal a proximal end 21 of vial neck 20 when collar 30 is urged distally
from its proximal-most position towards a secondary position (Fig. 6) intermediate the
distal-most and proximal-most positions of the collar.

As seen further, connector assembly 10 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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the extrenme proxi mal and extrene distal positions. . The connect or
further *i'-ncl udes an elongate transfer tube nounted to the collar for
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neck of t h@texm@dlats position. As 1llustrated in Figs. 4-7, sprmg 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 assembiy 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 "B" to access solvent "S" held therein. Figure 4 illustrates that as vial 12 is
urged toward container "B", 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 "A" of container "B"
to approach well 39, such that pointed distal tip 66 of spike 62 will pierce sealing portion
"A", 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
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as to isolate a drug held wwthin the vial frompotentially contam nating
contact 'with the anbient environnent. In use, a dry drug such as a
| yophilized drug is stored in the vial and is protectively seal ed_by the
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drug in the vial by placing the distal €d of the transfer tube into
comuni cation with a container of solvent. The collar, together with the
transfer tube, are then urged proximally relative the vial, such that the
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fluid conmgai willtgadover 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, 70b 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
10  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 wuser 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 shownin 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 "B" for

30 direct 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, stopper 44 and/ or spike
62 relative to vial neck 20 can be chosen such that upper face portions 40b of locking

-
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-4- bet ween the contai ner of solvent and the vial. More particularly, a
clear path for fluid comunication wll be defined by at |east one of the
channel s extending axially through the transfer tube and the trar;;sverse
apertures disposed distally of and adjacent to the stopper. -3694s
not ed above, surface tension and pressuf®e differentials between the vial
and the supply of solvent often inpede an efficient flow of solvent into
the vial. In the prior art, this problem had been addressed by shaki ng the
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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 wvarious
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.
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nove the transfer tube between its extrene proximal position and the
secondary position internediate the extreme proximal and distal positions.
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assenbl y &EM& g. 3 is a detailed cross-sectional view of
connector assenmbly iAldéahébedssemblyl fbr d vial, said vidfi lhving & Iubular neck, said

cross-sectional view

posi tion FOMARHUYATE
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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
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
neck of said vial, said secondary seal positioned on said transfer tube such that said
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
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.
I —
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BYEOMRISIG "t he vial, prior to activation by a user:



Fig. 5is a cross- ustratlng t he connector assenbly in a
proxi rmal - nost posi mmﬂmllmmm m the neck of the vial, subsequent to
activation by a users ¢ is a cross-sectional viewill PS}G’bﬁt' ng
t he connector assenbly urged di staIIy, after activation to the

proxi mal - nbst position, to conpensate folr any surface tension or pressure
di fferences between the vial and the source of solvent so as to initiate
fl ow between the source of solvent and the vial; and

- 5- 6. The connector assembly of Claim 5, wherein said spring is an annular

spring.

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.

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.

25
9. The connector assembly of Claim 8, wherein said spring is unitary with

spike.

10.  The connector assembly of Claim 10, further comprising a safety shield
30 removably engaged over said collar and said spike.

11.  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
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Fig. 7 is a partial cross-sectional view of a spring utilizable between the
vi al and ‘the colTar-of the ctonnector assenbly to urge the collar assenbly

di stal l y af m roxi mal - nost position. DETALLE
DESCRI PTI O\I' mﬂm mupEl\/Bwl MENTS A connect or asserrb %)ﬁ
accordance w't h®t he slUbject* i nvention is 2-dent| fied generally by the

nuneral 10 in Figs. 1 and 3-6. The connector assenbly 10 is used with a
gl ass vial 12 havi ng a bottomwall 14, a cylindrical side wall 16 extending

(T om tho e upar ot offfe s o4 IR T «HEeEIIE R0 chitisn b oig sty 21

cylindri calﬂeﬁ‘é@ th 2(?1 i nside dianeter "a" extending upwardly from shoul der
18. Neck 20 term nat es at an open top 22. Top 22 is characterized by an

annul ar rim 24 qhj out war dI t.her.eabo ener aI |y
provi ded with aol%lr g‘?ﬁgmgﬂf‘cﬁw W(?}Sﬁ afrf’;{édw&ﬁ?ﬂ‘ ?@lg‘?lbfé‘b"t
Connect9r askastdng ldﬂnﬂgjdntemonl:ertneﬂlaiafﬂﬁ pfosmail ahd distal Iendsemf the uqﬁla26wh¢remi al

12 and 0 RBEskiaguoRhAR be 84 UGN ol Bla SR, JBKLA I b'tent one

| yophi li ze Pt Sn
enabl es dell¢d<§?gyd¢l§¢nttl$leﬂ8!lgg@1% Mthta am poo‘a@mof theswal tp @ﬁtabhﬁh mﬂmtdrmsitm afo a

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

10 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.
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Referring nore closely-to Figures 1 and 3, connector assenbly 10 includes a
generahly annul ar collar 30. Collar 30 has opposed proxinmal and distal ends
32 *and 34 respectively. Proximal end 32 of collar 30 may be confl &y Or
ot herwi se provided with a plurality of deflectable |atches 36 haV|né

| ocki ng portions 37 di nensioned for |ockPng engagement with an underside
portion 24b associated with annular rim24 of vial 12. One or nore | ocking
detents 40 can be provided on defl ectable | atches 36 internediate the

proxi mal and distal ends of the collar. Locking detents 40 feature a sl oped
portion 40a and an upper face portion 40b. Sloped portion 40a permt the

| ocking detents to slide over rim 24 when collar assenbly 10 is urged in
the proxi mal direction, while upper face portion 40b engages underside

portion 24 I its
i st al - st SOLH A FROSTHANRE HESEATARER, v, ETRRECTORASSHEVRI ol

Porti oﬁs of collar 30 bet WEFFICTBNTIERANSKFER ORLIQHEB 32 and 34 include an
upst andi ng annul ar wall 38 defining a well 39 having a shoul der 39a.
Connector assenbly 10 further |ncludes a wa to transfer fluid between vi al
12 and a source of sol vent AR bH ke B". As illustrated in

the Figures, orve comvectdt dskehilsiy egprfolvwed fbﬁeﬂﬁ@leﬂtr ﬂawdﬁ liqernas ad/@sqgngflay 10

wth a fl UIlaq such a5 fa%{al E:grptgimsng ahlyoghlﬁzed drug. The connector assembly includes a spike

10  slidably mounted in the open top of the vial. The connector assembly further includes a

stopper sealingly engaged in the open top of the vial and slidably moveable in response to
the axially movement of the spike. Thus, movement of the spike relative to the vial will
move the stopper into or out of sealing engagement with the vial. The connector assembly
further includes a spring for generating a small amount of axial movement of the spike

15  after the stopper has been moved into the opened position in the vial. Movement of the
spike generated by the spring will cause a sufficient change in pressure to overcome
surface tension and initiate an efficient flow of fluid into or out of the vial.

\
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tubul ar spi ke 62. Referring nost closely to Figures 1-3, spike 62,'mhich

can be nolded froma thernoplastic material, includes an elongate structure
having a proxi mal end 64, a
- 6- poi nted distal end 66 and a pair of axially extendi ng passages 68

and 70 extending therethrough and separated from one another by a septum
'72. Spi ke 62 can be affixed, in a concentric nanner, to a receptacle 45
formed within collar 30. Receptacle 45 1Adl udes
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an outer wall 46 having a dianeter "b" at least equal to, if not slightly
| ess than, dianmeter "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 distal-nost and proxi mal - nost positions. Poi nt ed
distal end 66 is configured to puncture sealing portion "A" of the
cont ai ner source of solvent. PassagesA£8afnd 70 have open axial termni
68a, 70a near pointed distal end 66. ‘/ termni 68a, 70a are placed at
differing axial |ocations, or |levels, along the elongate structure of the
spi ke for substantially elimnating any possibility of both passages being
obstructed by structure in either the vial 12 or container source "B" with
whi ch conne enbl 0 may comruni cate. Passages 68, 70 extend

bet ween theif'r TV xial termni 68a, 70a and respective apertures
68b, 70b | ocated near proximal end 64. As also seen, a plurality of vanes
74 may be di sposed on spi ke 62 internedigle ertuwgg 68b, 70b and proxi nal

end 64. Connector assenbly 10 pr8yides a way to seal vial 10 and,

particularly, drug 26 in a sterile man . To this end, referring to

principally to Figures 168qg-+tde conne assenbly includes a stopper 44

and a secondary seal 48. StoppeN 44 i Nppi ngly engaged on fingers 76

di sposed at the proxinmal end 64 Spi 2. Sto 70& i s spaced away
72

62—
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from apertures 68b, 70b by vanes 74 so as to provide a fluid path
permiting fluid flowinto and out of apertures 68b, 70b. Stopper 44 is

di mrensioned for sliding fluid tight engagenment with interior surfaces of
neck 20 of vial 12. The relative dinensions of stopper 44, spike 62 and/or
collar 30 can be configured such that stopper 44 will be in sealing
engagenent with neck 20 of the vial whep gollar 30 is in a distal-nost
position (Fig 4) but will be disposed a j7fron1neck 20 and di sposed
towards the interior of vial 12 when collar 30 is in a proxinmal - nost
position (Fig. 5) so as to permt fluid flow between the interior of the
vial and apertures 68b, 70b. It can be also providdBthat a distal portion
47 of stopper | anp i mal end 21 of vial neck 20 when collar 30 is
ur ged distallEEfI 'be—pfgglnal-nnst position towdrds a secondary position
(Fig. 6) int e the i st al —amd 3 T—ﬂvst-pq5|t|ons of the
col |l ar. As seen further, ;connector asgenbly 10 inclyudes a secondary
seal 48. Seal 48 may be fitted &bout spike 6§ between a bdse portion 46a
associated with outer wall 46 off the receptgtle and again Bal
surface of vanes 74. Secondary seal 48 inclyddas an outside di aneter

-

approxi mately equal to or slighfly greater i nsi de di gneter "a" of neck
20 on 1
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-7- vial 12. The di nensions of secondary seal 48, spike 62 and/or collar
30 can be'configured such that secondary seal 48 remains in sealing.
engagenment with neck 20 of the vial irrespective of the position of collar
30 (Figs. 4-6) relative to the neck of vial 12. The di nensi ons or shape
associ ated with secondary seal 48, vanes 74, collar 30 and/or spike 62 can
further be chosen such that secondary seal 48 hernetically isolates
apertures 68b, 70b fromthe neck of th‘éxzr al .

-
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If desired, a spring 78 may be provided with the connector assenbly to
assist in‘urging the connector assenbly distally fromits proxi nal - nost
position towards its internmediate position. As illustrated in Figs. 4-7,
spring 78 may assume an arcuate shape and can be forned from any suitable
material such as ABS, POM or any thernoplastic exhibiting desired

el asticity characteristics. Spring 78 can,  be placed between rim 24 of the
vial and the shoul der 39a of well 39 in5;(7mnner -such that as connect.or
assenbly 30 is urged towards its proxinmal-nost position, conpressive forces
inmparted unto spring 78 can assist the user in deflecting the connector
assenbly distally towards its internediate position (Fig. 6). A
protective c provfded about collar 30 to protect the connector
assenbly pri ?%Ge.—wgecti ve cap 90 nmay feature a sill 92 di nmensi oned
to engage via such as at shoul @r 18 or at side wall 16. If desired,
connector assenbly 10 may further inglude a safety shield 86, as shown in
Fig. 1, which is rel easably engaged ground outer circunferential portions
of collar 30 and di nensi oned for furgtrer protectively enclosing spi ke 62.
If also desired, a tanper evidemr sq¢al (ﬁgﬁ\gbggpy can be provided at the

interface between sill 92-and the vilal. 66
]
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Connector assenbly 10 is enployed by initially renoving cap 90 and, if

- provided, “safety shield 86. Vial 12, with connector assenbly 10 nounted
thereto, is urged toward container "B" to access solvent "S" held therein.
Figure 4 illustrates that as vial 12 is urged toward container "B",
connector assenbly 10 in its distal-npst position relative to vial neck 20.
Bot h st-opper 44 and secondary seal 48 are engaged with vial neck 20. Sl oped
portions 40a of |ocking detents 40 restﬁ;{aai nst vial rim24, while |ocking
portions 37 of deflectable | atches 36 engage undersi de portion 24b of the
rim in this manner, the collar may be held in its distal-nbst position

until it is desired to activate the unit. Conti nued force exerted on
vial 12 will eal i portion "A" of container "B" to approach wel

39, such thaifgg[ —ar tip 66f spike 62 will pierce sealing portion
"A", putting at least one of axg mni 68a, 70a in fluid communication

with solvent "S"'. Frictional forces batween sealing portion "A" and the
spi ke and/or forces exerted by -~ =~
\__/
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sealing portion "A" or container "B" onto distal end 34 of collar 30 wl|
urge the tollar proximally towards the proxi mal -nost position illustrated
in Figure 5. Sloped portions 40a will pass over rim24, and at the sane
time, both stopper 44 and secondary seal 48 will be urged proximally in
neck 20. Distal portion 47 of stopper 46 will clear proximl end 21 of vial
neck 20 so as to open a fluid path "P" ?9tween apertures 68b, 70b and the
interior of the vial. Sinultaneously, 1 provi ded, spring 78 wi.ll becone
conpressed between rim 24 and shoul der 39a of the collar. It will be seen
that secondary seal 48 remmi ns engaged in vial neck 20. Because apertures
68b, 70b can access only the interior of container "B'", a closed systemis
presented, with secondary seal 48 acting to preserve a

FIG-"7
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hermetic seal between the interior of the vial and the anbient environnent.
Hence, the forces applied to vial 12 will place the interior of vial 12 in
comuni cation with solvent "S" held in rigid container "B". Mre
particularly, fluid communication will be achieved through one of passages
68 or 70 of spike 62 via axial term ni-_@88a, 70a and apertures 68b, 70b.
However, as expl aiA8fURTEIPOSIPIGNAL RESEAIIABLESVENId CONNEGTORNSI on may

connect or assendl y 0 SKAELLEHE BRCHENTTRAN S Ot EROUICI S0 Rl
been activated towards its proximl-nost position relative to the vial neck

(Fig. 5), it may be urged Eﬂ&%ﬁ;@@hnﬁpqﬁ%ﬁquﬁ%ﬂo create pressure
o I i

fluctuations between vial 12 and contai ner iate fl ow between
them 1In the absence of spring 78, a user can nerely urge collar 30 in

al ternating di sialFidd@f phokivERtiofl] Thesubjest ifentidn r&lale ISk 3bnedtor AdeRibP
At er,nat e ressive forces

fluctuati ops. A y..a user may. enploy the ¢

i mpart ed ug)(gﬁl %%Wd"?rg,alaﬁt&“’ﬁru@t 5%"%’15}@”%6‘06/@ TFWE 0t Cenpfsitdhatznablasay
from ri m 2y efficiest trapsfeo bf Bquidts or owvef thévial. di st al direction. The novenent
of collar 30 will cause a small correspondi ng novenent of remaining
portions of spike 62 relative to vial 12, as shown in Fig. 6. This snall
rel ati ve novenekt Bescription ef2the Prioy Arg. vManyrairags fiecpresented nodry 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 Iyophilized drug
shortly prior to use, and the drug solution may be administered to a patient.

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.

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.



cause a mnor pressure change that will overcone surface tension and static
pressure conditions that would otherw se inpede 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 wth drug,26. Once drug 26 is fully
reconstituted, it may be re-aspirated into container "B" for direct

i nfusion into the patient. Alternately, sealing portion "A" is renoved from
wel | 39, and spike 62 can be inserted into an appropriate f|tt|n%

associ at ed wi thverpdiffeative miLisorovctap psseatblys ist shouial vaBS Patenty MeoAasOB5@E ed

drug to tlsﬁwd to Gabyiel mg Ld'oHEgéﬂoggxs 28Ndios pragsinestbsimeat | scimebl e

| at ches, sto relative to. vial neck.20 can. be chosen
such t ha@ss§ rShP&’(‘,’eth?%ﬁﬁf M@bsa §%¥;mc|l.|§eatube with a proximal &nd 'in the

vial and a distal end externally of the vial. First and second channels extend axially
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
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
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 solution is being delivered from
the vial. Where the container is a flexible container, such as a flexible infusion bag, it may
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
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
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.



-9- detents 40 engage underside portion 24b of the rimwhen collar 30 has
assuned an internedi ate position between the proximl nost and di stal - npst
positions. Here also, it can be configured so that distal portion of
stopper 47 wll block proximal end 21 of_  the vial neck when collar 30 has
assuned its internediate position. In this way, apertures 68b, 70b are

bl ocked fromfluid access with the interior of vial 12, thereby resealing
the assenbly and preserving the sterility of drug 26 held within the vial.
This is parti clhaconnecidy afithegabjest wientonndludeslaomogsimg coflaramewrsehta andit ed

drug are wdémm‘n %%éngh% %?hhe vial. The -Egﬁar%(éc;d red'tht §ﬁﬁh§"ﬂcﬁbn %Pﬂe%ﬁ{/@t e

that the coll ar eir assaqcl at ed onents_ can rod from

mat er i al solhAReT Wptqféhan‘P Tq s end, thgrgodart e?tHE‘?Srﬁﬂﬂ“e&fiqP@§se IHTOWT}
apparent distal &fisski Flu‘?ﬂltfbi UMtMt&BQa&mléﬁbs&BﬁHﬁ&nf ﬂferfﬁdxmﬁl éndJEmd ary
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spi ke i n plufalitycodf lookihg gletents 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
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 proximél 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
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.

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
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
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



rr-anner with receptacle 45. Wiile spring 78 can be forned in the manner

previously described, it will also be apparent that substitute structure
such as conventional netallic coil springs, el astoneric conponents or the
| i ke can al so be used. It will lye appreciated and understood by

those skilled in the art that further and additional forns of the invention
may be devised without departing fromthe spirit and scope of the appended

laims, the invention not being limted to the specific enbodi ments shown.
¢ between the container of solver?t 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
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 solvent 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
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.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is 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. 1. '

Fig. 3 is a detailed cross-sectional view of the connector assembly illustrated in
Fig. 1.

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-
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



-10- WHAT IS CLAIMED I S: 1. A connector assenbly for a vial,
said vial having a tubul ar neck, said connector assenbly conprising:
a collar disposed in sliding relation with the tubular neck of said vial;
a stopper slidably disposed within the.q.ubul ar neck of said vial; a
transfer tube nounted to said collar, said transfer tube having a proxi nal
end di sposed for travel within the tubular neck of said vial and a distal
end di sposed externally of said vial, said stopper nmounted to the proxi nmal
end of said trE8sT é apanial censs-geationslsview of @bwring witiligabla bétwaen thendalfandi d
passage eké @BRuruY tRebdtinedtot AORIMBR/ 1 a8t coMfl adsBmBly! dPealy! Her RERKInGALs Of
sai d stopper., said said transfer "tube being slidably novéabl e between a
di st al pdgpym%"\ﬁﬁre‘?‘@“?&id stopper is in said neck and a proximal position
where said st opPETAJLED PESORIPTION OFSEHE PREFERREREMBODIMENTSeckK;
?hzetcagﬂiﬁl;?' se&l coqn'ng&&s %gse?n%lyrs i Cactcér Qr?geegvitthu % Isuri)jesclt 'igwllerrlx oh ellsaxidlercx)tﬁie\g' th
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
diameter "a" 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
a drug solution. Connector 10 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
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
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
annular wall 38 defining a well 39 having a shoulder 39a.

Connector assembly 10 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



ﬁeck of said vial, said secondary seal positioned on said transfer tube
such that said secondary seal is disposed in said neck when said transfer

fube is in said proximal position; wher eby novenent of said transfer
tube distally fromsaid proxi mal positign varies pressure sufficiently to
permt efficient flow of fluid into said vial. 2. The connect or

assenbly of claim2, further conprising a spring disposed between said vial
and portions of sai d col ar, whereby said spring is inparted with
conpr essi Raintedrdigal ensb 66 randenrepair of asiallyl exteadmgepassages GSowat d9 sdemtling st al
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transfer dnigercwalpié hading a ke MY iab kast d@aNice e kHt Slightlyelesk than, diameter
“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 distal-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, 702 are placed at differing axial locations, or levels, along the
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 "B" with which
connector assembly 10 may communicate. Passages 68, 70 extend between their
respective axial termini 63a, 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
apertures 68b, 70b and proximal end 64.

Connector assembly 10 provides a way to seal vial 10 and, particularly, drug 26 in
a sterile manner. To this end, referring to principally to Figures 1-3, the comnector
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
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
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
47 of stopper 44 seal a proximal end 21 of vial neck 20 when collar 30 is urged distally
from its proximal-most position towards a secondary position (Fig. 6) intermediate the
distal-most and proximal-most positions of the collar.

As seen further, connector assembly 10 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



éi. The connector assenbly of Claim3, further conprising a spike shield

protectively surrounding said distal end of said spike. 5. The
connector assenbly of Caim2, wherein said spring is unitarily forned with
said transfer tube. .

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
62 can further be chosen such that secondary seal 48 hermetically isolates apertures 68b,
70b from the neck of the 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
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
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
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
container "B" to access solvent "S" held therein. Figure 4 illustrates that as vial 12 is
urged toward container "B", 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
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 "A" of container "B"
to approach well 39, such that pointed distal tip 66 of spike 62 will pierce sealing portion
"A", 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



6. The connector assenbly of Claim5, wherein said spring is an annul ar
spring. _ 7. A connector assenbly for a vial having a tubular
neck, said connector assenbly conpri sing: a collar securely
nmount ed around sai d tubul ar neck for sligLding novenent between a distal
position and a proximal position relative to said tubular neck; a
spi ke having a proximl end disposed in said vial, a distal end projecting
fromsaid vial and at | east one channel extending t her ebet ween, sai d spi ke
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said will be urged proximally in neck 20. Distal portion 47 of stopper 46 will clear proximal

end 21 of vial neck 20 so as to open a fluid path "P" between apertures 68b, 70b 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

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
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
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 sbike 62 relative to vial 12, as
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 "B" for
direct 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, stopper 44 and/ or spike
62 relative to vial neck 20 can be chosen such that upper face portions 40b of locking



tubul ar neck when said spike is in said distal position and for being

spaced from said neck when said spike is in said proximal position;

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

tubul ar neck of said vial, said secondag.y seal positioned on said spike

such that said secondary seal is disposed in said neck when said spike is

I n said proxi mal position; wher eby aneP?nt of Fald splkelglstally
i d, proxi mal position varies pressure sufficiently to perm
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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 varous
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
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.



10. The connector assenbly of Caim10, further conprising a safety

shi el d renovabl y engaged over said collar and said spike. 11.

The connector assenbly of claim 7, wherein said collar conprises a
proxi mal end and a distal end, a pIurahgjy of deflectablg_Lgtches prOV|ded
adj acent the -1
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WHAT IS CLAIMED ]S:
I A connector assembly for a vial, said vial having a tubular neck, said

connector assembly comprising:

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



p;r oximal end of the collar, said plurality of deflectable |atches engaged
about the tubular neck of the vial. 12— The —connecter—assenbl y

o6f claim 11, wherein said collar further conpri?seﬂlmlm ' cki ng
detent internediate the proxinmal and digtal ends & ﬁm,mr" erein
upon said nmovenent of said spike distally fromsaitl prox nal posklion, said
at least one |ocking detent is engageable with a rimportion of the vial to
establish a third sition of said spike internmediate said proxi mal and

di stal positidhs of'SafRngphog@ssembly of Claigg 5, whergin saidnweingris afisanvlay of
claim12spufgerein said stopper is positioned on said spike to block said
tubul ar neck when said spike is in said third position.

7. A connector assembly for a vial having a tubular neck, said connector
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
mounted to said collar for movement between said proximal and distal positions relative to
said tubular neck;

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

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.

10.  The connector assembly of Claim 10, further comprising a safety shield
removably engaged over said collar and said spike.

11. 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



i4. The connector assenbly of claim7, further conprising an aperture in
sai d spi ke communicating with said at | east one channel, said aperture

focated on said spike internedi ate said stopper an n eal .
S L

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
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.

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
intermediate said stopper and said secondary seal.
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A MULTIPOSITIONAL RESEALABLE VIAL CONNECTOR ASSEMBLY FOR
EFFICIENT TRANSFER OF LIQUID '

ABSTRACT OF THE DISCLOSURE
A connector assembly is provided for efficient flow of liquid into and/or out of a

vial, such as a vial containing a lyophilized drug. The connector assembly includes a spike
slidably mounted in the open top of the vial. The connector assembly further includes a
stopper sealingly engaged in the open top of the vial and slidably moveable in response to
the axially movement of the spike. Thus, movement of the spike relative to the vial will
move the stopper into or out of sealing engagement with the vial. The connector assembly
further includes a spring for generating a small amount of axial movement of the spike
after the stopper has been moved into the opened position in the vial. Movement of the
spike generated by the spring will cause a sufficient change in pressure to overcome
surface tension and initiate an efficient flow of fluid into or out of the vial.

Figure 1



