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> DOUBL E- SEAL ELASTONEI@ %‘ftio Descri ption Thi s
relates to an el ast om&rs used in conjunction with
s, such as bottles and l-

 DOUBLE-SEAL _ELASTOMERIC_STOPPER |

" This invention relates to an elastomeric stopper used in
conjunction with containers, such as bottles and vials, containing -
5§ pharmaceutical products for parenteral administration.  More
particularly, the invention relates to an elastomeric stopper for
hermetically sealing a parenteral bottle or vial which is accessed
by the use of an infusion spike. '
Stopper systems for vials, bottles and the like are made of
§ 10 materials that are resistant to chemicals and pharmaceuticals
s such as corrosive materials, reagents, parenteral solutions and
* solid formulations reconstit_utab'le with a solvent prior to use.
3 The most commonly used stopper system for such products has
been glass or plastic bottles and vials equipped with rubber
15 stoppers made of elastomeric materials. The system appears to
provide for good hermetical seal, safe storage and easy access to
the content through the elastomeric stopper via the use of an
infusion spike when withdrawal of the content is desired. The
elastomeric stopper used generally comprises an elastomeric
20 . base, such as natural or synthetic rubber and an inert coating
covering at least some portions of the stopper. The coating used
includes chlorobutyl rubber, polymeric fluorocarbon resins such as
polytetrafiuoroethylene and various thermoplastic films. The
coating is "intended to i_nsUlate the elastomeric stopper base from
25 the content of the container in order to prevent contact and
possible chemical reactions therebetween.

The prior art has provided various constructions and
configurations to meet the requirements of stopper systems for
use in the chemical/pharmaceutical industry. See, for example

3_0 U.S. Patent Nos. 2,665,024; 2,848,130; 3,088,615; 3,313,439;
3,874,930; 4,133,441; 4,227,617 and 4,441,621.
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vial s, nt-ai ni Ng- phar mateut cal products for parenteral admi nistration.
,--I\/bre parficularly, the invention relates to an el astoneric stopper for
herneticgplly sealing a parenteral bottle or vial which is accessed by the
use of i nfusi on spi ke. St opper. sys-’tems for vials, bottles and the

| i ke. argf made of materials that are resistant to chem cals and

phar macquti cal s such as corrosive materials, reagents, parenteral solutions-
and sol ifd fornul ations reconstituta- ble with a solvent prior to use. The
nost co nly used stopper system for such products has ‘been gl ass or

Mt ori afs. The sy Ciendtpius et “Gotterds b2l e e allapsteclfsare  ©
storagefand phaymaceutical parenteral products, is the generation of
particulate foreign matter which may contaminate such products.
in order to eliminate macroscopié and microscopic particulates,
8 5 elaborate measures have been taken to remove them, such as

| filtration of the product and special washing and drying of the
stopper system components. These steps help assure that the
products meet the requirements and guidelines of the
pharmaceutical industry, such as compendia guidelines, when the

10 products reach the point of use. However, at the point of use, such
as in the case of a parenteral product, new particulate matter is
frequently generated by the practitioner when the stopper is
penetrated by an infusion spike. During such penetration a
combination of elastic and plastic  deformation of the stopper

15 target area increases the stopper contact surface with the
infusion spike as it is pressed into the stopper. Typically, _

untreated elastomeric stoppers offer a high degree of resistance
against the exterior surface of the spike as the spike is being
pushed into the penetration area. Most frequently, when stopper

20 fragments are generated, they are the result of the elastomeric
portion of the stopper being abraded off the upper surface of the
stopper as it conforms to the shape of the penetrating spike. The
fragments are then transported into the interior of the vial as the
spike rolls and drags the fragments during penetration.

25 In addition to the problem of particulate matter produced
and carried into the vial during the spiking procedure, there are
two other problems: spike blow-out caused by residual elastic
tension of the stopper against the spiké which urges the spike
outward; and leakage around the spike with or without the

30 occurrence of blow-out. ' |

During spike penetration cjf-the elastomeric ‘stopper the
target membrane at the penetration site is elastically distorted
and ruptured creating a seal that is not radially uniform between
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0 the content through the elastoneric stopper via the use of an
i nfsusi gn spi ke when wi t hdrawal of the content is desired. The el astoneric
st oppef used gener- ally conprises an ghkastoneric base, such as natural or
synt hefi c rubber and an inert coating covering at |east sone portions -of

access

t he stppper. The coating used includes chiorobutyl rubber. Polyneric

fl uorgarbon resins such as pol ytetrafl uoroet hyl ene and vari ous

t her | astic films. The coating is intended to insulate the el astoneric
st opp base fromthe content of the container in order to prevent contact
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of st ppper _
is first stretched and then is torn by the spike. The tear so
produced develops axially rather than radially and the tear surface

5 is jagged, uneven and does not provide fbr_ a good seal between the
spike. and the membrane. As a result, spike retention failure and
leakage around the spike occurs. Such failures are especially
significant when the container is pressurized.

' The most common solution to these problems has been the

10 application of silicone lubricant to the stopper and/or the spike to

JL reduce the frictional d;ag betv_leen the stopper and the spike.

. While silicone does reduce particle generation from the spiking

~procedure, it also increases the risk- of product contamination
from its own composition. In addition, silicone lubrication of the

15 stopper renders the inserted spike slippery and causes spike
blow-out. _

Another approach proposed in the prior art to reduce the
tendency of the spike to generate particulate matter during
penstration is to coat the elastomeric core of the stopper with a

20 thermoplastic film on the fluid contacting side thereof. We have
found, however, that the use of such construction is less than
satisfactory to solve the problem. Furthermore, such construction
does not provide for improved spike retention and reduced leakage
tendency around the spike. '

25 It is an object of the present invention to reduce the
potential for leaking, to reduce or eliminate the level of
fragmentation and to increase the spike insertion- and especially
the spike withdrawal-force. :

‘This may be achieved with a stopper in which a second seal

30 is formed upon insertion of the infusion spike into the stopper.
This second seal is a dynamic seal created between contact of an
annular rim or protuberance of the stopper with the cylindrical
shaft of the spike as the spike is being inserted into the stopper.
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Nos. 2, 665.024; 2,848, 130; 3, 088, 615; 3, 313, 439;
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The "annular protuberance of the stopper is distorted with a slight
elastic bend toward the center of the bottle creating a radially
uniform seal between it and the spike. Under normal pressure
conditions ‘the frictional drag between the spike and the
protuberance, coupled with the natural tendency of the elastomer
to return to its original position, enhances the ability of the
stopper to retain the infusion spike and produce a second seal in
the stopper heretofore unknown in the prior art. When the bottle
is pressurized, the internal pressure imparts an additional force
on the second seal thereby enhancing the contact of the

_ protuberance on the stopper with the infusion spike.

According to the present invention therefore there is
provided an elastomeric stopper for a fluid-containing container
to hermetically seal the content therein and to provide access
thereto by the insertion of an infusion device through. the stopper,
said stopper comprising a skirt portion- having an annular
protuberance projecting inwardly and forming a seal with said
infusion device upon its insertion into the container through the
stopper. _ _ _

The container is conveniently a bottle or vial, in particular
containing a parenteral solution, which solution may be under an
internal pressure that is greater than the pressure outside the
bottle. The annular protuberance exerts longitudinal and
compressive forces against the infusion device, which is

-preferably an infusion spike, and these forces increase upon

increasing the internal pressure within the container.

Preferably the stopper includes a head portion con'ipri_sing
a ﬂange and a target area, '
(a) the flange conveniently extending laterally outwardly from the-
skirt portion and being adapted to cover a tramsverse end surface
of the neck of a container, and . :
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er systemaccording to the preanble of clains 1 and 7 is

ed in EP-A-564 037, which has been published after the priority date
applica- tion. One of the major concerns in all products. and
al ly pharmaceutical parenterai proglucts, is the generation of

ulate forei.gn matter which may con- tam nate such products. |In order
m nate macro- scopic and m croscopic particul ates, elaborate neasures
een taken to renmove them such as fil- tration of the product and

| washing and drying of the stopper system conponents. These steps
ssure that the products neet the requirenments and gui delines of the
ceuti gl thediasgey areachatathearenter of the head portion, preferably

being adapted to be pierced by an infusion device which, after
rupturing the target area, is inserted through the space defined by
the skirt portion. ' '
~ The skirt portion preferably comprises
(c) a cylindrical surface, spaced downward from the target area of
the head portion, adapted to guide and grip the infusion device
upon its insertion through the target area, together with
(d) an annular protuberance located between the target area and
10 the cylindrical surface to form a seal with the infusion device.
| Advantageously the infusion device is a spike, preferably an
IV infusion spike, and the container is a bottle, having
'(a) a neck portion with an interior radial ring at the opening
thereof to tightly hold the stopper upon its insertion into the
15 opening, . |
(b) an exterior radial ring and :
(c) a transverse end surface located between the interior and
exterior radial rings. | | |
The stopper may be crimped onto the bottle with a metal
20 closure cap covering the exterior radial ring of the bottle.

' The second or dynémic seal provided by this invention
between the annular protuberance and the spike thus insures
against Ieakage and blow-out as well as reducing the risk of
particulate matter introduction into the bottle upon insertion of

25 the spike through the stopper.
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pendi del i nes, when the products reach the point of use. However, at

t he<pognt of use, such as in the case of a parenteral .product, new

particjl ate matter is fre- quently generated by the practitioner when the
st opp is penetrated by an infusion spi%e. During such penetra- tion a
conbi n@ti on of elastic and plastic deformation of the stopper -target area

i ncregges the stopper contact surface with the infusion spike as it is
press into the stopper. Typically, untreated el astoneric stoppers offer a
hi gh gree of resistance against the exterior surface of the spike as the

spi ke
st opp
porti

bei hed into the pene- tration.area. Mbst f tly.  wh
-t agnent $h8: anyean, U FONe /o desetised it Beter aRCI UL ke c

n of tdiRpwihgPReawh’is duabisdadnef ivdyhaoubeetimited thereto:

FIG. 1 is a perspective view of the stopper of the present
5 invention; _ '
FIG. 2 is a sectional top view thereof;
FIG. 3 is a bottom plan view thereof; _
FIG. 4 is a sectional view of the stopper taken along the line 4-4
of FIG. 1; '

10 FIG. 5 is a perspective view of a bottle having inserted therein
‘the stopper of the present invention and an infusion spike
positioned ready for insertion into the stopper;

FIG. 6 is a sectional view of the bottle, stopper and infusion
spike shown in FIG. 5; o
15 FIG. 7 is a sectional view, similar to FIG. 6, with the infusion
spike partially inserted in the stopper; and
FIG. 8 is a sectional view, similar to FIGS. 6 and 7, with infusion
spike fully engaged in the stopper. '
Referring to FIGS. 1 and 5 through 8, the elastomeric
‘20 stopper 10 of the present invention is designed to hermetically
seal a bottle 40 or like containers of pharmaceutical fluids,
especially parenteral solutions, which at times may be sealed by
vacuum or under pressure. The bottle 40 is of glass or rigid
polymer material well known in the pharmaceutical industry. It
25 comprises a neck 42 having an interior surface 44, interior radial
ring 46 and transverse end surface 48. The two latter parts form
the mouth of bottle 40. The neck 42 further comprises an exterior
surface which, adjacent to the transverse end surface 48, evolves

__ into an exterior radial ring 50. Said exterior radial ring is

| 30 adapted to facilitate the holding of a metal cap (not shown) when

! the cap is crimped onto the bottle. The bottle is of standard size

: customarily used for liquids in the pharmaceutical 'industry and it

f may be from 5 ml to 1000 ml or more.
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ginents are then transported into t he |nter|or of t he V|aI as the
w_olls and drags the fragments during penetration. In addition to
Dbl em of particulate matter pro- duced and carried into-the vial

g the spiking proce- dure, there arg-two other problens: spike

jout caused by residual elastic tension of the stopper against the
spi k@ whi ch urges the spi ke outward;. and | eakage around the spike with or
wi t hfut the occurrence of blow out. -

Referring to FIGS. 1 through 4 and 6 through 7, stopper 10 of
the present invention comprises a head 12 and integral therewith
a skirt 20. Head 12 comprises:  a flange 14 extending laterally
outwardly from skirt 20 and is adapted to cover transverse end
5 surface 48 of bottle neck 42; and target area 16 which is to
receive an infusion device or spike 60. Skirt 20 contains a
generally cylindfical recess or opening indicated by the
numerals 22a, 22b, 22c and 22d. Recess 22a is defined by:
_ transverse web 24 at the upper end which corresponds to target
10 area 16 when viewed from the bottom open end of the skirt 20
toward head 12 direction. Spaced downward from said transverse
Q web 24 and integral therewith, annular protuberance 26, laterally
extending into said opening 22a, is designed to form a dynamic |
seal or second seal when an infusion device or spike 60 (shown in
15 FIG. 5) is inserted into stopper 10. Recess 22a serves as a space
into which the ruptured edges of the target area 16 will be pushed
down into upon the target area 16 being pierced by infusion
device 60. : '
Spaced downward from said annular protuberance 26 and
20 integral therewith, a cylindrical wall surface 28 designed to
tightly conform to the exterior surface wall 62 of the mfusnon
device or spike 60 when the same is inserted into stopper 10 and
it guides and grips the same. Opening 22c allows shaft 62 of
- spike 80 to be inserted therethrough. Recess 22b is defined by
25 . annular protuberances 26 and top edge of cylindrical surface 28.
Recess 22b serves as a space which aliows annular _
proti.nberance 26 to extend into and bend downward toward the
center of the bottle when shaft 62 of spike 60 engages said
~ protuberance and form the dynamic seal therewith.
30 Spaced downward from cylindrical wall surface or
cylindrical surface 28 and integral therewith, conical surface 30
defines opening 22d. Opening 22d allows skirt 20 of stopper 10 to
flex inward when skirt 20 is being inserted into bottle 40. |
en Replaced .
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During spi ke penetration of the el astoneric stopper the

penbr ane at the penetration site is elastically distorted and
kd creating a seal that is not r§di ally

Infusion device or spike 60 is well known in the art and may
be of two designs, with or without a drip chamber. The device
comprises: a cylindrical shaft 62 terminating in a sharp tip 64;_
and an upper body of two parts 66 and 68, both integral with said
shaft 62. As shown in FIG. 6, shaft 62 and upper bodies 66 and 68
contain channels 70 and 72. When infusion device 60 is inserted

- into a bottie containing a-ph_armacéutical fluid, channel 70 serves

for the withdrawal of said fluid, while channel 72 serves as a
means through which air may be introduced into the bottle.”

in use, the bottle 40 is sterilized and is filled with a
pharmaceutical fluid, such as a parenteral solution. Stopper 10 is
inserted hermetically sealing the content of the bottle.
Stopper 10 is then crimped unto bottle 40 with an aluminum or
like_closﬂre cap customarily used on such pharmaceutical
containers. Upon requirement to withdraw the pharmaceutical

~ fluid, infusion device or spike 60 is inserted into bottle 40

through stopper 10. The -sharp tip 64 is aimed at the center of the
stopper, defined as target area 16, pierced through transverse
web 24 and continued to be inserted until shaft 62 of spike 60
engages cylindrical surface 28. As the spike 60 is inserted into
stopper 10, the thin membrane, defined as transverse web 24, is

- . ruptured, then a dynamic seal (second.seal) is formed between
. .shaft 62 of spike 60 and annular protuberance 26. Zonal

contribution to the control of leaking and spike retention will now
be explained with reference to FIG. 8 which displays the position
of the target area 16 (transverse web 24), the dynamic seal (or
second seal formed by shaft 62 and annular protuberance 26), and

- the cylindrical surface 28 engaging shaft 62 of spike 60. The

forces involved in retaining the spike in the stopper are zone
specific. .

Target area 16 retains the spike in position pnmanly
through the. compression created by the displaced elastomeric
material. The viscoelastic properties of the elastomer create a
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e and the ruptured menbr ane. This radial

iiformity is an |nherent characteristic of the target nenbrane area.

whigh is first stretched and then is torn by the spike.-The tear. so

proguced devel ops axially rather than radipally and the tear surface is jag-
' uneven -and does not provide for a godd seal

rane. As a result,
rs. Such failures are especially significant when the con- tainer
The nost common solution -to these problens has been the
I cation of silicone lubricant' to the stopper and/or the spike to
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return to its normal, or resting position. These properties are
referred to in the art as elastic memory. The interference of
shaft 62 of spike 60 prohibits the return of the elastomer to its
original position and creates a c_ompres'sion' force that grips

‘shaft 62 and prevents it from falling out of stopper 10 when

bottle 40 is inverted for administration of its content. FIG. 7
illustrates the piercing of transverse web 24 by sharp tip 64 and
shaft 62 of spike 60. It can be seen that the membrane is being
tugged towards the center of bottle 40. This longitudinal strain
of the elastomer reduces the compression loading of transverse
web 24 at the location of the spike. -

The dynamics of spike withdrawal can occur in two ways:
first, the surface of shaft 62 of spike 60 can slip from transverse
web 24. The configuration of the compressed, elongated |
transverse web 24 will not change should shaft 62 of spike 60
spike slip from the surface of transverse web 24 until shaft 62 is
clear of stopper 10. Once shaft 62 of spike 60 is out of ‘
stopper 10, transverse web 24 returns to its original position.
The dynamics of the second way of spike withdrawal concerns
non-slipping, i.e. the surface of transverse web 24 and shaft 62 of
spike 60 remain stuck together and follow each other as the spike
is being removed. This requires transverse web 24 to invert as
spike 60 is withdrawn. Inversion of the torn transverse web 24
will. cause the compression force to increase. As shaft 62 pulils
the torn transverse web 24 to its normal position the compression
force is at its maximum. As shaft 62 is continued to be pulled
out, the torn jagged edges of transverse web 24 are being pulled
upward and transverse web 24 actually pushes the spike upward,
away from the center of the bottle. When the upward longitudinal
force equals the radial compression force, the spike ‘will stop
moving and additional force must be applied to withdraw the
spike. This force must overcome the surface friction and the

bet ween t-he spi ke -and t he
spi ke retention failure and | eakage around the spi ke
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generation fromthe spiking procedure. it also increases the risk

par %
of pr ct contamnation fromits own conposition. I.n addiion, silicone
| ubri @tion of the stop- per renders the inserted spike sllppery and causes
spi ke gol ow out . Anot her approach'éﬁbposed in the. prior art to reduce

the tg@gndency of the spike to generate particulate matter during penetration -
is tofcoat the elastoneric core of the stopper with a thernoplastic filmon
the fQuid con- tacting side thereof. W have found, however, that the use
of sugh construction is less than satisfactory to solve the problem

et ]| vsRls R 00 HARPaEo hgvehseivh e AAS o hé®
stopper.
Prior art stoppers having a membrane just described often
leak due to a misalignment of the shaft as it is pushed into
5 cylindrical surface 28 causing excessive axial loading on the seal
made by transverse web 24 and cylindrical surface 28. Because
the seal formed by the transverse web 24 and shaft 62 is not
radially uniform, a leak caused by a misalignment depends on the
position of the spike. If the mlsallgnment is in the same axis as
10 the tear, a leak is less likely to occur than it the misalignment is
perpendicular to the axis of the tear.
_ The contribution of cylindrical surface 28 to good sealing
properties in a stopper is rather difficult to evaluate since no two
piercings are exactly alike. Cylindrical surface 28 is cylindrical
15 and is displaced and compressed by shaft 62 which is also '
cylindrical. Because of their similar shapes there is no seal
~ concentration point. Without a seal concentration point the
séaling surfaces must be parallel within the limits of elasticity
of the stopper or a path allowing the fluid to leak will exist. If an
- 20 axial load is placed on shaft 62, it will not-remain parallel to
cylindrical surface 28 and a leak can occur. It is aiso to be
understood that cylindrical surface 28 does not contribute a
dynamic force to prevent leakage at the splke, cyllndncal
surface 28 only serves to guide the spike as the spike is belng
25 inserted into the bottle. The farce cylindrical surface 28 exerts
on spike 60 is diameter dependent. The force is determined by the
displacement of the spike as it is engaged by the cylindrical
surface. If the pressure of the bottle is increased, for example,
by injecting air into the bottle with a syringe, the force applied to
30 the cylindrical surface by ‘such pressure will work to enlarge the
opening which can cause a leak. The same pressure increases
which works on the cylindrical surface will also affect the
transverse web 24 which on piercing has been stretched

e
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an object of the present

g, to reduce or elininate the Ievel of fragmentation and to increase

I nvention to reduce the potential for

t helpi ke insertion- and especially the spike wi t hdr awal - f or ce.

10

15

-11-

downward towards the center of the bottle. The internal pressure
will work on the transverse web 24 to return it to its original
position. :

Similarly to the seal contribution of cylindrical surface 28,
the retention contribution of the same is diameter dependent. The
force requu'ed to remove the spike from cylindrical surface 28 is
directly proportional to the diameter of the spike as well as the
diameter of the cylinder defined by cylindrical surface 28.
Testing has demonstrated that cylindrical surface 28 contributes
the most force to the retention of the spike. However, due to the

 distance from the transverse web 24 of the stopper to cylindrical

surface 28, the spike will pull out first from the cylindrical
surface 28 on its way out of the stopper. Once tip 64 of spike 60
engages the lower edge of cylindrical surface 28, the applied
force to tip 64 pushes the spike further out of the stopper. As
with the sealing contribution of cylindrical surface 28, the
retention contribution of the cylindrical surface does not
contribute a dynamic force to grip the spike.

‘From the foregoing it is apparent that neither the transverse
web 24, nor cylindrical surface 28 insures against the occurrence
of leakage or expulsion of the spike from the stopper, especiaily .
when the content of the bottle is under pressure.

The present invention alleviates these inadequacies by
providing a dynamic seal or second seal which is produced by
annular protuberance 26 and shaft 62 of infusion spike 60. The

annular protuberance 26 is located between transverse web 24

and cylindrical surface 28. Referring to FIGS. 7 and 8, as shaft 62
of spike 60 is inserted into stopper 10 annular protuberance 26 is
elongated both radially and Iongltudlnally Since the elastomeric
material of annular protuberance tries to return to its relaxed
position, two forces are created. One force grips shaft 62 by
constricting radially, the other by pulling the shaft towards the
original relaxed position. These forces are not equal. The primary

_—
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¥ oe achieved with a stopper in which a sec- ond seal is forned upon
on of the infusion spike into the stopper. This second seal is a

. seal cre- ated between contact of an annular rimor protuberance of
fpper with the cylindrical shaft the spi ke as the spike is being
2d into the stopper. The annul ar” pfotuberance of the stopper is
ted with a slight elastic bend toward the center of the bottle
hg a radially uniformseal between it and the spike Under normal

¥e conditions the frictional drag between the spi ke and the
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8er ance, coupled with the natural tendency of the elastoner to return

E Oriojopad lﬁgﬁ'gﬁ%;ﬁggugghgﬂ;?%gﬁgﬁtayﬁ ldft Yhﬁfelb'ﬁgaﬁbﬂpﬂ?rthteo retain

snf usi on s

elas omer If, by the size of its dlameter the shafp 62 forces
annular protuberance 26 to elongate radially more than the
insertion caused longitudinal elongation, the constriction force
will be greater than the rebounding elongation force. Once
shaft 62 is engaged by annular protuberance 26, the constrlctmg
force will hold the spike in place. |
. The dynamic seal becomes thé_ primary seal of the spike,
which heretofore has not been pérceived or suggested by the prior
art.. As such, a uniform, predictable force is established between
annular protuberance 26 and shaft 62 of spike 60 insuring against
leakage of content from bottle 40. |
"Another design advantage of the stopper according to the
present invention is the stopper's ability to increase the spike

retention force which is proportional to the internal pressure of

the bottle. Pressure exerted at any point upon a confined liquid is
transmitted undiminished in all directions, according to Pascal's
law. As indicated earlier, the annular protuberance 26 conforms
to the shaft 62 of spike 60 as the spike is being inserted into
stopper 10. The orientation of annular protuberance 26 changes
during insertion from being perpendicular to spike 60 to being
close to parallel to it. When the pressure in the bottle increases,
the pressure transmitted. to all surfaces of the stopper will
increase uniformly. However, the area of the annular
protuberance 26 which is close to parallel to the shaft 62 will
apply the most force to the shaft, and the area of the annular
protuberance 26 which is essentially pérpendicular to shaft 62
will have the least effect on the sealing of the shaft. The seal so
produced is radially uniform.

In order for the dynamic seal to function in accordance with
the present invention, it will be appreciated by those skilled in
the art that certain relative proportions between the diameter of
shaft 62 and the diameter of the space defined by annular

-
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| . pressure inparts an additional force on the second seal thereby
'ng the contact of the protuberance on the stopper with the infusion

unknown:i i tHe“piior art. When the bottle is pressurized,

According to the present invgrtion therefore there is provi

der. anprotuberaricep6smust b anaintaigpedat és tshawn in FIGS. 7 and 8,

15

the diameter of the space defined by annular protuberance 26
must be somewhat smaller than the diameter of shaft 62 in order
to create a tight seal between them. Further, the diameter of the
cylinder defined by cylindrical surface 28 should. also be
somewhat smaller than the diameter of shaft 62, again, for the

'purpose of maintaining good guidance when spike 60 is being

inserted into stopper 10. In commerce, of course, various size

. stoppers, bottles and spikes would be provided with corresponding
10

requirements as to their proportions as they are used together in
a unit.
" The elastomeric material of the stopper of the present

~invention should be a fluid-impervious, resilient, and inert

material without leachable ‘additives therein in order to prevent
any alteration of the product contained in the vial. It may be of a
single component or a blend of components. Examples of
materials include synthetic or natural rubber, such as butyl

. rubber, isoprene rubber, butadiene rubber, silicone rubber,

halogenated ‘ rubber, - ethylene propylene therpolymer and the like.
Specific examples of a synthetic elastomeric rubber include the
CH2CF2-C3Fg(C3FsH) and the CoF4-CoF30CF3 series of

elastomers made by duPont under the trade names of VITON® and
CARLEZ®; the fluoro-silicone rubbers, such as those made by Dow
Corning under the name of SILASTIC®: and polyisobutylenes, such

as VISTANEX MML-100 and MML-140; and halogenated butyl rubber,

such as CHLOROBUTYL 1066, made by Exxon Chemical Company.

These or other suitable elastomers may be made into the
desired stopper configuration by known methods. Such methods
conventionally include the use of a curing agent, a stabilizer and a
filler and comprise a prlmary and secondary curing step at
elevated temperatures
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stonerlc stopper for a fluid-containing eontainer to hernetically
:he content therein and to provide access thereto by the insertion of
usi on device through the stopper, said stopper conprising the
es clainmed in claiml. The container is conveniently a bottl
.in par- ticular containing-a parenteral solution, which solution my

e or



Esure outside the bottle. The annul ar protuber- _ance exerts

Hi nal and conpressive forces against the i nf usi on device, which is
bly an infu- sion spike, and thesq f orces increase upon increasing
gernal pressure within the contalner Advant ageousl y the infusion

{is a spike, pref- erably an |V infusion spike, and the container is
fe. having . (a) a neck portion with an interior radial ring at

f opening thereof to tightly hold the stopper upon its i nsertion
fne openi ng, (b) an exterior radial ring and (c) a transverse

frface | ocat qfhedehyfser deRording to the present invention, in

combination with a bottle and IV infusion spike, was tested for
fragmentation, penetration and retention forces as well as
elimination of leakage by test methods used in the pharmaceutical
5 industry. Test results showed substantial improvements in all of
these desirable properties as compared to properties possessed by
similar devices used in the prior art. ' '
In a preferred embodiment of the invention there is provided
an infusion closure for use with a parenteral liquid-containing
10 vial to hermetically seal said vial and to provide access for
infusion of the liquid to a patient,
the vial having a neck terminating in a transverse end
suface, S - '
the infusion closure comprising the combination of an
15 elastomeric stopper and an infusion spike inserted into the
stopper, o |
the stopper having a disk-shaped head and an annular skirt
integral with the disk-shaped head, the -annular skirt. projecting
into the liquid-containing vial,

20 the disk-shaped head having a flange extending laterally
outward from the skirt covering the transverse end surface of the
vial neck,

"a target area centrally located in the disk-shaped head -
through which the infusion spike is inserted into the vial forming
25 a first seal with the infusion spike and havmg ruptured edges
oriented toward the liquid,
the skirt having a generally cyllndncal opening defined by a
transverse web on the top of the opening corresponding to the
_ target area,
30 an annular protuberance, spaced downward from the
‘transverse web and integral therewith, laterally extending into
the opening and being elongated longitudinally toward the liquid in
the vial and forming a second seal with the infusion spike,

.__—___/—’——_-—_ .
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ri‘or“and exterior radial ri ngs. :

)l ACEMENT SHEET ' - 5- The stopper may be
c@nped onto the bottle with a metal cI(P%ure cap covering the exterior
~_|aI ring of the bottle. :

an annular recess between the transverse web and the
annular protuberance designed to serve as spéde to accommodate
the ruptured edges formed by the infusion spike upon its insertion
through the target area, '

5 a cylindrical wall surface, having a top edge, spaced
downward from the annular protuberance and integral therewith,
to guide and grip the infusion spike, '

an annular recess, between the annular protuberance and the
top edge of the cylindrical wall surface, designed to serve as

10 space into which the annular protuberance extends upon insertion
of the infusion -spike,

’ the infusion spike having a cylindrical shaft havmg a

tapered end terminating in a sharp tip, an upper body having two.
parts both integral with the cylindrical shatt,

15 a first channel, extending from the tip upward through the

shaft and through one part of the upper body, adapted to remove

the liquid from the vial,

and a second channel extending from the tip upward through |
the shaft and through the other part of the upper body to allow air
to enter into the vial to equilibrate pressure within the vial when
the liquid is being removed from the vial by infusion to a patient.

/
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The % or dynam o seal provided by this inven- tion between the annul ar
pr ot uR ice and the spike thus insures against | eakage and bl ow out as

wel | a¥educi ng the risk of partlculate ﬁatter i ntroduction into the R
bott| e’ N insertion of the spike through the stop- per. The i nventi on * o
e described with rejﬂ_enge_t_o_Lhﬁ__f_oJ_J_owi ng drawi ngs but is in' no -+

Bk
3

wil |
way to 3 limted thereto: pectlve view of the stop
of the @ present |nv I mu ﬂls a sectional top vie
thereof@FI G 3 iIs a botto
. CLAIMS B
1. An elastomeric stopper (10) for a fluid-containing

container (40) to hermetically seal the content therein and to
'provide access thereto by the insertion of an infusion device (60)
through the stopper (10), said stopper (10) comprising a skirt
portion (20) having an annular protuberance (26) projecting
| inwardly and forming a seal with said infusion device (60) upon .
its insertion into the container (40) _thrdugh the stopper (10).
2. A stopper (10) as claimed in claim 1, also having a head
portion (12) comprising a flange (14) and a target area (16).
3. A stopper (10) as claimed in claim 2 wherein
(a) the flange (14) extends laterally outwardly from the skirt
portion (20) and is adapted to cover a transverse end surface (48)
of a neck (42) of the container (40); and
(b) the target area (16) is at the center of the head portion (12)
and is adapted to be pierced by the infusion device (60) which,
after rupturing the target area (16), is inserted through a
space (22a) defined by the skirt portion (20);
4. A stopper (10) as claimed in any one of the preceding claims
wherein the skirt portion (20) comprises: :
(c) a cylindrical surface (28), spaced. downward from the target
area (16) of the head portion (12) adapted to guide and grip the
infusion device (60) upon its insertion through the target
area (16); with
(d) the annular protuberance (26) being located between the target
area (16) and the cylindrical surface (28) to form a seal with" the
infusion device (60).
5. A stopper (10) for a container as claimed in any one of the
preceding claims wherein the container is a bottie (40). |
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P1s a sectional view of the stgpper t aken -al ong - the line
FIG 1; FIG 5 IS a perspective view of a battle having

d therelﬂW present i nvention and an
n spike I one read;hf or inserti orilhisibhept HisBeaiRep '
is a HM mf’m”ﬂ’\mﬂl t he bottle St opper and Il HIII Mﬂ!t
on spike s FI G Is a sectional to
, Wth the i nfusi on splke partially inserte :
nd FIG 8 is a sectional view, simlar to FIGS. 6 and 7,

nfusion spike fully engaged in the stop-

6. A stopper (10) for a bottle (40) as claimed in claim 5

wherein the bottle (40) comprises:

(a) a neck portion (42) with an interior radial ring (46) at the

opening thereof to tightly hold the stopper (10) upon its insertion
5 into the opening;

(b) an exterior radial ring (50); and

(c) a transverse end surface (48) located between the interior and

éxterior radial rings (46,50);

_ 7. A stopper (10) as claimed in any one of claims 1.to 4
10 wherein the container (40) is a vial.
8. A stopper (10) as claimed in any one of the _preceding claims
. wherein the container (40) contains a parenteral solution.
9. A stopper (10) as claimed in any one of the preceding claims
wherein the infusion device is a IV infusion spike (60).

15 10. A bottle (40), stopper (10) and IV infusion spike (60)
combination for a parenteral solution to hefmetically seal the
solution and to provide access thereto by the insertion of said
IV infusion spike (60) through said stopper (10),
said bottle (40) comprising:

20 (a) a neck portion (42) with an interior radial ring (46) at the
opening thereof to tightly hold said stopper (10) upon its insertion
into said opening; _

(b) an exterior radial ring (50); and
(c) a transverse end surface (48) located between said interior
and exterior radial rings (46,50);
said stopper (10) closlng said opening in said bottle (40) and
having a head portion (12) and a skirt portlon (20) extendmg from
said skirt portion (20),
said head portion (12) comprising:
- (a) a flange (14) extendmg laterally outwardly from said skirt
portion (20) and being adapted to cover said transverse end
surface (48) of the neck portion (42) of the bottle (40); and




per | ' . Go.- Al Nr ougn. o, ne el asto- neric stopper -
I nvention is designed to hernetically seal a bottle 40 or

T of phar- maceutical fluids, especially paren%eraL———~———————

sol n at_tines m be sealed vacuunror under pressure
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) a target area (16) at the center of said head portion (12)
apted to be pierced by said IV infusion spike (60) which, after
pturmg said target area (16), is inserted through the

(nace (22a) defined by said skirt portion (20);

8aid skirt portion (20) comprising:

.) a cylindrical surface (28), spaced downward from said target
"‘ ea (16) of the head portion (12), adapted to guide and grip said
V infusion spike (60) upon its insertion through said target

wrea (16) and |

b) an annular protuberance (26) located between said target

,' ea (16) and said cylindrical surface (28) to form a seal with
fsaid IV infusion spike (60).

£11. A bottle (40), stopper (10)' and IV infusion spike (60)

¢ combination as claimed in claim 10 wherein the stopper (10) is
_jfcrimped onto the bottle (40) with a metal closure cap covering
i the exterior radial ring (50) of the bottle (40).

2. A stopper (10) as claimed in any one of the preceding claims
wherem the annular protuberance (26) exerts longitudinal and
compressrve forces against the infusion device (60).

13 A stopper (10) as claimed in claim 12 wherein longitudinal
and compressive forces increase upon “increasing the internal
pressure within the container (40).

: 14, A stopper (10) as claimed in any one of claims 8 to 13

f wherein the parenteral solution is under an internal pressure that
I greater than the pressure outside the container (40).

E 1S. A stopper (10) as claimed in any one of the preceding claims
Wherein the elastomeric stopper is made of a material selected
trom the group consisting of: butyl rubber, isoprene rubber,
butadiene rubber, silicone rubber, halogenated rubber, ethylene
- Propylene therpolymer and mixtures thereof.




neck 42 having an interior surface 44, interior radial ring 46 and
gsverse end surface 48. The two latter parts formthe nouth of bottle

i The neck 42 further com prises an exterior surface which, adjacent to
trans- verse end surface 48, evolvgg.into an exterior radial ring 50.

| exterior radial ring is adapted to facilitate the holding of a netal -
(not shown) when the cap is crinped onto the bottle. The bottle is
dard size '

DOUBLE-SEAL_STOPPER_FOR_PARENTERAL BOTTLE
ABSTRACT

An elastomeric stopper (10) for a fluid-containing container (40)
to hermetically seal the content therein and to provide access
thereto by the insertion of an infusion device (60) through the
stopper(10), the stopper (10) comprising a skirt portion (20)
having an annular protuberance (26) projecting inwardly and
forming a seal with the infusion device (60) upon its insertion
into the container (40) through the stopper (10), to prevent
leakage, blow-out and introduction of particulate matter into the
container (40). |



- -I-qur-ds 1 n-the pharmaceutical i'ndustry and it nay be

to 1000 m or nore. ‘Referring to FIGS. 1 through 4 and 6

t Rr> , sStopper 10 of the present invention conprises a head 12 and’

i nt therewith a skirt 20. Head 12 conprises: a flange 14 extending

| at 4@al | y outwardly fromskirt 20 14nd is adapted to cover transverse end
Jce 48 of Dbottle neck 42: and target area 16 which is to receive an.

#i on device or spike 60. Skirt 20 contains a generally cyIindridhL,//

recg@s or opening indicated by the nunerals 22a, 22b, 22c and 22d. Recegs
22a gs defined by: trans- verse web 24 at the upper end which correspords
to arget area 16 when viewed fromthe bottomopen end of the sk

to i

d head 12 direction. Spaced down-
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wal 2 said transverse web 24 and integral there- wth, annular

pr oty ance 26. laterally extending into said opening 22a, is designed to
f or m§Eynanmi ¢ seal or second seaR/fhen an infusion device or spi ke 60
(show in FIG 5) is inserted into stopper 10. Recess 22a serves as a
space to which the ruptured edges of the target area 16 will be pushed

down k0 upon the target area 16 being pierced by infusion device 60.
Spacej@downward from sai d annul ar protuberance 26 and integral therewith, a
cylingi cal wall surface 28 designed to tightly conformto the exterior
surfaj® wall 62 of the infusion device or spike 60 when the sane is

I nser@@d into stopper 10 and it QQLQEEfQQQ_QLLpS the sane. Qpening 22c
al l owggshaft 62 of spike 60 to be

c6—| \




B} cretnrougn. Recess 22b is defined by annu- lar protuberances 26
b edge of cylindrical surface . -7-
ess 22b serves as a space which allows annul ar '
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engages sai d protuberance and formthe’

e c \When shaft 62 of spike 60
bi'c- seal therew th. Spaced downward fromcylindrical wall surface
lindrical surface 28 and integral therewith, conical sur- face 30
hes openi ng 22d. Opening 22d allows skirt 20 of stopper 10 to flex
i nil@d when skirt 20 is being inserteqﬂinto bottl e 40. | nf usi on devi ce
or Wike 60 is well known in the art add may be of two designs, with or

@but a drip cham ber. The device conprises: a cylindrical shaft 62
- nating in a sharp tip 64, and an upper body of two parts
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ber ance 26 to-extend irnto-and bend downward toward the center oith—
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66 and 68, Lboth integral with Bis esh %S§F§%BBEE1NG 6 REPHFUENIENZ SHEET
and upper bodi es 66 and 68 contai T cha neI 70 aREF Mrer rqu. of—gevtee
60 is inserted-into a bottle containing a pharnaceutical fluid, gﬁnﬁm ﬁ6
~ serves fer—the—withdrawal of said fluid, while channel 72 serwJes g

parenteral s 10 is inserted hernetically seallr\“ t-he —
content of t per 10 is then crinped unto bottle 40 with an

al um numor i ke cl osure cap customarily used on such pharmaceuti cal

contai ners. Upon requirement to w thdraw the pharnmaceutical fluid, infusion

cont
v ee of DOUBLE-SEAL _ELASTOMERIC_STOPPER

through whi ssﬁ hélir oduced into the bottle. In ugqe,L the botile
“40 is steri Uﬁ Ied vmthap-hhfmaceutlcal fluid, such as a

This invention relates to an elastomeric stopper used in
conjunction with containers, such as bottles and vials, containing
pharmaceutical products for parenteral édmin_istration. More
particularly, the invention relates to an elastomeric stopper for
hermetically sealing a parenteral bottle or vial which is accessed
by the use of an infusion spike.

Stopper systems for vials, bottles and the like are made of
materials that are resistant to chemicals and pharmaceuticals
such as corrosive materials, reagents, parenteral solutions and
solid formulations reconstitutable with a solvent prior to use.
The most commonly used stopper system for such products has
been glass or plastic bottles and vials equipped with rubber
étoppers made of elastomeric materials. The system appears to
provide for good hermetical seal, sate storage and easy access to
the content through the elastomeric stopper via the use of an
infusion spike when withdrawal of the content is desired. The
elastomeric stopper used generélly comprises an elastomeric

- base, such as natural or synthetic rubber and an inert coating
covering at least some portions of the stopper. The coating used
includes chlorobutyl rubber, polymeric fluorocarbon resins such as
polytetrafluoroethylene and various thermoplastic films. The
coating is "intended to insulate the elastomeric stopper base from
the content of the container in order to prevent contact and
possible chemical reactions therebetween.

. The prior art has provided various constructions and
configurations to meet the requirements of stopper systems for
use in the chemical/pharmaceutical industry. ‘See, for example
U.S. Patent Nos. 2,665,024; 2,848,130; 3,088,615; 3,313,439;
3,874,930; 4,133,441; 4,227,617 and 4,441,621.
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spi ke 60 is inserted into bottle 40 t hr ough TS PREET EGS BFRY 1a§g~Ji_tgan,"6z(§T|<34 ﬂ
ained at the center of the stopper definefl as tREPHEALERrea ) ,p.L.ar-GeeF—
through transverse Web 24—and wmi nued to De I nserted until ghaft 62 of

spi ke 60 engages mbhe@gﬁsg@elnkg ce 28. As the spike 60 is i Nsdrt28 W’Wég%
stopper 10, the tgl mF I ned as transverse web 24, ils {ruptured,

ooy

then a dynam c se is for2red between shaft 62 df spi ke 60
and annul ar protu contribution to the controllof leaking —
and spike retention wll now be -

One of the'major concerns in all products, and especially
pharmaceutical parenteral products, is the generation of
particulate foreign matter which may contaminate such products.
In order to eliminate macroscopic and microscopic particulates,
elaborate measures have been taken to remove them, such as
filtration of the product and special washing and drying of the
stopper system components. These steps help assure that the
products meet the requirements and guidelines of the
pharmaceutical industry, such as compendia guidelines, when the
products reach the point of use. However, at the point of use, such
as in the case of a parenteral product, new particulate matter is
frequently generated by the practitioner when the stopper is
penetrated by an infusion spike. During such penetration a
combination of elastic and plastic . deformation of the stopper
target area increases the stopper contact surface with the
infusion spike as it is pressed into the stopper. Typically,
untreated elastomeric stoppers offer a high degree of resistance
against the exterior surface of the spike as the spike is being
pushed into the penetration area. Most frequently, when stopper
fragments are generated, they are the result of the elastomeric

- portion of the stopper being abraded off the upper surface of the
stopper as it conforms to .the shape of the penetrating spike. The
fragments are then transported into the interior of the vial as the
spike rolls and drags the fragments during penetration.

In addition to the problem of particulate matter produced
and carried into the vial during the spiking procedure, there are
two other problems: spike blow-out caused by residual elastic
tension of the stopper against the spike which urges the spike
outward; and leakage around the spike with or without the
occurrence of blow-out.

During spike penetration of the elastomeric stopper the
target membrane at the penetration site is elastically distorted
-and ruptured creating a s__e?.l ﬁtbat is not radially, uniform between

,
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expl ained with reference to FIG 8 which ditbayEET BaSgHEN
target area 16 (transverse web 24). the dynani cRER&#CEDor se
by shaft 62 and annular protuberance 26). and the cylindrical

engagi ng shaft 62mRihePids BedRepidddg fOrces involved in retainiing the ﬁﬁwk’ﬁ%
In the stopper -are "mﬁlmrmln m . 3

D

nBERAGERER] 1
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the spike and the ruptured membrane. This radial non-uniformity
is an inherent characteristic of the target membrane area, which
is first stretched and then is torn by the spike. The tear so
produced develops axially rather than radially and the tear surface
is jagged, uneven and does not provide for a good seal between the
spike and the membrane. As a result, spike retention failure and
leakage around the spike occurs. Such failures are especially
significant when the container is pressurized.

The most common solution to these problems has been the
application of silicone lubricant to the stopper and/or the spike to
reduce the frictional drag between the stopper and the spike.
While silicone does reduce pérticle generation from the spiking
procedure, it aiso increases the risk of product contamination
from its own composition. In addition, silicone lubrication of the
stopper renders the inserted spike slippery and causes spike
blow-out.

Another approach pi'oposed in the prior art to reduce the
tendency of the spike to generate particulate matter during
penetration is to coat the elastomeric core of the stopper with a
thermoplastic film on the fluid contacting side thereof. We have
found, however, that the use of such construction is less than
satisfactory to solve the problem. Furthermore, such construction
does not provide for improved spike retention and reduced leakage
tendency around the spike. |

It is an object of the present invention to reduce the
potential for leaking, to reduce or -eliminate the level of
fragmentation and to increase the spike insertion- and especially
the spike withdrawal-force. .

This may be achieved with a stopper in which a second seal
is formed upon insertion of the infusion spike into the stopper.
This second seal is a dynamic seal created between contact of an
annular rim or protuberance of the stopper with the cylindrical
shaft of the spike as the spike is being inserted into the stopper.



Tarbet area 16 retalns—the—spike+n p05|t|o'|l’in§r31LIrE§Fr F‘f'ﬁ“&g1 iEﬁ.ACEf- ENT SHMETT
conpressi on created by the di Iac d el as-| t oneRERLAEr | 2 h ! A
vi scoel astic prop “Stomer create a force in the distorted

el ast oner which ur ﬁﬁ?ﬁi P to return to its normal, ¢r {re20iNY 1996
posi tion. These pr ferred 1p.in the art as el asti ¢ menory.

The interference of shaft 62 of spi ke 60 prohibits the returnlof the

el astomer to its orig- inal position and creates a conpressior_force that —

grips shaft 62 and prevents it fromfalling out of stopper

40 is inverted for admnistration of its

con- tent.

piercing of transverse web 24 by sharp tip 64 and shaft 62 of spike 60.
can be seen That ahhelarepbstaberarscd eoMahbugtsishdrougr distéMed Caithera slight

elastic bend toward the center of the bottle creating a radially

uniform seal between it and the spike. .

Under normal pressure

conditions the frictional drag between the spike and the
protuberance, coupled with the natural tendency of the elastomer
to -return to its original position, enhances the ability of the
stopper to retain the infusion spike and produce a second seal in

the stopper heretofore unknown in the prior art.

When the bottle

is pressurized, the internal pressure imparts an additional force
on the second seal thereby enhancing the contact of the
protuberance on the stopper with the infusion spike.

According to the present invention therefore there is
provided an elastomeric stopper for a fluid-containing container
to hermetically seal the content therein and to provide access
thereto by the insertion of an infusion device through the stopper,
said stopper comprising a skirt portion- haiving an annular
protuberance projecting inwardly and forming a seal with said
infusion device upon its insertion into the container through the

stopper.

The container is conveniently a bottle or vial, in particular
containing 'a parenteral solution, which solution may be under an
internal pressure that is greater than the pressure outside the
bottle. The annular protuberance exerts longitudinal and
compressive forces against the infusion device, which is
-prefer_ably an infusion spike, and these forces increase upon
increasing the internal pressure within the container. .

Preferably the stopper includes a head portion comprising

a flange and a target area,

(a) the flange conveniently extending Iaterally outwardly from the-
skirt portlon and being adapted to cover a tramsverse end surface

of the neck of a container, and

10 when bottle
FIG 7 illustrates the



of bottle 40. This | ongi tudi nal strain of 1€EBStOARS BEEHUCE) HEPBACEME SHEET
conpressi on | oadi ng of transverse web 24 ai the REpLACEDN of | hp sp+ke

The dynani cs of—sprke-—w—f—hdmal—can occur =TT TWO ways. 11rst, “eg#&{(ﬁgﬁ;%

of shaft 62 of sp eShgq fromtransverse web 24. The cpn
of the com presse “nsverse web 24 will not changelshould
shaft 62 of spike romthe 3urface of transverse{web 24 until

shaft 62 is clear Once shaft 62 of spike 60 is dut—of

st opper 10, trans- verse web 24 returns to its original p03|t|on. The
dynam ics of the second way of spike withdrawal concerns non- slipping,
I.e. the surface of transverse web 24 and shaft 62 of spike 60 remain stuck

t oget her and fol | ow each
(b) the target area, at the center of the head portion, preferably

being adapted to be pierced by an infusion device which, after
rupturing the target area, is inserted through the space defined by
the skirt portion.

The skirt portion preferably comprises
(c) a cylindrical surface, spaced downward from the target area of
the head portion, adapted to guide and grip the infusion device
upon its insertion through the target area, together with
(d) an annular protuberance located between the target area and
the cylindrical surface to form a seal with the infusion device.

Advantageously the infusion device is a spike, preferably an
IV infusion spike, and the container is a bottle, having
(a) a neck portion with an interior radial ring at the opening
thereof to tightly hold the stopper upon its insertion into the
opening, | | :

(b) an exterior radial ring and
(c) a transverse end surface located between the interior and
exterior radial rings.

The stopper may be crimped onto the bottle with a metal
closure cap covering the exterior radial ring of the bottle.

The second or dynamic seal provided by this invention
between the annular protuberance and the spike thus insures
against leakage and blow-out as well as reducing the risk of
particulate matter introduction into the bottle upon insertion of
the spike through the stopper.




other as the spike is being renoved. Thi § THisSHEBE HASHEEN
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The invention will now be described with reference to the
following drawings but is in no way to be limited thereto:

FIG. 1 is a perspective view of the stopper of the present
invention;

FIG. 2 is a sectional top view thereof;

FIG. 3 is a bottom plan view thereof;

FIG. 4 is a sectional view of the stopper taken along the line 4-4
of FIG. 1;

FIG. 5 is -a perspective view of a bottle having inserted therein
the stopper of the present invention -and an infusion spike
positioned ready for insertion into the stopper;

FIG. 6 is a sectional view of the bottle, stopper and infusion
spike shown in FIG. 5;

FIG. 7 is a sectional view, similar to FIG. 6, with the infusion
spike partially inserted in the stopper; and

FIG. 8 is a sectional view, similar to FIGS. 6 and 7, with infusion
spike fully engaged in the stopper.

Referring to FIGS. 1 and 5 through 8, the elastomeric
stopper 10 -of the present invention is designed to hermetically
seal a bottle 40 or like containers of pharmaceutical fluids,
especially parenteral solutions, which at times may be sealed by
vacuum or under pressure. The bottle 40 is of glass or rigid
polymer material well known in the pharmaceutical industry. |t
comprises a neck 42 having an interior surface 44, interior radial
ring 46 and transverse end surface ‘48. The two latter parts form
the mouth of bottle 40. The neck 42 further comprises an exterior
surface which, adjacent to the transverse end surface 48, evolves
into an exterior radial ring 50. Said exterior radial ring Is
adapted to facilitate the holding of a metal cap (not shown) when
the cap is crimped onto the bottle. The bottle is of standard size
customarily used for liquids in the pharmaceutical industry and it
may be from 5 mi to 1000 ml or more.
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transverse web 24 to its nornmal position tlheysOHEEEIHAS BERMN | f rﬂ,fg‘-ﬁ%E T f‘e"“‘
raxi rum As shaft 62 is continued to be pgull edrBeEACHDhe tonn| |
of transverse web 24 are being pul |l ed upward and transverse hwep 24 NEWu1I96
ally pushes the spike upward, away fromthe center of the bofjt|e. Wen the
upward | ongi t udi thsmxeutHam '

w Il stop noving
spi ke. This force
the el astoner to have
stoppers having a rrenbrane JUSt

of the shaft

agged edges

Beedt he radial conpression forcg, =tte—sprke
force rmst ‘be applied to wthdraw t he

J

rel eased fromthe stopper. Prior art

as it is pushed into cylindrical surface 28 causi ng exces-
Referring to FIGS. 1 through 4 and 6 through 7, stopper 10 of

the present invention comprises a head 12 and integral therewith
a skirt 20. Head 12 comprises: a flange 14 extending laterally
outwardly from skirt 20 and is adapted to cover transverse end
surface 48 of bottle neck 42; and target area 16 which is to
receive an infusion device or spike 60. Skirt 20 contains a
generally cylindrical recess or opening indicated by the

numerals 22a, 22b, 22c and 22d. Recess 22a is defined by:
transverse web 24 at the upper end which corresponds to target
area 16 when viewed from the bottom open end of the skirt 20
toward head 12 direction. Spaced downward from said transverse
web 24 and integral therewith, annular prbtuberance 26, laterally
extending into said opening 22a, is designed to form a dynamic

'seal or second seal when an infusion device or spike 60 (shown in

FIG. 5) is inserted into stopper 10. Recess 22a serves as a space
into which the ruptured edges of the target area 16 will be pushed
down into upon the target area 16 bemg pierced by infusion
device 60. .

Spaced downward from said annular protuberance 26 and
integral therewith, a cylindrical wall surface 28 designed to
tightly conform to the exterior surface wall 62 of the infusion
device or spike 60 when the same is inserted into stopper 10 and
it guides and grips the same. Opening 22c allows shaft 62 of
spike 60 to be inserted therethrough. Recess 22b is defined by
annular protuberances 26 and top edge of cylindrical surface 28.
Recess 22b serves as a space which allows annular

protuberance 26 to extend into and bend downward toward the
center of the bottle when shaft 62 of spike 60 engages said
protuberance and form the dynamic seal therewith.

Spaced downward from cylindrical wall surface or
cylindrical surface 28 and integral therewith, conical surface 30
defines opening 22d. Opening 22d allows skirt 20 of stopper 10 to
flex inward when skirt 20 is being inserted into bottle 40.

he surface friction and the stretching of

described often | eak due to a m salignnent



Sive axial |oading on the seal made by trahswes SHEEKEHASMEazﬁ RARLAGEMENT SHEET
surface 28. Because the seal forned by the trarRBPEASEDWeb 2WU1 afild shaft 62

is not radially™uni-—form a I'eak caused Dy a msalignnent dgpgndsg NDV 1996
position of the SpEhiGneedtas BRARGIRAL I gNNENt is in the sane ax|s|as the

tear, a leak is les cur thargif the msalignmen| ks
perpendi cular to th IEHW!HJI BH tear. The contribution ¢f cyI I ndri cal.
surface 28 to good ties in a stopper is rather drfffcurt to
eval - uate since no two piercings are exactly alike. Cylindrical surface 28
Is cylindrical and is displaced and com pressed by shaft 62 which is al so
cylindrical. Because of their simlar shapes there is no seal concentration
poi nt . Infusion device or spike 60 is well known in the art and may

be of two designs, with or without a drip chamber. The device
comprises: a cylindrical shaft 62 terminating in a sharp tip 64;
and an upper body of two parts 66 and 68, both integral with said
shaft 62. As shown in FIG. 6, shaft 62 and upper bodies 66 and 68
contain channels 70 and 72. When infusion device 60 is inserted
into a bottle containing a pharmaceutical fluid, channel 70 serves
for the withdrawal of said fluid, while channel 72 serves as a
means through which air may be introduced into the bottle.

In use, the bottle 40 is sterilized and is filled with a
pharmaceutical fluid, such as a parenteral solution. Stopper 10 is
inserted hermetically sealing the content of the bottle.

Stopper 10 is then crimped unto bottle 40 with an aluminum or
like closure cap customarily used on such pharmaceutical
containers. -Upon requirement to withdraw' the pharmaceutical
fluid, infusion device or spike 60 is inserted into bottle 40
through stopper 10. The sharp tip 64 is aimed at the center of the
stopper, defined as target area 16, pierced through transverse
-web 24 and continued to be inserted until shaft 62 of spike 60
engages cylindrical surface 28. As the. spike 60 is inserted into
stopper 10, the thin membrane, defined as transverse web 24, is
ruptured, then a dynamic seal (second.seal) is formed between
shaft 62 of spike 60 and annular protuberance 26. Zonal
contribution to the control of leaking and spike retention will now
be explained with reference to FIG. 8 which displays the position
of the target area 16 (transverse web 24), the dynamic seal (or
second seal formed by shaft 62 and annular protuberance 26), and
the cylindrical surface 28 engaging shaft 62 of spike 60. The
forces involved in retaining the spike in the stopper are zone
specific.

Target area 16 retains the spike in position primarily
through the compression created by the displaced elastomeric
material. The viscoelastic properties of the elastomer create a
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force in the distorted elastomer which urges the elastomer to
return to its normal, or resting position. These properties are
referred to in the art as elastic memory. The interference of
shaft 62 of spike 60 prohibits the return of the elastomer to its
original position and creates a compression force that grips
shaft 62 and prevents it from falling out of stopper 10 when
bottle 40 is inverted for administration of its content. FIG. 7
illustrates the piercing of transverse web 24 by sharp tip 64 and
shaft 62 of spike 60. It can be seen that the membrane is being
tugged towards the center of bottle 40. This longitudinal strain
of the elastomer reduces the compression loading of transverse
web 24 at the location of the spike.

The dynamics of spike withdrawal can occur in two ways:
first, the surface of shaft 62 of spike 60 can slip from transverse
web 24. The configuration of the compressed, elongated
transverse web 24 will not change should shaft 62 of spike 60
spike slip from the surface of transverse web 24 until shaft 62 is
clear of stopper 10. Once shaft 62 of spike 60 is out of
stopper 10, transverse web 24 returns to its original position.
The dynamics of the second way of spike withdrawal concerns
non-slipping, i.e. the surface of transverse web 24 and shaft 62 of
spike 60 remain stuck together and follow each other as the spike
is being removed. This requires transverse web 24 to invert as
spike 60 is withdrawn. Inversion of the torn transverse web 24
will cause the compression force to increase. As shaft 62 pulls
the torn transverse web 24 to its normal position the compression
force is at its maximum. As shaft 62 is continued to be pulled
out, the torn jagged edges of transverse web 24 are being puiled
upward and transverse web 24 actually pushes the spike upward,
away from the center of the bottle. When the upward longitudinal
force equals the radial compression force, the spike will stop
moving and additional force must be applied to withdraw the
spike. This force must overcome the surface friction and the
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stretching of the elastomer to have the spike released from the

stopper.

Prior art stoppers having a membrane just described often
leak due to a misalignment of the shaft as it is. pushed into

cylindrical surface 28 causing excessive axial_ loading
made by transverse web 24 and cylindrical surface 28.

on the seal
Because

the seal formed by the transverse web 24 and shaft 62 is not

radially uniform, a leak caused by a misalignment depends on the
position of the spike. |If the misalignment is -in the same axis as
the tear, a leak is less likely to occur than if the misalignment is

perpendicular to the axis of the tear.

The contribution of cylindrical surface 28 to good sealing
properties in a stopper is rather difficult to evaluate since no two
piercings are exactly alike. Cylindrical surface 28 is cylindrical

and is displaced and compressed by shaft 62 which is

also

cylindrical. Because of their similar shapes there is no seal
concentration point. Without a seal concentration point the
sealing surfaces must be parallel within the limits of elasticity

of the stopper or a path allowing the fluid to leak will

exist. If an

axial load is placed on shaft 62, it will not remain parallel' to

cylindrical surface 28 and a leak can occur. It is also

to be

understood that cylindrical surface 28 does not contribute a
dynamic force to prevent leakage at the spike; cylindrical

surface 28 only serves to guide the spike as the spike

is being

inserted into the bottle. The force cylindrical surface 28 exerts
on spike 60 is diameter dependent. The force is determined by the
displacement of the spike as it is engaged by the cylindrical
surface. If the pressure of the bottle is increased, for example,
by injecting air into the bottle with a syringe, the force applied to

the cylindrical surface by such pressure will work to

enlarge the

opening which can cause a leak. The same pressure increases
which works on the cylindrical surface will also affect the
transverse web 24 which on piercing has been stretched
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to the dianeter of the spike as well as the dianmeter of the
surface 28. Testing has denonstrated that
surface 28 contributes the nost force to the retention of the

spi ke. Howewywnwa® ttdwards the center of the bottle. The internal pressure

will work on the transverse web 24 to return it to its ongmal
position.

‘Similarly to the seal contribution of cylindrical surface 28,
the retention contribution of the same is diameter dependent. The
force required to remove the spike from cylindrical surface 28 is

'directly proportional to the diameter of the spike as well as the

diameter of the cylinder defined by cylindrical surface 28.
Testing has demonstrated that cylindrical surface 28 contributes
the most force to the retention of the spike. However, due to the
distance from the transverse web 24 of the stopper to cylindrical
surface 28, the spike will pull out first from the cylindrical
surface 28 on its way out of the stopper. Once tip _64-of spike 60
engages the lower edge of cylindrical surface 28, the applied
force to tip 64 pushes the spike further out of the stopper. As
with the sealing contribution of cylindrical surface 28, the
retention contribution of the cylindrical surface does not
contribute a dynamic force to grip the spike.

From the foregoing it is apparent that neither the transverse
web 24, nor cylindrical surface 28 insures against the occurrence
of leakage or expuision of the spike from the stopper, especially
when the content of the bottle is under pressure.

The present invention alleviates these madequac:es by

- providing a dynamic seal or second seal which is produced by

annular protuberance 26 and shaft 62 of infusion spike 60. The

-annular protuberance 26 is located between transverse web 24

and cylindrical surface 28. Referring to FIGS. 7 and 8, as shaft 62

‘of spike 60 is inserted into stopper 10 annular protuberance 26 is

elongated both radially and longitudinally. Since the elastomeric
material of annular protuberance tries to return to its relaxed
position, two forces are created. One force grips shaft 62 by
constricting radially, the other by pulling the shaft towards the
original relaxed position. These forces are not equal. The primary
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edge of cylin- drical surface 28, the applied force to tip 64ipyshes the

spi ke further out .ofhislsh@t BisPRRHepladdd W|t the seal ing con- trilbdtion of

cylindrical surface | on co rlbu- tion of the cyWindrical —
surface does not conﬁmuﬂlﬂ mlﬁ nm c force to grip the spike. From t he
foregoing it is appa her the transverse web 24, nor

cylindrical surface 28 insures against the occurrence of Ieakage or

expul si on of.the spi ke fromthe stopper, especially when the content of the
bottle is unders P43 fined by the percentage of the elongation .in the

elastomer. If, by the size of its diameter, the shaft 62 forces

annular protuberance 26 to elongate radially more than the

insertion caused longitudinal elongation, the constriction force

will be greater than the rebounding elongation force. Once

shaft 62 is engaged by annular protuberance 26, the constricting

force will hold the spike in place.

The dynamic seal becomes the primary seal of the spike,
which heretofore has not been perceived or suggested by the prior
art. As such, a uniform, predictable force is established between
annular protuberance 26 and shaft 62 of spike 60 insuring against
leakage of content from bottie 40.

Another design advantage of the stopper according to the
present invention is the stopper's ability to increase the spike
retention force which is proportional to the internal pressure of
the bottle. Pressure exerted at any pdint upon a confined liquid is
transmltted undiminished in all directions, according to Pascal's
law. As indicated earlier, the annular protuberance 26 conforms
to the shaft 62 of spike 60 as the spike is being inserted into
stopper 10. The orientation of annular protuberance 26 changes
during insertion from being perpendicular to spike 60 to being
close to parallel to it. When the pressure in the bottle increases,
the pressUre transmitted to all surfaces of the stopper will
increase .uniformly. However, the area of the annular
protuberance 26 which is close to parallel to the shaft 62 will
apply the most force to the shaft, and the area of the annular
protuberance 26 which is essentially perpendicular to shaft 62
will have the least effect on the sealing of the shaft The seal so
produced is radially uniform.

In order for the dynamic seal to function in accordance with
the present invention, it will be appreciated by those skilled in
the art that certain -relative proportions between the diameter of
shaft 62 and the diameter of the space defined by annular

£
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protuberance 26 must be maintained. As shown in FIGS. 7 and 8,
the diameter of the space defined by annular protuberance 26
must be somewhat smaller than the diameter of shaft 62 in order
to create a tight seal between them. Further, the diameter of the
cylinder defined by cylindrical surface 28 should also be
somewhat smaller than the diameter of shaft 62, again, for the
purpose of maintaining good guidance when spike 60 is being
inserted into stopper 10. In commerce, of course, various size
stoppers, bottles and spikes would be provided with corresponding
requirements as to their proportions as they are used together in
a unit . '
. The elastomeric material of the stopper of the present
invention should be a fluid-impervious, resilient, and inert
material without leachable additives therein in order to prevent
any alteration of the prdduct contained in the vial. It may be of a
single component or a blend of components. Examples of
materials include synthetic or natural rubber, such as butyl
rubber, isoprene rubber, butadiene rubber, silicone rubber,
halogenated rubber, - ethylene propylene therpolymer and the like.
Specific examples of a synthetic elastomeric rubber include the.
CH2CF2-C3Fg(C3FsH) and the CpF4-CoF30CF3 series of
elastomers made by duPont under the trade names of VITON® and
CARLEZ®; the fluoro-silicone rubbers, such as those made by Dow
Corning under the name of SILASTIC®: and polyisobutylenes, such
as VISTANEX MML-100 and MML-140; and halogenated butyl rubber,
such as CHLOROBUTYL 1066, made by Exxon Chemical Company.
These or other suitable elastomers may be made into the
desired stopper configuration by known methods. Such methods
conventionally include the use of a curing agent,' a stabilizer and a
filler and comprise a primary and secondary curing step at
elevated temperatures.
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determ ned by the percentage of the elongation in the elastoner. If by the
Its dianeter, the shaft 62 forces annul ar protuberance 26 to
el ongate radially nore than the insertion caused | ongitudinal el ongation.

‘The stopper according to the present invention, in
combination with a bottle and IV infusion spike, was tested for
fragmentation, penetration and retention forces as well as
elimination of leakage by test methods used in the pharmaceutical
industry. Test results showed substantial improvements in all of
these desirable properties as compared to propemes possessed by
similar devices used in the prior art.

In a preferred embodiment of the invention there is provided
an infusion closure for use with a parenteral liquid-containing
vial to hermetically seal said vial and to provide access for
infusion of the liquid to a patient,

the vial having a neck terminating in a transverse end
suface,

the infusion closure comprising the combination of an
elastomeric stopper and an infusion splke inserted into the
stopper,

' the stopper having a disk-shaped head and an_annular skirt
integral with the disk-shaped head, the annular skirt projecting
into the liquid-containing vial, -

the disk-shaped head having a flange extending laterally
outward from the skirt covering the transverse end surface of the
vial neck, :

a target area centrally located in the disk- shaped head
through which the infusion spike is inserted into the vial forming
a first seal with the infusion spike and having ruptured edges
oriented toward the liquid,

the skirt having a generally cylindrical opening defined by a
transverse web on the top of the opening corresponding to the
target area, :

an annular protuberance, spaced downward from the
transverse web and integral therewith, laterally extending into
the opening and being elongated longitudinally toward the liquid in
the vial and forming a second seal with the infusion spike,
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force is establi |§{nnul ar protltfberance 26 and shaft}{62 of spike
60 i nsuring agai HMMMMU" content from bottle 40. Anottrer—destgn
advant age of the ding to the present invention is the _
stopper's ability to increase the spike retention force which is

proportional to the internal pressure of the bottle. Pressure exerted

an annular recess between the transverse web and the
annular protuberance designed to serve as space to accommodate
the ruptured edges formed by the infusion spike upon its insertion
through the target area,

a cylindrical wall surface, having a top edge, spaced
downward from the annular protuberance and integral therewith,
to guide and grip the infusion spike, |

an annular recess, between the annular protuberance and the
top edge of the cylindrical wall surface, desighed to serve as
space into which the annular protuberance extends upon insertion
of the infusion spike,

the infusion spike having a cylindrical shaft having a
tapered end terminating in a sharp tip, an upper body having two
parts both integral with the cylindrical shaft,

a first channel, extending from the tip upward through the
shaft and through one part of the upper body, adapted to remove
the liquid from the vial,

and a second channel extending from the tip upward through
the shaft and through the other part of the upper body to allow air
to enter into the vial to equilibrate pressure within the vial when
the liquid is being removed from the vial by infusion to a patient.
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CLAIMS

1. An elastomeric stopper (10) for a fluid-containing
container (40) to hermetically seal the content therein and to
provide access thereto by the insertion of an infusion device (60)
through the stopper (10), said stopper (10) comprising a skirt
portion (20) having an annular protuberance (26) projecting
inwardly and forming a seal with said infusion device (60) upon
its insertion into the container (40) through the stopper (10).

2. A stopper (10) as claimed in claim 1, also having a head
portion (12) comprising a flange (14) and a target area (16).

3. A stopper (10) as claimed in claim 2 wherein

(a) the flange (14) extends laterally outwardly from the skirt
portion (20) and is adapted to cover a transverse end surface (48)
of a neck (42) of the container (40); and

(b) the target area (16) Is at the center of the head portion (12)
and is adapted to be pierced by the infusion device (60) which,
after rupturing the farget area (16), is inserted through a

space (22a) defined by the skirt portion (20);

4. A stopper (10) as claimed in any one of the preceding claims
wherein the skirt portion (20) comprises:

(c) a cylindrical surface (28), spaced downward from the target
area (16) of the head portion (12), adapted to guide and grip the
infusion device (60) upon its insertion through the target '
area (16); with

(d) the annular protuberance (26) bemg located between the target
area (16) and the cylindrical surface (28) to form a seal with the
infusion device (60).

5. A stopper (10) for a container as claimed in any one of the
preceding claims wherein the container is a bottle (40).
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6. A stopper (10) for a bottle (40) as claimed in claim 5

wherein the bottle (40) comprises:

(a) a neck portion (42) with an interior radlal ring (46) at
opening thereof to tightly hold the stopper (10) upon its i
into the opening;

(b) an exterior radial ring (50); and

the
insertion

(c) a transverse end surface (48) located between the interior and

- exterior radial rings (46,50),

7. A stopper (10) as claimed in any one of claims 1 to 4

wherein the container (40) is a vial

8. A stopper (10) as claimed in any one of .the preceding claims

wherein the container (40) contains a parenteral solution.

9. A stopper (10) as claimed in any one of the preceding claims

wherein the infusion device is a IV infusion spike (60).
10. A bottle (40), stopper (10) and IV infusion spike (60)
combination for a parenteral solution to hermetically seal

the

solution and to provide access thereto by the insertion of said

IV infusion spike (60) through said stopper (10),
said bottle (40) comprising:

(a) a neck portion (42) with an interior radial ring (46) at the

opening thereof to tightly hold said stopper (10) upon its
into said opening;
(b) an exterior radial ring (50); and

insertion

(c) a transverse end surface (48) located between said interior

and exterior radial rings (46,50);
said stopper (10) closing said opening in said bottle (40) a

nd

having a head portion (12) and a skirt portion (20) extending from

said skirt portion (20),
said head portion (12) comprising:
(a) a flange (14) extending laterally outwardly from said

sklrt

portion (20) and being adapted to cover said transverse end
surface (48) of the neck portion (42) of the bottle (40); and
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=apted to be pierced by said IV infusion spike (60) which, after
pturing said target area (16) is inserted through the

jpace (22a) defined by said skirt portion (20);

. aid skirt portion (20) comprising:
‘x (,) a cylindrical surface (28), spaced downward from said target

!! ;rea (16) of the head portion (12), adapted to guide and grip said
.Tv infusion spike (60) upon its insertion through said target
lrea (16) and |
t(b) an annular protuberance (26) located between said target
?.rea (16) and said cylindrical surface (28) to form a seal with
said IV infusion spike (60).
-11. A bottle (40), stopper (10) and |V infusion spike (60)
combination as claimed in claim 10 wherein the stopper (10) is
«  crimped onto the bottle (40) with a metal closure cap cavering
the exterior radial ring (50) of the bottle (40).
12. " A stopper (10) as claimed in any one of the preceding claims
wherein the annular protuberance (26) exerts longitudinal and
compressive forces against the infusion device (60). |
:13. A stopper (10) as claimed in claim 12 wherein longitudinal
-and compressive forces increase upon increasing the internal
pressure within the container (40).
14. A stopper (10) as claimed in any .one of claims 8 to 13
wherein the parenteral solution is under an internal pressure that
Is greater than the pressure outside the container (40).
15. A stopper (10) as claimed in any one of the preceding claims
Wherein the elastomeric stopper is made of a material selected
from the group consisting of: butyl rubber, isoprene rubber,
butadiene rubber, silicone rubber, halogenated rubber, ethylene
D’OPylen_e therpolymer and mixtures thereof.

oo -
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DOUBLE-SEAL_STOPPER. FOR_PARENTERAL BOTTLE

ABSIBACT

An elastomeric stopper (10) for a fluid-containing container (40)
to hermetically seal the content therein and to provide access
thereto by the insertion of an infusion device (60) through the
stopper(10), the stopper (10) comprising a skirt portion (20)
having an annular protuberance (26) projecting inwardly and
forming a seal with the infusion device (60) upon its insertion
into the container (40) through the stopper (10), to prevent
leakage, blow-out and introduction of particulate matter into the
container (40).
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such as those made by Dow Corning under the name of SILASTIC [arREPLACEMENT SHEET
pol yi sobutyl enes. such as VI STANEX MML- 100 and. MM.- 140: and hajl ogenat ed _
butyl rubber, such as CHLOROBUTYL 1066, namde by Exxon Chem i cjal CoOPR1Y: 1995
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These or other suitable elastomers may be nade into the desire
configuration by known neth- ods. Such nethods conventionally
use of a curing agent, a stabilizer and a filler and conprise
and secondary curing step at el evated tenpera- tures. The
according to the present invention, in cdmrination with a bott

(i ntravenous) infusion spike, was tested for fragnentation, p

ngF%ﬁﬁ;@ENT SHEET
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stiopper
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netrati on and

retention forces as well as elinindtiom ol ~teakpge by test net
- the pharmaceuti cal industry.e2§st fesuN § showefd substantial i
in all of these T <§§}
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desirable properties as conpared to properties pos- sessed by si
devices used in the prior art. In a preferred enbodi nent of
i nvention there is provided an infusion closure for use with a g
i quid-containing vial to hernmetically seal said vial and to prgd
for infusion of the liquid to a patient, 3 - the vial having a
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termnating in a transverse end suf ace. t he i nfusion cl
conpri sing the conbi nation of an el astomeric stopper and an
spi ke inserted into the stopper, t he stop&%r hay-ng a di
head and an
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annul ar skirt integral with the di sk-shaped head, the annJlsfpkgk:%tNl SHEET
projecting into the |iquid-containing vi al , t he di sk-phpped_ head
having a fl ange extending | at- erally outward fromthe skjr <R Vné?%

t he transverse end surface of the vial neck, a target}afjea
centrally located in the disk-shaped - 4head through which fhe infusion
w t hittthe. infusion

spi ke is inserted into the vial
spi ke and having ruptured edges oriented toward
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-14- the skirt having a generally (Eyjvenddi openi ng define )
transverse web on the top of the open- |~ﬁg—cg?r esponding to tkeﬁép&,@#”ﬂ SHEET

area. an anﬁwHePubeLaﬁm&_spaced downward from the transJefse web and
integral thereyit Eeetlaterall 05 FEB 1997
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DOUBLE-SEAL _STOPPER. FOR_PARENTERAL _BOTTLE
ABSTRACT

- An elastomeric stopper (10) for a fluid-containing container (40)
to hermetically seal the content therein and to provide access
thereto by the insertion of an infusion device (60) through the

', stopper(10), the stopper (10) comprising a skirt portion (20)
having an annular protuberance (26) projecting inwardly and
forming a seal with the infusion device (60) upon its insertion
into the container (40) through the stopper (10), to prevent
leakage, blow-out and introduction of particulate matter into the
container (40). | '

FIGURE -6
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extendi ng into the openi ﬁ@oan@bpsi ng el ongat ed |ongitudinally tjoRGFEAGEEN] SHEET
li'quid in the vial and formr1ng¥a second seal with the infusiqgnifspike, an
annul ar recess between the transverse web and the annul ar prot dbgr apepFes 1998
designed to serve as space to acconmodate the ruptured edges fgrmed by the
-infusion spike upon its insertion throughy.the target area, a dyltndrrca

wal | surface, having a top edge, spaced downward from the annullar

pr ot uberance and i ntegral i@/\s_' ' ' i nfuston spi ke,
an annul ar recess, bet vveeDnép%e an%@a#ﬂéﬂm% §ﬁ~b‘i)11éi‘f

Description

This invention relates to an elastomeric stopper
used in conjunction with containers, such as bottles and
vials, containing pharmaceutical products for parenteral
administration. More particularly, the invention relates to
an elastomeric stopper for hermetically sealing a
parenteral bottle or vial which is accessed by the use of
an infusion spike. '

Stepper systems for vials, bottles and the like are
made of materials that are resistant to chemicals and "
pharmaceuticals such as corrosive materials, reagents,

‘parenteral solutions and solid formulations reconstituta-
ble with a solvent prior to use. The most commonly used
stopper system for such products has been glass or
plastic botties and vials equipped with rubber stoppers
made of elastomeric materials. The system appears to
provide for good hermetical seal, safe storage and easy-
access to the content through the elastomeric stopper
via the use of an infusion spike when withdrawal.of the
content is desired. The elastomeric stopper used gener-
ally comprises an elastomeric base, such as natural or
synthetic rubber and an inert coating covering at least.
some portions of the stopper. The coating used includes
chiorobutyl rubbeg, polymeric fluorocarbon resins such.
as polytetrafiucroethylene and various thermoplastic
films. The coating is intended to insulate the elastomeric
stopper base from the content of the container in order
to prevent contact and possible chemical reactions ther-
ebetween. ' , .

The prior art has provided various constructions
and configurations to meet the requirements of stopper
systems for use in the chemical/pharmaceutical indus-
try. See, for example U.S. Patent Nos. 2,665,024;
2,848,130; 3,088,615; 3,313,439;  3,974,930;
4,133,441; 4,227,617 and 4,441,621 :



ance and the top edge of the cylindrical. wall sur- face, design RERLASEAY Q'S‘Ej

as space into which the annul ar protuberance extends upon inserji o1 the

i nfusion spi ke, the infusion spike having a cylindrical shaft hav rm2 8 FEB 1998
tapered end termnating in a sharp tip, an upper body having t S both
integral with the cylindri- cal shaft, a jirst channel, extendi jglU+roemthe

tip upward through the shaft and through one part of the upper Rody, -
adapted to renove the liquid fromthe vial, and a second channel-extending
fromthe tip upward through the shaft and through the other part of the

upper body to all ow ai r Anothken stopper systemdcdording to the preamble

of claims 1 and 7 is disclosed in EP-A-564 037, which
has been published after the pnonty date of this applica-
tion.

One of the major cancerns in all products, and
especially pharmaceutical parenteral products, is the
generation of particulate foreign matter which may con-
taminate such products. In order to eliminate macro-
scopic and microscopic particulates, elaborate
measures have been taken to remove them, such as fil-
tration of the product and special washing and drying of
the stopper system components. These steps help
“assure that the products meet the requirements and
guidelines of the pharmaceutical industry, such as com-
pendia guidelines, when the products reach the point of
use. However, at the point of use, such as in the case of
a parenteral product, new particulate matter is fre-
quently generated by the practitioner when the stopper
is penetrated by an infusion spike. During such penetra-
tion a combination of elastic and plastic deformation of
the stopper target area increases the stopper contact
surface with the infusion spike as it is pressed into the
stopper. Typically, untreated elastomeric stoppers offer

a high degree of resistance against the exterior surface
of the spike as the spike is being pushed into the pene-
‘tration area. Most frequently when stopper fragments
are generated, they are the result of the elastomeric
portion of the stopper being abraded off the upper sur-
face af the stopper as it conforms to the shape of the
penetrating spike. The fragments are then transported
into the interior of the vial as the spike rolls and drags
the fragments during penetration. .

In addition to the problem of particulate matter pro-
duced and carried into the vial during the spiking proce-
dure, there are two other problems: spike blow-out
caused by residual elastic tension of the stopper against
the spike which urges the spike outward; and leakage
around the spike with or without the accurrence of blow-

out.




equislibrate pressure within the vial when the liquid is being{renoved from
by infusion to a patient. C L M S

tshe vi al
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During spike penetration of the elastomeric stopper
the target membrane at the penetration site is elastically
distorted and ruptured creating a seal that is not radially
uniform between the spike and the ruptured membrane.
This radial nan-uniformity is an inherent characteristic of
the target membrane area, which is first stretched and

- then is torn by the spike. The tear so produced develops

axially rather than radially and the tear surface is jag-
ged, uneven and does not provide for a good seal
between the spike and the membrane. As a result, spike
retention failure and leakage around the spike occurs.

- Such failures are especially significant when the con-

tainer is pressurized.
The most common solution to these problems has

-been the application of silicone lubricant to the stopper
~and/or the spike to reduce the frictional drag between
.the stopper and the spike. While silicone does reduce
_particle generation from the spiking procedure, it also
‘increases the risk of product contamination from its own

‘composition. In addition, silicone lubrication of the stop-
per renders the inserted spike slippery and causes
spike blow-out.

Another approach proposed in the prior art to
reduce the tendency of the spike to generate particulate
matter during penetration is to coat the elastomeric core
of the stopper with a thermoplastic fiilm on the fluid con-
tacting side thereof. We have found, however, that the
use of such construction is less than satisfactory to
solve the problem. Furthermore, such construction
does not provide for improved spike retenﬁon and
reduced leakage tendency around the splke

It is an object of the present invention to reduce the
potential for leaking, to reduce or eliminate the level of
fragmentation and to increase the spike insertion- and
especially the spike withdrawal-force.




Cainms 1. An elastoneric stopper (10) for ‘use with a - par ¢

t - -
f1 ui d- cont ai ni ng contai ner (40) to her- - metically seal the C@I;P?}é%&’?t?ﬂ SHEET
therein and to provide access thereto by the insertion of janf i nfusion
devi ce (60) through the stopper (10), the stopper (10) comt | 235 FEB 1998
prising: a head portion (12) cgnprising a flange (14) and a
target area (16): and a skirt portion (20) having arf annular
pr ot u- berance (2@hi g@tdcﬁ% WY ¥toopae irPvRichiesdd- and (14)
extends laterally oghdased] ¥ foPBh'UFortinshilid?df the infusion spike

into the stopper. This second seal is a dynamic seal cre- -
ated between contact of an annular rim or protuberance
of the stopper with the cylindrical shaft of the spike as
the spike is being inserted into the stopper. The annular
protuberance of the stopper is distorted with a slight
elastic bend toward the center of the bottle creating a

radially urifarm seal between it and the sptke. Under
narmal pressura canditions the frictional drag Between
the spika and the protuberanca, coupled with the natural
terndency of the elastomer to raturn to its original pasi-
tion, enhances the ability of the stopper lo retain the
infusion spike and groduce a secand saal in the stopper
_heretafare unknown in the priar art. When the baottla is
pressurized, the internal pressure imparts an additional
farce an the secand seal thereby enhancing the contact
of the pratuberance on the stcgper with the infusion
spike.

Accarding to the present invention therefare there is
provided an elastomeric stopper for a fluid-containing
container to hermetically seal the caontent therein and to
provide access thereto by the inserticn of an infusion
device through the stopper, said stcpper campnsmg the .
features claimed in claim 1. -

The container is conveniently a bottle or vial, in par-
ticular containing a parenteral salution, which solution
may be under an internal pressure that is greater than
the pressure autside the-bottle. The annular protuber-
ance exerts longitudinal and compressive forces-
against the infusion device, which is preferably an infu-
sion spike, and these forces increasa upan increasing
the internal pressure within the cantainer.

Advamtageously the infusion device is a spike, gref-
erably an IV infusion spike, and the cantainer is a battle,
having '

(a) a neck portion with an interior radial ring at the
apening thereof to tightly hold the stcpper upon its
insertion into the apening,

(b) an exteriar radial ring and

(c) a transverse end surface located between the
interiar and exterior radial rings.



tion (20) and is adapted to cover a transverse end -surface

neck (42) of the container (40), and wherein the target ar
at the center of the head portion (12) and is adapted to b
by the infusion device (60) which, after rupturing the tar
I nserted through a space (22a) defipgd by the skirt portio
characterized in that the skirt portion com prises : a cyl
surface (28), spaced down- ward formthe target area (16)
portion (12),

cylindri cal

sur -
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upon its insertion thro 2 : i
prot uber ance (26) bemetaliclasiredap covasingihenextedor sadi@l ringeef thes) and the

battle. .

The secand or dynamic seal pravided by this inven-
tion between the annular pratuberance and the spike
thus insures against leakage and blow-out as well as
reducing the risk of particulate matter introduction into
the bottle upon insertion of the spike through the stop-
per.

The invention will now be described with reference

to the following drawings but is in no way to be limited

thereto:

FIG. 1 is a perspective view of the stopper of the

present invention;

FIG.2 s a sectional top view thereof;

FIG.3  is abottom plan view thereof;

FIG.4  isasectional view of the stopper taken along
the line 4-4 of FIG. 1;

FIG.§ . is a perspective view of a battle having
inserted therein the stopper of the present
invéntion and an infusion spike positioned
ready for insertion into the stopper:

FIG.6  is a sactional view af the battle, stopper ang
infusion spike shown in FIG. §;

FIG. 7 is a sectional view, similar to FIG. 6, with the
infusion spike partially inserted in the stop-
per; and

FIG. 8 is a sectianal view, similar to FIGS. 6 and 7,

~ with infusion spike fully engaged in the stop-
per.

Referring to FIGS. 1 and 3 through 8, the elastg-
meric stopper 10 of the present invention is designed to
hermetically seal a bottle 40 or like containers of phar-
maceutical fluids, especially parenteral solutions, which
at times may be sealed by vacuum or under pressure,
The bottle 40 is of glass or rigid polymer material well
known in the pharmaceutical industry. it comprises a



face (28) to forma seal with the infusion device (60), and RERLAGEMENT SHEE
annul ar recess (22b) between the cylindrical surface (28) &n¢ TtE

annul ar pr ot uber - ance (26) adapted to serve as a space to accgyg?EB 1998
date ruptured edges fornmed by the infusion device (60) uponh it

I nsertion through the target area (16). 2. A stopper (10) forfal | S

as clained in claiml wherein the container is a bottle (40}.

neck 42 having an interior surface 44, interior radial ring
46 and transverse end surface 48. The two latter parts
form the maouth of bottle 40. The neck 42 further cam-
prises an exterior surface which, adjacent to the trans-
verse end surface 48, evolves into an exteriar radial ring
50. Said exterior radial ring is adapted to facilitate the
holding of a metal cap (not shown) when the cap is
crimped onto the battle. The bottle is of standard size
customarily used for liquids in the pharmaceutical
industry and it may be from S ml to 1000 mi or mare.
Referring to FIGS. 1 through 4 and 6 through 7,
stopper 10 of the presant invention comprises a head
12 and integral therewith a skirt 20. Head 12 comprisas:
.a flange 14 extending laterally autwardly from skirt 20
‘and is adapted to cover transverse end surface 48 of
battle neck 42; and target area 16 which is ta receive an
infusion device or spike 60. Skirt 20 cantains a generally
cylindrical recess or opening indicated by the numerals
223, 22b, 22¢ and 22d. Recess 223 is defined by: trans-
verse web 24 at the upper end which corresponds to
target area 16 when viewed from the bottom apen end;

of the skirt 20 toward head 12 direction. Spaced down-
ward from said transverse web 24 and integral there-
with, annular protuberance 26, laterally extending into
said apening 22a, is designed to form a dynamic seal or
second seal when an infusion device or spike 60 (shown
in FIG. 5) is inserted into stopper 10. Recess 22a
'Serves as a space into which the ruptured edges of the
target area 16 will be pushed down into upon the target
area 16 being pierced by infusion device 60.

Spaced downward from said annular protdberance
26 and integral therewith, a cylindrical wall surface 28
designed to tightly confarm to the exteriar surface wail
62 of the infusion device or spike 60 when the same iS
inserted into stopper 10 and it guides and grips the
same. Opening 22¢ allows shaft 62 of spike 60 to be
inserted therethrough. Recess 22b is defined by annu-
lar protuberances 26 and top edge of cylindrical surface
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- 16- 3. A stopper(10) for a bottle (40) as clained in claleR

wherein the bottle (40) conprises: (a) a neck porti
an interior radial ring (46) at the opening thereof flo
hol d the stopper (10) upon its insertion into the
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28. Recess 22b serves as a space which allows annular
protuberance 26 to extend into and bend downward
toward the center of the bottle when shaft 62 of spike 60
engages said protuberance and form the dynamic seal
therewith.

Spaced downward from cylindrical wall surface or
cylindrical surface 28 and integral therewith, conical sur-
faca 30 defines opening 22d. Opening 22d allows skirt
20 of stopper 10 to flex inward when skirt 20 is being
inserted into bottle 4Q.

Infusion device or spike 60 is well known in the art
and may be of two designs, with or without a drip cham-
ber. The device comprises: a cylindrical shaft 62 termi-
nating in a sharp tip 64; and an upper body of two parts
66 and 68, bath integral with said shaft 62. As shown in
FIG. 6, shaft 62 and upper bodies 66 and 68 contain

‘channels 70 and 72. When infusion device 60 is
inserted into a bottle containing a pharmaceutical fluid,
channel 70 serves for the withdrawal of said fluid, while
channel 72 serves as a means through which air may
be introduced into the bottle.

“In use, the bottle 40 is sterilized and is filled with a
pharmaceutical fluid, such as a parenteral solution.
Stopper 10 is inserted hermetically sealing the content
of the bottle. Stopper 10 is then crimped unto bottle 40
with an aluminum or like closure cap customarily used
on such pharmaceutical containers. Upon requirement
to withdraw the pharmaceutical fluid, infusion device or
spike 60 is inserted into bottle 40 through stopper 10.
The sharp tip 64 is aimed at the center of the stopper,
defined as target area 16,-pierced through transverse
web 24 and continued to be inserted until shaft 62 of
spike 60 engages cylindrical surface 28. As the spike 60
is inserted into stopper 10, the thin membrane, defined
as transverse web 24, is ruptured, then a dynamic seal
(second seal) is formed between shaft 62 of spike 60
and annular protuberance 26. Zonal contribution to the
contral of leaking and spike retention will now be



openi ng; (b) an exterior radial ring (50) ; and REPLACRMENT SHEET
transverse end surface (48) |ocated bet ween the interijor[ and

exterior radial rings (46, 50) . 4. A stopper (10) as [cliai -

any one of clains 1 to 3 wherein the container (40) is a Jidl .WE;EBAW%
stopper (10) as clained in any one of the_preced- I ng cl aijmg—wheren

the container (40) contains a © parent€fal solution. 6. Ajstopper (10)

as clainmed in any one of the preced-

explained with reference to FIG. 8 which displays the
position of the target area 16 (fransverse web 24), the
dynamic seal (or second seal formed by shaft 62 and
annular protuberance 26), and the cylindrical surface 28
engaging shaft 62 of spike 60. The forces involved in
retaining the spike in the stopper are zone specfic.

Target area 16 retains the spike in position primarily
through the compression created by the displaced elas-
tomeric material. The viscoelastic properties of the
elastomer create a force in the distorted elastomer
which urges the elastomer to return to its normal, or
resting position. These properties are referred to in the

- . art as elastic memory. The interference of shaft 62 of -

spike 60 prohibits the return of the elastomer to its orig-
inal position and creates a compression force that grips
shaft 62 and prevents it from falling out of stopper 10
when bottle 40 is inverted for administration of its con-
tent. FIG. 7 illustrates the piercing of transverse web 24
by sharp tip 64 and shaft 62 of spike 60. It can be seen
that the membrane is being tugged towards the center
of bottle 40. This longitudinal strain of the elastomer
reduces the compression loading of transverse web 24
at the location of the spika. :

The dynamics of spike withdrawal can occur in two
ways: first, the surface of shaft 62 of spike 60 can slip
from transverse web 24. The configuration of the com-

prassed, elongated transverse web 24 will not change
should shatt 62 of spike 60 spike slip from the surface of
transverse web 24 until shaft 62 is ctear of stopper 10.
Once shaft 62 of spike 60 is out of stopper 10, trans-
verse web 24 returns to its original position. The dynam-
ics of the secand way of spike withdrawal concerns non-
slipping, i.e. the surface of transverse web 24 and shaft
62 of spike 60 remain stuck together and follow each
other as the spike is being removed. This requires trans-
verse web 24 to invert as spike 60 is withdrawn. Inver-
sion of the torn transverse web 24 will cause the
compression force to increase. As shaft 62 pulls the torn



ing clainms wherein the infusion device is a intrave- ©nous in [ , IET
sp?ke (60). 7. A bottle (40), stopper (10) and intravenous iﬁfﬁgﬁfgﬁMEMTSLEg
spi ke (60) conbination for a parenteral solution to herneti ¢aljl y seal

the solution and to provide access thereto by the insertion|of saPdEB 1998
I ntravenous i nfusion spi ke (60) throng sai d stopper (10).

said bottle (40) conprising: (a) neck portion (42); (b) an

exterior radial ring (50) ; and

ransverse web 24 to its normal pasition the compres-
sion farce is at its maximum. As shaft 62 is continued to
be pulled out, the torn jagged edges of transverse web
24 are being pulled upward and transverse web 24 actu-
ally pushes the spike upward, away from the center of
the bottle. When the upward longitudinal force equals
the radial compression force, the spike will stop moving

. and additional force must be applied to withdraw the
spike. This force must overcome the surface friction and
the stretching of ‘the elastomer to have the spike
released from the stopper.

Prior art stoppers having a membrane just
described often leak due to a misalignment of the shaft
Aasitis pushed into cylindrical surface 28 causing exces-

 sive axial loading on the seal made by transverse web
24 and cylindrical surface 28. Because the seal formed
by the transverse web 24 and shaft 62 is not radially uni-
form, a leak caused by a misalignment depends on the
Paosition of the spike. If the misalignment is in the same
axis as the tear, a leak is less likely to occur than if the
misalignment is perpendicular to the axis of the tear.

The contribution of cylindrical surface 28 to good.
sealing properties in a stopper is rather difficult to eval-
uate since no two piercings are exactly alike. Cylindrical
surface 28 is cylindrical and is displaced and com-
pressed by shaft 62 which is also cylindrical. Because of
their similar shapes there is no seal concentration paint.
Without a seal concentration point the sealing surfaces
must be parailel within the limits of elasticity of the stop-
per or a path allowing the fluid to leak will exist. If an
axial load is placed on shaft 62, it will not remain parallel
to cylindrical surface 28 and a leak can occur. lt is also

.to be understood that cylindrical surface 28 does-not
contribute a dynamic force to prevent leakage at the
spike; cylindrical surface 28 only serves to guide the
spike as the spike is being inserted into the bottle. The
force cylindrical surface 28 exerts on spike 60 is diame-
ter dependent. The force is determined by the displace-
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sai d stopper (10) closing the opening in said bottle (40) and hai :
portion (12) and a - (40) G FEBe 898
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ment of the spike as it is engaged by the cylindrical
surface. If the pressure of the -battle is increased, for
example, by injecting air into the bottle with a syringe,
the forc applied to the cylindrical surface by such pres-
sure will work to enlarge the opening which can causé a
leak. The same pressure increases which works on the
cylindrical surface will also affect the transverse web 24
which on piercing has been stretched downward
towards the center of the bottle. The internal pressure

will wark "'cn the transvarsa web 24 to return it to its orig-
inal-pasition.

Similarly to the seal contributian of cylindrical sur-
faca 28, the retention contribution of the same is diame-
ter dependent. The farca required ta remove the spike
trom cylindrical surface 28 is directly proportional ta the
diameter of the spike as well as the diameter of the cyl-
inder detined by cylindrical surface 28. Testing has
demanstrated that cylindrical surface 28 contributes the
mast farce to the retention of the spike. However, due to
the distance from the transverse web 24 of the stopper
ta cylindrical surface 28, the spike will puit out first from
the cylindrical surface 28 on its way out of the stapper.
Once tip 64 of spike 60 engages the lower edge of cylin-
drical surface 28, the applied force to tip 64 pushes the
spike further out of the stopger. As with the sealing con-
tribution of cylindrical surface 28, the retention contribu-
tion of the cylindrical surface daes not contribute a
dynamic force ta grip the spike. :

From the foregoing it is apparent that neither the
transverse web 24, nor cylindrical surface 28 insures
against the occurrence of leakage or expulsion of .the
spike from the stopper, especially when the content of
the bottle is under pressure.

The present invention alleviates these inadequa-
cies by providing a dynamic seal or second seal which
is produced by annular protuberance 26 and shaft 62 of
infusion spike 60. The annular protuberance 26 is



skirt portion (20) having an annul ar protuberance (26) projecti 1gREPrhA6tHEM SHEE]
and extendi ng from said head portion (20). sai d head port TI2)

conpri si ng (a) a flange (14) extending laterally outwardly
said skirt portion (20) and bei ng adapted to cover said trahs é%@e@n%'i?%

surface (48) of the neck portion (42)1 of the bottle (40) ; g@n £B)-
a target area (16) at the center of said head portion (12) dapt ed to
be pierced by said - i ntravenous i nfusion spike (60) which, arter—Tup-
turingsaid target area (16), is inserted through t he space (22a)

defined by said skint-nautddieen transverse web 24 and cylindrical sur-
face 28. Referring to FIGS. 7 and 8, as shaft 62 of spike
60 is inserted into stopper 10 annular protuberance 26
is elorrjated bath radially and longitudinally. Since the
-elastomeric material of annular protuberance tries
return to its relaxed position, two forces are created.
One force grips shaft 62 by constricting radially, the
other by pulling the shaft towards the original relaxed
position. These forces are nat equal. The primary force
is determined by the percentage of the elongation in the

“elastomer. f, by the size of its diameter, the shaft 62
forces annular protuberance 26 to elongate radially
more than the insertion caused longitudinal elongation,

" the canstriction farce will be greater than the rebound-
ing e!onganon force. Once shaft 62 is engaged by annu-
lar protuberance 26, the constnctxng force will hold the
spike in place.

The dynamic seal becomes the primary seal of the
spike, which heretafore has not been perceived or sug-
gested by the prior art. As such, a uniform, predictable
force is established between annular protuberance 26
and shaft 62 of spike 60 insuring against leakage of
content from bottie 40.

Angather design advantage of the stcpper accordmg
to the-present invention is the stopper's ability to -
increase the spike retention force which is proportional
to the internal pressure of the bottfe. Pressure exerted
at any ‘paint upan a confined liquid is transmitted undi-
minished in all directions, according to Pascal's law. As

.indicated earfier, the annular protuberance 26 conforms
to the shaft 62 of spike 60 as the spike is being inserted

inta stopper 10. The orientation of annular protuber'ani:a
26 changes during insertion from being perpendicular
lo spike 60 to being closa ta parallel to it. When the
prassura in the bottle increasas, the prassure transmit-
‘ted to all surfaces of the stopper will increase unitarmy,
However, the area of the annular protuberanca 26 which
is close to parallel to the shaft 62 will apply the mast
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(16) and (b) the annul ar protuberancgg(26) being | ocated

said target area (
seal with said int

16) and said cylindri- cal surface (28) t

o forma

rave- nous i nfusion spike (60) and an annul ar recess

forca to the shaft, and the area of the annular protuber-
ance 26 which is essentially perpendicular to shaft 62
will have the [east effect on the sealing of the shaft, The
seal so produced is radially uniform.

_ In order for the dynamic seal to function in accord-
ance with the present invention, it will be appreciated by
those skilled in the art that certain relative proportions
between the diameter of shaft 62 and the diameter of

the space defined by annular protuberance 26 must be-
maintained. As shown in FIGS. 7 and 8, the diameter of :
the space defined by annular protuberance 26 must be

somewhat smaller than the diameter of shaft 62 in order
to create a tight seal between them. Further, the diame-

~ ter of the cylinder defined by cylindrical surface 28

should also be somewhat smaller than the diameter of

shaft 62, again, for the purpose of maintaining good-

guidance when spike 60 is being inserted into stopper

10. In commerce, of course, various size stoppers, bot-.
es and spikes would be provided with corresponding

requirements as to their proportions as they are usad
together in a unit.

The elastomeric materiai of the stopper of the
present invention should be a fluid-impervious, resilient,
ard inert material without leachable additives therein in
order to prevent any alteration of the product contained

in the vial. It may be of a single component or a blend of-

components. Examples of materials include synthetic or
natural rubber, such as butyl rubber, isoprene rutber,
butadiene rubber, silicone rubber, halogenated rutber,

ethylene prepylene therpolymer and the like. Specific:

examples of a synthetic elastomeric rubber include the
CH,CF3-C3F35(CqFsH) and the C,F4-C,F,0CF; series
of elastomers made by duPont under the trade names
of VITON® and CARLEZ®: the fluora-silicone rubbers,
such as those made by Dow Corning under the name of
SILASTIC®; and polyisobutylenes. such as VISTANEX
MML-100 and MML-140; and halogenated butyl rutber,
such as CHLOROBUTYL 1066, made by Exxon Chem-
ical Company.



(22b) being | ocated between the cylindrical sur- face (28) LT -
annul ar prot uberance (26) adapted to serve as a space to a m&g&@ﬁm SHEET
ruptured edges forned by the infusion device (60) upon its{ipsertion
through the target area (16), and in that the neck portion (B2p ®FEEe99s
bottle (40) conprises an interior radial_jging (46) at the jpening
thereof to tightly hold said stop- per (10) upon its insergiomTrnto

sai d openi ng. - _

- These or other suitable elastomers may be made
into the desired stopper configuration by known meth-
ods. Such methods conventionally include the use of a
‘curing agent, a stabilizer and a filler and comprise a pri-
mary and secondary curing step at elevated tempera-
tures. o

The stopper according to the present invent:on.. in
combination with a bottle and IV (intravenous) infusion
spike, was tested for fragmentation, penetration and
retention forces as well as elimination of leakage by test
methods used in the "'!'pharmaceutical industry. Test
results showed substantial improvements in all of these

desirable properties as compared to properties pos-
sessed by similar devices used in the prior art.

In a preferred embodiment of the invention there is
provided an infusion closure for use with a parenteral
liquid-containing vial to hermetically seal said vial and to
provide access for infusion of the liquid to a patient,

the vial having a neck terminating in a transverse
end suface, | |

the infusion closure comprising the cambination of
an elastomeric stopper and an infusion spike
inserted into the stopper,

the stopper having a disk-shaped head and an
annuiar skirt integral with the disk-shaped head, the
annular skirt projecting into the liquid-containing
vial,

the disk-shaped head having a flange extending lat-
erally outward from the skirt covering the transverse
end surface of the vial neck, E

a target area centrally located in the disk-shaped
head through which the infusion spike is inserted
into the vial forming a first seal with the infusion -
spike and having ruptured edges oriented toward
the liquid,
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the skirt having a generally cylindrical opening
defined by a transverse web on the top of the open-
ing corresponding to the target area,

an annular protuberance, spaced downward from
the transverse web and integral therewith, laterally
extending into the opening and being elongated
longitudinally toward the liquid in the vial and form-
ing a second seal with the infusion spike,

an annular recess between the transverse web and
the annular protuberance designed to serve as
space to accommodate the ruptured edges formed
by the infusion spike upon its insertion through the
target ares, :

a cylindrical wall surface, having a top edge,
spaced downward from the annular protuberance
and integral therewith, to guide and grip the infusion
spike,

an annular recess, between the annular protuber-
ance and the top edge of the cylindrical wall sur-
face, desighed to serve as space into which the
annular protuberance extends upon insertion of the
infusion spike,

the infusion spike having a cylindrical shaft having a.
tapered end terminating in a sharp tip, an upper
body having two parts both integral with the cylindri-
cal shatt, _ _

a first channel, extending from the tip upward
through the shaft and through one part of the upper
body, adapted to remove the liquid from the vial,
and a second channel extending from the tip
upward through the shaft and through the other part
of the upper body to allow air to enter into the vial to
equilibrate pressure within the vial when the liquid
is being removed from the vial by infusion to a
patient.
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pr ot uberance (2 gi tudi ngk_and conpressive forces—agat-nst

the infusion device® (60)." £0.*A stopper (10) as clainmed in cljfaim9 wherein

| ongi . t udi nal ‘and conpressive forces increase upon i ncreasing the
internal pressure within the con-

Claims

1. An- elastomeric stopper (10) for use with a
parenteral fluid-containing container (40) ta. her-
metically seal the content therein and to provide
access thereto by the insertion of an infusion device
(60) through the stopper (10), the stopper (10) com-
prising :

a head portion (12) comprising a flange (14)
and a target area (16) . and .

a skirt pertion (20) having an annular protu-
berance (26) projecting inwardly, wherein the flange
(14) extends laterally outwardly form the skirt por-
tion (20) and is adapted to cover a transverse end
surface (48) of a neck (42) of the container (40),

" and wherein the target area (16) is at the center of
the head portion (12) and is adapted to be pierced
by the infusion device (60) which, after rupturing the
target (16), is inserted through a space (22a)
defined by the skirt portion (20) ;

" characterized in that the skirt portion com-
prises : a cylindrical surface (28), spaced down-
ward form the target area (16) of the head portion
(12), adapted to guide and grip the infusion device
(60) upon its insertion through the target area (16),
with the annular protuberance (26) being located
between the target area (16) and the cylindrical sur-
face (28) to form a seal with the infusion device

~ (60), and with an annular recess (22b) between the
cylindrical surface (28) and the annular protuber-
ance (26) adapted to serve as a space to accomo-
date ruptured edges formed by the infusion device
(60) upon its insertion through the target area (16).

"2.  Astopper (10) for a container as claimed in claim 1,
wherein the container is a bottle (40).
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- 3. Astopper(10)fora bottle (40) as claimed in claim 2
wherein the bottle (40) comprises :

(a) a neck portion (42) with an interior radial
ring (46) at the opening thereof to tightly hold
the stopper (10) upon its insertion into the
opening ;

(b) an exterior radial ring (S0) ; and

(c) a transverse end surface (48) located
between the interior and exterior radial rings
(46,50).

4. A stopper (10) as claimed in any one of claims 1 to
3 wherein the container (40) is a vial.

5. Astopper (10) as claimed in any one of the preced-
ing claims wherein the container (40) contains a
parenteral solution.

6. A stopper (10) as claimed in any one of the preced-
ing claims wherein the infusion device is a mtrave-
nous infusion spike (60).

'7. A battle (40), stopper (10) and intravenous infusion
spike (6Q) combination for a parenteral salution to
hermetically seal the salution and to provide accass
thereto Dy the insertion of said intravenous infusian
spike (60) through said stopper (10),

said bottle (40) comprising :

(a) a neck partion (42) ;
(b) an exterior radial ring (SQ) ; and
(c) a transverse end surface (48) ;

ol ymer and
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said stopper (1Q) clasing the apening in said
bottle (40) and having a head partion (12) and a
skirt particn (20) having an annular protuberance
(26) projecting inwardly and extending from said
head partion (20),

said head portion (12) comprising :

(a) a flange (14) extending laterally outwardly
from said skirt portion (20) and being adapted
to cover said transverse end surface (48) of the
neck portion (42) of the bottle (40) ; and

{b) a target area (16) at the center of said head

portion (12) adapted to be pierced by said
intraverdous infusion spike (60) which, after rup-
turing-said target area (16), is inserted through
the space (22a) defined by said skirt partion
(20) :

characterized in that said skirt gortion (20)
comprises :

(a) a cylindrical surface (28), spaced downward
from said target area (16) of the head portion
(12), adapted to guide and grip said intrave-
nous infusion spike (60) upon its insertion
through said target area (16} and '

(b) the arnular protuberance (26) being located
between said target area (16) and said cylindri-
cal surface (28) to form a seal with said intrave-

. nous infusion spike (60) and an annular recess
(22b) being located between the cylindrical sur-
face (28) and the annular protuberance (26)
adapted to serve as a space to accomodate
ruptured edges formed by the infusion device
(6Q) upon its insertion through the target area
(16), and in that the neck partion (42) of the
bottle (40) comprises an interior radial ring (46)
at the opening thereaf to tightly hold said stop-
per (10) upen its insertion into said opening,

{ REFLALLMENT 9Tt
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said transverse end surface (48) being located
between said interior and exterior radial rings

(46.50).

A bottle (40), stopper (10) and intravenaus infusion
spike (60) combination as claimed in claim 7
wherein the stopper (10) is crimped onto the bottle
(40) with a metal closure cap covering the exterior
radial ring (S0) of the bottie (40).

A stapper (10) as claimed in any ona of the praced-
ing claims wherein the annular protuberancs (28)
exarts longitudinal and comprassive forcas against
the infusion device (6Q). |

A stopper (10) as claimed in claim 9 wherein langj-
tudinal and compressive farces increase upon
increasing the internal ‘pressura within the con-

tainer (4Q).

A stapper (10) as claimed in any one of claims S to
10 wherein the parenteral solution is under an inter-
nal pressure that is greater than the pressure aut-

- side the container (40).

A stopper (10) as claimed in any one of the preced-
ing claims wherein the elastomeric stopper is made

of a material selected fram the group consisting of :

bury rubber, isoprene rubber, butadiene rubber, sil-
icone rubber, halogenated rubber, ethylene propyi-
ene therpolymer and mixtures thereof.



