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and after repeat edTll%’slsm(v?esntinn relates toa clul?e%.c p%%lrltoalélcrgg sy .agrc ﬁhséu(t)urr]lélicalv reseals after administering
5 medication using a standard medical implement that directly connects with the system without the need of any

intermediary needles, caps or adaptors. A two-way valve eliminating dead space is used which includes a seal which,

upon being compressed by the medical implement, is pierced to open the valve and reseals upon being decompressed,

maintaining.a fluid tight seaf even at high pressures and after repeated uses.

Background Discussion:

10 The manipulation of fluids for parenteral administration in hospital and medical ssttings routinely involves
the use of connectors and adaptors for facilitating the movement of fluids between two points. Most fluid
connectors and adaptars employ neadles to pierce a septum covering sterile tubing or to pierce the septum of a
madicament container of fiuid. Fluid then passas from the container or fluid fulled tubing into 8 syringe or second
set of tubing. Thess connectors and adaptors often have mechanical or moving parts. Since the ready passage of

15 fluids through the connectors and adaptors is often critical to patient survival, it is imperative that the connectors
and adaptors function reliably and repeatadly. Adaptors and connectors that malfunction during use may be life-
threatening. The more mechanical or moving parts such as springs and diaphragms, the more likely that they will
funélinn improperly. Improper functioning can result in the introduction of air embolisms into a patient. Thus, the
fewer the machanical parts, the more these connectors can be relied on and the better they will be accepted by the

20 medical community.

Many connectors or valves, espetially those employing several mechanical components, have a relatively

" high volume of fluid space within them. This “dead space” within the device prevents the accurate introduction of
precise fluid volumes and provides an opportunity for contamination upon disconnection of the device. Connectors
and adaptors often include valves that permit or interrupt the flow ;f flﬁid along the course of fluid travel. Several

25 of those commanly in use employ metal needles to puncture sterile seals. Such connectors are generally designed
to accommodate fluid flow in one direction. This means that the fluid line must have connectars and tube aligned
in complementary directions. These connectors often require further manipulation if, for example, the valve is
inadvertently assembled in a direction that will not facilitate fluid flow. These manipulations increase handling,
thereby increasing both the risk of contamination and the amount of time required to establish the fluid connection.

30 Metal needles emplayed as part of connector devices often have through-holes piaced at thae tip of the
needie. Connsction of the valve with a flow fine involves piercing the needie through a sealed septum. Through-holes
placed at the needle tip can core the septum and release fres particulates into the flow i_ine. Such an event can
ﬁrnvn fatal 1o a patient. Such through-holes may also become clogged easily with material from the septum.

" Moreover, the use of a needia with a sharp point may also cause deterioration of the septum.
35 Reusable connectors and adaptors are preferred for medical apﬁlicalions since components must often be

added or removed from a fluid line connected to a patient. Reusable connectors, however, are difficult to keep
¢
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the smallast diameter element being adjacent the proximal end of the cavity. The O-ring element closest to the
proximal end- of the seal contacts the wall of the spike proximal the through-hoies when the seal is in a
decompressed state, theraby preventing fluid fram leaking from the interior of the spike through the proximal opening
20 in the housing. It is desirable that at least the next immediate O-ring element also be in contact with the spike
proximate the through-holes. Suth a design prevems fluid from applying enough pressure on the skit to force the
slit open while the seal is in the decompressed state. With the preferred embodiment fluid may reside in the spike
and betwesan the spike and the seal distal the through-holes without opaning the slit in the seal cap. The seal is
designed so that if this fluid pushes the seal upwards slightly, lifting the first and second 0-ring elements upwards
25 ami off the spike, the O-ring elements immediately distal the first and second elements move up and contact the
spike so as to ensure that fiuid does not flow through the seal cap and out of the vaive. Maintaining this contact

around the spike avoids having fluid pressure on the slit force the slit open, permitting the valve to leak.
In another feature of the present invention, the housing is provided with fluid escape space, such as a
groove or channel, to permit fluid contained between the axtariar of the seal and the housing to escape during
30 compression of the seal. {n one embodiment, the proximal end of the housing is provided with at least one groove
extending from the proximal end of the housing to indentations contained within the housing. During the compression
of the seal, fluid between the exterior of the seal and the housing travels in a proximal direction through the grooves
and out of the valve through the proximal end of the housing. In another embodiment, a channel is provided as the
fluid escape space through the side wall of the housing. As the seal is compressed, fluid batween the exterior of

35 the seal and the housing travels through the channel to the exterior of the valve. As discussed in greater detail
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97/ 21464 The preferred embodiments of this invention, mustratmg ait ?t? features, will now be discussed in devt\g
PCT/ US96/ 2847 Bpase embediments depict the novel and non-obvious methods and valves of this invention as well as the medical
implement indicators and metheds of use thereof, as shown in the accampanying drawing, which is for illustrative

purposes only. This drawing includes the following Figures, with like numerals indicating like parts:
Figure 1 is a perspective view of the first embodiment of a valve useful in connection with this invention.

Figure 2 is an exploded perspective view of the valve shown in Figure 1 illustrating spike, seal, and body
10 or housing components of the invention.
Figure 3 is a longitudinal cross-sectional view of the assembied valve of Figure 1.
Figure 4 is a schematic, longitudinal, crass-sectional view of the assembled valve of Figure 1 before
compressing the seal. ' '
Figure 5 is a schematic, longitudinal, cross-sectional view similar to Figure 4 showing the valve during
15 compression of the seal.
Figure 6 is a perspective view of a second embodiment of a valve useful in connection with the present
invention, '
Figure 7 is a fongitudinal cross-sectional view of the valve of Figure 6.
- Figure 8 is a schematic illustration of an ANSI delivery end of a medical implement compressing the seal
20 of a valve.
Figure 9 is a side elevation view, partially in cross-section, of an embodiment of the seal.

Figure 10 is a longitudinal cross-sectional view of the assembled valve of Figure 1 using the seal of Figure

Figure 11 is a longitudinal cross-sectional view of the assembled vaive of Figure 1 using another embodiment
25 of the seal.

Figure 12 is a longitudinal cross-sectional view of the assembled valve of Figure 1 using yet another
emhodiment of the seal.

Figure 13 is a longitudinal cross-sectional view of an additional embodiment of the seal.

Figure 14 is a longitudinal section of the seal shown in Figure 13 used in connection with the spike device

30 shown in Figute 2.

Figure 15 is a longitudinal partial cross-sectional view of a still further embodiment of the seal of this
invention. '

Figwre 16 is a longitudinal cross-sectional view, after assembly, of the valve shown utilizing the seal of
Figure 15.

35 Figure 17 is a longitudinal cross-sectional view, after assembly, of the valve shown utilizing still another
embodiment of the seal.
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10 Figura 24 is a partial cross-sectional view, after assembly, of the valve shown utilizing the seal of Figure
23 and another preferrad embodiment of the spike.
Figure 25 is a partial cross-sectional view of the valve of Figure 24, llustrating grooves in the housing.
Figure 26a is a top view of the valve of Figure 25, illustrating the grooves in the housing. _
Figure 26b is a top view of another preferred embodiment of the valve with a channei shown in phantom

15 through the side wall of the valve.

Figure 27 is a partial cross-sectional view of the valve of Figure 26b illustrating the channel.

Figure 28 is a perspective view of the housing, with sections broken away to show the wall structure of
the cavity containing the seal, inchuding the groove in the housing. _

20 Figure 29 is an elevational view of a preferred embodiment of the housing with a channel through the
housing wall shown in phantem.
Detailed Description of the Preferred Embodiments

The term “proximal” is used to denote the end of the valve and other components at or near the spike tip

32 in Figures 2 through 5, 10 through 12, 14, 16, 24, 25 and 27, and at or near the spiks tip 60 in Figure 6, and

2B at or near the seal cap 92 in Figures 8, 9, 13 through 19, 23, 24, 25 and 27. The term “distal" is used to denote
the opposite end of the vaive, or spike tip, or seal. The term "medical implement” is used to denote any medical
tool known to those of skill in the art that can facilitate the passage of fluids, particularly fiquids, therethrough.
Examples of medical implements that are contemplated inciude, but are not limited to, tubing, conduit, syringes, IV
sets (both peripheral and central lines), piggyback fines, medical valves, and other components. Medical implements

30 are commercially available in standard sizes. Thus, either or both ends of the valve can be provided with fittings
to accommodate such standard size medical implements.

The valve is a closed, patient access system which automatically reseals after administering medication
using & medical implement that directly connects with the system without the need of any intermediate needles, caps
or adaptors. A two-way valve is employed utilizing a reusable seal that may be repeatedly pierced by an enclosed,

35 protected spike rather than an exposed metal needle. The valve facilitates fluid, particutarly liqﬁid, transfer while

maintaining sterility. The valve is easy to use and is capable of locking in place. After use, the valve is swabbed
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The spike is seated inside the cavity and the tip is embedded in the seal cap located at the proximal end of the seal.
The tip of the spike is blunt and rounded so as to aveid deterioration of the seal from repeated penstration by the
20 spike. The spike may include at least one rib which allows air to enter a space between the seal and the spike,
thereby facifitating the sealing of the opening when the implement is removed. The spike may have a substantially
tonical shape, and the seat has a complementarily, substantially conical shaped cavity within it conforming to the
shape of the spike.
The third feature is that the resilient seal is adapted to be moved iato @ compressed state upon insertion
25 of the tip of the medical implement into the opening and returns to a decompressed state upon removal of the tip.
The seal in the dacompressed state has a section which fills essentially compietely a portion of the cavity adjacent
the opening. In the compressed state, the seal section is pushed by the delivery end of the medical implament away
from the opening and into the cavity. This seal section, known as the sea_l cap, may have a pre-cut siit in which
the proximal end of the spike is embedded. Th_e delivery end of the implament and the seal are adapted to enpage
30 ° o that when the tip of the spike pierces the seal there is essentially no dead space between said delivery end and
the seal. Consequently, a pradetermined dosage amount of medication is transfersed in its entirety to the patient
using this invention, with none of the prescribed amount being collected in dead space in the valve. The delivery
of an exact amount of medication may be critical in some sitvations when chemotherapautic agents are being
administered or small children are heing frealed.
H As best shown in Figures 1 and 2, the first embodiment of valve 10, includes a valve body or housing 12,
a spike element 24, and a seal 36. The seal 36 is prepared from a resilient material that is flexible, inert,
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impermaable to fluid, and readily pierceabls by the spike 26. In the valve embodiment shown in Figure 13 depicting
an alternate shaped seal 36d, this seal 36d has a precﬁt slit 11 in its proximal end. This provides a tiny orifice
through which the tip 32 of the spike element 24 may easily pass, yst still provides a fiuid tight seal upon
withdrawal of the spike element. These three components are assembled, as depicted in Figure 3, with the spike

] element 24 enclosed to prevent accidental sticks. Figure 2 illustrates how the ‘housing 12, seal 36, and spike
element 24 are attached without the need to use any adhesive or other bonding agent or process. Mechanical
connection which provides a fluid tight closure is attained as is discussed subsequently. As shown in Figures 4 and
5, the seal 36 moves within the housing 12, being pierced by the spike element 24 to exposs the tip 32 of the spike
element 24 to alow fluid to flow through the valve 10.

10 Referring 10 Figure 1, one prefarred embodiment of the housing 12 has a beli-shaped skirt 16 and an upper,

' preferably cylindrical, conduit 20.  The skirt 16 is integral with, and connected by an annular ring 14, to the upper
conduit 20. The skirt 16 craeates a shield for an inner conduit 18 of the spike element 24. This inner l:onduif 18
is preferably cylindrical in shaps, and slightly tapered. Inner conduit 18 and upper conduit 20 comprise aligned
hollow tubes so that inner conduit 18 and upper conduit 20 are in fluid communication with ane another when the

15 spike element 24 pierces the seal 36. There is an annular fip 25 surrounding a circular opening 25a in the top of
the conduit 20 (see Figure 2). '

In the first embodiment of the valve, the upper conduit 20 is adapted to receive the tip or nose 4B of an
ANS! standard syringe 46 (see Figures 4 and 5). It is, however, contemplated that the outer diameter of the upper
conduit 20 can be of any size to accommodate the attachment of uther connector devices thereto. Advantageously,

20 the proximal end of the upper conduit 20 can be equipped with a locking mechanism to facilitate locking of the vaive
10 to a variety of medical implements. For exampla, referring 1o Figure 1, locking ears 22 near the proximal lip 25
of housing 12 are preferably provided such that the housing 12 can be locked into any compatible Luer-Lock device
known to those with skill in the art. For exampie, refersing to Figure 19, canventional Luer-tock threads 180 can
be provided on the outer diameter of upper conduit 20.

25 Referring to Figure 2, the spike element 24 has at its distal end the inner conduit 18 and at its proximal
end a hnllniv spike 26 which is integral with the inner conduit. The inner conduit 18 and spike 26 present a
continuous passageway for fluid during use. An annular cuff 28 on an intermediate portion of the spike element
24 is integral with, and interconnects, the inner conduit 18 and the spike 26. As illustrated in Figure 3, the sim
28a of the cuff 28 abuts the underside of the inner ring 14, and has an annular detent 28h that snaps inte an

30 annular groove 14b in the underside of the ring. The cuff 28 serves two functions. First, it serves as an
attachment device to the underside of the annular ring 14. Second, it serves as a support and attachment device
for the seal 36.

The hollow spike 26 has a tapered conical shape, ending in a sharp, pointed tip 32. Preferahly, along the
length of the spike are raised, protruding ridges 30. These raised ridges 30 extend from the surface of the spike
3B preferably between 0.2-.2.0 mm. The sidges 30 are preferably aligned along the length of the spike as Rlustrated

in Figure 2. These ridges 30 serve to break any vacuum created when the spike 26 is sealsd as described
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43 (Figure 2) along the length of the seal 36 which provide air pockets that facilitate compression of the seal 36
during use. The grooves 43 may be of variable shape or size to facilitate seal compression. In the first valve
embodiment, there is a single groove 43 which completely surrounds the seal 36 between the seal cap 40 and the

15 lip 42.

The base of the seal 36 has a width such that the seal lip 42 fits snugly into the annular cuff 28. The
hollow interior or cavity 37 {Figure 3) of the seal 36 is preferably tapered to conform internally to the shape of the
spike 24, having a wall portion 44 which contacts the spike 24 distal seal cap 40. The exterior of the seal 36
is sized and shaped to fit inside the upper conduit 20 of the housing 12. The cap 40 reseals the vaive 10 when

20 the top surtace 40b is proximal the through-holes 34. Preferably, the cap 40 substantially fills the opening 25a in
the top of the conduit 20. Thus, after assembly, the top surface 40b of the seal cap 40 is essentially flush with
the fip 25, so that the fip 25 and seal cap 40 can be swabbed with alcohol or other disinfectant without leakage
of disinfectant into the vaiva 10. It is important that the surface 40b be exposed so that it may be swabbed with
a disinfectant.

25 As best shown in Figure 3, the spike 24, with contiguous inner conduit 18, is affixed to the housing 12
through the association of the external potion of annular cuff 28 and the internal portion of annular ring 14.
Atthough not necessarily required, these two pieces may be affixed by any one of a variety of methods known to
those of skill in the art including, but not limited to, heat sealing, giue, pressure lock, bonding or the like. The seal
36 fits into the annuiar cuff 28 and is held m place by an internal iip 27 along the internal portion of the annuiar

30 ring 14 of the housing 12. The length of the spike 24 is such that, after assembly, the tip of the spike rests below
the plane defined by the lip 25 of the housing 12. Preferably, the spike tip 32 is approximately fsom 525" to .1"
below the fip 25 of the housing 12. The seal 36 fits snugly apainst the spike 24 and is essentially flush with the
lip 25 of the housing 12. The spike tip 32 is thus embedded within the seal cap 40 prior to use or may be
approximately .025" distal the seal cap 40 when the valve 10 is in the closed position. The inner conduit 18 is

35 partially shielded by the bell shaped skirt 16 of the housing 12 {see Figures 1-3). The inner surface of the bell

shaped skirt 16 preferably has protruding threads 44 as an optional locking mechanism for attaching a medical



9. "Figure 11 is a longitudinal cross-sectional view of

the assenbl ed valve of Figure 1 using another enbodinment 25 of the
seal . Figure 12 is a longitudinal cross-sectional view
of the assenbl ed valve of Figure 1 using yet another enbodi ment of
t he seal . Figure 13 is a longitudinal cross-sectional
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is a longitudinal section of the seal shown in Figure 13 used in connection
with the spike device 30 shewn in F?'gure 2. Fi gure
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5 can be used as a valve connector for an intravenous central or peripheral piggyback connector in sither orientation.
Parenterat fluid is delivered to patients through tubing such that the liquid flows {rom a container through a piercing
element into the patient. The containers are frequently changed or additional fluid bottles are added. The valve
disclosed herein is designed to interconnect medical implements along the route of fluid delivery to the patient.
However, the valve is also useful in any environment in which a resealable fluid valve is desired. Dusing use, a

18 connector of the appropriate size is fitted over the inner conduit 18. Locking can be achieved by a Luer-Lock
mechanism, a pressure fit or any other locking mechanisms known to those with skill in the art, as described above.
Thus, in one example, fluid passes from the inner conduit 18 into the spike 26. However, fluid flow is locked in
place by the seal 36.
Figuses 4 and 5 illustrate valve activation. In Figure 4, the medical implement connecting to the proximal
15 end of the valve 10 is a syringe 46. However, this connetting implement could be any number of medical implements
known to those of skill in the art. The nose 48 of the syringe 46 is placed on the seal cap 40 inside the lip 25
of the housing 12. The application of pressure on the syringe 46 in the direction of the arrows, as illustrated in
Figure 4 craates pressure on seal cap 40. The resulting downward pressure comprasses the seal 36. This pushes
the tip 32 of the spike 26 through the seal cap 40 to expose the through-holes 34. Compression is facilitated by
20 the grooves 38. Fluid is now able to flow into the syringe 46, or vice versa, depending on whether fluid is to be
withdrawn from the patient or medication injected into the patient. Figure 5 sﬁows valve 10 opened by insestion
of the nose 48 of the syringe 46 into the spening 25a. A syringe piunger 49 in the syringe 46 is retracted thereby
creating 3 vacuum to draw fluid through the vaive 10 into the syringe. For intravenous applications, the valve 10
can be orientated in the position diagramed in Figures 4 and 5, or it can be rotated 1800 such that fluid flows in
25 the opposite direction.

Upon removal of the syringe lrﬁm the spike 26, as shown in Figure 4, the seal 36 is free to return to its
original shape and cover the through-holes 34. The ability of the seal 36 te return to its ariginal shape is determined
by the resifiency of the material used to prepare the seal 36. In addition, the ability of the seal 36 o return to its
original shape is facilitated by the protruding ridges 30 formed on the extemal surfate of the spike. During

30 compression, a vacuum may farm in the arsa between the spike 26 and the seal 36, thereby preventing the seal 36
from retuening to its original position. The protruding ridges 30 permit air to pass along the spike/seal interface to
prevent vacuum for.m.ation and allow free return of the seal 36. The ability of the seal 36 to deform reversihly and
return to its original position is particularly useful because (I} it immediately staps fluid flow through the vaive 10,
(2) it covers the recessed spike 26 to maintain its sterility, and {3) it reduces the risk that the spike could

35 inadvertently pierce another ohjact or person. In addition, since the valve 10 lacks movable parts, except for the

seal, it is unlikely that when the seal 36 is pushed down, the vaive 10 wauld fail te function.
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is essentially flush with the housing 12. Thus, this flush surface can advantageously be sterilized with alcohol or

Figure 20 is a

other surface decantaminating substances. The skirt 16 and vpper conduit 20 advantageously shield both
connections from the surrounding environment to protect the sterility of the connection. Further, both the skirt 16

10 and upper conduit 20 function as collection reservoirs to prevent fluid from dripping from the valve 10 during
manipulation.

A cover cap {not shown) can be supplied to fit over the upper conduit 20 as further protection for the seal

surface between use. Such a cover cap, however, is not needed to maintain sterility since the seal 36 may be
15 swabbed with a disinfectant after each use. The reversibility of the seal 38 makes the vaive 10 particularly

attractive és a connector valve to provide fluid communication between two fluid lines. Therefore, the valve provides

for placing a first fluid line in communication with a second fluid line using the vaive disclosed herein. The

reversibility of the valve 10 permits muitiple fluid lines to be successively added, for example, to a fluid line in direct

communication with a patient’s vein. Since the valve is easily sterilizable and sealable, fluid lines can be added and
20  removed without disconnecting venous contact.

The valve 10 is preferably prepared from a hard plastic, such as ABS plastic, but it is additionally
contemplated that the valve could be prepared from other medically inert materials known to those in the art. The
spike element 24 is preferably prepared {rom the same material as the housing 12. However, a stronper material,
such as a poly-carbonate material, may ba desirous for the spike element 24 to enable it to pierce a variety of

25 connecting septums and seals. One particular advantage of this valve is that it does not rely on the use of metal
needles. This dramatically reduces the risk of skin puncture during use and manufacture. Further, the upper conduit
20 serves as a shield to the spike 26 such that skin contact with the spike 26 is further reduced. The spike 26
need only be strong enough to penetrate the seal cap 40, or if necessary, to pierce a connecting septum.

In the embodiment of the valve illustrated in Figures 2-4, the through-holes 34 are placed distal spike tip

30 32. This placement provides two important advantages. First, the placement of the theaugh-holes 34 facilitates
reseafing of the valve 10 after use. Second, if the through-helss were placed at the spike tip 32, the holes 34 may
core the seat cap 40 thereby introducing seal particulate into the fluid flow and possibly plug the holes 34. Thus,
the longitudinal placement of the through-holes distal the spike tip 32 prevents the introduction of particulates into
the fluid path andjor plugging of the through-holas 34. It is additionally contemplated that the number and diameter

35 of the through-holes 34 can be adjusted to accommodate different fluid velocities. In a preferred embadiment of the
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syringes, | unth a cover member (not shown).

Figure 6 shows an adaptor valve 50 having a body including an adaptor skirt 52. The adapter skirt 52
will preferably fit snugly over the open mouth of the container. The skirt 52 may be of any size to accommaidate
a ranpe of container sizes. A lengthwise slit 54 is preferably provided in at lzast one location along the length of

15 the skirt to ensure a snup fit betwéen the skirt 52 and the container. A chamber 56, preferably tubular in
configuration, extends upward from the skirt 52 and is similar in construction and design te the upper conduit 20
of the first preferred valve embodiment. Similar to the first valve embodiment, the proximal portion of the vaive may
contain a locking mechanism 59 that preferably comprises a Luer-Lock device or other locking device known to those
of skill in the art.

20 As depicted in Figure 7, a spike 58 extends upward through a tubutar chamber 56. A spike tip 60 is
preferably recessed from a proximal lip 62 of the tubuar chamber 56. In a closed position, this tip 60 is covered
by 2 seal B84, which is essentially the same as seal 36. Protruding ridges 66 and seal grooves 68 facilitate seal
compression and promote closura following use. Thus, in the closed position as illustrated in Figure 7, the seal 64
covars the through-holes 70 to prevent fluid out-flow from the container. The adaptor vaive 50 contains a second

25 spike 72 which points in the opposite direction as the spike 58. These spikes 52 and 72 are in fluid communication
with each other. The spike 72 extends downward inside the adapter skirt 52. The two spikes preferably form one
compenent of the valve 50 while the skirt 52 and upper chamber form a second component. These two components
can be assembled in a manner like that of the vaive 10. The spike 72, like the spike 58, has longitudinal
through-holes 74 and a tip 76. The through-holes 74 are located inward of the tip 76. The adaptor valve 50 is

30 thus useable with containers holding sterile medicament having a cover or septum seal at the open mouth of the
container. Examples of containers with such seals contempiated for use with this valve include dosage hottles for
intramuscular injector antibiotic containers or the like. However, it is also contemplated that the valve 50 can be
adapted with its own seal and locking mechanism to permit the valve to be amployed on a variety of containers for
medicaments or other fluids. Medicaments in these types of containers are preferably maintained under sterile

35 conditions and the volume and nature of the medicament is such that multiple aliquots are intermittently removed

over time. If the medicament is reconstituted, then, during use, any covering aver the opening on the cantainer is



sets (both peripheral and central |ines) piggyback |Iines, nedical valves,
and ot her conponents. Medical inplenents 30 are commercially avail abl e
in standard sizes. Thus, either or both ends of the valve can be provided
with fittings to accommodat e such standard size nedical inplenents.

The valve is a closed, patient access system which automati c S
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directly connects with the systemw thout the need of any internediate
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\F/)aCIT>/ (LEJSIQZ / Z‘éﬁ?g?ﬂ pressure of the nose 48 over thsvs\[(lﬁm%zlpnzsaiﬁgﬁspike tip 60 through the seal 64. At the same time, the
5 seal 64 is compressed. Compression is accommodated by the seal grooves 68. Fluid is withdrawn from the
container and the syringe is remevad from the spike 58. Release of the pressure applied to the seal 64 permits the
seal 64 to return to its original configuration. The spike ridges 66 facilitate movement of the seal 64.
Often the ingredients housed in containers are those that can be iyophilized at purchase. Lyophilized
ingredients require reconstitution hefore use. If the medicament requires reconstitution before use, then sterile water,
10 saline, or ather fluid can be introduced into the container before flvid is extracted. The two-way nature of the valve
permits this without any special adaptation. After the syringe is removed, the adaptor valve 50 automatically seals.
Subsequently, aliquots can be removed from the container by syringe or the like. Alcchol or other compatible suriace
sterilizing agents can be used to wipe the lip 62 and seal 64 before each use. Similar to the first valve embodiment,
it is additionally contemplated that a cap can be provided to fit over the upper chamber lip 62 between uses.
15 The adaptor valve 50 can be adapted to function as a medicament adaptor for an intravenous cantainer.
In this case, the adaptor valve 50 is placed on a medicament container for intravenous delivery and attached via
tubing to an intravenous feed. Thus, the adaptor valve 50 can be placed in fluid communication with a connector
valve of Figure 1 to facilitate the flow of medicament from intravenous drip bottles.

20 An alternative embodiment of the seal, a seal 36a, is shown in Figure 8. The seal 36a comprises a seal
cap 92 at the proximal end thereof and a seal fip 96 at tha distal end thereof. A cup-ike annular flange 95 is
provided proximal the seal cap 82. The seal cap 92 and seal lip 95 are connected by a seal wall consisting of a
plurality of ringed wall portions 94 that expand and collapse in an accordion like fashion. During compression of
the seal 36a, the diameter of the ringed wall portions 94 expand outward in the radial direction. There are air

25 pockets 13a {Figure 10} betwesn ring portions 94 and the housing and air pockets 13b between the spike 24 and
seal 36a. The seal 36a contains a cavity 98 distal the seal cap 92 and adjacent the ringed wall portions 94. The
seal 36a interacts with the spike 26 (Figure 2) and other components of the vaive in a similar fashion to the seal
36 of Figure 2. '

Referring to Figure 10, 'the cup-like annular flange 95 can be stretched around the vpper conduit 20 and

30 held in place by an annular ring 97. This creates a trampﬂine~|ike eifect that assists returning the seal 36a 1o a
decompressed state aftar wiihdtawal of a syringe (not shown). This embodimant has two advantages. First, the
proximal end of the valve 10 can be swabhed with alcohul or other disinfectant without leakage of disinfectant into
the valve 10. Secend, by affixing the cup-like annular flange 95 to the upper conduit 20 at the proximal end thereaf
with the anaular ring 97, the repeated deformation and reformation of the seal 36a is assisted.

Ki] tn an alternative embodiment of the seal, the seat 36h is shown in conaection with the valve 10 in Figure
11. The seat 36b is similar to the seal 36a shown in Figures 8 and 10, as the seal 36a is comprised of a seal cap
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compressicn and decompression of the seal 36d, thereby exposing or covering a spike (not shown) as the case may
15 be. )

As mentioned above, preferably the seal 364 has a precut siit 11 in the cap 92 lying along the longitudinal
axis of the vaive 10. The seal cap 92 has a unigue configuration that inswes that the slit 11 closes and is sealed
upon withdrawal of a syringe {not shown) and reformation of the seal 36d. It includes ar enlarged, internal, pressure
responsive member 200 which is integral with the seal cap 92. Between the proximal end of the side wall 150 and

20 the member 200 is an annular space 102 which is filled with the fluid in the cavity 88. This fluid is under pressure,
for example at the biood pressure of the patient to which the valve 10 is attached. Refesring to Figure 14, fluid,
for example the patient’s biood, flows through tha holes 34 in the spike 26, filing the cavity 102. This fivid presses
against the exterior of the member 200, closing the sfit 11 when the seal is decompressed as shown in Figures 14
and 18. The pressure from this fluid creates a hiph pressure seal which prevents fluid from escaping vaive 10

25 thraugh the slit 11. There is a semi-cylindrical annular flange tear ring 104 on the end of the member 200 which
advantageously extends the useful life of the seal 36d.

Preferably, thare is a tear ring 104 integral with the member 200 along the perimeter of the internal surface
the member 200, and a slight saucer-like depression 204 in the external surface of the seal. The pressure responsive

- element in the decompressed state closes any orifice in the seal 36d to provide an essentially fluid-tight seal while

30 in the decompressed state. The pressure responsive member 200 enables the valve to maintain a fluid-tight seal even
at very high pressures sometimes experienced in medical applications, particularly when the valve 10 is connected
to 2 patient’s artery. The center of the member 200 and the annular space 102 are coaxial with the entryway
11a to the orifice 11. The pressurized fiuid fills the annular space 102 ta apply pressure that compresses the
member 200 to tightly ciose the entryway 11a 1o the orifice 11. In a preferred valve embodiment the distance
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36. The sedl 3@mhodimepy; thpserlc3th dommises a seeicesp 92 havip a venteelke depressibnc04 [Figurd 23b XThip keal, 36h
inert, contains a slit 11 having a proximal and adjacent depression 204 and a distal end 11a at the distal end of seal cap
82. Referring to Figure 23, ciwiniar tiras 10D simBar to those in Figure 13 are provided, The seal 36h has an
internal cavity 98. Further, the sial 36h prefarably has a seal lip 95 as discussed in more detail above.
As best shown in Figure B, the wall 181 of the 'proximal end of the upper conduit 20 is tapered inward
20 at the same angle as the nose 48 of the syringe 46. In accordance with ANSI standards, the taper is 0.006 inch
per linear inch. The wall 182 of the syringe nose 4B bears against the wall 181 as the nose slides into the opening
25a to push the seal 36d inward compressing it and forcing the tip 32 of the spike 36 to enter the slit 11. The
seal 36d expands upon compressian te filt essentially completely the upper portions of the indentations 107. Some
sections of the seal 36d are wedged between the edges 162 and other sections fill the indentations 107. As the
25 liquid flaws through the nose 48 through holes 34, air in the nose 48 is forced out of the nose 48 and expelled trom
the valve 10 hetween the walls 181 and 182. Thus, essentially the entire prescribed dosage is delivered through
the valve 10 to the patient. Fluid flows through the through-holes 34, but dees not leak between either the seal
36d and the wall 181 or between the abutting walls 181 and 182.
Figures 15, 16, 17, and 18 depict embodiments of seals, namely, seal 36e. seal 361, and seal 36g, which
30 are substantially the same as the seals 36a (Figure 10), seal 36b {Figure 11), and seal 36c (Figure 12), except the
side wall 150 employing the circular tires 100 is used in place of the accordion wall portion 94.
Other components of the valve interact with the various embodiments of the seal in a similar fashion to
their interaction with seal 36 of Figure 2. Prior to use of the vaive 10, it is preferable that the seal caps 40 or
92 be pierced centrally by a steel needle in the axial direction, precutting the seal to provide the slit 11 in order to
35 allow for more rapid decompression and reformation of the seal upon piercing by the spike 26. The seals are

advantageously formed from a material which can repeatedly reseal and pravent fluid from flowing around the seal



WD 97/ 21464
PCT/ US96/ 20478

- 8- i npernmeable to fluid, and readily pierceable by the spi ke 26.
In the val ve enbodi nent shown in Figure 13 depicting an alternate
shaped seal 36d, this seal 36d has a precut slit 11 in its proxi mal end.
Thi s provi dwo 20464y orifice through whi ch the tip BOVBSIS2MI8spi ke
el enent 24 may easily pass, yet still ﬁ ides a fluid tight seal upon

wi t hdrawal of the spike elenent. These three conponents are assenbl ed, as

depi cted i Np&pAL The sdal 33ihbud alst'6 ciabidd? being forced nﬁvjvﬂﬂ?mn sfrfly ﬁ%tg ﬁgﬁtn Qﬁore%{é ﬁlye nt

accidental sticks. Figure 2 illustrates how the housin
spi ke valve. Material that is too soft will not reseal effectively; however, will not be nauable of spnngmg hack aftsr

opening of the valve. Material that is too hard will provide sufficient spring force; however, will not effectively seal.
Thus, in a preferred embodiment, the seal is formed from a silicone having a hardness in the range from 30-70 Shore
b durometer units, and more preferably in the range 40-50 Shore durometer units. A cure silicone polymer in the
preferred hardness range is available from Wacker Silicone Corp. of Adrian, Michigan. In some valve embodiments,
it is desirable to provide additional lubricity to the seal 36 to allow it to spring back and reseal more effectively.
Dow Chemical Co. produces a silicone formulation with silicone oil built in to provide this additional ubricity.

In general, the closing of the valve 10 is provided not by the side wall of the seal 36 which immediately

10 covers the through-holes 34, but by the seal cap 40, or seal cap 92 filling the proximal ead of the cavity 98 and
the apening 25a. Thus, the seal caps 40 and 92 are sufficiently thick to reseal the opening 25a effectively after
valve closure. However, the seal caps 40 and 82 should also be sufficientiy thin to allow them to readily return
to the closed position. Preferably the thickness of the caps 40 and 92 ranges between 0.075 and 0.500 inch and
more preferably may be approximately .100 inch.

15 The valve can be provided in -a sterile and disposable form such that after its use in a given installation
is exhausted, the device is discarded. However, as described above, in any given instaliation, the valve ean be reused
multiple times. Since the valve dﬁes not employ needies, there is little chance that the device will inadvertently
cause skin puncture. Therefore, the extra precautions required for handiing and dispesing of needles is obviated.
1t wili be apparent frem the detailed description provided herein that the vaive can provide for ths elimination of

20 nearly all needles used in the medical environment. With the use of tha valve described above, the need for all
needles except those that are directly input into a patient is, advantageously, eliminated.

The valve 10 is used to provide a closed, patient access system for transferring a predetermined amount
of madication from a remote source to the patient. The valve 10 is connected by the distal end to the patient, tor
example, a vein or artery in fluid communication with the vaive. Blood fills the valve, but the seal 36d, for example,

25 prevents any blood from leaking from the valve. The delivery end or nose 48 of the medical implement is inserted
into the valve as depicted in Figure 8, pushing the nose 48 against the seal 10 compress the seal sufficiently 1o allow
the tip 32 of the spike 24 to pierce the seal and snter said delivery end. The predetarmined amount of medication
in its entirety may now be transferred through the nose 48 into the valve 10 and into the patient. Since the nose
48 and seal 36d engage in @ manner so that the tip 32 of the spike element 24, upon piercing the seal, meets the

30 seal to avoid formation of any dead space at the interface between nose 48 and the seal surface 40b. Transfer
directly through the valve 10 of essentially the entire predetermined amount of medication from the syringe 46 to
the patient, so that essentially none of said predetermined amount is collected in any dead space in the valve, is
accomplished. Upon withdrawing the nose 48 from the vaive 10 thé seal 36d returns to the decompressed state

1o close the valve and maintain while in said decompressed state a fluid tight seal even at high pressures and after
35 repeated uses.



el ement 24 are attached without the need to use any adhesive or other

.bondi ng agent or process. Mechani cal connection which provides a
fluid tight closure is attained as is discussed subsequently. As shown in
Figures 4 and 5, the seal 36 noves within the housing 12, being

pi erced by the spi ke element 24 to expose the tip 32 of the

el enent 24 t o™ 1&®M% uid to flow through the valve 10. 10 581-;5&5120478
Referring to Figure 1, one preferred enbodigrent of the housing 12 has a

bel | -shaped skirt 16 and an upper, preferably cylindrical, conduit
20. The skirt 16 i $nathedabgwatue erlioditent ofihe sl m seaicIBle @b slown inrFigere 3. | 1o thisrembodimébt) thet O
t he upper 0, | ' '

conduit 18 of sﬁlmhgspl Hts faagsd %mgﬁmﬁ%&°f%§ﬁﬁé§§%gﬁﬁﬁla§%@ fbe W 156[1?@%'%
preferably cylcm@rtilvdﬂﬂ stacked incsgyies ong oRitop b &g tedidcent jaraps cliemeder lowesvieer  Sisle welli150 defiges and

upper conduit cgfy §tP chﬁﬁr tifes hrgﬁﬁdably solid thrnughulﬂﬂﬁe' dfaétdr bR Sros Bection Rereds HESe circular

conduit 18 and up conduit 20 are. in flu conmuni cation with one anot her
when the 1% ""’sQ‘Hl"k‘é’“‘éF"ﬁ‘ﬁE‘ﬁf’W@WF‘@!\‘"&é@“‘PW@ ot depomprgssion ofthe segl 36, thergby gxneting o
lip 25 surrouriodinga spike (fotithtuin) QR tasagnayiea i N the top of t he conduit

20 Fi 2 h

Che upper condur (36 7% suhaep eeet it {1k e e o i R ot o of g i
ANSI st andar d W ysmisingesled Whépseb3tHisgus desompreseddta®) As explaiied earfiropwsutting the seal to provide
cont enpl at ed tshqtl al‘on?fo e‘?{ptd %cﬁrﬁﬁgsﬁﬂ anﬁ’IaanQﬁaon U}Rﬂ%al upon piercing by i Shfike! &nIiIngaFﬁm be

of any size to acconmodat tachment of other connector devices
thereto. ABvarlesgod |« 922% el 300 t'wbww $9fd| withqytihawg any, pressiR KeSPORSikRYRRbYr 29
can be equi ppeaghpiyed i seal chpogzkér 8yl IBRChani smto facilitate | ocking of the valve
10 to a variety of medical inplenents. For exanple, referring to Figure 1,

| ocking - ears 22 new the proximal lip 25 of housing 12 are
preferably provi dednstwriative rebbdinteitef the pmsent dnvébfonwsiog skab 36k dscdhever i Figue 24n)Spike 262,

I(éorrpat i ble Luel’El]gdln ﬁkhmq:gvm §%nd havmg El pénxﬁtslgw'&wtﬁg nﬁ QPT?&TM Enrltaﬂ%kb lé sﬂouhh@heq{u&
or exarrpl e erring mg N onventi ona er- threa 180
tubular, and Iess fmstncun than the spike 26 illustrated in other embodiments. Furthermore, the tip 32 of spike
2Ba is a blunt, rounded end, uniike the pointed tip of spike 26. Because the end is rounded, the seal cap is not
subjected to deterioration through teasing by spike tip 32. Thus a tear ring for the seal, as shown in Figure 14 for
sxample, is not necessary for this embodiment.

Another featwre of this embodiment is the arrangement of the spike 26a with the seal 36h when the seal

20 36h is in a decompressed state. In this state, rounded tip 32 of spike 36h is positioned to be embedded in siit
entryway 11a, while sfit 11 remains closed to any fluid flow. Figure 24 shows the entire rounded tip 32 in contact
with the distal end of seal cap 892. Additionally, the side wall circular tire closest to the proximal end of the seal,
tire 1003, contacts the side wall of spike 2Ba. It is desirable that at least the next immediate distal circular tire,
tire 100b, also be in contact with the spike 26a proximate the through-hole 34, Having a plurality of tires in contact

25 with spike 262 proximal through-hole 34 prevents fivid from passing from cavity 98 through the proximal end of the
valve 10. Without such a design, fluid would leak through through-hole 34, thereby applying enough fluid pressure
on slit 11 to fosce slit 11 open while tha seal is still in a decompressed state. Through-hole 34 should be distal
the tires 100a, 100b, which contact spike 26a, so that fluid passing through through-hole 34 will not apply pressure
to slit 11, and instead will be blocked by circular tires 100a and 100b creating a seal between the spike 262 and

30 seal 36h.

During medical appfications, for example when ths valve 10 is connected to a patient's artery, the patiant’s
biood flows through the holes 34 in spike 26a, filling the area in cavity 98 distal the second tire 100b. Since the
fluid residing hatweﬁn the first two tires, 100a and 100b, and between seal cap 92 and tire 100a constitutes a very
small volume, the fluid cannot exert enough pressure against the seal cap ta open shit 11. Pre-cut seal cap 92 is

35 designed to remain closed up to fluid pressure of 20 psi. Therefore, blood pressure will not open the vaive 10.



be provided on the outer dianeter of upper conduit 20. 25
Referring to Figure 2, the spike elenment 24 has at its distal end the inner

conduit 18 and at its proxinal end a hol |l ow spi ke 26 which is
integral with the inner conduit. The inner conduit 18 and spi ke 26 present
a conti nuous passageway for fluid during use. An annular cuff 28
on an inter veRi9zesdporti on of the spike el enent 2BCTAISKRPEEr al
with, and interconnects, the inner conduih¢ 18 and the spi ke 26. As
illustrated in Figure 3, the rim 28a of the cuff 28 abuts the

under si de of the ypsaiinectidn dOthd distal &A@ VARES 10EVAth AMpESht& FartAhE heaver, 85HRs SIJE%ush'iP@ps
into an 30 . an éhz'ir r_oov?llélb I n_the underS|. %gebogmt he, ri ng. e cuff 28
serves two fHEl ?‘8# : 'hﬁﬁ‘f'ds'l’a,' e seal.5aR, Roto mave giguimally, thereby also pushing the, Sidewall yigeg 190 ¢ o
t he under si detlpi:rotﬂinedirmﬁm |'Thig pressuregmai fermiQdnod 1o diow pdst 1863 002 AndIBOLSE0 Flidd Prssiire aNd
api ko 26 nas Lot S, domser, s o8 s, e s st sy st ot srapl i IR o
Pr ef er abBy, H0ipmeye pronimally and contact the agikg 268 toRake the origind Rusitions of tiren180aclpd }9Phogorasiehi Ng
ridges S0. - THERud 2 of kit i hiaid ol Ri120h " Gocsibl Ay lnef 186 oPh 8 3
preferably between 0.2-2. Odgm T re_ ri daesisml Omla'rI et, preferabl % al 1 &ge al ong
the | ength o qeriggedp pawcputiard from e prpxipolg the distal end, the tirgs mmpdintalyefistal tirep (Qllg and; 108hy e 5
30 serve to hiy@itkbe MrtyhraderdiiidfiRe QBEGHaCH theiheiginal faGitioR.DHdwever) B wilbbeuRigrsB6d b fhose of
descrl bed skill in the art, if fluid flows thrnligh the spike 26a, through-hole 34 and into cavity 98 of seal 36h, fercing the seal
10 36h ta move in a proximal direction, tires distal the first tire 100a and second tire 100b will alss move in a proximal
direction and contact the spike 26a proximally through-hole 34 strengthening the seal between the spike 26a and
the seal 36h. That is, when fluid is not contained within the cavity 98 of the valve 10, only the first tire 100a
and second tire 100b contact the spike 26a. However, once fluid is introduced into the cavity 98 of the valve 10,
the seal 36h may travel in a proximal direction. 1} this occurs, tires directly distal second tire 100b contact seal
15 26a in addition 1o the first tire 100a ahd second tire 100b strengthening the seal between the seal 36h and spike
26a and preventing fluid from travefing through spike 26a, through the thraugh-hole 34 into the cavity 98 and past
the tires 10D 1o exert pressure on the slit 11 in the seal cap 92 of seal 36h.
An altermative embodiment of the housing, housing 12a, is shown in Figure 25. In this partial cross-
sectional view, housing 12a is similar to housing 12, except for grooves 303, 304 that are provided along the
20 longitudinal axis of the interior wall of the upper conduit 20. The grooves 303, 304 are provided as fluid escape
spaces 1o enswse that a perfect seal betwssen the seal cap 82 and the inner wall 305 of the upper conduit 20 is
not provided. The grooves 303, 304 preferably run from the proximal end of the upper conduit 20 distally past the
hnninn of the upper conduit 20 in contact with the seal cap 92. As best seen in Figuta 2B, the groove 303
preferably extends from the proximal end of the upper conduit 20 of the housing 12a distally to the proximal end
25 of the radial indentations 107.
Provision of the fluid escape spaces provides the advantage of allowing any fluid residing in the space
between the seal 36h and the upper conduit 20 to exit the housing upon compression of the seal 36h. Referring
to Figure 25, during routine use of the valve 10 in transtarring fluid, fiuid may seep into the saction of the housing
12a between the seal 36h and the walls 305 of the upper conduit 20. When this area is filled with fluid and the
30 seal eap 92 is compressed distally by a medical implement (not shown), the user may experience difficulty in forcing
the seal cap 92 distally past the through-hale 34 of the spike 26a, because the sidewall tires 100 no longer have
any reom within the upper conduit 20 to be compressed due 10 the presence of the fluid. It is uhdesirable to requite
the user to apply extra force to compress the seal because oftentimes the user may twist the medical implement
down onto the seal, leading to deterioration of the seal and eventual tearing. In addition, fluid between the seal 36h
35 and the inner wall 305 of the upper conduit 20 of the housing 12a may prevent the seal 36h from compressing
distal the through-hole 34 of the spike 26a. As a result, the vaive 10 would not function properly.
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-7- her ei nbel ow. Modi fications to the alignment and orientation of
the ridges are discussed hereinbel ow in association with their
function. Distal the spike tip 32. there is situated at |easgcdh®en0a7s

| ongi t udi nal Wﬁ’r’é’ﬁw- hole 34 to permt fluid conmuni cati on bet ween
the inner conduit 18 and the upper conduit.,20. Preferably, there are three
t hr ough- hol es 34 within about 10 mm‘and nore preferably w thin about
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10 Another alternative embodiment for the housing, housing 12b, is shown in Figure 29. The housing 12b
employs 2 channel 307 as a fluid escape space which is substantially perpendicular to the longitudinal axis of the
valve 10. A channel 307 is a bore that runs transversely through the side of the wall of the upper conduit 20, and
is positioned distal to any Luer Lock threads 309 or other locking mechanism that may susround the upper conduit
20 near its proximal end. Similar to the grooves 303, 304, the channel 307 provides a passageway for fluid within

15 the area between the seal 36 and the inner wall 305 of the upper conduit 20 to exit when the sidewal! tires 100
are compressed and expand into ihe radial indentations 107. Since an avenue exists for the fluid to exit this area,
a user does not have to apply excessive force in pushing a madical implement {not shown) distally into the vaive 10.

Figure 26b is a top plan view of the valve 10 shown in Figure 29, The channel 305 is shown in phantom
and is preferably located in the upper conduit 20 of the housing 12b of the valve 10. Upon compression of the seal

20  36h by a medical implement {not shown), fiuid between the upper conduit 20 and the seal 36h is expalled from the
valve 10 through the channel 307 and out the side wall of the upper conduit 20. Thus, 2 channel 307 can be
distinguished from a groeve by its expulsion of fluid through a side wall, rather than the proximal end of the housing
12a, as for a groove 303.

As will be easily understood by those of skilt in the art. a channel and groove may be incorporatad in

25 combination to assist in expelling fluid from the valve upon compression of the seai by a medical imptement. For
example, upon compression of the seal, fluid could travel through a groove proximally and thereafter through a
channef in communication with the groove. The channel could be located distally the proximal end of the valve.
Moreover, 2 single groove or channel may be ufilized or multiple grooves or channels may be incorporated inte the
vaive of the present invention as will be easily understood by those of skill in the art.

30 Lack of a channel or groove as discussad above, may result in deterioration of the seal 36 and prevent the
seal cap 92 from being pushail completely below through-hole 34. f the through-hole is not completely open, the
patient will not be able to receive a constant flow rate of medication. In some situations, the delivery of an exact
amount of madication at a predetermined rate may be critical for treatment, and, therefore, through-hole 34 must
be completely open for passage of medication from the medical implem_ent. The groove andlor channel ensures that

35 the seal cap may be pushed distally the thraugh-hole and that the seal may be compressed without any excessive
farce which may cause damage to the seal.



43 (Figure 2) arong the—tength of the seat 36 which provide air pockets

that faGighe ression of the seal 36 during use. The grooves
43 my?@l'g,milm%mﬂmtape or size to facilitate seal conpression. In the
\Y L N g

first v dinment, there is a single groove 43 which
conpl etely surrounds the seal 36 between the seal cap 40 and the 15 lip
42. w0 921464 The base of the seal 36 has a w dth sBEEHU$N2MBhe seal

lip 42 fits snugly into the annular cuff 28. The hol |l ow i nterior or
cavity 37 (Figure 3) of the seal 36 is pleferably tapered to conform
internally M{@@@g_ of the spi ke 24, hpeg 'Ai ggml on 44
whi ch cont a ‘e 24 distal seal cap 40. ls%%ﬁggé q seal
36 I s sided ahaoedcklakedorpdsing:i t | nsi de t he upper Ft 20 ofl the
housi ng 12. The cap 4 . . . _the t surface 40b
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the lip 25, so tha e lip.25 and seal, cap 40 can be swabbed wt cohol
or other disinf eé‘!é‘ﬂ%" “PHM“P‘M%E;B“‘““‘?}“’“‘“W di sinfectant into the
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Figure 3, the spick"@""'ﬂczl,m"\l/"ﬂ‘ﬁ';@%&"?? %‘h‘"&@%"‘.“rﬁ'ﬁ%?‘“&%ﬁ%‘uﬁ"ﬁ"i ,is affixed to the
housi ng 12 t he cesilpnt il dn seidranity surbupdingGid srike seilk el adayited o bd wovedaifito a
annul ar jguff 28 qpghtsisuhd Vbl e oanzpfhh PR measz.mbla,rem%m@%ﬁmﬂ, s seal oing

, these two pie may be artTi xe y any

Al t hough not necessarily_requi reI pl eces ] Xe

one of a vari ety Stficiepflsgasligste getigip a degomnressed state upgn semavalpf thg tip pf) the medigahimplegient

i ncl udi ng, but naimbkédidopdnagl t 0, heat sealing, glue, pressure |ock, bonding
or the like. The seal '

—_— 36 fits..into.th I f.f 28 d.is held
in place by an i nParhyp fid Ecaﬂ"?‘pgfglr’lng’ﬁ’\d h@'“ﬁﬂ?'@?ﬁ@nﬂﬁﬂ'%ﬁ ‘glr#a'%fa""tvl‘f"ier}'afﬂhgff’las 30
ring 14 of tihi sikbeompresgpd st@te. The | ength of the spike 24 is such that, after
assenbl %5 the ti . of tI'Iré'?rnzﬁuw \Jﬁlﬁ tﬁﬁlﬁﬁﬁ. \ﬂl@tLiPWid fluid escape space comprises at feast one groove.

3. The medical vaive of Claim 2, wherein said groove is located in said wall structure of said body

and terminates at the proximal ent of said body. _
4, The medical valve of Claim 1, wherein said fluid escape space comprises a channel through said
body, said channal located distal said opening in the proximal end of said body.

20 5. A method of transferring a first fluid through a medical valve, said valve comprising a body with
an internal cavity having an inside and an outside, said cavity also having a proximal end and a distal end, said
proximal end having an opening sufficiently large to receive 3 delivery end of a medical implement which transfers
fluid through said delivery end, and a seal within the cavity of said body, said valve containing a second fluid in said
cavity between said seal and said body, said method comprising the steps of:

25 a inserting the tip of @ medical impiement into the opening in the proximal end of said
body;
h. compressing said seal in the distal direction by applying a force to the medical implement;
c. expelling said second fluid outside said cavity through a fluid escape space contained in
K1) said body of said valve; and
d. transterring said first fluid through said medical valve.
8. Tlg_e methed of Claim 5, wherein step (c} comprises expelling said second fluid through a groove

in said wall structure of said body.
7. The method of Claim 6, wherein said groove extends distafly from the proximal end of said body.
35 8. The method of Claim 5, wherein step {c) comprises expefling said second fluid through a channel

in said wall structure of said body.
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theW lip 25 of the housing 12.
; Is approximately from.525" to 1"

housi fits snugly agai nst the spijke 24
fl ushj@!ﬁmﬂ“‘“‘m‘“\ lip 25 of the housing 12.
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i.npl ement thereto. Further, other nedical devices can be pressure fit over
the outer portion of inner conduit 18 w t hout direct association
with the protruding threads 44. During use, the valve is
designed to be adapted as a two-way valve. The orientation of the valve is
i ndependent toWwaer2d4esl ow and dependent on the preferred orientation of the
preexi sting connections. Thus, the valve 5 can be used asPGI/USYIRGSI78
connector for an intravenous centrahj?g peri pheral piggyback connector in
ei ther orientation. Parenteral fluid is delivered to patients

t hrough tubi ng such that the liquid flows fron1q conta?g;r t hrough a

pi ercing element into the patient. The contaiLn€ € are frequently
changed or additional fluid bottl es?are addes al ve di scl osed
herein is designed to interconnect nedical | s al ond the route of

fluid delivery to the patient. Howel\a y'lval ve ils al so useful in
any environnent in which a resealable fluid $ desirgd. During use, a
10 connector of the appropriate size is|{fittefl'fpver thg i nner conduit
18. Locki ng can be achi evet¥by a Luer-Lock eclgni Sjm a pressure
fit or any other |ocking nec [ known tp thosg{fiMth skifll in the art,
as descri bed above. Thusy i ne expnpl e,| ¥ ul d pasjses fromthe

i nner conduit 18 into the spike 26. Howevey fluilglifl ow is | ocked in

pl ace by the seal 36. Fiéﬂ aAN\>S il lustrate val ve
activation. In Figure 4, the medical inpﬁ-: gking tp the proximal
15 end of the valve 10 is a syringe #6 i bnnect i ng

i npl enent coul d be any nunber of nedical known to those
of skill in the art. The nose 48 of the j H on the seal
cap 40 inside the lip 25 25 of the§ i cation of
pressure on theysyripnge-461 ‘ s il lustrated

sul ting downwar d

D

Py

in Fi gure 4
pressure conprevge

FI1G. 2




the tip 32 of the spike 26 through the seal cap 40 to expose the

t hrough-hol es 34. Conpression is facilitated by 20 t he grooves 38.
Fluid is now able to flowinto the syringe 46, or vice versa, depending on
whether fluid is to be wi t hdrawn fromthe patient or nedication

injected into woerpMesent. Figure 5 shows val ve 10 opened by insertion

of the nose 48 of the syringe 46 into the opening 25a. A syriHgEUSA6EpE8r 49
in the syringe 46 is retracted thereby creating a vacuumto draw
fluid through the valve 10 into the sy#42age. For intravenous applicati ons,
the val ve 10 can be orientated in the position diagramed in Figures
4 and 5, or it can be rotated 180[err] such that fluid flows in 25 t he
opposite direction. Upon renoval of the syringe fromthe
spi ke 26, as shown in Figure 4,“%he seal 36 is freef® return to its
origirnal shape and cover the through-holes 34. The/ability of the seal 36

to return to its original shape i det er ni ned¥9® 9¥ the resiliency of
the material used to prepare the se 36. | ddi'ti on, £he ability of the
seal 36 to return to its ori ginval apg’is Ilitated by the
protruding ridges 30 fornmed o EXtetaet- of the spike. During 30
conpression, a vacuum may for he arga b the spike 26 and the
seal 36, thereby preventing t - 36N-" - . omreturning to its
original position. The protrud i dge 0.p air to pass along the
spi kel seal interface to Ve ac, pr maj46n and al l ow free
return of the seal- 36. THg abi [} of - s¢a deform reversibly and
return to its original posP&Lg | g i ] /usgigL,ﬁﬁbause (1) it
i medi ately stops fluid flowt -tfhe MAVE 12) it covers
the recessed spi ke 26 to mai ntpd sipte Llif/; and 13) t% educes the

r

<

risk that the spike could 35 ngdKer t Bni{T ¥ prer ce ang obj ect or
person. I n addition, since theg ., | RicK ab%g,paffs, except for the
seal it is unikely that Ren t AfN36 N§- d downp the valve 10 woul d
fail to function. N e
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-9- Advant ageously, the through-holes 34 are | ocated

relatively |l ow on the spi ke 26. Thus, the through-holes 34 are
36 returns to its

sealed relatiy y in the process as the seal
e is closed. | FOASNRUTIE, [ ed

original configuration when the valve 10
enbodi ment of the valve, the through-holes 34 are |ocated .075" bel ow the

spi ke tip 32 (see Figure 2) Addi/2éonally, the through-holes 34 are
seal ed even if the seal 36 does not fully return to its original 5
configuration depicted in Figure 4. Further, the ability of the seal 36 to

return reversibly to its ofi gi nal _position permts the reuse of the
val ve 10. Fol |l ow hg di sconfjeéction, land before reuse, the surface of pierced
seal cap 40 Nl is essgntidlly|fJush with the housing 12. Thus, this
flush surface cdghjadvant aggous be erilized with al coholy or
’[ ‘ 46
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ot her surface decontam nating substances. The skirt 16 and upper conduit 20
advant ageously shield both connections fromthe surroundi ng
environment to protect the sterility of the connection. Further, both the
skirt 16 10 and upper conduit 20 function as collection reservoirs to
prevent  fl uid jpping fromthe valve 10 during mani pul ati on.
A cover cap (ngﬂgeg&%) can be supplied to fit over the uppeﬁmg' U780 as
further protection for the seal surface between use. Such a cover
cap, however, is not needed to maintain gygyility since the seal 36 may be
15 swabbed with a disinfectant after each use. The reversibility of the
seal 36 nmakes the valve 10 particularly at4g act jweE—asSa_connect or
val ve to provide fluid conmuni catile) Wfal two fl ONd erefore,
the val ve provides for pladi dﬁ%. st fluid |ilne——r— ﬁ ni cati on
with a second fluid line using the val ve discgﬁfed her e| n. w
reversibility of the valve 10 permts nultipl uid i s I6
successi vel y added, for exanple, to a fluid IinékFﬁ\*

comuni cation with a patient's vein. Since the valve

and seal able, fluid Iines can be added and 20 reng
di sconnecti ng venous contact. i lgllbreter abl y

materials known to those in the art. The 42 D ,
preferably prepared fromthe sane nmaterial as s fs%§ing.$£¢ Howeué
stronger materi al, such as a pon-carbon.lilwﬁ‘%éz /i
desirous for the spike element 24 to enable it to\wierce a rieJy
connecting septunms and seals. One particul ar advaNjage of tpfs %

that it does not rely on fide use of meté%l




needl es. This dramatically reduces the risk of skin puncture during use and
manuf acture. Further, the upper conduit 20 serves as a shield to
the spi ke 26 such that skin contact with the spike 26 is further reduced.
The spi ke 26 need only be strong enough to penetrate the seal cap
40, or if necegRas 0 pierce a connecting septum I n

t he enbodi nent of7%ﬁgavalve illustrated in Figures 2-4. the tﬁ?%ﬂﬁﬂ?ﬁ%¥es
34 are placed distal spike tip 30 Thi s pl acenent provides two

I nportant advantages. First, the placenment of the through-holes 34
facilitates \M£1!€He ling of the valve 10 after use. Second, if the

t hr ough- hol es r ‘aCed at the spike tip 32, the holes 34 may

core the seal cap 40 thereby introducing seal particulate into the fluid

fl ow and possibly plug the holes 34. Thus, t he | ongi t udi nal

pl acenent of the through-holes distal the spike tip 32 prevents the

I ntroduction of particulates into the fluid path and/or plugging of
the through-holes 34. It is additionally contenpl ated thajyst he nunber and
di aneter 35 of the through-holes 34 can be adjusted~to acconmopdate
different fluid velocities. In e | of thelSe
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-10- val ve, the preferred velocity of fluid passing through the

t hrough-holes 34 is equal to or greater than the flowrate t hr ough
an 18-gauge needl e. Through-holes |arger than 18 gauge will, of course,
facilitate gred®7xi#&4i d fl ow rates. An i NPOPECHHEI6/20478
advantage of the valve 10 is that it has very little dead space, thus the
vol ume of |iquid entering into the/aal ve 10 is substantially
equivalent to the volune of fluid | eaving the valve 10. Further, the total
5 equi valent fluid volune of the valve is very small such that the
volunme of fluid flow ng through the systemin order to place the
valve 10 in fluid comunication with a nedical inplenent such as a syringe
46 is substantially zero. I n anot her preferred enbodi ment
of the valve, illustrated by Figures 6 and 7, ,a di sposable sterile adaptor
valve 50 is provided to function as a resealable lid for a container (not
shown) of fluid. The fluid can thus be 1 renoved fromthe fluid
container or permtted to flow Lrom tfel ¢oht afj nerj 1 a medi cal inpl enent
adapted to house 10 fluid i i Il el mapner|. is the conventiona
practice, an open nouth of the contaif§erfw Il ]Jordin |y be seal ed

with a cover nenber (not shown). re 6 shows an adapt or
val ve 50 having a body including an a ir The adaptor skirt 52
w il preferably fit snugly over the \ \ container. The skirt
52 may be of any size to acco e ragge of container sizes. A
| engt hwi se slit 54 is preferably provi ded ast one |ocation al ong
the | ength of , 94

G4

™
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15 the skirt to ensure a snug fit between the skirt 52 and the

container. A chanber 56, preferably tubular in - configuration,
extends upward fromthe skirt 52 and is simlar in construction and design
to the upper conduit 20 of the first preferred val ve enbodi nent.
Simlar to the first valve enbodi ment, the proximl portion of the valve
may coﬂ@ﬁ?ﬁ“ﬁ‘locking mechani sm 59 that preferably c 0478
Luer-Lock device or other |ocking device known to those of skill in
the art. 20 As depicted ifyofigure 7, a spike 58 extends
upward t hrough a tubul ar chanber 56. A spike tip 60 is preferably
recessed froma proximal lip 62 of the tubular chanber 56. In a cl osed
position, this tip 60 is covered by a seal 64, ich is essentially
the sane as seal 36. Protrudi dogeg 46 and g qrodv¥es 68 facilitate
seal conpr essi on and ptie dl gsure fcIEamﬁng use. Thus, in the
cl osed position as illustratedlin Figure /7, the geal 64 covers the
t hrough-holes 70 to prevEQ} f1did out-fllow from tihe container. The adapt or.
val ve 50 contains a seco 5 | ' i Ipoints in the opposite
direction as the spi ke 58. The are in fluid
conmuni cat i on W.rPh ea t ends wnwar d i nsi de
the adapter skirt 52, The L ' rmone conmponent
of the valve 50 wh¥¥&@the skir f or mz second
conponent. These two conponent AN enb I'n a manner |ike
that of the valve 10. The spiKk =i 58, has laangi t udi nal
t hrough-holes 74 and a tip 76. hr - 4 ar cated i nward of
the tip 76. The adaptor val ve j eabl e wit#bcont ai ners
hol ding sterile medicdk ' @r €al at the open nouth
of the cont ai ner. ol4 ¢ W th such seals
contenpl ated for ugg w i S ¢ e bottles for
i ntramuscul ar injector antibid ail niy he |ike. However, it is
al so contenpl ated t hat val nib {/ adapted with its own
seal and | ocking nechapismto r h? L4 be enpl oyed on a variety
of containers fof? P 74 v’
7
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medi caments or other fluids. Medicanents in these types of containers are

preferably maintained under sterile 35 condi tions and the vol une and
nature of the medicanent is such that nmultiple aliquots are intermttently
renoved over time. If the nedicanment is reconstituted, then

during use, any covering over the opening on the container is

WO 97/ 21464 0 97/21464 PCT/US96/20478

PCT/ US96/ 20478 renoved to reveal the rubber septum The adaptor
val ve 50 is placed over the septum and8@#rect pressure is applied to

pi erce distal spike 72 through the septumand into the container. A syringe
or the Iike can then be applied, as
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depicted in Figure 4, in association with the first preferred val ve

enbodi nent, to withdraw fluid fromthe container. The pressure of
t he nose 48 over the spike 58 pushes the spike tip 60 through the seal 64.
At the sane tinme, the 5 seal 64 is conpressed. Conpression is

accommodat ed by the seal grooves 68. Fluid is withdrawn fromthe
cont ai ner and W98 6ftnge is renoved fromthe spi ke 58. Rel edS7EP6/20428

pressure applied to the seal 64 permts the seat 64 to returnto
its original configuration. The spi ke ¥R4dges 66 facilitate nmovenent of the
seal 64. - O'ten the ingredients housed in containers are
those that can be |yophilized at purchase. Lyophillized i ngredi ents
require reconstitution before use. If the nedi canent requires
reconstitution before use, then sterile ater, 10 sal ine, or other
fluid can be introduced into t ont af Ngr_ be flui @fs extracted. The
two-way nature of the valve pefmts this thout any speci al
adaptation. After the syringe is renoveq,  tne adapt or val ve 50
automatical ly seal s. Su Lgyots cangde renoved fromthe
contai ner by syringe or the lik atible surface
sterilizing agents can be used } and sealr»64 before each
use. Simlar to the first valv ' it 4+s additionally
contenplated that a cap can be NN V r the upper chanber |ip
62 between uses. 15 (M€ agNypt e 50 can be adapted to
function as a nedi canenty t > cont ai per. I'n
this case, the adaptor valve 5 a 0 ica ont ai ner for
i ntravenous delivery and attac ' ng to an intravenous
feed. Thus, the adaptor valve £l p fluid c?@munication W th
a connector Jgvalve of E N 0 [lacbis e thefTow of nedi canent
fromintravenous drip S. An al ternative enbodi nent
of the seal, a seal 36a, is s . gu b seal 3§ﬁ¢conprises a
seal '
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cap 92 at the proximal and thereof and a seal lip 96 at the distal end

thereof. A cup-like annular flange 95 is provi ded proxi mal the sea
cap 92. The seal cap 92 and seal lip 96 are connected by a seal wall
consisting of a plurality of ringed wall portions 94 that expand

and col |l apse in _an accordion |ike fashion. During conpression of
the seal 36a, WA&#4heter of the ringed wall portions 94 exPETSS2042 d in

the radial direction. There are air 25 pockets 13a (Figure 10) between
ring portions 94 and the housing and ai nofpackets 13b between the spi ke 24
and seal 36a, The seal 36a contains a cavity 98 distal the seal cap
92 and adjacent the ringed wall portions 94. The seal 36a interacts
with the spike 26 (Figure 2) and othg; conponents of the valve in a simlar
fashion to the seal 36 of Fiqure 2. <204 Referring to
Figure 10, the cup-like annular flange 95 can be stretched around the upper
conduit 20 and 30 held in place Qy ap~7annular ring 97. This creates a
tranpol i ne-1ike effec@hat assists fetfirning the segb 36a to a
deconpressed state after Wthd e t shown). This

enbodi nent has two advant age ' / proxi mal end of the valve
10 can be swabbed with al cohol ect ant. MPhout | eakage of

di sinfectant into t he ; —py affixing the cup-1like
annul ar flange 95 to the upper th raxj mal end thereof

wi th the annul ar ringzﬂ7 he r tion and reformation of the
seal 36a is assisted: g% ' alternative enbodi ment of the
seal, the seal 36b is shown in cquEcs| th the valveggd in Figure

11. The seal 36b is simlar tot _ shown in Figures 9 and 10, as
the seal 36a is conprised of a s ‘r,//"L///g
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-12- 92. a side wall consisting of ringed wall portions 94 and a
seal lip 96. The seal 36a al so has an outwardly extending ring 99
which is at a right angle with respect to the |ongitudinal axis of the

val ve 10. This ‘VBHEZQQ‘gi s used to attach the seal 36b Fconusbezosmper
conduit 20. Preferably, an upper conduit annular plug 20 is inserted within
t he upper conduit 20 to create a tight ffiyps between the perpendicul ar ring
99, a ledge 101 in the upper conduit 20. 5 and the plug 20. The ring
99 assists in the reformation of the seal 36b to encl ose the spi ke 26 upon
wi t hdr awal of a syringey,Lg0t $hown 204 As shown in
Figure 12, the cup-like annularéﬁﬁ%ﬁgﬁzﬁ?ﬁ?ﬁd ring 99 may both be used in
connection with /¥he \a o"’{jgyvf»f;,ﬁ et M@2seal 36¢c. This seat
36¢c, provides rapid reE&;n&tio A fi/dwal oflgzgyringe (not
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shown) and realizes the advantages of both the seals 36a and 36b. 10
Anot her alternative enbodi nent of the seal, a seal 36d, is shown in Figure

13. In this enbodi nent, the seal 36d is conprised of a seal cap 92,
a seal lip 96, and a side wall 150 conprised of circular tires 100 stacked
in series one on top of an adjacent |arger dianmeter |lower tire. The
circular tiresWP2i6¢ preferably solid throughout t RCTNIS96R04a8  Of
the cross-section thereof. These circular tires 100 will deform and reform
upon, respectively, conpr essi ore/and deconpression of the seal 36d,
t her eby exposing or covering a spi ke (not shown) as the case may 15 be.
As nentioned above, preferably the seal 36d has a precut slit 11 in the cap
92 lying along the | ongitudinal axis of the valve 10. The seal cap
92 has a unique configuration that indures that the slit 11 closes and is
seal ed upon wit hdrawal of a s%ringe (not shown) and reformation of
the seal 36d. It includes an raroeth—rterral,, pressure
responsi ve nenber 200 which ifptlegrql with {fle seal cap 92. Between the
proxi mal end of the side wal and |20 e nmenber 200 is an annul ar
space 102 which is filed wt fljuitd i p tlheffcavity 98. This fluid is
under pressure, 9 for : the Wl ppd pressure of the patient to
whi ch the val ve 10 iS'g ; inglta Fllgure 14, fluid, for
exanpl e the patient's bl ood, ough tihgjthol es 34 in the spi ke 26.
filing the cavity 102. This R ses agai nst the exterior of
t he menber 200, clZ \ eh fh al is deconpressed as shown
in Figures 14 and 19. bsurfe fiAomthis fluid creates a high
pressure seal whichgpreven DM €S ing valve 10 25 t hr ough
the slit 11. There is a sem «YNNWliltal ular flange tear ring 104 on
the end of the nenber %239 fCh ant ageousl y extends the useful
life of the seal 36d. Pref erably, there is a tear ring
104 integral with the nenber 20 ] erineter of the interna
surface
700
750
W
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é_f\ FIG. 15




t he menber 200, and a slight saucer-like depression 204 in the external
surface of the seal The pressure responsive el enment in the
deconpressed state closes any orifice in the seal 36d to provide an
essentially fluid-tight seal while 30 in the deconpressed state. The
pressure responsi ve nenber 200 enables the valve to maintain a fluid-tight
seal even WO 9721464 very hi gh pressures sometinmes experi enBeHUSN28#8i cal
applications, particularly when the vq%&g 10 i s connected to a
patient's artery. The center of the nenber 200 and t he annul ar space 102
are coaxial with the entryway lla to the orifice 11. The
pressurized fluid fills the annular space 102 to apply pressure that

conpresses the menber_200 to tlightly close the entryway 1la to the
orifice 11. In a preferred vaEre embodi jment Hﬂaﬁﬁstance WO
97/ 21464 N
PCT/ US96/ 20478 l ! 204
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fromthe entryway 1la to the proximal end of the seal cap 92 is from.500
to .075 inches and nore preferably approxi mately .100 inch.

As best illustrated in Figure 22 the tip 32 is designed to avoid tearing
the seal. The tip 32 has three facets 210, 212, and 214 which are
joined with each other along parting lines a, b, and c. This junction of
the 5 facWOP720494 212, and 214 frequently is ragged and RATISIG2MEPS t he
seal 36d. This is prevented by the parting |ines a, b, and c, or
junctions, being disposed within receseggs220, 222. and 224, respectively,
to provide "buried parting lines." Anot her

al ternative enbodi nent of the valve 10 ysing the seal 36d is shown in
Figure 8 and Figures 19 through|{21. In this enbodi nent, the inner
wal | 160 of the upper end of the conduif 20 is provided with at |east 10
one, and preferably, a plurality of radial indentations 107. The

i ndentations 107 are el ate i sposed ally parallel to
the | ongitudinal axis ical g8tar-1ike
configuration. Each indentati ateral edges 162 which
engage the seal 36d upon conpr 6d. The indentations
provi de space i nto whi nds upon conpressi on.
Anot her preferred enbodi nent \ hown in Figures 23 through
25 and 27. In this 15 7072 h conprises a seal cap 92
havi ng a saucer-1|i ke depressi 4 X / AThe seal 36h
contains a slit 11 having a pr I { ) depression 204 and a
distal end 1la at the distal f 92 F8%ferring to
Figure 23, circular tiréd i : igare 13 are provided.
The seal 36h has an i A Hurther, the seal 38h
preferably has a seal |lip 96 3 /s det ai | _above.
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As best shown in Figure B. the wall 181 of the proximal end of the upper
conduit 20 is tapered i nward 20 at the sane angle as the nose 48 of the
syringe 46. In accordance with ANSI standards, the taper is 0.006 inch

per linear inch. The wall 182 of the syringe nose 48 bears agai nst the wall

181 .as the nose slides into the opening 25a to push the seal 36d
i nward conpr esWPRY2¥464 and forcing the tip 32 of the spike 36 PCE/USHI2M7& he
slit 11. The seat 36d expands upon conpression to fill essentially

conpl etely the upper portions of theldfdentati ons 107. Sone
sections of the seal 36d are wedged between the edges 162 and ot her

sections fill the indentations 107. As fhe 25 liquid flows through the
nose 48 through holes 34, air tge $ose 48T g forced out of the nose 48
and expelled from t he vel 10 lbet weqn jtijge wal | s 181 and 182. Thus,
essentially the entire prescribed dosagé 1s delivered® hrough t he
valve 10 to the patient. Fluid t hiou t hr ough- hol es 34, but does
not | eak between either the se the wall 181 or between
the abutting walls 18¥% 182. Fi gures 15, 16, 17, and 18
depi ct enbodi nents of seals, al 36f, and seal 36g.

whi ch 30 are subggznti al | jal s 36a (figure 10), seal
36b (Figure 11), and seal C u X 3§ t he side wall 150
enploying the circular tires ‘el of the~§%;ordion wal
portion 94. rL _ t he vad V& interact with

t he various enbodi nents of th | § m f fon to their
interaction with seal 36g0f Fi [ e of the valve 10, it is
preferable that the seal caps r pierced centrally by a
steel needle in the axial dir ( 2 [ he seal to provide the
slit 11 in order to 3900._all ' ) eco ssion and
reformati on of the seal upon | Ci SKiMe . The seals are

advant ageously formed froma rnpder| peatedb%z{eseal and

prevent fluid fromflow ng ar @uid
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-14- material. The seal 36 should al so be capable of being forced
down and then spring back into position to reseal the val ve.

Material that is too soft will not reseal effectively; however, will not he
capabl e of sprwogimpedback after openi ng of the val ve. PIIUSP4/20878 hat
is too hard will provide sufficient sprla&'force however, will not
effectively seal. Thus, in a pre#erred enbodi ment, the seal is

formed froma silicone having a hardness in the range from 30-70 Shore 5
dur onet er units nDre referably I n tqe range 40-50 Shore duroneter
units. A cure SI eferred hardness range is

avai |l abl e fron1vacker | |cone 1 . I n sonme val ve
enbodi nent s, : : )4
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it is desirable to provide additional lubricity to the seal 36 to allow it

to spring back and reseal nore effectively. Dow Chem cal Co.
produces a silicone formulation with silicone oil built in to provide this
additional lubricity. In general, the closing of the valve

10 is provided not by the side wall of the seal 36 which i mediately 10
covers the thwugiRiked es 34, but by the seal cap 40, or seal PEHPSBR0478] | i ng

the proximal end of the cavity 98 and t he openi ng 25a. Thus, the
seal caps 40 and 92 are sufficiently thick to reseal the opening 25a
effectively after val ve cl osut’€2% However, the seal caps 40 and 92
shoul d al so be sufficiently thin to allow themto readiy return to
the cl osed position. Preferably the thickness of the caps 40 and 92 ranges
bet ween 0. 075 and 0.500 inch and nore preferably may be
approximately .100 inch. 15 The val ve can be provided in a

sterile and disposable formsuch that after its use in a given installation
i s exhausted, the device is discarded. However, as described above, in any

given installation, the valve can be reused multiple tinmes. Since
t he val ve does not enploy needles, there is little chance that the device
w Il inadvertently cause skin puncture. Therefore, the extra

precautions required for handling and di sposing of needles is obviated.

It will be apparent fromthe detailed descripykgn provi ded herein that the
val ve can provide for the elimnation of 20 nearly all needles used in
the nedical environnent. Wth the use of the val\ve described above, the
need for all needl es except bajare directly input into a
patient is, advantageously, : /, The valve 10 is

used to provide a closed, gnsferring a

pr edet er m ned_anount our ces ko t he
patient. The“ g pat’i,;ént, for
exanple, a vein x_ & /g( Bl ood
fills the valve, but tMy ¥’s any- bl ood
fromleaking fromthe
i npl enent is inserted




into the valve as depicted in Figure 8, pushing the nose 48 against the

seal to conpress the seal sufficiently to allow the tip 32 of the
spike 24 to pierce the seal and enter said delivery end. The predeterm ned
anount of nedication inits entirety may now be transferred through

the nose 48 into the valve 10 and into the patient. Since the nose
48 and seal 30MO8WEHAGE in a manner so that the tip 32 of the PERIUSBS/ B EN

24, upon piercing the seal, neets the 30 seal to avoid formation of any
dead space at the interface between n@2: 48 and the seal surface 40b.
Transfer directly through the valve 10 of essentially the entire
predet ermi ned anount of nedication ofr lLhge 46 to ‘t he
patient, so that essentially none Sal-d—pred®terni ned amount is coll ected
in any dead space in the valve, i afgonpl nghed. Upon wi t hdraw ng
the nose 48 fromthe valve 10 the 36d rie t he deconpressed
state to close the valve maif nt gi I n said deconpressed
state a fluid ti eal/ pven at N [Ar ¢ssyr fter 35 r epeat ed
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-15- Anot her alternative enbodi nent of the seal, a seal
36h, is shown in Figure 23. In this enbodi nent, the seal 36h is
simlar to seal 36d and is conprised of a seal cap 92, seal lip 96, and a
side wal | 150 womepri4sed of circular tires 100 st acke®CTIS8&3Es one
on top of an adjacent l|larger dianeter |lower tire. Side wall 150 defines
cavity 98. The circular tires are preferally; solid throughout the dianeter
of the cross-section thereof. These circular 5 tires will deform and
ref orm upon, respectively, conpression and deconpression of the seal 36h,
t her eby exposi ng or covering a spike (not shown) as the case may
be. Seal 36h also has a precut slit 11 in seal cap 92

| ying al ong the |ongitudinal axis of the seal 36h. Sit 11 remains
seal ed when seal 36h is in a deconpressed state. As explained earlier,
precutting the seal to provide - slit 11 allows for nore rapid
deconpression and reformation of the seal upon piercing by the spike.
Unl i ke seal 36d, 10 however, seal cap 92 of seal 36h is substantially
solid w thout having any pressure responsive nenber as is enpl oyed
in seal cap 92 for seal 36d. An al ternative enbodi nent
of the present invention using seal 36h is shown in Figure 24. Spike 26a,

residing within cavity 98 and haVi”QgﬂgEIOXi”al quzMﬁth atip 32 enbedded
in seal cap 92, is shown to be nore S
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15 tubul ar, and l'ess frustocanical than the spike 26 illustrated in

ot her enbodi nents. Furthernore, the tip 32 of spike 26a is a blunt,
rounded end, unlike the pointed tip of spike 26. Because the end is
rounded, the seal cap is not subj ected to deteriorationthrough

tearing by splke tip 32. Thus a tear ring for the seal, as s Flgure
14 for 8)?%’3 , 1s not necessary for this enbodl ment . *]%Ql’hsgg}z 1,89

Anot her feature of this enbodi ment is 20lz arrangenent of the spike 26a with
t he seal 36h when the seal 20 36h is in a deconpressed state. In this
state, rounded tip 32 of spike 36h is positioned to be enbedded in slit
entryway 1lla, while slit 11 remains closed to any fluid flow Figure 24

shows the entire rounded tip 32 in contact with the distal end of
seal cap 92 Additionally, the side wall circular tire closest to the
proxi mal end of the seal, tire 100a, contacts the side wall of

spi ke 26a. It is desirable that at |east the next imrediate distal circular
tire. tire 100b, also be in contact with the spi ke 26a proxi nate
the through-hole 34. Having adédxalty off/tires in contact 25 W th
spi ke 26a proximal through-hole 34 prevents fluid frompassing fromcavity
98 t hrough the proxi mal end of al ve 10. Wthout such a design,
fluid would | eak through thro ' 4 dr eby appl yi ng enough fluid
pressure on slit 11 t¢ ‘ dpen WA e the seal is still in
a deconpressed state. Throughihel e A $Jbe di st al the tires

100a, 100b. which contact spi k8
t hrough-hole 34 will not apply P
wi |l be blacked by circular tirg 100b-giygati ng a seal between the
spi ke 26a -and 30 seal 36h.

During nedi ca
applications, for exanple when ’r&m P\is connected to a patient's
g pr ough the holes 34 in spike

fluid passing through
to slit 11, and instead

artery, the patient's i oo
26a, filing the area in é@ylty °'£ﬁEEEE e second tire 100b. Since the
fluid residing betwen { ;

100a and 100b, and bet ween seal

cap 92 and tire 100a constituteé _m,,_

\

96

FIG.23



smal |l volune, the fluid cannot exert enough pressure against the seal cap

to open slit 11. Pre-cut seal cap 92 is 35 designed to remain closed up
to fluid pressure of 20 psi. Therefore, blood pressure will not open the
val ve 10. WO 97/ 21464

PCT/ US96/ 2047 :

- 16- “wo sm1464 Upon connection of the distal end of JEUS9YE th a
patient's artery, however, as the bl ood pushes up agai nst seal 35h,
the fluid may force seal cap 92 to novelptoxinally, thereby al so pushing
the sidewall tires 100 in the proxinmal direction. This pressure may

permt blood to flow past tires 100a and 100B/&#0 pl ace pressure on
the slit 11. However, due to incregged flyid /presgyre, the tU&gs
i medi ately distal first and second tNes
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5 100b nove proximally and contact the spike 26a to take the original

positions of tires 100a and 100b so as to ensure that a plurality
of tires are always in contact with spi ke 26a. Because the sidewall tires
100. of seal 36h are designed to bow outward fromthe proximal |0

the distal end, the tires imediately distal tires 100a and 100b

may not be in WO¥AHS4wit h spi ke 26a when in their original RESVESI6R0478
However, as will be understood by those gf skill in the art, if
fluid flows through the spike 26a, throd%ﬁg%ole 34 and into cavity 98 of
seal 36h, forcing Ehe seal <10 36h to nove in a proximal direction,
tires distal the F#Pst t lel 1g0a~and secondtAde 100b wll also nove in a
pr oxi mal di{ ept and|,contast th pi ke 26a proximally

t hrough- hol e 34 str e ) tesseal\bet ween t he spi ke 26a and

the seal 36h. Jthht / LLUi d [ noh—eadfAi ned within the cavity 98 of

t he val ve 10, oqply g and second tire 100b contact
t he spi ke 26a. RNQ ¥ oduced into the cavity 98 of the
#in a proximal direction. It this

val ve 10, N
EilOOb contact seal 15 26a in
n,d

occurs, tires dirgc

; Ode 100b strengthening the seal
a and preventing fluid from
¢ t hrough-hole 34 into the caygty 98

addition to the fyrls
bet ween the seal 3@ NG ;
travel i ng through 30i k& Hpa, ruu.rq

b

cap 92 of seal 36h. N H l

and past the\tire 00 g 2 [/ pressure on_the slit ih the sea
““b An al ternat i ve?@nbodi méi? of the
housi ng, housing 12a, is ~shkauo.#=Tigure 25. In thi ARl

. . . . o e 2T S
sectional view, housing 12a is simlar to housing/ 6?

303, 304 that are provj al the 20 | ongjAt udi e~af tF
interior wall of the 993825{2?0. The grogves 2l W ded as

fluid escape spaces to ensure thagga-y
cap 92 and the inner wall 305 of the upper cohd
provi ded. The grooves 303, 304 preferably rurn . ;
upper conduit 20 distally past the pdrtipn ¢
in contact with the seal cap 92. As best seen\qn Fi gy

——J6/7

70

"\ 0000




preferably extends fromthe proximal end of the upper conduit 20 of the

housing 12a distally to the proxinmal end 25 of the radial indentations.
107. Provi sion of the fluid escape spaces provides the
advantage of allowing any fluid residing in the space bet ween t he
seal 36h and t conduit 20 to exit the housing upon copgpression of
the seal 36h. Eﬁ?ggﬁﬁﬁg to Figure 25, during routine Eggﬁﬁﬁﬂ?ﬁ@
valve 10 in transferring fluid, fluid2smy seep into the section of the
housi ng 12a between the seal 36h and the walls 305 of the upper
conduit 20. Wen this area is filled with fluid and the 30 seal cap 92
I's conpressed distally by a nedical inplenent (not shown), the user may
experience difficulty in forcing the @ cap 92 -distally past the
t hrough-hol e 34 of the spike 26a, because— dewall g res 100 no | onger
have any roomwthin the gl ' 0 be conpressed due to
the presence of the fluid. It is u aprefti requit e t he user
to apply extra f??‘ o&Eﬁf?ress t | flbe ntinmes the user nay
tw st the nedical f e ohto |, leading to
deterioration of the seal and even | 4 edr | mo} Lti0m fluid between
the seal 36h 35 and the inner : SOM| p r conduit 20 of the
housing 12a may prevent the seal 3¢ g ligos di stal the
t hr ough- hol e 34 of the spi ke 26a. tl el 4, Wve 10 woul d not
function properly. ‘ E
| |
M
|
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-17- By providing grooves 303, 304 as fluid escape spaces
fluid present between the seal 36h and the inner wal | 305 of the

upper conduit 20 of the housing 12a may travel proximally through the
grooves 303, 30O 8HdMe4 conpressi on of the seal 36h by aPaEAlisesxios?s
i npl enent (not shown). As the fluid is expelled fromthe valve 10 through

the grooves 303, 304 at the proximal 2¢m¢ of the housing 12a, the seal 36h

may conpress normally without use of 5 excessive force by a user of the
val ve 10.

Figure 26a is a top plan view of the valve shown
in Figure 25. Iﬁ; g; -ommlln t he upper conduit 20 of
t he housing 12a o { he valve C

An-
Ey—utiea=te seal 36h is

conpressed distally by a ned -9””'-TF0t shown),

36h does not expand into t{fe

t he seal

04 ﬂherecy preventing fluid fl ow
t her et hrough. 10 gpbodi ment f or the
housi ng, housing 12b, is sho .,,.- 2.0 ng 12b
Jog
fjfﬁg ! ;}KH
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énpl'oys a chanpgl 30 07 as a fluid escape space which '
E m THIGISHEETHASABEEN fne|
c

per pendi cul ar ! M]H'H; Muu ‘axis of the
rsely through the sidg

307 is a bore

upper conduit 20, an nd. " "i's positiongd distal t geads
309 or ot her M?{”HQ"‘nechanr sm t hat ma surround the upper condui

20 near its proxi mal end. Sr m | ar to t e channel 307
provi des a passageway for e 2y 4 % t e seal 36
and the inner wall 305 o?"gf‘ﬁ ¢ e@r‘ c%‘he re“?bm L’o““ms‘nc a f’ﬂ% si dewal |
tires 100 are corrpéeé $d and ex and into the radi aI I ndent ati ons
107. Since an avenue bxi st 0 W'ﬁ'é' PP d to exit this area, a user

does not have to appl y e X Cachwdyiingleding @ wellstricturgsiefining sngntenaheavity baving anrigsidecamed ot ou(side) said
shown) distalgly into 6;\‘ M?a atgnmal end and 3 drétal end sard prﬁﬂhlgw Iﬁwéqp oﬂaﬁngasumuv lam

pl an vi ew of the val ve 10 shown in E’a nel
phant om and i rspieradp 1 dpivery, pnd pbgymedisal m@“‘iﬂb‘ﬂf@? transtarg diyid ”'2!9“ é!"‘ Qelirerv end,
housi ng 12b of the vajsid@odsReving PRk escasilesacesis s waPhurubiee seal 20 36h by a

nmedi cal inplenment (not shown . fluid between wel?ft?rgﬁer conduit. 20 and the
seal 36h is expel|ed from? ffie hevng a ti. 3t lgagy pney Biror (RS g, K 989 2 Bppeneyypy in
out the side wall of tomsunisgjoewithcimrboleiihst albrs fldidwo Siow throagh ashiwpke: 37 can be

di stingui sh froma grooy, ol t

distin thane@he oo E el ss.ﬁeeﬁ,ngw 2houRfos bt b, Jarrqrm;u.ﬁ.m 38 mblRt oto o
303. coppessfd state(ygon dnsastiop gf %ueqf dhe s dicahipiemers dato i m. .swl tﬂﬂémnu
art, a channel and gr sfiemiTdielt o feidih A PEdmbrEedisidtedpon removald? iR itip B theORedi 4 impiement
assist in expelling fluid.framthe valyve ugﬁn corrB §§1§ ﬁn of .the seal by a
medi cal i npl enent. Folfom ssid opening, 32 jeast p partion of sa, sea Wi ohteddet seal fiuid
could travel through ahepincaid tuidmsaapeismaed dxignds pesit nihemmfutau sdahengngiaysaif body andusinﬂuid
channe! ¥ CATTURBIRR oSG w1 A9 Gl Bf ffi 002 e

or channel may be uti¥i zed"'&!'"‘i‘ﬂll'!"?ﬁi fémg} Cobeyeinsseid fluid. ppEandRa#CS ComaHsesia least one groove.

i ncorporated into thes, The mediéal i@ oOfaint £ VhEIERR Gloove 18 YoediddiinDsdid &S sthudrire 81 Raid bady

easily underst OOQMQXm}tartlegsatemogwxgn%l enJ of salr} hmne art.

4. The medical vaive of Claim 1, wherein said fluid escape space comprises a channel through said
20 hody, said channel located distal said opening in the proximal end of said body.
5. A method of transterring a first fivid through a medical vaive, said valve comprising a body with

an intemal cavity having an inside snd an outside, said cavity also having a proximal end and a distal end, said
proximal and having an opening sufficiently large to receive a delivery end of a medical impiement which transfers
fivid through said delivery end, and & seal within the cavity of said body, said sea! having a portion engaging said
25 wall of said body, seid valve containing a second fiuid in said cavity betwaen said seal and said body, said method

tomprising the steps of:
a inserting the tip of a medical implement into the opening in the proximal end of said
bedy;
‘ b. compressing said seai in the distal direction by applying a force to the medical implement;
0 c. expeliing said second fluid from said cavity of said body to a point outside said cavity
through a fluid escape space cantained in said body of said valve; and
d. transferring said first fluid through said medical valve.
6. The method of Claim 5, wherein step {c) comprises expelling said second fluid through a groove
in said wall structure of said body.
35 7. The method of Claim 6, wherein said groove extends distally from the proximal end of said body.
8. The method of Claim 5, wherein step (c) comprises expelling said second fiuid through a channel

in said walt structure of said body.
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§0'H nel -or groove as dISCUSS?d—athP may result
in deterioration m"ﬂ m j prevent the JHiS SHEPT YASTBEE
cy

bei ng pushed conpl ete gh hole 34. If the t ‘rOUQmEPElAEE s
conpletely o t he patlent will not be able t¢ t t ant
flow rate of e‘f%%ﬁ’{‘é&‘l on. In sonme situatigns, the delivery of PEM/US2620478

anount of nedication at a predetermned rate may be critical for treatnent,
and, therefore, through-hole 34 nust be conpletely open for passage

of medication from tde Megli fpdod roove ndI or channel ensures
that 35 the seal cap nay be g@h‘?ﬁ 'S séFq&%f'I’fe"’T'ﬂ R, e previmal eueh of seith bady.

the seal may be conpressed w thout any excessive force which may
cause damage to the seal. VWHAT IS CLAI MED I S:

1. A medi cal val ve conpri sing: a body
including a wall structure defining an internal cavity having an inside and
an outside, said 5 body al so having a proximal end and a

di stal end, said proximal end having an opening sufficiently |arge
to receive atip of a delivery end of a medical inplenment which transfers
fluid through said delivery end,

This Sheet Has Been Re AMENDED SHEET (ARTICLE 19)
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st o koMM N Rl <ccee oeee, :;". ?;zgsesa;i Structure: J$4 «{4 Oa@'g

passageway i n conmuni cat:i-0& w.th, %he:hol e that QJ(

fluid to flow thr Oiggliﬁii d spi ke; and 10

resilient se vity surroundi ng said spike, said seal adapted to
be noved into a A medical valve comgriiigPr essed state upon insertion of the

tip of the nedical inplement into said opening, said seal being

sufficiently resilient atbedyinskdiags wal stsucieadefining an intemakastity Saving om mﬁr@mm ougside, said
the tip gf the mepd ggﬂsn hﬂﬂéﬂ? BFakkhal end and a distal end, said %nxliggtlga %gng@arpﬁ%gr}%mﬁﬁly large

| east a port i on of Said seal engaging sal
wherei n said fl ui th recsiyep dip b deliveryenofcsmydiasl impiemend whish transfersdluid stxough saidodelivery end,

engagi ng said bod catlon wi th the outside
of said cavity V\hm% 'kf%s',dep‘“j‘d %ésge P d“{%’o"?r‘g%@ ¢l st at e.

2. The nedi cat valavspikeohavinh @i tiy &t leadt ane hote haml 4t onindlar es3id aip £ amipA pa3sagaway in
conprises at |east one The, medi cal val ve

of Claim2, wher efwmgﬂﬁaﬂ"“d'f'%g('fé”\’ that gllaws fid o flow é’f'ﬂ'ﬂ'/\%ﬂdl ik 2t ure of said

body 10 and t er manéadlien siﬁl int hﬁ diﬁﬁmuﬁ’ﬁhdmrlﬁm Ghikd; 3hig! séaPHdapted to be maved into a
The nedi cal val ve of wherein said fluid escape space

corrpr i ses a chann®mPRsIRhLH#A “&“&l“ﬂ"% °% the tjg 4 fhe medical implpman dnto P‘%Eﬂ‘@ﬂ' #ids geg being

sai d opening in tﬂﬁlcﬁﬁtﬂﬁésm trRmab a%@doﬂprhﬁld)étate upon removal of the tip of the ﬁmdscal implemeéht
met hod of transferring a first fluid through a nedical valve, said valve

conprising a bodyfres said opening, at least ammwoéwhml@mmwﬁml atsadbodynsi de and an

outside, said cavifayeilaf i 8 gﬂagﬂt?? Iﬂéﬁgs’ Hﬁ? ymF gﬁh«ﬁi%’ séld ﬂhls&l@hmiﬁgl qo bnfd is in fld

proxi mal end havi ng an openin rge to recel ery end
of a nmeth calconmypicetion with thiaioutside: of aaids éavityswhen said seal is i Isaid compiessedisgdte.sai d del i very

Zﬂgé g?ﬂg 2 ais galz SV\it hi nTlf nﬁdl\?a?WIvB éf @Inaﬁa\kﬁreﬂ gi)f ﬂ it @c%ue%faﬂ honﬁ‘résepﬂ le%g oﬁéh?oﬁ’»)l
fluid in said cavd.ty btiewedical caive of Ghinﬂ wlmhnsad dfnhnakyhcaadhdmmmndxctun of said body
and terminates at the proximal end of said body.

4 The medical valve of Claim 1, wherein said fluid escape space comprises a channel through said

20 body, said channel located distal said opening in the proximal end of said body.

5. A method of transferring a first fluid through a medical vaive, said vaive comprising a body with
an internal cavity having an inside and an outside, said cavity also having a proximal end and a distal end, said
proximal end having an opening sufficiently large to receive a delivery end of a medical implement which transfers
fluid through said defivery end, and a seal within the cavity of said body, said seal having a portion engaging said

25 wall of said body, said valve containing a second fluid in said cavity between said seal and said body, said method

comprising the steps of:
a inserting the tip of a medical implement into the opening in the proximal end of said
body: :
b. compressing said seal in the distal direction by applying a force to the medicat implement;
30 c. axpel;inu said second fluid from said cavity of said body to a point outside said cavity

through a fluid escape space contained in said body of said valve; and
d. transferring said first fluid through said medical vaive.

6. The methad of Claim 5, wherain step (c) comprises expelling said second fluid through a groove

in said wall structure of said body.
35 7. Tﬁa mathod of Claim 8, wharein said groove extends distally from the proximal end of said body.
8. The method of Claim 5, wherein step (c) comprises expelling said second fluid through a channel

in said wall structure of said body.

.- AMFNDED SHEEY (ARTICLE 19)




f?gp:l‘“mm&mu llﬂmllement into tBe op;em~ng in the pI’G)XI mal &Wﬁb

g npress:ng sai:d’ seal,61 Qa4
dlstal direction by applylng a force to th medi cal® i nbl efrent ;73

C. expel |ing gai d Fgaash of Cldin, Whetsh set chamai Vs lbcateo Histalathecpriviwil/ent of saidrbodynt
outside said cavity through a fluid escape space contai ned

in said body of said valve; and

transferring said first fluid through said nedical valve.

6. The nethod of Caimb5, wherein step (c) conprises expelling said
second fluid through a groove in said wall structure of said body.
35 7. The nethod of Claim6, wherein said groove
extends distally fromthe proxi mal end of said body. 8
The nethod of Claimb5, wherein step (c) conprises; expelling said second
fluid through a channel in said wall structure of said body.
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9\;*' ~  The net hod of.' Claim 8, wherein said channel is |ocated distal éﬂfiv’
proxi mal end of said body. $
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(54) Title: MEDICAL VALVE WITH FLUID ESCAPE SPACV

(57) Abstract

A medical valve has a body
which includes a wall structure

defining an internal cavity hav-
ing an inside and an outside. The
body also has a proximal end and
a distal end. The proximal end -
has an opening sufficiently large
to receive a tip of a delivery end
of a medical implement which
transfers fluid through the deliv-
ery end. The body has a fluid
escape space in its wall struc-
ture. The valve also has a spike
with a tip and at least one hole
located at or near the tip. The
spike has a passageway in com-
munication with the hole that al-
lows fluid to flow through the
spike. A resilient seal in the cav-
ity surrounds the spike. This seal
is adapted to be moved into a
compressed state upon insertion
of the tip of the medical imple-
ment into the opening. The seal
is sufficiently resilient to retum
to a decompressed state upon re-

moval of the tip of the medical implement from the opening. The Auid escape space is in fluid communication with the outside of the

cavity when the seal is in its compressed state,




